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The Biological Services Program was established within the U.S. Fish 
and Wildlife Service to supply scientific information and methodologies on 
key environmental issues that impact fish and wildlife resources and their 
supporting ecosystems. The mission of the program is as follows: 

t To strengthen the Fish and Wildlife Service in its role as 
a primary source of information on national fish and wild
life resources, particularly in respect to environmental 
impact assessment. 

e To gather, analyze, and present information that will aid 
decisionmakers in the identification and resolution of 
problems associated with major changes in land and water 
use. 

t To provide better ecological information and evaluation 
for Department of the Interior development programs, such 
as those relating to energy development. 

Information developed by the Biological Services Program is intended 
for use in the planning and decisionmaking process to prevent or minimize 
the impact of development on fish and wildlife. Research activities and 
technical assistance services are based on an analysis of the issues a 
determination of the decisionmakers involved and their information needs, 
and an evaluation of the state of the art to identify information gaps 
and to determine priorities. This is a strategy that will ensure that 
the products produced and disseminated are timely and useful. 

Projects have been initiated in the following areas: coal extraction 
and conversion; power plants; geothermal, mineral and oil shale develop
ment; water resource analysis, including stream alterations and western 
water allocation; coastal ecosystems and Outer Continental Shelf develop
ment; and systems inventory, including National Wetland Inventory, 
habitat classification and analysis, and information transfer. 

The Biological Services Program consists of the Office of Biological 
Services in Washington, D.C., which is responsible for overall planning and 
management; National Teams, which provide the Program's central scientific 
and technical expertise'and arrange for contracting biological services 
studies with states, universities, consulting firms, and others; Regional 
Staff, who provide a link to problems at the operating level; and staff at 
certain Fish and Wildlife Service research facilities, who conduct inhouse 
research studies. 
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PREFACE 

The concept and organization of deliverable reports for this 
study gradually evolved during the first year of the project. In 
the early stages, the Conceptual Model was to contain a consider
able amount of regional data plus the zone and habitat descriptions 
and habitat-specific models. The early drafts, 3 June 1977 and 
23 November 1977, had that structure. 

After completion of the Pilot Study (report of 23 November 1977 
and exhibits) it became evident that the reporting structure was 
unsatisfactory for two reasons. First, the sheer physical bulk 
of material for the Conceptual Model would exceed any convenient 
size to be bound within one cover and would need to be divided into 
two or more books for ease of handling. Second, and more important, 
it became apparent that much of the material that was in the Concep
tual Model of November 1977 really belonged in the Characterization 
Atlas. The structure of reports was therefore changed, in February 
1978, to the form described in Section iii of the Introduction and 
Users' Guide which follows this Preface. 

The general framework for organizing the Ecological Characterization 
is contained in the Conceptual Model (Volume 1). The Model now 
forms the basis for organization and synthesis of data to provide, 
in this Regional Synopsis, an ecological overview of the Pacific 
Northwest Coastal Region. 

The Characterization Atlas then continues with Zone and Habitat 
Descriptions and models, and with specific data for the Watershed 
Units in the next two volumes. 

Questions or requests for this publication should be addressed to: 

Information Transfer Specialist 
National Coastal Ecosystems Team 
U.S. Fish and Wildlife Service 
NASA-SJ idell Computer Complex 
1010 Gause Blvd. 
Slidell, Louisiana 70458 

This report should be cited: 

Proctor, C. M., et al. 1980. An ecological characterization of the 
Pacific Northwest coastal region. 5 vol. U.S. Fish and Wildlife Service, 
Biological Services Program. FWS/OBS-79/11 through 79/15. 
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The Ecological Characterization of the Pacific Northwest Coastal Region is one of four similar 
projects of the Fish and Wildlife Service to characterize key coastal areas of the United States 
in order to provide the means of assessing and minimizing impacts of human activities on impor
tant fish and wildlife habitats. 

When decisions must be made in land use planning and resource development matters, administrators 
and planners need an integrated overview of the ecosystems in the locale which may be affected, 
including the influences of man's activities. This overview must identify the important com
ponents of the ecosystem, the interrelationships of these components, how the ecosystem functions 
and changes, both seasonally and over the long term, and information that is missing. The 
scientist also needs to know the status of present ecological knowledge in the area. 

The ecological characterization is intended to serve the needs of both these groups: to aid 
decision-makers by supplying an integrated body of information in such form as to enable impact 
assessment and inalyses, and to make apparent research needs to complete the data base. 

The ecological characterization compiles and integrates information currently available con
cerning ecosystems of the study area, but does not claim to include all the data needed for 
detailed assessments of impacts. The characterization should enable decision-makers to ask the 
right questions. 

The specific objectives of the Study, as stated in the Request for Proposal, are: 
1. To obtain and synthesize available environmental data which identify and describe 

important resources, ecological processes, and their interrelationships within 
the study area and to provide an analysis of their functional relationships. 

2. To identify additional information that may be required to more completely char
acterize the study area and recommend special studies to fulfill this need. 

3. To present information obtained in the form of detailed reports; graphic illustra
tions, and descriptive models. 

ii. The Study Area 

The Pacific Northwest Coastal Region (Figure 1) extends from Cape Mendocino, California, on the 
south to Cape Flattery, Washington, on the north - a distance of about 900 kilometers (560 
statute miles) - and encompasses the area between the crest of the coastal range and the 200 
meter (600 foot) depth contour on the continental shelf - an average width of about 80 kilometers 
(50 miles). This expanse coincides with the Columbia Province of Cowardin et al. (1977). In 
Terrell's (1977) hierarchical regional classification: at Level I, the study area is H. Northwest 
Pacific, except for H.3. Puget Sound; at Level I I, it is H.1. Pacific Northwest plus H.2. 
Columbia River Estuary to the tip of Puget Island. 

This long, narrow coastal strip slopes steeply from east to west. The characteristics of plant 
and animal communities in the study area change rapidly with elevation change. Although the 
area extends over 8 degrees of latitude, variations in life forms usually associated with lati
tudinal effects on climate are minimized by the moderating influence of the North Pacific 
Current. General divisions of the coastal region by topography, land form, and human influence 
are shown in Figure 2 and further division into biological zones is shown in Figure 3-1 of 
Chapter 3. 
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OR. 420 
CA 

PACIFIC NORTHWEST 
COASTAL REGION 
WATERSHED UNITS 

I Olympic Rainforest 

2 Willapa -
Grays Harbor 

3 Columbia Estuary 

4 Oregon North Coast 

5 Oregon Mid Coast 

6 Lower Umpqua 
and Lower Rogue 

7 Coos - Coquille 

8 Oregon - California 
Border 

9 Redwood Coast 

10 Continental Shelf 

FIGURE 1. LOCATION OF THE STUDY AREA AND ITS DIVISIONS. Note that "Unit 
#10'' - the Continental Shelf - is not a Watershed Unit as such, but is a 
distinct portion of the study area and is numbered to facilitate biblio
graphic and other reference to oceanic data. Table 1 has a brief descrip~ 
tion of each Watershed Unit. (Map based on McGary, 1971.) 
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Number 

2 

3 

4 

5 

6 

6N 

6S 

7 

8 

9 

10 

TABLE 1. WATERSHED UNITS. 

Name 

OLYMPIC RAINFOREST 

WILLAPA-GRAYS HARBOR 

COLUMBIA ESTUARY 

OREGON NORTH COAST 

OREGON MID COAST 

LOWER UMPQUA AND 
LOWER ROGUE 

LOWER UMPQUA 

LOWER ROGUE 

COOS-COQUILLE 

OREGON-CALIFORNIA BORDER 

REDWOOD COAST 

CONTINENTAL SHELF 

Descriptiona 

NW and SW Olympic Peninsula, Areas 20 and 21 

Willapa Bay and Grays Harbor and their tributaries 
except the upper Chehalis, this includes Areas 22 
and 24, lower Cheha 1 is and Wi 11 apa. 

Columbia River and its tributaries west of Puget 
Island 

North Coast, Area 1 

Mid Coast, Area 18 

The lower parts of Umpqua, Area 16, and Rogue, 
Area 15 

The lower reach of the Umpqua River and its 
tributaries west of Scottsburg 

The lower reach of the Rogue River and its 
tributaries west of Agness 

South Coast, Area 17 

Area 17A of Oregon and the Smith River of 
California (to Point St. George) 

The California Coast from Point St. George to 
Cape Mendocino. Redwood and Bear Creeks are 
totally within the area; only the lower reaches 
of the Klamath, Mad, and Eel Rivers are included. 

The ocean and the atmosphere of the Pacific NW 
coastal region. Not a watershed unit, this 
area is treated in Volume 2 - the Regional 
Synopsis and is numbered for bibliog'raphic and 
other reference purposes. 

aBased largely on Water Resource Inventory Areas defined (and numbered) by the State 
of Washington Department of Water Resources and the State of Oregon Water Resources 
Board (PNRBC, V.2, Fig. 666, p. 780, 1970). 
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FIGURE 2. GENERAL DIVISIONS OF A COASTAL WATERSHED. Topography, land 
forms, and human influences are used to divide a region into gross areas 
of similarity, within which biological zones and their component habitats 
are delineated. (See Figure 3-1, in Chapter 3.) 

Aside from elevation, the most profound effects on the zonation of life forms along the Pacific 
Northwest Coast are produced by the prevailing winds (as influenced by mountain masses) and the 
extent and configuration of the watersheds. To provide ecologically coherent subunits for the 
study, watersheds have been grouped along the general boundaries used in the Pacific Northwest 
River Basin Water Resources Study into nine Watershed U~its. having generally similar physio
graphic and hydrologic features, as shown in Figure 1 and listed in Table 1. 

iii. Approach to the Study and Organization of Documents 

To organize the collection, synthesis, and presentation of the data to be used for the ecological 
characterization of the study area, a Conceptual Model of the Pacific Northwest coastal eco
systems was developed. The Model was tested in the Pilot Study (Test Characterization of Coos
Coquille Watershed Unit 7) and was then extensively revised and reorganized. It now forms a 
comprehensive framework on which this Characterization is based. 

The organization of documents for this study is illustrated in Figure 3. The Conceptual Model 
is Volume 1 of the Ecological Characterization of the Pacific Northwest Coastal Region. It is 
followed by Volume 2, Characterization Atlas - Regional Synopsis, which comprises the entire 
study area and, using the same outline and the models of Volume 1, includes information which is 
characteristic of the region as a whole and is not specific to the Watershed Units. The Regional 
Synopsis also includes detailed descriptions of species which are important to the Pacific 
Northwest for economic, ecological, and esthetic reasons. The modelinq is continued and expanded 
in Volume 3, Characterization Atlas .,. Zone and Habitat Descriptions, which includes food.web, 
community composition, succession, and ecosystem models for habitats in the biological zones 
of the region. 

In Volume 4, Characterization Atlas - Watershed Unit Descriptions, specific data and/or references 
are given for each of the Watershed Units. This information is organized and presented primarily 
in the form of a summary ahd references, corresponding to sections of Volumes 1 and 2, rather 
than as an expanded independent document for each unit. Volume 5, Data Source Appenaix, 
contains the Data Gap Report and an explanation of the Annotated Bibliography and Species Lists, 
computer tapes, programs, and print-outs of which will be on file with Region 1, U.S. Fish and 
Wildlife Service., 
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The same general chapter outline is used for the Model, the Regional Synopsis, and each of the 
Watershed Unit Descriptions in the Characterization Atlas. Thus Section 2.2.3 is Seismicity and 
Faults in each of these documents, ranging from a general description of the subject to a Pacific 
Northwest overview to a presentation of site-specific references. 

iv. Development and Presentation of the Models 

Environmental and ecological models are arranged to proceed from the simple to the complex and 
from the general to the specific. A detailed discussion of the modeling effort will be found in 
the Introduction to the Conceptual Model, Volume 1. Basic concepts are presented in Chapter 1 
of that volume. Models of the physical-chemical environment are in Chapter 2, models of biologi
cal systems are developed in Chapter 3, and of man's activities in Chapter 4. The models are 
then applied in organization and preparation of this volume, the Regional Synopsis, in which a 
regional overview is given. Zone and habitat models are further developed in Chapter 3 of this 
volume and selected habitat models (food web, community composition, succession, environmental 
indices, and ecosystem) are incorporated into the Zone and Habitat Descriptions, Volume 3. 

v. Access to Characterization Information - A Brief Users' Guide 1 

The foregoing discussion, figures, and tables present an introduction to the study area and the 
general structure of the Ecological Characterization. Organization of the reports is shown in 
Figure 3 and in the outline of Table 2. This introduction sets a logical sequence for famil iari
zation of the reader with the study. The following paragraphs should further help the user to 
find specific information within these volumes. 

Volume 1 - the Conceptual Model - should be read, or at least scanned, in its entirety before 
the other four volumes are used. 

For many readers, the information presented in Volume 1 will be familiar, but a basic under
standing of the outline, modeling approach and development, biological zonation, etc., used in 
this study is crucial to the usefulness of the other volumes. A user familiar with the contents 
and approaches of the Model will find easy access to the Characterization data of these other 
volumes. Volume 1 also serves to bring all 'readers, regardless of background, to a level of 
understanding of basic ecology and modeling, as related to the Pacific Northwest, that will 
enable them to use the models and data in the Atlas. The outline of Volume 1 is also followed 
in Volumes 2 and 4 for easy access to subjects, as described below. 

Volumes 2, 3, and 4 - the Characterization Atlas - can be approached generally (in sequence) for 
an overall treatment of the Pacific Northwest Coastal Region, or selectively by subject following 
the common outline. 

A brief overview and summary of significant facts about the study area is found in Chapter 1 of 
Volume 2, and about the Watershed Units in Chapter 1 of each Unit of Volume 4. Specific topics 
can be followed from general discussion and models (Volume 1) to regional characteristics 
(Volume 2) to general habitat descriptions (Volume 3) to watershed-specific references (Volume4). 
Soils, for example, can be traced in this way by turning to Section 2.2.5 of Volumes 1 and 2 and 
each unit of Volume 4. In addition, soils that are characteristic of each biological zone are 
discussed briefly on the zone description pages in Part 2 of Volume 1 and in Volume 3. 

The Zone and Habitat Descriptions in Volume 3 contain models for the region including food web, 
community composition, succession, and ecosystem models for various biological zones and 
habitats. 

The computer tape, programs, and print-outs of the Annotated Bibliography and Species Lists, on 
file at Region 1, USFWS in Portland, Oregon, can be used for machine or manual searching. 
Separate Lists of References were prepared for each volume; lists for the individual Watershed 
Units in Volume 4 are annotated. Community composition lists and food webs in Volume 3 were 
generated from the Annotated Species List. 

Once the reader is familiar with these documents, it should be a fairly easy task to find specific 
data and to use the models to determine significant functional information. Specific approaches 
to this information include access by habitat, area, man's activity (potential impacts), species, 
and subject as outlined: 

(1) Access by habitat. First determine the broad category - inland, coastal, oceanic, or human 
activity - of the type of area of concern, and then its location in the first level of breakdown 
within this category - slopes and lowlands, estuarine, coastal human activities, etc. - as 

Note: specific sources of user information are underlined in this section to make them stand 
out from the rest of the text. 
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VOLUME ONE 

CONCEPTUAL MODEL 

(General Ecosystem Modeling) 

VOLUME TWO 
CHARACTERIZATION ATLAS
REGIONAL SYNOPSIS 

(Pacific Northwest Coastal 

Reoion Overview) 

VOLUME THREE 

CHARACTERIZATION ATLAS -
ZONE a HABITAT 
DESCRIPTIONS 

(Models and Descriptions) 

VOLUME FOUR 

CHARACTERIZATION ATLAS -
WATERSHED UNIT 
DESCRIPTIONS 

(Site Specific Data 
for 9 Units) 

VOLUME FIVE 

DATA SOURCE APPENDIX 

(Data Tapes and Printouts) 

FIGURE 3. ORGANIZATION OF THE ECOLOGICAL CHARACTERIZATION OF THE 
PACIFIC NORTHWEST COASTAL REGION. See the Introduction and Users' 
Guide of Volume 1 for more information. Region 



Region 

TABLE 2. ORGANIZATION AND PRESENTATION OF THE DELIVERABLE REPORTS. 

Title of Document Series: 

AN ECOLOGICAL CHARACTERIZATION OF THE PACIFIC NORTHWEST COASTAL REGION 

Titles of Volumes, Units, Parts: 

Volume CONCEPTUAL MODEL 
Part Ecological Modeling 

Introduction and Chapters 1 through 4 
Part 2 Zone and Habitat Classification 

Zone descriptions pages with, for each 
zone, a table of equivalent habitats in 
other classification systems 

Part 3 Reference Data 

Volume 2 
Part 1 

Part 2 
Part 3 

Volume 3 

Part 1 
Part 2 

Part 3 

Volume 4 

Part 1 
Unit 1 
Unit 2 
Unit 3 
Unit 4 
Unit 5 
Unit 6 
Unit 7 
Unit 8 
Unit 9 

Glossaries of symbols and terms, lists 
of abbreviations, English-metric 
conversions, and bibliographic 
references 

CHARACTERIZATION ATLAS - REGIONAL SYNOPSIS 
Regional Characterization 

Introduction and Chapters 1 through 4 
Species of Concern 
Reference Data 

(Same as Volume 1) 

CHARACTERIZATION ATLAS - ZONE AtlD HABITAT 
DESCRIPTIONS 
Classification and Modeling 
Zone and Habitat Descriptions 

Descriptions and models of zones and 
habitats 

Reference Data 
(Same as Volume 1) 

CHARACTERIZATION ATLAS - WATERSHED UNIT 
DESCRIPTIONS 
Introductory and General Pages 
The Watershed Units 

Olympic Rainforest 
Willapa-Grays Harbor 
Columbia Estuary 
Oregon North Coast 
Oregon Mid Coast 
Lower Umpqua and Lower Rogue 
Coos-Coquille 
Oregon-California Border 
Redwood Coast 

P D 
• 1 age es1gnator 

Model 

Region 

Habitat 

Watersheds 

1. Olympic 
2. Willapa 
3. Columbia 
4. OR-North 
5. OR-Mid 
6. Umpqua-Rogue 
7. Coos 
8. OR-CA Border 
9. Redwood 

Each Unit contains a general summary chapter, topic outline with key 
to literature, and Unit-specific Annotated Bibliography. 

Part 2 Reference Data Watersheds 

Volume 5 
Part 1 
Part 2 
Part 3 
Part 4 

Same as Volume l, with Annotated Bibliography 
applicable to.!!...!. Watershed Units 

DATA SOURCE APPENDIX - Reference Materials 
Annotated Bibliography 
Annotated Species Lists 
Data Gaps Report 
Data Tape 

1 See Page Designation and Numbering, Section vi. 

Data 
Refs 
Species 
Gaps 
Tape 
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illustrated in Figure 2 and the lists given in Table 1-1 of Volume 1. Next, determine the bio
logical zone in which the area is found by reading the zone description pages in Volume 3, and 
finally determine the habitat type within the appropriate zone by the same process, using the 
habitat description pages of Volume 3. 

Models and data on the selected habitat type are presented in Volume 3 for the region and in 
Volume 4 for watershed-specific addenda to the regional information. Key example habitats from 
the various zones are discussed in further detail in Chapter 3 of Volume 2, especially in terms 
of the major processes and general characterizing data typical for that zone and habitat in the 
study region. These habitat models are keyed back to pertinent physical-chemical and socio
economic models wherever appropriate. 

If the habitat name is known in another classification system, it can be located with the aid of 
the tables in Part 2 of Volume 1. The zone description pages from Volume 3 are reproduced here 
with, facing each page, a table which lists the habitats that have been identified for that zone 
and the corresponding habitats in other, major classification systems. 

(2) Access by area. Determine the point or area of concern in the Pacific Northwest coastal 
region, first by the study area key (Figure 1) in the Introduction in order to determine the 
Watershed Unit, then in the base map (Figure 1-1) of the appropriate Watershed Unit in Volume 4. 
(Oceanic data which is not pertinent to any single Watershed Unit is presented in Volume 2 and 
the Oceanic zones and habitats in Volume 3.) 

Once the location of the area of concern is established, data for that location can be found in 
the appropriate Watershed Unit description in Volume 4 and, by referral from that volume, in the 
regional descriptions in Volume 2. Zone maps are found in each Watershed Unit description. 
From these and the process described above under "access by habitat," the zone and habitat of 
the area can be determined and these models and descriptions followed in Volumes 2, 3, and 4 as 
described above. 

Bibliographic references pertaining to a point (e.g. Coos Bay), a Watershed Unit, or a State can 
be obtained easily by a computer search of the Annotated Bibliography's descriptor field. A 
printout of the Annotated Bibliography, with an Index by Key Words, is available at Region 1, 
USFWS in Portland, Oregon, (as Exhibits to Volume 5), making manual searching possible. 

(3) Access by man's activities. Several approaches can be made to gain access to the complex 
interactions of human activities in the study area. The general socioeconomic models of 
Chapter 4 describe the structure and functions of economic and social/cultural factors in the 
industries and other major activities of man in the area. The user wishing to assess the poten
tial impacts of a particular action on the natural environment should begin by studying the 
appropriate activity model and related discussion in Volumes 1, 2, and 4 for an understanding of 
the complex factors involved in this activity and its component activities (as well as for an 
understanding of the potential impacts of an action on purely socioeconomic parameters such as 
population, income, etc.). 

The zone and habitat of concern should next be identified and the appropriate ecosystem model 
closely reviewed for the significant human activities involved in that particular ecosystem or 
in influencing the inputs, outputs, or internal processes of that system. Human activities 
acting as secondary regulating factors in these models should be noted as well as the major 
activities identified by processes and the human activity symbol ([:::J). The ecosystem model, 
in addition to identifying the diverse components and interconnecting processes involved in the 
system, serves to direct the user to the number of component models elaborated in other parts of 
the study. For example, the internal biological interactions in the community are addressed in 
the food web and community composition models for each habitat; the gains and losses of habitat 
are addressed in the succession models; the input and output of sediment is addressed in the 
appropriate sediment transport model. 

Human actions that affect or influence any of the processes in these models should be addressed 
in a study of potential interactions and impacts to the system in question. The interactions 
identified by the use of these models also serve as feedback loops to the natural resource or 
related components of the socioeconomic models. It should be noted that the models in this study 
are aids to formulating the right questions, and as such do not pretend to be all-inclusive 
formulations of answers. 

(4) Access by species. The Annotated Species List (ASL) is the key to approaching a particular 
species or group of species in this study. Computer search and sort capabilities allow an almost 
unlimited number of approaches, permutations, and combinations from the basic data entered in the 
ASL, as described in Section 3.3 of the Model (Volume 1) and in Part 2 of Volume 5. A printout 
of the ASL is on file with Region 1, USFWS, Portland, Oregon and can be searched manually. 
Community composition lists for several habitats were generated from the ASL (see Volume 3). 
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Approximately 30 plant and animal species of particular importance in the study area are 
described in detail in the Species of Concern accounts in Part 2 of Volume 2, following the 
population model format presented in Section 3.4 of the Model (Volume 1). These are cross
referenced in each community composition list in Volume 3. 

(5) Access by subject. As described earlier, Volumes 1, 2, and 4 share a common outline in 
Part 1 (Chapters 1 through 4). Any subject of interest (e.g. estuarine sediment transport) can 
be followed from general descriptions and model (Volume 1) to Pacific Northwest regional charac
terization (Volume 2) to site-specific data (Volume 4) by turning to the same section number 
(for estuarine sediment transport, Section 2.6.3) in each volume. Zone and habitat descriptions 
and models in Volumes 3 and 4 have identical page numbering for q~ick cross-referencing between 
volumes. 

The descriptor field in the Annotated Bibliography has hundreds of key words for rapid machine 
searching and sorting of references. Any combinations ("ands'' or "ors") of these key words can 
be searched by computer and pertinent references obtained. The same can be done manually, 
using the ln.dex by Key Words of the print-out (available at Region 1, USFWS) to find those 
references having the desired combinations of descriptors. 

vi. Page Designation and Numbering 

Page numbering in all volumes follows the system used in this Model, with page numbers in the 
lower outside corner and the Page Designator (see Table 2) in the lower inside corner. The 
numbers of pages, figures, and tables are generally in two parts, the first part being the num
ber of the chapter, the second being the serial number of the page, figure or table within that 
chapter. 

There are a few exceptions to this numbering system. Page numbers in the introductory part of 
each volume are in small Roman numerals; tables and figures in the Introduction have a single 
Arabic number. In Part 2 of this Volume, the species of concern accounts are divided into plants 
(P-page code) and animals (A-page code) and each account begins on a new tens digit (see the 
Introduction to Part 2 for more explanation). Figures and tables in these sections have single 
Arabic numbers and complete identification of them must include reference to the species number. 
The first part of Reference Data page numbers is a capital letter representing the kind of data: 
G for glossaries, R for reference, and so on. 
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1.1 MAJOR FEATURES OF THE COASTAL ECOSYSTEM 

The ocean and mountains bound the study area and determine its environment. Climate is moderated 
by the ocean and is usually mild. The coastal mountains are generally 3000 to 5000 feet (1000 to 
1500 m), but Mount Olympus, in Washington, rises to 7900 feet (2400 m) and the coastal mountains are 
lower in Southwestern Washington where the Willapa Hills peak at 1000 to 2500 feet (300 to 800 m) 
and are flanked by the Columbia River and the broad valley of the Chehalis. 

The dominant influence on the physical environment is the Pacific Ocean, and especially the Cali
fornia Current. This current moderates the weather, causing temperature to be rather uniform in 
time and space, i.e. throughout the year and from south to north throughout the region. At lower 
altitudes, the growing season typically lasts from April to November. The southwest winds of 
winter bring moisture-laden air from the Pacific which releases much of its load as.rain as it 
moves toward the mountains. In summer, on the other hand, moisture for gardens, lawns, and pas
tures can be a problem during the peak of the growing season. 

The Pacific Northwest Coastal Region contains some of the wettest areas on earth outside the 
tropic zone. Mean annual rainfall reaches 200 inches or more (over 500 cm) in the coastal moun
tains of Oregon just east of Lincoln City, and exceeds 250 inches (635 cm) high in the Olympic 
Mountains of Washington (see-S~c_tions 2.3 and 2.3.1). The annual rainfall is fairly uniform at 
sea level throughout most of the region: between 80 and 100 inches (200 to 250 cm), except 
around Coos Bay and parts of the Redwood Coast where it drops below 60 inches (150 cm) and around 
Humboldt Bay where it is 40 inches (100 cm) or less. 

Even in the rainforests of the Olympics, heavy downpours are rare. Several inches of rain may 
fall 'in a day, but it will be a steady rain, not the violent storms of the Midwest where one or 
more inches of rain (or hail) may come down in an hour or two. An intermittent, light to moderate 
drizzle is typical of much of the area during the rainy (winter) season. A rainfall map of the 
region can be found in the next chapter (Figure 2-17 on page 2-32). 

Seasonal variations of insolation are shown in Figure 1-1. The upper curve includes inland por
tions of the coastal states, plus Idaho and Montana. Cloud cover in the study area significantly 
reduces the total insolation, and explains most of the differences between the two curves. Also, 
wind-induced upwelling of cooler, deeper oceanic water nearshore produces coastal fog during the 
summer and further 1 imits insolation. The two curves probably bracket mean values for the entire 
study area. 

The moist, mild climate of the region supports dense coniferous forests which often extend right 
to the cliffs at the edge of the sea. These forests are among the most productive (in volume of 
timber) in the world and contain some of the largest trees in the world. The upwelling areas of 
the Pacific along the coast are very fertile and support large populations of fish, most notably 
salmon. 
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FIGURE 1-1. SEASONAL VARIATION IN INSOLATION. Monthly mean values of net solar 
radiation are shown for inland areas of the Northwest United States and for the 
continental shelf. The summer deficit in the coastal values is attributed to 
coas ta 1 fog. (Adapted from Reifsnyder and Lu 11 , 1965, and Lane, 1965.) 

The principal industries of the region are based on the wealth of natural resources found there. 
Agriculture, fishing, forestry, and recreation are the major socioeconomic activities, with 
forestry and forest products by far the dominant industry. The industries all tend to be 
seasonal and do not support a very large population. 

The entire coastal area contains no major cities and no major seaports. Population is concentra
ted along the coast, especially near the estuaries where ports provide moorage for fishing vessels 
and shelter for handling commercial cargoes, primarily related to the forest industry. While 
Coos Bay is one of the largest wood and wood products handling points in the country {see Section 
4.7.1.3), the port handles very little other cargo and the population of the whole Coos Bay-North 
Bend area is only about 35,000 (Loy et al., 1976). By far the larges~ part of the shipping, 
however, is handled by inland ports on Puget Sound (Seattle, Tacoma, Everett), the Columbia River 
(Portland, Vancouver), and San Francisco Bay. Shipping route distances between coastal ports in 
the study area, plus San Francisco, are shown in Figure 1-2. 

Most of the counties are primarily coastal, i.e., the population and economic base are mainly on 
the west side of the Coastal Range (Figure 1-3). The four major exceptions - Clallam and Jeffer
son Counties in Washington, and Lane and Douglas in Oregon - have the county seat and major popula
tion areas on the east side of the Coastal Range, outside the study area. 

The largest urban complexes in the region are Arcata-Eureka on Humboldt Bay, California, and Aber
deen-Hoaquiam on Grays Harbor, Washington; the population of each complex is not more than about 
50,000. The largest city in the study region is Eureka, CA, with a 1970 population of 24,300 (not 
including tourists and summer visitors). Five other cities in the region had populations (in the 
1970 census) of more than 10,000: Aberdeen, WA, 18,500; Coos Bay, OR, 13,500; Newport, OR, 12,300; 
Hoquiam, WA, 10,500; and Astoria, OR, 10,200. 

1.2 THE PHYSICAL ENVIRONMENT 

1.2.1 Lithospheric Features. Geologically recent orogenic activity and coastal subsidance have 
produced a picturesque coast. Rocky headlands and offshore rocks ("sea stacks") are common. 
They are interspersed with estuaries, dune areas, and sandy beaches. 

Large scale tectonic processes over many millions of years have faulted, uplifted, and folded 
marine sedimentary deposits to form the Coastal Range. These mountains have been and are being 
shaped primarily by geo-hydraulic processes of erosion, transport, and accretion determined by 
gradient, snowmelt, precipitation, and runoff. Expansion of moisture in cracks due to freezing 
increases the breakdown of the rock at higher elevations. Wind erosion is of minor importance. 

1-2 Region 



195 140 
212 156 59 
244 188 92 
254 199 101 
301 245 150 127 102 63 
352 296 201 178 153 115 101 
397 341 246 223 198 160 146 
432 377 281 258 234 196 182 
436 381 285 262 238 200 186 39 
383 327 232 209 184 146 133 90 108 
395 339 244 221 196 158 144 102 119 
468 411 321 298 273 235 222 179 198 

FIGURE 1-2. COASTAL SHIPPING DISTANCES BETWEEN MAJOR PORTS IN 
THE STUDY AREA. Distances are in nautical miles for the 
shipping routes between coastal ports of the Pacific Northwest. 
San Francisco, outside the study area, is provided for reference. 
(U.S. Department of Commerce, 1976.) 

Glacial erosion, although not very significant today, carved large, characteristically "U" shaped 
valleys deep into the Olympic Mountains, setting the stage for the development of the rain forests. 
Flowing water and ice are the primary agents of geologic work in the region, with significant 
effects occurring within human lifespans. The rivers act as agents of erosion and also of 
transport and deposition of sediments. Deposition occurs in valleys and estuaries, with consider
able sediment passing through to the Pacific Ocean, its beaches, the shelf, and beyond. 

Although this region is seismically active, the major fault zones are offshore (see Figure 2-1) 
and damaging earthquakes are seldom felt along this coast, except in Northern California (see 
Figure 2-5), where the Mendocino Escarpment intersects the coast near the northern end of the San 
Andreas Fault. 

Geological processes provide a wide range of forms and compositions - mountains and slopes, low
lands and wetlands, beaches and dunes, headlands and islands, streams and estuaries, and the 
ocean - which provide the physical substrates of the vegetative community and which, in turn, 
strongly influence the assemblage of animals, including man. 

1.2.2 Atmospheric Features. The predominant air flow is from the north and west during the sum
mer and early fall (about May through September), shifting to come from the southwest during the 
rest of the year. The southwest winds tend to be mild in temperature and moist, due to the marine 
influence. When drier, northerly winds occur, influenced by the land mass of Western Canada, 
they are cooler in winter, and warmer in summer than the marine influenced air. Compared to the 
non-maritime climates of the Midwest and the East Coast, the Pacific Northwest Coastal Region 
experiences very mild winters and summers, lacking lengthy hot or cold spells. Although the hu
midity is generally high, the combination of high temperature and high humidity that is common in 
the Midwest and the East seldom occurs here. The result is that the relatively cool summers are 
not "muggy." Because of the seasonal changes in the wind direction, rainfall is concentrated in 
the winter months, sometimes referred to by local people as the "monsoon season." This concentra
tion of rain in the winter months differs from the Midwest pattern where it is wetter in summer, 
and the New England pattern where precipitation is distributed evenly throughout the year {Figure 
1-4). 
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FIGURE 1-4. NORMAL MONTHLY TOTAL PRECIPITATION FOR EUREKA,. CALIFORNIA; 
LINCOLN, NEBRASKA; AND BOSTON, MASSACHUSETTS. These patterns characterize 
the maritime Northwest, the Midwest, and the New England States. All 
stations are at approximately the same latitude. Eureka receives less 
precipitation than most of the Pacific Northwest study region, but·the 
pattern of wet winters and dry summers characterizes the entire region. 
(Adapted from U.S. Department of Commerce, 1968.) 

Mean temperatures at coastal stations are generally between about 40 and 70°F (5 and 20°c) the 
year around, with little variation from north to south within the region (see Section 2.3. 1). 
However, with increasing elevation as one moves inland, the temperature ranges and extremes be
come somewhat wider. The coastal climate is only slightly less mild in the basins of Washington's 
Puget Sound and the Willamette Valley of Oregon. The maritime influence is weaker and the cli
mate less moderate and drier in the mountains behind the Coastal Range in Northern California 
and Southern Oregon. 

1.2.3 Hydrospheric Features. The large amount of precipitation in the study area produces a 
correspondingly high runoff to the ocean, and the numerous coastal rivers and streams reach the 
ocean by equally numerous coastal estuaries and lagoons. Many of the rivers have fairly small 
drainage basins due to the closeness of the crest of the coastal mountains. Their runoff peaks 
closely follow periods of peak precipitation. Several of the rivers, however, drain much larger 
inland basins; their peak flows still correlate with storm activity, but may be delayed longer. 

The Columbia River is an exception. It is the dominant hydrological feature of the region, 
draining much of Oregon, Washington, and Idaho. Its drainage basin also includes portions of 
British Columbia, Alberta, Montana, Wyoming, Utah, and Nevada. The Columbia experiences a late 
spring peak in runoff that corresponds to peak snow melt. It is also a regulated flow, due to 
the large network of hydroelectric power dams. The high regional runoff of the Columbia produces 
a marked dilution of the surface oceanic waters. The plume of the Columbia is traceable at sea 
as far south as California in the summer, and north beyond Cape Flattery in the winter (see 
Figure 2-19). 

The Fraser of British Columbia and the smaller rivers of Puget Sound drain largely through the 
Strait of Juan de Fuca, at the Canadian Border. They are a dominant influence off the coast of 
Washington in summer, as the Columbia outflow is farther south at that time of year. 

In most of this area, the soils are deep and rich, due partially to erosion of the steep coastal 
range, but also to the accumulation of humus from annual litter contributions of the dense vege
tation. Because of the nature of the rainfall patterns, steep slopes, and vegetation cover, 
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organic and silt loading of the rivers occurs in pulses. The coastal streams typically rise 
quickly and become murky during storms, becoming clear again after the storm event has passed. 
A typical Northwest rain may have little or no observable effect on the streams, being absorbed 
by the soil and released slowly. This is not always true, however, if the soil is already at 
or near saturation, if the rain is persistent, or if the rain covers most, or all, of the 
watershed. 

1.3 THE BIOLOGICAL ENVIRONMENT 

1.3. 1 Biological Zonation. Because of extensive altitudinal and microclimatic differences 
within the region, a diverse group of terrestrial communities has evolved. Changes in these in
land communities are much more visible on a west-east transect than on a north-south transect 
where changes in community composition are slow and gradual. The rapid west-to-east changes in 
elevation and concomitant climatic and soil conditions establish these relatively rapid west
east changes in communities. 

The steep western flanks of the Coast Range receive a high annual rainfall but also experience 
extended dry periods. It is here that the western hemlock community, dominated by Douglas fir, 
occurs. The lower slopes near the shore have less rain but are frequently shrouded in ocean 
fog during the dry summer months, making this area damper on the average than the upper slopes. 
This environment is conducive to the development of Sitka spruce forest, which occurs in dense 
stands, and coastal redwood groves. 

For the inland areas of the coastal region in Washington and most of Oregon (Watershed Units 1 
through 7), biological zonation is generally very similar and depends mainly on topography and 
altitude. The geology and soils are different in Southern Oregon and Northern California 
(Watershed Units 8 and 9), and rainfal 1 is lower. The Western Hemlock Zone, which is dominant 
in the rest of the region, is replaced in turn by Mixed Evergreen and Redwood Zones in the 
Klamath Mountains and Northern California coastal lowlands, respectively. (A map of the distri
bution of inland biological zones is presented as Figure 3-1 of Chapter 3.) 

The coastal zones (estuaries, beaches and dunes, and headlands and rocky islands) are determined 
by landforms, which are functions of the local geology, topography, and wind and water energies, 
and by differences in elevation with regard to tide. Estuarine zones (subtidal, intertidal, and 
above tide) develop in the mouths of nearly all of the streams and rivers along the coast. (A 
list and the locations of the region's estuaries are contained in Figure 2-24.) Beaches, 
dunes, headlands and rocky islands are found intermittently along the entire coast. 

Zonation in the ocean over the shelf is determined by light penetration and relation to substrate 
(i.e. pelagic vs. benthic). The oceanic zones occur seaward of the Surf Zone along the coast out 
to the edge of the continental shelf, which approximates the 200 meter (600 ft) depth contour 
and which varies in width from about 15 to 65 kilometers (9 to 40 mi). 

Zones of human activity occur within the inland and coastal zones and are determined by the 
changes in the environment that result from man's presence and activities. New and modified 
habitats are produced by earthmoving, pavement, building, and landscaping. Vehicle and pedestrian 
traffic and household pets have profound effects on the kinds of wildlife that occur in these 
zones. Proximity to the coast affects the micro-climate and the amount of salt in the air, both 
of which make differences in vegetation of otherwise similar habitats. 

1.3.2 Species of Concern. The plants and animals of the region are of interest not only as 
components of dynamic zone and habitat ecosystems, but also for commercial, recreational, or con
servation importance. The regional forests are among the most productive in the world and support 
the major industry - forestry and forest products - in the Pacific Northwest. The major commercial 
tree species are Douglas fir, western hemlock, redwood, western red cedar, Sitka spruce, and 
grand fir, with Douglas fir making up over sixty percent (by volume) of the timber harvested in 
the study area. 

The fertile waters over the continental shel~ as well as the numerous rivers and streams of the 
region, support a large and diverse fishery. The most notable fish species of the region, both 
commercially and recreationally, are the salmonids, particularly chinook and coho. These salmon, 
which spawn in the coastal rivers, spen.d time as juveniles in the region's estuaries, maturing 
in the coastal Pacific Ocean, are harvested commercially at around 30 million pounds per year and 
for sport at around 5 to 7 million pounds per year in the coastal region. Other fish species of 
interest include the albacore (tuna), sole, and rockf.ish, which are harvested commerci-ally over 
the shelf, and steelhead and cutthroat trout which are sought for sport in the coastal rivers. 
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Major game species in the study area include black-tailed deer, Roosevelt elk, black bear, 
and waterfowl. In addition, razor clams are harvested from some of the beaches in the region. 

A number of species in the study area are classified as rare, threatened, or endangered by State 
and/or federal agencies, or are proposed for such classification. These include the Columbian 
white-tailed deer, Aleutian Canada goose, peregrine falcon, spotted owl, bald eagle, snowy plover, 
brown pelican, Karok Indian snail, Newcomb's littorine, Cape Mendocino snail, rocky coast snail, 
Siskiyou Mountain salamander, sea otter, wolverine, and seven whale species, as well as over one 
hundred vascular plants. 

Section 3.4 of Chapter 3 and Part 2 in this volume discuss these species of concern in detail. 

1.3.3 Areas of Ecological Concern. Many localities in the region are critical areas for the 
wildlife and other species of concern mentioned above, or represent unusual or unique landforms 
or habitat types. Olympic National Park in Washington includes a large part of one of the few 
temperate zone rainforests of the world, and Redwood National Park in California contains some of 
the last remaining virgin redwood groves in the world. In general, the region's estuaries are 
the areas of most critical concern because of the concentrations of human activities that occur 
in these areas of significant biological importance. Many specific areas in the region have been 
identified as critical or of special concern. These are discussed in Section 3.5 in this volume 
and in the Watershed Unit descriptions in Volume 4. 

1.4 SOCIOECONOMIC ASPECTS 

1.4.1 Human Activity - Population, Income, and Employment. The Pacific Northwest Coastal Region 
is relatively sparsely populated, with a concentration of urban centers along the coastal strip. 
The population is made up of a relatively high proportion of elderly people, most of whose income 
is from outside the region - from Social Security, pensions, and retirement funds. For this 
reason, and also due to limited employment opportunities, participation in the labor force tends 
to be lower than the average in each of the three states. Low labor force participation rates, 
high unemployment, and severe seasonal fluctuations in employment contribute to median family 
and per capita personal income levels significantly below state averages. 

In the region to date, relatively little employment or income is derived from activities not 
directly linked to local natural resources. Most major sources of income are indirectly 
resource-related. They include a growing in-migration of retirees and seasonal residents and 
intervention of the federal government in the form of unemployment compensation, training, econo
mic development programs, and regulation of land and ocean use. Population densities throughout 
the region are low compared with those of the highly developed Puget Sound and Willamette Valley 
regions. Unemployment and seasonal employment are more widespread than in those major urban 
areas, and income levels are generally lower. Thus the western, coastal, parts of Clallam and 
Jefferson Counties in Washington, and of Douglas and Lane Counties in Oregon are in sharp con
trast with the more populous and prosperous eastern parts of the same counties. 

1.4.2 Socioeconomic Environment - the Economic Base. The economic base of this coastal region 
rests on its economically and culturally valuable natural resources. With the exception of 
minerals, primarily sand and gravel, each of these resources is in demand by markets outside the 
study area. The largest of these markets is for forest products and this industry provided more 
than half the employment for basic industries on the Oregon coast in 1973 (see Section 4.9.1.1). 

Economically valuable resources include extensive coniferous forests. estuarine and marine 
fish and shellfish, small areas of productive agricultural land, 1 imited mineral deposits, and 
a shoreline suitable at several points for more extensive port development. Prospecting for oil 
on land and on the continental shelf of the region has not been encouraging. 

The largely unspoiled natural areas, historic sites, fish, and wildlife are highly visible and 
valuable recreational and cultural resources. The region also contains ecological valuable and 
vulnerable resources, including particularly its estuaries, dunes, and beaches, that need to be 
used with care. Already the dominant economic importance of the forest resource is diminishing 
as old growth on private lands is harvested. 

Agriculture has been declining in importance along the coast and recreation has been increasing; 
fishing and fish processing have also been increasing, but at a lower rate. These three indus
tries, taken together with water transportation, employ almost as many people as forestry, 
roughly forty percent of the labor force in coastal Oregon in 1973. The remaining employment is 
for government and services (see Section 4.9). 
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1.4.3 Socioeconomic Activities in the Coastal Region. The region is relatively isolated from 
major population and industrial centers. Transportation routes are limited; fuel and power are 
mainly imported from outside the region; and the population density is low. Major sources of 
capital have tended to be national forest industry firms or local processors strongly dependent 
on them. Much of the region's economic activity is carried out by self-employed individuals in 
the agriculture, fisheries, and recreation industries who lack extensive capital resources. 
Participation in the labor force tends to be lower in the region than in the more urbanized areas 
of each state. This reflects the limited industrial employment opportunities but also represents 
a potentially valuable human resource. 

The basic industrial activity of the region supports a relatively well developed service sector. 
The relationship between the basic and service sectors in terms of employment and income (the 
multiplier) is difficult to determine. This is largely because employment in agriculture, fish
eries, and recreation, for several reasons discussed in Chapter 4, can only be estimated. In 
addition, some trade and service activities serve both the local population and tourists and so 
are partially basic. 

Socioeconomic activity in the region is strongly influenced by the fluctuating demand for the 
products of its resource-based industries. Employment in the forestry and forest products, agri
culture, and fisheries industries has been declining for a number of years and is expected to 
continue to decline as worker productivity increases. The long term outlook for forestry is the 
subject of debate depending upon assumptions regarding management of the industry. The economic 
effect of efforts to diversify industrial activity through increasing emphasis on recreation, 
aquaculture, and crop growing, although promising, do not yet appear to be significant. 

Demand for all of the region's natural resources is increasing. At the same time, because of 
growing understanding both of the effects of over exploitation and of conflicts between uses, 
government I imitations are being placed on resource extraction. Such limitations, and changes 
in policy regarding the manner in which resources should be used, lead to economic dislocations. 
Adjustment to such dislocations tends to be difficult and costly due to the region's lack of 
diversification and its population's traditional ties with a few basic industries. For the same 
reason, the region is also strongly affected by fluctuations, both cyclic and seasonal, in demand 
for its resources and products based on them. 
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Included in this chapter are descriptions of those physical and chemical processes that character
ize the region. These include land, air, and water processes which create the physical environ
ment that the plants and animals have adapted to. The physical processes are also what man must 
live with and to which he must adapt. In some cases, such as the damming of large rivers for 
hydroelectric power generation, these natural physical processes can be harnessed and have value 
as resources in themselves. In other instances of resource harvesting, such as forestry and 
fisheries, it is the physical processes that create the environment permitting the growth and 
development of these resources. 

2. 1 GENERAL FLOW OF MATERIALS 

The environment of the Pacific Northwest Coastal Region is strongly influenced by its marine 
climate. The region is a moist one, with considerable precipitation released as the marine air 
blows over land. As the air rises against the western flanks of the coastal mountains, the 
precipitation increases, and the temperature decreases. Almost all precipitation along the coast 
occurs as rain, but snowfall is significant in the higher mountains, especially the Olympics. 
Snowfall inland of the coastal mountains is significant in supplying snowmelt and spri~g runoff 
to those rivers draining inland watersheds. 

The precipitation exceeds the rate of evaporation and evapotranspiration, with the 
flowing seaward as runoff and ground wate~ The highest levels of precipitation in 
tal United States occur in this region; extensive rainforests occur in the Olymplc 
precipitation near the peaks of the Olympics reaches 250 inches (635 cm) per year. 
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runoff for the region is high, and the downhill flow of materials transported by the flowing 
water is high as well. Most all of the surface runoff enters the ocean via estuaries. Much 
material is deposited in the estuaries where the gradient is slight and tidal forces oppose the 
river flow. The runoff passes through the estuaries, combining with salt water in mixing 
processes important to estuarine circulation and flushing, finally reaching the ocean. The 
oceanic surface waters of this region are measurably diluted by the land runoff and by direct 
precipitation. 

The ocean acts as a moderator of the regional climate. Temperatures along the coast are mild. 
Land forms affect the local precipitation and temperature patterns with significant increases 
in precipitation between the outer continental shelf, the coast, and the flanks of the coastal 
mountains. 

Peak flows of the coastal streams and rivers are associated with peak winter storms. For water
shed units with significant storage of water in snowpack or glacial ice, peak flows also occur in 
the spring due to melting (Watershed Units 1 and 3). Although the inland boundary of the study 
area is defined as the crest of the coastal mountain range, six rivers actually cut through the 
coastal range and drain larger inland basins. (A seventh, the Chehalis River in Watershed Unit 
2, also extends inland of the selected boundary, but, because there is no significant mountain 
range in the small Chehalis basin, its overall runoff is relatively small compared to the other 
six rivers which extend inland of the Watershed Unit boundaries.) The figure showing the loca
tions and sizes of the Watershed Units (Figure l in the Introduction) does not provide true 
representation of the size of these larger drainage basins. The six rivers that cut through the 
Coastal Range are the Columbia (Watershed Unit 3), the Rogue and the Umpqua (collectively called 
~latershed Unit 6), and the Klamath, t1ad, and Eel Rivers (all in Watershed Unit 9). These rivers 
are the six largest in the study area; the Columbia River, whose discharge into the Pacific is 
three times that of all the other rivers in the study area combined, completely dominates the 
region. The flow of the Columbia is regulated by a large number of hydroelectric dams upstream 
that supply low cost electricity to the region. As a result, there is a lack of electrical. 
generating stations along this coast (save a single nuclear power plant at Humboldt Bay), in 
sharp contrast to the coastal areas of the rest of the country. 

Almost all of the land runoff of the region enters the ocean via coastal estuaries. Within the 
estuaries, gradient, tidal forces, and amount of runoff determine much of the estuarine charac
teristics. Tidal forces have daily, monthly, and seasonal variations; runoff has seasonal 
variations; and gradient for any given estuary remains essentially constant. Runoff and gradient 
differences between estuaries therefore account for most of the estuarine variety in the region. 

The coastal estuaries are highly productive regions. They are also the avenues through which 
forest and agricultural products pass in trade, and through which anadromous fish pass enroute to 
spawning beds upstream. Eituaries also support large resident biological populations. They 
are the locations of settlement by man, and conflicts between different interest groups occu~. 
The three major industries of forestry, fisheries, and agriculture all rely on and impinge on the 
coastal estuaries. The problems associated with this multiplicity of use are exemplified by 
Coos Bay, where there is considerable shipping, log storage, an airport built on fill, and a 
portion set aside to remain in its natural condition as the first "Estuarine Sanctuary" in the 
United States (established under the Federal Coastal Zone Management Act of 1972). The Estuarine 
Sanctuary is discussed l~tcr in this chnptcr, Section 2.6. 

Seasonal shifts in wind direction significantly affect the oceanic conditions over the shelf, 
and in turn have climatic and biologic effects on the regiori. In the winter time, the winds 
have a northward component (coming from the southwest) and the Columbia River plume is held 
close to the Washington coast. In the summertime, the winds have a southward component (coming 
from the northwest) and the Columbia River plume moves southward. The Coriolis effect causes a 
moving body to be deflected to the right of its path in the northern hemisphere, and deflects 
the southward flowing plume such that it extends seaward to the southwest in the summertime. In 
the winter the Coriolis effect helps to push the north flowing plume onshore. 

The summer time seaward flow of surface water (both plume and other) caused by the wind and the 
Coriolis effect is balanced by upwelling of deeper water near the coast. This deeper water is 
cooler and rich in nutrients. The continuing supply of nutrients promotes tremendous phytoplank
ton productivity which in turn supports higher trophic levels, including the commercially and 
recreationally valuable regional fisheries. The coolness of this upwelled water nearshore creates 
fog along the"coast, further moderating the coastal climate. This climatic effect of coastal 
upwelling has probably contributed to discouraging dense coastal settlement and development by 
man which otherwise characterizes the shorelines of the United States. 

Regional runoff carries with it considerable amounts of sediment both in suspended and bed 
loads, and to a lesser extent in dissolved load. The amount of sediment carried by the rivers 
varies with gradient and velocity. Velocity is dependent on the amount of runoff which varies 
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seasonally and peaks with storm activity. Therefore, sediment discharge will vary with time. As 
the river flow slows, its capacity to hold sediment decreases and deposition occurs. This happens 
behind dams, in lakes, and in estuaries. In the estuaries, there is the added influence of tidal 
flows opposing the river flow. The estuaries are naturally depositional in nature, creating 
natural successions of habitats, and re-filling in man-made dredged navigation channels. For 
those estuaries with active shipping and trade, dredging is a never-ending maintenance process. 

Fine sediments pass through the estuaries, and make their way seaward. Fine sands may contrib
ute to beach formation, and be transported by wave action both on the beach face and in the 
surf zone. The Columbia River, for example, has provided the find sands that form Long Beach 
(18.5 mi or 30 km long) in Southern Washington. Finer sediments may remain in suspension and 
be transported over the shelf to be deposited on the continental slope or beyond. Deposition 
of fine sediments on the shelf is temporary, with severe winter wave activity resuspending them 
and continuing the seaward flow. 

Inland, sediment is moved primarily by the downhill, gravity-induced flow of water. Along the 
shore, sediment is moved by wave action. On the continental shelf, sediment is resuspended, or 
kept in suspension by wave action, and transported with regional currents. 

Dissolved material is transported to the ocean via the rivers and streams, and the estuarine 
tidal exchanges. Many materials that are dissolved and suspended in freshwater coagulate and 
precipitate out when mixing with salt water occurs in the estuaries. Estuaries as such can 
become sinks for heavy metals and other contaminants or pollutants, effectively preventing them 
from reaching the ocean. Dredging may return contaminants including toxic materials to the 
water column and eventually to the ocean, and may also reduce the capability of estuarine 
sediments to absorb and hold potentially toxic substances. A number of studies have been per
formed in Coos Bay on the effects of dredging on estuarine sediments (Oregon State University, 
1977A,B,C). 

2.2 LITHOSPHERIC FEATURES 

In discussing the lithospheric features of the Pacific Northwest Coastal Region, it is necessary 
to understand the theory (or theories) of plate tectonics and the processes occurring in the 
northeast Pacific, beyond the boundaries of our immediate study area. 

Accordinq to recent theories of plate tectonics (which include sea floor spreading and continen~ 
tal drift), the crust and upper mantle of the earth are subdivided into a series of semi
independent slabs or plates, each of which is moving laterally in response to deeper-seated 
activity within the earth. Boundaries between plates are characterized by sea floor rises in 
areas of divergence, trenches in areas of convergence, and transform faults in zones of parallel 
movement. 

A relatively complex border zone has developed in the northeastern Pacific Basin between the 
Pacific Plate on the west and the North American Plate on the east. As the Pacific Plate moves 
northward relative to the North American Plate, a right lateral component of movement is experi
enced along the faults and rises separating the two plates. These areas include the Mendocino 
Escarpment, the Gorda Rise, the Blanco Fracture Zone, and the Juan de Fuca Rise. The Gorda and 
Juan de Fuca Plates are caught in the interaction between the North American and Pacific Plates 
and may be remnants of a once more extensive plate. Figure 2-1 presents the major bathymetric 
and topographic features of the continental shelf, slope, and deep-sea floor of the northeast 
Pacific Ocean and its adjacent land mass. 

Subduction of oceanic crust occurs where plates converge, and the evidence suggests that subduc
tion is, or was until recently, taking place along a line generally coinciding with the coast of 
North America between Vancouver Island and Cape Mendocino. The motion may be either slowed or 
presently inactive, however, since there is no oceanic trench along the plate margin, nor deep
seated earthquakes under the Plate Margin. 

The interaction of the Juan de Fuca and Gorda Plates with the North American Plate is responsi
ble for the structural formations that appear in the Klamath Mountains of Northern California 
and Southern Oregon, the Coastal Range Mountains of Oregon and Southern Washington, and the 
Olympic Mountains of Northern Washington. The structure of the continental shelf is less well 
known due to the difficulties of observation and sampling, but may be thought of as an extension 
of the onshore structural formations. Indeed, the processes of formation were the same. 

The bedrock of the study area was bent, folded, fractured, and uplifted by the collision of the 
Juan de Fuca and Gorda Plates with the North American Plate. Volcanic deposits found in the 
area may also be attributed to the processes of plate tectonics, with global volcanic activity 
commonly occurring landward of subduction zones (and along the axis of spreading mid-ocean 
ridges). 
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FIGURE 2-1 . TOPOGRAPHIC AND BATHYMETRIC FEATURES OF THE NORTHEAST PACIFIC 
AND THE WASHINGTON, OREGON, AND NORTHERN CALIFORNIA COASTS. The Mendocino 
escarpment is an identifiable feature of the north Pacific floor extending 
westward beyond Hawaii. The escarpment may be an extension of the San 
Andreas Fault in California. (Adapted from Menard, 1964.) 
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Regional earthquake activity is concentrated along the Mendocino Escarpment, an east-west 
trending transform fault which comes ashore at Cape Mendocino and marks the southern boundary 
of our study area. Offshore of Central and Southern Oregon, earthquake activity occurs along 
the Blanco Fracture zone, which is a transform fault similar to the Mendocino escarpment. 
Because the movements are mostly lateral along these faults, there have been no significant 
locally generated seismic sea-waves (tsunamis) generated by these earthquakes. 

The uplifted formations produced by tectonic processes have been modified by weathering. 
The mountains and valleys in the study area have been and are still being shaped primarily by 
the erosive power of running water, although glacial erosion in the past has produced characteris
tic "U" shaped valleys in the Olympic Mountains of Washington. Glacial erosion is significant 
today only in the Arctic Alpine Zone occurring in Watershed Unit I (see Fig. 1). Riverborne sedi
ment is deposited in va 11 eys, estuaries, and beaches. Fine sediment is carried seaward and deposited on 
the shelf or beyond. The shelf, by contrast, was shaped by the erosive power of breaking waves, 
and the depth of the shelf edge corresponds to lower sea levels associated with periods of world
wide glaciation. Submarine canyons which incise the outer edge of the shelf in places are 
related to river drainage patterns at times of lower sea level, and in some cases (e.g. the Astor
ia and Eel Canyons), are related to existing river channels of today. The present shoreline is 
shaped by recent wave activity, tidal changes (which allow the waves to act over a wider zone), 
and resistance of headlands to erosion. These factors continue to alter the shoreline today. 
In recent years man has begun to influence the shape of the shoreline with jetties, breakwaters, 
mining of coastal sands, and building and protecting structures on the berm or backshore of 
beaches. 

The boundaries of the study area extend inland to the crest of the coastal mountain ranges, and 
seaward to the edge of the continental shelf. The southern boundary is Cape Mendocino, where 
the Mendocino Escarpment meets the coast and the shelf is narrow. The northern boundary is Cape 
Flattery, where the Strait of Juan de Fuca meets the ocean. All study area boundaries are thus 
identifiable by lithospheric features, rather than the geologically (and biologically) insignifi
cant, arbitrary, political and jurisdictional boundaries by which many studie~ and reports are 
bound. 

The land area of the region is approximately 15,300 square m~les (39,700 km2) while the area 
of the shelf is approximately 13,000 square miles (33,000 km). Terrestrial features are more 
readily observed, and, hence, more detailed information is available for land areas than for 
the features of the .shelf. 

Considerable discussion of the lithospheric features of Washington and Oregon and their 
respective continental shelves is presented by the Oceanographic Institute of Washington (1977). 
Franklin and Dyrness (1973) more briefly discuss regional lithospheric features which include 
Northern California. Nearshore and coastal geologic features of the entire study area are 
briefly discussed by Oregon State University (1971). The OIW (1977) and OSU (1971) reports 
include extensive bibliographies. 

2.2. 1 Topography and Bathymetry. Figure 2-2 shows the land forms of the Pacific Northwest 
Coastal Region. The study area is divided into broad categories of beaches and dunes, open hills, 
tablelands, low mountains, high mountains, and crests and summits. The categories are based on 
elevation and percent of area that is gently sloping (defined as less than 8 ). 

The Klamath Mountains (which include the Siskiyous) make up the coastal range in Northern 
California and Southern Oregon, and are high mountains in the figure. Crests and summits in 
Watershed Unit 9 show a strong linear orientation to the north.:.northwest and are indicative 
of regional fault structure. Major rivers in Watershed Unit 9 cut through the coastal range, 
also showing the north-northwest orientation (see Section 2.5). High mountains also occur 
in Northern Washington where the Olympics rise to greater than 7,000 feet in places. 
Most of the rest of the study area consists of low mountains, and includes southern Washington 
and Northern and Central Oregon. Central Washington, around Grays Harbor and Willapa Bay, is the 
only significant region of open hills. The gentle gradient is a controlling factor in the size 
of these two coastal estuaries, which have the greatest amount of intertidal area of all the 
estuaries in the region (see Section 2.6). 

The continental shelf extends from the coast seaward to where there is a definite change in 
slope at about the 600 foot ( 200 m) contour. Figure I in the Introduction presented a general 
view of the shelf in the study area. Off Cape Mendocino at the southern end of this study 
area, the continental shelf is only JO miles (16 km) wide. To the north, the shelf widens to 
20 miles (31 km) at the California/Oregon border and then narrows to JO mi (16 km) again off 
Cape Blanco. Off Central Oregon, Stonewall and Heceta Banks extend the shelf out to over 
40 mi (65 km). The $helf gradually narrows again to 16 mi (26 km) near Newport, Oregon, and 
then widens again to 36 mi (58 km) off Northern Oregon and Southern and Central Washington. 
Off Northern Washington, the shelf narrows to about 30 mi (48 km). The Juan de Fuca Canyon 
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FIGURE 2-2. LAND FORMS OF THE PACIFIC NORTHWEST 
COASTAL REGION. (After Hammond, 1954.) 

LANO FORMS 

(Note: Gentle slope is defined as a slope <8°) 

0 BEACHES AND DUNES 

-

OPEN HILLS 

20-50% of area gently sloping; local relief, 300-500ft; 
50-75% of gentle slope is in lowland 

TABLELANDS 

50-80% of area gently sloping; local relief, 300-500ft; 
50-75% of gentle slope is on upland 

LOW MOUNTAINS 

< 20% of area gently sloping; local relief, 1000-3000ft 

HIGH MOUNTAINS 

< 20% of area gently sloping; local relief, 3000-5000ft 

CRESTS AND SUMMITS 
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and the Strait of Juan de Fuca interrupt the shelf between Washington and Vancouver Island, with 
water deeper than 600 feet extending into the Strait of Juan de Fuca. 

Submarine canyons cut into the continental slope and the outer edges of the shelf off 
Washington and Northern California. Large canyons are conspicuously absent off Oregon. 
The Juan de Fuca Canyon, Astoria Canyon, and Eel River Canyon come the closest to the coast of 
the study area, approaching to 5 mi (8 km), 15 mi (25 km), and 5 mi (3 km) offshore respectively. 

The nearshore bathymetry, extending out to 3 miles (4.8 km) from the shore is presented in 
Figure 2-3. Significant variations occur throughout the region. The nearshore gradient is 
the smallest off Washington. Steep gradients in the first mile from shore are apparent off 
steep coasts and headlands. Figure 2-3 presents 12 representative profiles. The source 
document for this figure (OSU, 1971) presents an additional 15 profiles which follow the 
pattern presented here. 

McManus (1964) describes the major bathymetric features near the coast of Oregon and Washington 
and presents the bathymetry for the Northeast Pacific from the Mendocino Escarpment to the 
northern end of Vancouver Island and seaward over 350 mi (550 km). Descriptions of Heceta and 
Stonewall Banks and Submarine Canyons off Washington pertain to the study area. 

2.2.2 Bedrock Structure. The land area of the Pacific Northwest Coastal Region may be divided 
into three geologic provinces. North to south they are: 1) the Olympic Mountains, 2) the 
Coast Range, and 3) the Klamath Mountains. These provinces were presented in Figure 2-1. The 
offshore structure of the shelf may be considered as an extension of the onshore structure of 
these provinces. 

Detailed discussion of th~ geological structures along the Oregon and Washington coast is 
summarized and presented by the Oceanographic Institute of Washington (1977). Offshore geologic 
structure of the Northeast Pacific is discussed by Dehlinger et al. (1970). The following 
general discussion of the three geological provinces is adapted from Franklin and Dyrness (1973). 
The geologic time scale is available in numerous references including dictionaries and is not 
repeated here. 

The Olympic Mountain Province is made up of two volcanic belts which encircle a large 
interior area containing sedimentary rocks. The volcanic belts bound the peninsula on 
the north and east sides, and as far west as Lake Quinault on the south. The outer belt, 
by far the thickest, is comprised of basalt flows and breccias (angular fragments em
bedded and consolidated in finer crushed material, formed by eruption of coarse fragments 
of cool lava or by fault action) of Eocene age. Between the two volcanic belts 1 ies a 
generally thin band of argill ite and graywacke (dark, fine-grained mud- and sandstones), 
also Eocene. The inner volcanic belt is very thin and discontinuous and consists of 
altered basalt, "pillow" lava (formed by flowing and cooling underwater) and flow breccia 
deposited late in the Mesozoic era or perhaps during the Paleocene epoch. The rugged 
interior of the Olympic Mountains is almost exclusively comprised of sedimentary rocks 
deposited late in the Mesozoic or very early in the Tertiary period. These rocks are 
largely graywacke, with some interbedded slate, argill ite, and volcanic rocks. The 
broad, level areas along the western and southern margins of the peninsula are marine 
terraces and glacial outwash fans with Pliocene deposits. 

The Coast Ranges Province extends from the Middle Fork of the Coquille River in Oregon 
northward into Southwestern Washington where it includes the Wil lapa Hills. Geology 
south of the Salmon River (northern end of Watershed Unit 5) differs substantially from 
that to the north. Geologic history of the southern Coast Ranges began during early 
Eocene times with deposition of pillow basalts near the present town of Alsea (Watershed 
Unit 5). Later in the Eocene, the vast sedimentary beds of the Tyee formation, which 
make up by far the largest portion of this section of the Coast Ranges, were deposited 
under marine conditions. The Tyee formation, largely composed of rhythmically bedded, 
tuffaceous and micaceous sandstone, occurs throughout the southern Coast Ranges and is 
virtually the only rock present in the central portion. Also during the Eocene, other 
smaller marine sedimentary formations were laid down, mostly to the south and along the 
coast. Scattered igneous intrusions, largely gabbro, occurred during the Oligocene and 
cap many of the most prominent peaks. During the Miocene, localized depositions of bnth 
sedimentary and volcanic rocks occurred which are now exposed near Newport and Coos Bay 
(Watershed Units 5 and 7). Most of the spectacular coastal headlands are made up of 
Miocene basalt. The Pliocene epoch saw no new depositions, the principal activity at 
this time apparently being the rapid erosion of the tremendously thick beds of sediments. 
Pleistocene deposits, generally sandy in nature, were laid down along the coast during a 
period of rising sea level. This general rise of sea level, following the melting of 
glacial ice, also drowned the mouths of coastal rivers, forming the "drowned river" type 
estuaries characteristic of this province. 
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As in the southern section, all rock formations in the northern Coast Ranges are Tertiary. 
Tertiary. Eocene formations are widespread and include both volcanic and sedimentary 
rocks. Eocene siltstone and sandstone are found along and to the south of the Siletz 
River (Watershed Unit 5), and in the WillapaHillsof Southwestern Washington. Eocene 
volcanic rocks, largely basalt with some tuffs (volcanic ash compacted into rock) and 
breccias, occupy extensive areas northeast of Tillamook and in the Willapa Hills, and 
to a lesser extent, between the Siletz and Salmon Rivers. Oligocene sedimentary for
mations, including siltstone, shale, and sandstone, are found along the Nehalem River, 
and to a limited extent, in the Willapa Hills. During the Miocene epoch, extensive 
basalt flows occurred in the most northerly section of the Oregon Coast Ranges and in 
the Willapa Hills. Near the Columbia River in Oregon, these flows are classified with 
the extremely widespread (inland) Columbia River Basalt. The Plio-Pleistocene was 
largely a period of erosion, with streams excavating their valleys as the ranges were 
slowly uplifted by regional tectonic processes. 

The Klamath Mountains Province encompasses an area of old and geologically complex 
mountains in Southwestern Oregon and Northern California. The northern-most portion 
of the range in Oregon is also commonly identified as the Siskiyou Mountains. This 
region is logically set apart from the remainder of Southern Oregon by the boundary 
separating its pre-Tertiary rocks from Tertiary rock formations outside the area. The 
pre-Tertiary rocks of this province probably include the oldest in Oregon. 

The geologic history of the Klamath Mountains began during the Paleozoic era with dep
osition of volcanic tuffs and sedimentary rocks which were subsequently metamorphosed, 
largely into schists. A period of erosion and folding followed until late in the 
Triassic period when a large series of volcanic and sedimentary rocks were deposited. 
These rocks have all undergone extensive metamorphism into various types of schists, 
gneisses, marbles, and other metavolcanic or metasedimentary rocks. (These rock types 
are extensive in the inland portion of Watershed Unit 8 in Southern Oregon and Northern 
California; some outcrops also exist east of Gold Beach in Watershed Unit 6S and at 
other scattered locations throughout the province.) During the Jurassic period, sand
stones, siltstones, and shales were laid down along the coast and in a belt extending 
from the southwestern corner of Oregon across the province in a generally northeasterly 
direction and from the northwest corner of California extending in a generally south
southeasterly direction (through Watershed Units 8 and 9). This extensive formation 
is called the Dothan Formation in Oregon and the Franciscan Formation in California. 
Most of these deposits have undergone very little alteration. These rock strata were 
intruded with ultramafic rocks as peridotite and dunite during late Jurassic or very 
early Cretaceous times. The intrusions have largely been altered to serpentine which 
now appears in elongated, stringerlike outcrops, generally associated with fault zones. 
Other rocks which were intruded at approximately the same time include a variety of 
granitics such as diorite, quartz diorite, granodiorite, and granite. (Most of these 
intrusives are in the inland portion of Watershed Units 8 and 9 with some exposed near 
the coast between Cape Blanco and Gold Beach in Watershed Unit 7.) The early Cretaceous 
period saw additional depositions of sediments which now appear as grayish-green arkosic 
sandstone and siltstone near the Elk River in Oregon and Cape Mendocino in Northern 
California. 

Rock strata within the province were greatly modified by folding and deformation during 
the middle Cretaceous period. Apparently, the Klamath Mountains were truncated and 
underwent peneplanation (end result of long term erosion of old mountains in which no 
mountains or high hills remain and a nearly level surface of large extent is formed). 
This peneplanationoccurred during the Miocene and Pliocene epochs. Subsequent erosion 
and st ream dissection have given rise to the ma tu re topography which cha rac te r i zes the area 
today. 

(Geological maps for the individual Watershed Units are presented in Volume 4-; and the data for 
these were obtained from maps prepared for and distributed by the respective states.) 

Geologic structure and rock type are significant as the source of parent materials.for soil 
formation and riverine estuarine and marine sediments. Basaltic headlands, resistant to 

' ' d d . t erosion by waves, extend seaward along the coast, and act as boundaries for beaches an en poin s 
for drift sectors. Figure 2-4 presents the location of beaches. Where no beaches occur, bedrock 
is exposed directly to wave action. Areas of critical and noncritical erosion are also p:e- . 
sented in the figure. The influence of geological structures and processes on the shoreline is 
apparent. Critica.1 erosion is defined as erosion which presents serious prob~ems becau:e the 
rate of erosion, considered in conjunction with economic, industria~, :ecreat1onal, a~ricultural, 
navigational, demographic, ecological, and other relevant factors, 1nd1cates ~hat action to halt 
such erosion may be justified. This definition is from the.Army ~o:ps of Eng1ne7rs (1~71) ~n~ 
acknowledges that existing data on'many of the factors are 1nsuff1c1ent to quantify this dec1s1on, 
and that structural measures taken to solve problems in one area may just transfer the pr~ble~ 
elsewhere. Noncritical erosion is that erosion for which structural measures may no~ be JUsti
fied and where management to prevent or minimize ~dve:se effe~ts.may be.mor7 appropriate th~n ._ 
action to halt erosion. The condition of no erosion 1s also 1nd1cated 1n Figure 2-4 and s1gn1 
fies stable or accreting conditions. 
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FIGURE 2-4. SHORELINE CHARACTERISTICS OF 
THE PACIFIC NORTHWEST COASTAL REGION. 
Generalized locations of beaches and rocky 
bluffs and headlands are shown for the 
study area coast. ACOE erosion ratings 
are also presented. See Volume 4 for 
more detailed coverage by Watershed Unit. 
(Adapted from U.S. Army Corps of Engineers 
1971 and 1973C.) 
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2.2.3 Seismicity and Faults. As mentioned in Section 2.2, the Pacific Northwest Coastal Region 
is where the North American (Continental) Plate interacts with the Gorda and Juan de Fuca (Sea 
Floor) Plates. Subduction of oceanic crust beneath the continent occurred in the past along 
the continental border, which is effectively the entire study area. Subduction zones are charac
terized by a heavy density of earthquake epicenters (Toksoz, 1973-74). However, earthquake 
activity in this region, along these subduction boundaries, has been slight in recent times. 
This fact, plus the absence of a bordering oceanic trench, indicates that subduction is either 
not presently active, or active at a considerably reduced rate. 

Most of the moderate quake activity affecting the region has been associated with the Blanco 
Fracture Zone and the Mendocino Escarpment (see Figure 2-1). Both these features, which are to 
the west beyond the shelf edge boundary of the study area, are transform faults associated with 
the movement of plates past each other. California's San Andreas Fault may extend seaward as 
the Blanco Fracture Zone and/or the Mendocino Escarpment (lacopi, 1964; Tobin and Sykes, 1968; 
and Bolt et al., 1968). 

Couch et al. (1974) have summarized data from coastal and offshore earthquakes of the Pacific 
Northwest. Figure 2-5 presents epicenters of these earthquakes from 1853 to 1973. Magnitude 
ranges using the Modified Mercall i Scale of earthquake shock intensities are indicated in Figure 
2.5. Brief descriptions of intensities V, VI, and VI I of this scale, as presented by lacopi 
(1964), are as follows: 

V. Felt indoors by practically everyone, outdoors by most people. Direction can often 
be estimated by those outdoors. Awakens many, or most, sleepers. Frightens a few 
people, with slight excitement; some persons run outdoors. 

VI. Felt by everyone, indoors and outdoors. Awakens all sleepers. Frightens many people; 
general excitement, and some persons run outdoors. 

VI I. Frightens everyone. General alarm, and everyone runs outdoors. 

The Mercalli scale ranges from I to XI I, and panic is general for intensities IX through XI I. 
The descriptions of intensity include effects, for example, on buildings, cars, furniture, 
water pipes, roads, railroad tracks, wave production on water bodies, earth changes, and animals' 
reactions. 

Identified faults on land, both active and otherwise, are described in Volume 4. Most earth
quake activity is produced by the offshore features of fracture zones and spreading ridges. 

Tsunamis, or seismic sea waves, are produced by forces that vertically displace the surface 
of the ocean. Most tsunamis are generated by offshore earthquakes that vertically displace the 
bottom. The tsunamis that have affected the study region in recent years were generated by 
distant earthquakes in Alaska, Japan, and Chile. Earthquake activity offshore of Washington, 
Oregon, and Northern California has not generated any significant tsunamis. Tsunamis affecting 
the Pacific Northwest Coastal Region are discussed in Section 2.7.2.2. 

2.2.4 Sediments. The distribution of sediments within estuaries is a function of many 
different parameters, which are discussed in Section 2.6.3. Estuary-specific data appear 
in Volume 4 ror the individual Watershed Units. Sediments on land are dealt with in Section 
2.2.5 (Soils) which follows. Sediments within rivers are not presented here as a litho
spheric feature, but rather are covered in the Inland Sediment Transport discussion (Section 
2.5. 4). 

Estauries have sediments that are both riverine and marine in or1g1n, with a zone of gradation 
between the two. Most of the sand-sized sediment car.ried by rivers is deposited in estuaries. 
Additional coastal sand is carried by littoral drift and tidal currents into the mouths of 
estuaries. Finer sediments (mud, or silt and clay size) pass through the estuaries and may 
spend some time on the shelf, but are eventually deposited beyond the outer shelf edge. 

Processes affecting sedimentation and sediment distribution of the continental shelf are 
comparable throughout the study area. Sediment data are presented differently for Oregon 
and Washington and are sparse for Northern California. Because the processes are similar, 
some general findings for Oregon may be applicable throughout the region. 

There is a seasonality of physical processes, affe~ting sediment distribution over the shelf 
in this region. These processes include precipitation and runoff, wind and waves, and currents. 
During the summer months of low wave activity, the midshelf region is covered with a layer 
of mud. This mud is resuspended by winter storm waves leaving clean sand covered with active 
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ripple marks. In some places, mud is intermixed with the underlying sand by benthic organisms, 
forming a mixture of sand and mud. Kulm et al. (1975), using a box cores of sediments on the 
Southern Oregon Shelf, modeled the pattern of sediment facies distribution on the shelf (Fig. 
2-6). Note that the vertical scale of the sediment in cross-section is only 16 inches (40 cm) 
thick. It is apparent that the mud and mixed-sand-and-mud deposits are thin, with sand the 
dominant sediment. 

FIGURE 2-6. MODEL OF SEDIMENT FACIES ON THE CONTINENTAL SHELF 
DETERMINED FROM BOX CORES TAKEN ON THE SOUTHERN OREGON SHELF. 
The figure is not drawn to scale. Horizontally it portrays the 
shelf out to its edge (200 m). The vertical scale (of the 
sediment) is approximately 40 cm (16 in). The mud and mixed
sand-and-mud facies are quite thin over the shelf, overlying 
the predominant sand. (From Kulm et al., 1975.) 

Roberts (1974) presents sediment data for the Washington Shelf, extending into Northern Oregon 
as well. The percent of gravel, sand, silt, and clay is given for each sediment sample obtained 
by the University of Washington from 1954 to 1972, and includes studies in Grays Harbor, Willapa 
Bay, and the Columbia River. Significantly, winter sampling carried out in this time frame was 
limited to only 1 out of 27 offshore cruises, and that one cruise sampled but five stations on 
the outer shelf. The sediment data are therefore biased to the summer condition and are not 
representative of the winter. 

Reports of sediment off Oregon categorize the sediments as sand, mud, and muddy sand. Reports 
for Washington categorize the sediments as gravel, sand, coarse silt, and fine silt. The fine 
silt approximates mud, while the coarse silt is similar to the muddy sand. Sand is defined as 
consisting of particles which have diameters larger than 0.0625 mm (about 1/400th of an inch). 
Sediments consisting of more than 75% particles of this size are termed sand. Where less than 
50% of the sediment by weight consists of sand-sized partilces, the sediment is termed mud. For 
those sediments that are 50% to 75% sand, the term muddy-sand is used (Byrne and Panshin, 1968). 
Figure 2-7 describes the surface sediment distribution on the continental shelf off Washington. 
The coarse si It of the outer shelf is probably similar to the mixed-sand-and-mud description on 
the Oregon Shelf. The gravel areas are indicative of scouring of finer materials, and may be 
correlated with more intense wave action. (See Section 2.6.2.1 of Watershed Unit 2 in Volume 4.) 
Figure 2-8 presents the surface sediment distribution on the continental shelf off Oregon. 
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Sediment compositions reflect different benthic habitat conditions, and the organisms that inha
bit them are uniquely adapted to their particular conditions. Sediment characteristics for 
Northern California's Shelf are indicated by Strand (1969, 1973), and are similar to the rest of 
the region. The following discussion concerning the distribution of sand off Oregon is from 
Byrne and Panshin (1968) and is generally applicable to the entire region. 

Sand occurs in two major areas on the continental shelf, close to shore and at 
the shelf edge. The nearshore sand is usually gray. It extends from the shoreline 
out to a depth of about 50 fathoms (90 meters) off the northern and central Oregon 
coast. In the vicinity of the Umpqua River, sand is limited to shallower water, 
generally 30 fathoms (60 meters) or less, and forms a narrow belt along the coast 
at least as far south as the Rogue River. Sand which occurs as patches near the 
edge of the shelf is more variable in its characteristics than the nearshore sand. 
Shelf-edge sand may be somewhat coarser than the nearshore sand, and may vary in 
color from yellow or brown to dark green. In many areas, it contains appreciable 
amounts of broken shells. p. 2. 

From Figure 2-7 it is apparent that the 50 fathoms (90 meters) depth limitation for the nearshore 
sand holds true as the dividing line between sand and coarse silt. The patches of sand at the 
shelf edge off Washington and Oregon - and presumably California - are relict deposits, laid down 
at times of lower sea level associated with periods of glaciation. The lack of depositions of 
finer sediments at the shelf edge has kept these sands exposed. 

Sediment sources may be determined by analysis of their heavy mineral content. Major physio
graphic provinces, such as the entire Columbia River basin, the Oregon Coast Range, and the 
Klamath Mountains, contribute sediments that have characteristic heavy mineral assemblages. 
Analysis of the shelf sands has permitted an inference of a northward net littoral drift 
pattern, both during the late Pleistocene and during more modern times. 

Kulm et al. (1968) gives evidence for possible commercially valuable placer deposits on the 
Southern Oregon Continental Shelf. These deposits are sands that are high in heavy mineral 
concentrations. These deposits have been associated with large magnetic anomalies. Similar 
areas exist on the shelf off Southern Oregon which may_ have large heavy mineral sediment 
concentrations buried below the surface. 

2.2.5 Soils. As described in Volume 1, soils are a complex, dynamic body of materials resulting 
from the integrated effects of climate and living organisms acting on earthy parent materials 
conditioned by relief over time (USDA, 1975B). Soils are expressions of a number of environ
mental parameters in a given location, including rock type, organic input, topography, gradient, 
temperature, and precipitation, and as such are extremely variable. 

Soils are described and classified using observable and measurable criteria such as color, tex
ture (clay, silt, sand - see Figure 2-9), composition, zonation, moisture content, and organic 
influence. They are named for a local site with appropriate descriptors (e.g. Hoh fine sandy 
loam, Orford gravelly silty clay loam); these site- or area-specific soils can _then be grouped by 
similarities to facilitate comparison, assessment of utility, management practices, etc. 

With the complex and variable array of soil types found in the world, there is, needless to say, 
controversy over all-encompassing classification systems. Still, such systems are useful 
for comparisons of areas and regions of simrlar climate and vegetation. 

Two widely accepted "great soil group" classification systems exist: the old 1938 classification 
(Baldwin et al., 1938) and the new 1960's National Cooperative Soil Survey Classification (USDA, 
1960 and 1967 supplement). The former identified a number of great groups (e.g. podzol, chernozem, 
sols bruns acides) loosely organized into azonal, zonal, and intrazonal categories. The latter 
is based on a hierarchial system of six categories - order, suborder, great group, subgroup, 
family, and series - from broadest climatic grouping to site-specific series. The great groups 
of the two systems do not coincide in all cases; some overlapping and splintering occurs. The 
podzols of the old system, for example, are found in the cryorthods, fragiorthods, and haplorthods 
of the new. Table 2-1 presents approximate equivalents between the -two systems. (See USDA, 
1960, for details.) 

Much of the soil information available for the study area does not deal with these major classifi
cation systems at all. Many reports refer to topographic groupings such as coastal, streamway, 
and upland soils, or to acidity or agricultural ratings, without reference to great groups or 
orders. Data in this study, therefore, reflect those classification systems which are available 
for the region. 
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TABLE 2-1. NEW (1967) SOIL ORDERS AND APPROXIMATE EQUIVALENTS IN BALDWIN 
ET AL., (1938) CLASSIFICATION. (From USDA, 1960.) 

1967 Soi 1 Order 

1. Entisols 

2. Vertisols 

3. Incept i so 1 s 

4. Aridisols 

5. Mo 11 i so 1 s 

6. Spodosols 

7. Alfisols 

8. U 1ti'so1 s 

9. Ox i so 1 s 

1 O. Hi s to so 1 s 

sandy clay loam 

sandy loam 

'00 

Approximate Equivalents in 1938 Classification 

Azonal soils, and some Low Humic Gley soils. 

Grumusols. 

Ando, Sol Brun Acide, some Brown Forest, Low
Humic Gley, and Humic Gley soils. 

Desert, Reddish Desert, Sierozem, Solonchak, 
some Brown and Reddish Brown soils, and 
associated Solonetz. 

Chestnut, Chernozem, Brunizem (Prairie), 
Rendzinas, some Brown, Brown Forest, and associ
ated Solonetz and Humic Gley soils. 

Podzols, Brown Polzolic soils, and Ground
Water Podzols. 

Gray-Brown Podzolic, Gray Wooded soils, 
Noncalcic Brown soils, Degraded Chernozem, and 
associated Planosols and some Half-Bog soils. 

Red-Yellow Podzolic soils, Reddish-Brown 
Lateritic soils of the U.S., and associated 
Planosols and Half-Bog soils. 

Laterite soils, Latosols. 

Bog soi 1 s. 

clay loam 

loam 

!?o 

60 ~ ~ ~ '°o 'O 
percent sand 

FIGURE 2-9. A GENERAL GUIDE FOR THE TEXTURAL CLASSIFICATION OF SOILS. (From 
Beaulieu and Hughes, 1975.) 
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Figure 2-10 shows the general distribution of soils in the region, using the 1938 classifica
tion system and grouping great groups into related soil associations for the purpose of 
generalized mapping. 

Seven soil orders (of the USDA 1967 classification) are found in the study area, reflecting the 
varied and complex nature of the parent rock material in the region (as described in Section 
2.2.2) as well as climatic variation. Table 2-2 1 ists these orders and the major great groups of 
both 1938 and the 1967 classification for Oregon and Washington coastal areas by physiographic 
province, as described by Franklin and Dyrness (1973). Major soil group designations for the 
Northern California coastal area soils are not available, but presumably include the same soils 
as 1 isted in Table 2-2 for the Klamath Mountains province. 

The soi 1 orders 1 isted in Table 2-2 are described briefly below (from Frankl in and Dyrness, 
1973). For further descriptions of these and the component suborders and great groups, see 
USDA (1960 and 1967 Suppl.). 

Alfisols are soils that are medium to high in bases with gray to brown surface horizons and sub
surface horizons of clay accumulation; they are usually moist but may be dry for a portion of the 
warm season. 

Entisols are soils that have no pedogenic horizons, such as alluvial soils. 

lnceptisols are soils which have weakly differentiated horizons; materials in the soil have been 
altered or removed but have not accumulated; they are usually moist but some are dry part of the 
time during the warm season. 

Mollisols are soils with nearly black, friable, organic-rich surface horizons high in bases; they 
are formed mostly in subhumid and semiarid warm to cold climates. 

Spodosols are soils with low base supply having in subsurface horizons an accumulation of amor
phous materials consisting of organic matter plus compounds of aluminum and usually iron; they 
are acidic and coarse-textured, and are formed in humid and mostly cool or temperate climates. 

Ultisols are soils which are low in bases and have subsurface horizons of clay accumulation; 
they are generally moist, but during the warm season may be dry part of the time. 

Vertisols are clayey soils with wide, deep cracks when dry; most have distinctive wet and dry 
periods throughout the year. 

Many of the soils in the high-relief mountainous areas are in a state of "profile immaturity" 
regosolic or lithosolic, lacking genetic horizons except a thin A - due to soil creep, land
slides, and other instabilities. 

A general description of the coastal region's soils, taken from Franklin and Dyrness (1973), 
follows, beginning with the Olympic Peninsula province and continuing through the Coast Ranges 
and Klamath Mountains provinces. 
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In the Olympic ~ountains, a variety of soils have developed under both coniferous forest 
and subalpine meadow vegetation, derived from the sedimentary parent materials of the 
interior. Forested soils are reported to be Brown Podzolics (Spodosols) and Lithosols 
(Entisols). The Spodosols (probably Haplorthods) have a very dark grayish-brown silt 
loam surface horizon underlain by a dark yellowish-brown sandy clay loam B horizon. Soils 
developed under alpine meadow vegetation are classed within the Spodosol, Mollisol, and 
lnceptisol orders. The Spodosols have thin, gray sandy loam B2 horizons. The lnceptisols 
have very dark grayish-brown sandy loam subsurface horizons. 

The deeper, well-developed soils derived from basalt on the Olympic Peninsula are generally 
classified as Haplohumults (Reddish Brown Lateritic soils). Most often these soils are 
characterized by a reddish-brown silt loam or silty clay loam surface horizon underlain by 
a silty clay loam or silty clay subsoil showing the effects of clay accumulation. The 
sandstone parent materials situtated along the northern edge of the peninsula give rise 
to Haplumbrepts (Western Brown Forest soils). These are moderately deep soils with thick, 
dark-colored surface horizons. Surface textures are silt loam or silty clay loam, and 
the subsoil is either silty clay loam or silty clay textured. 

A large variety of soils in the Olympic Peninsula have formed in glacial till and outwash, 
depending on such factors as particle size and degree of compaction in parent materials. 
The majority of upland soils derived from glacial till have been classed as Xerochrepts 
(Regosols). 
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FIGURE 2-10. GENERAL SOIL GROUPS 
AND DISTRIBUTION IN THE REGION. 
This map, taken from Soils of the 
Western United States (Western 
Land Grant Universities et al., 
1964), shows very general distri
butions of great soil groups 
(1938 classification) arranged in 
"associations." These groupings 
and their letter and number 
designations, as given in the 
above source, are presented in the 
key below. 
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TABLE 2-2 . PRINCIPAL GREAT SOIL GROUPS WITHIN THE THREE PHYSIOGRAPHIC PROVINCES OF COASTAL OREGON AND WASHINGTON. (From 
Franklin and Dyrness, 1973.) 

1938 Classification System 1 1967 Classification System 2 

Physiographic 
Province 

Olympic 
Peninsula 

Coast Ranges 

Klamath 
Mountains 

Widespread 
Great Soil Groups 

Sols Bruns Acides 
Reddish Brown Lateritic 
Lithosol 

Reddish Brown Lateritic 
Sols Bruns Acides 
Regosol 
Lithosol 

Reddish Brown Lateritic 

Less Abundant 
Great Soil Groups 

Podzol 
Brown Podzol ic 
Alpine Turf 
Alpine Meadow 
Humic Gley 
Alluvial 
Regosol 
(Rockland)J 

Noncalcic Brown 
Prairie 
Grumusol 
Humic Gley 
Al 1 uvial 

Sols Bruns Acides 
Noncalcic Brown 
Western Brown Forest 
Podzol 
Prairie 
Grumusol 
Humic Gley 
Alluvial 
Lithosol 
(Rockland) 3 

Widespread 
Orders Great Groups 

[

Xerochrepts 
lnceptisols Dystrochrepts 

Haplumbrepts 

I ncep ti so 1 s 

Ultisols 

Ultisols 

Haplumbrepts 

Haplohumults 

[
Haplohumults 
Haploxerults 

1see Baldwin et-al., 1938, or Western_Land Grant Universities et al., 1964. 

2see USDA, 1960 and 1967 supplement, or PNRBC, 1969. 

3A miscellaneous land type in which rock outcrops or rock rubble dominate the landscape. 

Less 
Orders 

Spodosols 

Ultisols 

Mo! Ii so Is 

Incept i so Is 

Entisols 

lnceptisols 

Spodosols 

lnceptisols 

A If i so Is 

Mo 11 i so Is 

Vertisols 

Abundant 
Great Groups 

[Haplorthods 
Cryorthods 

(Rockland)3 

Haplohumults 

Haploxerolls 

Haplaquepts 

Udifluvents 

[Dystrochrepts 
Xerumbrepts 
Haplaquepts 

Haplorthods 

[Hap I umbrepts 
Xerochrepts 
Dystrochrepts 

[Haploxeralfs 
Hapludalfs 

Haploxerol ls 

Chromoxererts 



Such soils generally have a loam-textured surface horizon overlying a gravelly sandy loam sub
stratum. Soils developed in till or glacial outwash on terraces are in most areas either 
Dystrochrepts (Sols Bruns Acides) or Haplorthods (Brown Podzolic soils). Textures range from 
gravelly silt loam to clay loam or silty clay loam. The Haplorthods often have a gravelly 
cemented layer at a depth of approximately one meter. 

Alluvial soils occupying terraces along west-flowing rivers such as the Quinault, Queets, Hoh, 
and Soleduck are classed as Udifluvents. These are deep silt loam to very fine sandy loam soils 
which are moist throughout the year. 

In the Coast Ranges, soils developing in the very extensive deposits of sandstone exhibit a 
wide range of characteristics despite the fact most are classified as Haplumbrepts (Western Brown 
Forest soils). On steep, smooth mountain slopes they tend to be shallow, stony loam textured, 
and brown or yellowish-brown in color. Deeper soils derived from sandstone colluvium occupy 
uneven, benchy slopes that generally exhibit some degree of continuing instability (e.g. SI ickrock 
and Bohannon soils). On broad ridgetops, soils from sandstone parent materials tend to be deep, 
with a B horizon showing some clay accumulation and a thick surface horizon of high organic 
matter content (e.g. Astoria soil). Sandstone soils which show maximum profile development and 
are low in bases are classed as Haplohumults (Reddish Brown Lateritic soils). These soils have 
a much more reddish color, a silty clay loam-textured A horizon, and a silty clay B horizon. 

Soils developed from siltstone or shale parent materials in the Coast Ranges resemble those 
derived from sandstone in some respects, but generally they are noticeably finer textured. 
Typically, they have a silt loam surface horizon and a silty clay or clay-textured B horizon. 
Those with thick, dark-colored A horizons are generally classed as Haplumbrepts, whereas soils 
with light-colored surface horizons have been classified as Dystrochrepts (Sols Bruns Acides). 

Over most of the Coast Ranges Province, soils derived from basalt are Haplumbrepts. Deep, well
developed profiles are reddish-brown in color and are relatively stone free (e.g. the Henbre 
series). Surface textures are generally clay loam and the subsoil, a silty clay loam. Most 
often, however, basaltic soils tend to be fairly shallow and stony. Some Haplohumults on basalt 
parent materials are found in the southern portion of the province. 

Sand dune areas are common along the Oregon coast. Soils on old, stabilized dunes are most 
often Haplorthods (Podzols and Brown Podzol ic soils). These soils range from excessively drained 
to poorly drained and are characteristically loamy sand to fine sand textured (e.g. Netarts and 
Blacklock soi Is). Soi ls derived from alluvium along major streams are most commonly Haplaquepts 
(Low-Humic Gley soils) and Haplumbrepts (e.g. Knappa soil). The Haplaquepts are dominantly very 
poorly drained silt loams over silty clay loam soils formed in silty alluvium (e.g. Hebo soil). 
The most common flood plain soil series along the coast, from well drained to poorly drained, are 
Nehalem, Nestucca, and Brenner. 

Upland soils in the western Klamath Mountains (which include the Siskiyous) are, for the most 
part, Haplohumults (Reddish Brown Lateritlc soils). Parent materials for these soils include 
both sedimentary and basic igneous rocks. They are moderately deep (1 to 2 m to bedrock), 
reddish-brown soils possessing a silt loam or silty clay loam A horizon underlain by a silty clay 
B horizon (e.'g. Orford soil). Scattered upland areas of peridotite or serpentine bedrock most 
often have reddish-colored soils which are classed as Hapludalfs (Gray-Brown Podzol ic soils) or 
Xerochrepts (Regosols). Such soils (e.g. Sebastian) are invariably unproductive, having very 
shallow and stony profiles, as well as excessive amounts of magnesium relative to calcium. 

The western Klamath Mountains contain a wide variety of bottom soils. The most important well 
drained soils derived from alluvium on terrace landforms are Dystrandepts and Haplumbrepts. The 
Dystrandepts (e.g. Ando soils) have a thick, very dark-colored silt loam ~urface horizon under
lain by a silty clay loam subsoil. Haplumbrepts (Western Brown Forest soils) on terraces tend 
to be deep, well drained, and silt loam or loam textured. The most common ·poorly drained 
streamside soils are Haplaquepts (Low-Humic Gley soils). These wet soils tend to have silt loam 
surfaces and silty clay loam subsoils. The Soquel deep alluvial soils of Northern California 
support the pure stands of redwood characteristic of the coastal bottom lands in that area 
(Storie and Weir, 1953). 

Roughly half of the land area of the Pacific Northwest Coastal Region has been or is being 
surveyed in great detail for information about soil type; to ·determine recommended uses. Figure 
2-11 shows those areas for which soil surveys have been published or are in progress. These 
reports are readily available from local or state offices of the Soil Conservation Service and 
are discussed further and cited in the bibliographies of each Watershed Unit in Volume 4. 

Data on mineral and chemical composition of the region's soils are site-specific and cannot be 
generalized for the whole study area. Chemical analysis of soil is not a routine part of a 
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soil survey. It is undertaken only in the rare ecological studies in a region that require 
such data. Stoate et al. (1975), for example, include some chemical analyses of the soils in 
their study of the Mad River area in Northern California (Watershed Unit 9). 

Forest Soils Committee of the Douglas-Fir Region (1957) includes a general discussion of the 
p~obable chemical nature of the soils of much of the study area, while acknowledging that few data 
exist. The soils of the whole region are well-leached, having been formed under high rainfall 
conditions. This leaching has resulted in soils from which all easily soluble materials have been 
washed out, producing acidic conditions. The pH range of the soils is from 4.3 to 5.4 in the 
region; these acidity levels are normal for forested regions of the world with high rainfall. 
Average nitrogen content ranges from 1900 to 6500 ppm (about 4,000 to 13,000 pounds per acre) and 
is intimately related to organic matter content. Available phosphorus (average) ranges from 2 to 
20 pounds per acre (about 1 to 10 ppm), available potassium (average) from 210 to 340 pounds per 
acre (about 100 to 170 ppm). It must be stressed that these are very general values (with rough 
conversions) and that the soil composition is a function of local physical, environmental,. and 
land use factors. 

Information on the biological communities of the study region's soils is practically non-existent. 
The subject of the soil community is addressed in the notes on the Old Growth Western Hemlock 
ecosystem model in Chapter 3 of this volume (Section 3.2.1). 

2.2.6 Chemical and Nutrient Cycling. General global cycles for oxygen, carbon, nitrogen, 
phosphorus, and sulfur are presented in Volume 1. No data exist to modify or quantify these 
models to characterize the region. Where data are available for portions of these cycles, they 
are presented in the notes accompanying the ecosystem models presented in Chapter 3 of this 
volume. 

2.3 ATMOSPHERIC FEATURES 

The climate of the Pacific Northwest Coastal Region is marine. The dominant winds at 
this latitude are from the west and the air, blowing over the Pacific, exchanges heat with the 
ocean and becomes nearly saturated with moisture from evaporation. As the air reaches the land 
mass, it rises, cools, and gives up considerable moisture. The climate of the region is thus 
dominated by the Pacific, having high rainfall and moderate temperature range. There is very 
little north-to-south variation in temperature and rainfall along the coast, but inland the 
coastal mountain ranges produce the temperature and precipitation extremes that do occur. In 
the Olympic Mountains, in Northern Washington, the coastal peaks are the highest of any in the 
study area, and average annual precipitation reaches nearly 250 inches (635 cm), the highest 
rainfall in the continental U.S. Extensive rainforests extend up valleys into the Olympic 
Mountain Range, where precipitation averages 100 to 200 inches a year (250 to 500 cm). 
Precipitation levels in the coastal mountains and valleys of Oregon and Northern California are 
also great, although not equaling the extremes of the Olympic peaks. 

Most of the precipitation occurs in the winter months. Seasonal shifts in wind direction occur, 
which influence nearshore ocean currents, produce upwelling of cooler water, and further modify 
the coastal climate by producing fog, reducing insolation, and cooling the air. 

High river runoff in the region, combined with direct precipitation at sea, makes the oceanic 
realm one of net dilution. That is, the surface salinity is less than that of the water below 
the surface. (In areas where evaporation exceeds precipitation and runoff, the surface salinity 
is greater than the water below the surface.) 

The high precipitation and mild temperatures combine to create a unique habitat that promotes 
growth of large trees. The coolness of the coastal climate may discourage the settlement of 
people in the area .. 

Winter storms, though not equaling· the East and Gulf Coasts' hurricanes, may still be severe, 
with winds often gusting in excess of 100 miles per hour. These storms also generate large 
waves which influence coastal processes of erosion, sediment transport, and deposition, causing 
hazardous conditions for shipping in the region. 

Because of the low population densities and the constant "sweeping out" of the air by the clean 
westerlies off the Pacific, air quality in the study area is excellent. Occasional short-term 
pollution episodes occur near point-sources under unusual weather conditions, but these are minor 
and of little concern in regional air quality analyses. 

General weather data and climatic description of the Washington and Oregon coastal regions have 
been prepared by the Oceanographic Institute of Washington (1977). Regionally descriptive in
formation of atmospheric pressure, winds, storms, and resulting waves is available from National 

Region 2-23 



Marine Consultants (1960, and 1961B). Oregon State University (1971) provides a regional 
climate discussion, and Lane (1965) discusses the heat budget off the coast of Oregon, including 
data on evaporation, back radiation and insolation. Annual averages of climatic data are graphi
cally presented in the Climatic Atlas of the United States (U.S. Department of Commerce, 1968). 
Annual summaries with comparative data for specific locations within the region are prepared by 
the U.S. Department of Commerce (NOAA, Environmental Data Service) and are avai !able through 
the National Climatic Center, Asheville, North Carolina. Phillips and Donaldson (1972) present 
a very useful description of th~ Washington coastal counties climate (available through the 
Cooperative Extension Service of Washington State University). 

2.3. 1 Meteorological Conditions. The following discussion of the region's general climatic 
features and its winter and summer characteristics is extracted largely from OIW (1977) and OSU 
(1971). 

The climate of the study area is predominately mid-latitude, west-coast-marine type. The Wash
ington, Oregon, and Northern California coasts are located approximately in the center of the 
zone of prevailing westerlies, with local winds varying from northwest to southwest throughout 
most of the year. 

Most air masses that pass through the region have their sources over the Pacific Ocean. Hence, 
the ocean has a moderating influence on the weather in both winter and summer - a warming effect 
in winter and a cooling effect in summer. The Cascade Mountain Range forms a barrier protecting 
the area from the cold winter and warm summer continental air masses to the east. 

2.3. 1.1 Atmospheric Pressure. Two semi-permanent pressure patterns, the Aleutian Low and the 
North Pacific High, are the major large-scale features which control the climate of ·this region. 

The North Pacific High is a large region of high pressure (an anti-cyclone) located off the west 
coast of the United States. The air flows around the North Pacific High in a clockwise fashion, 
and the weather in the High is generally fair. 

The Aleutian Low, rather than being a single low pressure area, consists of a series of migratory 
low pressure centers which pass through the Aleutian Low region. The region lies over southwest 
Alaska and the Aleutian Islands and is characterized by prevailing pressures typically less than 
1002.5 millibars (U.S. Department of Commerce, 1976). Winds blow in a generally counterclockwise 
direction around the Low, and the Low is an area where frontal storms form when warm, moist air 
from the south central Pacific meets the cold polar air mass. 

The Aleutian Low dominates the winter weather in the Pacific Northwest. During the fall, the 
North Pacific High contracts to its winter position off the coast of California, and the Aleutian 
Low expands southward to extend over the Gulf of Alaska and the Bering Sea. Figure 2-12 shows 
the mean surface pressure pattern for the eastern Pacific during January. The counterclockwise 
flow of air around the Low brings prevailing winds from the west and southwest. 

Frontal storms form in the Aleutian Low region and move eastward into British Columbia, Washing
ton, Oregon, and Northern California. They bring the precipitation and cloudiness typical of a 
Pacific Northwest winter. Most precipitation during the rainy season (October to March) is 
associated with these winter storms. 

Along the coast in winter, winds are generally from the west or southwest and temperatures are 
mild. Occasionally, winds from the north and northeast bring cold, dry polar air into the area. 
Unusually cold temperatures prevail in such a situation, but the cold spells usually last only 
a few days. 

As summer approaches, the North Pacific High expands northward to its summer position while the 
Aleutian Low contracts northward. Figure 2-13 presents the mean pressure pattern for July. Du
ring summer, the High prevails over most of the eastern Pacific Ocean north of 200N latitude al
most to Alaska and from the western United States coastal area to 1600E longitude. The highest 
pressure is located at the latitude of San Francisco near 15oow longitude (U.S. Department of 
Commerce, 1976). Clockwise circulation around the High brings a prevailing air flow from, the 
northwest to Washington and becomes northerly (from the north) as it flows over Oregon and 

.Northern California. 

Any storms in the northern Pacific Ocean are usually steered north of Washington, and summer is 
a time of little precipitation and generally fair weather. 

Along the coast in summer, winds are mostly from the northwest and north, and speeds are usually 
lower than in winter. However, the heating of the land during the summer day and the resulting 
land-sea breeze effect modify the prevailing flow. Summer temperatures are generally mild. The 
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highest temperatures are recorded when winds from the northeast and east bring warm air from the 
interior of the continent. 

2.3. 1.2 Winds. Figure 2-14 shows average direction and velocity of monthly winds for three 
offshore areas as computed from atmospheric pressure charts by Duxbury et al. (1966) for 1961-
1963. A significant latitudinal variation is the direction and velocity of the summer winds, 
which increase in strength and become more northerly (to the south) with decrease in latitude. 
This increases the amount of upwelling nearshore in the southern part of the study area (see 
Section 2.7.2). Resultant wind speeds during the autumn and spring transition periods are 
relatively low due to the wide variability in wind direction during these seasons. Duxbury et 
al. (1966) prepared wind roses for each month showing frequency of occurrence of different 
wind speeds and directions. 

Quayle and Fulbright (1975) have estimated return periods of extreme winds using existing clima
tological data for coastal areas of the United States. They define a mean return period as 
"the average. number of _years between successive occurrences of values greater than or equal 
to some threshold value." They define a maximum sustained windspeed as "having a duration (at 
or above the given speed) of approximately one minute, though the averaging time for most marine 
observations is more than one minute." Return periods for extreme sustained windspeeds are 
presented in Table 2-3. 

Quayle and Fulbright note that peak gusts (duration usually less than 20 seconds) frequently 
occur and average about 1.4 times the sustained windspeed. Rogers (1966) reported winds gusting 
up to 240 km/hr (150 mph) from an oil rig off the Oregon coast. Applying the 1.4 multiplier for 
gust conditions to the sustained windspeed estimates of Table 2-3 for the Oregon coastal areas, 
it is likely that the wind gusts measured by Rogers represent the 100 year return period extreme. 

TABLE 2-3. EXTREME SUSTAINED WINDSPEED ESTIMATES FOR SPECIFIED RETURN 
PERIODS ALONG THE PACIFIC NORTHWEST COAST.1 (Adapted from Quayle and 
Fulbright, 1975.) 

5 YR 10 YR 25 YR 50 YR 100 YR 

AREA Km/hr (MPH) Km/hr (MPH) Km/hr (MPH) Km/hr (MPH) Km/hr (MPH) 

Washington 124 (77) 135 (84) 150 (93) 163 ( 101) 176 (109) 

Northern Oregon 124 (17) 135 (84) 152 (94) 163 ( 101) 178 ( 110) 

Southern Oregon 126 (78) 135 (84) 152 (94) 165 (102) 178 (110) 

Northern California 122 (76) 131 (83) 148 (92) 161 (100) 174 ( 108) 

lvalues are converted from original units (knots) and rounded to whole numbers. 

2:3:1.3 Temperature. Temperatures in the coastal area are relatively mild and are usually 
s1m1lar to the ocean surface temperature. The change of ocean temperature is small during a day 
or a season, therefore the daily and seasonal variation in air temperature is smaller than it 
would be if the ocean were not an influence. Figure 2-15 presents average maximum and minimum 
air temperatures for selected open coast stations. Tatoosh Island is loca~ed off C~pe Flattery, 
at the northern end of the study area. Eureka is located in Northern California, 30 miles (50 km) 
~orth of the southern end of the study area. Astoria is located approximately ten miles (16 km) 
inland from the mouth of the Columbia River and North Bend is located by Coos Bay. It is apparent 
that temperatures are similar along the entire coast of the study area. Inland temperatures vary 
with elevation and distance from the coast. Specific temperature data are presented in Volume 4 
for individual Watershed Units. 

2.3.1.4 Humidity. The relative humidity in the area is fairly high due to the influx of moist 
~arine air with small fluctuations throughout the day. The highest humidity generally occurs 
in the hours after midnight, corresponding to the lowest temperatures of the day. The lowest 
humidity is usually observed in the afternoon when highest temperatures occur. Table 2-4 
shows mean values of relative humidity at four times of day· for Astoria and Tatoosh Island. 
The similarity is evident and extends down the coast to include the Eureka-Arcata area (U.S. 
Department of Commerce, 1977C). 
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FIGURE 2-15: TEMPERATURE DATA FOR COASTAL STATIONS IN THE STUDY AREA. 
Darkened band shows average temperature range. Top and bottom 1 ines show 
extreme high and low temperatures that have been measured. (Adapted from: 
Phillips and Donaldson, 1972; U.S. Department of Commerce, 1968, and 
1977C; and Oceanographic Institute of Washington, 1977.) 
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TABLE 2-4. RELATIVE HUMIDITY DATA FOR THE PACIFIC tlORTHHEST COAST. 
Relative humidity monthly means (in percent) are given for six-hour daily 
intervals (11 and 10 At1 and PM Pacific Standard Time) at Astoria (Columbia 
River estuary) and Tatoosh Island (Northern Hashington). (From Phi 11 ips 
and Donaldson, 1972.) 

Time 
of Day Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Annua 1 

OPEN COAST 

Astoria ( 1953 - 1965) 

4 AM 87 88 88 89 90 90 91 93 93 91 90 89 90 
10 AM 84 83 77 74 73 76 75 77 76 82 83 86 79 
4 PM 78 76 69 70 69 71 69 71 70 74 78 81 73 

10 PM 87 87 86 85 85 86 87 90 90 90 88 88 87 

Tatoosh Island (1917 - 1965) 

4 AM 84 85 86 87 89 92 94 96 92 90 86 86 89 
10 AM 82 81 Bo 80 82 86 89 90 87 85 83 83 84 

4 PM 82 80 79 79 81 84 87 90 86 85 84 83 83 
10 PM 82 82 82 83 86 89 92 94 90 87 83 83 86 

2.3. 1.5 Precipitation. Precipitation in the study area is generally produced by frontal storms 
moving inland from the Pacific Ocean and is enhanced considerably by orographic lifting 
along the slopes of the coastal mountains. This enhancement is effective even at the coast, and 
may have a back-pressure effect over part of the shelf. Elliott et al. (1971) measured precipita
tion from a stable platform (the "TOTEM" buoy of Oregon State University) moored over Heceta 
Bank, on the outer continental shelf off Central Oregon. They concluded that the presence 
of the coast increased the rainfall by a factor of 3.5. Hhile acknowledging that their figure is 
only valid for coastal Oregon, and that the enhancement there may be much greater than at some 
other location around the Pacific, they feel that the magnitude of the change warrants further 
worldwide studies and revision of estimates of rainfall over the sea. Since storms affectinq the 
Oregon coast are not significantly different from those affecting Northern California and 
Washington, this enhancement effect is probably representative of the entire study area. 

The southward shift of the semi-permanent Aleutian Low during the winter months results in an 
increased frequency of frontal storms reaching the Pacific Northwest and a corresponding winter 
maximum of precipitation over the study area. About 80% of the annual precipitation along the 
coast occurs from October to March while 5% or less of the annual total occurs in July and 
August. Figure 2-16 presents mean monthly precipitation for coastal stations; the seasonal 
trends are apparent. Snowfal 1 is generally rare and of brief duration along the coast due to 
the usually mild coastal temperatures, but becomes more common with increased elevation in the 
coastal mountains. Most winter precipitation falls as snow in the higher mountains; in the 
Olympics some moisture is retained year-round in the form of glacial ice and arctic-alpine snow
fields. Most runoff of coastal streams and rivers is related to the winter storms, with the 
Columbia River and the small rivers draining the Olympics (Watershed Unit 1) exhibiting late 
spring peak flows associated with snowmelt (see Section 2.5.2). 

Annual precipitation along the open coast averages 70 to 80 inches (180 to 200 cm) per year, 
generally decreasing to the south. The lowest coastal precipitation in the study area is at 
Eureka with only 39.8 inches (101 cm) per year (U.S. Department of Commerce, 1977C). Figure 2-17 
presents annual precipitation totals for the entire study area; similar information in more 
detail is presented in the individual Watershed Units (Volume 4). 

Orographic 1 ifting produces increased totals inland to nearly 250 inches (635 cm) at the crest 
of the Olympic Mountains. The extensive rain forest region along the western slopes of the 
Olympic Mountains averages 100 to 200 inches (250 to 500 cm) per year. Inland precipitation 
totals in Oregon average 80 to 120 inches (200 to 300 cm), increasing upslope to 200 inches 
(500 cm) in the mountainous area just inland from Lincoln City in Watershed Unit 5. A similar 
pattern, to peaks of 100 to 120 'inches (250 to 300 cm), occurs in the Klamath Mountains in 
Southern Oregon and Northern California. 
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FIGURE 2-17. ANNUAL PRECIPITATION FOR 
THE PACIFIC NORTHWEST COASTAL REGION. 
Mean annual contours for Washington 0~ 
and Oregon are from the Pacific North- ~a 
west River Basin Commission (PNRBC, • 
1970) and "normal" annua 1 contours 
are from U.S. Department of Commerce 
(1977C) for California. 
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Snowfall along the coast averages one to eight inches (2 to 20 cm) annually and is largely 
confined to the months of December through February. Snow ground cover along the coast rarely 
lasts more than two to three days at a time. Snowfall increases significantly inland with alti
tude to average 500 inches (1300 cm) near the crest of the Olympic Mountains. (This snowfall 
figure is reduced to equivalent water height and included in the annual precipitation discussion 
and figuresJ 

The range in annual precipitation totals from m1n1mum to maximum extremes for many locations 
along the open coast is about 50 inches (130 cm). Figure 2-18 presents the departure of annual 
precipitation from the average for the period 1891-1969 for Aberdeen, Washington, located adja
cent to Grays Harbor in Watershed Unit 2. The five year period from 1929 through 1933 shows a 
60 inch (150 cm) range. During the three year period from 1933 to 1935, Tillamook, Oregon 
(Watershed Unit 4) recorded annual precipitation totals of 130 inches (331 cm) and 65 inches 
(164 cm), giving a range of 66 inches (167 cm). Record annual low and high precipitation totals 
for other locations include: Tatoosh Island, 50 to 114 inches (126 to 290 cm), and North Head 
(near Cape Disappointment at north tip of Columbia estuary mouth), 31 to 80 inches (78 to 203 cm). 
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DEPARTURE OF ANNUAL PRECIPITATION FROM AVERAGE FOR PERIOD 1891-1969 AT ABERDEEN, 
(From Phillips and Donaldson, 1972.) 

Snowfall along the open coast is extremely variable, many years having no snowfall at all. 
Greatest winter totals of snowfall approach 50 inches (130 cm) at many coastal locations. This 
decreases to the south, with the greatest annual snowfall at Eureka being only 3 in (7.5 cm). 
Greatest snowfall figures include 36 in (93 cm) at Tatoosh Island, 90 in (230 cm) at Aberdeen, 
and 31 in (81 cm) at Astoria. 

The f'rontal nature of most precipitation along the open coast produces prolonged episodes of 
light to moderate rain, increasing in intensity as one moves inland (upslope), rather than brief 
episodes of intense rainfall indicative of thunderstorms. Most coastal locations can expect to 
receive a rainfall amount of one inch (2.5 cm) falling in one hour only once in every fifty years. 
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Since the precipitation intensity is light, the frequency must be great to account for annual 
rainfall totals. The number of days with measurable precipitation along the coast ranges from 
199 at Tatoosh Island, to 187 at Astoria, 122 at Brookings, and 117 at Eureka. 

2.3. 1.6 Storms. When a low pressure center moves directly through the study area the weather 
may change rapidly. The low center is preceded by strong southeasterly to southwesterly winds 
that may reach gale force and generate sea waves of 20 ft (6 m) or more. Clouds and rain 
accompany the low center. After the passage of the low, winds veer to westerly or northwesterly 
and remain strong for a short period. The clouds soon break and a high pressure ridge may follow 
bringing periods of clear, cool, stable weather. These storms are significant in oceanic 
sediment transport, mixing, beach sediment transport, shoreline erosion, innundation of low-lying 
coastal areas, and blow downs of trees onshore. They are hazardous to vessels at sea and to 
manmade structures built in vulnerable locations. 

Low pressure centers appear to fol low ''preferred" pathways as they move across the eastern Pacific. 
During the winter, when the North Pacific High has receded to its most southerly location, the 
path of storm centers also shifts to the south. The sol id lines with arrowheads 
shown in Figure 2-12 depict the predictable paths of surface low pressure centers moving across 
the eastern Pacific. The dashed lines represent secondary paths of lows. These storm tracks 
are based on all available data for sea level systems from 1866 to 1954. The arrowheads end in 
areas of maximum storm frequency where tracks may cross, branch, or merge. Primary tracks are 
most frequent and well-defined. It must be kept in mind that frontal zones often extend for 
hundreds of miles to the south and west of the surface low pressure centers. Lows following 
these tracks can therefore affect the weather of the entire study area. 

Figure 2-13 shows storm tracks along with the mean pressure pattern for July. The northward 
expansion of the North Pacific High and the resultant northward shift of these storm 
tracks is evident. In addition, summertime storms are usually less intense than those of the 
winter and their frontal ~ones rarely reach the study area. 

2.3.1.7 Cloud Cover. Due to the predominant onshore flow of moist marine air during all seasons, 
and the relatively high frequency of frontal storm passage during winter months, cloud cover is a 
regular feature of the study area. Along the coast, cloudy skies (80 to 100% cloud cover) are 
reported for about one-half the days of the year. There is little difference in the number of 
cloudy days per year recorded from one station to another along the open coast. The differences 
observed are generally the result of local topography which influences the formation of radiation 
fog and sea fogs. There is a slight tendency for marine stratus to be somewhat less extensive 
in the southern portion of the coast due to the slightly reduced frequency of frontal storm 
passage in this area. 

Marine stratus is the predominant type of cloud cover in the study area. It forms when extensive 
layers of relatively warm, moist marine air are cooled. Both orographic lifting, which results 
from air flowing over a significant topographic feature, and frontal lifting, which occurs when 
relatively warm air is forced to rise over a colder air mass, are responsible for the adiabatic 
cooling necessary for the formation of marine stratus. In addition, the flow of marine air over 
colder coastal waters of the California current and coastal upwelling regions can produce a 
marine stratus layer. 

When the North Pacific High dominates the study area during the summer months, large scale 
atmospheric subsidence inhibits lifting and results in the most cloud-free season of the year. 
However, marine stratus can and does form during the summer by the cooling marine air flowing 
over cold coastal waters and by orographic lifting during those periods when the North Pacific 
High weakens. The high frequency of frontal passage during the winter months makes winter the 
cloudiest season. 

Clear or partly cloudy days (0 to 70% cloud cover) average 12 to 18 days per month during the 
summer and decrease to an average of only four to seven days per month during the winter. 
Spring and fall average from eight to seventeen clear or partly cloudy days per month (Phillips 
and Donaldson, 1972; U.S. Department of Commerce, 1977C). 

There is also a diurnal variation of cloud cover along the open coast. Marine stratus, parti
cularly when formed by air passage over cold coastal surfaces, often forms at night when surface 
cooling creates an inversion which prevents the vertical mixing of air near the surface. Such 
stratus gradually dissipates during the day as solar heating warms the surface layer and allows 
more extensive vertical mixing. Marine stratus formed by frontal lifting is not usually subject 
to this diurnal variation. 

Summer and fall are fog seasons along the open coast when the dominance of the North Pacific 
High creates frequent subsidence inversions. Subsidence inversions are created by the com-

2-34 Region 



pression warming of air sinking to lower levels. The sinking air can become warmer than air at 
the surface which is then trapped beneath the temperature inversion. Strong norther! ies cause 
episodes of intense upwelling of cold water near the coast. The cooling of marine air flowing 
over these waters then forms advection fog and stratus, which penetrate inland as far as the 
local topography, height of the inversion base, and land heating allow. 

2.3.2 Air Quality. Subsidence inversions occur in the coastal area in the summer and fall. 
They 1 imit the mixing depth and can allow locally generated air pollutants to concentrate in 
the shallow marine layer for some length of time. This may be further comp! icated by conditions 
that favor formation of advection fog. 

A characteristic of the coast in the Pacific Northwest region is that it is not densely settled. 
Since the dominant winds are from the west, air pollution in the area is limited to that which 
is generated locally, the westerly winds being essentially pollutant-free when they arrive at the 
coast. The air quality is, therefore, quite good. 

Local air qua! ity problems are related to wood-processing industries, and include sulfur dioxide 
emissions from pulp mills and suspended particulates from various sources. Low-level, but 
measurable, air pollution from industrial sources has been measured on the Grays Harbor estuary 
(U.S. Army Corps of Engineers, 1976C). Coos Bay has monitored its air quality since 1969; air 
quality standards for gases were never exceeded between 1969 and 1975 (U.S. Army Corps of Engi
neers, 1975B). Suspended particulate matter did exceed 150 µg/m3 once in a three year period in 
the Coos Bay area, -with wood-processing facilities being the major source of this pollutant. In 
Yaquina Bay, wood processing again is the only significant source of air pollution, but as of 
1975 was not considered significant enough for Oregon's Department of Environmental Qua! ity to 
establish any air qua! ity monitoring stations in the area (U.S. Army Corps of Engineers, 1975G). 

An Environmental Impact Statement prepared for the Willapa Bay area noted that the major source of 
particulates in the air is the ocean, with typical values for suspended particulates (salts, 
etc.) in seashore air being about 35 JJ.g/m3. This level of salt spray "pollution" is typical for 
the entire coast and is a significant natural environmental factor in the coastal ecosystems. 

Slash burning and wildfires, when occurring, contribute significant amounts of pollutants to the 
atmosphere. GEOMET (1978) reported the fol lowing annual ranges of pollutants from forest burning 
and wildfires combined for Oregon and Washington: total suspended particulates of 69,650 tons to 
274,502 tons, nitrogen oxides of 8,194 tons to 24,583 tons, hydrocarbons of 40,971 tons to 163,792 
tons, and carbon monoxide of 84,941 tons to 2,048,522 tons. These values are derived frorn low and 
high estimates and are for the total area of the two states, not just the coastal region. 

For most of the study area, there is an absence of air qua! ity data. This is largely due to the 
fact that the air is nearly pollution-free, excepting near the major settlements. The pollution 
that does occur is mostly related to wood-processing industries, which are concentrated adjacent 
to those estuaries with sufficient deep water to allow for shipping activities. 

2.4 HYDROSPHERIC FEATURES - GENERAL HYDROLOGY 

The precipitation pattern in the Pacific Northwest Coastal Region is one of wet winters and dry 
summers (see Section 2.3.1.5). Runoff patterns of coastal rivers exhibit peak flows in the 
winter associated with the increased precipitation. The model of the hydrologic cycle (Figure 
2-17 in Volume 1) shows climate as a secondary regulating factor of precipitation. The precipi
tation pattern just described for the region is characteristic of west coast, mid-latitude 
climate. Another characteristic of the region's "maritime" climate is its mild winter tempera
tures, preventing large amounts of precipitation from being stored as snow or ice in the 
study area, except in the higher peaks of the region. Significant snow and ice storage of water 
does occur in Watersh~d Unit 1 in the Olympic Mountains, the only place where glaciers are found 
in the study area. The rivers draining the Olympics exhibit peak flows in the late spring 
associated with snow melt, as well as in the winter associated with heavy rainfall. 

The Columbia River drainage basin extends inland beyond the crest of the Cascade Mountains 
(Figure 2-19) where the climate is more continental and large amounts of moisture are tied up in 
snowpacks. These snowpacks are not in the study area, but do influence Watershed Unit 3 and all 
the oceanic region through the discharge of the Columbia River. The Columbia Rive~'s seasonal 
discharge is characterized by a major sustained peak rate of flow frequently reaching 21,000 
m3/sec principally in May or June from interior snowmelt, a minor peak or peaks of short duration 
during winter that may equal or exceed this flow rate, and a yearly minimum flow of under 3,000 
m3/sec (100,000 ft3/sec) usually found in September (Barnes et al., 1972). Fig~re ~-20 shows the 
Columbia River discharge curves for 1961, 1962, and a 15 year mean. The Columbia River flow is 
highly regulated by dams, well inland of the study area. The presence of the dams breaks up 
the seaward flow into many stream-then-lake-then-stream-then-lake sequences. The dams also 
regulate the peak flows. 
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A great deal of water is tied up in soil moisture and ground water in the region. Much of this 
groundwater eventually makes its way to the ocean either directly or via streams and estuaries. 
Evapotranspiration is high, as the broadleaves and needles of the vast forest covering the region 
offer a maximum amount of plant surface area from which water may evaporate. Evaporation from 
the land and evapotranspiration, however, account for only about 20% of the water passing 
through the hydrologic cycle in the region; most water follows the path through percolation to 
ground water and through outflow to streams and on to the ocean through channelized runoff. 
Lakes do not represent a significant component of the region's overall hydrologic cycle. 

Actual data on evaporation and evapotranspiration are scarce. Rogers and Swanson predicted 
45.3 cm/year (17.8 inches/year) evapotranspiration for an old growth forest with a precipitation 
of 158 cm (62 inches) in the Pacific Northwest (reported by Edmonds, 1975). PNRBC (1970) 
reports approximately 60 cm (25 inches) of annual evapotranspiration for inland environments of 
the region. Evaporation from surface water near Coos Bay was 60 to 75 cm (25 to 30 inches) per 
year as calculated by Kohler et al. (1959). An upper limit to the combined losses of evapora
tion and evapotranspiration may be estimated by subtracting the annual runoff from the annual 
precipitation for a given location. Contours of annual precipitation for the study area were 
presented in Section 2.3. 1 and annual runoff contours are presented in Section 2.5.3. This 
approach ignores changes in freshwater storage in lakes and ground water, as well as the direct 
flow of ground water into the ocean. Consequently, estimates of combined evaporation and evapo
transpi rat ion by this method are likely to be high, or represent an upper limit. 

Most of the freshwater entering the Pacific in the study region comes from the Columbia River, 
the plume of which moves southwest in the summer and north in the winter (Figure 2-19). The 
net dilution of the surface waters of the Pacific, both within coastal estuaries and over the 
shelf, characterizes the regional hydrology. 
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The hydrologic cycle for the region begins with the atmosphere picking up moisture over the 
Pacific, then giving up the moisture as the winds move the moist air over the land. The routes 
this moisture follows in returning to the sea are modeled in Section 2.4 of Volume 1. The 
following Sections (2.5, 2.6, and 2.7) describe the hydrospheric features of the inland, estua
rine, and oceanic environments, respectively, which the downward flowing runoff passes through 
in sequence, completing the cycle. 

2.5 HYDROSPHERIC FEATURES - INLAND CONDITIONS 

Precipitation in the region is high and greatly exceeds evaporation and evapotranspiration. 
The excess water is carried seaward in runoff by the coastal streams and rivers, and to a lesser 
extent by direct discharge of ground water to the ocean. 

The study area has been divided into Watershed Units which were determined from the river 
drainage patterns. Figure 2-21 presents the drainage patterns of the major rivers in the study 
area. The dr~inage patterns are presented in greater accuracy and detail in Volume 4 for the 
individual Watershed Units. Rivers which extend inland of the eastern boundary are evident for 
Watershed Units 2, 3, 6N, 6S, and 9 in Figure 2-21. The drainage for the Columbia River was 
described in Section 2.4 and shown in Figure 2-19. 

2.5. 1 Precipitation and Condensation. Precipitation values and seasonal patterns were given 
in Section 2.3 for the study region. Summer is the dry season, and along the coast it is also 
the fog season. Condensation from coastal fog may increase up to 26% the annual precipitation 
in the coastal area (Ruth, 1954). This is important in delineating the extent of the Sitka 
Spruce Zone along the coast, and is crucial to most of the flora in the Beach and Dune Zone. 

2.5.2 Infiltration, Percolation, and Ground Water. Infiltration rates have not been determined 
for soils within the region, but probably range from three to six inches per hour for sandy 
soils, one to four inches per hour for loams, and 1/8 to 1/2 inch per hour for clays (Forest 
Soils Committee of the Douglas-fir Region, 1957). Infiltration rates may vary according to 
types and density of vegetative cover. 

Aquifer units for Washington and Oregon and their hydrologic characteristics are presented on 
regional charts and described in tabular form by PNRBC (1970). The aquifer units themselves 
are geological features; their descriptions and characteristics may be appl led to similar geo
logical units in Northern California as well. The following discussion of the various regional 
aquifer units is largely adapted from PNRBC (1970). 

Alluvial deposits are the most important source of ground water supply for municipal, industrial, 
and irrigation use. However, these deposits are of 1 imited extent and thousands of domestic and 
many small industrial and public supplies are obtained from other aquifers, most of which yield 
only small to moderate supplies. 

Generally, the chemical quality of ground water from alluvium is good to excellent for most 
uses. Dissolved sol ids are mostly less than 500 mg/l (500 ppm) and the water is soft to moder
ately hard. Water at depths of several hundred feet may be saline, and saline water has been 
encountered in marine sedimentary rocks at depths of less than 100 feet (30 meters). Excessive 
iron is found locally in ground water in the dune areas. 

The alluvial deposits are of three types: stream alluvium, glacial deposits, and beach deposits. 
Stream alluvium forms terrace and flood-plain deposits in the lower valleys. Most of the 
valleys are narrow and the deposits are generally less than 100 feet (30 meters) thick. Fine 
sand and gravel occur at many places and are good aquifers. Wells have moderate to large yields 
(200-1000 gallons per minute or gpm) and a few wells at favorable locations have large yields 
(over 1000 qpm). 

Glacial outwash may underly, or be interbedded with, alluvium in valleys on the west slope of 
the Olympic Mountains. Well-sorted outwash deposits yield moderately large to large quantities 
of water (500-1000 gpm). The dune and beach deposits underlie narrow coastal plains in several 
reaches along the Washington, Oregon, and Northern California coasts. They consist predominantly 
of very well-sorted, fine to medium-grained sand. Their thickness usually ranges from about 50 
to 200 feet (15 to 60 meters). Such deposits are very porous and moderately permeable, and 
yield moderate to large supplies (200-1000 gpm) to properly constructed and developed wells. 

Terrace deposits of Quaternary age occur largely in Washington, where they underlie a low, broad 
terrace along the west and south flanks of the Olympic Mountains and the west side of the Coast 
Range. The deposits are predominantly fine-grained sand, silt, and clay and are believed to be 
largely of marine origin. However, lenses of medium to coarse sand and gravel are good aquifers 
and yield moderate to moderately large quantities of water (200-1000 gpm) at some places. Some 
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of these aquifers may be alluvial deposits in former stream channels. These deposits are commonly 
deeply weathered. Similar marine terrace deposits in Oregon extend southward in a narrow band 
from North Bend to Port Orford, and in Northern California occur at Crescent City and also just 
north of Humboldt Bay. 

Sedimentary rocks of Tertiary age, chiefly of marine or1g1n, crop out over extensive areas fn the 
Coast Range of Oregon and Washington, and to a lesser extent, just inland of Humboldt Bay in 
Northern California. The rocks ar_e khiefly sandstone, shale, and mudstone, with lesser amounts 
of 1 imestone and conglomerate. Lava flows and pyroclastic rocks are interbedded in tbe sedimen
tary strata at some places. Most of the rocks are of Eocene age, but formations of Oligocene to 
Pliocene age also occur. For the most part, this aquifer unit has low to very low porosity and 
permeability and will yield only small supplies of water (1-20 gpm). Where the rock is greatly 
fractured, or the elastic rocks are coarser grained, moderate supplies (up to 200 gpm) are some
times obtained from drilled wells. Water at depths of a few hundred feet is apt to be saline, 
especially where wells are drilled in sync! ines. At a few places saline water has been encoun
tered at depths of less than 100 feet (30 meters). 

Volcanic rocks occur on the north and south borders of the Olympic Mountains, in the inland por
tion of Watershed Unit 2, extensively in northern coastal Oregon, and between the Alsea and 
Siuslaw estuaries. They are absent in the Southern Oregon and Northern California portions of 
the study area. For the most part these volcanics consist of basaltic to andesitic flows, flow
breccia, pyroclastic rocks, and some interbedded sedimentary strata. The sedimentary interbeds 
commonly are tuffaceous. All of these rocks have been altered, mineralized, and cemented so that 
little of their original porosity remains. A thick, deeply weathered zone is considerably more 
porous but has moderately low permeability. The unweathered rock generally yields only very small 
supplies (1-10 gpm). Somewhat larger yields (5-20 gpm) are obtained in the weathered material and 
in the broken rock at the base of the weathered zone. 

The rocks of pre-Tertiary and early Tertiary age in the Olympic Mountains are mostly massive 
marine sedimentary rocks. The unweathered rock has very low porosity and permeability and yields 
1 ittle water. A fairly thick weathered zone~uppl ies a moderate base flow to streams. 

The pre-Tertiary rocks in Southwestern Oregon and Northwestern California crop out chiefly in 
the Klamath and Siskiyou Mountains. They include a variety of sedimentary, metamorphic, and in
trusive igneous rocks. The unweathered phase of al I of these rocks has low to very low porosity 
and permeability. A weathered zone of varying characteristics has developed on them. On the 
fine-grained sedimentary and some of the ~etamorphic rocks, the weathered zone is shallow and 
clayey so that specific yield and permeability are very low. The igneous rocks, particularly the 
granite, have a thicker weathered zone that has somewhat higher specific yield and permeability; 
moderate yields (up to 200 gpm) are obtained from dug or shallow drilled wells at favorable 
locations. · 

During the winter, the water table rises rapidly and comes quickly to a level where ground 
water discharges into even the most ~inor of drainage channels in the rugged terrain. Almost 
everywhere ground water is effluent -to streams throughout the year. Some reaches of streams in 
younger volcanic rocks may lose water where they cross particularly porous materials but they 
gain large quantities of ground water discharge in reaches upstream from the volcanic rocks. 
Short reaches of some lowland streams may temporarily lose water to bank storage. 

2.5.3 Runoff. Table 2-5 presen;ts mean annual river discharge into the Pacific Ocean from 
gauged river basins having a mean annual discharge of at least 10 m3/sec (350 ft3/sec). The 
rivers are arranged by Watershed Units with totals for each unit also listed. The term "gauged 
drainage area" refers to one for which the surface runoff has been directly measured; this 
differs from the actual drainage area by not including any ungauged areas between the last 
dowmstream station and the river mouth. Hence, the gauged drainage are~ is always less than the 
actual one. Th~ listed discharge r~tes in Table 2-5 are therefore minimum values of the actual 
fresh water transport into the ocean. 

As stated earlier, runoff patterns are closely correlated with precipitation patterns for most 
of the coastal region; the Columbia River with its late spring peak due to snowmelt is the 
only significant exception. The seasonal changi of river discharge is summarized in Table 2-6 
for the major rivers in the study area. 

Roden (1967) evaluated river discharge into the Northeastern Pacific and the Bering Sea. In 
considering the rivers where activities by man have not markedly affected natural runoff, he 
noted that "there is very little evidence that natural streamflow has changed over the past 
half century." 
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TABLE 2-5. MEAN ANNUAL RIVER DISCHARGE INTO THE PACIFIC OCEAN FROM NORTHERN 
CALIFORNIA, OREGON, AND WASHINGTON OCEAN DRAINAGE BASINS. Only gauged river 
basins having a mean annual discharge of at least 10 m3/sec are considered. 
Because of this, the values indicate a lower limit of the actual discharge 
into the ocean. Refer to Figure 2-21 for location of Watershed Units. Note 
that the drainage basins for the Chehalis, Columbia, Rogue, Umpqua, Klamath, 
Ee 1 , and Mad Rivers extend we 11 in 1 and of the crest of the coas ta 1 range and 
that the Watershed Unit boundaries in Figure 2-21 do not portray this. 
(From Roden, 1967.) 

GAUGED DRAINAGE AREA MEASURED MEAN ANNUAL DISCHARGE 
WATERSHED 

km2 (mi 2) m3/sec 6 (10 acre ft/yr) UNIT RI VER BASIN 

Queets River basin 1150 443.8 117 2.99 
2.02 Quinault River basin 684 264.0 79 1. 82 Hoh River basin 655 252.8 71 
1. 59 Quillayute River basin 990 382.0 62 0.36 Dickey River basin 223 86. 1 14 

TOTAL 3702 1428.7 343 8.78 

2 Chehalis River basin 4700 1813.8 220 5.63 
2 Humptulips River basin 337 130.0 37 0.95 
2 North River basin 567 218.8 27 0.69 
2 Willapa River basin 409 157.8 24 0.61 
2 Nasel le River basin 231 89. 1 15 0.38 

TOTAL 6244 2409.5 323 8.26 

3 Co 1 umb i a R i ve r basin 661838 255lf06. 2 7222 184.69 

TOTAL 661838 255406.2 7222 184.69 

4 Nehalem River basin 1730 667.6 77 1. 97 
4 Wilson River basin 417 160.9 34 0.87 
4 Nestucca River basin 236 91. 1 28 0.72 
4 Trask River basin 376 145. 1 27 0.69 

TOTAL 2759 1064.7 166 4.25 

5 Alsea River basin 924 356.6 51 1. 30 
5 Siletz River basin 524 202.2 45 1. 15 
5 S i us 1 aw R i ve r basin 882 340.4 25 o.64 

TOTAL 2330 899.2 TIT 3.09 

6 Rogue River basin 12800 4939.6 302 7.72 
6 Umpqua River basin 10100 3897.6 '228 5.83 

TOTAL 22900 "S83f.2 530 13.55 

7 Coqui 1 le River basin 1960 756.4 70 1. 79 

TOTAL 1960 756.4 70 1. 79 

8 Smith River basin 1670 644.5 106 2.71 

TOTAL 1670 644.5 106 2.71 

9 Klamath River basin 31400 12117 .4 564 14. 37 
9 Eel River basin 8950 3453.8 234 5.98 
9 Mad River basin 1260 486.2 44 1. 13 
9 Redwood Creek basin 720 277 .9 31 0.79 

TOTAL 42330 16335-3 873 22.27 
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TABLE 2-G . MEAN MONTHLY RIVER DISCHARGE (m3/sec) INTO THE PACIFIC OCEAN 
FOR SELECTED RIVERS. (From Roden, 1967.) 

Jan. Feb. Mar. Apr! I May June July Aug. Sept. Oct. Nov. Dec. ANNUAL 

California, Ocean Drainage 

Klamath River 
near Klamath 1000 1217 831 851 685 388 164 103 101 194 377 861 564 

Eel River at Scotia 465 581 354 261 101 34 9 4 3 24 123 389 195 

Oregon, Ocean Drainage 

Rogue River 
near Agness 312 352 260 229 181 94 47 37 36 64 154 427 182 

Umpqua River 
near Elkton 443 450 350 278 191 113 51 34 33 56 196 364 213 

I I I i no i s River near 
Agness (enters Rogue) 210 256 195 158 105 25 11 7 5 37 139 284 119 

Nehalem River 
near Foss 170 182 120 78 39 16 7 4 6 26 111 168 77 

Columbia River, Ocean Drainage1 

Columbia River at 
The Dalles, Oregon 2748 3025 3592 5703 10260 13990 9646 5268 3L168 2812 2794 2821 5510 

Willamette River at 
Wilsonville, Oregon 1628 1630 1186 942 742 455 234 173 199 377 915 1566 837 

Cowlitz River at 
Castle Rock, Washington 370 352 299 324 344 289 150 76 64 123 300 415 259 

Lewis River at 
Ariel, Washington 200 198 169 165 159 114 56 35 48 85 170 214 134 

Washington, Ocean Drainage 

Chehalis River 
at Porter 279 250 186 134 66 32 16 11 13 39 176 239 120 

Queets River 
near Clearwater 214 171 144 112 91 68 45 25 39 98 170 224 116 

Colu.mbia River discharge is presented graphically in Figure 2-20. 

Annual runoff from the land is presented in Figure 2-22. Areas with higher runoff are topo
graphic highs, which receive greater amounts of precipitation and have steeper gradients. 

Monthly extreme value statistics for several rivers in the study area are presented in Table 2-7 
along with the years of record the data are based upon. The statistics are based on daily values. 

The Pacific Northwest River Basin Commission (1970) presents considerable information on ob
served monthly discharges of coastal rivers; maximum, mean, and minimum discharge curves; 
recurrence intervals for high, and low flow conditions; duration curves; and exceedence curves 
for rivers that drain the Washington and Oregon parts of the study area. Additionally, long-
term variation of precipitation and streamflow is presented for numerous rivers (PNRBC, 
1970). 

Overbank flows occur on most of the coastal streams almost every year. Most of the developments 
on these adjacent lands are compatible with this occasional short-term flooding. More severe 
floods occur coincident with major regional flood conditions. Severe flooding sometimes occurs 
in single basins while adjacent areas experience minor flooding. Most flooding is of short 
duration, rarely exceeding 12 to 36 hours. Along the tidal reaches flooding occurs when river 
floodflows coincide with storm and higher than average tides. Combined tidal and storm in
fluences are greatest in December and January, when peak river flows may also occur. Damaging 
floods may occur between November and April. 

Larger streams, such as the Rogue, Umpqua, Coquille, Mad, Eel, and Klamath Rivers do not conform 
strictly to the above pattern. Because they drain much larger basins than the other coastal 
streams, they flood only after periods of more sustained rainfall. 
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PNRBC, 1970.) 
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N TABLE 2-7 . MONTHLY EXTREME VALUE STATISTICS FOR SELECTED GAUGING STATIONS. The monthly extremes are obtained from 
I 

-1"- sets of daily values. Al 1 units are in m3/sec. (Multiply by 35.29 to convert to ft3/sec.) (From Roden, 1967 .) -1"-

Dates of Highest 
and 

Jan. Feb. March Apri 1 May June July Aug. Sept. Oct. Nov. Dec. Lowest Extremes 

Eel River near Scotia, California 1917-1965 

Highest maximum 6031.0 7391.0 4701.0 2917.0 1371. 0 259.0 44.o 14.0 79.0 2832.0 4616.0 19369.0 Dec. 23, 1964 
Mean maximum 1947.0 2429.0 1245.0 835.0 233.0 75.0 16.0 6.o 6.o 190.0 711 .0 2137.0 
Lowest maximum 37.0 23.0 38.o 29.0 11.0 3.7 1. 1 1. 3 0.7 1.6 1. 9 51.0 
Highest minimum 524.o 1031. 0 311 .o 303.0 129.0 47.0 12.0 6.8 5.7 19.0 64.0 351.0 
Mean minimum 108.0 155.0 126.0 107.0 51.0 16.0. 5.4 2.9 2.4 3. 1 10.0 50.0 
Lowest minimum 8.4 7.7 18.0 11.0 4.0 1.1 0.5 0.3 0.4 0.6 1. 5 2.4 Aug. 13, 1924 

Um~gua River near Elkton, Oregon, 1903-1965 

Highest maximum 4276.0 4446.o 2605.0 2393.0 2282.0 657.0 323.0 108.0 348.o 4531.0 4899.0 7362.0 Dec. 23, 1964 
Mean maximum 1406.0 1332.0 830.0 536.0 362.0 200.0 81.0 39.0 49.0 229.0 876.0 1392.0 
Lowest maximum 121.0 163.0 197.0 142.0 76.0 36.0 25.0 21. 0 24.o 27.0 25.0 90.0 
Highest minimum 487.0 351. 0 411. 0 322.0 244.0 193.0 68.o 46.o 40.0 102 .. 0 170.0 379.0 
Mean minimum 156.0 179.0 174.o 160.0 115.0 67.0 36.0 29.0 27.0 30.0 45.0 108.0 
Lowest minimum 31.0 48.o 61.0 50.0 36,0 29.0 19.0 19.0 19.0 20.0 23.0 24.0 July 18, 1926 

Columbia River at The Dalles, Oregon 1 1879-19651 

Highest maximum 8892.0 10222.0 11100.0 15688.0 28866.0 32828.0 25881.0 17188.0 7193.0 6003.0 7872.0 10421.0 June 6, 1894 
Mean maximum 3699.0 4o84.o 4946.o 7786.0 14120.0 16360.0 12535.0 6910.0 4168.0 3210.0 3337.0 3665.0 
Lowest maximum 1452.0 1699.0 2413.0 3313.0 6513.0 6116.0 5125.0 3568.o 2888.0 2189.0 1900.0 1721.0 
Highest minimum 4899.0 4899.0 4814.0 8863.0 12658.0 20926.0 17811.0 7306.0 4757.0 4248.0 4389.0 3738.0 
Mean minimum 2221.0 2333.0 2773.0 4129.0 7031.0 11179.0 6972.0 4093.0 2888.0 2503.0 2417.0 2294.0 
Lowest minimum 1019.0 1167.0 1606.0 1957.0 3822.0 5380.0 3958.0 2746.0 2158.0 1736.0 1495.0 1176.0 Jan. 12, 1937 

Quinault River at Quinault Lake, Washington, 1934-1965 

Highest maximum 1008.0 1226.0 850.0 742.0 427.0 323.0 396.0 103.0 177.0 444.0 1167.0 935.0 Nov. 4, 1955 
Mean maximum 376.0 340.0 187.0 171.0 155.0 116.0 88.o 40.0 61. 0 220.0 391.0 405.0 
Lowest maximum 56.0 68.o 60.0 65.0 66.0 46.0 30.0 14.o 14.o 19.0 14.0 162.0 
Highest minimum 129.0 123.0 80.0 74.o 82.0 93.0 66.0 34.o 28.0 50.0 104.0 97.0 
Mean minimum 52.0 46,o 43.0 48.o 57.0 54.0 33.0 19.0 15.0 21. 0 44.0 54.0 
Lowest minimum 21.0 20.0 24.0 29.0 36.0 23.0 14.o 10.0 8.0 10.0 9.0 10.0 Sept. 12, 1944 

These data do not represent total runoff of Columbia, as The Dalles is upstream of the Willamette and other lower Columbia tributaries. 
(See Figure 2-20 and Table 2-6.) 
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The Columbia River floods during the periods of high freshets, which result from the melting 
of snow throughout the headwaters in the spring. The upstream boundary of Watershed Unit 3 
for this report is the approximate limit of the estuarine zone of the Columbia River. In 
this area, flooding may be compounded greatly by high tides, especially in December (associ
ated with peak winter storm discharges) and in June (associated with peak snow melt). Islands 
within the estuary, as well as the land between Clatsop Spit and Astoria and to the east of 
Grays Bay on the Washington side, are subject to flooding. The Columbia River has numerous 
upstream hydroelectric dams which can be used to regulate the discharge and reduce the flood 
hazard downstream. 

Floods of historic significance for rivers of Washington and Oregon are summarized by PNRBC 
(1971). In Northern California, very severe flooding occurred in December~ 1964, with damages 
totaling $184 mill ion. The Eel River reached a peak discharge of 23,800 m5/sec (840,000 cfs) 
(CRFSC, 1971) which was comparable to a very high peak flow of the Columbia River (see Figure 
2-20 for co~parison). Record flooding occurred at the same time in the Rogue River (4,300 m3/sec), 
the Coquille River (3,100 m3/sec), the Umpqua River (7,500 m3/sec), and the Alsea River (1,200 
m3/sec) with damages in Oregon totaling over $47 million (PNRBC, 1971). The freshwater and 
sediment input to the ocean, continental shelf and beaches was probably considerable. 

2.5.4 Transport of Sediment. Water is a principal agent of erosion in this region. The 
effects of freezing and thawing on weathering is significant only in the higher mountains, 
with glacial erosion occurring only in the Olympics. The sediment transported by glacier-fed 
streams is a fine rock flour consisting of pulverized bedrock of the high Olympics. It is 
different than the fine silts and clays found in the water of the non-glacial streams and 
rivers of the rest of the study area (Gilluly et al., 1959). 

Wind erosion is a significant process in some of the coastal areas where dune formations exist. 
The wind transport of sediment away from stabilized dunes results in deflation. Wind blown sedi
ment on the barrier beaches may be transported into the estuaries behind them. 

Although various erosive forces combine to weather the rocks and surficial deposits of the 
region, running water is the primary transporting mechanism. For the most part, measurements 
of riverine sediment tra11sport have been limited to measurements of suspended-sediment concen
tration. Developments by man that alter the natural vegetation have increased the sediment 
yield locally (see Section 2.5.3 of Volume 1). Figure 2-23 presents the generalized sediment 
yield for the study area. The sources of data for this figure used different ranges in their 
subdivisions, although identical units. Hence, the figure separates the data and lists the 
separate ranges used. For the Oregon and Washington portions, highest observed suspended 
sediment concentrations in mg/1 are also indicated. 

Major flooding events can upset sediment yield stability of a region for as long as nine years 
afterwards (H.W. Anderson, 1972.) 

2.6 HYDROSPHERIC FEATURES - ESTUARINE CONDITIONS 

The shoreline of the Pacific Northwest Coastal Region is made up of beaches, rocky headlands 
and bluffs. Where the numerous coastal streams and rivers encounter the ocean, estuaries occur. 
Just as the region is characterized by its high amount of rainfall, and its correspondingly 
high runoff, its coastal area is characterized by its numerous estuaries. The characteristics 
of these estuaries are largely determined by the gradient at the river mouths. The lower the 
gradient, the greater the area subject to tidal action and the mixing of salt and fresh water, 
and therefore the greater the size of the estuary. The locations of the estuaries along the 
coast of the Pacific Northwest are presented in Figure 2-24. Area information for those estu
aries greater than 2.0 km2 (0.7 mi2) is presented in Table 2-8. The percentage of total area 
that is intertidal is inversely proportional to the amount of runoff entering the estuary. 
(See Tab.le 2-5 for runoff data). 

The three major industries of the region - forestry, fisheries, and agriculture - all rely on 
and impinge on coastal estuaries. The problems associated with this multiplicity of use are 
exemplified by Coos Bay, where there is considerable shipping, log storage, an airport built on 
fill, and a portion (South Slough) set aside to remain in its natural condition as the first 
"Estuarine Sanctuary" in the United States, established under the Federal Coastal Zone Management 
Act of 1972. The purpose of an estuarine sanctuary, as defined in the Act, is to create natural 
field laboratories in which to gather data and make studies of the natural and human processes 
occurring within the coastal zone. Scientists and students are therefore provided the opportuni
ty to examine ecological relationships within the area over a period of time. Research and 
education purposes which ~ill provide information essential to coastal zone management decision
making is of major importance (U.S. Department of Commerce, 1974B). Coos Bay offers a valuable 
natural laboratory for comparing the impacts of human activities in the other parts of the Bav 
with a relatively undisturbed area in South Slough. 
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FIGURE 2-23. SEDIMENT YIELD IN THE 
REGION. Sources of information for 
Washington and Oregon (PNRBC, 1970) 
and California (H.W. Anderson, 1972) 
The sources of data for this figure 
used different ranges in their sub
divisions, although identical units. 
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There is both an abundance and a dearth of information concerning the estuaries of the study area. 
Much is known about the Columbia River Estuary and has been summarized in works edited by Pruter 
and Alverson (1972) and Seaman (1977). Yaquina Bay has an extensive data base because of the 
activities of Oregon State University and its Marine Science Center. Coos Bay also has oeen 
studied by Oregon State University and others, as exemplified by inter-disciplinary 
research on dredging impacts (OSU, 1977A). Percy et al. (1974) summarizes much of what is known 
of the Oregon estuaries and provides an extensive bibliography. Morgan and Holton (1977A) provide 
a complete and recent bibliography of estuarine research in Oregon which also includes references 
concerning the inland drainage basins and the adjacent coastal beaches, dunes, and headlands. 
Wilsey and Ham (1974) developed a classification system that encompasses physical and biological 
parameters and applied it to the Oregon estuaries in a report that constitutes an inventory 
of estuarine resources. Discussions of the estuaries are included in reports by the 
Oceanographic Institute of Washington (1977) and Winzler and Kelly (1977) for the Washington 
Oregon area and the Northern California area, respectively. Additional estuarine data are 
available in reports (including Environmental Impact Statements) prepared by the Army Corps 
of Engineers that pertain to any navigational improvements in the estuaries (such as dredging 
or jetty construction). 

There is a dearth of information because of the nature of estuarine processes. Spot measurements 
are of little value. In a large estuary, physical observations made at one location over a 
short period of time are not interpretable unless they can be firmly tied to a network of 
observations encompassing the entire estuary. Within an estuary, considerable differences may 
occur both in space and in time. Estuarine studies have lacked a unified approach. Neal (1977) 
states, "It cannot be said that the most studied of the estuaries, the Columbia River, is well 
understood with regard to its overall physical circulation, let alone the detailed circulation 
in any smal 1 area. Yet a large number of observations have been made. All lack a sufficiently 
generalized framework to account for some or all of the following factors: seasonal variability, 
yearly variability, wind-driven circulation, variation in runoff, effects of density structure, 
storm surges, and effects of tidal components (diurnal to 28 days)." Smaller estuaries have not 
been studied to any great extent. Oregon State University (1977A) concluded a four year. 
multi-disciplinary, coordinated study of Coos Bay, which sought not only to evaluate environ
mental impacts of dredging, but to develop a methodology that may be applied to other estuarine 
studies in the future. 

Neal (1977) listed seven study objectives for the estuaries of Washington and Oregon, which may 
also be applied to Northern California. These objectives were determined in a meeting sponsored 
by the Bureau of Land Management in Portland in 1976 to evaluate data gaps and research needs 
that should be fulfilled prior to offshore development of oil and gas resources. These objectives 
are: 1) Predict upstream penetration of marine source water which might bear contaminants, 
2) Understand downward mixing, as it may transport surface contaminants throughout the estuarine 
water column, 3) Estimate vertical motions which could transport contaminants from the bottom 
waters (marine source water) into the near-surface zone (i.e., photosynthetic zone), 4) Estimate 
flushing rates, as these determine residence times of a contaminant introduced into an estuarine 
system, 5) Estimate probable effects of local winds on surface contaminant distribution in an 
estuary, 6) Estimate lateral and longitudinal flow in broad, shallow estuaries, and 7) Adequately 
assess seasonal and year-to-year variability of parameters. 

Given the present level of knowledge concerning estuarine processes, we cannot predict the 
environmental effects of some changes with certainty, and we do not even know the physical Pro
cesses involved in others. This was the conclusion reached by Officer (1976) after reviewing 
two recent professional symposia on Geophysics, Estuaries and the Environment, ~nd Transport 
Processes in Estuarine Environments. Although his comments concerned estuaries worldwide, 
there is nothing unique to this region that exempts it from his conclusion. 

2.6.1 Estuarine Classification. Estuarine classifications under varying systems are related to 
runoff and gradient. These parameters may also be correlated to geologic provinces of the region 
as described in Section 2.2.2 of Volume 2, and are discussed in Section 2.6.1 of Volume 1, The 
Conceptual Model. 

The gradient is greatest in Northern Washington (Watershed Unit 1), and Southern Oregon and 
Northern California (Watershed Units 8 and 9). These Watershed Units contain the Olympic and 
Klamath Mountain provinces. Estuaries within watersheds are generally small, bar-built 
estuaries. They are dual-sector estuaries in the Bauer system, lacking significant marineway 
(intertidal) sectors. Some of these estuaries may become "blind" estuaries in the summer when 
freshwater flow is not sufficient to prevent sealing off from the sea by deposition of beach 
sediments (Wilsey and Ham, 1974). Blind estuaries, such as Big Lagoon and Stone Lagoon ir. 
Watershed Unit 9, are open to the sea so seldom that they are not included in Table 2-8, but 
are discussed in Volume 4. Because the gradient of the river mouth is relatively steep in the 
estuaries of Watershed Units 1. 8, and 9, the intertidal area is small and the tidal prism is 
1 i kew i s e s ma l 1 . 

Region 2-47 



2-48 

Cope 

.. 

(QUI LLAYUTE R l
0

VER) 
(HOH RI VER)-~--___,,,. 

(QUEETS RIVER)---

(QUINAULT RIVER)----

NEHALEM RIVER------+a 

TILLAMOOK BAY-----
NETARTS BAY------
SAND LAKE----'----
NESTUCCA RI VER--'------111 

SILETZ RI VER------

YAQUINA BAY-~----

ALSEA BAY-------

SIUSLA'.~ RIVER--~--

UMP QUA RI VER-----

COOS BAY---~~---
ri.,O 

COQUILLE RI VER-".----<'

(SIXES RIVER)---
( ELK RIVER) ___ .,. 

ROGUE RI VER----111;.....1 

(PISTOL RIVER)-----w 

(CHETCO RIVER)---,,.--,.. 

(SMITH RIVER)--~--.. 

(KLAMATH RI VER)---

(RED\iJOOD CREEK)------

(MAD RI VER)-------''--_. 

HUMBOLDT BAY--~--.• 

(EEL RIVER)-----1e 

Cape Mendocino 

Pacific Northwest Coastal Region 

0 25 50mi 

0 40 BO km 

3 Columbia Estuary 

4 Oregon Nori/I Coast 

5 Oregon Mid Coast 

7 Coos - Coquille 

8 Oregon - California Border 

FIGURE 2-24. LOCATION AND NAMES OF THE 
REGION'S ESTUARIES. Those in parentheses 
are smaller than 2.0 km2 (0.7 mi2) in 
area and are not 1 isted in Table 2-3. 

REGIONAL ESTUARIES 

Region 



TABLE 2-8. SURFACE AREA 1 OF ESTUARIES IN WASHINGTON, OREGON, AND NORTHERN 
CALIFORNIA WHICH ARE LARGER THAN 2.0 km2 (0.8 mi2). (Compiled from Stein 
et al., 1966; Andrews, 1965; Hamilton, 1973; and Skeesick, 1963.) 

ESTUARY 

GRAYS HARBOR 

WILLAPA BAY 

CO LUMB I A RI VER 

NEHALEM RIVER 

TILLAMOOK BAY 

NETARTS BAY 

SAND LAKE 

NESTUCCA BAY 

SILETZ BAY 

YAQUINA BAY 

ALSEA BAY 

SIUSLAW RIVER 

UMPQUA RIVER 

COOS BAY 

COQUILLE RI VER 

ROGUE RIVER 

HUMBOLDT BAY 

RELATIVE 
SIZE 

3 
2 

10 

6 

9 

17 

14 

13 

8 

12 

11 

7 

5 

15 

16 

4 

TOTAL AREA 

km2 

223.2 

347. 4 

379.5 

9.3 

33.5 

9.4 

2. 1 

4.0 

4.8 

15.8 

8.7 

9. 1 

27.6 

50. 1 

3. 1 

2.5 

62.4 

(mi2) 

(86.2) 

( 134. 1) 

(146.5) 

(3.6) 

(12.9) 

(3.6) 

(0. 8) 

( 1. 5) 

( 1. 9) 

(6. 1) 

(3.4) 

(3. 5) 

( 10. 7) 

( 19. 3) k 

( 1. 2) 

t 1. 0) 

(24. 1) 

SUBMERGED AREA 

km2 

118.0 

157. 9 

280.3 

5.0 

16. 7 

3.3 

0.5 

1. 7 

1. 7 

10.3 

4.7 

6.o 

21. 4 

25.0 

1. 9 

1. 9 

28.0 

(mi2) 

(45.5) 

(60.9) 

( 108. 2) 

( 1. 9) 

(6.4) 

( 1. 3) 

(0.2) 

(0. 7) 

(0. 7) 

(4.0) 

( 1. 8) 

(2. 3) 

(8. 3) 

(9.6) 

(0. 7) 

(0. 7) 

( 10. 8) 

km2 

105.2 

189. 5 
99.2 

4.4 

16.8 

6. 1 

1. 6 

2.3 

3. 1 

5.5 
4.0 

3. 1 

6.2 

25. 1 

1. 2 

o.6 

34.4 

INTERTIDAL AREA 

(mi2) 

(40.7) 

(73. 1) 

(38.3) 
( 1. 7) 

(6. 5) 

(2.4) 

(0.6) 

(0.9) 

( 1. 2) 

(2. 1) 

( 1. 5) 

( 1. 2) 

(2. 4) 

(9. 7) 

(0.5) 

(0.2) 

(13. 3) 

% OF TOTAL 

47% 

55% 

26% 

47% 

50% 

65% 

76% 

58% 

65% 

35% 

46% 

34% 

22% 

50% 

39% 

24% 

55% 

Areas measured extended from a line across the entrance of the estuary to the upper 
extent of tideland. The tideland area given is that land be'tween mean high water 
and mean low water for all but Willapa Bay. Tideland area for Willapa Bay was 
measured from mean higher high water to mean lower low water. The difference in 
measurement does not significantly alter the total area of Willapa Bay, nor its 
assignment of relative size. The intertidal area of Willapa Bay is proportion
ately greater by 10 to 20% due to the greater tide range used for computation. 

Tidal flows by themselves are not always sufficient to maintain the opening of the estuary to the 
sea. Humboldt Bay in Watershed Unit 9 is somewhat anomalous with its large intertidal area, but 
occurs in a low gradient plain of recent alluvial deposits. 

The gradient of the coastal mountains in Watershed Units 2 and 3 is the least in the entire study 
a~ea, and the three estuaries that occur there are the largest, ranging from four to six 
times larger than the fourth largest, Humboldt Bay, in Northern California. These estuaries are 
of the "drowned river valley" type, and have large intertidal areas. In the Bauer system they 
are "compound estuaries." The freshwater flow of the Columbia River distinguishes it from 
Willapa Bay and Grays Harbor. Although the Columbia River estaury is the largest in the study 
area, its intertidal area is only about one-half that of Willapa Bay or Gray~ Harbor. 

The estuaries of Oregon that occur in the Coastal Range Province (Watershed Units 4, 5, 6, and 
7) are larger than those in Watershed Units 1 and 8, and smaller than those in Watershed Units 2 
and 3. Their size is also gradient controlled, related to their geologic province. They are 
of the "drowned river valley" type, or "compound estuaries" in the Bauer System. In this pro
vince, only the Umpqua and Rogue Rivers drain inland drainage basins, and because of their 
greater freshwater flow, their intertidal area percentages are small. Although these Watershed 
Units comprise about half of the total region, they contain 13 of the 17 estuaries which are 
greater than 2.0 km2 (0.8 mi 2) in size. 
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It is important to recognize that within any estuary, there may be components (channels, basins, 
sloughs, etc.) that function in a manner unlike the rest of the estuary. Coos Bay is a good 
example of this, with the South Slough designated a National Estuarine Sanctuary, while the 
North Slough is heavily impacted by industry. 

Classification of estuaries by salinity intrusion and m1x1nq is simply not documented well enough 
yet, and within any estuary may change drastically in time ~nd space. No classification system is 
adequate by itself for management purposes, without a detailed inventory of the resources of 
each individual estuary. Inferences from one region to the next are of limited value. 

2.6.2 Tides and Currents. Tidal information for the coast and ~he estuaries In the study region 
is available in Tide Tables High and Low Water Predictions, West Coast of North America Including 
the Hawaiian Islands, published annually by the U.S. Department of Commerce (see USDC, 1977B). 
The tables are predictive, and cannot account for effects of wind, atmospheric pressure, or 
storm surges. 

The influence of the tides in the estuaries and rivers is manifested in three different ways: 
1) the maximum distance upstream at which tidally induced water-level fluctuations are observed, 
2) the maximum distance upstream at which tidal inflow causes the river flow to reverse, and 
3) the maximum distance upstream at which measurable amounts of seawater are found (Neal, 1972). 
Neal (1972) reports that tidal fluctuations in water level on the Columbia have been observed at 
Bonneville Dam (140 miles or 225 km upstream from the mouth), that tidal reversal of river flow 
at the surface and the bottom was observed about 53 miles (85 km) from the mouth, and that the. 
maximum intrusion of ocean water is generally less than 23 miles (37 km) from the mouth. 

Within estuaries, tidal ranges will vary with channel configuration and runoff, as well as 
wind and atmospheric pressure. Channel configuration and runoff will generally produce greater 
tide heights and ranges within the estuaries than on the open coast. This is illustrated for 
Yaquina Bay, Oregon in Fig. 2-24. There is a time delay in the tide as it moves up the estuary. 

The Tide Table predictions present the mean and the mean diurnal (difference between higher high 
and lower low water levels) ranges for various stations along the coast, at the mouths of estu
aries, and at stations within the estuaries. Table 2-9, extracted from the Tide Tables, summa
rizes the mean and mean diurnal predictions for the major estuaries in the study area. 

Currents within the estuaries can be estimated using numerical or physical models that account for 
the estuarine configuation, runoff, and tidal forces. Engineering studies use these approaches 
to determine possible effects of projects that will alter the channel configuration, such as 
dredging, filling, or jetty construction. 

Studies using a physical tidal model of the Columbia River have been carried out on the currents 
in Youngs Bay and are reviewed in the Columbia River Estuary Inventory document (Seaman, 1977). 
The studies were for a particular river discharge stage and are not applicable for other 
conditions. 

Tidal current information for the estuaries in the study region is available in Tidal Current 
Tables Pacific Coast of North America and Asia, which is also published annually by the U.S. 
Department of Commerce (see USDC, 1977A). This information must be used with caution in those 
rivers with large freshwater discharge, as the less predictable runoff values are not included 
in these tables. 

Currents are of particular interest to shipping and boating activities. The following discussion 
is quoted from portions of United States Coast Pilot 7, which is a guide to navigating the 
waters of the West Coast of the United States (U.S. Department of Commerce, 1976). 
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The tidal currents (in Humboldt Bay) follow the general direction of the channels. In 
the main channel, the velocity is less than 2 knots (1 m/sec) and does not exceed 3 knots 
(1 .5 m/sec). Between the jetties, the velocity is about 2 knots (1 m/sec), with a 
maximum of about 5 knots (2 m/sec) (p. 204). 

(For Coos Bay) a short series of current observations in the entrance taken during Septem
ber indicated a velocity of about 2 knots (1 m/sec). The greatest observed ebb velocity 
was a 1 ittle over 3 knots (1 .5 m/sec). During long runouts an ebb current of 5 knots 
(2.6 m/sec) has been reported at Guano Rock (p. 216). 

The current velocity is about 2.4 knots (1.2 m/sec) on the flood, and 2.3 knots (1.2 
m/sec) on the ebb in the Yaquina Bay entrance. Near Newport docks the velocity is 
0.5 knots (0.3 m/sec). Off Yaquina, and 1 mile south of Toledo, the velocities 'are 
about 1 to 1.4 knots (0.5 to 0.7 m/sec) (p. 221). 
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FIGURE 2-25. TIDAL ELEVATIONS IN YAQUINA RIVER ESTUARY 
MEASURED ON 23-24 JULY 1969. Tide height and range increase 
upstream. A time lag upstream is also apparent. (From 
Goodwin et al., 1970.) 
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TABLE 2-9. TIDE DATA FOR PACIFIC NORTHWEST COASTAL ESTUARIES. Mean range is from mean high 
water to mean low water. The mean diurnal range is the range between mean higher high water 
and mean lower low water. (From Tide Tables High and Low Water Predictions West Coast of 
North America Including the Hawaiian Islands, published annually by the U.S. Department of 
Commerce; see USDC, 1977B.) 

RANGES 

WATERSHED MEAN DIURNAL 
UNIT LOCATION FEEr-t:IETERS FEET METERS 

2 

2 

3 

4 

4 

4 

5 

5 

5 

5 

6N 

7 

7 

65 
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LaPush, Quillayute River 

Grays Harbor, Point Chehdlis 
Bay City 
Markham 
North Channel 
Aberdeen 
Montesano,Chehalis River 

Willapa Bay, entrance 
Nahcotta 
Toke Point 
South Bend, Willapa River 
Raymond, Willapa River 

Columbia River, entrance 
Ilwaco, Baker Bay, WA 
Chinook, Baker Bay, WA 
Poi n t Adams , 0 R 
Astoria (Youngs Bay) ,OR 
Settlers Points, OR 
Harrington Point, WA 

Nehalem River, Brighton 
Nehalem 

6.5 2.0 

6.9 2. 1 
7. l 2. 2 
7 .2 2.2 
7. 6 2. 3 
7.9 2.4 
6.7 2.0 

6.2 1.9 
8.o 2.4 
6.5 2.0 
7.8 2.4 
7.8 2.4 

5.6 1.7 
6.0 1. 8 
6.2 1.9 
6.4 2.0 
6.7 2.0 
6.3 l.9 
6. 1 l. 9 

5.9 
5.6 

l. 8 
1. 7 

Tillamook Bay, Barview 5.7 l. 7 
1. 7 
l. 6 
l. 6 

Miami Cove 5.6 
Bay City 5.4 
Tillamook, Hoquarten Slough 5.2 

Nestucca Bay, entrance 

Taft, Siletz Bay 
Kern vi l l e, S i 1 et z R i ve r 

Yaquina Bay, entrance 
Newport 
Southbeach 
Yaqui na 
Winant 
Toledo 

Waldport, Alsea Bay 

Siuslaw River, entrance 
Florence 

Umpqua River, entrance 
Ga rd i ner 
Reedsport 

Coos Bay, entrance 
Empire 
Coos Bay 

Bandon, Coquille River 

Wedderburn, Rogue River 

5.8 l.8 

5.0 1.5 
4.6 l.4 

5 .9 l. 8 
6.0 l.8 
6.2 1.9 
6.2 1.9 
6. 3 l .9 
6. 3 1.9 

5 .8 l. 8 

5.2 1.6 
5.0 1.5 

5. l l. 6 
5. l l. 6 
5. l l. 6 

5.2 1.6 
4.9 l. 5 
5.6 l.7 

5.2 1.6 

4. 9 l. 5 

8.5 2.6 

9.0 2.7 
9.2 2.8 
9.2 2.8 
9.7 3.0 

l 0. l 3. l 
8. 1 2. 5 

8. 1 2.5 
lo. 2 3. 1 
8.5 2.6 
9.8 3.0 
9.9 3.0 

7.5 2.3 
7 .6 2. 3 
7.9 2.4 
8.3 2.5 
8.6 2.6 
8.o 2.4 
7.7 2.3 

7.8 2.4 
7.2 2.2 

7,5 2.3 
7.4 2.3 
7. l 2. 2 
6.6 2.0 

7.6 2.3 

6.6 2.0 
6. 1 1.9 

7.9 2.4 
8.o 2.4 
8.2 2.5 
8.2 2.5 
8.2 2.5 
8. 1 2.5 

7,7 2.3 

6.9 2. 1 
6.6 2.0 

6.9 2. 1 
6.7 2.0 
6.7 2.0 

7.0 2.l 
6.7 2.0 
7.3 2.2 

7.0 2. 1 

6.7 2.0 

MEAN TIDE 
LEVEL 

FEETMETERS 

4.6 

4.8 
4.9 
4.9 
5.2 
5.4 
4. 1 

4.4 
4.6 
4.5 
5.2 
5,3 

4.0 
4.0 
4.2 
4.4 
4.5 
4. l 
3.9 

4. l 
3.7 

3.9 
3,9 
3.7 
3.3 

l. 4 

1. 5 
1. 5 
l. 5 
1.6 
1.6 
1.2 

1. 3 
1. 4 
1. 4 
l. 6 
l. 6 

1. 2 
1. 2 
l. 3 
l. 3 
l.4 
1. 2 
1. 2 

l. 2 
1. 1 

l. 2 
1. 2 
1. 1 
l.O 

4.0 1. 2 

3.4 1.0 
3, l o. 9 

4.2 1.3 
4.3 1.3 
4.4 1. 3 
4. 4 l. 3 
4.3 1.3 
4.2 l. 3 

4.1 1 .2 

3. 7 l. 1 
3. 5 l. 1 

3. 7 l. 1 
3. 5 1. 1 
3.6 1. 1 

3. 8 l. 6 
3. 5 l. 1 
3, 9 1 .2 

3. 7 l. 1 

3.6 1. l 
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TABLE 2-9. ESTUARINE TIDE DATA, CONTINUED. 

RANGES 

WATERSHED 
UNIT LOCATION 

MEAN 
FEET--METERS 

DI URN-AL 
FEET METERS 

MEAN TIDE 
LEI/EL 

FECTMETERS 

8 Brookings, Chetco Cove 5. 1 1. 6 6.9 2. 1 3,7 1. l 

9 Humboldt Bay, entrance 4.3 1. 3 6.2 l. 9 3,3 1.0 
South Jetty 4.5 l. 4 6.4 2.0 3.4 l. 0 
Hookton Slough 4.8 l. 5 6.6 2.0 3.6 l. 1 
Eureka 4.8 1. 5 6.7 2.0 3.6 T. l 
Arcata Wharf 5.0 l. 5 7.0 2. l 3.8 l. 6 

9 Eel River, en t ranee 4.4 1. 3 6.3 l. 9 3.4 l. 1 

'The current velocity is 3 knots (1.5 m/sec) in the entrance to Till'amook Bay (p. 224). 

(For Willapa Bay) in the entrance the current velocity is about 2.5 knots (1.3 m/sec). 
Currents of 4 to 6 knots (2 to 3 m/sec) occur at times; the velocity is greatAst on the 
ebb, particularly with- a southerly win-d. 1-n -the channel at South Bend, the velocity 
is about 1.2 knots (0.6 m/sec) on the flood and 1.4 knots (0.7 m/sec) on the ebb (p. 249). 

(For Grays Harbor) in the entrance the current velocity is about 2.5 knots (1.3 m/sec), 
but velocities may reach 5 knots (2.6 m/sec). In the channels through the bay the 
velocities seldom exceed 3 knots (1.5 m/sec) (p. 251). 

A detailed presentation of tides and tidal currents is available in the Columbia River Estuary 
Inventory of Physical, Biological and Cultural Characteristics, edited by Seaman (1977). Tidal 
current speeds and directions at numerous locations in the estuary are presented at three differ
ent times in 1959. The times correlated to a low river -Oischarge of 155,00e cubic feet per 
second, a high river discharge of 380,000 cubic feet per second, and a peak river discharge of 
565,000 cubic feet per second. Peak ebb currents of 10 to 11 ft/sec (about 3 m/sec) occurred at 
times of peak river discharge. The report summarizes other sources of current data, and con
cludes that the currents in the Columbia River estuary are still not well understood. 

Analysis of currents within estuaries is essential for understanding the flushing rates of 
estuaries. Flushing refers to the time it takes for the water in a basin to replace itself. 
The combination of tidal forces and runoff will greatly affect the nature of mixing of salt and 
fresh water within the estuary, and hence its classification under any methodology that considers 
fresh and salt water distribution (see Volume 1, Section 2.6. 1). 

Simmons (1955) developed some very general criter1a for relating flow to estuary type. He 
defined a "flow ratio" as the ratio of river flow per tidal cycle to tidal prism. He noted that 
when the flow ratio is greater than 1, the estuary is highly stratified (large salinity gradient), 
whereas a flow ratio of about 0.25 may indicate a partially mixed system, and flow ratios less 
than 0.1 tend to describe a well-mixed condition. Very high runoff rates may overpower the tidal 
forces and force out all salt water in some rivers at times of peak flow. However, the inward 
salt water flow near the bed of the estuary maximizes before it is reduced to zero by the over
whelming force of flooding water (Simmons, 1955; Silvester, 1974B). This pattern is hiqhly siqnif
icant in the nature of sedimentation within estuaries. Marine sediments may be.deposited furthest 
upstream under highly stratified conditions, and may be totally removed when river flow is great 
enough to prevent sea water intrusion. Peak runoff of the Columbia River will reduce the inland 
excursion of sea water (Seaman, 1977). Peak runoff of the Sixes will totally purge sea water 
and marine sediments from its estuary (Boggs and Jones, 1976). Peak runoff into Yaquina Bay 
stratifies the water, allowing the maximum landward sea water excursion at the bottom (Kulm and 
Byrne, 1966). 

2.6.3 Estuarine Sediment Transport. Sediment transport and deposition is seasonal in response 
to climatic and hydrographic variations. Maximum deposition occurs in winter for most of the 
estuaries in the region when river runoff is highest, littoral drift is from south to north, 
and the highest velocity winds are from the southwest. At this time, for example, beach sedi
ments in Yaquina Bay may move from the tidal entrance (i.e. mouth) six miles (10 km) up the 
estuary (Kulm and Byrne, 1966). Sand dunes on the barrier bars by the entrance to many estuaries 
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are eroded by winter winds, and the sand is blown into the estuaries. The contribution of 
suspended sediments from river flow is greatest in winter, with the exception of the Columb.ia, 
where spring runoff contributes the most suspended sediment. When a stratified system exists, 
the landward bottom currents are strongest, and intrusion of marine sediments into the estuaries 
is greatest. This occurs at times of high river discharge (i.e. winter) in all but the high 
gradient estuaries. In the high gradient estuaries, the river flow may completely overpo~1er 
the tidal exchange, and prohibit any significant sea water and marine sediment intrusion. This 
was documented by Boggs and Jones (1976) in the Sixes River. When a well mixed condition exists 
there is a net non-tidal seaward drift at all depths, and sedimentation from marine sources is 
reduced. 

Estuarine sediments reflect hydrographic conditions within upland riverine, local estuarine, 
and adjacent oceanic zones. Near the mouth of an estuary the sediments are mainly marine in 
origin; near the head of an estuary the sediments are mainly riverine. A transition zone exists 
in which the riverine and marine sediments are mixed. Figure 2-26 presents, as an example, 
the three types of sediment zones for Grays Harbor. It is evident that estuaries are depositional 
environments, with sediment supplies from both their headwaters and their mouths. 
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moving, variable transition zone where the two source types mix. (From 
Phipps and Scheidegger, 1976.) 
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The distribution of marine and riverine sediments within an estuary varies with seasonal vari
ations in runoff. High gradient estuaries with small tidal prisms may be dominated by marine 
sediment transport during periods of low river flow, only to completely flush these sediments 
out during periods of peak flow in the winter, depositing in their place coarser gravels carried 
in the streams as bedload. A detailed study of this seasonal reversal of flood/tide dominant 
sediment transport in the Sixes River estuary is given by Boggs and Jones (1976). 

Byrne and Kulm (1967) used natural indicators such as sediment texture and composition to roughly 
model the winter and summer patterns of sediment transport within Yaquina Bay. Marine sands, 
identified by presence of yellow grains and certain key heavy minerals, are transported from the 
tidal entrance up the channel as far as Oneatta Point (six miles up the estuary) during the 
winter. A partly-mixed estuarine condition exists in the winter, permitting the upstream pene
tration of salt water and marine sands. During the summer, when river flow is reduced, the 
estuary is mixed from surface to bottom (dominated by tidal forces) and there is a net seaward 
movement at all depths. Consequently, very little marine sediment enters the estuary at this 
time. Maximum deposition of riverine and marine sediments takes place during winter and spring. 
Wind blown sand also is carried from the coastal dunes into the estuary, and then further trans
ported by tidal currents. 

Most of the riverine sediment transported to, and through, the estuaries is suspended. Tidal 
flow within the estuary transports suspended sediments alternately upriver and downriver. During 
slack water some of the particles settle through the water column. In a stratified or partially 
mixed system, the net current is landward near the bottom, and seaward near the surface. Conse
quently, settling particles enter the net-landward flowing layer. The settling process is 
accelerated by flocculation, caused by tiny suspended clay particles becoming attracted to them
selves in the presence of salt water, forming larger, heavier, more rapidly settling particles. 
Over many tidal cycles, flocculation and settling cause suspended sediments to accumulate in the 
zone where the average flow near the bottom is zero. This zone is termed the "turbidity maximum" 
or null zone and has physical and biological significance, harboring some of the densest popula
tions of microscopic food animals in the estuaries (Seaman, 1977). In the Columbia Estuary, 
during high river flow conditions, the suspended sediment peak concentration in the null zone 
oscillates with the tide, from about River Mile 3 to River Mile 8. During periods of low river 
flow, the peak sediment concentrations generally occur between River Miles 14 and 23 (Seaman, 
1977). Dissolved materials in the riverine and in the marine waters may adsorb onto the floc
culated suspended particles and precipitate out. 

Bedload transport within estuaries is not well understood. Quantitative data are 
non-existent. The study of changes in sand dunes within the estuary channels of the Columbia 
at low river flow conditions led to the following qualitative description of bottom sediment 
transport: 

"Between Harrington Point and Tongue Point (River Miles 18 to 23), sediment movement along 
the bottom was seaward and generally confined to the navigation channel. Below Tongue 
Point, transport in the channel was upstream, while along the slopes adjacent to the 
channel, transport was seaward, at least as far downstream as River Mile 5. On the 
north side of the estuary sediment transport along the bottom was generally upstream in 
the deep channel, but it occurred in both directions on slopes. In the old ferry channel 
between Astoria and El lice Point transport was in a northern direction at the south end 
of the channel, and it was in a southerly direction at the north end (Seaman, 1977) ·" 

Computations based on radionuclide data suggest that about 30 percent of the fine sediment 
transported into the Columbia River estuary by the river may be retained in the estuary, the re
mainder making its way to the open ocean for eventual deposition along the beaches, the shelf, and 
the continental slope (Hubbell et al., 1971). 

Local erosion can also contribute sediments to the estuaries. Figure 2-4 identified areas of 
critical and sub-critical erosion in the Pacific Northwest Coastal Region. One area hit very 
severely by erosion is Cape Shoalwater on the north side of the entrance to Willapa Bay. 
Andrews (1965) determined that sediment eroded from Cape Shoalwater is carried offshore, forming 
a tidal delta, and inshore, forming shoals and spits in Willapa Bay. 

Biological effects on sediment content and sedimentation are great in estuaries. Organic 
content of estuarine sediments is greater than for inland riverine sediments or oceanic sediments 
on the shelf. Attached vegetation within the estuarine systems (eelgrass and salt marsh vegeta
tion) breaks up water flow, promotes settling of particulate matter, and protects the sediment 
from scouring by currents. 

Estuarine sediments contain an organic fraction, consisting of algal particles, small pieces of 
roots, remnants of planktonic animals, and so on (Guilcher, 1963). In the Pacific Northwest 
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wood chips, sawdust, and bark are also significant, especially in estuaries where wood processing 
industries are located. These organic sediments are especially concentrated in areas where log 
rafting (for storage) has been common. The organic fraction sometimes constitutes a large volume 
of the estuarine sediment, and it leads to the formation of suspended flakes in which mineral 
particles are enclosed in fibrous networks. Nevertheless, the organic fraction is always consi
derably smaller in estuarine muds than the mineral fraction, which usually exceeds 90% by weight 
(Gui lcher, 1963). 

Kulm and Byrne (1966) found that one to seven percent of the sand fraction of sediment in Yaquina 
Bay was made up of calcium carbonate and that about five percent of the fine grained sediment in 
the lower reaches of the estuary were wood chips, sawdust, and plant material. Organic material 
in the Siletz estuary ranges from three to four percent (by weight) at the mouth to as much as 
twelve percent at the head of the bay, and up to eighteen percent in the first three miles of 
the river where log rafting was once common and wood debris is still present in the channel 
(Rauw, 1974). 

Upstream developments that reduce the vegetative cover of the land will increase the sediment 
yield of the land, and therefore increase the rate of sedimentation within the estuaries. Sig
nificant developments of this type include clearcut logging, with associated road building, and 
agriculture. 

Deposition of materials within estuaries is not only of geological interest, but is of concern to 
mariners because of shoaling in shipping channels. Dredging to establish shipping channels neces
sitates costly maintenance dredging programs as the channels continuously fill in. The Army Corps 
of Engineers is responsible for maintenance of the navigable waters of the country and prepares 
Environmental Impact Statements prior to major dredging projects. 

Rates of sediment transport within the navigable channels of the region's estuaries are fairly 
well known from the amounts of material dredged and times of dredging for maintenance of the 
channels. For Yaquina Bay, an average of 245,400 cubic yards (188,000 m3) of sediment was dredged 
annually from 1956 to 1961 from a navigable area of approximately 619,500 square yards (518,000 
m2). An average rate of accumulation of about 9 inches (23 cm) of sand per year occurred (Kulm 
and Byrne, 1966). In 1977, over $6 million was spent to dredge more than 9 million cubic yards 
(7 million m3) of sediment from the channels of the Columbia River (Page, 1977). 

Willapa Bay required maintenance dredging of 300,000 cubic yards (230,000 m3) per year up to 
1977 when the Army Corps of Engineers decided to discontinue it due to low benefit-to-costs 
ratio (ACOE, 1976H). 

The Siletz estuary is considered one of the most heavily sedimented estuaries in Oregon, and 
siltation is considered a major water quality problem within the estuary as well (ACOE, 19761; 
Percy et al., 1974). Sixty-five percent of its surface area is intertidal (see Table 2-8 for 
comparison with other estuaries). 

Humboldt Bay also is heavily sedimented. Over half of its total area is intertidal. The 
Humboldt Bay Master Plan (Koebig and Koebig, Inc., 1975) classifies the Bay as about seventy per
cent intertidal. Table 2-8 presents a lower intertidal area percentage of 55% from Skeesick 
(1963), while a literature survey by the University of Washington (1955B) said 68% of the area 
was intertidal. These figures may be compatible, representing the differences in area between 
mean high and low, and mean higher high and lower low. Regardless of how computations are made, 
much of the Bay is shallow. The high tide area of Humboldt Bay was decreased from 108 km2 to 67 
km2 (47 mi 2 to 26 miZ) in the last 120 years. Much of this decrease may also be related to rapid 
infilling associated with alteration of the contiguous lowlands and watersheds by man's activi
ties (Koebig and Koebig, Inc., 1975). Records of maintenance dredging in Eureka Channel show an 
average of 81,000 cubic yards (62,000 m3) of material is dredged each year, which represents a 
siltation rate in the channel of 16 centimeters (6 in) a year. 

Of key concern in any dredging project is the disposition of the dredge spoil material. Dredging 
and disposal of dredge spoil is a significant mechanism of selective sediment transport in 
estuaries. Dredge spoils may be taken out to sea and dumped in specially designated sites, or 
they may be deposited on diked marshland, also specially selected. The land disposal may destroy 
the productive marshland, although the filled sites may become useful for agriculture or 
industrial development. Dredging produces certain short-term effects, such as increased tur
bidity, decreased dissolved oxygen, direct removal of benthic organisms, and smothering of adja
cent benthic habitats by sett! ing fine sediments. Toxic substances (which include naturally
occurring and man-made pollutants) that were removed from the water column by sedimentation may 
be re-released to the water, with potentially harmful biological effects. Less obvious, but 
potentially very important, are the chronic effects of year-to-year maintenance dredging programs. 
Repeated dredging will alter equilibrium conditions of sedimentation and biological processes. 
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Short term and long term physical, biological, and human impacts of dredging in estuaries are 
discussed in two documents-by Oregon Sfate University (1977B am:t-l977C). - Both decuments are 
guides for review of Environmental Impact Statements that focus on dredging in estuaries. One 
(OSU, 1977B) is a basic guides manual for reviewers, and the other (OSU, 1977C) is a more de
tailed technical manual. The two manuals are cross-referenced. 

2.6.4 Chemical Properties. The chemical properties of the estuarine waters reflect the chemical 
properties of their source waters - the rivers and the ocean - along with any additional inputs 
or changes within the estuaries themselves. 

The fact that the Pacific Northwest Coastal Region is not densely populated is the main reason 
that most of the region's estuaries are essentially un:p0lluted. Exceptions occur in the more 
populated and industrialized estuaries with associated shipping activities (Grays Harbor, Yaquina 
Bay, Coos Bay, Humboldt Bay). Only the Columbia River receives significant quantities of dis
charge from human activities upstream from its estuary. 

For most of the estuaries in the region, the tidal ranges and/or the river flows represent 
relatively high volumes compared to the volumes of the estuaries. Therefore, flushing times (the 
time it takes for the estuarine water to be replaced by inflow of salt and and fresh water) are 
short. For some of the high gradient rivers from small watersheds, such as in Units 7 and 8, the 
flushing times are much longer in the summer due to low river flow, and small tidal prisms exist. 
During periods of high runoff, these rivers (and other high gradient rivers in Watershed Units 1 
and 9) comp'letely dominate tidal forces and flush out all salt and brackish waters. 

The processes of flushing, mixing, and runoff, as well as the wide ranges of salinity and tempera
ture that occur, affect the chemical processes and the distribution of chemical components within 
estuaries. Most of these processes are seasonal and/or tidal. Biological processes, many of 
which are also seasonal, are significant in consumption and regeneration of nutrients and dis
solved gases. Human activities around estuaries increase waste loading, resulting in 
concentrations of pollutants that are generally higher than inland or marine areas. Human acti
vities may also contribute wastes upstream, or may actually alter or regulate the river flow 
through damming for various purposes. As noted earlier, the degree of salt water intrusion and 
marine sedimentation is related to the estuarine circulation ~attern which is determined largely 
by the amount of freshwater discharge into and through the estuary. 

Often, chemical studies of estuarine waters and sediments are carried out in seeking answers to 
particular pollution problems. The Columbia River was unique in the world during the operation 
of the Hanford plutonium producing reactors in Central Washington because of the high levels of 
radioactivity introduced into the river, its estuary, and the adjacent ocean. These areas were 
studied extensively in the 1960's by researchers from various disciplines and institutions, 
financed largely by the then Atomic Energy Commission. The released radioactive nuclides served 
as tags on the river water, the sediments, and the organisms that inhabited the water or the 
sediment of the river, its estuary, and its adjacent oceanic zone. Reports from much of this 
past research have been compiled_in one v_o_l_ume by Pruter and Alverson (1972). This work has been 
drawn on heavily in this regional characterization of the Pacific Northwest Coast. 

As stated in Section 2.6, there is considerable variability in the region's estuaries, and there 
is a lack of sufficient chemical and physical data to adequately describe most of them. It is 
risky to take chemical information for one estuary and make inferences concerning another: 

Some general information concerning some of the region's estuaries follows. Additional informa
tion is presented in Section 2.8 (Water Quality), and in Volume 4. 

Herrman (1975), during fish bioassay studies in Grays Harbor, measured a number of chemical 
parameters in the water and sediments in an industral ized portions of the estuary. Table 2-10 
presents averages of the water quality chemical data for the time periods of the bioassay studies. 
Table 2-11 presents a chemical analysis of the benthic substrate in an area sampled on one day 
in May, 1974. 

In Willapa Bay, the dissolved oxygen level appears to be influenced most strongly by physical 
factors such as wind and waves, which move in from the ocean and add to the dissolved oxygen 
level by agitating the surface of the water, and temperature, which affects the water's ability 
to hold dissolved oxygen. The maximum dissolved oxygen concentration is 15 mg/l, which shows 
the influence that low winter temperatures and wind and wave action have on the dissolved 
oxygen. Representative winter levels are between 8 and 11 mg/1; these levels hold up through 
May or June, then drop off to summer levels of 6 to 9 mg/l. Coastal upwelling and high water 
temperature in the shallow bay are responsible for the lower summer values. The coming of autumn 
brings an upturn in the oxygen concentration until the winter values and winter conditions are 
reached. Occasionally, in the Willapa River near Raymond, oxygen concentrations of 5 mg/l have 
been measured (U.S. ACOE, 1976H). 
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TABLE 2-10. WATER QUALITY AVERAGES. IN GRAYS HARBOR DURING PERIODIC TESTING 
IN 1974. (From Herrman, 1975.) 

Parameter May 21-25 June 24-28 July 2-6 July 29-
August 2 

Temperature oc 
Surface 12. 7 15. 7 16. 1 18.3 
Bottom 13.0 15.2 15.9 17.9 

Dissolved Oxygen (mg/l) 
Surface 7.45 6.35 5.88 5.60 
Bottom 6.90 6.05 5.78 5.43 

Sa 1 in i ty (o/oo) 
Surface 3.2 10. 1 11. 3 12.7 
Bottom 6. 1 13.9 14. 1 15.4 

pH 
Su'rface 6.99 7.07 7. 15 7. 14 
Bottom 6.94 7. 15 7.25 7.22 

BOD (mg/1) 
Surface 4.55 2.08 1. 60 2.27 
Bottom 5. 13 2.58 1. 45 1. 97 

Turbidity (JTU) 
Surface 13.5 4.95 5.30 4.06 
Bottom 16. 1 6.80 6.70 4.98 

Total Suspended So 1 ids (mg/1) 
Surface 30.9 17.0 14.9 12.2 
Bottom 38.4 26.5 20. 1 14.2 

NOrN ( )Jg/1) 
urface 40.9 43.3 39.9 46.4 

Bottom 17.8 34. 1 39.4 55.3 
Total P04-P ( }' g/ 1) 

Surface 54.8 45.6 35.8 25.8 
Bottom 70.9 59.6 45.2 31. 7 

Chlorophyll ''A'' ( µg/1) 
Surface 2.52 4. 17 3.04 2.58 
Bottom 3.74 6.45 3.92 3.20 

Carotenes ( µg/1) 
Surface l.86 2.86 1. 74 1. 03 
Bottom 3.03 4.43 1. 91 1. 24 

Sulfides (mg/1) 
ob ob ob Surf ace a 

Bottom 
a ob ob ob 

a No data were obtained (test methodology failure). 

b Below 1 imit of detection. 

Park et al. (1972) measured various chemical parameters in the Columbia River and its estuary and 
plotted the monthly values obtained against the salinity. Figure 2-27 presents plots of these 
temperature and chemical parameters obtained in 1967. Where a line slopes up to the right it 
indicates that the ocean is the main source of that parameter, and where a line slopes up to the 
left, the river is the main source. Coastal upwelling is evident in the increases in P04 and N03 
and the decreases in o2 with increases in salinity during the summer months. Based on the 1966 
and 1967 data, Park et al. (1972) concluded that the average chemical composition of the Columbia 
River water (not the estuary) includes 0.5 µM phosphate, 12 11M nitrate, 160 11M si 1 icate, 1.0 
meq/liter alkalinity, 1.0 mM total carbon dioxide, and 7.4 ml/liter oxygen. The average pH of 
the river water is 7.7. Oceanic values for chemical properties are discussed in Section 2.7.5. 
Within the estuary values will vary with degree of mixing of the two source waters and biogeochem
ical processes. 

Chemical data for Yaquina Bay are tabulated for five stations in Table 2-12. The pH decreases 
from 8. 1 (slightly basic) at the station nearest the mouth, to 7.05 (almost neutral) at River 
Mile 15.3. The dissolved oxygen concentration values reflect the oceanic conditions near the 
mouth, the minimum value of 3.5 mg/I relates to coastal upwelling. Higher oxygen values such 
as 10.4 mg/I at River Mile 3,7 reflect productivity. 
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TABLE 2-11. CHEMICAL ANALYSIS OF GRAYS HARBOR BENTHIC SUBSTRATE SAMPLES. Analyses are expressed on wet weight and 
dry weight bases. Data were collected on May 25, 1974. TVS = Total Volatile Solids and is a measure of the organic 
content. COD means Chemical Oxygen Demand. Kjeldahl-N is a measure of the organic nitrogen found in plant cells and 
NH

3
. (From Herrman, 1975,) 

Gross Features (Percent) Metals - mg/kg (ppm) 

Mo is-
tu re TVS COD Kjeldahl-N Cadmium Chromium Copeer Lead Mercury Nickel Zinc 

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry 

67.7 3,9 10. 1 3.8 11. 6 0.09 0.29 o.4 1. 3 21 66 19 60 0. 16 0.51 0.01 0.03 13 40 30 93 

53,7 3.5 7.5 3.0 6.4 0.07 0. 16 0.4 1.0 25 54 25 54 0. 15 0.32 0.02 0.04 19 40 38 82 

59.9 3.8 9.4 4.o 9.9 0.11 0.27 0.7 1. 7 23 58 26 64 0.21 0.53 0.02 0.05 13 32 37 92 

52.3 3,5 8.3 3.5 8.3 0.08 0.19 o.4 1. 1 25 60 22 53 0.32 0.75 0.02 0.05 17 39 34 81 

58.6 3.8 9. 1 3,5 8.4 0.08 0. 10 < 0 .4 < 1. 0 14 34 16 39 0.26 0.62 0.02 0.05 <3 <6 19 46 

58.4 3.6 8.9 3.6 8.9 0.09 0.20 0.5 1. 2 22 54 22 54 0.22 0.55 0.02 0.04 13 31 32 79 
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FIGURE 2-27. TEMPERATURE AND CHEMICAL PARAMETERS AS A FUNCTION OF SALINITY 
IN COLUMBIA RIVER ESTUARY NEAR ASTORIA. A salinity of 0 represents straight 
rlver water and a salinity of greater than 30 is nearly all oceanic water; 
salinities between these extremes represent proportionate amounts of river 
and oceanic water mixed. This is, where a line slopes to the right it indicates 
that the ocean is the main source of that parameter (e.g., P04), and where a 
line slopes to the left, the river is the main source (e.g., Si02). (From 
Park et al., 1972.) 
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TABLE 2-12. SELECTED WATER QUALITY DATA FOR YAQUINA BAY AND RIVER. 
(From ACOE, 1975G.) 

Location, Sampling Duration, 
and Parameter No. of Samples Maximum Minimum Mean 

(a) Yaquina Bay at Newport Bridge (Hwy-101), River Mi le 1.0, Water Quality Analysis 
1960-1973 

DO (mg/ 1) 
BOD (mg/1, 5-day) 
pH (Standard Units) 
Salinity (ppt) 

(b) Yaquina Bay at 

DO (mg/l) 
BOD (mg/1, 5-day) 
pH (Standard Units) 
Salinity (ppt) 

31 
30 
31 
22 

Mclean Point, River Mile 2.2, Water 

32 
32 
32 
23 

9.8 3.5 8.4 
6.6 0.0 1. 2 
8.6 7.6 8.1 

34. 1 22.4 29.7 

Quality Analysis 1960-1973 

9.8 4.5 8.4 
6.6 0.0 1. 2 
8.4 7.6 8. 1 

34.1 17.8 28.2 

(c) Yaquina Bay at Coquille Point, River Mile 3.7, Water Quality Analysis 1960-1973 

DO (mg/l) 
BOD (mg/1, 5-day) 
pH (Standard Units) 
Salinity (ppt) 

(3) Yaquina River below Toledo, River Mile 

DO (mg/1) 
DO (% Saturation) 
BOD (mg/1, 5-day) 
pH (Standard Units) 
Total Alkalinity (mg/l Caco

3
) 

NHrN (mg/l Total) 
NOrN (mg/l Total) 
Ortho-P04 (mg/ 1 fY04) 

(3) Yaquina River above Toledo, River Mile 

DO (mg/ 1) 
DO (% Saturation) 
BOD (mg/1, 5-day) 
pH (Standard Units) 
Total Alkalinity (mg/l CaC03) 
NHrN (mg/1 Total) 
N03-N (mg/l Total) 
Ortho-P04 (mg/l PO 

4
) 

32 
29 

24 

11.8, 

4 
4 
4 
4 
4 
1 
4 
4 

15. 3' 

3 
3 
3 
4 
4 

h 

4 

Water 

Water 

10.4 
4.3 
8.3 

33.5 

Quality Analysis 

7.40 
71.00 

3.70 
7.40 

88.00 
. 31 
. 12 
.'1-0 

Quality Analysis 

6.20 
60.00 

3.40 
7.20 

70.00 
. 31 
.08 
.11 

4.8 8.3 
0.0 1.2 
7. 6 8. 1 
9.4 27.3 

1960-1967 

4.00 5.05 
43.00 52.75 

.20 1. 58 
6.90 7.20 

49.00 68.50 
. 31 . 31 
.01 .05 
.01 .053 

1966-1967 

4. 10 5. 13 
44.00 53.00 

.60 1. 70 
6.90 7.05 

22.00 48.50 
. 31 . 31 
.02 .06 
.01 .04 

Coos Bay is heavily impacted by industrialization, logging, and shipping. Coos Bay is unique in 
that the South Slough ·is not impacted but has remained in a natural condition. There is concern 
about the effects of activities in other parts of the estuary upon the South Slough. Oxygen 
values as low as 1 to 2 mg/l have been reported in the Bay during late summer and early fall 
(PNRBC, 1971), probably a result of low oxygen content of the oceanic source water, low river 
runoff, and higher biological oxygen demand from the addition of organic wastes. 

A multidisciplinary study of the environmental impacts of dredging in estuaries was conducted 
in Coos Bay, where these impacted and natural areas exist (OSU, 1977A). The study was an 
assessment of long term or chronic effects of dredging, rather than short term, more visible 
effects. Short term effects include increased turbidity, decreased light, and increased chemical 
and biological oxygen demand, all of which are measureable in the water. Long term effects, 
however, are best measured in the estuarine sediments. Physical, chemical, and biological char
acteristics of the sediments at ten stations in Coos Bay are given in Table 2-13. The locations 
of these stations are presented in Figure 2-28. Stations 1 through 6 are in South Slough and 
document relatively natural conditions. Station 7 is in the outer main channel of the Coos Bay 
system, an area of maintenance dredging and additional scouring from prop-wash; it is an 
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TABLE 2-13. SUMMARY OF SOME PHYSICAL, CHEMICAL, AND BIOLOGICAL PARAMETERS 
SAMPLED AT TEN STATIONS IN COOS BAY, OREGON. The following symbols are used: 
A tidal action, B = storms, C = ship traffic anchor drag, D = sedimentation, 
E rare storms, F = bioturbation, G =coarse, G* = very coarse, H = high, 
I fine, ''"=very fine, L = low, M =moderate, P =present, V =variable, 

information not avai !able. See Figure 2-27 for location of core sampling 
stations. Refer to OSU (1977A) for approximate ranges covered by these general 
terms, which were de! iberately generalized to aid in characterizing the parti
cular stations. (From OSU, 1977A.) 

STATION 
CHARACTERISTIC 

2 3 4 5 6 7 8 9 

Volatile Solids M M M M H LM L H 

10 

H 

Primary Turnover Mechanism 
(Approximate Frequency) 

B 
(yr. -
mo.) 

AB BE A-B 
(mo.) (yr.) (mo.) 

D-E F A 

H 

c 
(mo.) 

C D-E 

Grain Size G G G G 

Refractory Organics 

Dissolved Oxygen Within ~/ater 2 H H H H 

Diel Dissolved Oxygen 
Variations L L L L 

Chronic Turbidity4 No No No No 
4 Shear Strength H H H H 

Susceptibility to Erosion 5 M M M M 

Sand Waves none none none none 

Relative Sediment 
Con so 1 i dat ion 

Tidal Currents 

Free Sulfides 

Total Sulfides 

so4 Gradient 

Redox Potential 

Soluble Organic Carbon 

Ammonia 

Permanent Animal Burrows 

Burrowing Characteristics 

Stress Indicator Spe~ies 

Carnivorous Predators 

Eelgrass 

Algal Mats 

Void Ratio 

Penetration Resistance 

M-H M-H M-H M-H 

M M M M 

none none none none 

M L M M 

L L L L 

M M M M 

L 

p 

deep 

p 

p 

none 

L 

H 

L 

L 

M 

L 

none P 

rap id deep 

p 

none 

none 

L 

H 

p 

p 

none 

L 

H 

M 

L 

none 

rapid 

p 

none 

none 

L 

H 

(Decades (wk.) (hrs.
+) 

H 

L 

No 

H 

L-M 

none 

M-H 

VL 

none 

M 

M 

L 

L 

L 

p 

none 

less 
dense 
brown 

L 

L 

G 

H 

L 

No 

H 

M 

none 

M-H 

M 

none 

L 

L 

M 

L 

L 

p 

HBTG 

p 

none 

none 

H 

L 

No 

H 

L-M 

p 

M-H 

H 

none 

VL 

VL 

H 

L 

L 

none 

rapid 

p 

none 

none 

L 

(mo.) (Decade -
year) 

L 

L 

Yes 

L 

none 

L 

L 

none 

M 

M 

M 

M-H 

M-H 

L 

L 

Yes 

L 

H 

none 

L 

L 

none 

M 

M 

M 

M 

M 

none none 

highly highly 
mot i le mot i 1 e 

HR 

none 

none 

none 

H 

L 

HR 

none 

none 

none 

H 

L 

v 

No 

L 

none 

M 

VL 

p 

H 

H 

VL 

H 

H 

p 

HR 

none 

none 

very 
dense 
green 

H 

L 

Relative approximations; at depths less 
than JO cm would be higher. 

6 High biological turnover, ghost shrimp bed, 
many burrows. 

2 
Based on fall sampling, 1974 and 1975. 

3 (Bella et al., 1972) and fall sampling, 
1975. 

4 Based primarily upon diver observations. 
5 Based on in situ scour tests. 
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7 High reproductive capacity species. 
8 Infauna absent, motile species present. 
9 Influenced by the high biological turnover. 
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FIGURE 2-28. LOCATION OF DETAILED SEDIMENT CORE SITES IN SOUTH AND ISTHMUS 
SLOUGHS, COOS BAY, OREGON. See text and Table 2-13 for discussion. (From 
OSU, 1977A.) 

modified, but well-flushed, location. Stations 8 and 9 are located within the upper main dredged 
channel of Coos Bay within Isthmus Slough. The shore in this area is impacted by logging and 
construction; the channel is dredged and experiences frequent turnover from vessels dropping, 
dragging, and raising anchors. Station 10 is in a heavily diked area in which log storage 
appears to have increased the input of organics. 

A purpose of the 18-month Coos Bay study (OSU, 1977A) was to develop a simple yet useful method of 
assessing many parameters in general terms, in order to characterize and compare two segments of 
an estuarine system. No significant work has been done in other estuaries to assess the long-term 
chronic effects' of dredging. Environmental Impact Statements on dredging proposals all dwel 1 on 
the short-term effects. 

Although it is difficult to take data from one estuary and make assumptions about another, such 
was the purpose of the Coos Bay dredging impact study. Assessment of other estuaries can benefit 
from the methodology of this study, and results can be cautiously compared. To date, this has 
not been done for other estuaries in the region. Additional discussion of the Coos Bay study 
is presented in Volume 4. 

Additional chemical data for the region's estuaries are presented and discussed in Section 2.8 
(Water Quality). 
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2.7 HYDROSPHERIC FEATURES - OCEANIC 

Oceanographic features of the continental shelf for the study area are described in detail in 
The Columbia River Estuary and Adjacent Ocean Waters Bioenvironmental Studies (Pruter and Alverson, 
editors, 1972), Oceanography of the Nearshore Coastal Waters of the Pacific Northwest Relating to 
Possible Pollution {prepared for the Environmental Protection Agency by Oregon State University, 
1971), A Summary of Knowledge of the Oregon and Washington Coastal Zone and Offshore Areas (pre
pared for the Bureau of Land Management of the Oceanographic Institute of Washington, 1977), and 
A Summary of Knowledge of the Central and Northern California Coastal Zone and Offshore Areas 
(prepared for the Bureau of Land Management by Winzler and Kelly, 1977). 

The coastal area for this region is characterized by a series of sandy beaches interspersed with 
rocky headlands. The coastline is oriented in a north-south direction and, except for local 
headlands and bays, is nearly straight. Most of the coastline is subjected to the full 
impact of breaking waves which are severe in the winter. The winter wave environment produces 
turbulent mixing from surface to bottom over the shelf and affects productivity, the 
physical and chemical structure of the water column, and sediment transport processes along the 
shore and over the shelf. 

The offshore surface current is to the south in summer and to the north in winter, responding to 
seasonal changes in the winds. The current also responds to short term wind changes (on the 
order of several d~ys) so the seasonal current should be considered as a seasonal net~flow. In 
the summer months, northerly winds generate a southerly current which has an offshore component 
at and near the surface due to the effect of the earth's rotation. 0This wind-driven current 
(deflected to the right in the northern hemisphere) is called Ekman transport (Barnes et al., 
1972). The replacement of this offshore flowing surface water by deeper water is called upwelling. 
Upwelling brings cooler water, high in nutrients, to the surface and influences both coastal 
weather and biological productivity. 

Many coastal rivers empty into the ocean. Precipitation and runoff combined exceed evaporation, 
and the surface waters are lower in salinity than waters at depth. Two large rivers, the 
Columbia and the Fraser, drain vast inland basins, and contribute most of the fresh water to 
the shelf water, especially off Washington. These large rivers have peak flows in the late 
spring and early summer associated with snow melt, while most of the coastal rivers peak in 
the winter following storms. The dilution effect of the Columbia River extends to well off
shore of Northern California during the summer, during the winter it heads north, hugging the 
Washington coastline up to the entrance to the Strait of Juan de Fuca. The Columbia River plume 
has been characterized by its temperature (Pak et al., 1970), salinity (Budinger et al., 1964; 
Pak et al., 1970; Barnes et al., 1972), turbidity (Pak et al., 1970), alkalinity (Park, 1966), 
radioactivity (Carey et al., 1966; Osterberg et al., 1966; Frederick, 1967), and productivity 
(G. C. Anderson, 1964, 1972). Sediments on the Northern Oregon and Washington Shelf are 
largely derived from the Columbia. 

The salinity, temperature, and resultant density structure of the water column are caused by 
the interactions between land runoff and oceanic water passing through the area in the regional 
circulation. Mixing processes and upwelling affect the vertical structure along with the source 
inputs, and all vary seasonally. 

The shelf in the region is narrow to the south (about 24 km or 15 mi), widens to 55 km (35 mi) 
off Central Oregon, and then varies from 30 to 70 km (20 to 45 mi) wide to the north. The shelf 
break (outer edge of the shelf) off Washington is scalloped by numerous submarine canyons, 
of which the Astoria and Juan de Fuca Canyons are considered to be still active in sediment 
transport. 

Nearshore is relatively free of pollution. Upwelling in summer brings deep water to the surface 
with its lower oxygen and higher nutrient concentrations. The operation of plutonium-producing 
reactors at Hanford introduced a large amount of radionucl ides into the Columbia River in 
earlier years, and analyses of its traces in the water colµmn, the sediments, and the biota 
have been conducted (Pruter and Alverson, eds., 1972). Pollution problems do exist in some 
of the estuaries, and may have some local offshore effects. 

The rich supply of nutrients brought to the surface by upwelling stimulates the growth of 
phytoplankton, resulting in population explosions that are commonly called "blooms." Following 
the blooms there is an increase in zooplankton which feed on the phytoplankton. The large 
zooplankton population in turn provides food for higher trophic levels. The success and timing 
of the fisheries in the Pacific Northwest is closely correlated with the timing and the location 
of the upwelling zones (CSU, 1971). 
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Littoral sand transport along the coast is responsive to the local wind-generated wave action 
and moves sand northward during the winter and southward during the summer. The more severe 
winter storms generate higher waves tending to make the annual net movement northward, but local 
variation does occur. Beach sediment is supplied by erosion of cliffs and bluffs by wave action 
and from the hinterland by high gradient streams and rivers. 

The ocean acts as a moderator of the coastal climate. Coastal fog in the summertime is pro
duced by the interaction of warm summer air and cooler upwelled oceanic water near the coast. 
Precipitation is high in the region as the moisture laden oceanic air encounters the coastal 
mountain ranges and is common in winter months. 

For the most part, there is uniformity in the coastal region. Plant and animal composition of 
the entire region shows similarity from south to north. Common species reported in Northern 
Washington have also been reported in Northern California and vice versa. There are no major 
fauna] or floral boundaries in the region, and the differences in biota seen between the 
boundaries of the region generally occur gradually (Ricketts and Calvin, 1968; p. 386). 

The biologic community must adapt to the physical, chemical, and geologic system. Since the 
general ecological factors that are thought to control biological distributions (such as 
temperature, substrate, salinity) all show a relative uniformity throughout the region, the 
absence of biol0gical boundaries is not surprising. 

2.7.1 Structure of the Water Column. A discussion of the regional vertical temperature and 
salinity structure and of the Columbia River was given in Section 2.7.1 of the Conceptual 
Model (Volume 1), and was illustrated in Figure 2-30 in that volume. 

Seasonally-averaged surface temperature and salinity distributions for this region are presented 
for summer and winter conditions in Figures 2-29 and 2-30. These distributions are based on 
three years of data (1961-1963). Although real temperature and salinity values were used in 
deriving these figures, it must be emphasized that they represent averaged values and are 
conceptual in nature (McGary, 1971). The effects of coastal upwelling in the summertime are 
apparent in the band of cooler, saltier water nearshore. 

The data on which Figures 2-29 and 2-30 are based were collected from a series of 35 cruises in 
which over 3,300 hydrographic stations (water sampli-ng l-0catf-ens) w@i-e taken, arul represent the 
most comprehensive study of the total area undertaken to date. An atlas has been prepared 
(McGary, 1971) showing the distribution of salinity, temperature, density, and dissolved oxygen 
for the region, by season, for the surface, 10 m, 20 m, 30 m, 75 m, 100 m, 150 m, 200 m, 300 m, 
500 m, 800 m, and 1000 m depth levels. 

The nearshore region (within a few miles of the shore) was not intensively sampled in that study 
due to the difficulties of shipboard operations in and near the surf zone. A more rapid way to 
survey a large area for surface temperature is with an airborne infrared radiometer. Figure 2-31 
presents more detailed surface temperature contours in the nearshore region of Oregon based on 
an infrared survey taken on a summer day. The straight 1 ines in Figure 2-31 represent the flight 
track of the airplane. This technique makes it possible to determine in more detail the 
nearshore temperature structure. Off Central and Southern Oregon, a difference of 6°c is evi
dent from the shore to the edge of the continental shelf, a result of active upwelling (OSU, 
1971). The data presented in Figure 2-31 show a particular upwelling event. These events, 
common in the summer and fall, are sporadic, and the nearshore temperature conditions may vary 
considerably in short time spans (several days). 

Runoff from the Columbia River and the Fraser River (which enters the Pacific via the Strait of 
Juan de Fuca) dilutes the nearshore surface waters off Washington and Northern Oregon. Upwelling, 
which strongly influences nearshore surface temperature and salinity off Northern California and 
Southern and Central Oregon, is less influential in this northern region due to the higher 
runoff. 

Temperature and salinity data have been collected from three lightships on the shelf, and from 
numerous shore stations along the coast. The names and locations of the lightships and shore 
stations are presented in Figure 2-32. Mean monthly surface temperatures recorded by the light
ships are presented in Figure 2-33. Blunts Reef, off Cape Mendocino, is strongly influenced by 
upwelling and the lowest mean temperatures actually occur in the summer time. The highest 
temperatures occur at the Columbia River mouth due to the warming of the river water as it flows 
seaward over the land, and the failure of upwelled water to penetrate the surface plume. Uma
tilla Reef, off Northern Washington, shows some summer cooling, but not greately affected 
by upwelling. The coastal stations also reflect the effects of coastal upwelling and the 
Columbia River plume. Temperature data for the 1 ightships and for the shore stations are 
summarized by OSU (1971). 
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FIGURE 2-29. SUMMER TEMPERATURE AND SALINITY AT THE SURFACE, OFFSHORE NORTHERN CALIFORNIA, OREGON, AND WASHINGTON. 
Distribution shown is averaged from data obtained during summer months of 1961, 1962, and 1963. (From McGary, 1971.) 
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FIGURE 2-30. WINTER TEMPERATURE AND SALINITY AT THE SURFACE, OFFSHORE NORTHERN CALIFORNIA, OREGON, AND WASHINGTON. 
Distribution shown is averaged from data obtained during winter months of 1961, 1962, and 1963. (From McGary, 1971.) 
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FIGURE 2-31. OREGON NEARSHORE SURFACE TEMPERATURE CONTOURS (°C) FOR 5 JULY 
1969 AS DETERMINED FROM AN AERIAL INFRARED SURVEY. The zig-zag line shows 
the flight track. This technique shows greater detail nearshore and is a 
more synoptic perspective than the seasonally averaged offshore views in 
Figures 2-29 and 2-30. (From OSU, 1971.) 
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FIGURE 2-32. LOCATION OF SHORE STATIONS AND LIGHTSHIPS FOR WHICH THERE 
ARE TEMPERATURE AND SALINITY DATA. (After OSU, 1971.) 
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FIGURE 2-33. MEAN MONTHLY SURFACE TEMPERATURES RECORDED AT THREE LIGHTSHIPS 
ALONG THE PACIFIC NORTHWEST COAST. Blunts Reef (off Cape Mendocino) is 
greatly affected by summertime coastal upwelling. The Columbia River Station 
shows the warming and cooling effects of the river plume. The Umatilla Reef 
lightship is off Northern Washington and its surface temperature closely 
follows that of the Columbia River S~ation, except during July and August 
when upwelling manifests itself at the surface and greatly alters the shape 
of the curve. Data are from the following periods: Umati Ila Reef (1966-
1969), Columbia River (1965-1969), and Blunts Reef (1923-1964). (From OSU, 
1971.) 

2.7.2 Movements of Oceanic Waters. 

2.7.2.1 Waves. The wave environment in the Pacific Northwest is not equalled anywhere else 
in the continental United States. Waves are the driving force in sediment transport processes 
both along the shore and over the shelf. The biological community along the open coast and 
on the shelf has had to adapt to a very high energy environment. Navigation of vessels is 
hazardous because of the waves, both in the open sea and at the entrances to bays and estuaries 
where wave-driven sediment produces shallow sand bars and fills in navigation channels. The 
nature of the wave environment of this region is documented in the following discussion. 

National Marine Consultants (1960, 1961A, and 1961B) analyzed three years of weather data and 
have "hindcast" the resultant swell and sea waves that would have approached four deep water 
stations off the coast of Northern California, Oregon, and Washington. Wave data were 
presented in monthly and annual tables listing the frequency of occurrence of waves by 
direction, period (Ts), and deep water significant wave height (Hs). Significant wave height 
means the highest 1/3 of the waves averaged together, and approximates the "average heights" 
that would be reported by visual observation (i.e. significant wave height does not mean the 
highest waves). 

The hindcast data of National Marine Consultants has been utilized in a number of ways. Johnson 
et al. (1971) computed wave power arriving at these stations utilizing the hindcast data. 
Ballard (1964) utilized the data to compute longshore components of wave energy for points 
south and north of the Columbia River to help in evaluating longshore sediment transport. The 
data have been applied to wave refraction studies for four areas on the Southern Oregon coast 
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(U.S. ACOE, 1975E) and on the Central Washington Continental Shelf {Loehr and Ellinger, 1974). 
Bourke et al. (1971) evaluated the hindcast statistics and concluded the following: 

1. "the highest waves always occurred in winter, when waves approached from the south
west to south-southwest 

2. the shortest period waves occurred in summer 

3. in all seasons, the predominant direction of swell was from the northwest to west; 
long period swell also approached from this direction 

4. the predominant direction of local sea was from the southwest to south-southwest in 
autumn and winter, from the north to northwest in spring and summer, and showed more 
variability in dominant direction than the swell 

5. in all seasons, the longest period sea approached from the southwest to south-south
wes.t 

6. sea was generally higher than swell, but the periods of the swell exceeded the 
periods of the sea 

7. the longest period swells occurred in August and were from southern hemisphere storms 

8. the longest period sea waves occurred in winter 

9. in all seasons, periods of calm occurred at the frequency of 25% to 30%, but the 
calmest season was autumn.'~ 

Figure 2-34 presents the locations of the four deep water stations of the National Marine 
Consultants' data. Other wave data stations that will be discussed are also presented. 

0 

Tables 2-14, 2-15, and 2-16 present wave data from the National Marine Consultants (1961B) 
for station 3, located at the shelf edge off the Columbia River. The tables are for the 
most severe month (December), the mildest month (August), and an annual summary, respectively. 
Generally the more southerly stations (1 and 2) are a little calmer and station 4 to the north 
is a little rougher (OIW, 1977). 

Extreme wave conditions have been documented. Rogers (1966) obtained wave data from an oil rig 
off the Oregon coast and reported seas with waves of 15 m (50 ft) height occurring under winds 
gusting up to 240 km/hr (150 mph). Watts and Faulkner (1968) reported waves up to 18 m (60 ft) 
with one wave 29 m (95 ft) high generated by the constructive summation of large waves from 
two separate storms. Larsen and Fenton (1974) successfully obtained wave records from Cobb 
Seamount for the winter of 1972-73. Cobb Seamount 1 ies about 500 km (300 miles) due west of 
Willapa Bay and the peak rises to within 35 m (115 ft) of the surface. A 21 m (69 ft) wave was 
measured. The waves crossing Cobb Seamount are representative of the waves approaching the 
coast of the Pacific Northwest. Figure 2-35 presents data from Cobb Seamount for January to 
April, 1973. The lower line is the significant wave height and the upper line is the maximum 
wave height observed. The instrument measured waves for 20 minutes every eight hours. Figure 
2-36 compares Cobb Seamount data with data obtained en the continental shelf off Tofino, 
o. <.. (:.ee iocation 1n Figure 2-34) for February, i9/.), wile11 0vLn 1nstrumenc:. record0J C.dld. 

It is apparent from this comparison that the Cobb Seamount data are representative of the waves 
that approach the West Coast, and that for the most part there is a decrease in wave heights on 
the shelf due to refraction. On occasion, refraction will produce increased heights, depending 
on wave period, direction of approach, and bathymetry. 

Quayle and Fulbright (1975) used existing climatological data and a statistical approximation 
technique to estimate mean return periods for maximum sustained winds, and significant and 
extreme wave heights for coastal areas of the United States. Maximum sustained windspeed is 
defined as having a duration (at or above the given speed) of approximately one minute. Peak 
gusts (duration usually less than 20 seconds) frequently occur and average about 1.4 times the 
sustained windspeed. Table 2-17 presents the results of Quayle and Fulbright's analysis for 
Southern Oregon. Northern Oregon and Washington had similar extremes. See Section 2.3. I .2 
(p. 2··27) of this volume for an cxpfan.:ition of ''return periods." 

Zopf et al. (1976) have developed a method for measuring nearshore ocean wave c~aracteristics 
with a land-based, long-period vertical seismometer. Six seismometers a:e now installed on the 
Pacific Coast (locations shown in Figure 2-34). Direct readouts are ~va1lable at the Portland 
office of the National Weather Service which provide a valuable tool in short-range nearshore 
ocean wave forecasting. Specific data for the Yaquina Bay area have b7en summarized by ~reech 
(1973). Data from the seismometer stations have been utilized in studies of wave cond1t1ons 
and beach erosion on the Oregon Coast (Komar et al., 1976B). 
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FIGURE 2-34. WAVE DATA SAMPLING LOCATIONS. (From OIW, 1977.) 
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TABLE 2-14. AVERAGE HEIGHT-PERIOD-DIRECTION FREQUENCY DISTRIBUTION FOR SWELL AND 
SEA WAVES APPROACHING STATION 2 (SEE FIGURE 2-34) OFF THE CENTRAL OREGON COAST FOR 
DECEMBER, THE ROUGHEST MONTH. Data are based on analysis of three years of weather 
data for the Pacific Ocean. H2 is the significant wave height, defined as the average 
of the highest 1/3 waves, and Ts is the average wave period associated with Hs. 
(From Natio'nal Marine Consultants, 1961B.) 
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TABLE 2-15. AVERAGE HEIGHT-PERIOD-DIRECTION FREQUENCY DISTRIBUTION FOR SWELL AND 
SEA WAVES APPROACHING STATION 2 (SEE FIGURE 2-34) OFF THE CENTRAL OREGON COAST FOR 
AUGUST, THE CALMEST MONTH. Data are based on analysis of three years of weather data 
for the Pacific Ocean. Hs is the significant wave height, defined as the average of 
the highest 1/3 waves, and Ts is the average wave period associated with Hs. 
(From National Marine Consultants, l96lB.) 
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TABLE 2-16. AVERAGE ANNUAL HEIGHT-PERIOD-DIRECTION, FREQUENCY DISTRIBUTION FOR SWELL 
AND SEA WAVES APPROACHING STATION 2 (SEE FIGURE 2-34) OFF THE CENTRAL OREGON COAST. 
Data are based on analysis of three years of weather data for the Pacific Ocean. Hs 
is the significant wave height, defined as the average of the highest 1/3 waves, and 
Ts is the average wave period associated with Hs. (From National Marine Consultants, 
1961 B.) 
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FIGURE 2-35. COBB SEAMOUNT WAVE DATA, JANUARY-APRIL, 1973. (From Loehr 
and Ellinger, 1974, as adapted from Larsen and Fenton, 1974.) 
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TABLE 2-17. WIND AND WAVE EXTREMES FOR SPECIFIED RETURN PERIODS FOR 
SOUTHERN OREGON COAST. (From Quayle and Fulbright, 1975.) 

Extreme Sustained Windspeed Significant Wave Height1 Extreme Wave Height Estimates: 
Estimates: km/hr (knots) Estimates: meters (feet) meters (feet) 

5yr 10yr 25yr 50yr 100yr 5yr 1 Oyr 25yr 50yr 100yr 5yr 10yr 25yr 50yr 100yr 

126 135 152 165 178 12 13 16 18 20 21 24 28 32 36 
(68) (73) (82) (89) (96) (39) (44) (52) (58) (65) (70) (80) (93) ( 105) ( 118) 

lsignificant wave height is the average of the highest 1/3 waves. 

2.7.2.2 Tsunamis. Hazards associated with a seismic sea wave (tsunami) are primarily due to the 
rapid change in water level between the wave crest and sea level. A warning system exists for the 
Paci fie, cal led the Tsunami Information Center, in Hawaii. Between 1946 and 1976, tsunami 
warnings and partial evacuation along the coast of this region occurred in 1952, 1963, 1964, and 
1965. The 1964 event destroyed two bridges and temporarily stranded 100 residents and recre
ationalists in Washington (Marts, 1976); in Oregon, four people were swept to sea and drowned 
(Seattle Times, 28, 29, and 31 March, 1964). Within the study area, Crescent City was the 
hardest hit by the 1964 tsunami. Eleven people were killed and $30 mil lion damage occurred 
to the town. Figure 2-27 presents the record of wave heights at coastal stations and estuaries 
in the study area for the 1964 Alaskan Earthquake tsunami. This tsunami struck at high tide, 
which compounded its impact. 

2.7.2.3 Tides. The tide occurs progressively later in the day as it moves northward along the 
coast. As the tide wave crosses onto the shelf it slows. The tide wave is a shallow water wave 
even in the deepest part of the ocean (i.e. the water depth is less than one half the length of 
the tide wave, and its velocity is regulated by the depth). Tide predictions for the Pacific 
Northwest coast are available from the U.S. Department of Commerce Tide Tables High and Low 
Water Predictions, which is published annually for the proceeding year. Tide currents over the 
shelf and along the open coast are weak. When the tide enters a restricted body of water, such 
as an estuary, the tidal c~rrents are significant. These are discussed fn Section 2.6.2. 
Tidal heights will also be amplified in estuaries due to channel constrictions and shape. 
Figure 2-38 presents tide data as recorded on the shelf off Southern Washington. It is 
presented here to illustrate in a two month record the presence of the diurnal {once daily) 
and semi-diurnal (twice daily) components of the tide. The inequalities between successive 
lows is readily apparent. The tide is presented as a change in sea level observed as pressure 
changes by an instrument rno::>red on the bottom at 75 m (245 ft). 

2.7.2.4 General Oceanic Circulation. Currents have been studied in this region by use of sur
face drift bottles (Wyatt et al., 1972), drogues set to drift at different depths (Stevenson 
and Patullo, 1967), seabed drifters that moved with the bottom currents (Morse et ai., 1968), 
geostrophic computations based on pressure gradient forces (Budinger et al., 1964), wind drift 
computations (Duxbury et al., 1966), near-surface to near bottom measurements with current 
meters (Mooers et al., 1968; Huyer et al., 1975; Smith, J.D., et al., 1976; Sternberg and McManus, 
1972). and biological indicators (Cross and Small, 1967). This list of references excludes 
many works, but indicates the various ways in which currents are studied and provides some 
access to the literature. Local expertise exists at the Pacific Marine Environmental Lab, NOAA, 
Seattle, and the departments of oceanography at Oregon State University and the University of 
Washington. Data gaps and research needs are identified in a conference workshop proceedings 
funded by the Bureau of Land Management (Massoglia, 1977) and include a lack of current meter 
data 1) at the sea surface, 2) "nearshore" (seaward of the surf zone to the 50 m depth contour), 
and 3) over the entire Northern California and Southern Oregon Continental Shelf. Because of 
this lack of data, much of what is written about these three zones is by inference. 

The principal element of oceanic mass circulation at the surface in the Northeast Pacific is the 
eastward-moving Subarctic Current driven by the dominant westerly winds. As the Subarctic Current 
approaches the Northwest Coast, it splits into northward and southward moving components as shown 
in Figure 2-39. The southward component becomes the California Current and is the dominant sur
face feature of mass circulation off the coast of Washington, Oregon, and Northern California. 

In the summer, the flow rate of the California Current is boosted by the prevailing northerly 
winds near the coast, in a band about 150 km (100 miles) wide, at a speed of about 10 cm/sec 
(0.2 mph) (OSU, 1971). Because of the configuration of the coast and the effects of the 
earth's rotation, this movement has an offshore component so that surface waters move seaward 
and are replaced by cooler, saltier, deep waters upwelling close inshore. 
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FIGURE 2-37. RECORD OF SEISMIC SEA WAVE (TSUNAMI) HEIGHTS AT PACIFIC 
NORTHWEST COASTAL STATIONS FROM THE 1964 ALASKAN EARTHQUAKE. (From 
Wilson and Torum, 1968.) 
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FIGURE 2-38. PRESSURE RECORD FROM 21 AUGUST TO 22 OCTOBER, 1969, FROM A LOCATION 
ON THE SHELF OF SOUTHERN WASHINGTON. Pressure measurements correspond to sea level, 
and the changes in pressure (after surface waves are filtered out) gives a record 
of the tide over the shelf. (From Hopkins, 1971.) 

During the winter, when upwelling has subsided, the general southward flow of coastal water 
is interrupted by a narrower (90 km or 55 mi wide), more intense (25 to 45 cm/sec or t to 1 mph) 
northward flow at the surface (OSU, 1971). This current, sometimes referred to as the Davidson 
Current, had formerly been regarded primarily as a product of local wind stress (Ingraham, 1967). 
However, Favorite et al. (1974) considered it to be a surface expression of the California 
Undercurrent, a northward-moving deep flow that extends from the coast to 50 km (30 mi) offshore. 
The California Undercurrent is a year-round feature of the general oceanic circulation and 
brings warmer, more saline water into the region from below the Sub-arctic boundary. The warm 
temperatures in the winter, as recorded by the Blunts Reef Lightship (see Figure 2-32) at the 
surface, are due to this northerly winter flow at the surface. Cross and Small (1967) discov
ered that certain species of copepods were suitable as reciprocal indicators of seasonal surface 
current changes off Oregon as far north as· the Columbia River. The distribution of the species 
studied was not dependent on upwelling, nor influenced by the Columbia River Plume. Their 
study did not include Washington waters. 

Figure 2-40 shows progressive vector diagrams representing currents at 20 m (65 ft) and 
60 m (195 ft) as recorded from arrays of current meters located 5, 10, and 15 mi (8, 16, and 
24 km) off the coast from Depoe Bay, Oregon, during the summer. The poleward (north) motion of 
the deeper water is evident while the shallower water is flowing to the south. Figure 2-41 
indicates northerly bottom currents on the Washington Shelf as inferred from seabed drifter 
paths. The northerly bottom current is the California Undercurrent, and although weak, is 
significant in sediment transport. By itself, it is not strong enough to pick up and move 
bottom sediment on the shelf. The oscillatory motion at the bottom associated with the passage 
of long period waves may be sufficient to pick up and suspend bottom sediments over the shelf 
to be transported by the regional currents. 
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FIGURE 2-39. GENERAL OCEANIC CIRCULATION IN THE NORTHEAST PACIFIC. A 
current speed of five miles per day is approximately 0.2 miles per hour 
or ten centimeters per second. (From U.S. Bureau of Land Management, 
1974.) 

0 

2-81 



2-82 

15 

DEPTH 
20m 

(65 ff) 

DB 5 

N 

~ 

~. 

oe s ~ . 
\A 10 

r. 

FIGURE 2-40. PROGRESSIVE VECTOR DIAGRAMS OF CURRENTS MEASURED 5, 10, 
AND 15 Ml (8, 16, AND 24 KM) OFFSHORE OF DEPOE BAY, OREGON, FROM 15 
AUGUST TO 24 SEPTEMBER 1966. Figures indicate the number of days since 
commencement of current meter recordings. (From Mooers et al., 1968.) 
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FIGURE 2-41. BOTTOM WATER MOVEMENT ON THE SHELF NORTH FROM THE COLUMBIA 
RIVER. Movement estimated by seabed drifters released at the points 
marked by a black dot ( •) and recovered at the arrowhead location ( ...-) . 
The presumed drift path connects the two. (From Barnes et al., 197f.) 
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Huyer et al. (1975) compared current meter data from inshore and offshore locations off 
Central Oregon and Southern Washington and found there was good correlation. Sea level changes 
associated with wind drift and atmospheric pressure showed a strong correlation with changes in 
current velocity and may be important in developing a significant predictive capability for the 
regional ocean currents. Smith, J. 0., et al. (1976) noted that steady state currents seldom 
exist over the Washington Shelf, because winds are continually fluctuating and the entire 
water column accelerates and decelerates, lagging the wind by several hours. Reversals of 
wind direction relative to seasonal means occur and produce "events" of southward flow during 
the winter or northward flow during the summer. 

2.7.2.5 Longshore Currents. There is a lack of information concerning longshore currents in 
this region. Since longshore currents are a function of wave energy, approach, and shoreline 
orientation, they will vary considerably in speed and direction with changes in location or 
time. Longshore currents are important as mechanisms of sediment transport. Most of the sedi
ment transport north of Cape Blanco is to the north (OIW, 1977). Seasonal, shifts in direction 
occur, with southerly transport in the summer and northerly in the winter. Local variations in 
net transport occur and the rates of transport vary from place to place. Wave refraction and 
shoreline orientation produce some stretches of coast in which a net southerly transport occurs. 
Sediment transport is discussed in Section 2.7.4. 

When longshore currents converge they form rip-currents which head seaward to just beyond the 
surf zone. Rip-currents will form at different locations along a beach, and may migrate. They 
are active in transporting sediment offshore, and in warmer climates are a threat to swimmers. 

A current system consisting of a landward drift of water through the surf zone, longshore 
currents, and two bordering rip-currents defines a nearshore circulation cell (Komar, 1971)'. 
The entire circulation pattern along a length of beach consists of many individual cells. When 
the waves strike the shore at an angle, carry-over of sediment and water from one cell to the 
next will occur. 

Specific values for longshore currents in the study area are lacking, but would be of limited 
use even if they were available. Such data would have to indicate where they were located within 
a circulation cell, wave data, location and time, and would represent only information specific 
to those conditions and would not be applicable elsewhere. Field measurements by Inman and 
Quinn (1952) indicate that maximum velocity of longshore currents appears not to exceed 100 to 
150 cm/sec (2 to 3.5 mph). Longshore currents were measured by Fox and Davis (1974) in a study 
of beach erosion and sand bar migration conducted at three Central Oregon coast beaches. 
Littoral drift (the movement of sand on the beach face produced by wave run-up at an angle and 
subsequent backwash) will usually be in the same direction as the longshore current, which is 
in the surf zone. 

2.7.2.6 Upwelling. Upwelling along the Pacific Northwest coast is most evident by its effects 
on the distribution of temperature at the surface, as was shown in Figures 2-29 and 2-30. Up
welling occurs mainly in the summer months when northerly winds coupled with the effect of the 
earth's rotation, set up an offshore surface drift (Ekman transport). Subsurface water, 
typically from 100 to 200 m, rises nearshore to· replace that which is carried seaward in the 
surface layers (Gross, 1972). 

Upwelling is strongest off Southern Oregon and Northern California (between Cape Blanco and 
Cape Mendocino). The seasonal pycnocline (region of strong density gradients) breaks to the 
surface forming a surface front approximately 10 to 20 km (6 to 1:2 mi) offshore. Shoreward of 
the surface front the waters will be low in dissolved oxygen content, high in salinity, high in 
nutrients, and high in alkalinity (Park et al., 1962). Seaward of the surface front the surface 
temperature may be 5 to 7°C (9 to 13°F) warmer than the surface waters in the upwelling region. 
Shoreline orientation is also significant, with greater upwelling occurring on the south side 
of major capes and points. 

Low salinity surface water associated with the Columbia River plume and flow from the Strait 
~f Juan d7 Fuca mask the surface expression of upwelling in those areas. Although upwelling 
1s not evident at the surface off the Strait of Juan de Fuca, it is evident at depth and impor
tant in the replacement of bottom waters within the Strait of Georgia and Puget Sound. 

Upwelling may also be induced by the seaward flow of the Columbia River plume, which mixes with 
marine waters as it flows seaward and also "drags" near-surface marine waters seaward by 
frictional stresses. This process is cal led "river-induced upwelling" (Budinger et al., 1964). 
River-induced upwelling is masked at the surface by the river plume, but is sti 11 important in 
bringing nutrients closer to the surface. 

Upwelling is often studied from offshore water sample data in which the vertical density structure 
is constructed from temperature, salinity, and depth information. The distribution of lines of 
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equal density (called isopycnals) when viewed in a transect over the continental slope and shelf 
normal to the coast may indicate the degree of upwelling. 

In the winter, the isopycnals are more or less level, currents over the shelf are predominantly 
northward, and sea level at the coast is higher than average (in response to lower atmospheric 
pressure and pile-up of water along the coast from wind drift). This basically describes the 
non-upwelling condition. Downwelling may occur to remove the surface water added from wind 
drift, and the isopycnals may bend down towards the coast. 

In spring and summer, during upwelling events, isopycnals are tilted upward toward the coast, 
the current is southward at the surface and sea level is lower than average (in response to 
higher atmospheric pressure and offshore Ekman transport). 

Estimates of vertical velocity from displacement of isopycnals for specific short periods in 
this region range from 0.2 m/day to 17.3 m/day (0.7 ft/day to 57 ft/day) (Smith et al., 1966; 
Halpern, 1974; and Huyer, 1974). These estimates assume no mixing and result in underestimating 
the vertical velocity. 

Numerical modeling of upwelling and coastal currents is helping to refine present theories. One 
model has been used as a time-dependent physical input into an ecosystem model to study the growth 
of phytoplankton in an upwelling region (Hamilton, 1977). 

2.7.3 Mixing Processes. Mixing in the oceanic zone results from a combi~ation of physical at
mospheric processes and physical, biological, and geological oceanographic processes. Earth 
materials and fresh water enter the oceans through the flow processes described in the hydro
logic cycle (Section 2.4 of Volume 1). The freshwater runoff of the Pacific Northwest Coastal 
Region was described in Section 2.5.2. Freshwater and the materials carried by it reach the 
ocean via estuarine zones (Section 2.6) where initial mixing with sea water occurs. The estuarine 
condition is defined as one of measurable dilution of sea water with fresh water derived from 
land drainage. The manner in which this dilution occurs is used in some estuarine classification 
systems (as described in Section 2.6. 1 of Volume 1). Water and materials leaving the estuaries 
are subjected to oceanic mixing processes. 

Estuarine mixing is largely a result of opposing tidal and river flows. Tidal action, river 
runoff, and wind create turbulent flow and velocity shear between denser inflowing salt water 
and less dense, outflowing fresh and brackish water. Tidal currents, altered by channel config
uration (substantially increased at constriction points of width and/or depth) and runoff 
(affected by drainage basin size, precipitation, and snow melt) are the most important forces. 
Tidal currents vary significantly on semi-diurnal (twice daily), diurnal (daily), and approximate 
monthly cycles, while runoff for a given stream or river will vary with the frequency of storm 
occurrence and the season. Hence, the amount of freshwater entering the oceanic zone varies with 
location and time, and the degree to which it is already mixed with salt water also varies with 
location and time. In evaluating estuarine mixing, salinity is the single most important variable 
to measure. 

As the water leaves the estuaries, tidal action and river currents become less important and wind 
mixing and other open-sea processes become dominant (Barnes et al., 1972). Considerable mixing 
occurs in the surf zone, and suspended sediments in the surface riverine-estuarine discharge are 
mixed with the marine waters and form a turbid layer which concentrates and moves seaward along 
density boundaries. Portions of the river plumes extending seaward of the surf zone form dilute, 
turbid layers at the surface, and move with the wind drift and regional circulation. In the 
winter time, the southerly winds hold the runoff nearshore, and enhance entrainment in the surf 
zone. 

A conceptual model of suspended material transport across the continental shelf was presented in 
Section 2.7.4.1 of Volume 1. Qualitative measurements of turbidity throughout the water column 
at locations on the Northern Oregon Continental Shelf are presented and discussed by Harlett and 
Kulm (1973), and Kulm et al. (1975) and were used in formulating the conceptual model of sus
pended material transport across the shelf. Turbidity measurements and model show that surf 
zone mixing is significant in the distribution of sediments and water throughout the water column 
over the shelf. 

Settling of suspended material redistributes particulate matter throughout the water column. 
Settling particulate matter also moves laterally with the currents. Over the continental shelf 
in summer, settling particles would experience a southerly transport with the California Current, 
and an offshore transport because of the Coriolis effect (Ekman transport). If settling 
particles are not carried off the shelf by these currents, they will settle through the poleward 
flowing California Undercurrent. The pathways of settling particles are complex and 
significant, because some contaminants (for example hydrocarbons or heavy metals) can adsorb 
onto particulate matter, and, as they settle, disperse throughout the water column and over the 
bottom. 
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Budinger et al. (1964), in characterizing the Oceanic Regime of the study. area, identified three 
vertical zones in the water column (see Figure 2-30 in Volume 1). The surface zone extended 
down to 75 to 100 m (250 to 325 ft) which marks the lower limit of penetration of seasonal 
mixing effects (wind and waves). This zone is essentially uniform in salinity (except where 
over-ridden by the Columbia River plume) and the temperature decreases markedly with depth in 
summer, but is nearly uniform in winter. 

Barnes et al. (1972) studied mixing of the Columbia River effluent at sea and noted that water 
properties and structure change more slowly with increased distance from shore, but, even at rel
atively great distances, mixing and dilution of ambient seawater seldom depresses the 32.5 °/oo 
salinity isopleth (which is used to define the edge of the Columbia River plume) below about 40 m 
(130 ft). The density difference (pycnocline) between the bottom of the plume and the ambient 
marine water decreases the vertical coefficient of eddy viscosity; motions generated at the sur
face promote turbulence in the upper layer, while having little effect below the pycnocline 
(Budinger et al., 1964, and Barnes et al., 1972). 

As the Columbia River plume moves away from the river mouth, it gradually increases in both 
volume and salinity as it entrains and intermixes with ambient water both laterally and vertically 
(Barnes et al., 1972). Estimates of vertical diffusivity through the bottom of the Columbia 
River plume have been made by Budinger et al. (1964) and by Huang (1968, unpublished manuscript, 
discussed in Barnes et al., 1972) and are relatively low. 

As mentioned in Section 2.7.2. 1, severe winter waves have stirred sediments out to the edge 
of the continental shelf. The resuspension of bottom sediments is a mixing process affecting 
the bottom and the bottom water. 

Upwelling (Section 2.7.2.6) is important when considering mixing processes, as it provides a 
means whereby water from 100 to 200 m is brought to the surface and can interact with surface 
water, atmosphere, and light-dependent biota. Regional currents (Section 2.7.2.4) determine the 
properties of the ambient marine water that will be interacting with and mixing with upwelled 
water and land runoff. Atmospheric processes are important, in that winds generate currents and 
waves, precipitation and heating reduce the density of surface water, creating stratification of 
the water column, while evaporation and cooling increase the density, encouraging overturning 
and mixing with deeper water. 

The dynamics of m1x1ng processes are currently being studied by Drs. Gregg and Halpern of the 
University of Washington, Dr. Ni iler of Oregon State University, and Dr. Davis of Scripps 
Institution of Oceanography. 

2.7.4 Oceanic and Coastal Sediment Transport. Unlike the inland region where sediment transport 
is by downhill gravity flow, varying in time and space with rates of runoff and the gradient, 
sediment transport in the oceanic and coastal regions is driven by wave action· and regional 
currents. Physical processes in the Pacific Northwest oceanic and coastal zones are highly 
seasonal. Changes in runoff, winds, waves, and currents, and the resulting sediment transport 
and erosion or deposition patterns, are all seasonal. 

From current studies off Central Oregon to Northern Washington, it is apparent that bottom 
currents in the region are nearly always to the north (see Section 2.7.2.4). Data for Northern 
California and Southern Oregon are lacking. Sediment transport on the shelf is to the north. 

Waves move beach sediments to the south in summer and to the north in winter. The waves are most 
severe in winter, and there is considerable offshore movement of beach sediment, forming offshore 
sandbars in the surf zone, and narrower, steeper beaches. Summer waves carry the sediment on
shore and rebuild the beaches to their summer profile (see Figure 2-35 in Section 2.7.4.1 of 
Volume 1). Winter waves, being more severe, stir the bottom and resuspend sediments over the 
shelf for transport in the regional bottom currents. Hence shelf sediment transport is tied 
closely to the wave environment. 

Sediments in the region originate from erosion of headlands and bluffs, and from sediment dis
charged by streams and rivers. Most of the sediment transported through the estuaries to the 
oceanic zone is suspended. Except in high gradient streams, the bed load and coarser fractions 
of the riverine suspended loads are deposited in the estuaries. Coarser sediment fractions that 
do reach the ocean are transported seasonally through the estuaries at times of peak storm flows. 
The finer suspended sediments reaching the oceanic zone are deposited on the continental shelf 
and slope. These suspended sediments are generally too fine to deposit on beaches due to frequent 
wave action. 

Marine sediments may also enter the estuaries and make up the coarser fraction of the sediments 
near the mouth. This transport may be by wind, blowing sand from the beach on the ocean side of 
a barrier sand spit into the estuary, or it may be by tidal current action at the mouth of the 
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estuary. Sediment may also leave the estuaries by dredging operations, and be deposited on 
the continental shelf. 

The U.S. ACOE (1971) conducted a national shoreline study and identified critical and non
critical erosion problem areas (see Figure 2-4). Some of these areas along the open coast 
represent the natural source of sediment for beaches within their drift sector, and measures 
taken to reduce this erosion will also reduce the supply of sediment "downstream", possibly 
resulting in more erosion. Severe ero~ion has occurred at Cape Shoalwater and Toke Point at the 
entrance to Willapa Bay, and at Point Chehalis (Grays Harbor). From 1887 to 1962 Cape Shoalwater 
eroded approximately 3,000 m (2 miles) to the north. Shoreline changes at Cape Shoalwater are 
documented in Andrews (1965) and U.S. ACOE (1971). 

The onshore-offshore transport rate of sand is greatest during winter, when beaches may lose 
from 5 to 15 feet (1.5 to 4.5 m) of sediment thickness (OSU, 1971). Beaches are, in effect, 
buffer zones which absorb the impact of waves. The onshore-offshore transport of sand is of key 
importance in protecting the upland region (landward of the beach). Sandbars found under winter 
wave conditions cause waves to peak and break further offshore, and therefore dissipate much of 
their energy offshore. Beach profiles extending as far as 2000 ft (600 m) seaward of the mean 
lower low water shoreline have been obtained by Bascom and McAdam (1947) and have been related to 
more recent beach surveys by Komar (1977). 

Komar and Rea (1976) have studied beach erosion on Siletz Spit, Oregon. During a particularly 
severe winter, houses built. on the spit were threatened by the loss of beach due to offshore 
movement of sediment. The erosion may have been further complicated by the mining of beach sand 
deposits to the south. 

Longshore transport of sediment occurs in the 
local wave effects. Mason (1953) stated that 
wave action occurred inside the break-point. 
refraction causes additional local variations 
energy. 

surf zone and on the beach face, and is driven by 
as much as 80 percent of sediment movement by 
Waves vary in direction and energy continuously; 
along the coast as well, both in direction and 

Drift sectors for the region have not been identified, although numerous reports briefly discuss 
net sediment transport at specific locations. Not all reports for a given area are in 
agreement. Figure 2-4 presents the locations of beaches and headlands for the region. 

The back and forth longshore transport and onshore-offshore transport of sediment results in 
relatively small net transports. Total transports may be great, however, and need to be con
sidered when planning activities affecting shore processes (such as jetty construction at estuary 
mouths for navigation improvement). 

Along the coast, headlands or manmade structures such as bulkheads, groins, jetties, and piers 
block or alter· the waves and halt or reduce the natural longshore transport of sediment. Hence, 
some stretches of beaches may exhibit essentially one-way transport. 

Interpretation of net sediment transport based on accumulation alongside of manmade structures is 
misleading, and should not be broadly applied. Any local evaluation of longshore sediment 
transport should consider seasonal transport directions and rates as well as' well as net transport. 

Scheidegger et al. (1971), using a heavy mineral analysis of the river basins of Northern Cali
fornia and Oregon, identified four major sources of sediments on the Oregon Continental Shelf. 
From dispersal patterns of sand-size sediments on the shelf, they determined that the dominant 
direction of littoral transport has been to the north at least during the last 18,000 years. 

Sediment transport on the shelf is controlled by bottom currents. At times of significant wave 
activity large amounts of sediment will be suspended and transported. Sternberg and McManus (1972) 
used current data from the Southern Washington Continental Shelf and concluded the following: 

1. The stronger bottom currents on the central continental shelf. off the 
Washington coast are the result of meteorological conditions, most 
specifically wind stress associated with storms. rather thah wave 
surge. 

2. Measured current speeds at 3 m (10 ft) off the sea floor frequently 
exceed 40 cm/sec (0.8 kt) during the winter months and may exceed 80 
cm/sec (1.5 kt) during severe storms, 
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3. Current direction vectors show a high variability throughout the year; 
however, when averaged over monthly and annual periods, bottom velocit'ies 
exceeding 40 cm/sec (0.8 kt) exhibit a net directional response, predomi
nantly northward on the continental shelf of Washington, 

4. The observed direction variability of the higher speed classes could 
account for significant sediment dispersal across the continental shelf; 
however, moving sediment would also experience a net northward migration 
as a result of the net transport of bottom water, 

5. If approximately six major storms sweep the Washington Shelf per year, 
then a sedimentary particle might be displaced as much as 35 km 
(22 mi) northward and 12 km (7.5 mi) westward per storm, or the maximum 
annual displacement of a sedimentary particle eroded from the bottom 
would be approximately 220 km (140 mi or 120 nm) in a northwesterly 
di rec ti on · ( p. 181) . 

Komar et al. (1972) concluded that winter storm conditions off the coast generate waves that 
should commonly produce'bottom orbital velocities capable of rippling the sediments to water 
depths of 150 to over 200 m (500 to over 650 ft) (which covers the entire shelf). Summer waves 
produce ripples at depths of up to 50 to 100 m (160 to 330 ft). Rippling of bottom sediments is 
indicative of sediment transport. In the absence of ripples, fine sediments may settle during 
summer months covering the midshelf with a layer of mud. This mud is resuspended by winter storm 
waves and the bottom becomes clean sand covered with active ripple marks. 

Section 2.7.4 of Volume 1 presented a conceptual model of suspended sediment transport over the 
continental shelf of Oregon. Figure 2-42 presents the seasonal sedimentation patterns over the 
shelf for summer and winter conditions, including the deposition of a mud layer at midshelf in 
summer and the resuspension and seaward transport of the mud during the winter. 

It is of interest to note that significant transport of sediment on the continental shelf occurs 
only under the influence of the most severe storms. Benthic species are adapted to withstand 
these events. 
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FIGURE 2-42. SEASONAL SEDIMENTATION REGIME FOR THE OREGON CONTINENTAL SHELF. 
Sediment rippling and turbid layer transport are enhanced during the winter 
due to high sediment input from coastal streams and lon:g period waves that 
ripple the bottom sediments to water depths of at least 125 m (400 ft). Komar 
et al. (1972) determined long period waves may ripple the bottom sediments out 
to the she 1 f edge and that the shoreward extent o·f mud on the she 1 f is c 1ose1 y 
depth-controlled, suggesting it is governed by wave forces. Turbid layer trans
port, especially in the surface and mid-water layer~ is greatest during late 
spring off the Columbia River. (Adapted from Kulm et al., 1975.) 
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Dispersal of dredge spoils dumped on the continental shelf near the Columbia River is being 
studied by the University of Washington for the Army Corps of Engineers. A controlled dump of 
600,000 cubic yards emplaced in July-August 1975 is being revisited and monitored. 

Z.7.5 Chemical Properties. Existing chemical data for Washington, Oregon, and Northern Cali
fornia's Co~tinental Shelf and marine waters are scarce for parameters other than nutrient and 
oxygen determinations. Studies tracing the movement of artificial radionuclides generated and 
released into the Columbia River at the Hanford site in Eastern Washington were conducted in the 
1960's. These releases provided tracers to indicate the behavior and transport of certain 
elements fr9m the Columbia River through its estuary and into the oceanic region offshore. 
Analyses and conclusions from most of these studies are bound under one dover in The Columbia 
River Estuary and Ad·acent Ocean Waters. Bioenvironmental Studies (Pruter and Alverson, eds., 
197Z . An estimated 95% of all low-level radioactive wastes released in the natural waters of 
the United States went into the Columbia ~iver between 1944 and 1971, ma~ing this region truely 
unique from a radiochemical viewpoint, and offering unique opportunities for research. 

Chemical studJes are beginning to focus on pollutant chemicals, which may be toxic when present 
in very small quantities. The inability to measure these chemicals accurately with standardized 
techniques and without contaminating the sample has severely limited past efforts. Techniques 
are improving. It is recognized that the distribution of pollutants touches on all the disci
plines of oceanography, and chemists are attempting to study critical pathways that a pollutant 
might take in the environment. Laboratory studies have more common 1 y "focused" on the effects 
(both lethal and sublethal responses of controlled concentrations of individual pollutants) upon 
different organisms. The Southern California Coastal Water Research Project (1975) has tabulated 
and cross-r~ferenced data from many of these studies. 

z.7,5.1 Dissolved Oxygen. The effects of winds and waves produce significant seasonal changes 
in surface and nearsurface oxygen concentrations. Wind-driven coastal upwelling brings colder, 
nutrient-rich, oxygen-depleted water close to the surface in the summer. In the uppermost layers 
(the photic zohe) the combination of the nutrients supplied by upwelling and the relatively high 
light levels promotes rapid phytoplankton growth. This process adds considerable quantities of 
oxygen to these layers, obscuring the decreased oxygen effects of upwelling. During the winter, 
the stronger winds and resultant waves break up the surface layering and increase the effective 
surface are~ for air-water boundary processes. 

Due to wind and wave mixing, the surface oxygen concentration in winter is near 100% satura
tion. Oxygen saturation values vary inversely with increases in temperature and salinity 
(Schlieper, 197Z). The Columbia River effluent, cooler than the surrounding oceanic waters in 
winter, is pushed against the Washington coast by southerly winds. The cooler, less saline 
effluent contains a greater concentration of dissolved oxygen than the offshore marine waters, 
while both $re near 100% saturation. 

Figures·z-43 and Z-44 present summer and winter average dissolved oxygen concentrations for the 
surface and' for water at ZO m (65 ft). The oxygen data are from studies made during 1961-63 by 
the University of Washington. Although real oxygen values were used in deriving these figures, it 
must be emphasized that averaged values are represented. The summer dissolved oxygen concen
tration at 2o m (Figure Z-43) shows the effects of coastal upwelling as a band of low oxygen 
concentrati9n nearshore. The nearshore surface (0 m) concentrat!ons for ~he summer ?re hig~ 
because of 9xygen production by phytoplankton and may exceed 100~ saturation. The winter dissolved 
oxygen concentration at the surface (Figure Z-44) shows the extent of the Columbia River plume as a 
band of higher oxygen concentration hugging the Washington coast. 

The nearshore dissolved oxygen distribution was evaluated by Oregon Stat~ University (1971) using 
data obtained from Nati ona 1 Ocean Data Center, OSU data reports, and the' Ca 1 i forn i a Water Qua 1 i ty 
Control Boa1d. The OSU study analysed.data from within 18.5 km (10 nm) ~f the coast. The data 
were divided geographically into five sections that covered most of the nearshore areas off 
Washington, 'Oregon, and Northern California. Nutri~nt (phosphate, nitrate, and silicate) and pH 
data were aiso reviewed. Monthly means for 0, 10, ZO, 30 and 50 m were obtained and graphed along 
with extreme values. No apparently significant lati.tudinal variations within the area were noted. 
Figure Z-45 presents Oz, nutrient, and pH values for O, ZO, and 50 m (0, '65, and 160 ft), for the 
nearshore c@astal area between Newport, Oregon, and the Columbia River. The following obser
vations are taken from the OSU report (1971): 

1. Average Oz concentrations are,higher at the surface than at ZO m (65 ft) through-
out the year , ' 

Z. The highest and lowest surface Oz concentra'tions are found in slimmer months: 
June, July, and August; this is probably d~e to the competing influences of 
photosynthetic production and upwelling 
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effect of coastal upwelling is evident at the two depths. Upwelled water is rich in nutrients and 
low in dissolved oxygen. At '20 m there is a band of low oxygen water nearshore. At the surface, 
high phytop.lankton productivity made possible by the supply of upwelled nutrients super-saturates 
the water with oxygen. (From McGary, 1971). 
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FIGURE 2-45. ANNUAL VARIABILITY OF CHEMICAL PROPERTIES IN NEARSHORE 
NORTHERN OREGON WATERS (WITHIN 18.5 KM OR 10 NM). Monthly means and 
range of values are plotted. Summertime decreases in oxygen and 
increases in phosphate and nitrate are the result of upwelling. (Data 
compiled by OSU, 1971, from various sources.) 
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3. The averaged gradient between the surface and 20 m (65 ft) is steeper in the 
summer months. Surface values are not lowered as much as 20 m (65 ft) values 

4. Surface 02 values are about 6.3 to 7.0 ml/1 unless affected by strong upwelling. 

As can be seen in Figure 2-45, an inverse relationship exists between the dissolved oxygen con
centration and the nutrient concentrations. Pytkowicz (1964) described the relationship between 
oxygen and phosphate concentrations from the surface to 1 ,000 m (3,300 ft) for a region off the 
shelf of Northern Oregon. A subsurface oxygen maximum develops in the summer and Pytkowicz postu
lated that this is because more of the excess oxygen produced by phytoplankton is lost above this 
layer due to higher respiration and exchange with the atmosphere. The subsurface oxygen maximum 
appears over large parts of the North Pacific in summer at a depth corresponding to the deeper 
part of the winter-mixed layer. Stefansson and Richards (1964) postulate that processes taking 
place in spring and summer along the Washington and Oregon coasts have an effect on the con
centrations in this subsurface maximum to positions at least 400 to 500 km (250 to 300 miles) 
offshore. Upwelled water close to the shore is denser than the offshore surface water. As the 
upwelled water moves offshore it is enriched rapidly with oxygen bv ohotosvnthesis and mixing 
with water richer in oxygen. Stefansson and Richards stated that this offshore movement and 
sinking along density gradients of the upwelled water contributes to the formation of the sub
surface oxygen maxima. They further stated that whether or not the oxygen produced by photo
synthesis escapes fairly quickly to the atmosphere depends on the balance of the rates of 
upwelling, photosynthesis, and the subsequent removal of these waters offshore and their 
sinking below the immediate surface layer. 

2.7.5.2 Nutrients. Mean nitrate, phosphate, and silicate concentrations in microgram atoms/ 
liter (µg-at/I) are given in Figure 2-45 for the nearshore area off Northern Oregon. General 
observations from the Oregon State University study (1971) concerning the nearshore nutrients 
for Oregon and Washington are: 

1. The highest and lowest surface nutrient values are found ·in the summer months; 
dissolved silicon (silicate) values are strongly affected by runoff and may be 
higher at other times of the year; primary production and upwelling are probable 
causes of the wide variations in surface values, 

2. The averaged gradient between the surface and 20 m (65 ft) is steeper in the 
summer months. 

3. Exclusive of upwel I ing, represent_ative surface nutrient values are: 

11g-at/l P0 4 =: 0.7 

N0
3 

5 

Si(OH) 4: 

µg-at/1 

10 µg-at/1. 

Stefansson and Richards (1964) analyzed the distribution of nutrients, temperature, density, 
oxygen concentration, and apparent oxygen production (AOP) for the Washington and Oregon coasts. 
Figure 2-46 presents mean seasonal variations of these properties in the upper 30 m (100 ft) in 
the nearshore region off Central Washington, for the period January 1961 to June 1962. No sub
surface oxygen maximum existed in this nearshore zone. Stefansson and Richards reviewed the same 
parameters for the upper 100 m offshore beyond the shelf and continental slope. In comparing 
the nearshore and offshore data the following observations can be made. In the spring, nutrients 
are used up rapidly in both areas. In the offshore area, near-surface phosphate concentrations 
decreased from about 0.90 µg-at/1 in April to less than 0.5 11g-at/l in late May, and nitrates 
decreased from 5-6 µg-at/1 to very low values. The low values _persisted through September, 
but the concentrations of nitrates increased in the late fall and winter due to vertical mixing, 
returning to the levels observed in April. In the nearshore area, the maximum concentrations 
were more than 1 J.lg-at/1 of phosphate and about 7 !.\g-at/1 of nitrate, and persisted until 
March. These values then declined to about the same low levels observed offshore in May. After 
late May, the surface layers in the nearshore area are replenished with nutrients by upwelling, 
and ~utrient concentrations approach their winter values in late summer. In 1961, the spring 
depletion in the nearshore area occurred only during a short period preceding the onset of the 
most active upwelling. 

Figure 2-46 is representative of the nearshore region off Central Washington rather than the 
entire region. As noted earlier·, upwelling is more intense off Central and Southern Oregon 
and Northern California so nutrient concentrations or biological processes may be higher in 
these regJ ons by comparison. 
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TIME IN MONTHS 

FIGURE 2-46. MEAN SEASONAL VARIATIONS OF OCEANIC PROPERTIES FOR 
THE NEARSHORE REGION OFF CENTRAL WASHINGTON. The term sigma-t 
refers to the density and is defined as sigma-t = (density - 1) 
x 1000. The term AOP stands for Apparent Oxygen Production, 
which ls the excess concentration of oxygen greater than the 
equilibrium saturation concentration. Data are for the upper 
30 m (100 ft) inside the 150 m isobath between 46°50' and 47°40'N 
Lat., January 1961-1962. (From Stefansson and Richards, 1964.) 

(a) Temperature 

(b) Sigma-t 
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2.8 WATER QUALITY 

The water quality of the streams in the Pacific Northwest Coastal Region is determined by the 
nature of their drainage basins, including the geology of the watershed, the seasonal precipita
tion patterns, and the activities of various industries in the watershed, especially the forest 
products industry. The generally low human population density in these drainage basins has 
helped to preserve the pristine qua] ity of the water. 

Coastal estuaries are the sites of most of the cities, industry, and smaller communities in the 
study area. The activities of man and the discharge of effluents into the rivers and estuaries 
have an impact on the coastal area and the qua! ity of the estuarine water. The estuarine water, 
in turn, enters the ocean where mixing and dilution is great. 

Substances introduced into the waters of the Pacific Northwest by man include domestic sewage, 
organic wastes, pesticides, pulp mill effluents, and other industrial discharges. Waste heat 
enters Humboldt Bay from a nuclear power station. Suspended sediment loads of rivers are 
increased as a result of logging and other activities within the watershed, which also affect 
temperature and dissolved oxygen concentrations. Sea disposal of dredge spoils also occurs 
in the region. 

The study area is characterized by high precipitation and high ~unoff. Its greater runoff, 
greater tidal range, greater number of estuaries, and lower population density make this ~egion 
one of high water quality. 

2.8.1 Point and Non-point Sources. Water pollution sources are described as either point 
sources or non-point.sources. Significant point source·pollutants in the Pacific Northwest 
coastal rivers and their estuaries include municipal discharges, industrial discharges, pulp mill 
effluents, thermal effluents, and organic wastes from food and fish processing. Non-point 
sources are considerably harder to identify and control and, in the case of many forms of 
pollutants, are more significant than point sources. For example, the total yearly suspended 
solids load of the Columbia River is 6 million tons, and the point source contribution to 
this is about 68,000 tons or 1.1% (Seaman, 1977). 

Agricultural and forestry practices are non-point sources of suspended sediments, fertilizers, 
and.pesticides. Forestry practice guidelines of the Environmental Protection Agency for appli
cation of chemicals and water monitoring are given by Newton and Norgren (1977). Additional 
information on the effects of forest management on stream water quality are described in 
Fredriksen (1972) and U.S. Environmental Protection Agency (1976A); this subject is discussed 
further in Section 2.5.3 of Volume 1 and in Section 4.2 of Volume 2. Coliform bacteria may 
enter the waters from such non-point sources as septic tank sewage and cattle feeding near streams. 

The most significant thermal effluent in the study area is from the nuclear generating station in 
Humboldt Bay. Adams (1975) studied the effect of this discharge on macroflora and fauna of the 
Bay and concluded that species abundance and diversity increased in the area sampled. However, 
the California State Fish and Game Commission (1965C) reported a kill of ten tons of fish during a 
single "backflush" treatment of the intake pipe. Aluminum plants and nuclear plants upstream on 
the Columbia also discharge waste heat but are inland from the study area. Solar heating of 
storage ponds behind dams provides considerable heating of water and are a non-point source of 
heated water also. 

Pulp and paper mills discharge solid organic wastes and dissolved chemical wastes. OSU (1971) 
and Gehm (1973) present reviews on pulp and paper mill wastes in the Pacific .Northwest. 

2.8.2 Criteria, Standards, and Regulations. Criteria for judging water quality affecting the 
Pacific Northwest have been established by the Environmental Protection Agency (1976B), and the 
States of Washington, Oregon, and California. Ott (1978) reviewed the use of water quality 
indices by states in this country. A '~ater quality inde~' was defined by Ott as any mathematical 
approach which aggregates data on two or more water quality variables to produce a single number. 
Indices may be classified into four general categories: (1) indices of general water quality, 
(2) indices for specific water uses, (3) indices for planning, and (4) statistical approaches. 
Ott compares various indices which are in use today. At present, only ten states utilize water 
quality indices. In the study area, Oregon is the only state to do so. Oregon, as of June, 
1977, had developed its own criteria and applied them to monthly water quality reports from 
the Willamette River Basin; Ott expects that Oregon will apply this index to all river basins 
in the state. Currently 16 states are involved in evaluating or developing water quality 
indices for utilization, and another 14 states have completed consideration of indices. 
Washington and California have completed evaluation of water quality criteria, but have not 
adopted their usage. See Ott (1978) for further discussion. 
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Disposal of dredge spoils also affects water quality. Criteria for determining acceptability 
of dredge spoil disposal to the nation's waters have been established by the U.S. EPA as pre
sented by O'Neal and Sceva (1971). A summary of these criteria is presented in Table 2-18. 

Table 2-19 gives the Washington State water quality criteria for marine and frewhwater 
environments. Four parameters (dissolved oxygen, temperature, coliform bacteria, and turbidity) 
were selected because they relate to a water's ability to support aquatic life, the water's 
sanitary quality, and its clarity. 

The State of Oregon established general water quality standards that apply to all waters of the 
state except when clearly superseded by special water quality standards applicable to specifi
cally designated waters. Table 2-20 presents the Oregon standards. Because of the generally 
high quality of Oregon rivers, water regulations were designed to preserve the fisheries, rather 
than the usual practice of establishing standards to protect human health. 

Marine and estuarine waters of Oregon, as well as the waters of the Rogue River, have special 
water quality standards, which are given in Tables 2-21 and 2-22, respectively. 

The Columbia River and its estuary constitute the border between Washington and Oregon. Table 
2-23 compares the water quality standards for Oregon and Washington portions of the Columbia 
River estuary and its tributaries. Although Washington does not have criteria for dissolved 
chemical substances, additional effluent limits for individual industries are published by the 
EPA. 

Statewide water quality standards for marine waters of California are available from the U.S. 
Environmental Protection Agency (1978). Water quality control plans were established for the 
Klamath River Basin and the North Coastal Basin by the California State Water Resources Control 
Board in 1975 (Bureau of National Affairs, 1978). Water quality standards that specifically 
apply to the Klamath River Basin and the North Coastal Basin are presented in Table 2-24. 

Table 2-25 presents coastal water quality criteria for toxic substances other than biocides as 
established by the EPA and the National Academy of Sciences. More detailed quality criteria for 
water are available in the EPA's Quality Criteria for Water (1976B). These last two documents 
cover a wider range of chemicals and substances than are presented in Table 2-25 and include 
the rationale behind the limits as established. 

2.8.3 Re ional Qualit Measurements. Water quality for California is discussed by the California 
Region Framework Study Committee 1971). Detailed discussions of water quality for Oregon and 
Washington are given by PNRBC (1970) and OIW (1977). Seaman (1977) discusses water quality of 
the Columbia River and its estuary. 

Water quality measurements and unprocessed data from Washington, Oregon, and California are 
available through the information retrieval program, STORET, which is operated by the EPA and 
discussed in Section 2.8 of the Model (Volume 1). Oregon and Washington rank second and third 
in the U.S. in the number of stations routinely sampled for water quality data in the STORET 
program, with 12,772 and 11,205 stations, respectively; California ranks 18th with 3,100 stations 
reported. 

Regional STORET data and statistical analyses for specific sites or river basins from which 
measurements have been taken can be obtained from the Freedom of Information Officer, U.S. 
Environmental Protection Agency, Office of Public Affairs, 1200 Sixth Avenue, Seattle, WA 98101. 
Data files for the following general areas should be specified: Pacific Northwest, Oregon Coast 
Basin, Washington Coast Basin, Northern California Coast Basin. Table 2-26 provides an example 
of the type of data available from a single station in the study area. 

The considerable water quality data available for the region are not summarized here, as they 
are Watershed Unit specific. The reader is directed to the references above and to Volume 4 
for coverage of particular watersheds. 
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TABLE 2-18. CRITERIA FOR DETERMINING ACCEPTABILITY OF DREDGED SPOIL 
DISPOSAL TO THE NATION'S WATERS. (From O'Neal and Sceva, 1971.) 

The decision whether to oppose plans for disposal of dredged spoil in U.S. waters must be 
made on a case-by-case basis after considering all appropriate factors, including the 
fol lowing: 

(a) Volume of dredged material. 
(b) Existing and potential quality and use of the water in the disposal area. 
(c) Other conditions at the disposal site such as depth and currents. 
(d) Time of year of disposal (in relation to fish migration and spawning, etc.) 
(e) Method of disposal and alternatives. 
(f) Physical, chemical, and biological characteristics of the dredged material. 
(g) Likely recurrence and total number of disposal requests in a receiving 

water area. 
(h) Predicted long- and short-term effects on receiving water quality. 

When concentrations, in sediments, of one or more of the following pollution parameters 
exceed the limits expressed below, the-sediment will be considered polluted in all cases 
and, therefore, unacceptable for open-water disposal. 

Sediments in Fresh and Marine Waters 

t*Volatile solids 
Chemical Oxygen Demand (COD) 
Total Kjeldahl Nitrogen 
Oil-Grease 
Mercury 
Lead 
Zinc 

Cone. % (dry wt. basis) 

6.0 
5.0 
0.10 
0.15 
0.001 
0.005 
0.005 

'"'"When ana.lyzing sediments dredged from marine waters, the fol lowing correlation 
between volatile solids and COD should be made: 

T. V. S. % (dry) 1.32 + 0.98(COD%) 

If the results show a significant deviation from this equation, additional 
samples should be analyzed to insure reliable measurements. 

The volatile solids and COD analyses should be made first. If the maximum limits are 
exceeded, the sample can be characterized as polluted, and the additional parameters 
would not have to be investigated. 

Dredged sediment having concentrations of constituents less than the limits stated above 
will not be automatically considered acceptable for disposal. A judgment must be made on 
a-"Case-by-case basis after considering the factors listed in (a) through (h) above. 

In addition to the analyses required to determine compliance with the stated numerical 
criteria, the following additional tests are recommended where appropriate and pertinent: 

Total Phosphorus 
Total Organic Carbon (TOC) 
Immediate Oxygen Demand (IOD) 
Settleability 
Sulfides 
Trace Metals (iron, cadmium, copper, chromium, arsenic, and nickel) 
Pesticides 
Bioassay 

The first four analyses would be considered desirable in almost all instances. They 
may be added to the mandatory list when sufficient experience with their interpretation 
is gained. For example, as experience is gained, the TOC test may prove to be a valid 
substitute for the volatile solids and COD analyses. Tests for trace metals and pesti
cides should be made where significant concentrations of these materials are expected 
from known waste discharges. 

All analyses and techniques for sample collection, preservation, and preparation shall 
be in accord with a current FWQA analytical manual on sediments. 
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TABLE 2-19~ SUMMARY OF WATER QUALITY CRITERIA FOR WASHINGTON STATE. (From Washington State Department of Ecology, 1975.) 

Class Designation 

CLASS AA 
Exceeds requirements 
for substantially all 
uses 

Fresh Water 
Marine Water 

CLASS A 
Meets or exceeds 
requirements for sub
stantially all uses 

Fresh Water 
Marine Water 

CLASS B 
Meets or exceeds 
requirements for 
most uses 

Fresh Water 
Marine Water 

CLASS C 
Meets or exceeds re
quirements of selected 
and essential uses 

Fresh Water 
Marine Water 

LAKE CLASS 
Meets or exceeds re
quirements for all 
uses 

Typical Uses 

Potable water supply; fishing; 
swimming; fish and shellfish 
reproduction and rearing 

Potable water supply; fishing; 
swimming; fish and shellfish 
reproduction and rearing 

Industrial and agricultural 
water supply; fishing; shell
fish reproduction and rearing 

Cooling water; fish passage; 
commerce and navigation 

Potable water supply; fishing; 
swimming; fish and shellfish 
reproduction and rearing 

( 1) 
Dissolved 

Oxygen 
(mg/ 1) 

9.5 
7.0 

8.0 
6.0 

6.5 
s.o 

s.o 
4.0 

(4) 

(2) 

Temperature 
(OF) 

60 
55 

65 
61 

70 
66 

75 
72 

(4) 

(2) 
Total 

Dissolved Gas 
(% of Saturation) 

110 
110 

110 
110 

110 
110 

110 
110 

110 

pH 

6.S-8.S 
7.0-8.S 

(Var. 0.10) 

6.S-8.S 
7.0-8.S 

(Var. 0.25) 

6.s-8.s 
7.0-8.S 

(Var. 0.5) 

6.5-9.0 
7.0-9.0 

(Var. o.s) 

(4) 

(3) 

Turbidity 
(JTU) 

5 
5 

5 
5 

10 
10 

10 
10 

5 

(2) 
Tota 1 Co 1 i form 
(median values) 

(organisms/100 ml) 

so 
70 

240 
70 

1,000 
1,000 

1,000 
1,000 

240 

-rrJ Sha I I exceed the values shown. 
(2) Shall not exceed the values shown. 
JTU =Jackson Turbidity Units 

(3) Shall not exceed the values shown beyond naturally occurring concentrations. 
(4) No measureable change from natural conditions. 



TABLE 2-20. OREGON STATE GENERAL WATER QUALITY STANDARDS. (From ACOE, 1975D.) 

The following General Water Quality Standards shall apply to all waters of the State ex
cept where they are clearly superseded by Special Water Quality Standards applicable to 
specifically designated waters of the State. 

No action or activity shall cause: 

(1) The dissolved oxygen content of surface waters to be less than six (6) 
milligrams per liter. 

(2) The hydrogen-ion concentration (pH) of the waters to be outside the range 
of 6.5 to 8.5. 

(3) The liberation of dissolved gases, such as carbon dioxide, hydrogen sulfide 
or any other gases, in sufficient quantities to cause objectionable odors or 
to be deleterious to fish or other aquatic life, navigation, recreation, or 
other reasonable uses made of such waters. 

(4) The development of fungi or other growths having a deleterious effect on 
stream bottoms, fish or other aquatic life, or which are injurious to 
health, recreation or industry. 

(5) The creation of tastes or odors of toxic or other conditions that aLe 
deleterious to fish or other aquatic life or affect the potability of 
drinking water or the palatability of fish or shellfish. 

(6) The formation of appreciable bottom or sludge deposits or the formation of 
any organic or inorganic deposits deleterious to fish or other aquatic life 
or injurious to public health, recreation or industry. 

(7) Objectionable discoloration, turbidity, scum, oil slick or floating solids, 
or coat the aquatic life with oil films. 

(8) Bacterial pollution or other conditions deleterious to waters used for 
domestic purposes, livestock watering, irrigation, bathing, or shellfish 
propagation, or be otherwise injurious to public health. 

(9) Any measurable increase in temperature when the receiving water temperatures 
are 64°F or greater; or more than 0.5°F increase due to a single-source 
discharge when receiving water temperatures are 63.5°F or less; or more than 
2°F increase due to all sources combined when receiving water temperatures 
are 62°F or less. 

(10) Aesthetic conditions offensive to the human senses of sight, taste, smell 
or touch. 

(11) Radioisotope concentrations to exceed Maximum Permissible Concentrations 
(MPC's) in drinking water, edible fishes or shellfishes, wildlife, irrigated 
crops, livestock and dairy products or pose an external radiation hazard. 

(12) The concentration of total dissolved gas relative to atmospheric pressure 
at the point of sample collection to exceed one hundred and five percent 
(105%) of saturation, except when stream flow exceeds the 10-year 7-day 
average flood. 
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TABLE 2-21. WATER QUALITY STANDARDS FOR THE MARINE AND ESTUARINE WATERS OF 
OREGON (EXCLUDING ESTUARINE WATERS OF THE COLUMBIA RIVER). (From ACOE, 1975D; 
taken directly from App. E.) 

The provisions of this section shall be in addition to and not in lieu of the General 
Water Quality Standards~ except where this section imposes a conflicting requirement with 
the provisions of those standards, this section shall govern. No wastes shall be discharged 
and no activities shall be conducted which either alone or in combination with other wastes 
or activities will cause in marine or estuarine waters: 

(1) Dissolved oxygen (DO). (Outside of zones or upwelled marine waters naturally 
deficient in DO). DO concentrations to be less than 6 milligrams per liter 
for estuarine waters, or less than saturation concentrations for marine waters. 

(2) Organisms of the Coliform Group. (MPN or equivalent MF using a representative 
number of samples). 
(a) (For marine and shellfish growing waters). The median concentration of 

coliform bacteria of sewage origin to exceed 70 per 100 milliliters. 
(b) (For estuarine waters other than in shellfish growing areas). Average 

concentrations of coliform bacteria, where associated with fecal sources, 
to exceed 240 per 100 ml or to exceed this value in more than 20% of 
samples. 

(3) Hydrogen Ion Concentration (pH). pH values to be outside the range of 7.0 and 
8.5 over shellfish growing areas. 

(4) Turbidity. (Jackson Turbidity Units,JTU). Turbidities to exceed 5 JTU above 
natural background values except for certain short-term activities which may 
be specifically authorized by the Sanitary Authority under such conditions as 
it may prescribe and which are necessary to accommodate essential dredging or 
construction where turbidities in excess of this standard are unavoidable. 

(5) Temperature. Any significant increase above natural background temperatures, 
or water temperatures to be altered to a degree which creates or can reasonably 
be expected to create an adverse effect on fish or other aquatic life. 

1 See Table 2-20. 

TABLE 2-22. SPECIAL WATER QUALITY AND WASTE TREATMENT STANDARDS FOR THE ROGUE 
RIVER BASIN IN OREGON. (From ACOE, l975D; taken directly from App. E.) 

(A) Special Water Quality Standards. The provisions of this rub-section shall be in addition 
to and not in lieu of the General Water Quality Standards, except where' this sub-section 
imposes a conflicting requirement with the provisions of those standards, this sub-section 
shall govern. No wastes shall be discharged and no activities shall be conducted which 
either alone or in conjunction with other wastes or activities will cause in the waters 
of the Rogue River Basin: 

(1) Organisms of the Coliform Group Where Associated with Fecal Sources (MPN or equivalent 
MF using a representative number of samples). 

2-100 

(a) Mainstem Rogue River from the point of salt water intrusion, approximately R.M. 4, 
upstream to Dodge Park, river mile 138.4, and Bear Creek; average concentrations to 
exceed 1000 per 100 milliliters, except during periods of high surface runoff. 
(b) Rogue River above Dodge Park and all unspecified tributaries, average concentra
tions to exceed 240 per 100 milliliters, except during periods of high surface runoff. 

(2) Dissolved Oxygen (DO) Dissolved oxygen concentrations to be less than 95 percent of 
saturation in spawning areas during spawning, incubation, hatching, and fry stages of 
salmonid fishes. 
(3) pH (Hydrogen Ion Concentration). pH values to fall outside the range of 7.0 to 8.5. 
(4) Turbidity (Jackson Turbidity Units, JTU). Any measurable increases in natural stream 
turbidities when natural turbidities are less than 30 JTU, or more than a 10 percent 
cumulative increase in natural stream turbidities when stream turbidities are more than 
30 JTU, except for certain short-term activities which may be specifically authorized by 
the Department of Environmental Quality under such conditions as it may prescribe and which 
are necessary to accommodate essential dredging, construction, or other legitimate uses or 
activities where turbidities in excess of this standard are unavoidable. · 
(5) Temperature. Any measurable increases when stream temperatures are 58°F or greater; 
or more than 0.50F increase due to a single-source discharge when receiving water tempera
tun~s are 57.50F·or .. less or more than"2°F. increase due tq all sources combined when stream 
temperatures are 560F or less, except for short-term activities which may be specifically 
authorized by the Department of Environmental Quality under such conditions as it may 
prescribe and which are necessary to accommodate legitimate uses or activities where 
temperatures in excess of this standard are unavoidable. 
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TABLE 2-22. SPECIAL WATER QUALITY STANDARDS, ROGUE RIVER, OREGON (Continued) 

(6) Dissolved Chemical Substances. Guide concentrations listed below to be exceeded 
except as may be specifically authorized by the Department of Environmental Quality upon 
such conditions as it may deem necessary to carry out the general intent of providing the 
highest and best practicable treatment and control and to protect beneficial uses. 

Arsenic (As) ............................. . 
Barium (Ba) .............................. . 
Boron (Bo) ............................... . 
Cadmium (Cd) ............................. . 
Chloride (Cl) ............................ . 
Chromium (Cr) ............................ . 
Copper (Cu) .............................. . 
Cyanide (Cn) ............................. . 
Fluoride (F) ............................. . 
Iron (Fe) .................... ·· ..... ······ 
Lead (Pb) ................................ . 
Manganese (Mn) ..•......................... 
Phenols (totals) ......................... . 
Total dissolved solids ................... . 
Zinc (Zn) .............•..•................ 

mg/1 
0.01 
1.0 
0.5 
0.003 

25. 
0.02 
0.05 
0.005 
1.0 
0.1 
0.05 
0.05 
0.001 

100. 
0.01 

(B) Minimum Standards for Treatment and Control of Wastes. All wastes shall be treated, prior 
to discharge, in accordance with the following: 

(1) Sewage Wastes. 
(a) During the period of low stream flows (approximately June 1 - October 31 of each 
year), secondary treatment resulting in monthly average effluent concentrations not 
to exceed 20 mg/1 of 5-day 20 degrees C Biochemical Oxygen Demand (BOD) and 20 mg/l 
of suspended solids or equivalent control. 
(b) During the period of high stream flows (approximately November 1 - May 31 of 
each year) a minimum of secondary treatment or equivalent shall be provided and all 
waste treatment and control facilities shall be operated at maximum efficiency so as 
to minimize waste discharges to public waters. 
(c) All sewage wastes shall be disinfected, after treatment, equivalent to thorough 
mixing with sufficient chloride to provide a residual of at least 1 part per million 
after 60 minutes of contact time. 
(d) More stringent waste treatment requirements may be imposed, especially in 
headwater and tributary streams, where waste loads may be large relative to stream 
flows. 

(2) Industrial Wastes. 
(a) Industrial waste treatment requirements shall be determined on an individual 
basis in accordance with the provisions of Sections 41-010, 41-015, 41-020, 41-025, 
and 41-030 of the Oregon Water Quality Control Regulations. 
(b) Where industrial effluents contain significant quantities of potentially toxic 
elements, treatment requirements shall be determined utilizing appropriate bioassays. 

1 See Table 2-20. 
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TABLE 2-23. WATER QUALITY STANDARDS FOR OREGON AND WASHINGTON PORTIONS OF THE COLUMBIA RIVER ESTUARY AND TRIBUTARIES. (From Oregon State 
Department of Environmental Quality, 1976, and Washington State Department of Ecology, 1975, as compiled by Seaman, 1977.) 

Parameter 

Dissolved oxygen 

Temperature 

Turbidity Jackson 
Turbidity Un its, JTU) 
pH (log of hydrogen 
ion concentration 
Fecal Coliform MPN 

Total dissolved 
gases 

Radioactive material 

Aesthetic values 

Other prohibited 
conditions 

Dissolved chemical 
substances 
(Col umb i a River) 

Dissolved chemical 
substances 

Oregon 

Columbia River Col.R.Estuary 
90% saturation 6 mg/1 

T>6 °F: No increase;No significant 
T<68.5°F: 0.5°F in- increase above 
crease due to all natural. 
discharges; T<66°F: 
2.0°F i:icrease. 

Freshwater Trib. 
90% saturation; 
95% in s awning areas 
Same as Col. Riv. ex
cept 58°, 57.5° and 
56°, respectively. 

10% increase over background conditions; exceptions may 
be granted. 
6.5 to 8.5 7.0 to 8.5 6.5 to 8.5 

1000 per 100 ml average , and no 240 per 100 ml, and 
more than 20% of samples may exceed no more than 20% of 
this value. samples shall exceed 

this value 

Washington 

Clciss A Class AA 
8 mg/1 fresh 9.5 mg/l fresh 
6 mg/1 marine 7.0 mg/1 marine 
Water temperature shall not Water shall not exceed 60 F 
exceed 65°F (fresh) or 61°F (fresh) or 55°F (marine) due 
(marine) due to measurable to measureable (o.5°F) 
(0.5°F) effects of discharge. effect of discharge. 
Greater increases allowed at Greater increases allowed at 
lower tern erature. lower tern erature. 
5 JTU over natural background 

6.5 to 8.5 (fresh) 7.0 to 8.5 (marine) 

240 average 
' 

no more than 50 fresh or 70 salt 
20% samples exceeding 1000 average, with no more than 
per 100 ml in freshwater. 20% exceeding 230 per 100 ml. 

Liberation of dissolved gases in sufficient quantities to 110% of saturation 
cause objectionable odors or to be deleterious to fish life 
or other uses is prohibited; otherwise, 105% of saturation. 
Not to exceed maximum permissible concentrations for Less than those that might affect public health, the natu-
drinking water. ral aquatic environment, or any water use (same for other 

toxic materials). 
Shall not be offensive to the human senses of sight, tast~ 
smell or touch, be deleterious to fish or other aquatic 
life, affect the potability of drinking water or the 
palatability of fish or shellfish. 
Development of fungi or other growths having deleterious 
effects. Formation of deleterious bottom or sludge deposits. 
Discoloration, oily slick, floating solids, or coating of 
a ua tic l i fe. 

Concentration 
Substance mg/l Substance 

As 0.01 Fe 
Ba 1.0 Pb 
Bo 0.5 Mn 
Cd 0.003 Phenols 
Cr 0.02 Total Dis-

Concentration 
mg/1 
o. 1 
0.05 
0.05 
0.001 

Cu 0.005 solved solids 500. 
CN 0.005 Zn 0.01 
F 1.0 (applies only to freshwater) 

Freshwater streams and tributaries: same except total 
dissolved solids 100 mg/l. 
When the natural conditions exceed any of the above 
standards, the natural water quality is the standard. 

Shall not be impaired by the presence of materials or their 
effects, excluding those of natural origin, which offend 
the senses of sight, smell, touch, or taste. 



TABLE 2-24. WATER QUALITY CRITERIA FOR KLAMATH RIVER BASIN AND NORTH COASTAL 
BASIN, CALIFORNIA. (From EPA, 1978.) 

Color 

Waters shall be free of coloration that causes 
nuisance or adversely affects beneficial uses. 

Tastes and Odors 

Waters shall not contain taste or odor-pro
ducing substances in concentrations that impart 
undesirable tastes or odors to fish flesh or 
other edible products of aquatic origin, that 
cause nuisance or adversely affect beneficial 
uses. 

Floating Material 

Waters shall not contain floating material, 
including solids, liquids, foams, and scum, in 
concentrations that cause nuisance or adversely 
affect beneficial uses. 

Suspended Material 

Waters shall not contain suspended material in 
concentrations that cause nuisance or adversely 
affect beneficial uses. 

Settleable Material 

Waters shall not contain substances in concen
trations that result in deposition of material 
that causes nuisance or adversely affect bene
ficial uses. 

0 i 1 and Grease 

Waters shall not contain oils, greases, waxes, 
or other materials in concentrations that re
sult in a visible film or coating on the sur
face of the water or on objects in the water, 
that cause nuisance, or that otherwise ad
versely affect beneficial uses. 

Biostimulatory Substances 

Waters shall not contain biostimulatory sub
stances in concentrations that promote aquatic 
growths to the extent that such growths cause 
nuisance or adversely affect beneficial uses. 

Sediment 

The suspended sediment load and suspended 
sediment discharge rate of surface waters 
shall not be altered in such a manner as to 
cause nuisance or adversely affect beneficial 
uses. 

Turbidity 

Turbidity shall not be increased more than 
20 percent above naturally occurring back
ground levels. Allowable zones of dilution 
within which higher percentages can be 
tolerated may be defined for specific dis
charges upon the issuance of discharge per
mits or waiver thereof. 

Region 

pH 

The pH shall not be depressed below 6.5 nor 
raised above 8.5. 

Changes in normal ambient pH levels shall not 
exceed 0.2 units in waters with designated 
marine (MAR) or saline (SAL) beneficial uses nor 
0.5 units within the range specified above in 
fresh waters with designated COLD or WARM bene
ficial uses. 

Dissolved Oxygen 

The dissolved oxygen concentrations shall not 
be reduced below the following minimum levels 
at any time. 

Waters designated WARM, MAR, or SAL 5.0 mg/1 
~aters designated COLD ......•.•.... 6.0 mg/l 
Waters designated SPWN .........•.•. 7.0 mg/1 
Waters designated SPWN during critical spawning 

and egg incubation periods .....•. 9.0 mg/l 

Bacteria 

The bacteriological quality of waters of the 
North Coast Region shall not be degraded beyond 
natural background levels. In no case shall 
coliform concentrations in waters of the· North 
Coast Region exceed the following: 

In waters designated for contact recreation 
(Rec 1), the median fecal coliform concentra
tion based on a minimum of not less rhan five 
samples for any 30-day period shall not exceed 
50/100 ml, nor shall more than ten percent of 
tota I samp 1 es during any 30-day period exceed 
400/100 ml. 

At all areas where shellfish may be harvested 
for human consumption (SHELL), the median total 
coliform concentration throughout the water 
column for any 30-day period shall not exceed 
70/100 ml nor shall more than ten percent of the 
samples collected during any 30-day period ex
ceed 230/100 ml for a five-tube decimal dilution 
test pr 330/100 ml whep a three-tube decimal 
dilution test is used. 

Temperature 

Temperature objectives for COLD interstate 
waters, WARM interstate waters, and Enclosed 
Bays and Estuaries are as specified in the 
"Water Quality Control Plan for Control of 
Temperature in the Coastal and Interstate 
Waters and Enclosed Bays of California'' including 
any revisions thereto. A copy of this plan is 
included verbatim in the "Plans and Policies 
Appendi~' of the full Plan. 

In addition, the following temperature objectives
1 

apply to surface waters: 

The natural receiving water temp&rature of 
intra-state waters shall not be altered unless 
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TABLE 2-24. WATER QUALITY CRITERIA, NORTHERN CALIFORNIA (Continued) 

it can be demonstrated to the satisfaction of 
the Regional Board that such alteration in 
temperature does not adversely affect bene
ficial uses. 

At no time or place shall the temperature of 
any COLD water be increased by more than 
5°F above natural receiving water tempera
ture. 

Toxicity 

All waters shall be maintained free of toxic 
substances in concentrations that are toxic 
to, or that produce detrimental physio
logical responses in human, plant, animal, or 
aquatic life. Compliance with this objective 
will be determined by use of indicator 
organisms, analyses of species diversity, 
population density, growth anomalies, bio
assays of appropriate duration or other 
appropriate methods as specified by the 
Regional Board. 

The survival of aquatic life in surface 
waters subjected to a waste discharge or 
other controllable water quality factors, 
shall not be less than that for the same 
water body in areas affected by the waste 
discharge, or when necessary for other 
control water that is consistent with the 
requirements for "experimental water" as 
described in Standard Methods for the 
Examination of Water and Wastewater, latest 
edition. As a minimum, compliance with this 
objective as stated in the previous sentence 
shall be evaluated with a 96-hour bioassay. 

In addition, effluent limits based upon 
acute bioassays of effluents will be pre
scribed where appropriate, additional numeri
cal receiving water objectives for specific 
toxicants will be established as sufficient 
data become available, and source control of 
toxic substances will be encouraged. 

2-104 

Pesticides 

No individual pesticide or combination of 
pesticides shall be present in concentrations 
that adversely affect beneficial uses. There 
shall be no bioaccumulation in pesticide con
centrations found in bottom sediments or 
aquatic life. 

Chemical Constituents 

Water designated for use as domestic or mun1c1-
pal supply (MUN) shall not contain concentra
tions of chemical constituents in excess of the 
limits specified in California Administrative 
Code, Title 17, Chapter 5, Subchapter 1, Group 
1, Article 4, Section 7019, Tables 2, 3, and 4. 

Waters designated for use as agricultural supply 
(AGR) shall not contain concentrations of chemi
cal constituents in amounts which adversely 
affect such beneficial use. 

Radioactivity 

Radionuclides shall not be present in concentra
tions which are deleterious to human, plant, 
animal or aquatic life nor which result in the 
accumulation of radionucludes in the food web 
to an extent which presents a hazard to human, 
plant, animal or indigenous aquatic life. 

Waters designated for use as domestic or munici
pal supply (MUN) shall not contain concentrations 
of radionuclides in excess of the limits speci
fied in California Administrative Code. 

Region 
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TABLE 2-25. COASTAL WATER QUALITY CRITERIA FOR TOXIC SUBSTANCES OTHER THAN 
BIOCIDES, AS ESTABLISHED BY THE U.S. ENVIRONMENTAL PROTECTION AGENCY AND 
NATIONAL ACADEMY OF SCIENCES. (From OIW, 1977.) 

Maximum Acceptable Minimum Risk 
Maximum Acceptable Concentrations Threshold 

Concentrations (Mi 11 igrams or 2 (Milligrams or 
3 Substance (96 hr. Lc 50) 1,2 Micrograms/liter) ·Micrograms/liter) 

Antimony 1/50 0.2 mg/1 N.A.4 
Arsenic 1/100 0.05 mg/1 0.01 mg/1 
Bari.um 1/20 0.0 mg/1 0.5 mg/1 
Beryllium 1/100 1.5 mg/l 0.1 mg/l 
Boron 1/10 N.A. 5.0 mg/1 
Cadmium 1/100 0.01 mg/l 0.2 µg/l 
Chromium 1/100 0.1 mg/l 0.05 mg/1 
Copper 1/100 0.05 mg/l 0.01 mg/l 
Fluorides 1/10 1.5 mg/l 0.5 mg/l 
Iron N.A. 0.3 mg/l 0.05 mg/l 
Lead 1/50 0.05 mg/1 0.01 mg/l 
Manganese 1/50 0.1 mg/l 0.02 mg/l 
Mercury 1/100 1.0 µg/1 N.A. 
Nickel 1/50 0.1 mg/1 0.002 mg/l 
Phosphorus 1/100 0. 1 mg/l N.A. 
Zinc 1/100 0.1 mg/l 0.02 mg/l 
Cyanides 1/10 0.01 mg/l 0.005 mg/1 
Detergents 1/20 0.2 mg/l N.A. 
Phenol i cs 1/20 O. 1 mg/l N.A. 
Phthalate Esters N.A. 0.3 µg/l N.A. 
PCB's N.A. 0.002 µg/l N.A. 
Sulfides 1/10 0.01 mg/1 0.005 mg/l 

The maximum acceptable concentration figures in this column are expressed 
as fractions of the 96 hr. LC 5o for the most sensitive species in a given 
area. The 96 LC50 is that concentration of a substance which kills 50 
percent of the test species within 96 hours under standard bioassay 
conditions. 

2 Data are Environmental Protection Agency official criteria where available; 
National Academy of Sciences data used where EPA data not available. 

3 National Academy of Sciences data, for concentrations "below which there is 
a minimal risk of deleterious effects." 

4 N.A. - Not Applicable. 
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ITYPA/AMtlNTILAkE 214000!01'! 04-'<11'H!2 

INDEX IJIJ158 
MILE:S 1!111!06,1!10 . . . . . • • 
PARAMETER NUMflf_R Mf_AN VARIANCE STAN DEV COEF VAR S UNO ER MAXIMUM MINIMUM 
00~Hl8 LAB IOENT • NU,.,BER 6 17"1394• 1 209E +"16 ,1!1001!00 • '!Hil0000 17lo!69J 170013 
01111-110 WATER TEMP CENT 21 13,4047 17, 1908 4,14618 ,309306 ,904711! 22 ,01!0"1 8. 50(1100 
0(11070 TURI! Jl<SN JTU Ill 10,,HlVlli'I 116,"100 IJ,2665 1,3266!5 3,31662 46,0000 1,0000QI 
00076 TURB TRIJID"'TR HACH FTU 6 15,3333 74!5.467 27,Jli!J2 1,7806!5 11,1<16!5 70,001ill!I 1,0001!0 
IHl081l COLOR PT•CO UNITS 22 9.27273 217,25!5 14,7396 1,58956 3,14249 !50,001H'I ,000000 
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ltl0b3>1 N02&11103 N•TOTAL "'GIL 9 1,151!89 8,6!5505 2,94195 2,!538!59 ,980649 9 1 00Alil0 ,091'1009 
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001111'1! TOT HARD CAC03 "'GIL 22 3111,3636 12. 1477 8,49398 ,279742 1,81092 <16 ,0000 17,0000 
i10930 SODIUM NA,OISS MGIL lb 3,6011100 ,312"12J ,5!58!590 ,15!5lb4 ,139647 4,90000 2,8000111 
00935 PTSSIU"1 K,DISS MG/L lb ,487!51'10 ,041161 ,202896 ,416191 ,05072<1 ,900000 ,300000 
0094<! CHLORIDE CL MG/L 22 5,63161 2,039<11 1,42808 ,253!574 ,304468 10,011100 3, 0011100 
00945 SULFA TE. S04•TOT "'GIL 22 5,35454 3,61399 t ,91110!5 ,3!55035 ,40530!5 10. "10001il 2,00000 
J 151115 TOT COLI MPN COlllF ll>10ML 21 16!5,661 J961!5,4 199,0J& 1,20143 43,4333 620,000 4!5,11000 
31615 FEC COLI "1PNEC"'ED /l00ML 15 64,11667 2581,3!5 !50,8660 ,7939!55 13,1336 230,00111 4!5,111000 
7~Hi1117 PHOS•T OR THO MG/L p 6 ,1108667 ,11011031 ,00!5610 ,6472!51 ,1102290 ,0l41!ll!l0 ,00lill'10 

TABLE 2-26. AN EXAMPLE OF STORET WATER QUALITY DATA. This printout shows one form of output from 
the EPA's STORET system and gives an indication of the range of parameters sampled. These data are 
from one station on the Sixes River in Watershed Unit #7. 

BEG DATE ENO DATE 
71101111 17106101 
6!5109128 17106101 
6!5/09128 76/U/11 
17101111 171061B1 
6!5/0912~ 11106101 
73112111 1110!5111 
6!5/09128 1110611111 
65109/28 11186101 
65109128 7110611111 
65109/28 11106/07 
76110/20 77106/07 
651119128 17106101 
17101111 7111116101 
6!5109128 71106101 
17102/1!5 1110611111 
6!5109128 11106181 
65109128 17106/81 
6!5109/28 17186/07 
761101;!0 111111611111 
6!5109128 1e1121u 
11101111 11/H/07 
76110120 17106111 
73112111 16112114 
6!5/09/28 16111111 
11101111 77/P.6/07 
76110/20 1111611111 
6!5109/28 11116101 
73112111 11106117 
73112111 1110611111 
6!5/09128 71186/0'/ 
6!5109128 1118611'1 
6!5109128 11186111 
7J/l2/ll 17106111 
1711111111 11118101 
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As described in the Model (Volume 1), and in the Introduction and users' Guide, the biological 
components of the region are treated several times in this study, particularly by zones and 
habitats in Volume 3. The general habitat descriptions include characteristic flora and fauna. 
Community Composition lists, printed out from the Annotated Species List, include m~st of the 
significant organisms in each habitat community, arranged by trophic level. Food webs and 
ecosystem models, where available, further characterize the biology of each habitat. 

The Annotated Species List (see Section 3.3 of Volume 1 and Part 2 of Volume 5) includes data 
on the orqanisms of the coastal region, their distribution, zone and habitat preferences, 
trophic levels, abundances, and stat us. This computerized data bank can be searched and ma;1 i pu-
1 ated in a number of ways, as described in the sections cited above, and forms an integral and 
indispensable part of the biological characterization of this study. 

Chapter 3, as the outline in Volume 1 and above suggests, is not a comprehensive summary of the 
region's biology and thus is not similar to the treatment given the physical/chemical environ
ment in Chapter 2. Rather, Chapt~r 3 outlines and gives examples of areas covered in other 
parts of this study, as well as providing summaries of some of these areas. 

Biological zonation is discussed briefly in this chapter (descriptions of eacQ zone may be 
found in Volume 3). Extent of the zones identified in the region are given, and some of the 
major factors which influence the differentiation and distribution of the zones are discussed. 

The various models that have been developed for the zones and habitats of the study area are 
introduced in Chapter 3 of Volume 1. A general overview of the region's inland, coastal, 
and oceanic ecosystems is presented in the beginning of Section 3.2 (Biologic;3l Models). For 
the ecosystem model in particular, five key habitats (Old Growth Western Hemlock, E~ergent 
Vegetation, Eelgrass, Unprotected Beach, and Euphotic Pelagic Ocean) have been selected and 
treated in greater detail, with regional data and references given for the significant 
processes and components of each ecosystem. 

Region 3-1 



Similariy, terrestrial (Western Hemlock Zone) and estuarine succession models are treated here in 
some detail. Taken togetlher, these models and their descriptions consitute a useful summary of 
the major environments of the region. This level of model treatment, although desirable to 
"flesh out" each habitat 1model, was not carried out for other zones and habitats, as such an 
effort was beyond the scope of the present study. 

Organisms of particular interest in the region are discussed, with supporting data and references, 
in the Species of Concern section of this Chapter (3.4). This section serves as a useful summary 
of the significant plants and animals of the study area and the reasons for their importance. 
Detailed descriptions of selected species are found in Part 2 of this volume. 

Finally, areas of ecological concern in the region are discussed briefly, with references to 
appropriate literature for further information. These areas are treated in greater detail in the 
Watershed Unit descriptions in Volume 4. 

3.1 BIOLOGICAL ZONATION 

Descriptions of the biological zones treated in this study, along with community types (habitats), 
are given in Volume 3. The tables in Part 2 of the Conceptual Model (Volume 1) compare the 
zonation system used in this study with zonation systems developed by other authors. A brief 
historical treatment of ~iological zonation is also given in Part 2 of the Model and expanded in 
Volume 3. 

3, 1. 1 Distribution and Extent. Figure 3-1 indicates the distribution of biological zones 
within the region and demonstrates that the zones change with distance from the shore, with 
elevation, and latitude. The Western Hemlock Zone is the most widespread inland zone within the 
region. It is typically bounded by the Sitka Spruce Zone immediately along the coast and by the 
True Fir Zone at higher elevations. The Western Hemlock Zone is replaced by the Mixed Evergreen 
Zone and Redwood Zones in the southerly portions of the region, the Mixed Evergreen Zone being 
interior and more xeric (dry) than the Redwood Zone. Areas of the inland zones as well as the 
coastal and oceanic zones are given in Table 3-1. 

Distribution, location, a,nd size of estuaries in the region are discussed in Section 2.6.1 of 
Volume 2. Approximately 17 major estuaries (greater than 2 km2) and an equal number 6f smaller 
estuaries occur within the region. The four largest estuaries are Columbia, Willapa Bay, Grays 
Harbor, and Humboldt Bay, which combined make up approximately three-fourths of the total 
estuarine area in the region. (See Figure 2-24 and Table 2-8.) 

As indicated in Figures 2-2 and 2-4, beaches are well distributed all along the coast but are mere 
intermittent in Northern Washington and Southern Oregon. Associated dunes are not as widespread, 
but occur intermittently from Grays Harbor, Washington, south to Coos Bay, Oregon, and again in 
the Humboldt Bay area, California. 

The oceanic zones, which are defined in area by the continental shelf for purposes of this study, 
extend from the outer edge of the Surf Zone along the shoreline to the outer edge of the shelf 
over the whole length of the study area. The continental shelf in this region ranges from 15 
to 65 kilometers (9 to 40 miles) in width, which is narrow compared to the shelf off the coasts 
of other parts of North America. The two hundred meter depth contour identifies the approximate 
break of the shelf. The width narrows in the southerly portions of the region, particularly 
at Cape Blanco and Cape Mendocino. The oceanic zones of the study occupy a part of the margin 
of the Northeast Pacific Ocean. 

Human activity zones are defined here to exclude areas where such activities as agriculture, 
forestry, an~ fisheries take place. They include other areas where man has changed the environ
ment, such as built-up areas, highways, and utility corridors. Most of the residential, commer
cial, and industrial areas of these zones of human activity occur in the Coastal Zones, along 
major estuaries and the shorelines. In the Inland Zones, they are usually along the rivers. 
Total populatiqn of human activity zones is only a few hundred thousand and these zones occupy 
a very small portion of the land of the study regi.on. 

3. 1.2 Factors in Differentiation of Zones. As discussed in the Conceptual Model, biological 
zonation in the inland areas is principally determined by temperature and moisture. Figure 3-2 
demonstrates the effect of these two factors in differentiating between the Western Hemlock 
Zone and the Ttue Fir Zone. Other factors such as soil type, aspect, and slope alter the tempera
ture and moisture regimes. The synergistic effects of slopes, moisture, elevation, aspect, soil 
type, and topography for the Siskiyou Mountains (Mixed Evergreen Zone) of Southwestern Oregon 
and Northweste~n California are seen in Figure 3-3. 
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FIGURE 3-1. GENERAL DISTRIBUTION OF 
BIOLOGICAL ZONES IN THE REGION. 
The Sitka Spruce Zone is found immedi
ately adjacent to the coast, with the 
Western Hemlock Zone inland (on the 
mountain slopes) over most of the 
region; it is replaced in Southern 
Oregon and Northern California by 
the Mixed Evergreen and Redwood Zones. 
True Fir and Arctic-Alpine Zones are 
restricted to the Olympic Mountains, 
except for small areas of True Fir in· 
the Siskiyou/Klamath Mountains of 
Units #8 and #9. 
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FIGURE 3~2. DISTRIBUTION OF rwo CLIMAX VEGETATION ZONES IN RELATION TO 
MOISTURE AND TEMPERATURE, DEF NED BY PLANT RESPONSE INDICES. Data are 
from the H.J. Andrews Experimental Forest on the wes~ern slopes of the 
Cascades. in Central Oregon (oGtside, but in a similar environment to, 
the study area). (After Zobe.1 et al., 1973.) 

Within an inland biological zone, communities can be identified by vegetation which is dependent 
on temperature., moisture, soil suitability, etc. Community compos!ition is also strongly 
affected by these factors, as are successional considerations (see Figure 3-3). 

In the coastal areas, zones are differentiated by energy and morphology into different landforms 
(i.e. es~uarine areas .versus beaches and d1.,mes versus headlands an!d rocky islands). The zones ,3nd 
community types (habitats) are primarily separated by differences in elevation (with regard 
to tide); substrate, and succession. 

The oceanic shelf area is differentiated into pelagic and benthic jcommunities which are 
further distinguished by differences in light and sediment or sub~trate type. 
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Human activity zones are modified from the surrounding natural zones and are maintained in an 
artificial state by.man. Habitats _within these zones may include native, adventitious, ruderal, 
and planned vegetation, bare and paved areas, and structures of many kinds. These zones are -
differentiated by the continuing pressence of man and his activities and are distinguished by 
the kind and intensity of those activities. 

To summarize, biological zones, communities (habitats), and community composition reflect a 
gradient of environmental conditions. Large differences in environmental conditions result in 
different biological zones, smaller changes result in different communities, and yet smaller 
changes in differences in community composition. The natural environment is a continuum, which 
for the sake of practicality and description, man has grouped into recognizable assemblages of 
flora and fauna, which he defines as biological zones, habitats, and physical conditions. 

3.2 BIOLOGICAL MODELS 

The complex components, processes, interactions, and interdependencies characteristic of the 
living world are perhaps best described by a series of conceptual models which, together, outline 
the general and significant biology of the zdnes and habitats of the region. Such modeling tech
niques are treated in Volume 1 (the Conceptual Model) and constitute the basic approach of this 
study to the biological and ecological characterization of the study region. 

Ecosystem models, food webs, community composition models, and succession models have been devel
oped for a number of the zones and habitats of the region, as described in Chapter 3 of Volume 1 
and as discussed further in Part 1 of Volume 3. In the following sections (3.2.1 and 3.2.4), 
detailed discussions of selected models are presented as examples of key habitats in the region. 

A general discussion of regional biology requires separation of the study area into the categories 
of Inland, Coastal, and Oceanic following the outline given in Volumes 1 and 3. The ecology and 
biology of these separate areas differ markedly and require separate, although interfacing, 
treatment. The following discussion summarizes the region's biology and gives an overview for 
the presentation of habitat-specific information. 

Inland. The inlands of the study region have been divided into the following zones: Arctic 
Alpine, True Fir, Western Hemlock, Sitka Spruce, Redwood, and Mixed Evergreen. All of these zones, 
excluding the Arctic Alpine, are dominated by coniferous tree species which make up the vast 
majority of the biomass and are the principal producers. Different conifer species dominate in 
different zones, although some species (particularly Douglas fir) are a major component in several 
of the zones. Other important conifers are redwood, Sitka spruce, western hemlock, silver fir, 
and western red cedar. Significant broadleaf trees, primarily relegated to successional condi
tions or stressed environments, are red alder, big-leaf maple, tanoak, and madrone. 

The causes of the conifer dominance in this region, uncharacteristic of most forests in this 
latitude, has been reviewed by Franklin and Dyrness (1973). They contend that the dominance is 
in part caused by the regional climate pattern in which much of the precipitation falls during 
cold months (late fall, winter, and spring) and the winter temperatures during these wet months 
are relatively mild. These conditions concomitantly provide a competitive advantage to conifers, 
as they are able to photosynthesize during the cooler periods when precipitation is plentiful and 
are better able to withstand late summer dehydration stress. Deciduous broadleaf trees are 
at a disadvantage in the region as they must carry on all their productivity during the warmer 
months when dehydration stress can be severe. 

Kuckler (1946), on the other hand, concluded that the structure of the present regional forests 
is based on climatic conditions over geologic time (the evolution of the forests since the 
Miocene) and not on prevailing current climatic conditions. 

The above hypotheses are not mutually exclusive as appropriate historical 7onditions :or 
evolution of the current coniferous forests were essential to their establishment, while 
continuation must be based on current environmental conditions. 

the 
their 

Productivity in the region's forests is high, with estimates of primary production :ang~ng from 
fifteen to twenty-five metric tonnes per hectare per year (6-10 l?ng tons/a/yr): L1kew'.s:,.re
gional standing biomass estimates are large, with maximum values 1n old growth. 1n the v1c1n1ty 
of 1,600 to 2,300 metric tonnes per hectare (640-920 long tons/a); volume of timber produce~ is 
among the highest in the world (up to 36 metric tonnes/ha/yr or 14 long tons/ha/yr) (F:ankl in 
and Dyrness, 1973). A substantial portion of the carbon fixation through photosynthesis occurs 
during the cooler fall and winter months as noted above. 
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The explanations of this high forest productivity and large standing biomasses of the region are 
speculative. High productivity is related to a combination of high precipitation, moderate 
temperatures, and we 11-deve 1 oped soi 1 s; mode rate decomposition . rates and 1 each i ng a 1 ong with 
nutrient-conserving soils and fairly closed nutrient cycling systems also play a role in the 
high forest productivity. 

Large standing biomass, great size, and longevity of the trees of the region's forests is thought 
to be related to at least three factors. The first is the forest gene pool which, unlike that 
in many other temperate areas, was not depleted during the Pleistocene (Silen Doig, 1976). 
The second factor is the region's lack of strong winds which frequently disturb and blow down 
forests in similar latitudes (e.g. typhoons of Asia, hurricanes of Eastern United States) 
(Fujimori, 1971). Fire is a third factor, a natural catastrophic event infrequent in the 
northern portions of the study area but more prevalent in the southern portions of the region .. 
Tree species in the southern portions, particularly the redwood, have developed thick, 
fire-resistant, fibrous bark (Fowells, 1965). Consequently, older trees are seldom killed 
by fires which would destroy other species. 

Revegetation and reforestation occur rapidly in the favorable environment of the region. Sites 
are typically revegetated in less than one year following disturbance and young forests are 
typically reestablished within twenty years of disturbance. However, successional sequences are 
slow and in ~ome cases (e.g. redwood) may take 1,000 years or longer to reestablish a climax 
community (see Section 3.2.4. 1). Revegetation and reforestation can be considerably slowed in 
some areas by localized environmental conditions and historical events. 

Regional community changes are more marked on an east-west transect than on a north-south 
transect through the study area. Changes in communities north to south are slow and gradual. 
The rapid ea?t-west changes in elevation and concomitant climatic and soil conditions produce 
relatively rapid changes in communities (see Section 3.1). 

Terrestrial forest food webs are largely detrital, with grazing in most years representing only 
a small fraction of annual production. As a result, the ratio of consumer to producer biomass 
is very small (around 0.001:1). 

Significant producers include the dominant tree species (as mentioned above) and major understbry 
plants such as evergreen huckleberry, red huckleberry, salal, red elderberry, and salmonberry. 
A large number of herbaceous species contributed to the lush plant growth of the region. 

Primary consumers in the forests are insects and slugs. Insects provide the food base for most 
forest bird species. Other significant primary consumers are the recreationally important black
tailed deer, Roosevelt elk, and black bear, as well as the mountain beaver, and brush rabbit. 
Beaver and muskrats are major primary consumers in aquatic and riparian habitats. Predators 
are the bobcat, mountain lion, coyote, and the short-tailed and long-tailed weasels. The 
river otter, mink, and raccoon are important wetland predators. Inland game species include 
pheasant, grouse, and numerous species of waterfowl also. 

Rare, endangered, or threatened species of the regions' inlands include the endangered Columbi.an 
white-tailed deer, the Aleutian Canada goose, and the Peregrine falcon. In addition, the spotted 
owl is becoming rare and potentially threatened in Oregon, and the bald eagle, common along 
rivers and coastal forests, is nationally classified as endangered in California and threatened 
in Oregon and Washington. The Karok Indian snail, found in some Northern California ravines, is 
proposed for endangered status on the national list. 

The rare wolverine is thought to occur in the southerly portions of the region as well as the 
rare white-footed .vole. The Olympic mudminnow, a small fish endemic to a few watersheds in 
th7 Olympic Peninsula and the Siskiyou Mountain salamander are potentially threatened. The 
grizzly bear and wolf, once common, have disappeared from the region. 

Lakes are uncommon in the study area. Many small rivers and streams occur in the region as 
well as the Columbia (see Section 2.5). Runs of anadromous fish, particularly chinook a~d 
coho (salmon) and steelhead (trout), are common in all of the coastal watersheds and are 
significant to the biology as well as the socioeconomics of the area. 
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Coastal. As in all coastal areas, the coastal zones of this region are transitional, ecotonal 
areas between inland terrestrial zones and oceanic marine zones, and, in the case of estuaries, 
they represent the interface of freshwater aquatic, terrestrial inland, and marine environments. 
In ecological theory, such "edge" environments typically have greater diversity and abundances 
of organisms as species characteristic of all the environments involved are present as well as 
those specific to the interface areas (E.P. Odum, 1971). 

The coastal communities of this region follow, at least to some extent, the "edge" hypothesis. 
For the small relative areas they cover, they represent locations where fauna concentrate, with 
high diversity of species. These zones are, to various degrees, inhabited by oceanic, inland, 
and, in the case of estuaries, freshwater species; 

As transitional areas, coastal zones are often difficult to define in precise terms. A case in 
point, the Estuarine Zone, has been defined in .a variety of ways (see Section 2.6. of the Model, 
Volume 1). For example1 some authors define an estuary in terms of salinity while others 
consider morphology. The upstream inland boundary and the marine boundary on rocky shores 
or sandy beaches are, by necessity, vague and inprecise. One can arbitrarily define the outer 
limit of the shore zones at the intertidal/subtidal boundary, or at the edge of the Surf 
Zone where the influence of high ener.gy waves are felt. As previously mentioned in discussions 
of biological zonation in this study, the boundaries between zones and communities are 
typically gradients. 

In this study, the coast has been categorized i~to three major habitat types: estuaries, beaches 
and dunes, and headlands and rocky islands, each divided into zones by tidal relationships. The 
differences among these general types are both physical and biological. They hav~ differing 
mass transport phenomena, energy conditions, and consequently, different ecosystems, species, and 
food webs. 

The majority of the coast in the region is bordered by beaches. Associated dunes comprise 
major portions of the coast in Southern Washington and Northern and Central Oregon. Headlands 
are common in Northern Washington and intermittent along the entire coast. The three largest 
estuaries occur in Watershed Units 2 and 3, with Watershed Units 7 and 9 also having large 
estuaries. The major estuaries have ,associated beach and dune areas comprised of spits and 
other adjacent landforms. 

The coastal zones are so varied that no particular species or groups of species dominate them 
all. European beach grass is common on the foredune. The diatom Chaetoceros armatum is 
abundant in some surf zones. Shore pine and Sitka spruce are found on the stabilized. dune. 
The progression in the dunes is from small-bodied, rapidly-reproducing, primative plants to 
large, long-lived, woody plants. Similar radiGal changes in dominant p~oducers occur in 
rocky shores and estuaries. Fauna] qhanges fol: low suit, with razor clams giving ,way to 
shorebirds, g1v1ng way to upland song birds and small mammals along an ·elevation ;gradient 
relative to the tides. 

Likewise, the members of food webs djffer along the inland/marine gradient. Th~ major primary 
consumers in the inland areas are in~ects, while other invertebrates (e.g. crustaceans and 
molluscs) dominate the second trophi¢ level in.the more marine areas. The ratio of consumer to 
producer biomass typically increases as one moves seaward, reflecting the shift to grazing food 
webs and/or fairly rapid turnover detrital food webs. 

Net/primary productivity in the regi6n's salt marshes is nearly as great as that of the inland 
forests. Standing crop biomass, how$ver, is considerably less than forest communities (although 
greater than most marine and other e$tuarine communities), which is an indication of the rapid 
nutrient cycling in the estuary and the large export of detritus to other estuarine and oceanic 
habitats. Similarly, eelgrass beds support a much higher consumer biomass than terrestrial 
forests (although their primary productivity is significantly less than that of the forests) be
cause of the fast turnover and large quantities of wrack and detritus exported to other communities. 

Predators vary considerably over the coastal zone. The roles played by the cougar, coyote, 
and bobcat are replaced in salt marshes and deflation plains by raptors, and by fish, marine 
mammals, and sea birds in the aquatic portions of these zones. 

Headlands and islands are important ~o a number of species which are essentially terrestrial 
forms that have "reinvaded" the marihe ecosystems. Sea birds and marine mammals utilize these 
areas as resting and breeding sites, still being dependent, 'at least through part of their life 
cycle, on terrestrial environments. 
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The estuary's role on the West Coast for the major marine fisheries is not well documented. In 
other regions, estuaries are important as an exporter of detritus and as a rearing area for 
juvenile crustaceans and fish of commercial value (E.P. Odum, 1971). Detrital production 
must be considered low in this region as the extent of the estuarine environment for the 
Northwest Coast is low compared to the Gulf Coast or East Coast of North America. There 
is evidence of the significance of estuaries to crustaceans of economic importance in the 
region. Seaman (1977) and Isakson (1976C) report concentrated use of estuarine areas by 
juvenile Dungeness crabs. However, the same juvenile crabs also use shelf waters and it is 
not known whether the estuarine concentrations are critical to the major populations. Estuaries 
are important to species of crangon shrimp (e.g. Crangon nigricauda and C. franciscorum) for 
reproduction and growth (Krygier and Horton, 1975), and also harbor significant populations 
of other shellfish. 

Estuaries are of particular significance as throughways for the commercially and recreationally 
valuable anadromous fish of the region. Salmon juveniles (coho and chinook) are reported to 
remain in estuaries for an interval following their downstream migration (see the chinook 
and coho life cycle figures in Part 2 of this volume). Estuaries are of importance to the 
white and green sturgeon where major portions of their populations reside (Hart, 1973; Moyle, 
1976). Estuaries are also important to other anadromous fish such as striped bass and sea-run 
cutthroat trout which remain feeding in and near estuaries as adults. 

Other important garne species in the coastal areas are the waterfowl. Black brant, American 
widgeon, mallard, pintail, canvasback, and Canada goose are the major hunted species. Razor 
clams are harvested in large numbers from the Beach Surf Zone in portions of the region, and 
big game such as black-tailed deer and black bear visit the shoreline and estuarine communities 
while foraging for food. 

Rare, endangered, or threatened species of the coastal environments include the endangered 
Columbian white-tailed deer, the Aleutian Canada goose, the Peregrine falcon, and the brown 
pelican. Newcomb's Jittorine, an estuarine snail reported from three of the study area's 
estuaries, and the rocky coast snail are proposed for threatened status on the national list. 
The snowy plover, which is fbund in low numbers along the coastal beaches, is listed as 
threatened in Oregon, and the bald eagle, which frequents the immediate coast and estuaries, 
is nationally classified as endangered in California and threatened in Oregon and Washington. 
The sea otter, recently reintroduced in two populations along the coast, is listed as 
threatened in Oregon. 

Oceanic. The neritic and littoral portions of the ocean are those areas overlying (pelagic) and 
on (benthic) the continental shelf, respectively. This is the extent of the oceanic "zone" 
included in this study, althpugh it comprises a very small portion of the oceans as a whole. 
The biological zones of this shelf region for purposes of this study have been designated as 
Euphotic and Disphotic Pelagic Zones and Vegetated and Non-vegetated Benthic Zones. 

The ocean over the 
shelf fertility is 
the Euphotic Zone. 
the region. 

shelf is the most fertile part of the marine system. In this region natural 
augmented by the process of upwelling which brings nutrient-rich water to 

This extra nutrient supply sustains high phytoplankton productivity in 

Unlike most terrestrial systems, oceanic food webs are principally populated by grazers. A 
major characteristic of these oceanic grazing food webs is a high consumer to producer biomass 
ratio. Data have not been ~nalyzed for the shelf waters of this region, but in other marine 
systems a 1 :1 ratio or larger is not extraordinary (E.P. Odum, 1971). Terrestrial systems 
of this region, in contrast, have around a 0.001 :1 consumer/producer biomass ratio (Edmonds, 
1974). In the Non-vegetated Benthic Zone, the food web lacks any producers and is strictly 
detrital, although the demersal fish may migrate into the Euphotic Zone and join the 
phytoplankton-based food web, 

Another interesting comparison of coastal with terrestrial systems is the size and longevity 
of the producers. In the Euphotic Pelagic ocean the producers are all microscopic plankton 
with very short life spans, and in the Vegetated Benthic ocean the producers (kelp, other 
algae, and surfgrass) are mostly macroscopic with annual 1 ife spans. In inland terrestrial 
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ecosystems the dominant producers are all macroscopic - often very large in the study region -
and generally long-lived (to 1200+ years in redwoods). Colinvaux (1973) reviews hypotheses of 
the phenomenon of phytoplankton dominance in the pelagic ocean, which include 1) smallness resists 
sinking, 2) smallness increases surface area and thus aids in uptake of nutrients, 3) smallness 
resists drifting in winds and currents, and 4) smallness promotes rapid turnover and thus efficient 
use of resources. In the shallow ocean, just seaward of and overlapping into the Surf Zone, 
light is not a problem and firm anchoring against currents is possible, with the result being 
dominance of macroscopic producers. 

A third significant characteristic of oceanic food webs is their complexity and number of 
overlapping trophic levels. The simple producer-herbivore-carnivore food web paradigm is 
typically elaborated, with a number of intermediate predators and overlapping roles. Phyto
plankton (e.g. diatoms) are eaten by zooplankton (e.g. copepods), which are eaten by yet larger 
crustaceans (e.g. shrimp), small fish (e.g. anchovy), or baleen whales, which may be eaten by 
larger fish, marine mammals, or sea birds, 'which, in turn, are eaten by other marine mammals 
(e.g. killer whale) and sharks (e.g. blue shark). 

Many of the groups mentioned above prey on several trophic levels. For example, killer whales 
feed on marine mammals, such as seals, as well as salmon and other fish which seals prey on. Simi
lar behavior is found throughout the food web. In many cases prey size is the principal factor 
in determining food habits (Sverdrup et al., 1942). 

The phenomenon of diel vertical migration of large numbers of Disphotic Zone consumers and the 
general circulation and intermixing of the oceanic water help to explain the close inter
connections among the various oceanic zones and habitats of the region. These biological 
communities are probably more closely related than those in the inland or coastal areas, and 
the boundaries (as discussed in the coastal section above) are even more vague and overlapping. 

Oceanic communities vary in relation to depth and substrate type as well as other factors. 
These zones and habitats are distributed more or less evenly over the entire north-south length 
of the study area, although the higher energy of the northern portions of the oceanic shelf 
cause more sandy bottom to occur there and muddy bottom to be more common to the south. 

Major commercial and recreational finfish species in the region's oceanic shelf waters include 
the following, in order by landing weight: albacore (tuna), sole (all species), coho (salmon), 
chinook (salmon), rockfish (all species), sablefish (black cod), ling cod, and smelt (all 
species, including eulachon). Major shellfish species harvested from the shelf include shrimp 
and Dungeness crab. 

Rare, endangered, or threatened species in the oceanic environment include the following 
whales: blue whale, Pacific right whale, Sei whale, fin whale, humpback whale, gray whale, 
and sperm whale, all of which are nationally listed as endangered. The sea otter, which is 
found in at least two reintroduced populations along the coast in the kelp bed habitat, is 
listed as threatened in Oregon. The endangered brown pelican appears infrequently in the 
oceanic zones of the region. 

3.2.1 Ecosystems. The ecosystem model, as described in section 3.2.1 of Volume 1, represents 
the major physical-chemical, biological, and socioeconomic components of each component habitat, 
their interactions, and the significant inputs and outputs of matter and energy that flow 
through the system. 

Five representative habitats have been singled out for detailed treatment as examples of the 
major different environments of the region: terrestrial (Old Growth Western Hemlock), estuarine 
(Emergent Vegetation and Eelgrass), shoreline (Unprotected Beach), and oceanic (Euphotic Pelagic). 
These models and the notes on their components and processes follow in that order. 
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3.2.1.1 Old Growth Western Hemlock Ecosystem Model Notes. The old growth western hemlock 
community was, in pre-logging periods, the most extensive plant community in the coastal region. 
This ecosystem is a prime example of a pristine forested community and is representative of 
old growth climax communities displaying: large standing biomass, reduced net primary pro
ductivity (compared to earlier seral communities), fairly closed nutrient cycling, and 
microclimate homeostasis. Unlike many other types of forests, large amounts of carbon are 
fixed during cooler periods. Typical of most forests, the food web is principally detrital, 
i.e. consumer organisms account for only a small portion of the standing biomass and most of 
the energy flows directly from producers to decomposers through litterfall. 

Productivity, respiration, and decomposition in this ecosystem are modulated daily and 
seasonally. Likewise, community composition, consumption, and other aspects and processes 
of the ecosystem show sea~~nal cycles. Events which occur sporadically or over long cycles, 
such as insect epidemics, windstorms, or droughts, also have profound effects on the function 
and structure of the community. 

The old growth forest can be considered a "mined" resource, as few forest management programs 
provide for cutting rotation periods of an adequate duration for the maintenance of old growth 
communities. This habitat, as well as the other old growth communities of the study area, has 
been cut from most easily harvestable lands and has provided the bulk of economic returns to the 
forest industry. 

The following discussion deals with specific component~ processes, and relationships of the old 
growth forest ecosystem as notes to the habitat model, Figure 3-4. Biological processes are 
discussed first, beginning with (1) photosynthesis/primary productivity, and continuing with (2) 
shading, (3) uptake, (4) nutrient input from precipitation, (5) nitrogen fixation, (6) secondary 
productivity, (7) community composition, (8) litterfall, (9) mortality, and (10) decomposition. 
Physical processes follow: (11) weathering, (12) base exchange, (13) leaching, (14) runoff and 
evapotranspiration, (15) erosion and mass wasting, (16) nutrient losses, and (17) detritus losses. 
Disturbance to the ecosystem (18) from logging or natural perturbations is discussed next, 
followed by other human activities: (19) harvest and (20) recreational use of habitat. Finally, 
succession (21) as both gains and losses of habitat is treated briefly, with reference to further 
discussion in the Succession Model of Section 3.2.4.1. (Note: C.C. in Figure 3-4 indicates 
Carryinr, Capacity.) 

#1. Photos nthesis/Primary Productivit . A summarized equation for photosynthesis, as reported 
by E. P. Odum 1971, p. 5 , is as follows: 

1,300,000 Cal. radiant energy+ 106 C0 2 + 90 H
2
o + 16 N0

3 
+ 1 P0

4 
+mineral elements 

equals 

13,000 Cal. potential energy in 3,258 gms protoplasm (106 C, 180 H, 46 O, 16 N, 1 P, 
815 gms of mineral ash) + 154 o2 + 1,287,000 Cal. heat energy dispersed (99%). 

As the equation indicates, the process of photosynthesis uses radiant energy to form organic 
molecules containing potential energy from carbon dioxide, water, ni-trate, phosphate, and trace 
nutrients. 

In the ecosystem modeling (Figure 3-11) the actual inputs of carbon and other nutrients are not 
shown although it is understood that they are required. Carbon dioxide is taken from the atmos
phere and the remaining nutrients are typically taken from the soil. 

Photosynthesis, which is often measured as primary gross production, is a function of several 
factors including light energy, nutrient availability, temperature, and moisture. Deficiencies 
in any of these factors independently or combined can reduce realized photosynthetic activities. 
A daily pattern of photosynthesis is imposed by light availability, while a seasonal pattern 
imposed by light, moisture, and temperature also occurs. 

The effects of temperature, radiation, and vapor pressure deficit on net photosynthesis for 
selected tree species is given in Figure 3-5. Note the change of efficiency and requirements 
for Douglas fir during different times of the year. Saturation of photosynthesis for these 
species occurs at 1.25 Langly. Other limiting factors to photosynthesis are shown in Figures 
3-6 and 3-7. Note the peaking of productivity at about 19°c and the relationship between 
temperature and radiation. 
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3.2.1.1 Old Growth Ecosystem Model Notes (continued) 

During different periods of the year photosynthesis is limited as indicated in Figure 3-8. 
Temperature and moisture affect photosynthesis by Douglas fir on a seasonal basis. Summer 
production is generally limited by moisture, while photosynthesis in fall, winter, and 
spring is more apt to be limited by temperature. Edmonds (1975)1 reports that efficiency 
for a given level of light input is the greatest during fall and winter. 

Nitrogen is generally the limiting nutrient for photosynthesis of coniferous forests in the 
study area (Gessel et al., 1969). Edmonds (1974)1 reports that nitrogen fertilization of 
Douglas fir improves only the photosynthetic rate of new growth, and then only during periods 
of rapid growth. The photosynthetic response decreases considerably after the second year 
but growth continues to accelerate for a year to two with application of fertilizers. Edmonds 
(1975) provides some general relationships between nitrogen and foliage (Figure 3-9) and 
between nitrogen and wood growth (Figure 3-9) for coniferous forests of the study area. 

Primary productivity is high in forested ecosystems within the region (Franklin and Dyrness, 
1973). Selected sites produce as much as 36.2 metric tonnes per hectare of biomass per year 
(Fujimori, 1971), although 15-25 metric tonnes/hectare/year are more typical figures on better 
than average sites (Franklin and Dyrness, 1973), and values as low as 4.2 metric tonnes/ 
hectare/year have been reported for old growth (Grier et al., 1974). Lieth and Box (1972) 
calculated a range of 15 to 21 metric tonnes/hectare/year based on evapotranspiration data 
for the region. Preliminary information on net productivity of Northwest coniferous forests 
compared to other ecosystems is indicated in Table 3-2. 

Edmonds (1975) and Edmonds (1974) are summaries and reports of ongoing International 
Coniferous Forest Biome Project research being conducted by numerous researchers. A list 
of publications identifying various research areas is provided by Edmonds (1977) and by 
annual directories published by the U. S. National Committee of the International Biological 
Program. 
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3.2.1. 1 Old Growth Ecosystem Model Notes (continued) 

TABLE 3-2. NET PRIMARY PRODUCTION IN GRAMS OF 
CARBON PER SQUARE METER PER YEAR. (After U.S. 
National Committee for the International Biological 
Program, 1974.) 

Coniferous 
Forest 

640 

Deciduous 
Forest 

680 

Grassland Tundra 

370 88 

#2. Shading. As discussed in Note #1 (above), insolation Is critical to primary productivity. 
Shading by overstory (canopy) species largely controls the relative degree of understory pro
ductivity on a given site. Concomitantly, annual species dependent on understory vegetation (and 
the food webs based on them) are similarly affected. In a young, vigorous forest the canopy is 
largely closed and little light reaches the understory. Hence, the understory vegetation plays 
an insignificant role in productivity or nutrient cycling (Cole et al., 1975). In old growth 
forests the canopy is opened to some extent by mortality of the dominant trees. The result is 
increased productivity and nutrient cycling in the understory (Grier et al., 1974). 

An additional role of shading is its effect on regeneration. Only trees which are tolerant to 
low light intensities are able to reproduce under these conditions. Western hemlock and western 
red cedar are able to propagate in old growth forests while Douglas fir and red alder are unable 
to do so except in isolated openings (Fowells, 1965). 

#3. Uptake. Photosynthesis and growth in plants require nutrients which are typically gained 
through ionic transport from the soil nutrient solution. At least thirteen mineral nutrients 
ranging in concentrations from parts per thousand for nitrogen and phosphorus to parts per million 
for copper are essential for forest growth in the region (Gessel et al., 1973), and become part 
of the biomass (Edmonds, 1974). The major carrier for nutrient ions is water and its presence 
is essential to the uptake and cycling process. 

Symbiotic mycorrhizal fungi, which are poorly known for the study area are significant in the 
uptake process. J, Trappe and B. Zak have been collecting information on mycorrhizal relation
ships of species within the region. A bibliography is provided by Pacific Northwest Forest and 
Range Experiment Station (1977). 

Leaf et al. (1973) summarized the following advantages of mycorrhizal associations: 

1. Increased uptake of nutrients (particularly phosphorus) from the soil. The nutrient 
absorbing surface and the ability to extract difficultly-available nutrients from the 
soil are both increased over that of root hairs. 

2. 

3. 

4. 

Increased water uptake from soil and thus greater resistance to drought. 

Increased protection from pathogens through both mechanical and Chemical means. 
Certain mycorrhizal fungi produce potent antibiotics~ vivo (Marx, 1969). 
Increased ability of the host to tolerate high soil temperatures. Certain mycorrhizal 
fungi can tolerate quite high temperatures themselves and it has been shown that the 
plants with which they are associated can also survive and grow under conditions which 
would not be tolerated by the same plants were they either non-mycorrhizal or mycorrhi
zal with other fungi (Marx et al., 1970). The practical application of this function 
will be tested soon in the reforestation of coal spoils on which trees have previously 
failed to survive. 

In addition, several authors (Voigt, 1965; Weed et al., 1969) report that.movement.of ions from a 
mineral lattice to the absorbing surface of roots is promoted by mycorrh1zal fungi and other 
rhizospheric and soil microorganisms. These microorganisms release metabolic by-products which 
increase the solubility of mineral lattice ions, thereby enhancing weathering of minerals and 
uptake of nutrients. 

Trappe and Strand (1969) have documented that fumigation in nurseries has killed beneficial 
mycorrhizal fungi and resulted in stunted, sickly seedlings. Work is in progress (Zak, 1975) 
which has resulted in innoculating container seedlings with appropriate mycorrhizal fungi. 
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3.2. 1. 1 Old Growth Ecosytem Model Notes (continued) 

An interesting species interraction dealing with uptake and symbiotic relationships is 
described by Zak (1976). Foresters have noticed that two plant species, bearberry and Pacific 
madrone, are good "nurse" species for pine and Douglas fir reproduction. The beneficial relation
ship is based on compatible mycorrhizal fungi of the bearberry and madrone. The seedlings of 
pine and Douglas fir are able to utilize the established mycorrhizal system. Other species, 
e.g. vine maple, find the mycorrhizal fungi incompatible and their seedling must compete 
directly for nutrients. 

Leaf et al. (1'.373) report that mites and col lembolas (springtai ls) are important vectors 
in the spread of mycorrhizal fungi colonization. Maser (Anon., 1977) and Fogel and Trappe (1978) 
report a similar function by mycophagous (fungi-eating) small mammals within the study area. 

Uptake rates are not available for old growth western hemlock forests. The following data for 
uptake and nutrient cycling (of selected nutrients) are from old growth Douglas fir in the 
Western Hemlock Zone in the Oregon Cascades. 

Uptake rates vary seasonally and are less for old growth Douglas fir than for younger coniferous 
or deciduous forests (Edmonds, 1974). It is thought that climax.western hemlock has even less 
of a nutrient demand than old growth Douglas fir. In general, nutrient requirements and uptake 
for old growth coniferous forests are low compared to second growth forests and other forests of 
the United States. Nutrient requirements seem to peak at forest stands of 75 years of age and 
decrease thereafter (Edmonds, 1974). 

Since nutrient cycling is best treated as a complete process, a model is presented in Figure 3-10 
for four nutrients and includes precipitation, litterfall, and leaching. Discussions of these 
processes and nitrogen fixation are in the following section. More detailed data on the four 
nutrients of Figure 3-10 in different parts of the coniferous forest ecosystem are presented 
in Table 3-3. 

TABLE 3-3. NITROGEN, PHOSPHORUS, POTASSIUM, AND CALCIUM CONTENTS OF THE 
VEGETATION, LITTER, AND SOIL IN AN OLD GROWTH WESTERN HEMLOCK ZONE ECOSYSTEM. 
These data are from Watershed 10 in the H. J. Andrews Experimental Forest, 
which is located outside the study area on the western slope of the Cascades 
east of Eugene, Oregon. (From Edmonds, 1974.) 

Nutrient Content 
(kg/ha) 

Dry wt. 
System Component (kg/ha) N p K 

Overstory 
Foliage 8,906 74.8 20.4 69.5 
Branches 48,543 48.6 10.2 48.6 
Bole 472,593 189.0 11. 8 122.8 
Roots 74,328 62.4 5.2 20.8 

Understory 
Large shrubs 
Foliage 1 ,604 16.8 2.2 5.3 
Stems 4,834 8.3 3.3 7. 1 

Small shrubs 
Foliage 1 ,991 17.0 2. 1 8.6 
Stems 270 0.7 0.2 0.6 
Herb layer 65 0.9 0.3 1. 4 
Epiphytes 1, 100 13.5 

Total vegetation 614,344 432.0 55.7 284.7 

Litter layer 
Surface layers 43,350 433.5 61. l 49.8 
Logs 55,200 132.5 8.6 20. l 

Soil (0-100 cm) 79,250 4300.0 29.oa 1200.ob 

TOTAL ECOSYSTEM 792' 144 5298.0 154.4 1554.6 

aExchangeqble phosphorus. 
bA · . d mmon1um dcetate extracte . 
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Ca 

92.6 
243.3 
283.5 
96.6 

10. l 
20.8 

11. 0 
o.8 
0.7 

759.4 

363.3 
80. l 

55oo~ob 

6702.8 
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3.2. 1.1 Old Growth Ecosystem Model Notes (continued) 

#4 and #5. Nutrients from Precipitation and Nitrogen Fixation. Nutrient inputs from precipita
tion are indicated in Figure 3-10 and are relatively low. Data specific to the Coastal Range are 
not readily available; however, due to salt spray and greater precipitation in the study area, 
volumes of these nutrients in rainfal 1 should be greater. Edmonds (1974) reports that large 
quantities of nitrogen, phosphorus, and other nutrient cations as well. as sodium and chloride 
ions are introduced by sea spray. The extent of this input is unknown. 

A potentially significant input of nitrogen .in old growth is through nitrogen-fixation by some 
epiphytic lichens. General epiphytic fall has been measured at 6.7 percent of the nitrogen of 
total litterfall (Edmonds, 1974) - an input of 5.6 to 12.8 kg/ha of nitrogen per year - but 
preliminary studies of Lobaria oregana, the most abundant macrolichen in old growth canopies 
(Pike et al., 1972), indicate a nitrogen-fixing potential, th; only documented fixation in old 
growth (Denison et al., 1~76). However, old growth is a relatively closed nutrient cycling 
system and this input of nitrogen is probably not critical. 

Studies are currently under way to better document this phenomenon (Denison, personal communica
tion). These inputs probably do not occur in second growth coniferous forests, as slow-growing 
lichens such as Lobaria species do not make up significant biomass. The sensitivity of 
epiphytic lichens to air pollution is well documented (Ferry et al., 1973; Denison and 
Carpenter, 1973). 

#6. Heterotrophic (Secondary) Productivity. Forest ecosystems typically put much of their 
productive capacity into wood, and have detritus-based food webs with energy flow dominated by 
the plant to detritus chain (E. P. Odum, 1971). Pre] iminary data concerning heterotrophic 
(consumer) respiration for the study area's coniferous forests compared to other ecosystems are 
provided in Table 3-4. 

TABLE 3-4. CONSUMER RESPIRATION IN GRAMS OF 
CARBON/m2/YR. (From U.S. National Committee for 
the International Biological Program, 1974.) 

Coniferous 
Forest 

370 

Deciduous 
Forest 

520 

Grassland Tundra 

199 88 

For an old growth Douglas fir forest canopy, Strand (1974) reports an estimated 1.6% of net 
primary production (42.5 kg/ha/year) is consumed by grazing insects. A very small portion, 
0.05% or 1.2 kg/ha/year, is taken by birds, principally as seeds. At high tree densities, circa 
5 individuals/ha, Roosevelt Elk and black-tailed deer consume as much as 1.9 kg/ha/day and 
0.6 kg/ha/day, respectively. In an old growth system density should be closer to 0.05 individu
als/ha with consumption being reduced an order of magnitude, or a combined consumption of about 
90 kg/ha/year. The reader is cautioned that these are very rough estimates that do not take 
into account seasonal changes in population densities or food requirements. The role of small 
mammals as consumers in forested ecosystems of the region has not been studied. Energetics of 
small mammals in grassland ecosystems have been reported (French et al., 1976; Koplin, personal 
communication, 1973) but generalization to Pacific Northwest forested systems is questionable. 
Densities and food habits of mammals have been documented (Whitaker and Maser, 1976; Fogel and 
Trappe, 1978; Hooven, 1977; Hooven and Black, 1976; and others) but translation into energetics 
has not been reported. Small mammal populations are often cyclic, and have been documented in 
grassland habitats within the study area (Koplin, 1978, personal communication, Department of 
Biology, Humboldt State University, Arcata, California), Hooven and Black (1976) provide some 
preliminary evidence of population fluctuation for the California red-backed vole in old growth 
forest. Likewise, the role of grazing invertebrates in the forest floor food web is not well 
known. Richter (.1976) reports the consumption of approximately 31 kg/ha/year by a single species, 
the banana slug (Ariolimax columbianus), for a lowland second growth forest west of the Cascades 
dominated by an understory of braken fern, a preferred slug food species. 

Percentage of primary productivity consumed in terrestrial ecosystems has been measured and 
modeled at 1.5% to 20%, the low figure for eastern deciduous forests (Bray, 1964) and the high 
figure for an old field ecosystem (Odum et al., 1962.). Forested ecosystems within the region 
typically have consumption rates which are at the lower end of the previously mentioned scale. 
Under normal conditions grazing webs represent only a small portion of production in forested 
ecosystems. A much gre~ter proportion of net primary productivity is consumed with the occur
rence of insect blights (e.g. black-headed budworm, hemlock looper, etc.). Under epidemic 
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3.2.1. 1 Old Growth Ecosystem Model Notes (continued) 

conditions a forest can be completely defoliated, representing greater than 300% of net primary 
productivity (Strand, 1974). Such epidemics,, particularly if followed by a secondary invasion 
of boring insects, can result in extensive kills and initiation of early seral conditions and a 
succession pattern. 

Weins and Nussbaum (1975) report that energy flow for the avifauna of Oregon West Cascades and 
Coastal forests varies from 10.5 to 20.8 Kcal/square meter/breeding season, with 30% of their 
intake as animal prey. Although bird standing biomass is typically two or three times greater 
in coniferous forests than grasslands, energy flow is nearly ten times as great (Weins, 1975). 
Lower body temperature, requiring greater metabolic activity, and the generally smaller size 
of the forest birds are thought to be the causal factors. 

Biomass of consumers compared to producers in a forest ecosystem is very low. Canopy consumer 
biomass is estimated to be less than 1 kg/ha (Strand, 1974). Biomass of large mammals at high 
population levels is estimated at 5-11 kg/ha (Taber, 1973) and small mammals at 0.2 kg/ha 
(Edmonds, 19711). Slug biomass has been measured at 35 kg/ha (Richter, in press); however, they 
have a dual role as grazers and decomposers. Even with generous estimates, biomass of consumers 
is no greater than 50 kg/ha and comprises less than on~-tenth of one percent of the standing 
biomass in an old growth forest. In early sere conditions, proportion of consumer biomass is 
significantly greater. 

#7. Community Composition. Communities in forested environments of the study region are domi
nated by vascular plants (particularly trees) which make up 99.9% or more of the biomass. Con
sumers make up less than 0.01% of the total biomass (Edmonds, 1974). In contrast, the number of 
individual consumers, as well as the number of species, is greater than that of primary producers. 
In predominantly gr~zing systems the proportion of consumers increases and may be greater than 
50% of the biomass (E. P. Odum, 1971). 

Community composition for a generalized Old Growth Western Hemlock forest is provided in the 
Community Composition Model in Volume 3. Several factors influence community composition of old 
growth, the most apparent of which is moisture. Types of old growth stands related to moisture 
for the Western Hemlock Zone are provided in Table 3-5. (S~e Table 3-36 and related discussion 
in Section 3.2.4. 1 for more details.) 

TABLE 3-5. HYPOTHESIZED CLIMAX ASSOCIATIONS FOR THE WESTERN HEMLOCK 
(TSUGA HETEROPHYLLA) ZONE IN WESTERN OREGON ARRANGED ALONG A MOISTURE 
GRADIENT FROM DRY (TOP) TO WET (BOTTOM). (From Franklin and Dyrness, 
1973.) 

Pseudotsuga menziesii/Holodiscus discolor/Gaultheria shallon 

Tsuga heterophylla/Acer circinatum/Gaultheria shallon 

Tsuga heterophylla/Rhododendron macrophyllum/Gaultheria shallon 

Tsuga heterophylla/Rhododendron macrophyllum/Berberis nervosa 

Tsuga heterophylla/Gaultheria shallon-Polystichum munitum 

Tsuga heterophylla/Polystichum munitum 

Tsuga heterophylla/Polystichum munitum-~ oregana 

DRY 

WET 

The change in vegetation cover will be reflected by a change in the dependent consumers. Some 
consumers are broad-niched and are able to exist in a wide variety of conditions (e.g. the 
common crow), while others (e.g. the spotted owl) are dependent on a specific habitat type such 
as old growth. Table 3-6 presents a list of such narrow-niched fauna from various sources. 

The Annotated Species List provides an indication of the niche broadness of the species within 
the forested inland zones by indicating which habitat(s) specific species utilize. 

The community of insects associated with dead or dying trees plays an important role in estab-
1 ishing forest composition as they destroy damaged or weakened trees, thereby reducing competition 
for resources among the remaining healthy trees (Deyrup, 1975). Typically these insects attack 
moribund trees; however, they also attack trees under temporary stress, thereby killing essen
tially healthy trees. Insects can reproduce to epidemic levels in areas of downed timber caused 
by windthrow or forest fire and go on to attack neighboring healthy trees (Furnis, 1941). Meslow 
and Wight (1975) and Wight (1974) document use of old growth by birds in Oregon west of the 
Cascades (see Succession Model, Figure 3-53, Section 3.2.4. 1). 
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TABLE 3-6. WILDLIFE SPECIES IN THE REGION WHICH REQUIRE MATURE FOREST 
HABITATS FOR ALL OR A SIGNIFICANT PORTION OF THEIR LIFE CYCLE. (From USDA, 
1976B; Si lovsky and Pinto, 1974.) 

Species 

BIROS 

Great blue heron3 

Goshawk 1 

Red-tailed hawk 1 

1 Osprey 

Great horned owl 1 

1 Spotted owl 

Saw-whet owl 1 

Vaux's swift 1 

1 Pileated woodpecker 
1 Yellow-bellied sapsucker 

Williamson's sapsucker 1•2 

1 Hairy woodpecker 
1 2 White-headed woodpecker ' 

1 2 Black-backed 3-toed woodpecker ' 
1 2 Northern 3-toed woodpecker ' 

1 Hammond's flycatcher 

Common raven 1 

Clark's nutcracker 1•2 

Gray jay3 

Mountain chickadee 1 

Chestnut-backed chickadee 1 

White-breasted nuthatch 1 

Red-breasted nuthatch 1 

Pygmy nuthatch 1•2 

1 Brown creeper 

Winter wren 1 

Varied thrush 1•3 (migrant) 

Hermit thrush 1 

Golden-crowned kinglet 1 

Ruby-crowned kinglet 1 

Species 

Townsend's warbler 1•3 (migrant) 

Hermit warbler3 

1 Western tanager 
1 Black-headed grosbeak 

Evening grosbeak1 

Pine siskin1 

Red crossbill 1 

AMPHIBIANS 
Pacific giant salamander1•3 

Ensatinia salamanders 1 

(Oregon ssp., painted ssp.) 

California slender salamander 1 

Clouded salamander 1 

1 Foothill yellow-legged frog 

Tai 1 ed frog 3 

REPTILES 
Northern alligator lizard 1 

Mountain kingsnake 1 

MAMMALS 

Deer mouse 1 

Bushy-tailed woodrat 1 

P • 1 orcuprne 

Pacific shrew1 ,3 

Coast mole 1 

Long-eared myotis 1 

Northern flying squirrel 1 

White-footed vole1 

Red tree mouse 1 

Western red-backed vole 1 

Marten 1 

Fisher 1 

2 

3 

For USDA Siskiyou National Forest (USDA, 1976B). 

Rare on the Siskiyou National Forest, if present. 

Documented by Silovsky and Pinto (1974) for Siuslaw National Forest. 

For the more conspicuous forest floor wildlife, community composition is controlled by the degree 
of canopy closure. A partially open canopy allows light to reach the understory thereby pro
viding forage for ground dwelling foragers (e.g. black-tailed deer) and other organisms. 

The occurrence of snags, snag-topped trees, and/or cavity trees plays an important role in the 
distribution of some canopy species, such as spotted owl and flying squirrel. Table 3-7 
presents a list of some birds and mammals from this region that are either wholly or partially 
'dependent on snags. 
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TABLE 3-7. WILDLIFE SPECIES IN THE REGION WHICH DEPEND ON DEAD AND DEFECTIVE 
TREES (SNAGS). (From USDA 1976A, Wight, 1974, and Silovsky and Pinto, 1974.) 

Totally or heavily dependent 
BIRDS 

Buff! ehead2 
Barrow's goldeneye2 
American ~o~d3neye2 
Wood duck ' ' 
Common merganserf 2 3 Hooded merganser ' ' 
Rough-legged hawkl 
Ferruginous hawkl 
Red-tailed hawkl ,3 
Swainson's hawkl 
Golden eagle! 
Bald eag]el,3 
American osprey! 
Peregrine falcon (duck hawk)l 
Merl in (pigeon hawk)l 
Kestrel (sparrow hawk) 1,2,3 
Screech owll •2•3 
Spotted owll •2 •3 
Saw-whet owl 1,2,3 
Flammulated owll ,2 
Pygmy owl 1 •21 3 
Vaux's swiftl •3 
Common flickerl,3 

2 Pileated woodpecker 1' ,3 
Acorn woodpecker! 
Lewis' woodpecker! ,2,3 
White-headed woodpecker! ,2 
Red-shafted flicker2 
Yellow-bell led sapsucker! ,2,3 
Williamson's sapsucker I ,2 
Hairy woodpeckerl ,2,3 
Downy woodpeckerl ,2,3 
Black-backed 3-toed woodpelk~rl •2 
Northern 3-toed woodpecker ' 
Ash-throated flycatcher! 
Tree swallow! ,2,3 
Purple martinl,3 
Black-capped chickadee] •2•3 
Mountain chickadee I ,2,3 
Chestnut-backed chickadeel,213 
Plain titmouse! 
White-breasted nuthatch I ,2 
Red-breasted nuthatchl,2,3 
Pygmy nuthatch I ,2 
Western bluebird! ,2,3 
Mountain bluebird! ,2 

Partially dependent 

BIRDS 

Common merganser] 
Band-tailed pigeon 1 
Barn owl 1 
Violet-green swallow] 
Brown cree~erl ,2 
House wren ,2 
Winter wrenl,3 
Bewick's wrenl,3 
Townsend's solitaire (in stur!Jps)l 
Starling I 
House finch! 
English sparrow1 

MAMMALS 

Marten 1•2•3 
Fisher1•2 

Raccoon 1 
Chickareel 
Western gray squirrel 1 

1 2 Northern flying squirrel ' ,3 

MAMMALS 

California batl•f 2 Little brown bat ' 
Big brown bat 1 •2 
Ringtai1 1 
Western harvest mouse] 
Deer mousel 
Red tree mousel •2 
Bushy-taijed woodrat 1 

Porcupine 

1kisted by USDA (1976A) for Siskiyou National Forest. 
2Listed by Wight (1974) for Western Oregon. 
3Listed by Silovsky and Pinto (1974) for Siuslaw National Forest. 
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3.2. 1. 1 Old Growth Ecosystem Model Notes (continued) 

#8. Litterfall. Litterfall data for specific nutrients are provided in Figure 3-8 and in the 
discussion of Uptake (Note #3). Litterfall in old growth forests is greater than in second 
growth, with a greater amount coming from understory vegetation. Biomass of litterfall for an 
old growth Douglas fir forest is shown in Table 3-8. 

TABLE 3-8. BIOMASS OF LITTERFALL 
FOR AN OLD GROWTH DOUGLAS FIR 
FOREST. (From Edmonds, 1974.) 

Annual 
Litterfall 

Foliage 
Overstory 
Understory 

Logs and branches 

TOTAL LITTERFALL 

Dry wt. 
(kg/ha) 

1 ,480 
1 ,800 

3, 100 

6,380 

Litterfal 1 also nas a temporal component which is illustrated by Figure 3-11. Note the differ
ent peaks for different forms of litter. 

Note that "litterfall" from consumers (feces and carcasses) is small compared to inputs from 
the producers, indicating' the dominance of the producer over the detritus food web of old 
growth coniferous forests. Insect frass, spores, and carcasses provide an input of only about 
3.8 kg/ha of nitrogen to the forest floor (Edmonds, 1975). 
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FIGURE 3-11. ANNUAL LITTERFALL IN AN OLD GROWTH CONIFEROUS FOREST 
BY GENERAL FORM. (From Edmonds, 1974.) 

#9. Mortality. Factors, which cause mortality in vegetation for old growth western hemlock 
aside from harvesting, are windthrow, fires, landslides, insect attacks, fungi, and other 
diseases, as well as anomalous climatic conditions such as droughts or extended periods of 
temperatures atypical to the zone. These factors are significant in other types of forests 
in the region. 
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3.2. 1.1 Old Growth Ecosystem Model Notes (~ontinued) 

The most serious killing agents in old growth trees areheart rots and root rots. Of these, the 
fungi Peria weri i and Fornes pini are the most serious in old growth western hemlock, Douglas fir, 
and western red cedar. Other Fornes, ~oria, and Polyporus species also attack old growth. Dwarf 
mistletoe can cause mortality to old growth western hemlock trees. Western red cedar is the 
least susceptible to fungus-induced mortality (Fowells, 1965). 

Insects are important agents of mortality for Douglas fir and western hemlock. The Douglas fir 
beetle and the flat-headed borer (in order of relative significance) have caused extensive kills 
in old growth Douglas fir. The hemlock looper is probably the most serious killing insect in 
western hemlock, although the western larch round-headed borer is a serious secondary invader of 
trees that have been defoliated by other insects. Insect epidemics can originate from insect 
invasions of fire-killed trees or blow-downs. Western red cedar old growth is not seriously 
affected by insect attack (Fowells, 1965). 

Ground fires cause heavy mortality in western red cedar and, to a lesser extent, western hemlock. 
Old growth Douglas fir has thick bark which is fire resistant, maki.ng the species less suscept
ii>le to ground fires. Crown fires, on the other hand, may kill all of the above species. Forest 
fires are much more frequent in the southern portions of the zone in the study area and are 
documented by Loy et al. (1976) for Oregon. The majority of the Western Hemlock Zone in Oregon 
that occurs in the study area was severely burned in the 19th century (Loy et al., 1976). 

Windthrow can be particularly serious if strong winds occur after a heavy rain which allows·tree 
roots to be pulled from the soil. Of the old growth trees in this zone, Douglas fir is probably 
least susceptible and western hemlock most susceptible 'to this form of mortality. 

Frequently, mortality in trees is a function of a combination of the above factors. Root and 
heart rot will weaken a tree and make it susceptible to windthrow or insect infestation. Like
wise, trees damaged but not killed by fire are highly susceptible to insect infestation and 
rots. Trees with tops broken by wind or snow often become the host of heart rot. Conse
quently, mortality is usually a synergistic event. 

In areas outside the study region, the introduction of gaseous air pollutants (particularly ozone) 
has caused serious mortality in trees, including 8% to 24% mortality in Ponderosa pine forests 
near Los Angeles (Westman, 1977). Toxic levels of oxidants are not expected to occur in the 
region d·ue to low population levels, but sulfur dioxide from sulfite-process pulp and paper 
mills may become a localized concern within the study area. Davis and Wilhour (1976) list 
species-specific information on air pollution resistance of selected trees within the study 
area. Hay (1977) provides a useful bibliography on synergistic effects upon tree mortality of 
arthropods, plants, and air pollution. 

Fauna] mortality for the smaller organisms (e.g. deer mouse) is frequently high because of pre
dation, as indicated in the Food Web Model. Severe winters can also cause high incidence of 
mortality among large species (see black-tailed deer species of concern model in Part 2). Some 
harvest of big game occurs, which removes individuals from the ecosystem. However, currently 
the most serious effect on mortality of old growth vertebrate species is indirect, through loss 
of habitat as a result of inadequate forest management practices. (See Notes #18, #19, #20, and 
#21.) As an example, Forsman (1976) reports that 52% of the spotted owl habitat found in the 
reg·ion (documented in a study from 1970 to 1974) has been cut or is scheduled for cutting. 

#10,. Detritus, Decomposers, and Decomposition. Decomposers play a significant role in 
nutrient cycling in old growth western hemlock as well as other forests of the study area. The 
majority of bioQass and energy moves directly from producers to decomposers, with less than 
2% of net primary production going through the grazing food webs (Edmonds, 1974, 1975; Strand, 
1974.) 

The role of decomposers in all ·ecosystems is one of releasing nutrients from organic material, 
thereby allowing uptake by plants and the subsequent recyling of nutrients through the food web. 
They act as soil conditioners and are important agents in community composition as they attack 
vegetation growing in suboptimal condi.tions or which has been otherwi.se stressed either by age 
or physical damage. 

The following section, from Leaf et al. (1973), is applicable to the Western Hemlock Zone as 
well as other terrestrial zones in the area. The authors state that, 11 1) these (soil) organisms 
have an essential role in modifying soil organic matter; 2) soil organic matter in various 
stages of decomposition has a marked significance on the physical, chemcial, and biological 
soil properties; and 3) this significance, in turn, affects the productivity of the soil for 
higher plants and animals." 
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3.2. 1. 1 Old Growth Ecosystem Model Notes (continued) 

A successional pattern exists in the decomposition process. Some microorganisms, dependent 
on speed of response to growth, require freshly fallen leaves (Leaf et al., 1973). These 
organisms use soluble carbohydrates and amino acids, and are apt to be fungi and colonizing 
bacteria. These persist for only a short time and are typically followed by a series of 
successional species of fungi, bacteria, and actinomycetes, each stage using less soluble 
and more complex organic detritus. Finally the lignins, phenols, and other resistant 
materials are utilized by relatively few species of fungi and actinomycetes with fairly 
stable population numbers. 

Bacteria, both aerobic and anaerobic, are the most numerous organisms in a forest decomposer 
community. Some of these have nitrogen-fixing capabilities. Aho et al. (1976) have docu
mented nitrogen-fixation by gram-negative enterobacteria in high concentrations during early 
stages of wh·ite fir log decomposition in the Siskiyou Mountains of Oregon but data from the 
study area are nonexistent. Actinomycetes have a taxonomic position between bacteria and 
fungi, having characteristics of both. They are often asscciated with the breakdown of lignin 
and other resistant material, and are frequently affiliated with mites and collembola (spring
tails) which act as dispersal vectors. Fungi, although less numerous than bacteria, typically 
have the greatest biomass in forest soils. They are adapted to a wide range of acidic con
ditions and typically dominate acidic soil habitats because of reduced competition from 
bacteria and actinomycetes. Fungal species are common through the successional sequence. 
They are responsible for the majority of co2 released in the process of decomposition because 
most of their oxidative reactions are complete, unlike bacteria which often liberate organic 
acids, alcohols, aldehydes, and other compounds which are used by succeeding organisms. 

Multi-celled macrofauna (e.g. earthworms, mites) also play an important role in the decomposition 
function. They physically break down, partially digest, and transport organic materials within 
the soil and play an active role in facilitating the nutrient cycle. As an example, mites 
and collembolas feed on organic materials on the forest floor and produce fecal pellets which are 
innoculated with fermentative microorganisms that mineralize nutrients. Mycorrhizal fungi 
colonize the pellets and extract the nutrients, passing them on to higher plants. 

The physic.al breakdown of olant material is important as it provides greater surface area to 
volume ratios, allowing more rapid chemical decomposition by microbes and fungi. 

Decomposition rates are dependent on lignin content, moisture, temperature, pH, chemical composi
tion, and the presence of Oz. In terrestrial communities oxygen is seldom limiting. Some gener
alized relationships between moisture, temperature, and decomposition rates for coniferous forest 
in the region have been developed by the Coniferous Forest Biome Modeling Group (1977). These 
relationships for foliage litter and dead roots are presented in Figures 3-12 and 3-13, respec
tively. Also, there is a relationship between decomposition rate and 1 ignin content as shown 
for a given set of environmental conditions in Figure 3-14. 

Decomposition rates are specific to the material being decomposed and the environmental 
conditions. Decomposition rates which do not appear to vary for Douglas fir needles in one 
area with a variety of types of understory vegetation are given in Figure 3-15. Table 3-9 and 
Table 3-10 provide evidence of differences in decomposition rates dependent on environmental 
conditions. Note that the maximum rate occurs under most conditions in both cases. 

Rates also change depending on season, although supporting data are limited. Optimum conditions 
for decomposition are wet, warm conditions. Rates are reduced under cold, dry conditions. 
Snow pack apparently insulates the litter layer sufficiently so that decomposition occurs 
through the winter (Edmonds, 1975). 

Changes in nutrient composition of decomposing material are given in Table 3-11. Initial 
litter (newly fallen cones and needles) have more rapid turnover rates, while ~umus decomposes 
:lt much slower rates. Note the increase of 1 ignin ln more advanced stages of log decomposition. 
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FIGURE 3-12. FOLIAGE LITTER DECOMPOSITION RATE AS A FUNCTION OF LITTER 
TEMPERATURE AND LITTER MOISTURE. Held constant: litter biomass= 39.5 t/ha. 
(From Coniferous Forest Biome Modeling Group, 1977.) 
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FIGURE 3-13. DEAD ROOT DECOMPOSITION RATE AS A FUNCTION OF SOIL ROOTING 
ZONE TEMPERATURE AND SOIL ROOTING ZONE MOISTURE. Held constant: dead root 
carbon= 6.197 t/ha. (From Coniferous Forest Biome Modeling Group, 1977.) 
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FIGURE 3-14. WEIGHT L0SS OF SUBSTRATES AS A FUNCTION OF THEIR LIGNIN CONTENT. Data 
are from Reference Stand 2 in the H. J. Andrews Experimental Forest, Oregon, after a 
six month period beginning 29 May 1973. Acci =Acer circinatum, Acma =Acer macro
phyllum, Alru = Alnus rubra, Gach= Castanopsis Cilr:Ysophyllum, Pomu = PoJYStiCii"UiTI"" 
munitum, Psme = Pseudotsuga menziesi i, Quga = Quercus garryana, and Rhma = Rhododen
dron macrophyllum. Substrates are needles unless otherwise indicated. 95% confidence 
1 imits are shown. (From Edmonds, 1974.) 

TABLE 3-9. DOUGLAS FIR NEEDLE DECOMPOSITION RATES ALONG AN OREGON 
CLIMATIC GRID (From Edmonds, 1975.) 

Percent 

Annual January Summer decomposition--
weight loss rainfall temp. litter (300 days) Location (cm) (OC) moisture 

Coastal site -
Cascade head 149 6 moist 39.2 

Northern Cascades 
Bui l Run 304 2 moist 33.9 

Mid-Cascades 
H. J . Andrews 
high elevation 250 0 dry 30.0 

(snowpack) 

Southern Cascaaes -
Coyote Creek 79 2 dry 2!j.4 

Eastern plateau -
Pringle Butte 31 -0.5 dry 22.6 

(cold,dry) 
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FIGURE 3-15. WEIGHT LOSS OF GREEN DOUGLAS FIR NEEDLES IN FOUR UNDERSTORY/ 
FLOOR VEGETATION TYPES. Data are from the H. J. Andrews Experimental Forest 
after 4 months (1), 6 months (2), and 9 months (3) beginning 10 March, 1973. 
pomu = Polystichum munitum (sword fern), rhma =Rhododendron macrophyllu~, 
each= Castanopsis chrysophyllum (chinquapin), and hodi = Holodiscus discolor 
(ocean spray). 95% confidence limits are shown. (From Edmonds, 1974. 
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3.2.1. 1 Old Growth Ecosystem Model Notes (continued) 

TABLE 3-10. FOLIAGE DECOMPOSITION OF REPRESENTATIVE SPECIES ON 
OREGON ENVIRONMENTAL GRID. (From Edmonds, 1975.) 

Location 

Coastal site -
Cascade head 

Willamette Valley -
Pigeon Butte 

Wildcat Mt. -
high elevation 

H. J. Andrews -
h i gh e I e vat i on 

Eastern plateau 
Pringle Butte 

Species 

Red alder 

Oregon oak 

Silver fir 

Douglas fir 

Pon de rosa pine 

Summer 
1 i tter 

moisture 

moist 

dry 

dry 

dry 

dry 

Percent 
decomposition-
weight loss 
(300 days) 

59.1 

22.2 

25.2 

29.6 

15.0 

TABLE 3-11. NUTRIENT CONTENTS AND COMPOSITION OF LOGS IN VARIOUS STAGES 
OF DECOMPOSITION. Data are from the J. H. Andrews Experimental Forest, 
Oregon (on west slope of Cascades outside study area). (From Edmonds, 
1974.) 

Percenta;ie 
Non-

Stage of a ce I I- Ce 11 u- Parts per mi 11 ion 
log decay N c wal I Lignin lose Ash p K Ca Na 

0. 12 52.6 20.3 57.6 22.0 0.06 157 360 1041 15 

2 0.24 56.4 6.5 86.6 6.7 0.23 155 365 1451 42 

3 0.37 53.2 15.0 72. 7 11. 4 0.99 236 141 2347 44 

a Decay condition where: 1 is least decomposition, bark still intact; 
2 is log rotted throughout, but still retaining 

recognizable structure; and 
3 is log integral with forest floor. 

Mg 

61 

240 

366 

Edmonds (1974) reports 78 species of scavenger invertebrates (mostly insects) feeding on plant 
material and 14 feeding on animal material and feces in a Douglas fir forest. Krantz et al. (1973) 
reports a minimum of 50 families and 60 genera of mites (the majority are Cryptostigmata) occur
ring on the forest floor for the same area. Population density varies from 5,000 to 350,000 per 
square meter. Nematodes; many of which are saprophytic, are also found in large populations with 
densities vnrying from 400,000 to 2,000,000 per square meter. 

#11. Weathering. Mineral weathering is a continuous source of elemental nutrients within old 
growth western hemlock ecosystems, as well as other environments. Old growth western hemlock 
forests do not typically have many large rocks near the surface, hence mechanical weathering is 
limited. Where rocks do occur, disintegration is caused by (1) differential expansion by 
pressure release as rocks are exposed to lower atmospheric pressures, (2) growth of foreign 
crystals such as ice or salts in cracks and pores, and (3) differential expansion and contraction 
due to temperature change (Bloom, 1969). 

In the Western Hemlock Zone chemical weathering is a more important process which includes 
oxidation, carbonation, hydrolysis, hydration, base exchange, and chelation. Water plays an 
important role in all of the chemical weathering processes, while biological factors are 
significant in carbonation as suppliers of carbon dioxide, and in the addition of soluble 
organic acids to the soil which affect base-exchange. Chelation is a complex organic process 
by which hydrocarbon molecules establish tight chemical bonds to metallic cations. In simple 
terms, plants establish H+ ions around root tips by secreting organic acids which replace 
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metallic cations of the soil. The released metallic cations are taken up and incorporated into 
the plant (Bloom, 1969). Often the process is augmented by intermediary mycorrhizal fungi. (See 
discussion under Note #3 Uptake, as well as #12 Base Exchange and #13 Leaching, which follow.) 

For additional information on weathering, see Gi 1 luly et al. (1959) and Bloom (1969). 

#12. Base Exchange. Nutrients are transformed into available ionic form through base exchange 
{cation exchange). Common base ions include hydrogen, calcium, potassium, magnesium, and sodium. 
These cations collect around clay particles in the soil which are negatively charged. Organic 
colloids also provide similar exchange sites. These exchange sites are locales where cation 
nutrients are held in the soil. Total exchange capacity of the soils of coastal areas of 
Washington and Oregon is high, varying from 20-35 M.E./100 gm, due to high organic content of the 
soils (Forest Soils Committee of the Douglas-Fir Region, 1957). Consequently the soils are able 
to hold considerable amounts of nutrients in reserve. 

A similar exchange process is exhibited by soil colloids for anions. 

Soil pH, particle size, and organic content, temperature and moisture, combine to establish the 
specific conditions of the equilibrium between nutrients free to be leached or taken up and those 
which are held in the soil, determining the total amount of nutrients the system can contain. 
Changes in these factors alter the equilibrium, causing leaching or an increased ability for the 
site to contain nutrients. 

See discussions under Notes #11 Weathering and #13 Leaching. 

#13. Leaching. The major carrier of nutrients in soil is water. Nutrient ions are typically 
taken up by vegetation or bound to electrically-charged exchange sites on soil colloids (Edmonds, 
1974). For nutrients (cations) to move through the soil solution, they must be accompanied by 
negatively-charged ions (anions). Typically, anions are deficient in temperate forests (Nye and 
Greenland, 1960). Leaching occurs when decomposers generate C02 in the soil through respiration. 
A minor portion of the co2 hydrolyzes to carbonic acid which ionizes into hydrogen cations and 
carbonate anions. The ionization does not occur if pH is below 4.5. 

Under these conditions, hydrogen cations can replace the nutrient cations at the colloidal 
exchange sites, which can then be leached out of the system in a water solution, accompanied by 
the carbonate ions. Consequently, storms in the summer and fall, when decomposition is active 
and C02 is abundant in the soil, establish active leaching conditions. Figure 3-16 provides a 
graphic presentation of the interplay of leaching, temperature, and precipitation in a second 
growth forest. Air pollutants HC03+ and S04- can affect the cation balance in the soil and thus 
increase leaching from a given site. 

As indicated in Table 3-12, old growth coniferous forests approach a closed system in terms of 
nutrient cycling. Little elemental loss occurs through leaching and little gain occurs due to 
weathering or precipitation (Edmonds, 1974). 

#14. Runoff and Evapotranspiration. Movement of water out of an old growth forest is controlled 
by input and by rate of evapotranspiration, temperature, soil depth, soil porosity, soil permea
bility, and organic material in the soil. In other words, loss of water is a function of input, 
the ability of the area to retain and hold water, losses through evapotranspiration, and the 
degree to which the environment was saturated at the time of input. See Figure 2-17 in Volume 1 
for the general hydrologic cycle model. 

Since input (precipitation and/or discharge from sLJrrounding habitats), temperature, and evapo
transpiration are strongly correlated with season, export or discharge is also strongly corre
lated with season. Typically, in the Western Hemlock Zone maximum annual discharge occurs during 
late fall, winter, and early spring. Minimum retention time occurs when the system is saturated, 
such as under flood or near-flood conditions. The large amounts of organic material in old 
growth soils may improve retention capabilities (USDA, 1975A; E. P. Odum, 1971). No discharge is 
to be expected from overland flow in forests within the study area (Rothacher, 1973), which in 
part is due to the accumulation of organic material at the soil surface. Models determining 
runoff in forested ecosystems of the study area have been developed by Ryan and Morison (1976) 
and the Coniferous Forest Biome Modeling Group (1977). 

Runoff from western hemlock old growth as well as other environments is part of the hydrologic 
cycle as described in Volume 1 and in this volume in Section 2.5.3. 
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FIGURE 3-16. MEAN MONTHLY PRECIPITATION, AIR TEMPERATURE, AND 
SPECIFIC CONDUCTANCE OF PRECIPITATION AND FOREST FLOOR LEACHATES. 
Data are for 1970 from the Thompson site, Washington, which is a 
second growth forest; conditions may vary for old growth coastal 
forests. (From Grier and Cole, 1972.) 

TABLE 3-12. COMPARISON OF ANNUAL INPUTS, LOSSES, AND BALANCES OF NITROGEN, 
PHOSPHORUS, POTASSIUM, AND CALCIUM AT THRE~ CONIFEROUS FOREST SITES, IN 
KILOGRAMS PER HECTARE. (From Edmonds, 1974.) 

Site 

Thompson site, Washington, (young-growth Douglas fir) 

Input (precipitation) 

Loss (leached beyond root zone) 

Forest stand balance 

Findley Lake, Washington, (Pacific silver fir) 

Input 

Loss 

Forest stand balance 

Watershed 10, Andrews Forest, Oregon, (old-growth 
Douglas fir) 

Input (precipitation) 

Loss (runoff) 

Unit watershed balance 

N 

1. 1 

0.6 

+0.5 

1. 3 
2.1 

-0.9 

2.3 

I. 1 

+1.2 

p 

trace 

0.02 

-0.02 

0.04 

1.0 

-0.96 

0.9 

1.4 

-0.5 

K 

0.8 

1.0 

-0.2 

0.8 

hl 
-4.7 

0.3 

1. 1 

-o.8 

DEC 

Ca 

2.8 

u 
-1. 7 

0.6 

I 1.2 

-10.6 

3. 1 

~ 
-58.2 

5 

0 

Evapotranspiration is predicted at 45.3 cm/year (18 in/yr) in an old growth forest with prec1p1-
tation of 158 cm (62 in) by Rogers and Swanson, as reported by Edmonds (1975). PNRBC (1970) 
reports approximately 60 cm (24 in) annual evapotranspiration for inland environments of the 
region. Models for determining evapotranspiration have been developed by Ryan and Morison. 

~ ....... 
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3.2. 1.1 Old Growth Ecosy~tem Model Notes (continued) 

(1976), Coniferous Forest Blome Modeling Group (1977), Thornthwaite (1944~ and Penman (1963), 
among others. Evapotranspiration is typically found to be dependent on plant species, canopy 
closure, solar energy received, wind speed, air temperature, and dew point. Proposed interrela
tionships among these factors are defined in the models cited above. 

#15. Erosion and Mass Wasting. Old growth forests within the Western Hemlock Zone have proven 
to be stable and conservative in terms of movement of sediments. Fredriksen, as reported 
by Edmonds (1974), found (in 1971) that in stable forested areas within the region dust deposi
tion represented 84% of sediment output for small forested watersheds. Rooting systems, 
protective canopy, and an organic soil layer combine to mitigate the effect of intense precipi
tation, the immediate cause of most erosion. 

If the habitat is disturbed, however, erosional processes can be accelerated depending on the 
type of distu.rbance, mitigating measures taken, the sensitivity of the area, and climatic 
conditions during the recovery period. Harvesting and associated road construction have, in most 
cases, been documented as the major causes of erosion and mass wasting. Slope is thought to be 
the single most important factor (Fredriksen et al., 1973), with soil type also beinq important 
(Swanson and Dyrness, 1975; Paeth et al,, 1971; Fredriksen, 1972). An extensive literature 
exists on the effects of clearcutting and road building on erosion and sedimentation and 
their effects on aquatic ecosystems. Useful literature reviews are provided by Moring (1975), 
Crow et al. (1976), Coats (1978), EPA (1975A), Gibbons and Salo (1973!, and Fredriksen et al. 
(1973). Briefly, erosion, masswasting and sedimentation have in some cases been proven to 
appreciably increase following clearcutting and associated road building. In other areas no 
substantial i.ncreases have been recorded. Sensitivity is site-specific and cutting practices 
and road construction must be designed accordingly. Mitigating techniques have proven to be 
effective and are described by EPA(1975A), Lysons and ~/ellburn (1976), Burroughs et.al. (1976), 
and Washington Forest Practice Board (1976). A brief bibliography ~s provided by Pacific North
west Forest and Range Experiment Station (1977). 

#16. Nutrient Losses. As discussed In Note #3 (Uptake) and Note #13 (Leaching), and as docu
mented by Fredriksen (1971), the export of nutrients from an old growth forest is small compared 
to inputs from weathering and precipitation. The old growth ecosystem approaches a closed system. 
When disturbed by cutting, wildfire, or windthrow, nutrients can be removed from the site. 
The extent and duration of loss does not seem to be significant to the nutrient pool of most 
sites. Brown et al. (1973) reported a three-fold increase (5.0 to 15.7 kg/ha) in loss of nitro
gen (as nitrate) the first year following clearcutting in a small sub-watershed (Deer Creek) 
within the Alsea watershed basin (Watershed Unit 5). He also found an increase in potassium 
concentration following slash burning from 0.6 to 4.4 mg/1 in the watershed discharge. Partial 
cutting with stream buffers did not result in similar increases. Sedell, as reported by Edmonds 
(1974), indicates a 20- to 100-fold increase in nitrate and phosphorus concentrations in runoff 
for a period of one to three years following clearcutting. 

Fredriksen 1971) found that nutrient cation loss increased 1.6 to 3.0 times following clear
cutting and slash burning. Annual loss of nitrogen immediately following clearcutting was 
measured at 4.6 lb/acre compared to 0.16 lb/acre before disturbance. The Forest Soils Committee 
of the Douglas-fir Region (1957) states that fire and the resultant soil heating reduce nitrogen 
content of forest soils within the "Douglas fir region" and increase available phosphorus. 

#17. Debris and Detritus Export. Rates of debris and detritis export from old growth forests are 
not well documented. Sedell et al. (1974) reports input into small streams from lateral movement 
was 1.5 times litterfall directly into the stream. Input to the stream (i.e. export from the 
old growth forest) was estimated at 2.5 g/m2/day. There are sampling problems with this value, 
as log and other large debris inputs were not adequately measured. Logging residues have proven 
detrimenta·1 when exported to aquatic systems (Owens and Cramer, 1974). Volumes of logging 
residues have been estimated at 32 to 227 tons/acre for the "Douglas Fir Region" which includes 
the Western Hemlock Zone (Pell and Ward, 1971). An unknown portion of these materials are 
exported. 

#18. Logging or Disturbance. An old growth forest stand in the Western Hemlock Zone, as well as 
other forested zones in the area, may be eliminated and the area placed into early seral communi
ties by a decision to harvest or by some natural event such as wildfire, insect epidemic, or 
windthrow. The harvesting decision and its related effects are discussed in the Forestry Section 
(4.2) of Chapter 4 of Volume 1 and of this volume. Harvesting represents the m~jor.year-to-!ear. 
means by which this habitat is disturbed (see Note #19, which follows). Extensive insect ep1dem1cs 
have periodically eliminated old growth stands in the study area. Likewise forest fires have 
resulted in the replacement of large tracts of old growth with seral communities. Windthrow which 
is probably more prevalent in the Sitka Spruce Zone is another means by which old growth forests 
are disturbed. (See Note #9 Mortality, for more information on natural disturbances.) 
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3.2. 1. 1 Old Growth Ecosystem Model Notes (continued) 

Bolsinger (1973) has documented significant losses of forest lands in Washington and Oregon 
between 1945 and 1970. Nearly a million acres of commercial forest lands were altered to other 
land uses with the major loss (an estimated 35%) due to road construction. Other significant 
losses were to urbanization and industrialization (29%), farm and pasture clearing (16%), power 
line clearings (5%), and reservoir and impoundments (5%). Simi Jar trends are probable within 
the coastal region, including the California Watershed Units. 

#19. Harvest. Old growth forests in the Western Hemlock Zone are usually harvested by clear
cutting. Some selective cutting Is carried out in the more southerly portion of the Zone 
within. the study area. Materials are sorted and trimmed following ha~v~sting, with the merchant
able timber exported from the ecosystem and the remaining slash typically burned on site, 
the residue of which becomes detritus in the new seral community. Based on data presented in 
Table 3-3, assuming that only the bole is removed, losses ofmajor nutrients from the ecosys
tem are 4% of the nitrogen, 8% of the phosphorus, 8% of the potassium, and 5% of the calcium. 
These figures do not include loss due to the slash burning (see Note #16 Nutrient Losses). 

As indicated in the Old Growth Morlel (Figure 3-4, logging disturbance and harvesting initiate 
the succession sequence (#21) and have additional effects on hydrology (#14), erosion (#15), 
nutrient losses (#16), and detritus losses (#17). 

Old growth forests in this Zone are increasingly rare. Nearly all old growth on private lands has 
been cut, and most old growth on Bureau of Land Management and U.S. Forest Service lands is being 
cut, with a relatively long rotation period. The harvest of old growth timber is of considerable 
socioeconomic importance to the region and is discussed in Chapter 4. 

A succession series initiated by harvesting adds diversity to the landscape, providing habitat 
and forage for successional species such as black bear, black-tailed deer, and Roosevelt elk 
(Brown, 1961; Maser et al., 1977). See the Species of Concern accounts of the latter two mammals 
in Part 2 of this volume for more information on this aspect of forest harvesting. 

#20. Recreational Use of Habitat. Harvest, excluding forestry, of understory and canopy species 
in this habitat is minimal. Some berry picking, floral greenery harvesting, native transplants, 
mushroom picking, taking of furbearers, and big game hunting do occur but not at great intensities. 
A good review of the extent of these kinds of activities is provided by Hirsch (1970). However, 
o:d growth provides aesthetic pleasures to hikers, birders, photographers, and other non-consuming 
recreationists. 

#21. Succession. Succession following a disturbance (e.g. windthrow, clearcutting, landslide) 
is treated in the Succession Model for the Western Hemlock Zone and related discussion in 
Section 3.2.4 of Volume 1 and of this volume. 

The processes used in intense forest management regimes reduce the "natural" duration of grass
lands and early seral shrub stages by special planting and fertilization. However, rotation 
periods are more rapid, 40 to 60 years, thereby compensating for some effects (e.g. habi '.:at loss) 
of shortened succession. 

The major and obvious effect of intense forest management is the elimination of old growth forest 
and dependent fauna from areas under such management. Species dependent on old growth habitat 
for existence are indicated in Table 3-6, and those preferring snags, which are characteristic 
of old growth and uncommon in earlier seral stages, are listed in Table 3-7. The Bureau of 
Land Management and the National Forest Service have established some guidelines for the main
tenance of snags on federal lands. However, snags are typically removed from private lands. 

Natural succession after a disturbance such as windthrow or fire, as indicated in the Succession 
Model in Section 3.2.4, may take 500 or more years to reestablish an old growth forest. 

3-34 Region 



3.2.1.2 Emergent Vegetation Ecosystem Model Notes. Compared to many other coastal areas in the 
U.S., the extent of estuarine emergent vegetation (salt marsh) in the study region is limited. 
Not only has the community been historically scarce in the region, but also much of it has been 
seriously altered by diking, filling, and other land use changes. 

,The salt marsh is an ecotonal community, standing in the transition zone between terrestrial, 
riverine, and estuarine environments. It contains species originating from all three environ
ments in various densities along an inland-estuary gradient. Marine species are more common 
at the outer fringes of the marsh and channels, while terrestrial species are found in greater 
numbers inland. Many of the s~ecies move in and out of the area ~ith the tide (e.g. fish). 
The vegetation is principally vascular, although marine algae are also common and play an 
important role in productivity. 

Many workers believe that this commun;ty acts as a nutrie11c and sediment trap. There is con
flicting information on its role as a source of energy and food, through detrital export, for 
the estuary at large. 

Net productivity in salt marshes is high, but in this region does not appear to be significantly 
different from the inland seral forest production. Producer biomass is considerably less than 
inland forest communities yet greater than most marine or estuarine communities. The condition 
of a relatively small biomass and high productivity is evidence for the rapid nutrient cycling 
and exchanges of this community. 

The salt marsh is subject to pulsating environmental conditions based on tidal cycles, daily and 
seasonal cycles, and periodic storms and floods. Such patterns require the inhabitants of the 
marsh to be either adapted to fluctuating salinity, temperature, gaseous conditions and periodic 
inundation or able to migrate in and out of the area. 

Productivity and detrital export are modulated by daily, seasonal, and tidal cycles. Community 
composition is affected by seasonal visitation by vertebrate species, and seasonal shifts of 
abundance and biomass of the producers and invertebrate consumers. 

Little direct human use with a measurable marketable value is made of the community. Some 
grazing and activities associated with waterfowl hunting occur in the habitat, along with some 
recreational uses such as bird watching. In an altered state the sites are used for agricultural 
production (diked marsh) and/or development of shipping, housing, or similar facilities (human 
activity zones). 

Indirectly the community may be of c0nsiderable significance as a primary producer in the 
estuarine system. It may have additional utility in mitigating floods and sedimentation as well 
as some potential value in waste treatment, thus protecting the estuary from waste products 
and oil spills. Protection of the emergent vegetation habitat is required to maintain 
environmental diversity in the estuaries of the region. 

Major components, processes, and relationships in the emergent vegetation ecosystem are modeled 
in Figure 3-17 and discussed in detail, as notes to the model, in the following sections. The 
physical processes of precipitation and evaporation (1) are discussed first, followed by informa
tion on the input and output of (2) water, (3) nutrients, (4) detritus, and (5) sediment. The in
crease of salt marsh habitat (6) is presented next, along with a discussioti of marsh soil (7). The 
biological processes follow: (8) photosynthesis/primary productivity, (9) nitrogen-fixation, 
(10) ion exchange, '(11) secondary productivity, (12) community composition, (13) migration, and 
(14) decomposition. The notes conclude with discussions of (15) human use of the habitat, (16) 
pollutant input, and (17) loss of the habitat by human activities. 

#1. Precipitation and Evaporation. Precipitation within the coastal region is documented in 
the section on meteorological conditions in this volume (see Section 2.3.1). Evaporation is 
similarly discussed in Section 2.4. An analysis of the seasonal pattern of precipitation shows 
maximum temperature and solar energy input along with minimum precipitation in summer. ~lth?ugh 
generally undocumented in the region, these combined conditions, al~ng w!th low summer r1ver1ne 
flows will result in increased saline conditions during summer periods 1n some marshes and 
estua~ies. This phenomenon has been observed in Humboldt Bay (Skeesick, 1963). Small depr7ssions 
called pannes, which repeatedly evaporate and concentrate salts can establish sal~ flats which 
resist vegetation invasion and exist on a semi-permanent basis (Ranwell, 1972; Da1ber, 1974; 
Eilers, 1975). 
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3.2. 1.2 Emergent Vegetation Ecosystem Model Notes (continued) 

#2. Water Input and Output. Semi-aquatic emergent marshes have a rapid exchange of water (and 
suspended and dissolved materials) with adjacent aquatic environments as well as principal 
sources (rivers and the ocean). This rapid exchange of water has significant effects on pro
ductivity and decomposition. Water is the principal agent by which materials are moved in and 
out of the marsh. In combination with riverine discharge, water conditions in a salt marsh are 
strongly related to tidal conditions. Figure 3-18 provides some indication of tidal conditions 
within a salt marsh of the region. Maximum tidal fluctuation typically occurs in June and 
December (U.S. Department of Commerce, 1977A). Excluding the Columbia, which peaks with the 
spring melt, maximum river discharge typically occurs in winter (Roden, 1967). Morphology of 
adjacent river and stream bottoms and atmospheric pressure conditions also play an important 
role in water exchange and currents. In addition, long term changes in sea level and 
sedimentation play a role in water exchange. Some wetland studies outside the region have 
documented a strong correlation between tide strength and net primary productivity (E. P. Odum, 
19711). As indicated in the model (Figure 3-17), marsh vegetation physically resists current flow 
and buffers movement of water in and out of the environment, reducing local currents (Eiler, 
1975; Ranwell, 1972) and enhancing sedimentation. At times of flood and stormtides, this 
buffering can mitigate both erosion and property damage (Akins and Jefferson, 1973). 
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FIGURE 3-18. TIDAL MODEL FOR COASTAL OREGON. This figure presents the 
general tidal cycle at Wheeler, Nehalem Bay, Oregon; tides in other areas 
of the region will vary with latitude and local conditions. Exposure period 
and submergence perods shown are for a low marsh elevation. (From Eilers, 
1975.) 

Water is moved in and out of salt marshes by creek systems. Eilers (1975) describes the salt 
marsh creek systems on the North American Pacific Coast to be typically of the dendritic type -
a well defined trunk channel with numerous minor branches and sub-branches. Salt marshes of 
higher gradient estuaries have simple drainage patterns. The drainage pattern infrequently pene
trates into the high marsh higher than 2.76 meters (9.05 ft) above Mean Lower Low Water (Eilers, 
1975). Creek density related to elevation, marsh type, and drainage have been reported for 
Nehalem Bay and are presented in Table 3-13. As indicated by these data, most tributaries occur 
between 2.06 and 2.76 meters (6.75 and 9.06 ft) above MLLW. 
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3.2. 1.2 Emergent Vegetation Ecosystem Model Notes (continued) 

TABLE 3-13. SUBDIVISIONS OF A SALT MARSH IN NEHALEM BAY, OREGON, BASED ON 
RELATIVE CREEK DENSITY ASSOCIATED WITH ELEVATION. (From Eilers, 1975.) 

Elevation Relative Length/Area 
Subdivision Above MLLW Creek Density Ratio (m/m2) 

Mud fl at below 1.40 m low <.043 
Low marsh 1.40 - 2.06 m low <.043 
Middle marsh 2.06 - 2. 76 m high >.043 
High marsh above 2.76 m low <.043 

Salt marsh creeks can be divided into two major hydrologic types: the major, higher order 
creeks of the lower marsh which have high velocities in both directions; and the minor, lower 
order creeks of the higher marsh which have significant flow velocities in only one direction 
(Pestrong, 1965). Uni-directional flow occurs during the ebb tide cycle since a greater 
hydraulic gradient is caused by a delay in drainage of the marsh surface due to friction and a 
rapid decline in the height of bay waters (Pestrong, 1965). Additional information on profiles 
and cross sections of salt marshes is given by Eilers (1975). 

Ditching in salt marshes outside the study area has been reported to cause a drop in the water 
table with consequent vegetational changes (Cottam et al., 1938), and/or intrusion of salt water 
into fresh water marshes (Stearns et al., 1940; Cory and Crosthwait, 1939), also with vegeta
tional changes. 

In salt marshes outside the region dropping of the water table following ditching has caused 
significant reduction of abundance and diversity of invertebrate species (U.S. Department of 
Interior, 1970, Volume 2), with reductions of 44% and 93% measured depending on specific com
munity (see Note #12 Community Composition). A reduction of the water table may also result in 
substantial changes in chemcial conditions of the marsh soil as described in the chemical 
equilibrium note (#7). 

#3. Nutrient Input/Output. Estuarine marshes are thought to trap and recycle nutrients (Ranwell, 
1972), in part through the many exchange sites typical of the fine clay particles of salt marshes 
(W. E. Odum, 1970). Periodically, nutrient-laden sediments are physically trapped in salt 
marshes, thereby increasing nutrients (see Note #5). The high organic content of salt marshes 
also results in formation of organic colloids which have high adsorptive capabilities for 
trapping nutrient cations (Albrecht, 1941). Much of the nutrient material so captured is accumu
lated and incorporated into biomass. Some nutrients flow through on-site food webs but a large 
portion is exported to adjacent habitats as detritus. (See Detritus discussion, Note #4 and 
Note #10.) 

Stevenson et al. (1976) found that brackish marshes in Chesapeake Bay were exporters of nitrogen 
and phosphorus over an eleven month sampling period. Nitrogen flux was measured at 4. 14 g/m2/yr 
or about 18-82% of the estimated nitrogen in the standing biomass of marsh vegetation, while a 
net annual export of dissolved phosphorus was 0.19 g/m2/yr or 8-23% of the estimated phosphorus 
in the standing biomass of the marsh vegetation. 

Estuarine marshes in other regions (East Coast and Gulf of Mexico) have proven to have valuable 
capabilities as natural tertiary treatment sites for pollution (Gosselink et al., 1973). In 
Florida a 1500 acre salt marsh was shown to remove all of the nitrogen and one-quarter of the 
phosphorus from the domestic sewage of 64,000 people per year (Jahn and Trefethen, 1973). 
Gosse] ink et al. (1973) estimated the cost of dupl i eating the tertiary treatment and fisheries 
facilities of a salt marsh to be at $205,000 per hectare. No similar evaluations have been 
completed ih the study area, although Martin (1976) has completed some preliminary work. 

See discussion of pollutant input in Note #16. 

#4. Detritus and Other Dead Organic Material Input/Output. Estuarine salt marshes are widely 
agreed to be (see p. 3-39) net exporters of. organic material and have been documented to provide 
an important contribution to the energy base of adjacent estuarine habitats.(E. P. Odum and 
de la Cruz, 1967; Eilers, 1975). Some preliminary work on detritus input-output has been com
pleted within the study area at Coos Bay (Gnat et al., 1976) and at Nehalem Bay (Eilers, 1975). 
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Gnat et al. (1976) found that algae made up a large part of t~e ~aterials l~2ving 2na entering 
Coos Bay salt marshes during spring and summer, with a net input of detritus in neap and spring 
tides. Little data were collected during fall and winter. Spring, in studies outside the 
study area, is the period when dead standing biomass is most rapidly removed (Kirby, 1972) 
corresponding to biomass peaks of invertebrates (Day et al., 1973). 

In areas outside the regio~ approximately one-half of net productivity is utilized on site and 
one-half is exported as detritus (\eal, 1962; Day et al., 1973). Eilers (1975) reports 56% of 
net aerial (above ground) production is similarly exportedfromhis study site in the intertidal 
areas of Nehalem Bay. He reports further that 90% of the net annual aerial production was 
exported as detritus to adjacent habitats in the lower portions of the marsh. Day et al. (1973) 
report 764 g/m2 is exported from the marsh and 594 g/m2 is exported by the water column over the 
marsh in Louisiana. If the one-half net primary production exported assumption held for the study 
region, export would be from 180 to 560 g/m2/year, dependent on marsh type, based on data 
from Coos Bay by Vanderzanden et al. (1976). With the same assumption, data of Burg et al· 2 
(1975) for the Nisqually salt marsh (Southern Puget Sound) would indicate a range of 45-700 g/~ 
with an average of 375 g/m2 for the total salt marsh. Eilers (1975) reports a mean of 777 g/m/yr 
exported from Nehalem marshes. Hoffnagle and Olson (1974) report an estimated 280 g/m2 are ex
ported from salt marshes in Cocs Bay. None of these data include root production (thought to 
be equivalent to aerial productivity of phytoplankton or benthic algae, which in Louisiana com
prised around 43% of the detritus exported (Day et al., 1973]} Other authors (Pomeroy, 1959) 
have found benthic producers to be important in salt marsh productivity. In the period from 
May to September, Harding et al. (1978) found phytoplankton net primpry productivity in Humboldt 
Bay to range between 1 and 1.5 g carbon/m2/day. 

Eilers (1975) concludes that the intertidal marshes (mean high water and lower) contribute 
almost all of their net aerial productivity to adjacent estuarine environments, while the high 
marsh (above mean higher high water) productivity decomposes primarily on site. 

However, Pickeral and Odum (1976) indicate that a large flux of detritus occurs out of salt 
marshes during periodic storms. The export is, in part, derived from high marsh and is thought 
to represent a substantial portion of detritus export to the estuary. 

Recently the salt marsh detritus export paradigm has been challenged by studies reviewed by 
Haines et al. (1976) which indicate that salt marshes may be a net importer of particulate 
organic matter. The significance of the reported flux of detritus and carbon is therefore 
uncertain, and requires additional study. 

#5. Sediment Input/Output. Salt marshes are sediment traps. They are typically found in low 
energy environmentswitha low gradient, allowing settling of imported sediments. Examples in the 
study area include Willapa Bay, Grays Harbor, Coos Bay, and Humboldt Bay. The emergent 
vegetation physically reduces currents, thereby increasing sedimentation. Relationships between 
current, sediment size, and deposition are given in Volume 1, Section 2.5.4. Salt marsh sediments 
of the region a.re of both coastal (oceanic) and alluvial (riverine) origins (Kulm and Byrne, 1966; 
Avolio, 1973; Phipps and Scheidegger, 1976). 

Sedimentation and erosion are strongly associated with seasonal tidal and current patterns. 
Accreting periods frequently occur during flood tides especially when associated with high sedi
ment discharge. Accretion rates of 0.5 to 1'.7 cm/year (0.2 to 0.7 in/yr) are documented by 
Jefferson (1974) for low silty marshes in Oregon. In salt marshes outside the study area, 
accretion has been measured at rates between 0.2 and 1 cm/year (0. 1 and 0.4 in/yr) (Ranwell, 
1972). See discussion in Note #6 on Gain of Habitat. 

Settlement, compaction, and decomposition of organic bulk can in some cases occur in the study 
area resulting in semi~permanent salt marsh with a near stable elevation (Stearns and McCreary, 
1957). 

Deposition of sediments in channels raises the elevation of the water surface, thus imposing an 
increased hydraulic gradient with regard to downstream or adjacent estuarine areas. Such a 
gradient, causes the flow to take the most direct route, thereby invariably causing a migration 
of the channel (Percy et al., 1974). Shifting channels through salt marshes can, in turn, cause 
a significant turnover of sediments. Eilers' (1975) and Pestrong (1965) report that channel 
migration is largely restricted to lower portions of the marsh and adjacent mudflats, as vege
tation stabilizes the meanders in upper reaches. Eilers reports some caving and undercutting 
occurring within the marsh, but that the channel remains fixed. 
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3.2.1 .2 Emergent Vegetation Ecosystem Model Notes (continued) 

#6. Gain of Habitat. Salt marshes within the region's estuaries (Tillamook, Umpqua, Coos, 
Coquille, Nehalem, Grays Harbor) have been documented to be prograding (Johannessen, 1964; 
Andrews, 1965; and Eilers, 1975), the result of accretion (see Figure 3-19). Progradation of 
salt marsh has been measured in Nehalem Bay at a maximum of 2.4 meters per year (8 ft/yr) with 
a range of 0.3 to 1.5 meters per year (1 to 5 ft/yr) (Eilers, 1975). In Massachusetts, 
progradation in salt marshes has been measured at rates up to 2.4 feet per year (0.73 m/yr) 
with an average rate at 1.2 feet per year (0.35 m/yr). Progradation rates are site-specific and 
vary with discharge, sediment supply, and other local conditions. 

The cause of the salt marsh accretion in many of the study area's estuaries is thought to be, in 
part, increased sediment input from riverine habitats, principally caused by logging activities, 
erosion after forest fires, and agriculture (Akins and Jefferson, 1973), and has accelerated 
since 1850 (Johannessen, 1964). Low gradient estuaries fi 11 in at a natural rate, but some 
authors believe that rat~s have been increased by erosive land use practices. Note that losses 
of estuarine habitats have been documented to exceed the recent progradation in most of these 
estuaries (e.g. Coos Bay, Humboldt Bay, Grays Harbor) (Hoffnagle and Olson, 1974; Koebig and 
Koebig, 1975; U.S. ACOE, 1976C). See further discussion in Note #17. 

#7. Marsh Soil. In contrast to high (infrequently submerged) marsh soils, the aerobic layer 
of frequently submerged low marsh soi ls typically cons is ts of a surface zone which is three 
centimeters (1.2 in) or less thick, because oxygen and other gases enter primarily from the water 
above, as diffusion in interstitial water-is a thousand times slower than in the gas-filled pores 
of upland soils (Darnell et al., 1976). Table 3-14 presents characteristic conditions of these 
two extremes. The typically fine, low-bulk submerged soils of salt marshes are largely anaerobic, 
as oxygen is removed by the decomposition of organic matter faster than it can be replenished. 
These anaerobic soils establish conditions which maintain chemicals in a reduced state. Decompo
sition within the soil proceeds slowly with a large variety of intermediate unoxidized decomposi
tion compounds (e.g. organic acids, aldehydes, alcohols, amines, mercoptans, methane, hydrogen 
sulfide, and others) (Darnell et al., 1976). Some of these products (e.g. hydrogen sulfide, 
methane) are toxic to many organisms (Smith and Oseid, 1971; Smith, 1971; Darnell et al., 1976; 
OSU, 1977A). For more information on decomposition, see discussion in Note #10. 

Typically, reduced compounds are water soluble and could be expected to diffuse to the overlying 
water. However, the surface layer oxidizes the reduced chemicals before they can reach surface 
waters, thereby making them insoluble. Root systems are able to extract nutrients under these 
conditions. 
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TABLE 3-14. CHARACTERISTIC CONDITIONS OF UPLAND (INFREQUENTLY SUBMERGED ·TO ABOVE 
TIDE) AND FREQUENTLY SUBMERGED MARSH SOILS. A gradient exists in marshes ranging 
from edge of above tide (upland) to edge of below tide (submerged). The charac
teristics of the marsh soils vary along this gradient, being fairly uniform with 
depth at the upl,and end and varying between surface and subsurface at the other. 
(From Darnell et al., 1976.) 

Characteristic 

Appearance 

Decomposition 

pH 

Free oxygen 

Carbon 

Nitrogen 

Sulfur 

Iron 

Upland Soils 
(Surface & Subsurface) 

variable 

aerobic 

high 

high 

carbon 
dioxide 

nitrate 

sulfate 

ferric 

Frequently Submerged Soils 

Surface 

variable 

aerobic 

high 

high 

carbon 
dioxide 

nitrate 

sulfate 

ferric 

Subsurface 

f . . dl 1ner-gra1ne 

anaerobic 

high 

absent 

methane and 
other reduced 
caroon compounds 

ammonium 

hydrogen sulfide 

ferrous 

Eilers (1975), in core samples within Nehalem Estuary, found large grain sands 
in the subsurface areas which were deposited during earlier successional 
sequences. 
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FIGURE 3-19. HARSH EXPANSION IN NEHALEM BAY, OREGON, OVER 100 YEARS. (From 
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3.2.1.2 Emergent Vegetation Ecosystem Model Notes (continued) 

Increased elevation, or lowered water table, enhances leaching and oxidation. The resultant acid 
conditions adversely affect crustaceans and molluscs which depend on alkaline conditions for shell 
building. Under anaerobic conditions, sulfates are reduced to sulfides in the presence of organic 
matter. The sulfides combine with iron in the clay to form polysulfides where they remain if the 
soil remains wet. If the soil drys and becomes aerobic, the sulfides oxidize to form sulfuric 
acid and can lower the pH to 2.5 or below (Neely, 1962). Such a drop in pH (3-6 units) has been 
documented in Siletz estuary during extremely low tides of spring and winter (Rauw, 1974) and 
may be due to the same phenomenon. 

Note that emergent marshes under natural conditions are an environment with gradient conditions. 
for example, salinity across a salt marsh is typically equal to se~ water at the lower and midd~e 
ranges and rises to a peak at the upper extremity of the marsh during dry seasons, before dropping 
to near zero above tidal influences (Hedgpeth, 1957). Similarly Eilers (1975) reports a decline 
in soil salinity with depch in the high marsh, thought to be caused by the upward movement of 
water due to evapotranspiration. Likewise, soil oxygen decreases with depth. Table 3-14 
provides the extreme ranges of conditions which can be expected on an emergent marsh. The 
gradient conditions vary with tidal fluctuations in daily, monthly, and annual cycles, as well 
as flooding (see Figure 3-18). Where salt marshes are diked, the gradient is altered and soils 
show a marked change in conditions at the dike. 

#8. Photos nthesis/Productivity. Estuarine emergent marshes are generally considered to be highly 
productive communities E.P. Odum, 1971) and are typically more productive than the adjacent sea 
or uplands. The causes of their relatively greater productivity, as summarized by E.P. Odum 
(1971), include replenishing and recycling of nutrients, multiple producers programmed for year
around productivity using substrate and water as nutrient sources, and tidal actions which subsi
dize productivity by transporting food and nutrients. Additional factors described by other 
authors include a long growing season (Keefe, 1972) caused by buffering of thermal effects by 
estuarine water; vertical orientation of the leaves of salt marsh species which maximizes the leaf 
surface to sunlight ration, reduces shading, and decreases inten~e heating of the leaf surface 
(Jarvis, 1964; Palmer, 1941), and availability of moisture and high concentrations of organic 
colloids which aid in the nutrient uptake process (Keefe, 1972; Albrecht, 1941). 

There are some negative aspects in the salt marsh environment. Producers have adapted to the 
rigorous environmental conditions of the intertidal estuary, which include anaerobic soil condi
tions, changing salinities, and submergence. 

Estuarine emergent vegetation (salt marsh) productivity studies have been completed by Eilers 
(1975), Hoffnagle and Olson (1974), and Hoffnagle (1976) within the study area, with additional 
studies by Northwest Environmental Consultants (1975) and Burg et al. (1975) for nearby marshes 
within Puget Sound. Values are summarized in Table 3-15. Productivity of salt marshes in areas 
outside the region has been summarized by Eilers (1975) and, with some additions, is presented in 
Table 3-16. 

Eilers (1975) reports a direct correlation between elevation and productivity as indicated in Figure 
3-20. However, other studies (Vanderzanden et al., 1976; Burg et al., 1975; Northwest Environ
mental Consultants, 1975) have indi.cated an opposite trend, with the mature high marsh (or diked 
marsh) being less productive and Carex or Juncus marshes with lower elevations being typically 
most productive. 

Review of these studies indicates that productivity of different portions of an emergent marsh 
differ markedly, that there is a considerable differential in the value of production of each 
estuary, as some species have different nutritional qualities, and that export to the estuary 
differs widely from one area of ~arsh to another. 

One of the most productive portions of the salt marsh appears to be the Carex marshes (Vanderzan
den et al., 1976; Northwest Environmental Consultants, 1975; Eilers, 1975; Burg et al., 1975). 
Carex occurs in the intertidal areas where detrital materials can be readily exported, decomposes 
rapidly, and compares favorably to other salt marsh species as a food source (as seston) in 
controlled experiments with mussels and oysters (Eilers, 1975; Hall, 1976; Stunz, 1976; Gnat et 
al., 1976). Productivity data for selected associations of marsh plants for salt marshes in and 
near the region are given in Tables 3-17, 3-18, and 3-19. 

There is also a seasonal component to productivity. Biomass increase over time, as indicated in 
Figures 3-21 and 3-22, provides evidence of differential productivity as well as different 
peaking periods for different associations. However, the biomass of most species peaks in July; 
bent grass (Agrostis spp.J and seashore salt grass (Uisticnlis spicata) have later peaking dates. 
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TABLE 3-15. NET AERIAL PRODUCTION OF DRY MATTER (IN g/m 2/YEAR) BY SALT 
MARSHES IN THE PACIFIC NORTHWEST. 

Site 

Hood Cana 1, WA 1 

Hood Cana 1, WA 

Hood Cana 1, WA 

Hood Canal 

Hood Cana 1, WA 

Nisqually Delta, 

Nehalem Bay 

Nehalem Bay 

Nehalem Bay 

Nehalem Bay 

Coos Bay 

WA 1 

Type of Marsh 

low, sandy 

sedge spp. 

immature, 
high 

mature, high 

intertidal 

transitional 

above tide 

all/combined 

(intertidal
transitional) 

Productivity 
Range Mean 

283-2,000 

738 

2,000 

1,041 

283 

90-13,900 

227-2,629 

741-2,612 

839-2,820 

227-2,820 

3 79-11 '119 

750 

1'174 

1,410 

1, 710 

1'364 

Source 

Northwest Environ
mental Consultants 

11 ( 1975) 

II 

II 

II 

Burg et al. (1975) 

Eilers (1975) 
II 

II 

II 

Vanderzaden et al. 
( 1976) 

Hood Canal and Nisqually Delta are in Puget Sound area of Washington, outside the 
study area. 

The preceeding data have not included root production which makes up the majority of the 
standing biomass of the salt marsh species of the region (Vanderzanden et al., 1976). A study 
in Mississippi by de la Cruz and Courtney (1977) measured root production (970-1240 g/m2/year) 
comparable to annual aerial production in an emergent salt marsh, with the majority of the 
production occurring in the top twenty centimeters (8 in) of soil. 

In addition to the productivity of the macrophytes which are discussed above, periphyton and 
benthic diatom productivity make up a significant but regionally undocumented portion of the 
salt marsh net primary productivity. In a study in Louisiana, benthic diatom, phytoplankton, 
and epiphyte production made up nearly forty percent of the net primary productivity of a salt 
marsh (Day et al., 1973). 

In summary, salt marshes of the region are at least as productive as salt marshes of equivalent 
latitudes of other areas (Eilers, 1975; Vanderzanden et al., 1976); they may, in fact, be more 
productive; Vanderzanden et al. (1976), suggests the causal factors may include longer growing 
season, more moderate temperatures, and lack of ice scouring. Eilers (1975) proposes an 
uncharacteristic decreased productivity southwardly due to summer dessication. 

Salt marsh primary production in the region is a little less than, although comparable to, the 
inland seral forests, and is twice that of the upwelling regions of the oceanic shelf. 

#9. Nitrogen-Fixation. Although not documented within the region, nitrogen-fixation in Spartina 
salt marshes has been documented in Georgia (Van Raalte, 1977; Haines et al., 1976). The fixation 
is carried out by bacteria inside Spartina roots, on the soil surface by bluegreen algae, and on 
pans and in the soil by photosynthetic bacteria. Nitrogen-fixation has also been documented i~ 
other marsh environments including cattail (Typha) marshes and rice paddy fields (Balandreau 
et al., 1976). Consequently, it is probable that nitrogen-fixation occurs in estuarine salt 
marshes within the region. Rates of fixation in marsh environments in Georgia have been 
measured at 1.2-17. 1 g/m2 (Haines et al., 1976). 

The characteristic anaerobic conditions of low marsh soils allow denitrification to take place 
(Haines et al., 1976). In face, N2 production by denitrifying bacteria is greater than by 
nitrogen-fixation. In situ mineral recycling is probably the most important way nitrogen 
becomes available to--Primary producers (Haines et al., 1976). 
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TABLE 3-16. NET AERIAL PRODUCTION ~IN g DRY/m2/YR) FOR COASTAL SALT MARSHES OUTSIDE THE STUDY AREA, AS 
REPORTED BY VARIOUS AUTHORS. (After Eilers, 1975.) 

Net Aerial 
Production 

(g dry/m2/yr) 

Intertidal 
Low Marsh 

445 
596 
973 

1,000 
1,296b 
1,675 
1, 700c 
2,000 

Extra tidal 
High Marsh 

230 
343 
560 
796 / 
849 
850 
993 

l ,200c 
1,296 
1,360 

Locale 

Delaware 
Rhode Island 
Georgia 
N. Carolina 
N. Carolina 
Georgia 
California 
Georgia 

Sweden 
Sweden 
N. Carolina 
N. Carolina 
Florida 
N. Carolina 
Long Island 
California 
N. Carolina 
N. Carolina 

a Cited in Keefe (1972). 

b kca 1 -; 4. 

c Maximum standing crop biomass. 

Dominant Species 

Spartina alterniflora 

Spartina alterniflora 

Spartina fol iosa 

Juncus gerardi 

Juncus roemerianus 

Spartina patens 
Salicornia subterminalis 
Spartina patens 
Juncus roe;;;e;:Tanus 

d Cited in Tyler (1971), not in bibliography. 

Source 

Morgan (1961)a 
Nixon & Oviatt (1973) 
Smalley (1959) 
Wi 11 iams & Murdock (1966)a 
Stroud & Cooper (1969) 
Teal (1962) 
Cameron (1972) 
Odum (1961) 

Tyler (1971) d 
Wallentinus (1970) 
Foster (1968)a 
Stroud & Cooper (1969) 
E. J. Heald (1969)a a 
Williams & Murdock (1968) 
Harper (1918) 
Cameron (1972) 
Waits (1967)a 
Waits (1967)a 
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FIGURE 3-20. NET AERIAL SALT MARSH PRODUCTION BY ELEVATION. Data 
from Nehalem Bay, Oregon, are averaged for three centimeter eleva
tion increments and related to inundation, topography, and creek 
density. MLLW =Mean lower low water. (From Eilers, 1975.) 
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TABLE 3-17. SUMMARY OF SALT MARSH PRODUCTIVITY DATA BY 
PLANJ ASSOCIATION FOR THE NISQUALLY DELTA IN LOWER PUGET 
SOUND, WASHINGTON. Plant associations are: SPMA = 
Spergularia marina, SAVI = Salicornia virginica, FERU = 
Festuca rubra, CALY = Carex lyngbyei, DISP = Distichlis 
spicata, POPA= Potent~pacifica, JUBA= Juncus 
balticus, JACA = Jaumea carnosa. (From Burg--etaf., 1975.) 

Association 
Annual Net Productivity 

g/m2 kg/ha 

SPMA 90 900 

SAVI 730 7,300 

FERU - CALY 640 6,400 

CALY - DISP - POPA 720 7,200 

DISP - JUBA 470 4,700 

DISP - SAVI 930 9,300 

JACA - DISP 610 6, 100 

CALY 1390 13,900 

TABLE 3-18. NET PRIMARY PRODUCTION 1 IN SIX SALT 
MARSHES OF COOS BAY, OREGON. (From Vanderzanden 
et a 1 . , 1976.) 

Marsh Net Primary Producti'.)n 
g/m2/year g/mZ/4 mos. 

North S 1 ough 1118.89 1118.89 
(bull rush, 
Scirpus val idus) 

Bul 1 Island 1007.86 816.60 
(Immature 
high marsh) 

South Slough 764.81 664.40 
(Immature High 
marsh) 

Pony Slough 599. 103 538.56 
(low marsh) 

Sal icornia 560.346 423. 16 
marsh 

Coal bank 378.867 263.34 
(diked marsh) 

Net primary production was determined for each 
marsh during a four month sampling interval 
(April to July). Yearly estimates were pro
jected based on individual species growth 
curves. Values are grams dry weight. 
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TABLE 3-19. NET AERIAL PRODUCTION (IN g DRY/m 2/YR) FOR SALT MARSH PLANT COMMUNITIES ON WEST 
ISLAND, NEHALEM BAY, OREGON. (From Eilers, 1975,) 

Community 
b 

Mean Community Range Total 

s 609 347 - 1,164 10,874,304 

T 518 227 - 857 26,136,726 

c (Short) 875 533 - 1,051 69,148,625 

c (Ta 11) 1,746 1,276 - 2,629 131,746,176 

CDT 1,076 657 - 1, 767 170,252,252 

TD 1,468 947 - 2,204 31 ,877 ,620 

CDT Ag 1,693 1 ,031 - 2,612 199,811,246 

JAg 1 ,479 746 - 2, 180 178,985,622 

JAgF 1,574 943 - 2,709 27,471 ,022 

APO 1,936 839 - 2,820 222,390,256 

CAO 1'756 1 '131 - 2,217 6,978,344 

PS 1,936a --------- 799,568 

MARSH 1 ,388 227 - 2,820 1,076,471,761 

a Estimated as identical to that of APO. 

b Communities are named for dominant vegetation, as follows: 

S = Scirpus 
T = Triglochin 
C = Carex · 
CDT= Carex, Deschampsia, Triglochin 
TD= TrT9TQchin, Deschampsia 
CDTAg = Carex, Deschampsia, Triglochin, Agrostis, 
JAg = Juncus, Agrostis 
JAgF = Juncus, Agrost(s, Festuca 
APO = Aster;-PotentfTTa, Oenanthe 
CAO = Carex, Aster, Oenantha 
PS= Picea, Salix (shrub). 

3.2. 1.2 Emergent Vegetation Ecosystem Model Notes (continued) 

Community Marsh Deviation 
% Area % % 

1.0 2.3 1. 3 
2.4 6.5 4.1 

6.4 10.1 3,7 

12.2 9.6 + 2.6 

15.8 20.2 4.4 

3.0 2.8 + 0.2 

18.5 15. 1 + 3.4 

16.6 15.4 + 1. 2 

2.6 2.3 + 0.3 

20.7 14.7 + 6.0 

0.7 0.5 + 0.2 

0.1 0.5 - 0.4 

100.0 100.0 0.0 

#10. Ion Exchange. Salt marsh plants have special problems that include not only extracting 
nutrients in desired quantities but also coping with high sodium ion concentrations. Where salt 
water concentrations are in the order of 0.05 (or about two bars of osmotic potential), main
tenance of osmotic pressure becomes a serious problem. 

High external osmotic pressure from salt water has the following effects upon plants in general 
(S 1 atyer, 1967): 

1) depression of growth, 

2) depression of transpiration, 

3) reduction of water avai labi 1 ity, and 

4) excess accumulation of ions which may interfere with the uptake of essential 
nutrients. 

Salt marshes have evolved at least four ways by which they cope with high sodium environments 
(Ranwell, 1972). Some salt marsh species (e.g. halobacteria, many species of algae, glasswort 
(Salicornia virginica), and seaside arrowgrass (Triglochin maritimum)) have evolved a selective 
ion uptake mechanism that can discern between sodium ions and the ions of desirable nutrients 
(Parham, 1970). Other salt marsh plant species (e.g. sea-mi lkwort (Glaux, maritima) and Spartina) 
have evolved special salt glands which excrete sodium. Some species accumulate salts in parts 
of the plant where little metabolic activity occurs, then slough off the material annually. 
Others (e.g. Jaumea and salt bush (Atriplex patula)) have evolved succulence which allows water 
storage In upper portions of the plant when roots are in highly saline conditions. 
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FIGURE 3-21. BIOMASS OVER TIME OF INDIVIDUAL SALT MARSH 
SPECIES AND LITTER. Data are from West Island, Nehalem Bay, 
Oregon, May, July, and September, 1972. Plant species are: 
a) Aster subspicatus, b) Oenanthe sarmentosa, c) Achillea 
millifolium, d) Lathyrus palustris, e) Potentilla pacifica, 
f) Galium trifidum, g) Agrostis alba. (From Eilers, 1975.) 
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3.2. 1.2 Emergent Vegetation Ecosystem Model Notes (continued) 

MacNae (1966) presents evidence from Australia indicating that calcium is essential to this 
selective ion transport mechanism which allows plants to selectively take up required nutrient 
ions under conditions of high sodium concentrations. 

There is some evidence that salt marsh species are better able to take up iron in a reducing 
root condition where anaerobic iron-reducing bacteria are present. Iron deficiency is apparent 
at higher elevations where the soil is aerated. However, little work has been reported on the 
mechanics of uptake under reduced conditions. 

#11. Secondary Productivity. There is little documentation of consumption 
communities of the West Coast, and more specifically within the study area. 
Koplin (1978, personal communication, Department of Biology, Humboldt State 
Ca ifornia) ·documents trophic relationships for the Arcata Bottoms, Arcata, 
marshlands which have been transformed into pasture/agricultural uses. 

within salt marsh 
Recent work by 

University, Arcata, 
California, diked 

The only data on secondary consumption in marshes of the study area are those of Schrag (1976). 
He records that leafhoppers consumed approximately 7% of net primary productivity in the Coos 
Bay saltgrass. 

This figure Is slightly higher than secondary consumption (general) reported by 1nost authors 
in other salt marsh studies (Odum and Smalley, 1959; Smalley, 1960; Day et al., 1973; Teal, 1962). 
Additional grazing is done by larger herbivores such as waterfowl, muskrats, and (locally) 
cattle, but quantities are undocumented. The principal grazing group in salt marshes, however, 
ls thought to be the insects; their principal predators are spiders (Cameron, 1972). 

#12. Community Composition. The emergent vegetation (salt marsh) community is an edge community 
that occurs where a low relief shore] ine interfaces with a low energy estuarine condition. Organ
isms present are either characteristic of both environments, or have adapted to the special 
conditions (e.g. halophytes) and are specific to the community. 

Unlike salt marshes of many areas, the salt marshes of the region are not monocultures of single 
species. A wide range of salt marsh types, many of them having several co-dominant species, are 
typical of the area (Eilers, 1975; Hoffnagle, 1076; Vanderzanden, 1976; Jefferson, 1974). 
Instead of the extensive Spartina (cordgrass} marshes of the Eastern seaboard, salt marshes of the 
region are more typically a mixture or a mosaic of species, including such species as saltbush 
(Atriplex patula), glasswort (Salicornia virginica), seaside arrowgrass (Triglochin maritimum), 
Bal tic ruch (Juncus balticus), Lyngby's sedge (Carex lyngbyei), Jaumea (Jaumea carnosa), tufted 
hairgrass (Deschampsla caespltosa), and others. A more extensive list is provided in the 
community composition section of the Emergent Vegetation habitat (2.J.2 C) in Volume 3. The 
same 1 ist or variations thereof can be generated from review of the Annotated Species List. 

The subclassification of marsh types most often utilized within the region is the one proposed 
by Akins and Jefferson (1973) and Jefferson (1974). The marsh types, along with brief descrip
tions are as fol lows: 

3-50 

Low Sandy Marshes. These marshes are usually located on a sandy substrate on the in
land side of baymouth sand spits or on islands in sandy bays. In the east side of 
the Coquille estuary (Watershed Unit 7), the large area of this type is, however, on a 
silty substrate opposite the sand spit, indicating that another factor(s) besides sand 
influences formation of this marsh type. The marsh surface is slightly elevated above 
the tideflat and has a gentle upward slope toward higher land. 

These areas are flooded by nearly all high tides and tidal drainage is diffuse. The 
lowermost vegetation is dominated by glasswort (Salicornia virginica) or three
square rush (Scirpus americanus), and the higher vegetation is mainly saltgrass 
(Distichl is spicata), Jaumea (Jaumea carnosa), and seaside plantain (Plantago 
maritima). Lesser quantities of the sand spurries (Spergularia canadensis, S. 
macrotheca), alkali grass (Puccinellia maritima), sedge (Carex lyngbyei), andmilk
wort (Glaux maritima) appear frequently. 

Low Silty Marshes. These marshes are usually located on a silt or mud substrate 
wherever sedimentation occurs rapidly. The marsh surface I~ relatively flat but is 
interrupted by slightly elevated circular islands of colonizing seaside arrowgra.ss~ 
(Triglochin maritimum). 

Nearly all high tides inundate these marshes and tidal runoff is diffuse but somewhat 
channelled around the plant colonies. The smaller plants, spike rush (Eleocharis 
parvula) and sand spurry (Spergularia marina), are scattered on the marsh surface. 
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Sedge Marshes. Sedge marshes occur usually on silt between the low silty type 
marshes and more mature marshes, or on the edge of islands, deltas and dikes. The 
surface is relatively level but may abruptly rise a third of a meter or more above 
the tideflat surface. 

Most high tides inundate the sedge marshes. Tidal runoff is diffuse on lower sedge 
marshes and well contained in deep ditches on older, higher marshes. The vegetation 
is almost exclusively sedge (Carex lyngbyei, Carex obnupta, Carex sp.). 

Immature High Marshes. Immature high marshes usually occur in substrates high in 
organics and silts, and inland of sedge and low sandy marshes. The marsh surface is 
relatively level, but is interrupted with shallow bare depressions and drainage 
ditches. The marsh usually rises abruptedly nearly a meter above the tideflat or 
several centimeters above the surrounding lower marsh. Immature high marshes are 
inundated by many higher high tides. Tidal runoff flows in deep, well defined ditches. 

The vegetation present is mixed, because this marsh type is a transition type between 
lower, immature marshes and mature salt marshes. The vegetation cover is continuous. 
Tufted hairgrass (Deschampsia caespitosa), a tall grass, is often mixed with salt
grass (Dist__!_chlis spicata), a shorter grass, as a codominant. Lesser quantities of 
seaside arrowgrass (Triglochin maritium), glasswort (Sal icornia virginica), and 
sedge (Carex lyngbyei) are a !so present. 

Mature High Marshes. Mature high salt marshes occur on highly organic substrates 
that often lie over old clays. The marsh surface is relatively level but is inter
rupted by shallow depressions and deep ditches and potholes. The marsh rises a meter 
or more above the tideflat. Many high tides just cover the surface of the marsh. 
Tidal runoff follows the tidal channels. Fresh water may seep through the soil. 

The plant cover is continuous and is characterized by grasses, rushes, and forbs. 
Tufted hairgrass (Deschampsia caespitosa), salt rush (Juncus lesueuri i), and 
creeping bentgrass (Agrostis alba) dominate. Remnants of earlier plant populations 
remain scattered across the surface and along ditches. Gum plant (Grindelia integri
folia), Pacific silverweed (Potentilla pacifica) and orache (Atriplex patula) are 
Forbs found on the highest elevations. ~~~ 

Bulrush and Sedge Marshes. Bulrush (Scirpus validus) and sedge (Carex) characterize 
this type of salt marsh. Such marshes occur along tidal creeks and dikes or on 
islands where fresh water largely dilutes the salt water. As the water becomes 
fresher upstream, the sedge disappears. Bulrush and sedge marshes occur on silt or 
sand that is inundated by most high tides. Tidal runoff is diffuse. 

Intertidal Gravel Marshes. This type of marsh is rare in the study area, occurring 
only near the mouths of the Rogue and Coquille Rivers. Patches of spike rushes 
(Eleocharis macrostachya, E. parishii, E. parvula) and scattered forbs grow on 
gravel bars and beaches subject to tidal inundation. However, the type of plants 
present indicate that 1-1ater salinity is probably very low. 

J. L. Smith et al. (1976) have reported changes in community composition using this classification 
system in Grays Harbor. Northwest Environmental Consultants (1974) similarly found the classifi
cation usable in Wi llapa Bay. 

Within the region, community composition is largely dependent on elevation, salinity, and sub
strate type (Jefferson, 1974; Eilers, 1975). Distribution of salt marsh species along an eleva
tion gradient is given in Figures 3-23 and 3-24 for salt marshes of Oregon while Figure 3-25 
indicates vegetation gradation in Grays Harbor, Washington. Similar gradation is to be expected 
in more northerly and southerly areas of the study region. 

Fauna] community composition is provided in the community composition list for the estuarine 
Emergent Vegetation habitat (2.1.2 C) in Volume 3. Within the salt marsh there is also a 
gradient of species use as is indicated in Figures 3-26 and 3-27 for insects. Schrag i1976) 
reports a shift from insects to marine invertebrates along an elevation gradient for the Coos 
Bay salt marshes. Figure 3-2B demonstrates the differential use of portions of a salt marsh 
by the two major small mammals of the community. Outside of the region Diaber (1974) has docu
mented a preference for the less saline portions of the marsh by muskrat. Yocum (1951) and Martin 
et al. (1961) report use of some marsh plants over others by migratory waterfowl. 

Community composition in the region's emergent marshes is strongly influenced by tidal and 
seasonal patterns. During high tides motile estuarine aquatic species move in, while during 
periods of lower tides terrestrial species forage. 
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FIGURE. 3-23. RANGES OF OREGON SALT MARSH PLANTS RELATIVE TO MEAN LOWER LOW WATER. 
(Directly from Jefferson, 1974.) 
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Aa = Agrostis alba 
Am= Achillea ffiTTT'efolium 
Cl = Carex lyngbyei 
Co = Carex obnupta 
De= Deschampsia caespitosa 
Os= Distichlis spicata 
Fr = Festuca rubra 
Gm = Glaux marrtiiiia 
Jb = Juncus balticus 
Li = IOiiTC'era involucrata 
Os = Oenanthe sarmentosa 
Pp= Potentilla pacificp 
Sc = Scirpus ~ 
Sv = Salicornia virginica 
Tm = Triglochin maritimum 
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FIGURE 3-24. DISTRIBUTION OF SALT MARSH PLANTS (BY ABOVE GROUND DRY 
WEIGHT BIOMASS) ALONG AN ELEVATION GRADIENT. Data are from West Island, 
Nehalem Bay, Oregon, July, 1972. (From Eilers, 1975.) 
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FIGURE 3-28. USE OF DIFFERENT SALT MARSH TYPES (COOS BAY, OREGON) BY 
TWO SMALL MAMMALS, THE DEER MOUSE (PEROl1YSCUS) AND THE VAGRANT SHREW 
(SOREX). (From Magwire, 1976B.) 

3.2. 1.2 Emergent Vegetation Ecosystem Model Notes (continued) 

In a salt marsh in San Francisco Bay, Cameron (1972) found Diptera, Coleoptera, and Hymenoptera 
to comprise 75% of the insect species present. Of the insects present, 50% were herbivores, 
9-13% were saprovores (detritivores) and 13-16% were predacious or parasitic. The population 
showed considerable seasonal variability with populations peaking in October and in June and 
July. Spider abundance ('-40/m2) peaked in May through August. Herbivore diversity was strongly 
correlated with standing crop biomass, saprovore diversity with amount of litter, and predators 
and parasites with diversity of prey species. 

MacDonald (1969), in his review of salt marsh molluscs within the study area found two distinctive 
communities - one found within the salt marsh proper dominated by a few species of gastropods 
(Assiminea californica and Littorina newcombiana) and the other found in the salt marsh creeks 
and channels, dominated by a few species of bivalves (e.g. Cryptomya californica, Macoma nasutu, 
Macoma inconspicua, and Mya arenaria). Other species were in low densities and patchy. 
Abundances in the salt marsh were 600 per square meter at Grays Harbor, 250 per square meter 
at Coos Bay, and 900 per square meter at Arcata. The creek community abundances were lower 
with 172 per square meter at Grays Harbor, 26 per square meter at Coos Bay, and 14 per square 
meter at Arcata, where the individual bivalves were larger. Biomass for either community was 
less than three grams dry weight per square meter. Biomass farther south was considerably 
greater. 

Waterfowl are seasonally abundant. The most abundant birds are the long-billed marsh wren, 
swallows, song sparrow, and the great blue heron (Magwire, 1976A). Most abundant mammals are 
white-footed deer mouse, vagrant shrews, and microtines (Magwire, 1976B; U.W., College of Forest 
Resources, 1974). Seasonal concentrations of raptors (birds of prey) occur during migration and 
wintering periods (U.W., College of Forest Resources, 1974), the most abundant of which is the 
marsh hawk. 

#13. Migration. Many of the consumer species which utilize the salt marsh are migratory. 
Some (e.g. shiner perch and staghorn sculpin) utilize the marsh in a cycle following tidal 
conditions, i.e. they enter and leave ,with tidal waters (Hoffnagle, 1976). Other species 
(e.g. the nocturnal raccoon) utilize the marsh according to photic conditions, leaving for 
shelter during daylight hours. Others are seasonal visitors; waterfowl and raptors are the 
most obvious (U.W., College of Forest Resources, 1974). Sti 11 others (e.g. juvenile salmonids, 
and Dungeness crabs) may utilize the marsh during only a portion of their life cycle. 
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#14. Decomposition. In the high marsh, decomposition is primarily aerobic in surface and sub
surface soils with organic materials decomposed rapidly on site (Eilers, 1975). Periodically, 
oxygen levels may become reduced during seasonal high tides and/or flooding. 

In the lower, more frequently inundated portions of the marsh , decomposition on the soil surface 
is aerobic and rapid. Organics are degraded by generalistic, heterotrophic bacteria and fungi 
using oxygen as an electron acceptor. As discussed in Note #7, sub-surface decomposition is 
typically anaerobic. Under estuarine conditions the principal method of anaerobic decomposition 
is by bacterial sulfate-reduction (Rickert, 1969), since saltwater sulfate concentrations greatly 
exceed other electron acceptors (e.g. oxygen, nitrates, and carbon dioxide) and are readily 
transported to the anaerobic layer (Bella and Williamson, 1977). Under these conditions bacterial 
reaction results in production of hydrogen sulfide, various organics, and carbon dioxide. 

Hydrogen sulfide (H 2S) reacts with iron where available to form insoluble ferrous sulfide. Where 
iron is not available, or is saturated, the toxic hydrogen sulfide can be released. 

This form of decomposition can be altered by the depletion of organics which are degraded through 
the sulfate reduction process. (Some organic compounds are refactory to this process but not to 
others.) Or, through a reduction in available sulfates, anaerobic decomposition can be altered 
by lowering of salinity (thus sulfates) in overlying waters, resulting in reduced availability 
of sulfates in below-surface sediments. When sulfates are depleted an alternative decomposition 
process using a carbon dioxide as the electron acceptor, and producing methane gas can be expected 
Bella and Williamson, 1977). Freshwater portions of es~uarine marshes associated with cattails 
probably exhibit the latter subsurface form of decomposition. Other anaerobic forms of decomposi
tion considered important in salt marshes are fermenting and dissimilatory nitrogenous oxide 
reducing by bacteria (Pomeroy et al., 1976). 

Eilers (1975), Figure 3-29, shows the proportion of net aerial production which is exported (see 
Note #4~ for surface 1 itter versus elevation. 

Accumulation of litter appears to occur in the transitional areas between the lower marsh where 
detritus is thought to be exported and the upper marsh where aerobic dryer conditions allow for 
more rapid decomposition. Agrostis alba and Junca balticus are typical of the lower and upper 
marsh, the litter from both of which resists rapid decomposition. Gnat et al. (1976), report 
rapid rates of decomposition measured by litter bag techniques for some major salt marsh species 
of the study area (Figure 3-30). The decomposition rates in litter bag experiments are greater 
than those indicated for marshes outside the study area. On the average, 60% of the material 
was decomposed in 90 days for Salicornia, Deschampsia, and Juncus lesueurii compared with annual 
rates of 35%, 47%, and 37% reported by de la Cruz (1965), W~l967), and R. J. Heald (1969), 
respective 1 y, for J uncus_ roemer i anus. 

Laboratory studies by Stunz (1976), as shown in Figure 3-31, indicate decomposition trends cor
responding to those reported by Gnat et al. (1976). Similar studies for salt marsh species have 
shown a 25% gross loss in seven days for Spartina alterniflora, and a similar loss in ten 
days for Juncus roemerianus (Gosse! ink and Kirby, 1974; de la Cruz and Gabriel, 1974). However, 
compariso~hese studies may not be meaningful as different techniques were used. 

The principal flow of energy in a salt marsh is through decomposition of vegetable litter and 
is thought by many authors to make significant energy and nutritional contributions to adjacent 
estuarine habitats (de la Cruz, 1965; de la Cruz and Gabriel, 1974; E.J. Heald, 1969; Stunz, 1976). 
Decomposers take the salt marsh cellulose, which is largely unusable by .most estuarine organisms, 
and transform portions into usable microbial protein (Stunz, 1976; Pomeroy et al., 1976; 
Heinle et al., 1976). This seston protein is an important food source for estuarine filter
feed~rs, zooplankton and deposit-feeders (Heinle et al., 1976). 

In a situation where the detritus remains in an aquatic environment, it is attacked by microor
ganisms, fungi, and bacteria which oxidize, hydrolize, and assimilate portions of the basic 
carbon structure. Simultaneously these decomposers are grazed by protozoans. The complex of 
decomposing plant material, bacteria, fungi and protozoans (seston) has considerable nutritional 
potential. Newel 1 (1964) has presented evidence indi:cating nitrogen-fixation by bac~eria 
as one significant means by which bacteria add nutritional value to seston. Seston is 
consumed by filter-feeders, deposit-feeders, and fishes. The bacteria, fungi, and protozoans 
are digested and the plant materia is returned to the environment virtually intact. Some 
estuarine consumers have intestinal symbiotic microbes which can also extract energy and 
nutrition from the plant particle. The fecal material is deposited, and the material is recycled 
until most biologically available energy and nutritional value have been extracted (Hall, 1976). 
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3.2. 1.2 Emergent Vegetation Ecosystem Model Notes (continued) 

#15. Human Use. There is only limited direct human use of salt marshes of the study region. 
Although very little data is available, most of the waterfowl hunting of the coastal area occurs 
in this habitat. Bird watching and natural study follow closely in amount of use. See Recrea
tional Species of Concern discussion (Section 3.4.2) for more information. Some grazing by 
domestic cattle occurs in intertidal estuaries (e.g. Sand Island in the Columbia River Estuary). 
Salt marsh detritus may be of particular importance to the commercially valuable oysters in 
Willapa and Humboldt Bay. De la Cruz (1976) has reviewed various values which salt marshes can 
provide, e.g. sewage assimilation, aquaculture. 

#16. Pollutant Input. Estuaries, and salt marshes in particular, are considered to be sites 
where pollutants accumulate (Ohlendorf et al., 1974; Woodwell et al., 1967). The accretion of 
sediments and materials, much of which originated from adjacent uplands (see Notes #3, #4, and 
#5), and the intensive biochemical cycling within the estuary, as well as the intertidal nature 
of salt marshes, establish this habitat as a location where persistant pollutants are likely to 
be found. 

No serious pollution levels have been measured in the marshes within the study area. In more 
southerly parts of California, however, eggshell thinning has been measured in great blue heron 
and common egret populations and associated with DDE residues (Faber et al., 1972). In a survey 
on the East Coast in 1972, DDT occurred in measurable amounts in 24% of the eggs of salt marsh 
birds sampled, while DDE occurred in all eggs measured and PCB's occurred in 76% of the eggs 
measured (Ohlendorf et al., 1974); other chemicals were also found. No eggshell thinning was 
documented with these concentrations, but the potential danger was evident. No studies of egg
shell thinning have been done in the study area. 

#17 .. Loss of Habitat. Salt marshes in this region, as well as world wide, have been considerably 
reduced in size (and in many places completely el iroinated} through diking, fi 11 ing, spoi 1 dispos
al, and ditching, or some combination of these activities. Much of these lands have been 
converted to agricultural use, some to waterfront development, and others to spoil sites. 
U.S.- Department of Interior (1970, Volume 1) reports 13% of the estuarine area in the Pacific 
Northwest has had slight modification, 50% has had moderate modification, and 37% has had 
severe modification. A substantial but undocumented portion consists of wetland losses. 

Grays Harbor. The Army Corps of Engineers (1976C) reports 3,840 acres (1 ,550 ha) of intertidal 
land within Grays Harbor have been utilized for disposal of dredged material. The figure repre
sents 11.4% of the total intertidal lands (33,600 acres or 13,600 ha), with an average annual 
usage of 110 acres (45 ha). The amount of spoil disposal on salt marshes is unknown. However, 
today, the emergent marsh comprises only 16% of the intertidal area indicating an overall loss 
due probably to spoil disposal. Since the early 1900's some 1 ,540 acres (625 ha) of wetlands, 
presumably mostly emergent marsh, have been permanently committed to upland usage. The rate 
of salt marsh removed increased following 1950, as 1,280 acres (500 ha) have been altered to 
uplands since that date. Permanent loss represents approximately 1/2 of the previously existing 
wetlands, with an additional unknown quantity affected by spoil disposal. 

Willapa Bay. Of the estimated original 15,300 acres (6,100 ha) of emergent marsh, an estimated 
6,200 acres (2500 ha) or about 40% have been diked and altered to other habitats, predominantly 
agricultural (ACOE, 1976H). Some 300 acres (120 ha) have been diked and fi I led from dredge disposal 
since 1962. In addition, a lesser (but· undocumented) amount of salt marsh has been filled and 
transformed into developed (commercial, industrial, residential) land (ACOE, 1976H). 

Prior to 1962, the disposal of spoil did not include diking; disposal of materials was typically 
adjacent to dredged areas. Quantity disposed is estimated at 2.5 million cubic yards (1.9 
mi 11 ion m3) . 

Columbia River. Seaman (1977) estimates 700 acres (300 ha) have been filled in the Columbia 
estuary. Recent disposal sites to river mile 34 are given in Table 3-20. In addition, of the 
170,000 acres (68,000 ha) of flood plain bordering the lower Columbia River (mouth to river mile 
125), 65% or 110,500 acres (44 1000 ha) are protected by dikes or levees. Obviously, a large 
area of wetlands (emergent marsh) has been affected, but precise quantities are unknown. 
Continued dredging of the lower Columbia River will maintain a demand for spoil sites, some of 
which are likely to be emergent 'marshes. 

Ore on Erner ent Salt Marshes. The extent of disturbance to Oregon's coastal marshes has been 
summarized by Eilers 1975 , in Table 3-21. Additional information on landfills for selected 
Oregon estuaries is summarized (Percy et al., 1974) from surveys by the Oregon Division of 
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TABLE 3-20. LAND DISPOSAL SITES IN THE COLUMBIA RIVER ESTUARY. RM 

Site 

Rice Island (RM 21 .0) 

Miller Sands Island (RM 23.5) 

Altoona, Wa. (RM 24.3) 

(RM 24.8) 

Pillar Rock (RM 27. 1) 

Jim Crow Sands (RM 27.2) 

Jim Crow Point (RM 28.2) 

Pile dikes off channel (RM 29.1) 

Woody Island (RM 29.1) 

Upstream of Brookfield, Wa. (RM 29.5) 

Fitzpatrick Island (RM 31.2) 

Downstream of Skamokawa, Wa. 
(RM 33.4) 

Between Brooks Slough and 
Skamokawa Slough (33.7) 

Welch Island No. Bank (RM 34.0) 

Habitat 

fill/sand, grass 

fill/sand, grass 

sand beach 

fill/sand, grass 

fill/sand, grass 

fill/sand, grass, pines 

fill/sand 

open water/pile dikes 

75% - fill/sand 
25% - tideland/wi 1 low 

80% - fill/sand 
20% - tideland/alder, wi 1 low 

90% - fill/sand 
10% - tideland/marsh 

fill/sand, snags, spruce, willow, 
grass 

tideland/spruce, alder, willow, 
sedge, grass 

fill/sand 

river mile from mouth. (From Seaman, 1977.) 

Wildlife 

occasional waterfowl, shorebird 
and aquatic mammal use 

waterfowl, shorebirds, aquatic 
mammals (within wildlife reserve) 

shorebirds 

little use 

waterfowl, shorebirds 

waterfowl resting area 

possibly some fish use 

waterfowl and shorebird resting 

some waterfowl and mammal use 

important waterfowl and shorebird 
resting and feeding 

within wildlife reserve songbirds, 
small mammals 

important wetland habitat for deer, 
invertebrates, birds 

little use 

Size 
(acres) 

130 

240 

10 

10 

10 

70 

10 

20 

20 

10 

30 

60 

20 

20 
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TABLE 3-21. AREA, NATURE OF DISTURBANCE, AND DISTURBANCE RATING FOR SALT MARSHES IN OREGON 
ESTUARIES AND BAYS. (From Eilers, 1975,) 

Nature of Disturbance 

OJ 
-"- OJ 

0) -"-Cl c 1 IJ.. Cl ~ 

Area of OJ <fl N OJ <fl 0.. OJ I... <fl ro 0 IJ.. OJ C1J c 0) E u Existing Salt Marsh :J 0) 0.. c I... 0 C1J "'O :J c ..... 0 (/) "'O '-" ~ I... I... Cl C1J 
-' '- C1J -' ..... <fl 0 C1J - .OCV'\ :J IJ.. I .µ OJ 0 OJ C1J ..... 0 OJ - '- 0) u ..... c <fl :::;:: 0) '- '- - 0) OJ (/) .0 <fl C1J :J c Square "'O 4- C1J :J "'O OJ ..... u :J C1J I- .µ ·-'- C1J .0 "'O 0) (\) 3 ..... > c 0) 4- .µ OJ <fl ..... 

Location Meters Acres 0) 0 '- '- c 0 I... C1J 0 C1J C1J OJ 0 OJ 0 > ·- C1J <( er: Cl :::>- -' Cl er: 0- u z IJ.. -' c:i ct: f- oocr: 

Umpqua 3,261,308 805 x x x x x x x x 8 3 
Siuslaw 3,182,108 785 x x x x x x x x x 9 3 
Coos Bay 9,065,375 2,239 x x x x x x x x x x 10 5 
Yaquina 4,464,591 1, 102 x x x x x2 x x x x 9 3-4 
Nehalem 2,433,600 601 x x x x2 x x2 x 7 2 
Siletz 1,460,991 360 x x x x x x x 7 4-5 
Coquille 1,592,987 393 x x x ~ x x x x x 9 3 
Tillamook 3,637,168 898 x x x x x x 6 3 
Salmon River 746,061 184 x x x x x x 6 3 
Al sea 2,640,405 652 x x x x x x 6 2-3 
Sand Lake 2,712,729 670 x x x x x 5 2 
Netarts 1,108,170 273 x x x x 4 1 
Nestucca 913,825 225 x x x x 4 2 
Necanicum 123,728 30 x x 2 1 

Total 37,343,046 9,223 13 13 12 11 8 6 6 4 6 3 5 2 2 

Determined by planimeter from aerial photographs. 
2 Historically significant. 
3 P-ange is 1 to 5 where 1 = mi nor disturbance and 5 severely disturbed. 
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3.2. 1.2 Emergent Vegetation Ecosystem Model Notes (continued) 

State Lands (see Table 3-22) but do not differentiate salt 
Hoffnagle and Olson (1974) report 90% of the original salt 
been changed to other habitats through diking and filling. 
area changes in Coos Bay between 1892 and 1972. 

marsh from other intertidal habi.tats. 
marsh environment within Coos Bay has 

Figure 3-32 indicates salt marsh 

Humboldt Bay. Koebig and Koebig, Inc. (1975) report that of Humboldt Bay's original 7,000 acres 
13000 ha) of salt marsh, 600 acres (250 ha) remain. Like Coos Bay, Oregon, approximately 90% of 
the emergent marsh environment has been transformed to other habitat types, predominantly diked 
marsh agricultural areas which now make up much of the Arcata Bottoms. 
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FIGURE 3-32. CHANGE IN AREA OF EMERGEfff VEGETATION (SALT MARSH) HABITAT IN 
COOS BAY, OREGON, FROM 1892 TO 1972 THROUGH DIKING AND LANDFILL. (From 
Hoffnagle and Olson, 1974.) 
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TABLE 3-22. LANDFILLS IN SELECTED OREGON ESTUARIES. (From Percy et al., 1974.) 

Estuary 

Al sea 

Nehalem 

Nestucca 

Salmon 

Sand Lake 

Siuslaw 

Tillamook 

Umpqua 

Yaquina (below 
Toledo 

Landfill Area (Acres) 

On Submerged 
Lands1 

0 

20. 11 

0. 15 

0 

On Subme~sible Total 
Lands 

24.75 24.75 

7.27 27.38 

o.68 0.83 

0. 12 0. 12 

Use/ownership 

marine oriented; 
heavy emphasis 
on recreation 

residential or 
recreation 
oriented; 
generally small 
f i 11 s 

erosion control on 
residential 
property; mainly 
state owned 

one fill; parking 
area, boat launch; 
state owned 

Main Location 

east side of 
Waldport 

Brighton, 
Wheeler, and 
Nehalem areas 

Pacific City; 
Woods area; 
between miles 
1.5 and 2.5 

north side 
near mi le 
1. 8 

no landfills; 4. 1 acres of diking of which 3.0 acres is on 
submersible land 

0.12 40.63 40.75 

0.57 102.06 102.63 

8.50 97.54 106.04 

55.06 202.06 257. 12 

used mainly by the Florence area 
city of Florence; 
some marine ori-
ented with heavy 
emphasis on indus-
try; 36.28 acres are 
dredge spoils 

industry oriented; 
no particular 
emphasis on 
navigation 

80 acres used for 
marina and harbor 
at Winchester Bay; 
remainder mainly 
marine oriented 
with heavy emphasis 
on deep water navi
gation and industry 

are only 3 fills 
over 5 acres - all 
marine oriented 
with heavy emphasis 
on deep water navi
gation and industry 

Gari bald i area 

Winchester Bay 
and 
Reedsport 

Newport and 
Marine Science 
Center areas 
and north side 
of river be
tween miles 
4 and 5 

2 
Submerged lands are those lying below the line of ordinary low water of all navigable waters. 

Submersible lands are those lying between the line of ordinary high water and the line of 
ordinary low water. 
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3.2.1.3 Eelgrass Ecosystem Model Notes. Eelgrass is a submergent vascular plant of particular 
importance in the shallow waters of the estuarine environment. Its growth is desirable, because 
it s,tabilizes the bottom on which it grows, provides food, shelter, and attachment surface for 
marine organisms, and, in general, increases the biological productivity and diversity of the 
estuary. It is important to the feeding, spawning, and rearing of migrant populations of fish, 
shellfish, and wildfow.J. Phillips (1978) provides a general description and summary of the eel
grass ecosystem. (See also Seagrass Ecosystems, 1977. C. P. McRoy and C. Helfferich, eds. 
Maree] Dekker, Inc. N.Y. 314 p.) 

Eelgrass, also called grass wrack, is the common name generally given for the genus Zostera 
which contains eleven species. all marine plants found rooted on soft bottoms in shallow waters 
(Setchell, 1933). Two species occur in the study area: Z. marina and Z. noltii. 1 Variations 
in leaf length and width are known to occur in response to environmental conditions. Besides 
a difference in appearance between the two species, they differ in the tidal elevation at which 
they are found, with Z. noltii occurring only intertidal Ty (+3 feet MLLW and above) and z. 
marina occurring at lower elevations (Hitchcock and Cronquist, 1973). Most of the research on 
eelgrass has considered only Z. marina. The following descriptions apply specifically to Z. 
marina and the habitat it occupies, but the discussion of the importance of eelgrass beds Tn 
the estuarine ecosystem and the effects that human activity may have upon them apply generally 
to both species. 

Eelgrass is a rooted, perennial plant that reproduces (1) vegetatively, producing a new set of 
leafy shoots (turions) every two years, and (2) sexually, by flowering annually unless retarded 
by environmental conditions (Setchell, 1929). It is distributed by the drifting of detached 
plants which can reestablish themselves when they come to rest, and by dispersion of seed, 
either through water-borne drifting or the migration of the animals that eat them. Locally, 
this plant forms a dense bed by vegetative growth of a prostrate stem, or rhizome, across the 
surface of muddy flats. A single plant can cover thirty square centimeters the first year, one 
square meter the second year, and two square meters the third (Phillips, 1974). Figure 3-33 
shows the roots, rhizome, turions (each consisting of several branched leaves), and flowering 
spathes of a mature plant of Z. marina. The manner in which a single plant branches to form 
extensive, dense beds is diagramm~Figure 3-34. Densities of some West Coast eelgrass 
beds are given in Table 3-23. The abundant roots and rhizomes have a binding effect on the 
bottom sediments, while the long tape-like leaves, by absorbing the energy of waves and currents, 
Increase the rate at which sediments accumulate and reduce erosive forces. This effect is 
important in the natural succession of estuarine areas from sandy subtidal flats to muddy 
intertidal flats. 

Eelgrass is significant as an ecological link between habitats and biological zones because 
of its high export of wrack and detritus. This plant produces a great amount of vegetable 
matter, much of which is exported from the immediate habitat as detritus. Slowly decaying 
particles of eelgrass can be found all through the estuary, in tidal marshes, along the coastal 
beaches, and across the bottom of the continental shelf, providing a rich source of food for 
detritivores in many different habitats during the unproductive winter period. 

Species of concern associated with eelgrass beds are the waterfowl, black brant and widgeon, 
whose diet is composed largely of the leaves, and the Dungeness crab (Cancer magister), 
attracted by the large number of clams which inhabit eelgrass beds. Herring and smelt use 
the beds for spawning and rearing their young. 

1 The name eelgrass generally refers specifically to Zostera marina, with the other species 
in the genus using some adjective with eelgrass as the common name. However, in this section 
and throughout this study, eelgrass is used synonymously with the genus Zostera, although for 
the most part referring to~- marina. 
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FIGURE 3-33. EELGRASS - ZOSTERA MARINA. Shoots of branched leaves, 
called turions, rise from the spreading rhizome. The terminal 
leafy shoot in the illustration is fertile, bearing three 
flowering spathes. (After Setchell, 1929, in Phillips, 1974.) 

The extent of eelgrass habitat in the study area, summarizing several estimates, is indicated 
in Table 3-24. 

Figure 3-35 is an ecosystem model for the eelgrass bed habitat. Discussion and data pertaining 
to the important components and processes of the model are found in Notes which follow, beginning 
with (1) the sediments in which the plant is rooted, and cont'inues with (2) the metabolic pro
cesses of photosynthetic production, respiration, and growth, (3) uptake and excretion, (4) 
defoliation and export, (5) decomposition, (6) the community composition, (7) the use of eelgrass 
by migrating populations of birds and fish, (8) human uses of the habitat, (9) human activities 
that pollute this habitat, (10) the loss of habitat, and (11) the gain of habitat. 
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TABLE 3-23. EELGRASS DENSITIES DETERMINED FOR SOME WEST COAST LOCATIONS. 
(From J.L. Smith et al., 1976.) 

DENSITY 

turions/m2 turions/ft2 Comments Location 

200.2 

31.2 

92.6 

47.4 

43. 1 

14.0 

710 

1497 

2101 

80.6 

161. 3 

108.6 

74. 1 

839 

189 

3-68 

18.6 

2.9 

8.6 

4.4 

4.0 

1. 3 

66.0 

139. 1 

195.2 

7.5 

15.0 

10. 1 

78 

18 

undredged plots, 1962 

oyster dredging, 1962 

undredged, 1963 

oyster dredging, 1963 

"low" density 

"intermediate" density 

"high" density 

weighted mean of all 
areas, 1971 

II 

II 

1972 

1974 

weighted mean of all 
areas, 1975 

mean on an annual 
basis, 1963-64 

mean on an annual 
basis. 1963-64 

South Bay, Humboldt Bay, 
California 

Arcata Bay, Humboldt Bay, 
California 

II 

II 

II 

II 

lzembek Lagoon, Alaska 

II 

II 

Samish & Padilla Bays, 
Washington 

II 

II 

Grays Harbor, Washington 

Keller (1963) 

Keller (1963) 

Waddel 1 (1964) 

II 

II 

II 

McRoy (1966) 

II 

II 

Parker (1975) 

II 

II 

J.L. Smith et al. 
(1976) 

West sideofWhidbey Island Phillips (1978, 
Washington (intertidal) pers. comm.) 

West side of Whidbey Island Phillips (1978 
Washington (subtidal) pers. comm.) 

TABLE 3-24. AREA OF EXTENSIVE EELGRASS HABITAT IN PACIFIC NORTHWEST 
COASTAL REGION. 

Approximate Area 
Location (Estimated in AcresJ Source 

Washington 
Wi 1 lapa Bay 15,520 ACOE, 1976 H 
Grays Harbor 5,540 ACOE, 1976 ~ 

Oregon 5,019 ACOE, 1976 B 

California 
Humboldt Bay 3,800 Monroe, 1973 

TOTAL 29,879 
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FiGURE 3-34. DIAGRAM OF EELGRASS BRANCHING AND FRAGMENTING AFTER 
SEVEN SEASONS. Arabic numerals indicate successive terminal buds 
or turions, from the first season (single plant #1) to the seventh 
season (31 turions). Lateral spurs indicate lateral buds and 
branches of the season. S indicates the original seed. The 1 ight 
lines represent rhizome fragments and plants which have disappeared. 
The heavy lines represent the living rhizomes and plants. (After 
Setchell. 1929, in Phillips, 1974.) 

3.2.1.3 Eelgrass Ecosystem Model Notes (J:;ontinued) 

Ul. Sediments. Eelgrass has been observed on a wide variety of substrates ranging from soft 
mud to gravel mixed with coarse sand. Growth is patchy where it is exposed to wave action with 
substrates mostly of gravel. Eelgrass beds are usually found on muddy sand substrate and are 
seldom found on pure sand or where extensive solid surfaces support macroalgae such as Ulva 
(Phillips, 1974). Figure 3-36 shows the sediment size composition of the substrate in ail"eel
grass bed, an adjacent channel, and an adjacent sand flat in an Alaskan lagoon. Figure 3-37 
compares the sediment composition of four different eelgrass beds in the same lagoon. McRoy 
(1966) suggests that the variability of particle size distribution depends more on water move
ments than on plant characteristics. A recent study (J.L. Smith et al., 1976), which analyzed 
grain size in Grays Harbon sediments, shows that fine sand (62-500µ) predominates on the flats 
where eelgrass is abundant. 

Region 3-69 



w 
I ....., 

0 

~ 
ESTUARINE 

WATER 
COLUMN 

AIR 

~L SEDIMENTS 
'~ & 

DETRITUS 

DEPTH 
PLANKTON 

TIDE 
TURBIDITY 

WINO CURRENT 
DEPTH 

1<;EE 

FOOD 'WEB) 

FEEOINl:i 
SPAWNING 

ECOSYSTEM MODEL -
EELGRASS 
-----"1 

SPORT 
FI SHERY 

(EXTRACT I VE 

TO AIR, WATER 
COLUMN AND 
SEO I HENT SI LOS 

I 
I 
I 
I 

I 
INDUSTRY 

LOSS OF 
HABt TAT 

\___) ______________ __) 

FIGURE 3-35. EELGRASS ECOSYSTEM MODEL. 



CHANNEL EELGRASS BED SAND 

BARRIER 
ISLAND 

MLLW OIX""~~-,~~~~~~~.,-~~~~---=:::;~,..,.,..,..,.'7"'71'rri,_,e:/ 

Region 

E 

z .... 
I 

Cl. 2 w 
a 

Ill -c 
:::> 1.5 

.c 
a. 

1.0 -(!) 

z 
.... 0.5 
a: 
0 
en 

90 

w 
(!) 70 
<l .... 
z 50 w 
u 
a: 
w 30 
Cl. 

10 

~CLAY --· SILT 

: I I I I 
I I I I I 
I I I I I 
I I I I I 

I I I 
I 1 I 1 I 
I I I I I 
l 1 I I I 
I 1 I I I 

SAND 

I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I 
I 

---

0 

--- 2 

3 

4 

FIGURE 3-36. SEDIMENT COMPOSITION OF EELGRASS BED COMPARED WITH 
ADJACENT CHANNEL BOTTOM AND SAND FLAT. Depth, sorting coefficient, 
median particle diameter, and sand, silt, and clay distribution are 
shown. Data are from an Alaskan lagoon. (After McRoy, 1966, in 
Phillips, 1974.) 

Ill 
Cl> 
::J 

0 
> 

.c 
a. 
-a: 

w 
1-
w 
~ 
<l 
a 
z 
<l 
0 
w 
~ 

3-71 



c 

FIGURE 3-37. SEDIMENT COMPOSITION OF FOUR EELGRASS BEDS IN AN ALASKAN LAGOON. 
Percentages are by weight. (From McRoy, 1966.) 

3.2.1.3 Eelgrass Ecosystem Model Notes (continued) 

A study examining the environmental effects of dredging in Coos Bay, Oregon, related eelgrass 
occurrence to two sediment factors: organic content of sediments (OCS) and rate of sediment 
turnover (RST). This relationship is shown in Figure 3-38 along with some of the other bio
logical characteristics related to these two parameters, in a dimensionless display. (See 
Section 2.6.4 in Volume 1 for more information about this OSU system.) 

#2. Eelgrass Productivity, Growth, and Reproduction. Eelgrass is a submergent plant limited 
to substrates where at least one percent of the incident light remains (Burkholder and Doheny, 
1968). The rate of extinction of light with depth is a function of angle of incidence (latitude 
and season) and water quality (Sverdrup et al., 1942). In the shallow waters of an estuary, 
the most important water quality parameter related to eelgrass is turbidity (OSU, 1977A). In 
addition, the amount of light reaching photosynthetic tissue is limited by shading, to a degree 
dependent on the density of turions (number per unit area), the length and width of leaves, and 
the age of the leaf surface, as it accumulates epiphytic growth. 

The depth to which eelgrass beds grow varies on the West Coast of North America from fifty feet 
(15 m) at La Jolla, California (Cottam and Munro, 1954) to just a few meters at the lzembek 
Lagoon on the Alaska peninsula (McRoy, 1966), the gradient probably affected by latitude and 
cloud cover. Phillips (1974) has found eelgrass growing at about 22 feet (6.6 m) in Puget 
Sound. Jefferson (1974) reports Zostera marina as extending up to an elevation of five feet 
(1.5 m) above MLLW, just below the level of mean lower high water (MLHW) along the Oregon 
coast. J.L. Smith et al. (1976) found Z. marina growing sparsely at an elevation of six feet 
(2 m) above MLLW at Z. noltii growing on small mounds above the +3 feet (1 m) tide level and 
only abundantly above +5 feet (1.5 m). However, the dense eelgrass meadows observed in Grays 
Harbor, Washington, lie between -1 and +3 feet (-0.3 to +1 m). Eelgrass beds on exposed flats 
are situated in tide pools or areas that remain wet throughout the low tide (McRoy, 1966). 
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3.2. 1.3 Eelgrass Ecosystem Model Notes (continued) 

There are no studies directly examining the effects of turbidity on the production and distribu
tion of eelgrass, but Backman and Barilotti (1976) experimentally shaded eelgrass beds with a 
canopy which reduced light intensities by 63%. After nine months, turion density in. the shaded 
plot was five percent of that in control areas. The relationship between turbidity and rate of 
light extinction is similarly direct but difficult to measure quantitatively. 

Turbidity of water is modified by both physical and biological processes. Seasonal blooms 
of phytoplankton may reduce naturally the depth to which light sufficient for eelgrass growth 
can penetrate. Phytoplankton density might be maintained at high levels by the artificial 
nutrification of estuary waters by sewage or industrial effluents. Waves generated by strong 
winds may temporarily resuspend bottom sediments within the e~tuary. Upstream activities which 
increase the suspended sediment load in runoff entering an estuary may increase turbidity over 
a long enough period to reduce, by increasing the extinction rate of light energy entering the 
water column, the depth and, therefore, the area in which eelgrass can grow. 

Optimum light intensity for eelgrass production lies between 0.42 and 0.92 Langleys per minute 
(Short, 1975). McRoy (1974) and Burkholder and Doheny (1968) in studies at Long Island, New York, 
found the optimum light level for growth to be about fifty percent of the maximum incident light 
occurring during the growth period (Elder, 1976). Incident 1 ight intensity varies seasonally 
and latitudinally in the study region (U.S. Department of Commerce, 1968). Table 3-25 shows a 
sixteen-year record of average daily solar radiation by monthly periods. Trigonometric conversion 
of these data to Langleys per minute at local apparent noon indicates that the maximum values 
(July) seldom exceed 0.9 ly/min, and that light intensity at noon drops below 0.4 ly/min from 
late October until late February (Phil! ips and Donaldson, 1972). 

The tidal change of depth influences the amount of 1 ight available for photosynthesis. Maximum 
turbidity in a river estuary is at high slack tide (Seaman, 1977) coincident with the greatest 
depth of water over the eelgrass beds. 

Eelgrass production responds to variation in water temperature, as shown in Figure 3-39, a curve 
derived by Short (1975) from temperature productivity studies by Biebl and McRoy (1971). 

Eelgrass survives temperatures to o0c (32°F) in Greenland and 4ooc (104°F) on exposed flats in 
Japan, but grows best between 10° and 2ooc (50-700F) in most areas of the world. Optimum 
temperatures range from 7.5°c (45°F) to 12.5°c (55°F) in Puget Sound where waters ordinarily 
do not exceed these limits (Phillips, 1974). Phillips (1974) reviews the controversy over the 
relative effects of 1 ight and temperature in control I ing eelgrass growth and reproduction. 
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YEAR 

1953 
1954 
1955 
1956 
1957 

1958 
1959 
1960 
1961 
1962 

1963 
1964 
1965 
1966 
1967 

1968 

TABLE 3-25. AVERAGE DAILY SOLAR RADIATION (IN LANGLEYS) BY MONTHLY PERIODS AT 
ASTORIA, OREGON. (From Phillips and Donaldson, 1972.) 

JAN FEB 

214 
90 158 
95 181 
88 160 

128 163 

77 119 
85 121 
79 200 

106 104 
115 202 

115 147 
73 215 
85 129 
70 128 
65 154 

97 191 

MAR APR 

328 403 
289 362 
268 375 
279 473 
265 386 

267 355 
220 380 
271 305 
246 338 
279 379 

272 408 
261 427 
351 360 
215 384 
235 415 

MAY 

472 
585 
478 
578 
446 

498 
503 
427 
472 
433 

560 
504 
460 
548 
504 

JUN JUL AUG 

489 603 439 
405 488 360 
449 442 539 
479 592 495 
557 545 458 

429 512 544 
444 568 
550 603 430 
586 508 424 
528 494 458 

500 487 431 
486 492 449 
527 524 416 
510 452 494 
514 575 503 

SEP 

365 
312 
342 
390 
392 

337 

371 
388 
340 

387 

310 
341 
384 

OCT 

238 
229 
169 
214 
224 

237 
192 
189 
227 
195 

172 
256 
203 
205 
198 

243 427 496 529 535 410 330 210 

NOV 

94 
93 
97 

114 
139 

106 
136 
118 
135 
99 

98 
140 
89 

101 
144 

104 

DEC ANNUAL 

73 
79 288 
79 293 
88 329 
67 314 

67 296 
83 

104 304 
68 300 
84 301 

71 304 
86 

52 292 
71 319 

AVERAGE 91 162 268 386 498 499 526 457 356 210 113 77 304 
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Current velocity plays a major role \n the productivity of eelgrass, and probably is the factor 
most important in determining whether flats will support eelgrass beds or macroalgae. If 
currents are too slow, eelgrass grows poorly and algae are likely to dominate. This is not 
entirely understood, but it is theorized that molecular diffusion across the surface membrane of 
the leaf blades is enhanced by replenishment of nutrients brought by the current (Elder, 1976). 
Too much current and the leaves are torn loose from the plant or the substrate is eroded, exposing 
roots and rootstock. Optimum current speeds were found to be about the average neap and spring 
tidal current speed in the eelgrass areas, in the range of 0.6 to 0.8 knots (30 to 40 cm/sec) 
(Conover, 1958). 

The reciprocal relationship between photosynthesis and respiration is shown in the model (Figure 
3-35) as alternate pathways connecting the substrate dissolved gases with the eelgrass community. 
Although respiration is continuous even during periods of photosynthesis, photosynthesis, as 
shown, is the switching factor for the net production of oxygen. Suda (1974) measured oxygen 
production and respiration of the eeltrass community during the summer and found gross oxygen 
production to be 5.49 to 10.87 g 02/m /day (mean= 8.07), while respiration was 3.92 to 7.99 g 
02/m2/day (mean= 5.70). Mean net production during the 24-hour day would then be 2.37 g 02/m2. 
Figure 3-40 shows the variation of eelgrass production over the period of a year (Short, 1975). 
Production, the product of productivity and biomass, may vary as much as 100% from year to year 
(Wadde 11, 1964). 

Region 

10 

FIGURE 3-40. PRODUCTION OF ORGANIC CARBON AND RELEASE 
OF OXYGEN BY EELGRASS IN CHARLESTOWN POND, R. I. (From 
Short, 1975,) 
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3.2.1.3 Eelgrass Ecosystem Model Notes (continued) 

Even though there is positive daily net production and dissolved oxygen levels may exceed satur
ation during daylight in the eelgrass areas, there is a diurnal decrease in oxygen to levels that 
may cause fish and arthropods to leave the bed temporarily. Figure 3-41 demonstrates that the 
dissolved oxygen can range from 0 to more than 260% saturation in less than 10 hours (Broekhuysen, 
1935). Hedgpeth (1976) suggests that eelgrass beds could be important sources of food for fish 
in neighboring habitats. Animals living within the beds must be adapted to low oxygen levels 
and the lowered pH levels coincident with them. McRoy (1966) demonstrated experimentally that 
eelgrass is capable of anaerobic respiration. 

Salinity has little effect on production, and net production has been reported for salinities 
ranging from 0 to50 °/oo (Short, 1975). Phillips (1974) reported the salinity range for eelgrass 
as 8 to 40 °/oo. Whether discrete physiological forms of this species exist at each end of the 
salinity range is not known (Elder, 1976). 
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FIGURE 3-41. OXYGEN CHANGES IN AN EELGRASS BED OVER TIME. 
are from a study in Holland. (After Broekhuysen, 1935, in 
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The determination of Zostera primary productivity (gC/m2) is complicated by ~he wide ranges of 
turion densities encountered in eelgrass beds. Phillips (1974) compared the .standing stock 
(g dry/m2) of eelgrass in Puget Sount to that of cultivated crops and terresVrial grasses (Table 
3-26. These data show eelgrass standing stock of 581 and 277 grams (dry weig

1
ht) per square 

meter per year. Other data on eelgrass standing stock include 1002 grams per square meter per 
year in Nova Scotia (Mann, 1973), 340 grams per square meter per year in Denmark (Mann, 1973), 
and 150 to 290 grams per square meter per year in Coos Bay, Oregon (Mcconnaughey, 1973). The 
average of these values is 480 grams per square meter per year (350 g/m2/yr if the Nova Scotia 
figure is excluded). Thayer et al. (1975), in their discussion of eelgrass a'.nd other 
"seagrasses," give a general range of Zostera marina production of 300 to 600 grams (dry weight) 
per square meter per year. ---

McRoy (1966) estimated the net productivity of Zostera in lzembek Lagoon (Alaska) to be 2.0 grams 
carbon per square meter per day during the growing season, a figure he says i1s higher than that 
for Thalassia sp. (a tropical seagrass) and comparable to some species of marine algae. He 
gives the daily turnover rate of standing stock of eelgrass biomass as about 1.5%, with a turnover 
time of about 69 days. (However, the Alaskan growing season has significantlly longer daylight 
hours; and the turion densities (in Table 3-23) are extremely high; caution must be exercised in 
using these data to characterize the study area.) Phillips' data from Puget Sound, Washington, 
closer to the Pacific Northwest Coastal Region, yield a primary productivity range of 0.7 to 
4 grams carbon per square meter per day, with a 250 day growing season (Phil llips, 1978, pers. 
comm.). 

The above productivity figures indicate that eelgrass is significantly less productive over the 
entire year than salt marshes or seral forests of the region (only about 1/3 to 1/5 of these other 
systems' annual primary productivities), and is generally less than the upweiling area's phyto
plankton production, although comparable. 

However, as shown in Figure 3-42 for one particular estuary on the East Coast\, eelgrass production 
may be more important to the estuary than the relative size of its biomass or annual productivity 
would indicate. Its annual turnover (which includes mos.t of its biomass) is intermediate between 
phytoplankton (higher) and marsh plants (lower), thus adding a significant oytput of detritus to 
neighboring habitat food webs. In this sense, eelgrass beds are highly productive in amount of 
biomass that supports consumers and detritivores in other habitats 

The epiphytes growing on mature leaves of eelgrass may have a biomass approximately equal to 
that of the eelgrass itself. These producers increase the primary productivity of the entire 
eelgrass bed by a significant amount 

Region 

TABLE 3-26. COMPARISON OF NET PRODUCTIVITY OF CULTIVATED CROWS AND 
TWO MARINE SYSTEMS.1 (From Phi 11 ips, 1974.) 

Gramsti'Meter 2 
(Dr:t Matt~r) Crop Per Year Per D~y 

Wheat, world average 344 0.94 

Oats, world average 359 0.98 

Corn, world average 412 1. 13 

Rice, world average 497 1. 3~ 

Hay, U.S. average 420 1. 15 

Sugar cane, world average 1725 4.73 

Tal 1 grass prairies, Oklahoma 
and Nebraska 446 1. 24 

Short grass prairies, Wyoming 69 0.19 

Seaweed beds, Nova Scotia 358 0.98 

Eelgrass (Zostera marina), 
Puget Sound, Washington 581 1. 59 
Denmark (G rr6ntved, 1958) 277 0.83 

All data except for eelgrass are taken from data reported by Odum 
(1959). Eelgrass data are from Phillips (1974). 
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SECONDARY 
CARN I VO RES 

2 0.4 gC/m 

PRIMARY 
CARN I VO RES 

2. l gC/m2 

DEPOSIT FEEDERS 
2 1.0gC/m 

BENTHIC FILTER 
FEEDERS 0.5 gCJm2 

PHYTOPLANKTON 
2 0.1 gC/m 

FIGURE 3-42. PROPORTIONAL RELATIONS OF STANDING CROPS AND PRODUCTIVITY 
IN AN ESTUARY. (A) Relation among standing crops (in terms of carbon) 
of organisms in the 400 square kilometer estuarine system near Beaufort, 
N.C. (B) Organic production (in terms of carbon) by the major plants in 
the Beaufort, N.C. estuarine system. N.B. Salt marsh productivity varies 
greatly with type and location (see Section 3.2. 1.2). These data present 
an example of one East Coast estuary. The few data of the study area do 
not support the trends implied in this figure. (From Thayer et al., 1975.) 

3.2.1.3 Eelgrass Ecosystem Model Notes (continued) 

Table 3-27 summarizes the optimum and range of habitat factors affecting vegetative growth, 
flowering, and seed germination of eelgrass. 

The seasonal pattern of vegetative and reproductive activity has been observed by several inves
tigators whose findings are summarized in Table 3-28. The data of Phil] ips from Puget Sound 
probably indicate the general timing of eelgrass growth and seeding in the study area. 

#3. Uptake and Excretion. McRoy and Goering (1974) have shown that eelgrass can absorb nutrients 
from sediment through the roots as well as from the water column through the surface of the leaves. 

Later work by McRoy and colleagues has shown that about 90 percent of the nutrient-mineral 
uptake occurs via sediments-roots. If the concentration of a nutrient in the leaf falls with 
respect to the water, uptake occurs via the leaf, but the predominant pathway is sediments
roots-leaves (Phillips, 1978, pers. comm.). 

Phillips (1974) reviews the three mineral cycles of note in eelgrass literature: nitrogen, 
sulfur, and phosphorus (see Section 2.2.6 in Volume 1.) 

No experimental work to determine nutrient requirements and limits has been reported. Analyses of 
eelgrass leaves vary considerably in the percentages of nutrient elements found, but even the 
minimum values for nitrogen (1.5% of dry leaf weight.; Boysen-Jensen, 1914) indicate that the 
nitrogen content of eelgrass is high compared to other aquatic plants (Elder, 1976). However, 
nitrogen-fixation in the roots is questionable. McRoy et al. (1973) found little indication that 
nitrogen was fixed in the root system, but Mann (1973) reports fixation of large amounts of at
mospheric nitrogen in the anaerobic mud surrounding the roots. This would make eelgrass indepen
dent of dissolved nitrate supplies which sometimes limit production in coastal waters. 

Table 3-29 gives results of analysis of cast off eelgrass plants, and Table 3-30 gives the 
mineral levels found in Zostera leaves by Burkholder and Doheny (1968). 
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TABLE 3-27. NUMERICAL CHARACTER I ST I CS OF EELGRASS HABITAT FACTORS. 
(From Phillips, 1974.) 

HABITAT FACTOR 

TEMPERATURE 

Range 

Optimum 

SALINITY 

Range 

Optimum 

DEPTH-LIGHT 

Range 

Optimum 

SUBSTRATE 

Range 

Optimum 

pH 

WATER MOTION 

Range 

Optimum 

VEGETATIVE GROWTH 

o - 40.5°c 

10 - 20°c 

Freshwater - 42 °/oo 

10 - 30 °!oo 

1.8 meters above 
MLLW to 30 meters 
deep 

MLLW - 6.6 m below 
MLLW (11 mat high 
tide) 

Pure firm sand to 
pure soft mud 

Mixed sand and mud 

7.3 - 9.0 

Waves to stagnant 
water 

Little wave action. 
Gentle currents to 
3.5 knots 

PLANT ACTIVITY 
FLOWERING STATE 

15 - 20°C (8-9°c 
in Puget Sound) 

Same as optimum 

Effect unknown 

No effect 

Effect unknown 

Effect unknown 

SEED GERMINATION 

4.5 - 9.1 °/oo 

No effect 

No effect 

Effect unknown 

Effect unknown 

a Arasaki (1950 A) found no correlation with temperature. Most reports list highest 
incidence of germination occurring in February and March. 

Just below the surface of the sediments in an eelgrass bed there is usually a strong reducing 
layer in contact with the roots and rhizomes. Hydrogen sulfide whether or not it is detected is 
always present, and ferrous sulfide is almost always present in the muddy layer. Zostera ex
cretes two reducing products, a sulfur compound and a nitrogen compound, which may produce 
ferrous sulfide directly and may result in reducing conditions that greatly accelerate sulfate 
reduction by Microspira (sulfur bacterium) (Phillips, 1974). 

A schematic diagram of the sulfur cycle as it operates in an eelgrass bed is given in Figure 3-43. 

There is little in the 1 iterature specifically relating the phosphorus cycle to eelgrass, but 
McRoy (1966) estimates the amount of phosphorus in the leaves dropped by eelgrass plants (8% of 
dry organic weight) to be about four times the amount of nitrogen (2% of dry, organic weight). 

The ash weight of eelgrass was found by Boysen-Jensen (1914) to be 25% dry weight; McRoy (1966) 
calculated it to be 20%. Burkholder and Doheney (1968) analyzed leaves and rhizomes separately, 
and found the ash weights to be 9.8% and 34%, respectively, with the ash weight of the entire 
plant 22% of dry weight. 

Penhale and Smith (1977) found that Zostera and its epiphytes excrete dissolved organic carbon 
(DOC). They estimate that 47% of the total production of marsh grass (Spartina), eelgrass with its 
epiphytes, and the phytoplankton in estuaries is excreted as DOC. Of the total, they estimate 
14% is excreted by eelgrass and epiphytes, giving these plants an important role in short-term 
carbon cycling within the estuary on the east coast of the U.S. 
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TABLE 3-28. SEASONAL PERIODICITY OF EELGRASS. (From Phi 11 i ps, 1974.) 

llegetative Growth Flowering 
New Leaf Standing Root Stalk Seed Country New Turions Production Stock Growth Produced Germination 

United States 

Northern Probably Early February 
California June - Spring 
(Setche 11, October 

1929) 

Puget Sound, February February Maximum- February May June -
Washington (Production June - July 
(Phi 11 i ps, began) Sept 
1974) 

Minimum-
Jan -
Feb 

Massachusetts Mid-Spring Maximum-
(Conover, (March) June -
1958) Sept 

Minimum-
Jan -
Feb 

Japan Throughout Deel i ne Late Late Dec -
(Arasak i, year from July Jan 
1950A) (except - late 

July - Autumn 
August) 

Denmark Maximum-
(Petersen, July -

3-80 

1913) Sept 

TABLE 3-29. PROXIMATE ANALYSES OF ZOSTERA LEAVES, RHIZOMES, ANll OLD 
SHOOTS WASHED UP ON THE BEACH. Analytic values are given as percent 
of dry weight. (Fr<Dm Elder, 1976, after Burkholder and Doheny, 1968.) 

Determination 
Zostera Sample 

leaves rhizomes beach ~rass 

Total s0l ids 89.01 96.62 86.8~ 

Moistur~ 10.99 3.38 13. 1$ 

Fat (etl;ier extract) 2.29 0.91 1.04 

Protein (N x 6.25) 10.63 6.14 10.55 

Ash 8.80 32.62 15.6~ 

Crude Fiber 61. 70 59.94 63.5P 

Carbohydrate (other 
than crude fiber) 5.60 

ca 1 or i es/1 OOg 

Caloric value! 85.5 32.80 51.60 

Based on caloric equivalents per gram of 9, 4, and 4 for fat, car~o
hydrates, and protein, respectively. 

Apri I 
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TABLE 3-30. MINERAL CONTENT OF ZOSTERA LEAVES. 1 

(From Elder, 1976, after Burkholder and Doheny, 
1968). 

Mineral Percent in ash 

Calcium 5. 15 

Magnesium 7.69 
Phosphorus 4. 39 
Potassium 2.52 

Zinc 0.031 
Iron 0. 39 
Manganese 0.49 

1 By atomic absorption spectroscopy. 

2 Moisture-free basis. 

AVAILABLE POOL IN WATER 

AND SHALLOW SEDIMENTS 

SLOW FLUXING RESERVOIR 

POOL IN DEEP SEDIMENTS 

Percent in 2 Zostera leaves 

o.453 

o.677 

0.386 
0.222 

0.0027 

0.034 

0.043 

FIGURE 3-43. THE SULFUR CYCLE IN THE EELGRASS ECOSYSTEM. 
Processes are as follows: 1 =primary production by autotrophs, 
2 = decomposition by heterotrophic microorganisms, 3 = animal 
excretion, 4 and 5 = steps by colorless, purple, and green 
sulfur bacteria, 6 = desulfovibrio bacteria (anaerobic sulfate 
reducers), 7 = thiobacilli bacteria (aerobic sulfide oxidizers). 
(Phillips, 1974.) 
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3.2. 1.3. Eelgrass Ecosystem Model Notes (continued) 

#4. Defoliation and Export of Biomass. Very few organisms consume living eelgrass (see 
Note #6), but dead, decaying leaves of these plants are an important source of organic matter 
and minerals in the estuarine habitat and elsewhere. Carried by currents far beyond the limits 
of their habitat, even out of the estuary, the eelgrass cast nourishes a wide area. 

An extensive dieback occurs during the fall and winter months (October through January) in 
the study region. Light limitation.may be involved (see Note #2). Short (1975) calculated 
the :elatio~ship.between wind speed and vegetal erosion, but notes that susceptibility to 
erosion varies with season and that high wind velocities will uproot whole plants. 

Thayer et al. (1975) indicate that as much as 45% of the plant production in eelgrass beds in 
North Carolina estuaries may be carried away to supply detrital material to adjacent habitats. 

The area of dense stands of eelgrass in the Pacific Northwest Coastal Region is approximately 
30,000 acres (12,000 ha): 21,000 in Washington, 5,000 in Oregon, and 4,000 in Northern Cali
fornia (ACOE, 1976B, -C, -H, and Monroe, 1973). If a net annual standing crop of approximately 
580 ~rams per square meter (2.6 tons per acre) dry matter (after Phillips, 1974) and 70% seasonal 
defoliation (after Short, 1975) is assumed, then it is estimated that the region produces 
annually about 66,000 tons (dry matter) of eelgrass, of which 46,000 tons is defoliated per year 
to become local or exported detritus and _wrack. 

#5. Decomposition. Harrison and Mann (1975) found that it took approximately fifty days for 
detached eelgrass leaves to break down completely as the result of bacterial activity, but that 
about fifty percent of that breakdown occurred within the first ten days. Amphipod crustaceans 
play a major role in the mechanical breaking down of the dead plant tissue. Harrison (1977) 
compared decomposition of eelgrass leaves in an aquarium containing two adult amphipods~(Gammarus 
oceanicus) with that in an aquarium in which only bacterial decay occurred. The-amphTpods 
increased the rate of decomposition by 32% at 5°c (40°F) and by 35% at 21°c (70°F). They 
markedly reduced the average size of leaf particles remaining. The microscopic plant epiphytes 
attached to or living on the surface of the eelgrass leaves also are significant in the decom
position process, as the amphipods were found to graze on untreated leaves but not on those 
from which the epibionts had been removed. Likewise, the rate at which eelgrass detritus is 
incorporated into the polychaete Nephtys incisa depends not only on the age of the detrital 
material but also on the presence of a benthic meiofauna dominated by nematodes (Tenore et al., 
1977). 

#6. Community Composition. Eelgrass is the dominant producer, but the epiphytic macroalgae 
and microbes are a significant additional photosynthetic biomass which may nearly equal that of 
their eelgrass substrate (Thayer et al., 1975). Besides providing primary production, the 
eelgrass leaves greatly increase the surface area of substrates for the attachment and grazing of 
those species directly associated with eelgrass. The interrelationships of this epibiotic 
community are indicated in Figure 3-44 which shows the general vertical distribution of plants and 
~nimals on submerged eelgrass leaves. 

Some species of plants (e.g. the small epiphytic red alga, Smithora naiadum) and animals 
(e.g., the little sea slug, Phyllaplysia taylori) seem tobeespecially adapted to living in 
eelgrass and are seldom found elsewhere. The common inhabitants of eelgrass beds are also 
found in other habitats (Kozloff, 1973; Ricketts and Calvin, 1968). 

An eelgrass bed can be divided into four subhabitats by substrate: (1) on leaves, (2) in 
water, (3) on the bottom, and (4) in the bottom. 

The leaves not only form a substrate for small, epiphytic macroalgae and microscopic diatoms ,and 
other meiofauna but are covered with a rich layer of bacteria as well. The increase in 
bacterial biomass associated with the eelgrass leaf subhabitat is indicated in Table 3-31. 

Animals such as anemones, bryozoans, and hydroids are sessile, attached firmly to the leaf sur
face. Protozoa, nematodes, and gastropods glide along the leaves, while small crustaceans cling 
and move about on hooked appendages. This subcommunity consists predominantly of microscopic 
organisms. The isopods of the genus ldotea and the caprellid amphipods, which are specially 
adapted for gripping the blades of eelgrass, are macroscopic and thus more obvious, but do 
not comprise a major portion of the fauna] biomass (Albright and Rammer, 1976). 
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FIGURE 3-44. VERTICAL DISTRIBUTION OF EELGRASS EPIBIOTA. Data are from 
study done near Monument Beach, Massachusetts. Dashed lines indicate 
animals which generally decrease in abundance away from the bottom. Solid 
lines indicate variation with epiphytes, with single ruled lines signifying 
variance with large eqiphytes, double ruled lines signifying variance with 
diatoms. (From Nagle, 1965, in Phillips, 1974.) 

TABLE 3-31. BACTERIA IN THE EELGRASS HABITAT. Data are 
from two stations in South Oyster Bay, Long Island, New 
York, July, 1966. (From Phillips, 1974, after Burkholder 
and Doheny, 1968.) 

Station Type of Bacteria per gram 
Sample or ml 

mud 1,300,000 

water 27,700 

eelgrass 68,964,000 

2 mud 200,000 

water 30,000 

young eelgrass 1,680,000 

old eelgrass 28,728,000 

m 
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3.2.1.3 Eelgrass Ecosystem Model Notes (continued) 

Swimming in the water between plants are fishes and small crustaceans; some are characteristic 
of the general estuarine nekton and plankton, while others, such as the amphipod Photis brevipes, 
are usually found only in eelgrass areas (Albright and Rammer, 1976). 

On the bottom live flatfish, crabs, shrimp, amphipods, sea slugs, snails, brittle stars, sea 
urchins, ribbon worms, polychaete worms, flat worms, nematodes, rotifers, and various estuarine 
benthic detritivores and their predators (Phillips, 1974). Here is the greatest number of 
animals among the four subhabitats. Numerically, as well as in biomass, meiofaunal nematodes 
seem to dominate (Tenore et al., 1977), but there are no estimates of the biomass of the 
microfauna, such as rotifers and protozoans, to substantiate this claim. 

The surface of the bottom is rich in bacterial flora and may be covered at times with mats of 
diatoms which are probably important as producers in the community (Phillips, 1974). 

Living in the bottom sediments, either actively burrowing through it or residing in burrows 
open at the surface, are worms, clams, brittle stars, and crustaceans such as Upogebia, the 
blue mud shrimp (Phillips, 1974). The invertebrate benthic fauna includes both deposit feeders 
and filter feeders. In some areas, these infauna may be the dominant animal biomass in the 
eelgrass community. 

The species composition of eelgrass beds varies seasonally with life cycles, migr3tions, and 
physical rigors (such as the high temperatures associated with extreme low tides which occur at 
midday in sumn1er); seasonal changes in the entire community have not been documented in the study 
region. 

Both grazing and detrital food webs are present in the eelgrass habitat, but the detrital food 
web is predominant. Those few species of animals which utilize fresh eelgrass plant material 
as food are periwinkles, some crabs, certain fishes, isopods, and waterfowl (Phillips, 1974). 
Certain migratory fowl, such as the black brant, may be the major herbivorous consumers. Within 
the eelgrass bed, herbivores feed mainly on epiphytic diatoms. The principal detrital food web 
is based mainly on the decomposition of eelgrass and its epiphytes. Figure 3-45 shows the 
proportion of detritus to fresh eelgrass and of detritivores to herbivores. 

BENTHIC ALGAE 
4g/m2 

HERBIVOROUS 
PHYTOPLANKTON 

2 0.2 g/m EELGRASS 
2 40 g/m 

MACRO INVERTEBRATES 
I. 63 g/m2 
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DETR ITAL-FEEDING 
MACRO INVERTEBRATES 

ZOOPLANKTON_-lf========--l. 3 . 23 g/m2 
0.04 g/m2 

DETRITUS (>lmm) 
60 g/m2 OMNIVOROUS 

FISHES 
1. 33 g/m2 

CARN I VO ROUS 
MACRO INVERTEBRATES 

2 I .67 g/m 

FIGURE 3-45. PROPORTIONAL RELATIONS OF VARIOUS TROPHIC COMPONENTS IN THE 
EELGRASS HABITAT. (A) Relation among standing crops and detritus in a 
20,000 square meter eelgrass bed in the Newport River estuary, Beaufort, 
N.C. (B) Standing crops of animals in the eelgrass bed. Plants and 
detritus are in dry weights; animals in ash-free dry weight. (From Thayer 
et al., 1975.) 
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The rich supply of detritus makes this habitat richly productive and the biomass of many animal 
species increases within it. Table 3-32 shows the density of capetellid polychaete worms rela
tiv~ to eelgrass density. A cause and effect relationship is implied here - gross density: 
animal species density. This relationship is not well established in the literature. 

TABLE 3-32. TOTAL ABUNDANCE OF ORGANISMS AND ABUNDANCE OF CAPITELLID WORMS 
IN RELATION TO EELGRASS (Z. MARINA) AT FOUR WHITCOMB FLATS STATIONS, GRAYS 
HARBOR, WASHINGTON, 1975.-(From Albright and Rammer, 1976.) 

Bivalves, C rus taceansi Cap i te 11 ids/ 
Station No. Eel grass Amphipods and Other/m m2 

W-1 None 2,805.3 181. 3 
W-3 Mod. dense 5, 194.6 2,816.0 
W-2 Mod. dense 15,583.9 10,597.3 
W-lA llery dense 29,535.8 19,621.2 

Quantitative relationships of the various trophic components in the eelgrass community are 
shown in Figures 3-45 and 3-46, and Table 3-33. Food webs in the eelgrass habitat have 
been diagramm~d by MacGinitie (1935), as shown ln Figure 3-47. 

TABLE 3-33. QUANTITATIVE RELATIONSHIPS OF EELGRASS SYSTEM. Data are 
weights, given in tons. (From ACOE, 1976H, after Phillips, 1974.) 

Eelgrass 

Herbivorous Animals 

Starfish 

Sma 11 Fi sh 

Plankton 

Herring, etc. 

Cod 

Flatfish 

Larger Predatory Crustaceans, 
Gastropods, etc. 

Ducks, Brant, Geese 

Willapa Low'" 

205,230 

8,551 

214 

86 

599 

60 

52 

43 

430 

112, 757 

•If 17 grams/square foot organic matter produced annually. 
**If 100 grams/square foot organic matter produced annually. 

Willapa High'"'" 

1 ,207,234 

50,302 

1,258 

503 

3,521 

352 

302 

252 

25, 151 

251,509 

#7. Migration and Visitation. Migratory wildfowl are major consumers of fresh eelgrass material 
d'uring fall and winter. Bir9s not only consume plant material but bring in fecal matter from 
o:ther locations, and may, se;isonally, play an important role in the direct conversion of eelgrass 
plants to detritus. 

Black brant favor this habitat, eating the floating leaves and stems. Eelgrass is a food item 
also for widgeon, scoter, canvasback, and coot. Th,is habitat is used by 25 species of ducks, 
3 species of geese, and whist! ing swans (ACOE, 1976G; Thompson and Snow, 1974; Smith and Mudd, 
1976; Yocum and Keller, 1961). · 

The species particularly dependent on eelgrass are black brant and widgeon; Zostera makes up 
~0% of thei.r diets (PhilliP$, 1974). Yocum and Keller (1961) concluded that eelgrass was the 
single most important item of food for waterfowl migrating through Humboldt Bay, California, 
on the basis that widgeon and black brandt constituted 47% and 20%, respectively, of the total 
waterfowl populations in the area and that eelgrass constituted 81% of the volume of the diet 
of both these species. McRoy (1966) estimated that black brant and Canada geese consumed about 
17% of the standing stock of eelgrass in lzembek Lagoon, Alaska, during the summer-autumn 
feeding period. He estimated that each bird required about one square meter of eelgrass per 
day. Smith and Mudd(l976) have studied the food habits of wildfowl and shorebirds in Grays 
Harbor, Washington, with similar conclusions on the importance of eelgrass. 
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FIGURE 3-46. ESTIMATED RELATIONSHIP AMONG STANDING CROPS OF ORGANISMS 
SUPPORTED ~y THE EELGRASS SYSTEM IN DENMARK. (From Thayer et al., 1975; 
data from ~etersen, 1918, and Milne and Milne, 1951.) 

3.2. 1.2 Eelgrass Ecosystem Model Notes (continued) 

COD 
(6,000) 

Both herring and smelt attach their eggs to the leaves of eelgrass as well as algae, worm tubes, 
and shells. Eelgrass beds may be visited by residents of other nearby habitats. Dungeness crabs 
(Cancer magister) feed here and juvenile salmon commonly feed on small benthic organisms such as 
the amphipods and harpacticoid copepods that are abundant in eelgrass beds. 

Otter, racoon,and other land animals may visit intertidal beds at night during low tides to 
forage. Black-tailed deer are observed as far out onto the tideflats as 500 m (1600 ft) from 
the high tide perimeter, presumably either feeding on eelgrass or algae or taking salt water 
for its mineral content (Mudd and Smith, 1976). Harbor seals land on exposed intertidal flats, 
and may visit subtidal eelgrass areas to feed when food fish are present. 

#8. Human Use. Eelgrass has been used by man in many ways: as explosive gun cotton, a source 
of salt and soda, mattress stuffing and animal bedding, packing material, compost, but most 
extensively as insulation. A house was built in 1635 in Dorchester, Massachusetts, using dried 
eelgrass as insulation in the walls; the eelgrass was found to be well preserved 250 years 
later. In 1956, an article commending eelgrass as insulation appeared in a magazine, The.Maine 
Coast Fisherman, and a Nova Scotia firm was producing batts of harvested eelgrass leaves-f;;-r---
home insulation at $21-$30 per ton depending on shipping distance (Phillips, 1974). No such 
commercial harvesting of eelgrass is known in the study area. 

The eelgrass habitat is used to an unknown extent in the sport fishery for clams and crabs, and 
for appreciative uses such as nature study field trips. Those beds near and directly 
accessible from shore during low tide are most impacted in this way. Research studies concerned 
with estimation of standing crop and other spatial variables in this habitat may take scien
tists into more remote beds. Such surveying usually revisits stations along established 
transects. The need for field studies on eelgrass, its community, and its role in the estuary 
is recognized, and intrusion of more researchers into this habitat may be expected. 

#9. Pollution. Chymical pollution effects upon eelgrass are often inferred, but seldom defined. 
Some pollutants would increase light extinction and affect production (Phillips, 1974). Eelgrass 
has not been used as a test organism in bioassays of pollutant effects, but this should 
probably be done, using experimental and control plots of eelgrass habitat, including a 
representative community composition. ·Tests should be extended throughout the year to deter
mine seasonal vulnerability. 

#10. Loss of Habitpt. The major threat to eelgrass beds within the study area is thought to 
be dredging and the unconfined disposal of dredged materials within the estuary (OSU, 1977A; 
ACOE, 1976-77). T~e former directly removes the substrate of this habitat by excavation, and 
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3.2. 1.3 Eelgrass Ecosystem Model Notes (continued) 

generally has not been allowed in the study area in recent years in recognition of the food value 
of eelgrass to migratory bird populations. Disposal of dredged material along the sides of the 
channels has the indirect effect of raising the substrate over a wide area beyond the disposal 
site, until elevation is too high to support eelgrass. This· effect has now been recognized as 
causing a loss of eelgrass habitat and is the subject of several studies (OSU, 1977A; ACOP, 
1976-77). Direct filling of eelgrass areas to expand dry land area for human development is an 
obvious loss of this valuable resource area. Percy et al. (1974) summarize the inventory of 
landfills on submerged and submersible lands in Oregon estuaries carried out by the Oregon 
Division of State Lands (Table 3-22). Less direct effects may result from peripheral erosion 
around such a fill in the vicinity of eelgrass beds. Diking, or the placement of other structures 
that affect changes in the pattern and strength of currents in eelgrass areas, will alter the 
community and its production, perhaps advantageously, probably adversely. 

Disposal of dredged material is unlikely to result in an increase of habitat. Even if the dredged 
sediments prove to be stable, because they are poor in organic matter and do not have the 
subsurface reducing layer, they are not readily colonized by eelgrass (Phillips, 1974). 

Sudden, extensive loss of eelgrass, as occurred in the 1930's on both sides of the Atlantic 
Ocean, had a damaging effect on adjacent habitats. There was much damage to oyster beds 
smothered by the translocation of fine sediments that had been held by the eelgrass beds, 
Waterfowl populations, such as black brant and widgeon that depend heavily on eelgrass for 
food, declined sharply, by as much as 80-90% in many locations. Phillips (1974) reviews the 
literature studying this phenomenon, generally referred to as the "wasting disease" of eelgrass. 

According to Phillips (1974), the best documented case history of the consequences of this 
great and general loss of eelgrass to "wasting disease" is that of Allee (1923) and Stauffer 
(1937) from Woods Hole, Massachusetts. Of 138 species of animals found in the eelgrass bed, 
55 were characteristic of the eelgrass system (generally, those living on or swimming among 
the plants). Many of these disappeared with the eelgrass, leaving mostly those animals living 
on or in the bottom. Table 3-34 shows the relative abundance before and after loss of the 
eelgrass habitat. 

#1 l. Gain of Habitat. Phi 11 ips (1974) reports successful transplanting of eelgrass to 
establish new beds, but notes that horizontal. spread by vegetative growth is very slow. He 
suggests either large numbers of transplants over an extens,ive area or recolonization by seed 
propagation in order to reclaim disturbed areas or newly created eelgrass ponds. 

Al lee (1934) diagrammed community development in the Woods Hole region (see Figure 3-64 in Section 
3.2.11.2), showing the position of the eelgrass community in the line of succession. However, 
caution should be exercised in assuming eelgrass beds to be in a line of succession to salt 
marshes and land communities. Den Hartog, as quoted by Phillips (1978, pers. comm.) states that 
there " ... is no evidence at al 1 that submarine success ion series form an overture to a terrestrial 
haloseries." DenHartogfurthernotedthat those suggesting such a succession were only confusing 
succession with zonation. 

In summary, Thayer, et al. (1975, p. 288) list the effects of eelgrass on ecosystem function: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

3-:88 

Eelgrass has a high growth rate, producing on the average about 300-600 g dry wt/m2/year, 
not including root production. 

The leaves support large numbers of epiphytic organisms, with a biomass perhaps 
approaching that of the grass itself. 

Although a few organisms may feed directly on the eelgrass and several may graze on 
the epiphytes, the major food chains are based on eelgrass detritus and its 
resident microbes. 

The organic matter in the detritus and decaying roots initiates sulphate reduction 
and maintains an active sulphur cycle. 

The roots bind the sediments together, and, with the protection afforded by the 
leaves, surface erosion is reduced, thereby preserving the microbial flora of the 
sediment and sediment-water interface. 

Eelgrass leaves retard currents and increase sedimentation of organic and inorganic 
materials around the plants. 

Eelgrass absorbs phosphorus through the leaves and the roots; it may be that the 
phosphorus absorbed through the roots is released through the leaves, therefore 
returning phosphate from sediments to the water column. Nitrogen also is taken 
up by the roots and transferred to the leaves and into the medium. 

Region 
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TABLE 3-34. RELATIVE ABUNDANCE OF CHARACTERISTIC EELGRASS HABITAT 
SPECIES BEFORE AND AFTER DISAPPEARANCE OF THE EELGRASS. Study 
documents changes as a result of the eelgrass "wasting disease" in 
the N.W. Gutter Lagoon in Massachusetts. (After Stauffer, 1937, 
in Phillips, 1974.) 

Occurrence 
I 

Occurrence 
I 

I. Animals formerly growing Ill. Mud-surface forms 
on the plants (continued) 

Beforel ,\ftt:r Before After 

Coelenterata: Nassa obsolela ••• .. 
Sagartia luciae ., Nassa trivi!~ •• •• 

B'bozoa: Modiolrts demissus ••• 
ugula turrita ... Mytilus edulis •• 

Arthropoda: , Ostraea 11irginica • • 
ldotfi&a1;Jft1~ .. • - --

Mollusca: ·Total number of characteris-
BiUium alternatum .. tic mud surface species 16 12 
Lacuna Pinela .. --
Littoritia sp. ... • • IV. Burrowing forms 
Mitrella lunata • ---- Nemertea: 

Total number of characteristic eenbratulus lacteus • • 
epiphytic species 7 1 Micrura leidyi ••• -- Echinodermata: 

II. Animals former!,· swim- Leptosynapta inhaerens ••• • 
ming among the plants Th.yone briareus ••• •• -- Annelida: 

Annelida: Amphitrite ornata •• .. 
Podarke obsciira • Arabella· opaliiia •• •• 

Arthropoda: Cistenides gou/di •• • • 
Crago septemspinorns • • Cli'"'enel/a torq uata •• • •• 
Gammarus sp. •• •• Diopatra cuprea • 
Palaemonetes 1111/garis •• •• Glycera sp . • •• • 
Virbius zostericola •• Lumbrinereis ten11is • ••• 

Mollusca: Ma/dane urceolata • • 
Pecten irradians •• Nereis 11irens • •• 

Sco/oplos Jragi/is ••• • •• 
Total number of characteristic Spio setosa • • •• 

swimming species 6 3 Ph.asco/osoma go11ldi • • 
Arthropoda: 

III. Animals living on the Pinni:cia chaetopterana • • 
surface of the mud Mollusca: 

Cumingia te/linoides •• 
Coelenterata: Ensis direct11s • • 

Hydractinia echinata 2 •• •• Mactra lateralis • • 
Arthropoda: Mya arenaria ••• • 

Carcinides maenas •• Solemya t"elllm •• 
Libinia d11bia • Tel/ina tenera •• •• 
Libinia emarginata • • Ven11s 111ercenaria •• • • 
Pagurus longicarp11s ••• ••• Chordata: 
Pagurus pollicaris • • Dolichogloss11s ko;;.•<Jlet·skyi • • 
Neopanope texana sayi •• •• --
Lim11lus polyphen111s •• • Total number of characteris-

Mollusca: tic burrowinf species 25 20 
Crep£dula cont•e.fa •• •• Grand total o characteristic 
Orepid11la fomicala • • species SS 36 
Crepidula plana •• • 

1. Occasional: Bdore-found in lt'SS than 33 per cent or ,\Ile~·- colt...-ctions. ..Uter-
forming less than :? per ccn.t or the 1936 population. • • 

•• Common: Before--m 33 per cent to SO per cent or All..-c s collcct1ons. ..Uter
forming 2 per cent to S per cent of total poput.ltion . 

••• Abundant: Bcfor~-in 0\0er so pi>r Cl'nt or Alice's collections. Aftcr-forminio 
S ~r cent or more of.the total popu1'1tion. . . . 

2 Since the h.-rnut crabs, on whose shells th1" hydnml !we~, :ire to be founJ on the 
surface or the muJ, this ~cems the best pt.ice to cl.1ssify llyJr.lctlma. 
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}.2. 1.4 Unprotected Beach Ecosystem Model Notes. In the Unprotected Beach Ecosystem Model 
(Figure 3-48) a diagonal line, represents the boundary between the beach sediment and the 
overlying water or air and the wave line represents the boundary between the air and the water. 
The unprotected beach is a zone of intense and continuous interaction between air, water, and 
land. The connections between materials and organisms above and below this interface are 
cyclical, affected by oscillating tidal forces, seasonal wave energy conditions, and the 
cyclical nature of the waves themselves. Not all of this habitat is intertidal, however, as 
the model covers the area between the berm on the landward side and the seaward limit of the 
surf zone. This area is regularly ~xposed to the force of breaking ocean waves. Although the 
beach strand may have isolated boulders or rock outcrops, this habitat is characterized by a 
deep mass of sand extending from berm to breaker depth and along the shore for distances up 
to several miles in the study region. 

High-energy interaction is the prindipal physical factor determining the general character of 
this habitat. Indeed, wave stress with its resulting erosion, transport, and accretion, is 
an essential feature of the maintenance of the Unprotected Beach environment. The numbers of 
macrofaunal species found here are low compared to the number found in marine shore habitats 
protected from ocean surf. The organisms common to this environment are specifically adapted 
to its rapidly shifting sediments and pounding surf. For example, Chaetoceros armatum, a diatom 
found only in the surf zone, protects itself with an armoring coat of musilage and hardly 
resembles other members of the genus which are fragile in appearance. 

Within this habitat, gradation of energy occur, which, coupled with the periodicity of the 
intertidal exposure, result in stratification of the community. A distinct biological boundary 
is apparent at the seaward edge of the surf zone, while the community changes only gradually 
shoreward from the subtidal to the intertidal beach (Lewin, 1978; Lewin and Norris, 1970). 

The food web for this ecosystem i5 uncomplicated. The number of different species involved 
are few (i.e. diversity is low) due to the high energy of the waves and the periodic inundation 
and drying, creating conditions habitable by a limited number of organisms. 

Discussion and presentation of data pertaining to the important components and processes of the 
ecosystem model begin with the dominant physical processes of (1) tidal inundation and (2) sedi
ment transport, and continue with (3) the resultant cyclical suspension/deposition of sediment and 
detritus, (4) the percolation, adsorption, and filtration of water and waterborne materials, and 
(5) the aerial phenomenon of salt spray. The biological components of the system are discussed 
in (6) macrofaunal and meifaunal community composition, and (7) movement of macrofauna to and 
from neighboring habitats. Human activities in or affecting the beach are discussed last, 
including (8) use of the habitat for recreation and harvest, (9) direct gains (dredge spoil 
dumping) or losses (sand mining) of habitat, (10) indirect activities causing gains or losses of 
habitat, and (11) activities which may pollute the habitat. 

#1. Inundation. The ocean is the immediate source for the surf zone water and waterborne materi
als in this ecosystem although much of the material may be terrestrial in origin. Waterborne 
materials in this model include dissolved and suspended organic (detritus) and inorganic (sand, 
etc.) materials, as well as living plants and animals. Dissolved organic carbon in the 
water is important in supporting the meiofauna in the Unprotected Beach ecosystem (Cox, 1976). A 
separate category of waterborne material is wrack and driftwood, including pieces of kelp, surf
grass, large drift Jogs, and other debris which floats on the surface. The waterborne materials 
are transported into and out of the Unprotected Beach ecosystem by a cyclical process of 
inundation. lnundatfon results from tidal processes, changes in atmospheric pressure, storms, 
and tsunamis. Tides, atmospheric pressure, and storms vary with time and are seasonally 
predictable; thus season is shown as a secondary regulating factor governing inundation. 

Drift logs, deposited on the backshore and at the upper crest of the winter berm, may be large, 
and occupy considerable portions of the backshore in places. The driftwood line farthest 
inshore gives a good indication of past extreme inundations. Real estate is often subdivided 
and sold, and structures built within the backshore, seaward of the line of driftwood, seemingly 
oblivious of the tenuous, indefensible position. These structures cannot withstand the battering 
force of multi-ton, waterborne :logs. 

The tide in the Pacific Northw~st Coastal Region is semi-diurnal, mixed type, with a mean diurnal 
(once daily) range of about seven to eight feet (2 to 2.S m) (see Section 2.6.2 of Volumes 1 and 
2). The diurnal range is more significant than the semi-diurnal range, due to the differences in 
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3.2.1.4 Unprotected Beach Ecosystem Model Notes (continued) 

the heights of the succeeding highs and lows. The maximum ranges occur in December and June 
due to astronomical factors, with highest measured tide levels as great as twelve to thirteen 
feet (3.5 to 4 m) above mean lower low water on beaches of the study area (Beaulieu and Hughes, 
1975). Atmospheric pressure is generally lower in the winter months (see Section 2.3) and conse
quently sea level will be higher then. Sea level may rise approximately one centimeter 
per millimeter (mercury) drop in atmospheric pressure, or about one foot rise per inch drop in 
mercury. The maximum possible storm surge resulting directly from fluctuations in barometric 
pressure is about three feet (1 m) (Beaulieu and Hughes, 1975). Storms, with their strong on
shore southwesterly or we$terly winds, will cause a further build-up of water along the coast, and 
thus higher sea levels. Wave "set-up" (the retarded return of waves to the sea owing to wind 
friction) along the coast may approach two to four feet (1 m). Combining all factors leads to 
probable extremes of four to seven feet (1.2 to 2.1 m) above mean high water (Beaulieu and 
Hughes, 1975). 

Tsunamis are not cyclical, and indeed cannot be predicted with any accuracy along the coast. 
The Alaska earthquake of 1964 may represent the worst case situation; wave heights above mean 
high water in excess of ten feet (3 m) occurred along the study area coast, reaching a high 
of 19.7 feet (6 m) above mean high water at Crescent City, California (see Section 2.7.2.2). 
Beau] ieu and Hughes (1975) predict tsunami "run-ups" of 25 feet above mean lower low water 
in some beach areas of Oregon. The significance of these high levels of inundation is that 
areas in back of the winter beach berm will also be inundated, and driftwood may be deposited 
in drift lines well inland of the foredune (typically in the deflation plain); at such times 
these areas may also act as "unprotected beach." This is significant to anyone wishing to build 
structures in this shore process corridor. Organisms· characteristic of the Unprotected Beach 
and dependent upon periodic inundation with salt water do not occur in the backshore, however, 
so this is not ordinarily conside~ed as part of the Unprotected Beach habitat. 

#2. Transport. Sediment transport is snown in the model (Figure 3-48) as a two-way valve 
between the Unprotected Beach and the offshore oceanic and adjacent beach sediments. This is 
discussed in this volume (Section 2.7.4) and in far greater detail in Section 2.7.4 of Volume 1. 
Sediment transport in the study region is to the north in the winter and to the south in the summer. 
Net transports will vary from place to place, being generally to the north for much of the 
area. Onshore-offshore transport is seasonal, with net-offshore transport occurring during 
winter months of severe wave attack, a~d net-onshore transport occurring during summer months 
of milder waves. 

Upland materials provide sediment to the beaches by runoff, either directly or via the estuaries, 
or by wave erosion of headlands. Beach sediment may also be imported into the estuaries. This 
source of (beach) supply may be less than, equal to, or greater than the rate of removal by 
sediment transport processes. Erosion, stable beaches, or accretion will result depending upon 
the balance of these processes. Where accretion is great, significant quantities of sand will 
be available for sand dune formation, inland of the beach itself. Sand dunes form by wind 
transport of beach material to the upland area. The processes of transport between the upland 
and the Un?rotected Beach are more active in winter than in summer. See Section 2.7.4 for more 
details. 

The transport of upland materials includes freshwater as well as sediment. Dilution of the surf 
zone with fresh water occurs from loca~ runoff and groundwater seepage although regionally the 
larger runoff through the estuaries is more significant. 

In addition to sediments, waves and currents transport seaweed and seagrass cast to the beach 
where it is stranded as wrack at the high tide mark. The amount of wrack imported to the beach 
has been observed to be ~.8~-2.49.kg. (~et we!ght)/10m (1.25-1.67 lb 1-iet weight]/32.8 ft) of beach 
front (ACOE, 19761): This is a s1gn1f1cant import.of organic material which is the main source 
of energy and materials for the upper beach community. 
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#3. Suspension-deposition. Wave action is continuously suspending and depositing sediment, and 
actively transporting it in the process. The active water in the surf zone contains large amounts 
of suspended solids: sediment, organisms, and detritus. Suspended materials are periodically 
deposited on the intertidal beach; the less-dense detritus and diatoms are sorted out to lie on 
top of the sandy sediment above the swash of the waves. Driftwood and other wrack floating in 
the surf zone are usually deposited high on the beach. Driftwood accumulations generally indicate 
storm tide water levels, while beach wrack (seaweed, etc.) usually 1 ies along the level reached 
by the most recent high tide. Here, although this floating material is continually being removed 
and replenished at any particular location along the beach, it forms a regular part of this habi
tat upon which an important segment of the community depends. Occasionally, large pieces of 
driftwood, such as the roots and lower trunk of a large tree, become stranded lower down on the 
beach where they focus the energy of the surf and cause a sudden change in the depth of the sand 
about them. Driftwood in the surf zone is a hazard to bathers; warning signs are usually posted 
along the coast. 

#4. Percolation, Adsorption, and Filtration. Surf zone water also contains dissolved materials: 
salts, nutrients, and organic matter. Under the pressures of waves and periodic innundation, 
this water is forced into and drained out of the beach sand. Cox (1976) describes the formation 
of micro-detritus, fine particles produced from dissolved organic matter (measured as DOC, 
dissolved organic carbon) by air bubbling through sea water, and its adsorption onto the surface 
of beach sand grains. Seawater usually contains at least ten times as much DOC as the carbon 
in particulate matter (detritus) captured by plankton nets. The foaming and filtering action 
of the surf on the sand is probably a major input of food energy into the ecosystem, essential 
for maintaining the meiofaunal component of the community (see Note #8). Similarly, uptake 
of inorganic nutrients needed for growth by diatoms, bacteria, and other organisms adhering 
to the sand grains is facilitated by adsorption of nutrients onto the vast interstitial surface 
area of the beach. 

Rainwater at low tide also affects the beach as it percolates down and alters the salinity of the 
interstitial water. 

The Unprotected Beach lacks a sharp oxygen gradient and sulfide layer in its sediments, such as 
is common to Protected Beaches. A higher amount of energy is available to overturn the sedi
ment and re-charge ~he interstitial water by filtration and percolation under considerable 
hydraulic pressure. Figure 3-49 presents a comparison of water penetration in low and high 
energy beaches. 

#5. Spray and Aeration. Water, salts, and other materials are propelled into the air by the 
intense air and water interactions that occur within the surf zone. These include the breaking 
of waves, the bursting of air bubbles at the surface that were entrapped by the waves, and the 
action of the wind against the wave faces, the surface, and the breaking wave fronts. This is 
the mechanism that transports salts to the backshore and further inland. Some organisms located 
inland of the Beach Surf Zone, (e.g. components of the Sitka Spruce Zone), are dependent on 
this salt supply or are tolerant of it while requiring the high moisture levels of the coastal 
fog. 

Aeration is the entrapment and suspension of small bubbles of air in the surf zone water column 
which may result in supersaturation of ocean water with dissolved gases. 

#6. Community Composition. The valve labeled uptake and exchanges in this model (Figure 3-48) 
represents all the processes of nutrient uptake, respiration, and photosynthetic utilization of 
co2• These are described in greater detail in the Euphotic Pelagic Oceanic ecosystem model 
(Section 3.2.1.5, which follows). 

There are two relatively distinct animal groups occupying this habitat, somewhat in the same 
way that a canopy community and a floor community coexist in a forest habitat, the macrofaunal 
and meiofaunal comnunities. 

The number of macrofaunal species that are common on these beaches is relatively small. The 
dominant forms are filter feeders, such as the razor clam and ghost shrimp, in the lower inter
tidal and subtidal beach, and detritivores, such as the beach hoppers, on the upper beach. 
Active predators on these dominant forms are the surf perch, flounders, and skates inhabiting 
the surf zone, and the shorebirds that regularly feed on the exposed beach and among its wrack. 
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3.2.1.4 Unprotected Beach Ecosystem Model Notes (continued) 

All local production is by microflora, either phytoplankton or epipsammic algae. The surf zone 
producers are dominated by diatoms, notably Chaetoceros armatum, which seems to be specially 
adapted to this habitat and is closely associated with dense populations of the razor clam, 
Siliqua patula (Lewin, 1978; Lewin and Norris, 1970). This surf zone diatom occurs all along the 
coast, particularly during the winter months, wherever there is a long stretch of sandy beach, 
but it is most abundant and persistent north of the Columbia River and Grays Harbor on the 
Washington coast. This is also the center of razor clam abundance; the commercial and sport 
fisheries for these clams plays an important role in the local economy of this region. Lewin 
(1977) observed razor clam stomach contents and coincidence of abundance, and suggests C. armatum 
productivity is responsible for high razor clam production on the south-central Washington-coast. 
It is not known for certain, however, why C. armatum populations are greatest in this part of 
the region. Lewin (1978) suggests the fol lowing factors as important to the Chaetoceros _ _?~tum/ 
Siligua patula community in the area: 1) the constant silicate supply from the Colum:1ia River, 
which is essential for good diatom growth, and 2) the gentle slope of the beaches and continental 
shelf in this part of the region (see Figure 2-3), which results in wide, gradual beache~ with 
well-aerated surf water and fine-grained sand. 

Dense "blooms" of Chaetoceros armatum appear frequently throughout the year, and high surf 
conditions combined with large tidal range often strand dense patches of diatoms on the 
beach exposed at low tide. The term "bloom", when used with diatoms, means a sudden increase in 
the standing crop because of increased productivity stimulated by the removal of a limiting factoG 
usually light or nutrients. In this case it may be a misnomer, since I· ar~atum is adapted to 
low light levels and has a ready supply of nutrients. The large coastal rivers probably provide 
a continual supply of the silicate needed for diatom production, and Lewin and Rao (1975) have 
observed the excretion of significant quantities of ammonia by razor clams, enough to account 
for much of the nitrogen requirement of the diatoms. The semi-closed circulation of the surf 
zone would tend to retain accumulations of both nutrients and producers in this habitat. 

The density and productivity of surf diatoms~ situ have not been reported for the region's 
coast, but in an almost identical habitat-community situation in New Zealand, Cassie and Cassie 
(1960) found concentrations of 400 cells/ml in which 80% of the cells counted were C. armatum. 
In New Zealand waters, they also observed net primary productivity of 400 mq C/m3/h7. 

Razor clam stocks and fisheries have been the subject of investigations by the Washington State 
Department of Fisheries since 1939, measured as catch statistics. While there is some evidence 
to indicate that the harvest of this population has declined since the first unrecorded years 
of commercial usage (Schaefer, 1939), there does not seem to be a significant, overal I decline 
within the last 24 years of regular observations (Tegelberg et al., 1971). Annual catch varies 
about three-fold in long cycles of about ten years, from a maximum of 18 million to a minimum 
of 6 million clams. (See Table 3-73 in Section 3.4.2.3 for catch data 1946-1970.) The number 
of clams per square yard or the abundance index, varied from 0.8 to 5.8 at Copalis Beach (one 
of the more productive areas) during the period 1952-1970. Shell length is the other major 
parameter observed. Average length (and the length frequency distribution) varies from beach 
to beach and falls within the range of 40-148 mm. The length-to-weight ration is not reported, 
but data relating length to age and yearclass are given by Weymouth et al. (1925). 

Ghost shrimp, Call ianassa cal iforniensis, is another filter feeder which, like the razor clam, 
is a consumer of surf diatoms. Burrowing ghost shrimp are usually found in relatively low 
numbers and, in most areas, inhabit the beach between the +4 and +7.5 foot tide levels. In some 
areas, however, such as that between the Copa] is River and Copa] is Beach, ghost shrimp are very 
abundant and their distribution overlaps that of the razor clam which lies seaward of the +4 foot 
tide level. There is no demonstrated competitive interaction between the clam and the crus
tacean, but the holes of the shrimp burrows look enough like the "show" of the razor clams to 
interfere with the fishery and reduce the rate of harvest. Washington State Department of 
Fisheries has used a pesticide, "Sevin", for several years to control shrimp populations in the 
oyster-growing areas of Willapa Bay and Grays Harbor, and were able to achieve 99.7Z mortality of 
ghost shrimp in heavily "infested" areas of razor clam habitat (Tegelberg et al., 1971). 

The meiofaunal community includes a larger number of species. The biomass of the psammic meio
fauna and the extent to which it nourishes the macrofaunal community have not been evaluated 
quantitatively. Cox (1976) notes that meiofaunal biomass is significantly lower in unprotected 
beaches than that in most littoral and sublittoral bottoms, but that diversity of taxonomic 
groups is highest among the coarse sand grains of the outer coast and lowest in the very fine 
sediments of mudflats. He also described the meiofaunal food chain as based on DOC in the water 
column and separate from that of the macrofauna. Cox (1976) describes the variation in species 
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3.2. 1.4 Unprotected Beach Ecosystem Model Notes (continued) 

diversity and relative abundance (as well as sampling error) for the major fauna! groups of 
meiofauna on exposed sandy beaches. 

Figure 3-50 includes "outside predators (birds, fish)" as part of the macrofaunal food web. Some 
predators, notably sandpipers and surf perch, are integral components of the surf zone c;:ommu~ity 
and as such are part of the macrofaunal community in the model (Figu.re 3-48). As the tide rises 
and falls, parts of the beach are periodically exposed to aquatic or terrestrial predators. 
This border zone is linked via the food web to both the land and the sea. Some organisms from 
both zones make use of the upper portions of the unprotected beach habitat for reproduction. 
Smelt, residents of the Euphotic Pelagic Oceanic ecosystem, come ashore at high tide during 
the summer to spawn in the sand. Night smelt are known to visit the surf zone to spawn in 
the sand at the highest tide and usually at night in the spring. The so-called surf smelt 
spawn in more protected beaches, avoiding excessing surf action (Hart, 1973). At such times 
they are easy prey to thousands of marine birds, as well as people. The snowy plover nests 
on the sand, just above the high tide line. Nesting and spawning activities are seasonal, 
and may also include migration. 

#i Migration and Visitation. Upland mammals such as raccoons or black-tailed deer visit this 
habitat at low tide. 

#8. Fisheries and Recreational Activities. Man is a unique upland visitor to this habitat, 
seasonal in nature and degree of impact. Surf perch, smelt, and razor clams are harvested 
for human consumption as well as wo~ms and ghost shrimp for bait. 

The unprotected beaches of the Pacific Northwest region are scenic and attract thousands of 
people annually for non-consumptive recreation. This visitation by people is somewhat seasonal, 
the warmer months being preferred. Beachcombing, hiking, and scientific studies are, for the 
most part, non-consumptive. Some driftwood, shells, stones, sand-dollars, and Japanese fish
net floats are removed from the beach by beachcombers. Recreationists are permitted to drive 
automobiles on some beaches, and the debate continues as to whether or not there is any damaging 
impacts to the ecosystem from this activity. Clam diggers fear that cars driving close to the 
water line at low tide will damage valuable razor clam beds. Regulations exist regarding the 
driving of cars on the beach, seeking to protect both clams and recreational interests. 

A commercial clam fishery exists, a)ong with popular recreational clamming. The razor clam 
beaches are monitored by state fisheries authorities and regulations are imposed. The razor 
clams are only taken in the intertidal area, protecting the large populations in the subtidal 
which reseed the intertidal. 

Recently it has been discovered that the extensive subtidal clam beds lying beyond the breaker 
zone are not populated by the razor clam, Siliqua patula, but ratherbyS. sloatii which, although 
very similar in appearance, does not inhabit the intertidal areas. This discovery has two 
implications now being investigated by the Washington State Department of Fisheries: (1) that 
reseeding populations for the intertidal areas are not as large as previously believed and must 
be more carefully protected, and (4) that the deeper-water species may be harvested commercially 
by dredging techniques adapted to the area (Simons, 1977, pers. comm.; Tegelberg, 1970). 

Surf perch are harvested by sport fishermen. Clams are taken on a seasonal and low tide cycle, 
whereas surf perch are taken during any season and at any stage of the tide. Surf smelt are also 
taken along the unprotected beach seasonally by sports fishermen when they are "running" to spawn 
in the beach sand. 

#9. Spoil Dumping and Mining. Most dredge spoils are disposed of either on land, within 
the estuaries, or on the continental shelf beyond the surf zone. Dredge spoil disposal 
directly onto the unprotected beach is practiced in some places (e.g. on the beach adjacent 
to Humboldt Bay), but is not common in the Pacific Northwest. Dredge spoi 1 disposal on the 
beach may change the nature of the substrate, and a shift in the benthic community may accompany 
such disposal. The wave action along the beach may eventually re-sort the sediment until 
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3.2.1.4 Unprotected Beach Ecosystem Model Notes (continued) 

near-normal conditions are restored. Another concern about dredge spoil disposal would be 
the increase in concentrations of organic particles or toxic components of the sediment. 

Mining of beach sand is not a major activity within the region. Rea and Komar (1975) report 
that mining of beach sand south of Siletz Spit may have contributed to erosion which destroyed 
one house in the high tide storm wave attack of 1973. Any sudden removal of beach sand upsets 
the natural recycling processes, resulting in wave erosion of coastal land (ACOE, 19761). The 
erosion at Siletz Spit necessitated emplacement of protective rip-rap to protect houses that 
were built on the Spit. 

#10. Construction. Construction affecting the Unprotected ~each ecosystem may take place 
directly in the habitat, or offshore. Such construction may take place to protect structures 
(such as homes) built on the backshore. Erosion areas have been identified as both critical 
and non-critical (see Figure 2-4; this volume), partly by the nature of the human usage in the 
area. A non-critical erosion area may become critical if a structure is improperly located 
there and human lives or property are endangered. 

Structures common to the Unprotected Beach ecosystem of the Pacific Northwest include jetties, 
breakwaters, and rip-rap bulkheading. Piers are not common due to the extreme waves. Extensive 
use of groins to "stabilize" the beaches (i.e., trap sediment), such as is common on the East 
Coast and portions of the Southern California coast, does not occur in the Pacific Northwest 
region. This is largely because most of the sources of sediment have not been altered by man in 
this region, and the region lacks submarine canyons close to shore, which remove beach sediment 
from the longshore transport in other regions. 

Jetties and breakwaters are used to protect harbor entrances, shielding them both from waves 
and from sediment transport that fills in dredged channels. These jetties affect longshore 
transport, and cause beach alteration. Channel entrances to estuaries that are not dredged 
and protected will naturally shift, with sediment transport processes causing barrier beaches 
on one side to grow and barrier beaches or uplands on the other side to retreat. Eventually, 
the barrier beach would be breached by storm events, with swash channels across the beach into 
the estuary forming and eventually establishing a main channel. Isolated portions of the 
original barrier beach may become short-lived islands, with the estuary retaining two entrances. 

Seaman (1977) described this cycle for the Columbia River estuary prior to channel improvements 
which began in 1885. Andrews (1965) describes similar processes for Willapa Bay. Ballard 
(1964) reports depositional and erosional changes in the Beach Surf Zone that occurred 
adjacent to and off the mouth of the Columbia River from 1877 to 1958 as a result of dredging 
and jetty construction. Deposition occurs at the mouth of the Columbia, seaward of the 
jetties, forming the Columbia River Bar, a navigational hazard that has claimed many ships. 
Erosion occurred in the subtidal surf zone off of Clatsop Spit, south of the south jetty from 
1877 to 1926, but apparently stabilized around that time, as no significant erosion was evident 
between 1926 and 1958. A beach formed between North Head and the north jetty between 1877 
and 1958. Komar et al (1976A) discuss shore] ine changes due to jetties on the Oregon Coast. 

Siletz Spit, protecting the Siletz estuary in Oregon (W.U. #5), has had houses built upon it 
which were threatened by erosion during the winters of 1971 and 1972 (Hamilton, 1973; Komar 
and Rea, 1976; Komar et al., 1976B). This erosion was analyzed and correctional recommendations 
prepared (rip-rap bulkheading) (Komar and Rea, 1976; Komar et al., 1976B). The Corps of Engineers 
noted that the cost of stabilizing and maintaining theduneand spit artificially would far 
outweight the value of the private property in jeopardy. Rea and Komar (1975) concluded that 
the long-term effectiveness of attempts to rip-rap against erosion is uncertain. 
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Offshore structures are not significant today, but may become so in the future. Offshore 
oil development, or siting of offshore oil terminals may require laying of pipelines through 
the Unprotected Beach ecosystem, with immediate disruption during installation a certainty, 
and long-term alteration a possibility depending on the design. At present, the oil industry 
is not particularly interested in the area, and the technology is not yet available to build 
an offshore oil terminal in the region at a reasonable cost due to the extreme winter wave 
conditions. 

#11. Wastes and Spifls. This region has not been s~gnificantly affected by this form of pollutio~ 
although the threat 1s very real. The dependency of the region upon tanker delivery of fuels 
increased· dramatically when Canada stopped supplying Washington with oil by pipe] ine. Oil from 
Alaska will be transported by tankers to some port on the West Coast of the United States for 
transshipment to the inland states in the near future. Possible sites for such a transshipment 
include Port Angeles, Washington (in the Strait of Juan de Fuca) and Long Beach, California. 
Spilled oil from tankers can enter the Unprotected Beach ecosystem via surface wind drift of 
the oceanic waters. Such surface flow will be mostly onshore during the winter months when wave 
conditions are likely to preclude any form of containment offshore. 

Once oil or. other pollutants reach the surf zone, they will become well mixed into the water 
column and sediments. Pollutants entrained in the sediments will move with the sediment as 
discussed in Section 2.7.4 of Volume 2 (Regional Synopsis). The mixing processes within the 
surf zone will enable some pollutants to pass into the oceanic benthic and disphotic ecosystems 
by physical processes. Biological uptakes and transfers may move pollutants as well, and the 
manner in which a pollutant may move, dissipate, or concentrate through a food web and through an 
ecosystem is not well understood. 

As stated before, this region is unique in the lack of significant oceanic pollution. This 
discussion has only briefly touched on the potential problems of pollution, as befits a concep
tual model approach. The consequences of 'major oil pollution are most visible in the Unprotected 
Beach ecosystems, hence the coverage here. Research is being conducted within the region by 
Jerry Galt of the Pacific Marine Environmental Laboratory (N.O.A.A.) Seattle, Washington on 
mathematically modeling oil spills. A review and analysis of models for predicting oil spill 
movement has been conducted by the Oceanographic Institute of Washington, Seattle. 

Studies on the fate and effects of petroleum hydrocarbons in marine coastal ecosystems are being 
carried out by the ecosystems department of Battelle-Northwest, Marine Research Laboratory, in 
Sequim, Wa~hington, and by the National Marine Fisheries Service (NOAA) in Seattle. Beak 
Consultants (1975) have recently completed an impact assessment of potential oil spills which is 
applicable to this community. They have also done an extensive 1 iterature review on the subject. 
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3,2. 1.5 Eu hotic Pelagic Oceanic Ecos stem Model Notes. The Euphotic Pelagic Zone (Figure 
3-51 is that dept range in the ocean which is abundantly supplied with light sufficient for 
the photosynthetic processes of plants (Sverdrup et al., 1942). In the deep ocean, it is 
usually 80 meters (250 ft) deep, or more, depending on angle of incidence of sunlight (varying 
with season and time of day) and cloudiness (Gross, 1972). However, turbidity will also limit 
the depth of the Euphotic Pelagic Zone, and G. C. Anderson (1972), defining it as the level 
of one percent of surface illumination, found the depth of the euphotic zone to be less than 
fifty meters over the shelf off mid-Oregon throughout 1961-1962. All net production of organic 
matter in the ocean occurs in this habitat. The depth of this layer varies seasonally and 
locally, and for the Pacific Northwest Region, ranges between twenty to eighty meters (60 to 
260 ft) deep (Small et al., 1972). 

Solar energy powers photosynthesis in the euphotic habitat which feeds not only~the local 
community but supports all life below it in the darker waters of the Disphotic Pelagic Zone 
and the Non-vegetated Benthic habitats. Solar energy also heats surface water, which in turn 
moderates the climate of the region. Turbidity is strongly tied to river runoff, which varies 
seasonally and geographically throughout the regioA. Th~ Columbia River plume is detectable 
by its increased turbidity as well as its reduced salinity. 

The upwelling areas along the Pacific Northwest coast are among the most productive oceanic areas 
in the world. Phytoplankton net primary production is as much as the estuarine eelgrass and, 
although the standing biomass is low, the rapid turnover rates indicate a significant amount of 
energy transfer to consumers. 

The oceanic food web is predominantly a grazing one with a consumer to producer biomass ratio 
approaching 1 :1. The oceanic web is complex, consisting of many overlapping and interdependent 
food chains. 

The Euphotic Pelagic habitat is intricately related to the Disphotic Pelagic and the Benthic 
habitats of the ocean. One characteristic biological phenomenon which connects these different 
zones is the diel vertical migration of consumers from the lower depths to feed on the phyto
plankton and its grazers in the Euphotic Zone. 

The physical aspects of this habitat are treated in considerable detail in Section 2.7 of the 
Model (Volume 1) and the Regional Synopsis (Volume 2). Discussion of the important factors in 
this ecosystem model begin with summaries of the physical factors: (#1) dissolved gases, (#2) 
water input and output, (#3) sediment transport, (#4) dissolved nutrients, (#5) upwelling, and 
(#6) the compensation depth. Notes continue with treatment of the biological factors: (#7) 
photosynthesis/primary productivity and nutrient uptake, (#8) community composition, (#9) migra
tion and visitation, (#10) secondary productivity, and (#11) interaction with Disphotic and 
Benthic Zones. Finally, human influences of (#12) harvest, (#13) waste discharge, (#14) dredge 
spoil disposal, and (#15) in9irect effects are discussed briefly as they affect the Euphotic 
Pelagic ecosystem. 

#1. Dissolved Gases. Unlike the terrestrial habitats, respiration and photosynthesis by most 
of the oceanic biological community involves dissolved gases. Marine mammals and sea birds 
are exceptions, frequently surfacing or remaining at or over the surface to breathe. Dissolved 
gas concentrations at the surface reach equilibrium with the atmosphere. Physical processes 
such as wind and wave mixing increase the air-water interaction. Water and air temperature 
and salinity alter equilibrium concentration levels. 

Dissolved oxygen is of primary importance to most marine organisms. Upwelling water is lower 
in oxygen than water that is displaced, but high productivity can supersaturate the near surface 
waters with oxygen, a product of photosynthesis. Dissolved oxygen in the ocean is discussed in 
more detail in Section 2.7.5. 1 of Volumes 1 and 2. Figures 2-43, 2-44, and 2-45 of Volume 2 
present graphic information on distribution and variability of DO in the ocean over the Pacific 
Northwest Shelf. 

#2. Water (Substrate) The water inputs to the study area include advection 
from adjacent oceanic areas regional currents), land runoff, and precipitation. Water outputs 
from the region include advection and evaporation. In this region, runoff and precipitation 
greatly exceed evaporation, as a result, the oceanic surface waters near the coast and over the 
shelf are measurably diluted. -(In drier regions (e.g. Southern California), where evaporation 
exceeds runoff and precipitation, the surface oceanic waters are more saline.) Winter winds, 
from the southwest, hold the river runoff close to shore; the lowest surface salinities in the 
nearshore region occur then. The Columbia has its peak flow in the spring and early summer, with 
regional effects described in Volume 2, Sections 2.4 and 2.7. 1. Runoff for the entire region 
is discussed in Section 2.5.3 of Volume 2. 
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3.2.1.5 Euphotic Pelagic Oceanic Ecosystem Model Notes (Continued) 

The regional oceanic currents are the southerly-flowing California Current, and the nearshore, 
seasonal (winter) Davidson Currenti discussed in Section 2.7.2.4 of Volume 2. 

Precipitation and evaporation data for the region are presented in Section 2.3.1 of Volume 2. 
Elliott et al. (1971) noted that rainfall over the shelf is considerably less than in the vicinity 
of the coast. It must be assumed that estimations of precipitation over the shelf based on 
precipitation along the coast are probably in error. More data are needed to fully understand 
the precipitation inputs of freshwater to the Shelf Euphotic Zone. 

#3. Sediment Transport, Sus ension, and De osition. Sediment transport in the ocean is modeled 
in Section 2.7.4 of Volume 1 see Figure 2-34 and discussion), and sediment transport data for 
the region are presented in Sectioh 2.7.4 of Volume 2. Sediment is transported in the ocean in 
suspended and bed loads. Pelagic models are concerned primarily with the suspended loads. Most 
sediment input comes from runoff from the adjacent uplands and estuaries. Much of this material 
is very fine sediment, and moves ih suspension as turbid layers near the surface, at mid-depth, 
and near the bottom (see Figure 2-42 in Volume 2). Very little of this material is permanently 
deposited on the shelf. In the summer months, deposition on the shelf occurs, but winter waves 
stir the bottom and resuspend the fine sediment, which the regional circulation patterns then 
transport seaward. The bottom current over the shelf is predominantly to the north and net 
sediment transport is also to the north. The oscillatory currents at the bottom, associated with 
the passage of large surface waves, are an essential component of the sediment transport pro
cesses of the shelf. The regional currents, which actually transport the suspended sediments, 
are not strong enough by themselves to scour the bottom sediments. 

#4. Dissolved Salts and Nutrients and Their Inputs and Outputs. Discussions of salts and 
nutrients appear in Sections 2.7.1 and 2.7.5.2 in Volume 2. In ~he absence of nutrient input, 
the available nutrients of the pelagic habitat would be consumed by phytoplankton until one of the 
nutrients was reduced below required levels and became severely limiting to producer growth 
(see Note #6 below). 

Figures 2-45 and 2-46 in Volume 2 show annual variability of nutrients within the study area. 
The methods of presentation of the two figures differ, but in each, the effects of winter 
mixing and summer productivity are apparent. While nutrient values at the surface drop a little 
in the spring, Figure 2-45 shows that the nutrient values below the surface increase considera
bly because of input from upwelling of deeper water (see Note #5 below). 

In Figure 2-46, nitrate concentration in the surface 10 meters (30 ft) is reduced to zero 
briefly during the spring. This deficit is quickly eliminated with the onset of upwelling, as 
is evident from the sudden increase in nitrate and phosphate concentrations throughout the 
water column. Dissolved oxygen is also reduced throughout the water column during upwelling, 
although in the surface waters photosynthetic release of oxygen supersaturates the water at times 
of high productivity. 

The Columbia River plume enhances density stratification and water column stability, increasing 
productivity in the spring, but eventually resulting in nutrient depletion due to phytoplankton 
production. In the plume, the rapid recycling of nutrients through zooplankton excretion 
(released as ammonia) may provide up to 90 percent of the nitrogen needs of phytoplankton during 
the summer (Jawed, 1973A). Ammonia is not considered in the nitrate concentration values in 
Figures 2-45 and 2-46. 

#5. Upwelling. In the Pacific Northwest, coastal upwelling occurs in the summer and fall, pro
viding a supply of nutrients to surface waters from below the mixed layer. The resupply of nutri
ents makes this area highly productive .. Coastal upwelling is generally seasonal, but occurs as a 
series of events correlated with; northerly winds (i.e., from the north). Nearshore surface water 
is driven offshore, and deeper water rises to replace it. Prolonged periods of southerly winds in 
the summertime will halt the upwelling, with effects on the nutrient supply and productivity. 
Upwelling events also occur in the winter, but are less frequent and less significant biologically. 
Upwelling of this type is strongest in the southern half of the study area (Cape Mendocino to 
Mid Oregon). In Northern Oregon and Southern Washington, the rapid outflow of the Columbia 
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River Plume may cause river-induced upwelling as it entrains near-surface marine waters, but it 
also forms a barrier, masking some of the physical effects of the upwelling. This river-induced 
upwelling not only brings nutrients up into the euphotic zone, but carries them out to sea with 
the plume ("outwelling,'' E.P. Odum, 1971). Off l~ashington, upwelling is less pronounced than 
farth~r south, but is still significant. 

Upwelling strongly influences the climate of the Pacific Northwest. Upwelled water is cooler 
than the offshore water. As a result, the summer temperature is cool along the coast and fog 
occurs frequently. 

In most other upwelling areas in the world, evaporation exceeds runoff and precipitation and the 
surface waters are higher in salinity than the upwelled water. Over the Pacific Northwest Shelf, 
however, the upwelled water is higher in salinity than the surface water. It is also lower in 
dissolved oxygen and denser, a fact which is important in the replacement of bottom water 
in the inland salt water bodies of Washington and British Columbia (Strait of Juan de Fuca, 
Puget Sound, and Strait of Georgia). Some of the coastal estuaries experience decreases in 
oxygen concentration during summer months as a result of a tidal inflow of lower-oxygen upwelled 
water from the ocean. Waste discharges with their concomitant high biological oxygen demands 
must be controlled to accommodate this natural seasonal decrease. 

Just as northerly winds generate an offshore current at the surface, resulting in upwelling of 
deeper water, southerly winds, more common in the winter, generate an onshore surface current 
with resultant downwelling of nearshore surface water. The downwelling phenomenon is not condu
cive to high productivity, but occurs normally during the relatively unproductive winter season, 
when sunlight levels are low and mixing great. 

Upwelling is further discussed in Section 2.7.2.6 of Volumes 1 and 2. 

#6. Compensation Depth. Compensation depth (see Figure 3-51) is defined as that depth at which 
oxygen production by phytoplankton just equals oxygen consumption by plant respiration during a 
24-hour period (Gross, 1972) and may vary from species to species of phytoplankton. The illumi
nation at this depth is the minimum intensity at which the plant could survive, but is too low 
for any crop increase (Jenkin, 1937). Compensation depth is used in this model as the bottom 
of the Euphotic Zone; all the water above this depth receives ample sunlight, and is a net pro
ducing (autotrophic) area. The compensation depth is not fixed, but rather varies with season, 
latitude, and turbidity in the overlying water column. It is not a precise depth, but rather 
an approximate range. 

#7. Photosynthesis, Primary Productivity, Nutrient Uptake, and Exchanges. Primary productivity 
is controlled by nutrient availability, light availability, and mixing. Light and mixing vary 
seasonally. Phytoplankton are the dominant plantlife in the pelagic habitat, and are the basis 
for all food webs in oceanic habitats. Phytoplankton are dependent on turbulent mixing pro
cesses from waves, winds, and currents to keep them suspended in the Euphotic Zone. While 
phytoplankton are in the Euphotic Zone, net productivity is positive. Phytoplankton at the 
bottom of the Euphotic Zone (the compensation depth) experience no net productivity, and 
phytoplankton driven below the compensation depth either by turbulence or sinking experience 
a negative net productivity. When mixing processes are not active below the compensation depth, 
phytoplankton that sink below it are not returned to the Euphotic Zone and no longer contribute 
primary productivity. When mixing processes are active below the compensation depth, sinking 
phytoplankton can be returned to the Euphotic Zone again and again, experiencing gains and 
losses in productivity. 

The depth above which the net effective plant production in the water column occurs is called 
the critical depth (Gross, 1972). The critical depth will be greater (deeper) than the compensa~ 
tion depth, as it indicates a net productivity of zero averaged over the entire wat~r column 
above it, whereas compensation depth indicates a net productivity of zero at a particular depth. 
Both the critical depth and the compensation depth are conceptual in nature. Phytoplankton do 
not remain stationary at the compensation depth, but are actively mixed over a range of depths, 
eventually sinking out of the mixed zone. The critical depth and the compensation depth both 
vary seasonally, being shallowest in the winter low-light months, and deepest in the summer 
months when light intensity is higher. 
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3.2.1.5 Euphotic Pelagic Oceanic Ecosystem Model Notes (continued) 

A more tangible, more easily measured factor is the mixed depth. The mixed depth is a range in 
which there is little or no difference in salinity or temperature (essentially isothermal and 
isohaline). The mixed depth extends down to the top of the seasonal pycnocl ine (depth of maxi
mum density change) and may be approximated by the depth of the seasonal thermocline (depth of 
maximum temperature change). The relationship between mixed depth and critical depth is impor
tant in understanding phytoplankton productivity. The seasonal response of the mixed depth is 
opposite that of the critical depth, i.e. the mixed depth is greatest in the winter and least in 
the summer and early fall. In the spring, as the critical depth increases and the mixed depth 
decreases, there is a time when the two become equal. At that time, the water column above this 
depth is capable of maintaining the standing stock of phytoplankton (disregarding grazing 
pressures). As the mixed depth becomes less than the critical depth, phytoplankton reside longer 
in the Euphotic Zone and there is potential for an increase in standing stock. At this time there 
is an abundant supply of nutrients in the water column remaining from the earlier, deeper mixing. 
Conditions are right for a rapid growth of phytoplankton referred to as a "bloom." This normally 
occurs in the spring. The productivity is said to be high, and the standing stock of phytoplank
ton is also high. Eventually one of the necessary nutrients may become limiting and the rapid 
growth will slow or stop. In the Pacific Northwest, coastal upwelling during the summer months 
resupplies nutrients to the Euphotic Zone, and productivity remains high throughout the summer. 
Standing stock will decrease, however, after the initial bloom, as the zooplankton population 
increases and grazing takes its toll. 

The Columbia River plume during the summer effectively reduces the m1x1ng depth, due to the 
density difference associated with the reduced salinity in the plume. This permits the spring 
bloom to occur earlier in the plume than in the surrounding oceanic waters. The plume also 
effectively masks the effects of coastal upwelling at the surface, however, and nutrient deple
tion does occur. As noted earlier, phytoplankton within the plume may receive as much as 
90 percent of their nitrogen nutrient requirements from the excretion of ammonia by zooplankton. 

Anderson (1972) estimates annual primary production as exceeding 125 grams carbon per square 
meter in the Columbia River plume and the adjacent oceanic areas. Primary production in the 
upwelling areas is well over 300 g C/m2 per year, according to Anderson. (For comparison purposes, 
l g.C = 2+g dry matter for phytoplankton production, according to E.P. Odum, 1971.) This amount 
of primary production is about half that of the terrestrial seral forest and estuarine salt 
marshes of the region. As discussed in Notes #8 and #10, however, the oceanic food web includes 
a much larger energy flow to consumers than do the forest or salt marsh food webs. 

Wroblewski (1977) used a model study to relate wind, upwelling, and daily primary productivity 
for the upwelling regions off the Oregon coast. He found that primary production increases soon 
after an increase in northerly wind stress (which generates the upwelling). Highest phytoplankton 
concentrations occurred, however, with slackening of winds after a major upwelling event. The 
high winds ~use high mixing and phytoplankton experienced a shorter Euphotic Zone residence 
time. The phytoplankton remained longer in the Euphotic Zone after the winds died down. 

Modelling studies at the University of Washington Department of Oceanography (1977) consider the 
physical and biological processes that govern the seasonal variation in distribution of nutrients, 
phytophankton, and zooplankton offshore. Studies are designed to assess the proportionate up
take of nitrate and regenerated nitrogen compounds in coastal waters, as past work in nutrient
poor waters has shown that ammonia is an important source of nitrogen. Although not focused 
directly on the waters over the shelf, this ongoing work should yield new perspectives as well 
as data useful in understanding the Euphotic Pelagic ecosystem modeled here. 

#8. Community Composition. The Euphotic Pelagic community is composed of microscopic producers 
(mostly diatoms) and a complex food web of microscopic to huge macroscopic consumers (from 
zooplankton to whales). The high productivity and turnover rates of the phytoplankton support 
a large consumer biomass; the consumer to producer ratio may even exceed 1:1. 

Phytoplankton are the only significant producers in this habitat, but the distribution of species 
is not well known. Some species, such as Skeletonema costatum, are ubiquitous, while others, 
such as Dactyliosolen mediteraneus, may be found commonJy only in waters of certain characteristics. 
Hobson (1966), examining samples collected in winter (January), distinguished assemblages of 
species related to waters of distinct characteristics which he classified as the offshore (e.g., 
salinity of 32.5 °/oo or more), inshore, and transition communities. His work was extended by 
Koga (unpublished) into the spring and summer months, and their combined findings are summarized 
by G. C. Anderson (1972); This distinction of species into community associations related to hydro 
graphic regime and season is noted in the Annotated Species List. Each assemblage is dominated 
by two or three species of diatoms in the winter. Species diversity increases in the spring and 
is relatively lower in the transition community. 
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Living diatoms have some control over their buoyancy, and thus can maintain their position to a 
degree dependent on physical conditions in the Euphotic Zone. Many phytoplankton species are 
adapted to certain light intensities and, in a stable water column, populations are often found 
to be highly stratified. This stratification is not evident in a well-mixed euphotic layer. 
G. C. Anderson (1972) reports the chlorophyll maximum that develops each summer off the Pacific 
Northwest coast at a depth that is typically 60 meters (200 ft) or less but always just below 
the seasonal pycnocline and at about the 1 percent incident light level (the bottom of the 
Euphotic Zone). Associated with an oxygen maximum and a sudden increase of nitrate concentration 
with dep~h, this-chlorophyll maximum indicates the concentration of diatom populations in a 
layer at the bottom of the Euphotic Pelagic habitat. Studies in other areas-have shown that the 
community assemblage of diatom species in this "chlorophyll layer" is distinct from that in the 
upper mixed layer (G.C. Anderson, 1972). 

The dominant fraction of phytoplankton in this habitat is 
but almost nothing is known about the species composition 
too small to be sampled quantitatively by plankton nets. 
be composed of microflagel lates (G. C. Anderson, 1972). 

the nanoplankton (50 to 60 microns), 
of this group of organisms that are 
Most of the nanoplankton is thought to 

Pelagic consumers comprise the zooplankton and the nekton (sea birds, although nekton while feeding 
in the water, are most often considered separately, residing primarily on (and above) the ocean 
surface.) Zooplankton occupy the first few levels of the trophic pyramid above the producers: 
herbivores and primary and secondary carnivores. The zooplankton include a wide variety of forms 
and taxa: jellyfish, polychaete worms, arrow worms, cladocerans, copepods, ostracods, mysids, 
amphipods, euphausids, shrimps, pteropods, larvaceans, salps, lantern fish, and the larval forms 
of these and many more species whose adults are found only in other habitats. Of these groups, 
the copepods, jellyfish, and euphausids (in order of abundance) comprise over one-half of the 
animal biomass in this habitat within the study area {Pearcy, 1972). By far the most abundant 
of the zooplankton in neritic waters are the copepods. This order of arthropods has the largest 
number of taxa present. Species diversity is usually high. Species include Oithona spp., 
Pseudocalanus minutus, Paracalanus parvus, Acart,i'a longiremis, and Calanus finmarchicus which 
make up most of the copepod biomass-ireterson, 1972). Figure 3-52 shows the average biomass 
of pelagic animals collected in plankton nets and mid-water trawls at a station 72 kilometers 
(45 mi) off Newport, Oregon. This location is beyond the edge of the shelf by 30 kilometers 
(20 mi), and probably does not represent conditions over the shelf. Note the abundance of 
copepods. 

One of the most remarkable features of the zooplankton community is the change in community com
position between mid-day and midnight. This subject is of such significance as to warrant dis
cussion in a separate note (#11) on diel vertical migration. Table 3-35 in that note provides 
some data on this daily community composition change. 

Little is known about the differential toxicity of various agents for pelagic species, so the 
effect of toxic agents (e.g., heavy metals, petroleum hydrocarbons, chemical and nuclear wastes, 
pesticides) upon community composition can only be surmised. Studies of the distribution of 
radionuclides in the marine environment of the study area indicate that physical and biological 
transport processes and biological concentration factors must be considered for each toxic 
substance that may enter the regional ecosystem, even if introduced indirectly as far away as 
the sagebrush deserts of Eastern Washington (Alverson, 1972). 

Marine bacteria are the principal agents of decomposition in the pelagic habitat. Other micro
organisms may be important agents in decomposition, but the yeasts, molds, and protozoans of the 
ocean are poorly known. 
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3.2. 1.5 Euphotic Pelagic Oceanic Ecosystem Model Notes (continued) 

Numerically, bacteria are more abundant than the suspended particles (diatoms, detritus, etc.) to 
which they are attached. The distribution of bacteria closely follows that of the phytoplankton. 
The concentration of bacteria is sea water is given in hundreds per gram as compared to the 
millions per gram of bottom mud (Zobell, 1946). As important as their decomposition (consumption) 
of non-living organic matter may be the uptake of dissolved organic matter by marine bacteria. 
As a complement to the phytoplankton diet of copepods and other herbivores, bacteria may play 
an immediately important role in recycling organic nutrients. Zooplankton grazing is thought 
to be the main restriction on pelagic populations of marine bacteria. 

The nekton include two important biomass groups, the invertebrate squids and the vertebrate 
fish, as well as marine mammals and sea birds, which are of significance in the food web if not 
in total biomass. Although these groups are shown in Figure 3-52 (from Pearcy, 1972), those 
data are for the animals captured in midwater trawl nets and include only small squid and fish, 
principally lantern fish that make large vertical migrations from great depths to the surface 
but are small enough to be classified with the plankton. 

Biomass estimates of or other data about the invertebrate squids in the oceanic shelf region are 
not available. 
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FIGURE 3-52. AVERAGE BIOMASS OF SOME GROUPS OF PELAGIC 
ANIMALS 72 KILOMETERS (45 Ml) OFF CENTRAL OREGON. Animals 
were collected in 1 m nets (amphipods, chaetognaths, 
medusae, salps, euphausiids, copepods, and small shrimps) 
and in mid!-water trawls (squids, shrimps, and fishes) at 
a station 30 kilometers (20 mi) beyond the edge of the 
shelf; collections closer to the coast would vary from the 
above data. (From Pearcy, 1972.) 
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The vertebrate fish nekton includes the following pelagic fish populations of significant biomass; 
northern anchovy, smelt, herring, sardine, hake, and the salmonid species. Seasonally important 
is the albacore (tuna}. The biomass of most of these populations has not been estimated. The 
only data available are from fishery statistics. These are summarized in Section 3.4. 1.2 of 
this volume (commercial fishery Species of Concern). Tables 3-47, 3-48, 3-49, and 3-50 provide 
catch data in pounds. Salmon catch is reported in millions of pounds, with chinook and coho 
making up over 95 percent by weight. Albacore (tuna) frequent the edge of the shelf and account 
for nearly half the finfish landings (by weight) in Washington and Oregon. Smelt (eulachon) are 
caught in quantities ;of about a million pounds annually. Sardines were caught in quantities of 
several million pounds per year through 1950, but have not been fished subsequently in any signif
icant quantity. Although anchovies are not the object of a fishery in the study area, they are 
present in significant numbers, as observed by exploratory fishing surveys. Only small quantities 
of herring, counted as several thousands of pounds, are caught off the Oregon Washington coast, 
mainly as bait for the salmon fishery. 

Also significant nekton in the food web if not in biomass are sharks which frequent the 
Euphotic Pelagic Shelf. A number of species are found in the region, most of which are the top 
carnivores in their food chains. 

Sea birds and marine mammals, with the exception of the baleen whales, share positions as top 
carnivores in this habitat with the sharks. See the Species of Concern accounts for Sea Birds 
(page A-61) and Marine Mammals (page A-111) in Part 2 of this volume for disc~ssion of these 
important populations. Little is known about the quantitative significance of these populations 
in the Euphotic Pelagic food web. 

#9. Migration and Visitation. The Euphotic Pelagic habitat is visited seasonally by migratory 
populations of marine mammals (e.g. northern fur seal, California sea lion, grey whale) and 
marine birds (e.g. shearwaters, petrals, auklets, and murrelets). Some of these populations, such 
as the grey whale, a're transitory and only interact with local communities in a superficial 
fashion. Others, such as the sea birds and pinnipeds (seals), become integral parts of local 
Euphotic Zone communities when present in sufficient numbers. 

Generally sea birds are found in greater numbers in summer, although species from northerly waters, 
such as the alcids (auks and relatives), increase in numbers during winter (Sanger, 1972). Fur 
seal populations on the other hand, are very low in summer and peak from March to May in this 
region (North Pacifi,c Fur Seal Commission, 1975). The California sea lion displays a sex-dependent 
migration behavior which sends nonbreeding males north to the coast of this region during fall and 
winter. 

Being anadromous, the salmonids found in this community (e.g. chinook and coho salmon, steelhead) 
migrate through estuaries to inland freshwater bodies to breed. Juveniles return to the ocean 
community for feeding and growth. Once the young fish have entered the marine environment, 
migration is generally northerly, with a reciprocal southerly migration occurring as t?e salmon 
mature and return to the waters of their origin to spawn. Further treatment of salmon1d migration 
is provided in Section 3.4.1.2 and in Part 2(Species of Concern) of this volume. 

Additional visitation to this community occurs from the Disphotic Zone and is treated in a 
separate note (#11) 

#10. Consumption-Secondary Productivity. High phytoplankton productivity is suppor~ive of high 
zooplankton productivity which, in turn, provides food for successiv7ly higher trophic levels,.as _ 
discussed in Note#~. Because the Euphotic Pelagic food web is grazing-based rather than detritus 
based, more of the energy "produced" by the phytoplankton flows through the complex. consumer 
food webs and supports a larger proportional biomass of consumers than the terrestrial or 
estuarine ecosystems. Although primary productivity of the oceanic region is less than 
that of the region'~ forests or salt marshes, secondary productivity is prob~bly greater. 
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3.2.1.5 Euphotic Pelagic Oceanic Ecosystem Model Notes (continued) 

Unfortunately no data or even comprehensive estimates exist for the region regarding secondary 
productivity. Hedgpeth (in Ricketts and Calvin, 1968) estimates total annual production of 
phytoplankton and zooplankton (in Southern California waters) to be 4,500 pounds per acre 
(500 g/m2) dry weight, the zooplankton conversion or ecological efficiency (see Lindeman, 1942) 
to be about 7.5 percent of the phytoplankton production. Hedgpeth further "guesses based on 
all sorts of assumptions" that the fish conversion is about three percent of the zooplankton. 

Ryther (1969), as quoted by Colinvaux (1973), suggests a twenty percent ecological efficiency 
rate (see Lindeman, 1942) for fish in upwelling areas, fifteen percent in coastal regions, and 
ten percent in the open ocean. 

Douglass and Stroud (1971) estimate the total annual production of fish on the Pacific Continental 
Shelf to be 168 pounds per acre (19 g/m2), while Rounsefell (1975) estimates a potential annual 
commercial yield of demersal fish and shellfish of three metric tonnes per square kilometer 
(3 g/m2). These estimates, although giving some idea of how. production is distributed between 
the pelagic and benthic habitats, cannot be related mathematically (i.e. 19-3 # 16). 

Catch statistics for commercial fish species of the region are given in Section 3.4. 1.2 of this 
volume. Biomass estimates (in metric tonnes) for demersal fish species on the shelf are given 
in Table 3-56 of that section. 

11. Interactions of Pelagic with Disphotic and Benthic Zones. Significant biological inter
actions take place between this habitat and the Disphotic and Benthic Zones below, and provide 
important pathways for the exchange of both energy and nutrients. These include, 1) sinking and 
mixing processes affecting primarily the non-swimming planktonic organisms, 2) spawning and 
maturation, and 3) diel vertical migration of the more mobile swimming organisms (nekton). 

Phytoplankton are non-swimming plants. They are continuously, slowly sinking from the Euphotic 
Zone to the bottom. They are a source of food for disphotic consumers as they sink. Mixing pro
cesses also drive phytoplankton below the Euphotic Zone, but also return many back up again. 
Rapid reproduction of phytoplankton while in the Euphotic Zone maintains the stock, with con
siderable fluctuations from seasonality, upwelling, and grazing. 

Various life history stages of benthic species found on the continental shelf, and in the 
coastal intertidal zones, affect the community composition of the Euphotic Pelagic habitat. 
Flatfish, starfish, clams, and many other animals of the benthos begin life as floating (plank
tonic) eggs and develop through several distinct larval stages in the plankton of the pelagic 
habitat before sinking to the bottom to reside as adults. Swimming organisms from the Disphotic 
Pelagic Zone may also hatch and develop within the Euphotic Zone. Hardy (1956) presents a 
descriptive discussion of the pelagic larval organisms in his book, The Open Sea: The World of 
Plankton. Distribution of benthic species is facilitated by the movements of the larval forms 
of these species while in the plankton. The process valve in the Euphotic Pelagic model (Figure 
3-51) that deals with this interaction is labeled '~pawning and maturation.'' 

Another important interaction between Disphotic and Euphotic communities occurs daily (diel) 
rather than seasonally: the vertical migration of great numbers of pelagic consumers, including 
tiny copepods, macroplanktonic euphausids, shrimps, and lantern fish, and demersal shrimps and 
fish. During the daylight period, these organisms stay at deeper levels, often as a distinguish
able layer on echosounding traces. As daylight fades, they rise and disperse toward the surface 
where they feed actively on smaller planktonic organisms. These diurnal migrations may contri
bute significantly to the rate of transport of surficial pollutants (e.g. oil) to depth. Many 
species of zooplankton make these diel vertical migrations over hundreds of meters of the water 
column. One of the most remarkable features of the zooplankton community in general is the change 
in community composition.between mid-day and midnight. In terms of biomass and species diversity, 
this change is less in waters over the shelf and closer to shore than inthe waters just beyond 
the shelf edge. The most abundant species of copepods (microplankton) do not migrate vertically 
out the Euphotic Zone (Peterson, 1972). Some species of copepods and larger forms (e.g. 
rnacroplankton, such as euphausids, shrimps, squids, and lantern fish) migrate downward, out of 
the Euphotic Zone in the daylight, and upward at evening to feed throughout the entire Euphotic 
layer. 

The average biomass of mid-water trawls off 
of daytime trawls, as shown in Table 3-35. 
of euphausid plankton (Pearcy, 1972). This 
transfer of production from the Euphotic to 
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the Oregon Coast at night was almost six times that 
These trawl catches consisted mostly (about 80-90%) 
vertical movement of biomass is a mechanism for the 
the Disphotic habitat. 
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Night 
Day 

TABLE 3-35. DIEL CHANGES IN BIOMASS OF FOUR GROUPS OF MACROPLANKTON 
IN THE TOP 150 M (500 FT) OF THE PACIFIC OCEAN AT THE SHELF EDGE. 
Data are in grams per 1000 cubic meters net weight biomass, collected 
by 56 mid-water trawls 80 kilometers (50 mi) off Newport, Oregon, 
1962-1964. (From Pearcy, 1972.) 

Fishes 

9.44 
0.64 

Shrimps 

2.07 
0.57 

Squids 

0.44 
0.05 

Other 
Macroplankton 

51.86 
10. 14 

Total 

63.81 
11. 40 

Night/ 
day 

5.60 

In addition to this vertical variability, evidence suggests that zooplankton occur in patches, 
much like fish occur in schools. This greatly compounds the problems of assessment of standing 
stocks of these organisms. The nature of this patchiness is, at this time, unknown for the 
region. The diurnal vertical migration of zooplankton patches, feeding on phytoplankton at night 
time, may result in local patchiness of phytoplankton as well, compounding the problems associ
ated with assessment of phytoplankton concentrations. Large-scale phytoplankton patchiness over 
the shelf is usually associated with nutrient availability. Concentrations of phytoplankton 
(and 'thus areas of high productivity) are found where upwelling is locally intense and also off 
the mouths of the major estuaries of the region. 

#12. Harvest. There is no harvesting by man of producers or decomposers in the Euphotic 
Pelagic Zone of the ocean, and the harvest of the consumers is limited to organisms of the upper 
trophic levels in this region by commercial and sport fishermen. Some organic wastes from fish 
processing are returned to the habitat, but generally the fish products are removed from the 
system completely. This harvesting is regulated to some extent under federal and state fish 
and game management, which may become more effective with the recent increase of U.S. juris
diction over these resources to 200 miles offshore (Fishery Conservation Act of 1976 - P.L. 
94-265). Commercial fisheries information in terms of fish harvested is presented in Section 
3.4. 1.2 and sport fisheries information in terms of fish harvested in Section 3.4.2.3. 
Additional information on commercial and sport fisheries in terms of socioeconomics is presented 
in Section 4.3. 

Important species that are taken from the Euphotic Pelagic habitat in the region include salmon 
(mainly chi nook and coho), albacore (tuna), hake, and anchovy. Landings data supplied in 
Section 3.4.1.2 provide summaries of the amount of biomass being removed from the habitat on 
a yearly basis. Refer to the Annotated Species List in Volume 5 for further information on the 
species of commercial value and their range, trophic levels, etc. 

#13. Waste Discharge. Wastes and spills that are generated in the ecosystem are slight, con
sisting of fish wastes, bilge and ballast tank wash-out, and potential spills of fuels from 
ships and boats. These wastes are insignificant in this region, although the potential of an 
oil spill from Alaskan oil shipping exists. A significant data gap exists in the lack of under
standing of these pathways that any given pollutant might take once released to the Euphotic 
Pelagic ecosystem. 

An oil spill in the region would behave with some predictability. Efforts are being made to 
model oil spill movements. The floating oil would probably effect air/water gaseous equilibrium 
processes near the surface, greatly affecting those members of the planktonic community close to 
the surface and the sea birds and marine mammals that interact across this air/water interface. 
The oil would be driven ashore if winds were from the south, west, or northwest. The most 
significant impact of such a spill would be to the intertidal areas: the Beach Surf Zone, th7 
Rocky Surf Zone, and the various estuarine zones. For further discussion, refer to Note #11 in the 
Unprotected Beach Model (Section 3.2.1.4). 

Direct dumping of municipal or industrial wastes into the Euphotic Pelagic Zone does not occur 
in this region. Municipal and industrial wastes are disposed of in estuaries ~nd move thr?ugh 
the estuarine ecosystem before reaching the ocean. The estuaries, through chemical, geological, 
and biological processes, effectively filter out much of this waste material before it reac~es 
the ocean. Secondary effects of socioeconomic activities ashore are al~o pr7sented as ~ead1ng 
to an import of materials to the Euphotic Pelagic habitat. These ~ater1als include t?x1ns and 
nutrients from agricultural practices, and increased suspended sediment f:om terrestrial 
activities which increase rates of erosion in the watersheds. Such materials would pass through 
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3.2. 1.5 Euphotic Pelagic Ocean Ecosystem Model Notes (continued) 
the riverine and estuarine habitats first (see appropriate models). The sediment transpbrt 
models for inland, estuarine, and coastal and oceanic areas are ~]so rel~vant (Volume 1! S~ctions 
2.5.4, 2.6.3.1, and 2.7.4). No thermal discharges to the Euphot1c Pelagic Zone occur w1th1n 
th is region. 

#14. Dredge Spoil Disposal. Extraction industry activities, as modeled in Volume 1 (Section 4.6) 
include mining and dredging operations. Sea disposal of dredge spoils from navigation channels 
in the coastal estuaries currently affects suspended sediment loads in disposal areas on the 
shelf although this effect is thought to be temporary. As the spoils settle, they alter the 
local 'bottom sediment and affect benthic organisms. This effect on benthic organisms is not 
clear from this model (Figure 3-51), as the spoil sediments merely pass through the Euphotic 
Pelaaic water column. Sea disposal of dredge spoils is shown in the model as going to the 
susp~nded detritus and sediment storage component. From there it moves by deposition directly 
to the Vegetated Benthic Zone, O'r to the Non-vegetated Benthic Zone via the Disphotic Pelagic 
Zone. Dredge spoils may also be disposed of in landfills in or near the estuaries, or on beach 
and dune areas. 

3.2.2 Food Webs. As discussed in the Model (Volume 1), food web models are attempts to "map" 
who eats whom in a given habitat. These models of community interaction have been developed for 
a number of the habitats identified in the region, as indicated in Table 2-1 of Volume 3, and 
are located in the habitat descriptions in Volume 3. 

The previous discussions in Sections 3.2 and 3.2. 1, as well as the habitat description pages in 
Volume 3, identify two major types of food webs found in the communities of the region: detrital, 
if the vast majority of the net primary production flows from the producers through decomposers 
and detritivores, and grazing if more than a very low percentage flows through primary and higher 
consumers. 

Most of the terrestrial habitats of the region support detrital food webs, such as the old growth 
forest (described in detail in Section 3.2.1.1) with a consumer to producer biomass ratio of 
around 0.001:1. Terrestrial grasslands (Early Sera] Grassland/Pasture), on the other hand, often 
have grazing food webs with ratios as high as 0.5:1. Freshwater aquatic systems also tend to 
have grazing food webs, with a relatively small producer biomass supporting a large biomass of 
insects, fish, and birds. 

Most estuarine food webs are detrital, although they often support a higher relative consumer 
biomass because the turnover rates of their producers is greater (see Sections 3.2. 1.2 and 
3.2. 1.3). Nevertheless, most of the food energy of estuarine organisms passes through detrital 
and seston stages rather than through direct grazing. The other coastal habitats (surf zones, 
dunes, headlands) are also primarily detrital. 

In the ocean, both detrital and grazing food webs are evident. The Euphotic and Disphotic Pelagic 
Zones are grazing systems that support elaborate and interweaving consumer relationships. The 
consumer to producer biomass ratio in the pelagic systems is often 1:1 or even greater. The 
Benthic Zone food webs, on the other hand, are predominantly detrital. Many of the bottom fish 
in these habitats, however, mi,grate to the Pelagic Zones and join their grazing food webs. Also, 
a number of consumers in the ~egetated Benthic Zone graze the kelp, surfgrass, and epiphyton, 
although the majority of fixed energy from these habitats is consumed or exported as detritus. 

Note that food webs are seldom completely detrital or completely grazing for any given habitat 
but, rather, proportions of energy and materials flow through both detrital and grazing com
ponents of the food webs. In many cases there is a seasonal shift in dominance of these food 
web components. During perio<ls of peak primary predation, grazing becomes significant, but 
often wanes with the onset of senescence of phytoplankton. The canopy food web in an old growth 
forest is principally a grazil'lg one, the forest floor web a detrital one, while the "bottom 
line" is a flow of less than 0.01% of the primary production through the consumers. The role 
of predators in food webs is also ambiguous, as they may prey upon secondary consumers from 
both grazing and detrital cha,ins. For example, trout will take grazing mayflies or detritivore 
midges. Likewise the great horned owl will take a song bird which is dependent on the grazing 
food web or a shrew which is Jependent on the forest floor detrital food web and also part of 
the "grazing" food web component as it also eats num!'!rous conifer seeds. Similar dual roles 
often occur within marine and coastal communities. 

The habitat description pages in Volume 3 give brief statements about the food webs of each 
community type. 

3-110 Region 



3.2.3 Community Composition. The Community Composition Model for each habitat includes the 
major species that make up the community and the trophic level or general niche of each s~ecies 
(i.e. whether it is a producer, herbivore, parasite, etc.). These lists, for every habitat in 
the region except the Human Activity Zones, are printouts from the Annotated Species List and 
are found in Volume 3. All the species entered into the ASL, as described in Section 3.3 of 
this chapter and in Volume 5, are included in these lists. Range (Watershed Units 1-9), 
Abundance (Abundant, Common, Uncommon), and Status (Commercial, Rare, Endangered, etc.) are also 
given in these lists. 

Data on biomass, productivity, and transfer rates within and between trophic levels for all of 
the habitats in the coastal region are not available. The very few data that do exist for the 
area are included in the five Ecosystem Model Notes sections in this Chapter. The rest form a 
significant data gap for the characterization of the region. 

Some interesting generalizations are apparent from a review of these Community Composition lists. 
On a terrestrial to marine gradient, dominant producers change from vascular to non-vascular 
plants. Herbivores on this same gradient shift from largely insects .on land to other inverte
brates such as crustaceans in the sea. Omnivores are more common in terrestrial environments 
than in the complex food webs of the ocean. Dominant carnivores shift from mammals to fishes, 
and indiscriminate small particle eaters (filter feeders, etc.) gain in abundance and diversity, 
dominating the benthic environments. Knowledge of the scavengers and especially the decomposers 
is sparse throughout the habitats of the region. 

Community Composition changes are great on an east-west transect through the region and minor on 
a north-south transect. 

See Volume 3 for species lists, and Volume 5 for information on how they were compiled. 

3.2.4 Succession. This section in Volume 1 presents some general comments about the phenomenon 
of biological ~uccession, using a typical terrestrial succession model as an example. In the two 
sections which follow bel6w (3.2.4.1 and 3.2.4.2), detailed accounts of terrestrial and estuarine 
succession are given for the region, with supporting data from in or near the study area. 

3.2.4. 1 Succession in Western Hemlock Zone. Succession in the Western Hemlock Zone is repre
sented in a simplified way in Figure 3-53. As indicated in the figure, succession is initiated 
by logging activities or by some natural or man-induced catastrophe such as landslide, forest 
fire, windstorm, or vegetation changes. Figure 3-54 presents some indices which vary with this 
succession. The indices given in this figure are general; more specific information regarding 
change in function and structure of the community is discussed below. 

Floral Changes. Although the succession model indicates a single path for succession and a 
single time scale, a more realistic presentation follows a number of possible changes based on 
site-specific conditions. Moisture is considered by some (Frankl in and Dyrness, 1973) to be 
the most significant factor. Table 3-36 gives the patterns of succession which are predicted 
for different moisture conditions in Western Oregon. Other factors include soil type, aspect, 
seed source, and degree of disturbance. 

Succession does not always fol low a predictable pattern. Variable climate conditions, "natural" 
site preparation (e.g. nitrogen addition by alder, ceanothus, and Scotch broom; Trappe et al., 
1967, and Gratowski, 1967), selective browsing, and the occurrence of pathogens or symbionts 
(e.g. mycorrhizae) also affect the rates and paths of succession, as reflected in the flora of 
th~ site. Brush fields (manzanita, ceanothus, chinquapin, vine maple, willows, salmonberry, 
th1mbleberry) can become semi-permanent when overbrowsed by a combination of black-tailed deer, 
hare, and mountain beaver, although alone none of these species typically slows succession when 
present alone (Crouch, 1974). Often the establishment of permanent brush fields (especially in 
the Oregon and California portions of.the study area) is related to burns or repeated burns 
(Gratowski, 1961). 

Fauna! Changes. The most readily observable fauna] changes are those documented for avifauna. 
Table 3.37 shows the distribution of selected birds over seral stages. Obviously the avifaunal 
aspect of the community changes drastically with succession. Differences in density and biomass, 
with successional stage and season for Western Oregon, are given in Figure 3-55. (Note the 
successional pattern described is more closely associated with the pattern of succession typical 
of the slopes of the Willamette Valley than the coastal forests.) Other studies have reported 
greatest avian density and biomass in transitional stages (Weins and Nussbaum, 1975). Table 
3-38 provides some site specific diversity, density, and biomass data for specific seral stages 
within the region. Additional work on the relationship between succession and avifauna are 
given by Balda (1975, S.H. Anderson (1970, 1972), and Weins (1975). 
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TABLE 3-36. SERAL COMMUNITIES AND HYPOTHESIZED EQUIVALENT CLIMAX ASSOCIATIONS REPORTED FOR 
THE WESTERN HEMLOCK (TSUGA HETEROPHYLLA) ZONE IN WESTERN OREGON ARRANGED ALONG A MOISTURE 
GRADIE~T FROM DRY (TOP) TO WET (BOTTOM). (From Frankl in and Dyrness, 1973.) 

Early Sera] Communities Late Sera] Communities Climax association 

Pteridium aguil inum-Gaul- Pseudotsuga menziesii/Holodiscus 
theria shallon (Corliss discolor/Gaultheria shallon 
and Dyrness, 1965) 

Pteridium aquilinum- Pseudotsuga menziesi i/Gaul-
Gaultheria sha 11 on (Corliss theria shallon (Corliss 
and Dyrness, 1965) and Dyrness, 1965) Tsuga heterophzlla/Acer circina-

Vaccinium Earvifol ium/ 
tum/Gaultheria shallon 

Gaultheria sha 11 on, 
Rub us parviflorus/Trient-
al is latifolia (Bai .ley 

I 
and Pou 1 ton, 1968; Bailey 
and Hines, 1971 ; Meur i sse 
and Youngberg, 1971) 

IPseudotsuga menziesi i/Acer Tsuga heterophzlla/Rhododendron 
lcircinatum/Gaultheria macrophyllum/Gaultheria shallon 
shallon (Dyrness, Franklin, 
and Moir, unpublished) 

Pseudotsuga menziesii/Acer Tsuga heterophzlla/Rhododendron 
circinatum/Berberis nervosa macrophyllum/Berberis nervosa 
(Dyrness, Franklin, and 
Mei~ unpublished) 

Vaccinium ovatum-Rubus 
spectabilis, 
Vaccinium parvifolium/Gaul-
theria shallon (Meurisse 
and Youngberq, 1971) 

Vaccinium Earvifol ium/ 
'Tsuga heteroEhzlla/Gaultheria 
shallon-Polystichum munitum 

Gaultheria shallon 
(Bailey and Poulton, 1968) 

Al nus rubra/Rubus spec ta- Pseudotsuga menziesii/Acer 
bil is/Polystichum munitum circinatum/Polystichum 
(Corliss and Dy mess, 1965) munitum (Corliss and 

Dyrness, 1965) 

Acer circinatum/Polzsti-
Tsuga heteroEhzlla/Polystichum 
munitum 

(Bailey and chum munitum 
Hines, 1971) 

Al nus rubra/Acer circina-
tum, Al nus rubra/Polzsti-
chum munitum (Bailey and 
Pou 1 ton, 1968) 

Al nus rubra/Rubus spec ta-
bil is/Polystichum munitum 
(Corliss and Dyrness, 1965) 

Pteridium aguilinum-Lotus Tsuga heterophylla/Polzstichum 
crassifol ius, munitum-Oxalis oregana 
Al nus rubra/Rubus spectabi-
lis/Polzstichum munitum 
(Meurisse and Youngberg, 
1971) 

Pter id i um aquilinum-Lotus 
crassifol ius, 
Al nus rub ra/Rubus parviflo-
rus (Bailey and Hines, 1971) --
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TABLE 3-37. BIRD USE OF SERAL COMMUNITIES IN OREGON WEST OF THE CASCADE MOUNTAINS 
SUMMIT. Twenty species dependent on holes for nest sites are underlined. X = 
uses that seral stage, but not for nesting; XX = nests in that seral stage; XXX = 
nests primarily in that seral stage. (From Meslow and Wight, 1975.) 

Bird Species (N 

Savannah sparrow 
Vesper sparrow 
White-crowned sparrow 
Song sparrow 
Nighthawk 
Oregon junco 
Fox sparrow 
Chipping sparro~ 
Rufous-sided towhee 
American goldfinch 
Black-headed grosbeak 
Bewick's wren 
Lazuli bunting 
Wilson's warbler 
Yellow warbler 

84) 

Nashville warbler 
Orange-crowned warbler 
Warbling vireo 
Sol i ta ry vi reo 
MacGillivray's warbler 
Yellow-rumped warbler 
Black-throated gray warbler 
Hutton's vireo 
Swainson's thrush 
Varied thrush 
Robin 
Common bushtit 
Scrub jay 
Stellar's jay 
Western wood pewee 
Western flycatcher 
Traill's flycat~her 
Calliope hummingbird 
Mourning dove 
Mountain quail 
Blue grouse 
Ruffed grouse 
Sharp-shinned hawk 
Saw-whet owl 
Cooper' s hawk 
Pigeon hawk (Merlin) 
Pygmy owl 
Long-eared owl 
Rufous hummingbird 
Tree swa I low 
Purple martin 
Western bluebird 
Mountain bluebird 
Great horned owl 
Crow 
Flicker 
Gray jay 
Yellow-bellied sapsucker 
Black-capped chickadee 
Winter wren 
Golden-crowned kinglet 
Ruby-crowned kinglet 
Red-tailed hawk 
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TABLE 3-37. BIRD USE OF SERAL COMMUNITIES (Continued). 

Sera] Stage and Age in Years 

Bird Species (N 

Bald eagle 
Osprey 
Band-tailed pigeon 
Screech owl 
Pileated woodpecker 

84) 

N. three-toed woodpecker 
Hairy woodpecker 
Downy woodpecker 
Olive-sided flycatcher 
Chestnut-backed chickadee 
Red-breasted nuthatch 
White-breasted nuthatch 
Brown creeper 
Townsend's solitaire 
Hermit thrush 
Townsend's warbler 
Hermit warbler 
Hammond's flycatcher 
Western tanager 
Evening grosbeak 
Purple finch 
Pine siskin 
Red crossbill 
Goshawk 
Spotted owl 
Vaux's swift 

SUMMARY: 

Species occurring 
% of total species 

occurring 
Nesting primarily in 

that seral stage 
Nesting species 
% total species nesting 

within seral stage 
Species nesting in holes 

Grass, 
Forbs 

1-7 

x 

x 
x 

x 

x 

x 

38 

45 

2 
6 

7 
0 

Shrub, 
Sapling 

8-15 

x 
x 

x 
x 
x 
x 

x 
x 

x 
x 
x 
x 
x 

x 

72 

84 

12 
39 

46 
4 

3.2.4. 1 Succession in Western Hemlock Zone (continued) 
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31 

37 
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xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
x 
x 
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64 

76 

0 
51 

61 
14 
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120+ 

xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 
xx 

xxx 
xxx 
xxx 

58 

69 

3 
46 

55 
14 

Community composition changes in mammals are also apparent and are presented in Table 3-39. 
Additional work has been done in this area by Hooven and Black (1976), Black and Hooven (1974), 
Gashwiler (1959, 1970), Ahlgren (1966), and others. 

Data for smal 1 mammals indicating relative densities for an area in Western Oregon in early 
stages of succession compared to a mature stand are given in Table 3-39 for burned and unburned 
sites. Black and Hooven (1974) and Gashwiler (1970) report that shrews are unfavorably affected 
by clearcutting, particularly with slash burning practices. Townsend chipmunks, snowshoe 
hares, red-backed voles, flying squirrels, and "pine" squirrels were also adversely affected by 
clearcutting. The Pacific water shrew also seems to be dependent on old growth habitats 
(Silovsky and Pinto, 1974). Deer mice and other voles (Oregon and long-tailed) become more 
common in clearcuts, although the voles do not respond well to slash burning. Gashwiler (1959) 
reports a two-tothree-fold increase in deer mouse densities followi,ng clearcutting and burning. 
Red-backed vole populations are depressed after burning of the clearcut (Gashwiler, 1970). 
Gashwiler (1959) also reports depletion of chickaree, flying squirrel, and snowshoe hare 
populations following logging. Responses of selected small mammals to clearcutting and early 
stages of succession are indicated by Figure 3-56. 
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TABLE 3-38. DIVERSITY, DENSITY, AND BIOMASS OF AVIFAUNA (BIRDS) FOR VARIOUS SERAL STAGES OF SITES NEAR OR IN THE 
REGION. (After Weins, 1975.) 

Standing 
No. No. Density 2 Biomass 

Location Forest Type Samples Species (indiv./km) (g/ha) Reference 

Oregon Douglas Fir 12 1779.0 262.8 Weins & Nuss-
baum, 1975 

Hemlock-Douglas 12 1380.0 275.8 II 

Fir 

Hemlock-Maple 12 2619.0 424.3 II 

Hemlock-Silver 15 2887.0 526. 1 " 
Fir 

Douglas Fir- 7 1910.0 223.3 " 
Noble Fir 

Mountain 13 1229.0 361.9 " 
Hemlock 

DF ecotone 16 1440.6 328.4 S.H. Anderson, 
1970, 1972 

Douglas Fir 5 13 1071 .9 227.9 " 
Hemlock 16 1250.3 238. 1 " 

ecotone 

Hemlock 7 896.9 94.6 " 
California Cutover DF 3 9 647.4 365.6 Hagar, 1960 

Douglas Fir 2 13 588. 1 148. 1 " 
Bishop Pine 4 26 1770.0 323. 1 Stewart & Higbee, 

1973; Darling, 1971; 
Akers & Hansen, 1973 

Douglas Fir 3 21 1626.7 288.2 Darling,1971; Milton & 
Murra~ 1972; Akers & 
Hansen, 1973 
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TABLE 3-39. SMALL MAMMAL USE OF SERAL COMMUNITIES. Data are recorded on three study plots during 1968, 1969, 
and 1970. (From Hooven and Black, 1976.) 

CLEARCUT OLD GROWTH 
Unburned Burned 1 1 Q, acres (4.0 ha) 10 acres (4.0 ha) 5 acres (2.0 ha) 

1968 1969 1970 % 1968 1969 1970 % 1968 1969 1970 % 

Years After Disturbance 2 ' 5 6 7 Circa 125 

Sorex trowbridgii 67 97 50 19.8 28 68 34 10. 1 88 124 108 25.0 
~orex vagr-ans 5 17 50 6.6 5 5 5 2.1 20 14 86 9.7 
Sorex bend i r i i 1 2 0 0.2 
Neurotrichus gibbsii 1 1 2 o.4 6 4 12 1. 7 
Scapanus orarius 2 0 0 0 0 1 0 0 
Ochotoma princeps 1 0 0 
Lepus americanus 0 0 16 12 10 3.0 
Aplodontia rufa 0 0 
Spermophilus beecheyi 8 0 0 0.6 
Eutamias townsendii 30 99 34 15.0 99 146 37 21. 8 156 114 38 24. 1 
Tamiasciurus dou~lasii 0 0 4 10 8 1. 7 
Glaucomys sabrinus 8 2 0 o.8 
Peromyscus maniculatus 36 222 94 32.5 59 227 130 32.2 16 174 66 20.0 
Neotoma cinerea 2 0 0 1 0 0 
Clethrionomys californicus 3 0 0 74 8 8 7.0 
Phenocomys albipes 0 0 2 1 0 0 
Microtus oregoni 23 100 96 20.2 61 99 189 27.0 10 28 30 5.3 
Microtus richardsoni 0 3 6 o.8 21 5 5 2.4 
Zapus trinotatus 0 0 11 1. 0 16 9 9 2.6 4 6 0 0.8 
Erethizon dorsatum 0 0 0 1 0 0 
Mustela erminea 2 1 3 0.5 3 4 2 0.7 4 2 4 o.8 
Mustela frenata 1 0 0 
Spi lo~ale putorius 0 0 1 

171 541 351 303 564 425 411 498 370 

1,063 1 ,292 1,279 

1 The data from this 5-acre trapping grid have been adjusted (doubled) for comparison with the catches recorded on the larger 10-acre 
grids on the clearcut areas. 
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3.2.4.1 Succession in Western Hemlock Zone (continued) 

Elk and black-tailed deer also respond to clearcutting, with their preferred habitats being a 
mixture of forest/clearcut of an approximate 40/60 ratio. (See Species of Concern accounts in 
Part 2.) The black-tailed deer and Roosevelt elk both prefer the shrub stages for foraging 
but have cover requirements of taller vegetation. Black bear also respond in a similar fashion 
and are favorably affected by forestry 'llanagement practices which place landscape into shrub 
stages. The bear's preferred habitat is the late shrub state when tree saplings become estab
lished, providing cover (Lindzey and Meslow, 1977). 

Insect populations also respond to clearcutting and slash burning practices. Hooven and Black 
(1976) report that insects associated with dead or dying trees, particularly beetle species, 
e.g. bark beetles (Scolytidae), long-horned wood borers (Cerambycidae), metallic wood borers 
(Bubprestidae) and chick beetles (Elateridae), and some predators such as checkered beetles 
(Clerida·e), are largely eliminated where slash is burned. Most butterflies (Lepidoptera), their 
larvae, bees, wasps, and other pollen-feeding insects are also eliminated by slash burning. 
Insect pests (those associated with dead or dying trees, e.g. the Douglas Fir beetle) are con
centrated in areas where logs or damaged trees occur, such as extensive forest fire areas. 
Populations can increase to epidemic levels and attack adjacent healthy trees (Furniss, 1941). 

Successional studies have not been completed for herpetofauna. Some species (e.g. tailed frog 
and Pacific giant salamander) are thought to be restricted to old growth (Silovsky and Pinto, 
1974). 

Functional Changes (Productivity, Biomass, etc.). Functiona1 changes also occur concomitant with 
succession including changes in productivity, biomass, nutrient cycling, and forest structure. 
Net primary productivity is typically thought to be greater in mid-successional conditions than 
during climax conditions for terrestrial plant communities (E. P. Odum, 1971). 

In the Western Hemlock Zone, the data presented in Table 3-40 provide some evidence for greater 
net primary productivity during the mid-successional stages. 

TABLE 3-40. NETa ANNUAL ORGANIC MATTER AND NUTRIENT ACCUMULATION 
BY VEGETATION IN SECOND AND OLD GRO~TH SITES. Data are from 43-
and 450-year-old Douglas fir stands on the Thompson site, 
Washington, and the H. J. Andrews Experimental Forest, Oregon, 
and are in kg/ha. (From Grier et al., 1974.) 

Location Organic N p K Matter 

Thompson site (43 years old) 

Ca 

Total al 1 vegetation 9988 23.6 6.6 14.4 8.7 

Watershed 10 (450 years old) 
overstory c 2362 5.0 1. 1 4.4 4.3 
understory 1840 d d d d 

Total al 1 vegetation 4202 

a Morta 1 i ty not deducted from above figures. 

b Does not include root production. 

c From Russe 1, 1973, 

d Not available at time of writing. 

Unlike net primary productivity, an ecosystem's standing biomass is thought to be maximized under 
climax conditions (E. P. Odum, 1971). Table 3-41 provides some evidence to support this hypoth
esis. Figure 3-57 provides additional evidence on forest floor biomass, while Figures 3-58 and 
3-59 give some additional evidence concerning foliage biomass. Although foliage biomass curves 
flatten or maximize at 40 to 60 years, bole and wood biomass continues to increase, as indi
cated in Figure 3-601. Resultant total biomass is greatest in an old growth forest. 

Region 3-121 



TABLE 3-41. STANDING BIOMASS DATA FOR VARIOUS AGES AND TYPES 
OF FORESTS. (A} Biomass (metric tonnes/ha) of the above
ground and below-ground components. (B) Biomass (metric 
tonnes/ha) of the above-ground components. (From Edmonds, 
1974.) 

(A) Douglas Fir 
Washington Oregon 

(35 yr} (450 yr) 

Overstory 171. 1 530.0 

Subordinate vegetation 1. 0 8.8 

Dead + 1 i tter 10.7 98.5 

Above-ground 182.8 637.3 

Roots 33.0 74.3 

Soil 123.0 150.0 

TOTAL 338.8 861.6 
--·-------------------------------------------------------------
(B) 

Western Hemlock Douglas Fir Douglas Fir 
Oregon Washington Oregon 
(26 yr) (35 yr) (450 yr) 

Foliage 21. 1} 9.1} 8. 9} 
Branches 20. 7 41. 8 22. 0 31. 1 48.6 57-5 

Bole 150.9 140.0 472.5 

TOTAL 192.7 171. 1 530.0 

Nutrient uptake and cycling also undergo change with succession. The role of nutrient cycling 
has been studied in the Western Hemlock Zone with some work on the True Fir and Sitka Spruce. 
Early stages of succession associated with red alder - and ceanothus species which fix nitrogen 
- add nitrogen and other nutrients to the nutrient capital of the site and in the case of red 
alder, rapidly cycle nutrients through the ecosystem, as indicated in Figure 3-61. In early 
successional stages, much of the nutrient cycling is done by the understory vegetation (Cole 
et al., 1975). Some evidence exists (Grier et al., 1974; Cole et al., 1975) which suggests 
nutrient requirements are decreased with succession, as the rate of nitrogen uptake decreases 
and more nutrients are cycled internally (see Table 3-42). The soil thus becomes less impor
tant as a supplier of nutrients (Edmonds, 1974). A young forest continues to accumulate 
nutrients in biomass, recycling these nutrients through litterfall by the overstory species. 
Old growth, with associated canopy openings, once again replaces nutrient cycling through 
understory vegetation, with epiphytic contributions to litterfall also being important (Grier 
et al., 1974). Some epiphytic lichens, e.g. Oregon lungwort (Lobaria oregana), contain nitrogen 
fixing blue-green algae and continue to contribute to the nitrogen capital of a site in many 
old growth forests (Denison et al., 1976). 

Cole et al. (1975) provide evidence for canopy dominance beginning at around age 20 (Figure 3-62). 
However, Grier et al. (1974) indicate that in old growth forests (450 years old) understory 
again become an important component in the forest structure. This understory regeneration is 
concomitant with openings in the canopy caused by mortality in old stands. Forest structure 
in a successional sequence is thus typified by a dominance of understory for the first twenty 
or so years followed by a nearly complete dominance by the canopy species until the stand becomes 
decadent and the canopy begins to open, at which time understory species once again become 
significant. Also the occurrence of epiphytes increases which succession and maximizes in old 
growth in the Western Hemlock and True Fir Zones (Pike et al., 1977). However, in the Sitka 
Spruce Zone a community of epiphytes is associated with big-leaf maple and red alder, both 
second growth broadleaf trees (Frankl in and Dyrness, 1973). 
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TABLE 3-42. CHANGES IN THE DYNAMICS OF NITROGEN UPTAKE, REQUIREMENTS, AND 
ACCUMULATION FOR A SERIES OF AGES OF DOUGLAS FIR. (From Cole et al., 1975.) 

Age 
(yr) 

9 

35 

73 

95 

10.0 

7.5 

5.0 

2.5 

0 

Tree Uptake/ Uptake/ 
Total tree require- Tree Requirements/ total require-

accumulation men ts uptake total tree tree men ts 
(kg/ha) (kg/ha) (kg/ha) (%) (%) (%) 

33 4 2 12 6 55 
288 39 21 14 7 54 

297 42 22 14 7 53 

362 35 19 10 5 53 

total including moss 

vascular plants 

20 40 60 80 

Stand Age (years) 

FIGURE 3-62. ACCUMULATION OF BIOMASS IN THE UNDERSTORY VEGETATION OF 
VARIOUS AGED STANDS OF DOUGLAS FIR. (From Cole et al., 1975.) 
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3.2.4.2 ~stuarine Succession. The_pri~cipal geomorphological estuary type in the region is the 
drowned r~ver vall~y. As the name 1mpl 1es, these features were created by rising sea level or 
land subsidence which then flooded a former river valley. Typically, littoral transport begins 
to s~parate an estuary fr~m the ocean by developing spits. The spits are generally kept from 
:losing by the constant t~dal currents of water moving in and out of the embayment and by runoff 
into the embayment. Section 2.6 of Volumes 1 and 2 presents information on these physical 
processes of estuary formation and function with general and regional-specific di~cussions. 

Figure 3-63 presents a very general estuarine succession model for the region. As with any such 
model, it is a simplified representation, but shows some of the major processes and rate
controlling factors that act in estuarine habitat changes. The following brief discussion 
elaborates on this model. 

As stated in Section 2.6 of Volume 1, the material budget of estuaries is almost always positive 
and has been documented as such within the region. For example, sediments are being deposited in 
Tillamook Bay at an estimated rate of 135,000 tons annually (Klingeman et al., 1969); the estuary 
is now only forty percent of its former size (James, 1970). Similar trends are documented for 
most of the low gradient estuaries in Oregon by Percy et al. (1974). 

Low gradient estuaries act as sediment basins for materials from both upland and coastal origins. 
One suggested explanation for recent increases in sedimentation and filling of estuaries has been 
proposed as increased erosion resulting from extensive forest fires around the 1900's and subse
quent poor logging practices (James, 1970; Coats, 1978). However, there is considerable debate 
concerning the likelihood of sedimentation originating from poor logging practices (Gibbons and 
Salo, 1973; Crow et al., 1976). 

In any case, sedimentation is responsible for the constant dredging required in estuarine 
channels by the U.S. Army Corps of Engineers and is the source of sediments which, in conditions 
of low current and energy, establish mud and sand flats. Eelgrass helps to stabilize these 
sediment flats where conditions for its colonization and growth are present. This in turn 
often leads to further sedimentation in the eelgrass "trap," until the area rises in elevation 
to the intertidal zone, often reverting then to sand or mud flats with ephemeral algae coverings. 
Phillips (1978, pers. comm.) suggests caution, however, in assuming the predictability of such 
an eelgrass-Induced succession. 

Field data support the hypothesis of marsh succession from the intertidal mud and sand flats 
within the region (Johannesson, 1964). Soil cores in upper marshes show remains of plant species 
which are characteristic of lower marshes (Eilers, 1975; Jefferson, 1974). Also, expansion of 
salt marshes is well documented in the region (see Emergent Vegetation Ecosystem Model Notes, 
Section 3.2. 1.2 of this volume, Note #6). 

Salt marshes develop on mud and sand flats approximately 1.25 meters (4 ft) above MLLW. Once 
these have been established - probably by rhizome fragments - progradation is increased by the 
filtering action of the marsh plants. Some erosion occurs but progradation is likely as long as 
sediment supply is available. Under some conditions a dynamic equilibrium can be reached, which 
tends to fix the successional sequence, as materials are deposited and eroded at similar rates. 
Simultaneously, incipient marsh creeks become fixed in position although little hydraulic head 
is available for the formation of deep channels. 

At lower elevations, long submergence periods allow only monospecific plant communities to 
develop, hence low diversity is characteristic of these areas. 

Vertical accretion continues as vegetation binds surface sediments, adds root growth, and contin
ues to reduce currents and increase sedimentation. At this poin~ detritus is not 1ncorporated 
into the soil but is largely exported to adjacent estuarine environments (Eilers, 1975). 

As the marsh height approaches MHHW, rates of accretion increase due to 1) increased deposition 
of plant detritus, 2) poor decomposition conditions established by anaerobic soils and the 
presence of Juncus balticus and Agrostis alba, which are resistant to decay, and 3) decreased 
export of detritus due to less frequent inundation. A break in slope occurs between MHHW and 
approximately 0.5 meter (1.5 ft) above MHHW. At this point vertical accretion is again reduced 
(Eilers, 1975). 

Several interrelated factors contribute to this developmental sequence. The soils above this 
break in slope are aerobic and therefore conclusive to rapid decomposition. The species colonizing 
the high marsh are not as resistant to decay as the species of the transition area. The soil of 
the high marsh is host to numerous soil decomposers such as earthworms which increase decomposi
tion rates. Consequently, once established, the high marsh remains largely level with some inva
sion of more terrestrial flora on logs which are deposited in high water at the fringe of the 
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3.2.4.2 Estuarine Succession (continued) 

marsh. Near stable conditions in high marshes have been documented in other areas (Ranwell, 
1972), as have successional sequences into more upland conditions. 

A stable high marsh presumes a condition of a static sea level. With a dropping sea level, the 
high marsh would succeed to upland communities. With a rising sea level, the community would 
revert to transitional or low marsh condition. If particular conditions in a high salt marsh are 
such that organic accumulation is greater than decomposition and subsidence, the community would 
succeed to upland brush and forest community. 

As discussed in the ecosystem model notes (Section 3.2.1.2) under loss of habitat (Note #17), 
successional sequences in salt marshes have been truncated by diking and filling. Extensive areas 
of salt marsh have been transformed into upland habitats for various land uses, principally 
agriculture and urban or commercial developmcnc. 

Figure 3-64 suggests a generalized successional sequence in an estuary and a beach, as well as a 
"reverse succes:s ion" in an eroding shore. 

Although a single sequence is implied in the previous discussion, actual succession is more complex 
and dependent on sediment type, estuary type, and gradient. Figure 3-65 shows some hypothetical 
patterns of succession as proposed by Jefferson (1974). Additional species distribution informa
tion can be assessed from Figure 3-23, 3-24, and 3-25 given in Section 3.2.1.2. Species on the 
lower elevations indicated in these figures are early successional species, while those in the 
upper elevations are later successional species. (Not all species are necessarily part of 
successional process.) 

Estuary succession of the region has been discussed by Eilers (1975), Jefferson (1974), Vander
zanden (1976), and others. Eelgrass, mud flat, and emergent vegetation succession have been 
reported in considerable detail. Additional information on succession is provided in the Emergent 
Vegetation Ecosystem Model Notes (Section 3.2. 1.2). 

Region 

ERODING SHORES 

COMMUNITIES OFt:EEPER WATERS 

ADTIDAL (BALANUS-MYTILUS) 

COMMU'f: IES 

INTERTIDAL (BALANUS-LITTORINA) 

COMMUNt: I ES 

STORM BEACH COMMUNITIES 

DEPOSITING SHORES 

COMMUNITIES OF DEEPER WATERS 

~p 
SUBMERGED SANDBAR COMMUNITIES 

.4- - ~P+B 
EMERGING SANDBAR MUDDY SAND (PHASCOLOSOMA) 

COMMUNITIES COMMUNITIES 

l 
+B+P 

p EELGRASS COMMUNITIES OF 
VARIOUS SORTS 

~B+P 
SANDY STCRM BEACH MARGINAL MUCK COMMUNITIES 

COMMUNITIES ~ B+P 

l~COMMUNITIES 

LAND COMMUNITIES 

FIGURE 3-64. SCHEMATIC DIAGRAM OF COMMUNITY EVOLUTION IN ESTUARINE (RIGHT) AND 
OPEN BEACH (CENTER) DEPOSITING SHORES AND IN ERODING SHORES. Arrows show direction 
of succession. Letters show the principal forces acting: P = physiographic, 
B =biotic. (After Allee, 1934, in Phillips, 1974.) 

3-131 



w 
I 

w 
N 

::0 
(1) 
u:i 

0 
:l 

I 

(FRESHWATER + SILT) 

Ruppia 
Cyanophyta 

,/ 

(SILT) 

Cladophora 

j ~~ Salicornia 
Spergularia 

~ canadensis 

J 

(SA.'.1>) 

~ Cyanophyta 
""-::::). 

Puccinellia 
Spergularia 
macrotheca 

Scirpus ~ 
Juncua buf onius 

Scirpua 
amer icanua -

Trig lo chin 
Salicomia 

Scirpus 
madtimua 

"' ~ 
Triglochin ~ Salicomia ~ Distichlie 

Spergulada ~ madtimum ~ Jaumea T/ =··~ 
-J, Plantago 

~-Claux 
J, 
~ 

.!:!!.!!. 

sc!rpus ---· 

J 
l 

Deachampda 

l 
Juncua 

-i---

Triglochin 
maritimum 

Triglochin 
-.oncinnum 1 

.Qr.thocarpua 
Lilaeopsi• 

l 
~~ 

Tdfolium l ' ' , ' 
~ Deschainpda ' ' 

Crindelia 

Scirpus~ 

I 
1\grostis 
Cdndelia 
Potentilla Potentilla -

- - - Potentilla '~ 
- - - _ - - Juncua ''•! Typhal 

-~- /~ - - - _2!!!!.!!. Carex --I 
I 

I 

it 

""' ~ obnupta 
x Ammophil• 

\ 

~ le' ..... ~- -I Picea I 
--

I Lysitichuml 

SWAMP OR FOREST SAND DUNES OR DEFLATION PLAIN 

FIGURE 3-65. HYPOTHESIZED SPECIES SUCCESSION IN AN OREGON COASTAL SALT MARSH. Common names can 
be found in the ecosystem notes (Section 3.2.1.2), in the Annotated Species List, and in the 
Community Composition printout for Emergent Vegetation in Volume 3. (Sol id lines indicate docu
mented succession. Dashed lines indicate possible succession but no documentation exists at this 
time. Pers. comm. 30 January 1980, Carol A. Jefferson, State University at Wanona, Winona, 
Minnesota.) (From Jefferson, 1974.) 



3.3 THE ANNOTATED SPECIES LIST 

The computerized information system developed for the species found in the Pacific Northwest 
Coastal Region is described briefly in this section (3.3) of Volume 1 and presented in full in 
Part 2 of Volume 5. 

The ASL, although general in its structure, is specific to this region in the zones and habitats 
included and in the ranges (by Watershed Units), abundances, seasonalities, and other species 
data entered. Only the most common, characteristic, or significant plants have been entered in 
the inland, estuarine, shoreline, and oceanic fields (vascular and non-vascular), due to the 
large numbers encountered; all the tree species and most major shrubs are included. Likewise, 
only a sampling of the major invertebrates was entered for these areas, again because of large 
numbers of species found in the region in this diverse animal category. (Insect species alone 
are estimated at over 5,000 in the region.) For the other major groups (fish, reptiles and 
amphibians, birds, and mammals), an effort was made to include all the species usually found 
in the coastal region. The major functional group of organisms not included in the ASL at this 
time is the decomposers, because of the numbers involved, the taxonomic problems encountered, 
the lack of regional-specific and species-specific data, and the "black box" treatment of the 
group in most environments by most authors. 

See Volume 5 for more details. 

3.4 SPECIES OF CONCERN 

A n~mber of species within the region are of significant interest or concern, either because of 
com~ercial value (e.g. Douglas fir, salmonids), recreational value (e.g. black-tailed deer, 
waterfowl, rainbow trout), ra.re, endangered, or threatened status (e.g. Columbian white-tailed 
deer), or community dominance (e.g. kelp, eelgrass). Many species fall into more than one of 
these categories, such as Douglas fir, which is a commercial species and a dominant species in many 
second growth forests, or salmon, which are of both recreational and commercial significance. 

Species of Concern are treated in a number of places in this study. In this section (3.4) of 
Chapter 3, general data are presented for commercial species (3.4.1, forestry, fishery, and 
fur-bearing importance), recreational species (3.4.2, big-game, small-game, and sport fishery 
value), and "status" species (3.4.3, rare, threatened, endangered, or other significance). 
Community dominant species such as eelgrass are presented in the ecosystem model notes in Section 
3.2.1 for five key habitats. 

Selected species or groups of species, as indicated in Table 3-43, are discussed in detail in 
part 2 of this volume, following the population model format introduced in Section 3.4 of Volumel. 
A brief discussion of mortality, reproductive rate, population size, interaction with man, etc., 
is provided for each species or group, with access to the pertinent literature on these topics 
indicated throughout. 

Habitat use and additional information for any species can be gained from the Annotated Species 
List in the Data Source Appendix (Volume 5, Part 2). The Status field of the ASL includes the 
following categories: rare (R), endangered (E), threatened (T), peripheral (P), endemic (1), 
game (G), commercial or potentially commercial (C), and pest (X), any of which can be searched 
for a particular Watershed Unit, zone, habitat, or trophic level. All rare, endangered, or 
threatened animals (official) and plants (proposed) of the region are included in the ASL and 
printed out as special tables in Section 3.4.3 of this chapter. 

One can review the ecosystem models, the community composition models, and the food web models 
of the habitats (Volume 3, Part 2) in which the species are found, to determine the role the 
species of interest plays in that given community and ecosystem. Species of Concern are keyed 
in the community composition lists to facilitate cross-reference. 

Living resources are fundamental to the economy of the coastal region. Forestry and fisheries, 
two of the basic industries of the region and major sources of income and employment (see 
Chapter 4), are completely dependent upon native flora and fauna and a reasonably intact 
supporting ecosystem. Other organisms which are not commercially or recreationally exploited 
have real economic values as well (Ehrenfeld 1976). 
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TABLE 3-43. SELECTED SPECIES OF CONCERN. The following species or groups 
are discussed in detail in Part 2 of this volume. These species accounts, 
presented in order as below, are prepared as notes to the population model 
(Figure 3-12 in Volume 1 and Figure 1 of Part 2 of this volume). 

PLANTS 

trees: 

ANIMALS 

invertebrates: 

fish: 

birds: 

mammals: 

Douglas Fir (Pseudotsuga menziesi i) 
Oregon Myrtle (Umbellularia cal ifornica) 
Port Orford Cedar (Chamaecyparis lawsoniana) 
Red Alder (Alnus rubra) 
Redwood (SeguoTa ~rvirens) 
Sitka Spruce (Picea sitchensis) 
Western Hemloc~uga heterophylla) 
Western Red Cedar (Thuja plicata) 

Dungeness Crab (Cancer magister) 
Insects 
Chinook (Oncorhynchus tshawytscha) 
Coho (Oncorhynchus kisutch) 
Bald Eagle (Hal iaeetus leucocephalus) 
Sea Birds (Alcids, Shearwaters, Petrels, Gulls, etc.) 
Snowy Plover (Chadaerius alexandrinus) 
Spotted Owl (Strix occidental is caurina) 
Black-tailed Deer (Odocoileus hemionus columbianus) 
Columbian White-tailed Deer (Odocoileus virginianus 

leucurus 
Marine Mammals (Cetaceans, Seals, Sea Otter) 
Roosevelt Elk (Cervus canadensis roosevelti) 

3.4. 1 Species of Commercial Value. 

3.4. 1. 1 Forestry Species. Major forestry species and their proportional contribution to forest 
harvest of the region are provided in Tables 3-44, 3•45, and 3-46. As the data indicate, Douglas 
fir followed by western hemlock are the principal commercial tree species in Watershed Units 1-7 
with redwood followed by Douglas fir as the principal tree species in Units 8 and 9. In recent 
years Douglas fir has made up more than 60% of the tree harvest in the study area. 

The regional forests are among the most productive in the world, for volume of timber produced 
(about 36 metric tonnes/ha/year, or 14 long tons/a/year, on optimum sites) (Fujimori, 1971) and 
high standing biomass (2,300 and 1,600 metric tonnes/ha, or 920 and 640 long tons/a, for redwood 
and Douglas fir stands respectively} (Franklin and Dyrness, 1973). In fact, a review of the 
National Register of Big Trees (Pardo, 1978) indicates that of the 25 tree species which ranked 
over 500 points (a rating involving circumference, crown spread, and height) all but eight 
were found in the study area. Four out of the five largest trees listed, i.e. redwood, western 
red cedar, Sitka spruce, and Douglas fir, are located within the region, the exception - and 
largest tree - the giant sequoia of the California Sierras. Trees of the study area are 
fast qrowing, long-1 ived, and large. 

As an indication, the coastal area (including forests to the crest of the Cascades) provides about 
35-37% of the softwood production in the United States, approximately one quarter of which is 
derived from the study area (Western Wood Products Association, 1976). In 1966 through 1974 
Oregon, California, and Washington, in that order, were the leading lumber producing states in 
the country (Western Wood Products Association, 1976). 

As indicated in Tables 3-44 through 3-46, the major commercial tree species of the area are 
principally conifers, with Douglas fir being the most significant and redwood, western hemlock, 
western red cedar, Sitka spruce, and grand fir being locally abundant. The cause of coniferous 
dominance in the region is not well understood. Climatic conditions which include high total 
precipitation that is distributed principally during spring, fall, and mild winters is thought 
to be a key factor (Franklin and Dyrness, 1973). Such conditions give coniferous species a 
competitive advantage over hardwoods because of their ability to assimilate energy during fall, 
winter, and spring. The dry summer conditions limit photosynthesis during the periods when 
deciduous trees are typically most productive. The few hardwood species are predominantly 
seral species (e.g. red alder), although evergreen hardwoods (e.g. Oregon myrtle, Umbellulario 
californica) become more significant in the southerly portions of the region. 

3-134 Region 



;JC) 
(\) 
tO 

0 
:::J 

w 
I 

w 
\n 

2 

Year 

1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 
1976 

TABLE 3-44. LUMBER PRODUCTION IN WESTERN WASHINGTON AND WESTERN OREGON BY SPECIES, 1964-761 AND TOTAL LUMBER PRODUCTION 
FOR CALIFORNIA REDWOOD REGION, 1964-1975. Data are in mill ion board feet. (From Ruderman, 1977A,B,C, and Western Wood Products 
Association, 1976.) 

California 

Western Washington and Western 2 Redwood 
Oregon Reg ion3 

Al 1 Douglas Western Western Sitka Grand 
Pine Other Hardwoods 4 Al 1 

Species Fir Hemlock. Red Cedar Spruce Fir Softwoods Species 

8,578 5,346 2,239 300 70 310 184 49 Bo 2,263 
8,422 5,201 2,263 330 78 231 196 42 81 2, 105 
8,012 5,003 2,051 321 57 215 221 50 94 2,022 
7,617 4, 778 1,922 328 50 208 192 48 91 1,998 
8, 130 5, 190 1,909 363 45 245 222 52 104 2,385 
7,632 5,073 1 ,652 306 29 198 210 48 116 2,308 
7,475 4,907 1, 697 300 17 227 195 26 106 2,238 
8,283 5,297 2,022 331 19 246 208 55 105 2,312 
8,983 5, 711 2,244 348 41 251 241 37 110 2,515 
9,074 5,659 2,266 369 40 287 277 36 140 2,519 
7.777 5,074 1,719 358 32 177 250 33 134 2,390 
7,134 4,684 1'535 364 15 148 233 46 109 2, 194 
8,322 5,363 1,967 368 30 171 231 64 128 

Includes areas outside of study area to crest of Cascades-

From Ruderman, 1977A,B,C. 

3 From Western Wood Products Association, 1976. 

4 Predominantly red alder. 



1 
TABLE 3-45. 1975 LUMBER PRODUCTION BY COUNTY AND SPECIES IN THE COAST REGION. 
Data are in million board feet. (From Western Wood Products Association, 1976.) 

STATE & COUNTY Total Douglas Westerh Western Sitka Grand 
Pines Production Fir Hemlock Red Cedar Spruce Fir 

OREGON 

Clatsop-Tillamook 159 46 104 2 
Coos 427 407 19 ;~ 

Curry 90 88 1 -·· ·k. ·k 

Douglas 687 433 76 49 12 84 
Lane 1, 141 911 156 62 2 
Lincoln 118 112 5 J. ;'t 

Total 2,622 1,997 361 113 2 12 86 

WASHINGTON 

Clallam-Jefferson-
Kitsap-Mason 327 169 139 12 ;'t 

Grays Harbor 114 47 57 4 
Pacific-Skamania-

Thurston 192 102 68 3 11 7 

Total 633 318 264 19 12 7 

TOTAL OREGON AND 
WASHINGTON REGION 3,255 2,315 625 132 14 12 93 

Al 1 
Others 

5 
·k 

I 
32 
10 

1 

49 

6 
5 

12 

61 

Whole county totals are given, including data from areas outside of the watershed boundaries of 
this study. 

* Less than 500,000 board feet. 

TABLE 3-46. 1972 LOG CONSUMPTION BY SPECIES FOR NORTH COAST 1 OF CALIFORNIA. 
Data are in million board feet, local scale. (From Howard, 1974.) 

Ponderosa 
Hardwoods 2 

Al 1 Douglas ~Jes tern True Redwood and Sugar Incense Other 
Species Fir Hemlock Firs Pines Cedar Softwoods 

Total 1'711 585 14 58 950 60 3 41 2 

Includes all of Humbolt and Mendocino Counties, including areas outside of the watershed 
boundaries of this study. Note that ponderosa and sugar pines are not found in the study area. 

2 Primarily madrone and tanoak. 
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3.4.1. 1 Forestry Species (continued) 

The use of fast growing trees (e.g. red alder) on marginal sites for the production of biologi
cally derived fuel ("biomass conversion") has attained considerable public and private attention 
in recent years. Recent and ongoing studies will determine the economic and ecological 
feasibility of such production in the near future (Smith, 1973; Kimmins and Krumlik, 1976; 
Carl isle, 1976; Ince, 1977; and others). 

Other commercial uses of forest species in the region are usually categorized as "special forest 
products" and include Christmas tree production, coniferous Christmas tree boughs, floral greenery, 
native transplants, edible products, cru.de drugs, forest seed cones, fuelwood, decorative wood, 
split cedar products, small roundwood products (e.g. poles), and others (Hirsch, 1970). Total 
value of special products production in Washington and Oregon for 1969 was 15.5 mill ion dollars, 
with a substantial portion of the production developed in the study area. 

Principal Christmas tree species are Douglas fir, true firs (noble, shasta, silver, alpine, grand, 
concolor),and pines (Scotch, shorepine). Species used for Christmas tree boughs include noble, 
shasta, silver, and alpine firs, Douglas fir, western red cedar, Port Orford cedar, and pines. 
Floral greenery species include swordfern, evergreen huckleberry, and salal; native transplants 
are principally rhododendron, salal, evergreen huckleberry, vine maple, and shorepine. Edible 
forest products are taken from huckleberry, trailing blackberry, Himalayan blackberry, evergreen 
blackberry, and wild plum. Species used for deriving crude drugs include cascara, quinine conks, 
Douglas fir pitch, prince's pine (pipsissewa), Oregon grape, and false hellebore. Oregon myrtle 
is the principal decorative wood species of the study area and western red cedar is the tree 
species most commonly used for shake production; alder is the principal wood fuel species, with 
madrone and tanoak more commonly used in the southerly Watershed Units. The preferred species for 
round wood poles is Douglas fir. 

An extensive literature has been developed on silvics (life histories) of the commercial tree 
species. A useful synoptic silvics review by species is provided by Fowells (1965). Additional 
information on distribution is provided by Griffin and Critchfield (i972) for California, and 
Franklin and Dyrness (1973) for Oregon and Washington. The PACFORNET MASTER KEY WORD INDEX found 
at the Forest Resources Library at the University of Washington and at Pacific Southwest Science 
Literature Service, Berkeley, California, is another good source of species-specific information 
about the commercial forest trees found within the region. 

3.4.1.2 Fishery Species. Fish and shellfish play an important role in the coastal economy as 
documented in Chapter 4 (Section 4.3). Commercial and sport fishing combined - it is often im
possible to separate the two in fishery statistics - are a $100 million+ per year industry in the 
coastal region and account for three to eight percent of the region's payroll employment, as well 
as undocumented significance in the tourism/recreation economy of the area. 

Fisheries species and their proportional contribution to catch are provided in Tables 3-47, 3-48, 
and 3-49 for Washington, Oregon, and California, respectively. As indicated, coho and chinook 
salmon, albacore tuna,· Dungeness crab, flatfish, lingcod, rockfish, shrimp, and oysters are the 
important commercial groups. Catch of specific species varies considerably year to year, with 
composition of total catch being based on status of stocks in a given year as well as market 
demands. Some species, e.g. shark livers, are no longer taken due to lack of market demand, 
and others, such as sockeye, chum, and sardine catches, are no longer taken in large quantities 
because of reduced stocks (Pruter and Alverson, 1972; Washington State Department of Fisheries, 
1976). An example of the variability which can be expected in species composition and catch 
is provided in Table 3-50. 

Historically, foreign catches on the continental shelf have been taken by the Soviet trawler 
fleet in pursuit of hake and by Japanese trawlers in pursuit of Pacific Ocean perch. The Soviet 
trawlers caught 136,000 metric tons in 1966. They subsequently made an agreement to restrict 
fishing for ocean perch but continued to take hake, with the largest catch of 226,000 metric 
tons in 1972. The U.S. jurisdictional extension of fishing management areas (from 12 to 200 miles) 
may restrict Russian fishing activity on the coast. 

In recent years, U.S. fishermen have complained that the foreign fishing of hake and sablefish 
has caused gear loss for U.S. fishermen (Oregon State Department of Fish and Wildlife, 1976B). 
As a consequence, many Oregon fishermen left the fisheries. There are also reports of catch of 
nonpermissible species (e.g. salmon) being taken (Oregon State Department of Fish and Wildlife, 
1976A; Sanders, personal communication, 1978). 

The Japanese fisheries reached a maximum catch in 1968 of 4,500 metric tons, but dwindled to 
500 metric tons shortly thereafter (U.S. National Marine Fisheries Service, 1977B) and is now 
closely regulated through the Fishery Conservation and Management Act of 1976 (the "200-Mile 
Fisheries Act:" P.L. 94-265). 
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TABLE 3-47. \~ASH I NGTON COASTAL COMMERCIAL LAND I NGS OF FI NF I SH 
AND SHELLFISH 1974, 1975, AND TWO YEAR AVERAGE. All figures are 
In pounds. (From Washington State Department of Fisheries, 1976.) 

WASHINGTON 1974 1975 AVERAGE 

FINFISH 
Cod (true) 809,437 714,396 761,917 
Flounders 141'507 35,830 88,668 
Hake 2,440 1, 220 
Halibut 3,742 17 ,531 10,637 
Lingcod 940,499 659,802 800, 151 
Pacific Ocean Perch 4,530 2,265 
Rockfish 1,818,099 1,591,762 1, 704,931 
Sablefish/Black Cod 484,848 656,864 570,856 
Salmon 

Chinook 5,407,838 5,810,388 5,609,113 
Chum 775,163 429,688 602,426 
Coho 7, 133,423 4,904,534 6,018,979 
Humpback/Pink 2,833 275,204 139,019 
Sockeye 105,715 304,011 190,460 

Shad l 232,580 60,460 146,520 
Smelt 2,092,799 2, 106,391 2,099,595 
Anchovy 554,000 567,000 560,500 
Turbot 185,843 42,558 114, 201 
Sole2 2,596,441 1,653,898 2,125,170 
Sturgeon'.! 233,920 329,480 281,700 
Albacore/Tuna 14,946,440 15, 414, 528 15,180,484 
Other Fish 99,692 56,644 78' 168 

TOTAL FINFISH 38,567,259 35,635,499 37,086,980 

SHELLFISH 
Clams 

Bay 12, 177 938 6,558 
Razor 170,763 219,769 195,266 

Crabs/~ungeness 4,765,585 6,114,817 5,440,201 
Shrimp 9,262,345 10,000,690 9,631,518 
Pacific Oyster 2,404,398 2,624,445 2,514,422 
Octopus 1,661 1,771 1, 716 
Crawfish 353 161 257 

TOTAL SHELLFISH 16,617,282 18,962,591 17,789,938 

GRAND TOTAL 55, 184,541 52,598,090 54,876,918 

l Al 1 species of smelt including eulachon. 

2 All species of sole combined. 

3 Combined white and green sturgeon data. 

4 All species of shrimp, dominated by pink shrimp Pandalus jordani. 

3.4. 1.2 Fishery Species (continued) 

Productivity of the continental shelf in the study area is high, with annual potential yield of 
demersal fish and shellfi~h estimated at 3 metric t6nnes/km2 dropping to 2 metric tonnes/km2 
for California wr1ters (Rounsefel 1, 1975). Barss et al. (1977) report a potential yield of 0.39 
metric tonnes/km2 for six species of flatfish making up 46% of the standing biomass of demersal 
fish based on an averaged two year sample for the shelf waters off Washington. Total yield 
excluding foreign catch for the 1974-1975 average was 186,747,750 pounds or about 2.6 metric 
tonnes/km2, approaching the potential yield estimated by Rounsefell (1975). 
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TABLE 3-48. OREGON COASTAL COMMERCIAL LANDINGS OF FINFISH AND 
SHELLFISH. All figures are in pounds. 
ment of Fish and Wildlife, 1976B.) 

(From Oregon State Depart-

OREGON 1974 1975 AVERAGE 

FINFISH 
Cod (True) 700,607 588,029 644,318 
Flounders 613,504 887,588 750,546 
Hake 36,416 6,320 21,360 
Ha 1 i but 67,630 57,616 62,623 
Lingcod 2,167,563 1,664,442 1,916,003 
Mink Food 724,342 432,367 578,355 
Pacific Ocean Perch 887,044 921,419 904,232 
Rockfish 4,021,492 3,256,707 3,639, 100 
Sablefish/Black Cod 601,181 728,981 665,081 
Salmon and Steelhead 

Chinook 4,911,284 6,534,955 5,723, 120 
Chum 3,272 4,625 3,949 
Coho 10,054,741 5,823,540 7,939,141 
Humpback/Pink 81 1'041 561 
Sockeye 21 7 14 
Steel head 129,414 26,529 77 '972 

Shad 264,505 456,758 350,631 
Smelt 424,627 9, 147 216,887 
Sole 

Dover 5,714,525 4,886,918 5,300,722 
English 1,786,406 2,173,321 1,979,864 
Petra le 2,746,087 2,654,859 2,695,973 
Other 1,665,878 1,677,052 1,671,465 

Striped Bass 3?,151 18,019 26,585 
Sturgeon 

Green 85,771 32,974 59,373 
White 271'203 301,284 296,244 

Albacore/Tuna 33,039,926 23,584,409 28,455,289 
Other Fish 395' 770 1 '137' 350 766,560 

TOTAL FINFISH 71,348,441 57,866,257 64,607,345 

SHELLFISH 
Clams 

Bay 16,403 28,508 22,456 
Razor 8,553 40,465 24,509 

Crabs/Dungeness 3,917,625 4,126,937 3,972,281 
Shrimp 20,313,760 24,083,568 22,198,664 

TOTAL SHELLFISH 24,256,341 28,179,478 26,217,909 

GRAND TOTAL 95,604,782 86,045,735 90,825,255 

Hart (1973) gives a good review of the biology of marine fish species of the region as well as 
some information on harvest trends. Isakson (1976B) reviews literature specific to Washington 
State which includes many of the commercial species of the study area. Oregon State University 
(1971) provides good literature review on selected species of the continental shelf which 
includes commercial species. lnform~tion about the distribution, abundance, and seasonality 
of salmonids for Washington coastal waters is given by Washington State Department of Fisheries 
(1973). Oregon State Fish and Game Commission (Lauman et al, 1972A; Smith and Lauman, 1972; 
Lauman et al., 1972B; Lauman, 1972; Thompson et al., 1972) lists similar information for Oregon 
waters. The Pacific Marine Fisheries Commission (Portland, Oregon) is in the process of 
developing a "salmon plan" and has a number of resource reports summarizing the status of 
salmonids of the region. Oregon and Washington now jointly publish an annual report on the 
Columbia River anadromous fish status (Gunsolus, ~977). The International Pacific Halibut 
Commission maintains current data on halibut stocks and publishes annual reports on their status 
(International Pacific Halibut Commission, 1976; 1978). 
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TABLE 3-49. EUREKA DISTRICT COMMERCIAL LANDINGS OF FINFISH AND 
SHELLFISH. All figures are in pounds. (After California State 
Department of Fisheries, 1974, 1975.) 

EUREKA DIS1RICT 
CALIFORNIA NORTH COAST 

FINFISH 
Shark 
Skate 
Eel 
Cod (True) 
Flounders 
Hake 
Halibut 
Lingcod 
Perch 
Rockfish 
Cabezon 
Sablefish 
Grenadiers 
Salmon 
Shad 
Herring 
Smelt 
Anchovy 
Turbot 
Sanddab 
Sole 

Dover 
English 
Petra le 
Rex 
Sand 
Other 

Surf perch 
Albacore/Tuna 
Macke re 1, Jack 
Other Fish 

TOTAL FINFISH 

SHELLFISH 
Clams 
Crab/Dungeness & Market 
Shrimp 
Pacific Oyster 
Octopus 
Squid, Market 
Sea Urchin 

TOTAL SHELLFISH 

GRAND TOTAL 

3.4.1.2 Fishery Species (continued) 

1974 

7,769 
33,503 

45 
7 

387,149 
14,669 
4, 105 

1,413,264 
1,653 

6,650,179 
545 

4,847,879 
43,436 

4,804,548 
290 

119,683 
661,473 

940 
5,311 

300,048 

15,119,494 
1'620, 120 
1,401, 148 

870,177 
74,917 
2,955 

31,912 
3,134,721 

2,623 
5,556 

41,560,119 

104 
335' 176 

2,214,492 
478,633 

19,476 
0 

15,759 
3,063,640 

44,623,759 

1975 

5,200 
38,988 

0 
0 

199,451 
50 

3,973 
627,809 

0 
4,480,987 

0 
3,820,944 

80,534 
4,295,661 

2,385 
26,082 

543,734 
0 

6,008 
178,354 

10,454,058 
1,087,673 

885, 180 
717,663 
42,373 

97 
22,558 

2,318,991 
8 

176 
29,838,937 

144 
3,475,722 
3,745,954 

396,429 
10,204 

891 
0 

7,629,344 

37,468,281 

AVERAGE 

6,485 
36,245 

23 
4 

293,300 
7,360 
4,039 

1,020,537 
827 

5,565,583 
273 

4,334,412 
61,985 

4,550,105 
1'338 

72,883 
602,604 

470 
5,660 

239,201 

12,786,776 
1,353,897 
1, 143, 164 

793,920 
58,645 
1 ,526 

27,235 
2,726,856 

1'316 
2,417 

35,699,086 

124 
1,905,450 
2,980,223 

437,531 
14,840 

446 
7,880 

5,346,494 

41,045,580 

The National Marine Fisheries Service (Seattle, Washington) keeps up-to-date records on 
stocks and catch of commercial species within the region. Washington State Department of 
Fisheries publishes an annual report on catch. The Oregon State Department of Fish and Wildlife 
Research Laboratory at Newport maintains up-to-date data on Oregon demersal stocks and trends. 
The International North Pacific Fisheries Commission publishes various technical reports on 
status of commercial species of the study area. 
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TABLE 3-50. COMPARATIVE ANNUAL LANDINGS OF FISH, SHELLFISH, AND SHARKS 
(LIVERS) FOR THE GRAYS HARBOR DISTRICT, WASHINGTON, IN NUMBER OF POUNDS. 1 

(From Washington State Department of Fisheries, 1976.) 

Bottom Other Shark Total 
YEAR Salmon Fish Food Fish Shellfish Liv~rs Landings YEAR 

1935 ..... 5,544,587 ...... •. 101,465 1'llf5,716 6,791,768 ..... 1935 
1936 ..... 5,069,308 2,016 13,210,505 1'272, 117 19,553,946 ..... 1936 
1937 ..... 3,895,270 34,702 34,727,537 1,273,523 39,931,032 ..... 1937 
1938 ..... 4,093,046 2,758 56,668,596 1,891,152 62,655,552 ..... 1938 
1939 ..... 4,027,032 35,858 37,459,182 1,624,956 43, 147,028 ..... 1939 
1940 ..... 5,503,682 200,262 2,614,090 2,125,882 10,443,916 ..... 1940 
1941 ..... 8,308,135 968, 776 35,279,806 2,217,908 34,248 46,808,873 ..... 1941 
1942 ..... 4,985,018 843,439 2,590,325 2,491,457 39,272 10,949,511 ..... 1942 
1943 ..... 3,968,827 2,840,055 26, 114,568 2, 971, 423 200,333 36,095,206 ..... 1943 
1944 ..... 3,891,296 6,583,603 10,011,335 3,178,463 204,664 23,869,361 ..... 1944 
1945 ..... 6,303,804 7,393,591 10,090,251 3.243,988 120,040 27,151,674 ..... 1945 
1946 ..... 5,610,053 4,504,934 14, 168,226 4,766,852 100, 206 29, 150,271 ..... 1946 
1947 ..... 5,639,836 1,433,057 6,565,549 7,902,401 9,077 21,549,920 ..... 1947 
1948 ..... 6,304,947 1,828'541 4,437,142 10,145,169 6,607 22,722,406 ..... 1948 
1949 ..... 5,667,279 375,836 4,240,371 8,920,811 4,912 19,209,209 ..... 1949 
1950 ..... 6,828,337 711,721 3,650,585 3,448,834 758 14,640,235 ..... 1950 
1951 ..... 7,909,320 1,013,631 797,435 2,529,713 10,052 12,260, 151 ..... 1951 
1952 ..... 9,714,586 2,089,729 585,884 2,504,288 18,688 14,913, 175 . .... 1952 
1953 ..... 7,537,352 792,102 492,455 3,842,519 52,403 12,716,831 ..... 1953 
1954 ..... 6,674,163 617,996 621,550 4,515,690 96 12,429,495 ..... 1954 
1955 ..... 6,899,157 606,581 588,574 5,125,973 177 13' 220, 462 . .... 1955 
1956 ..... 5,992,036 603,677 695,703 5,543,918 12,835,334 ..... 1956 
1957 ..... 5,565,527 444,491 432,791 11,011,571 69 17,454,449 ..... 1957 
1958 ..... 4,704,71D 1, 148, 719 1,352,009 14,134,703 539 21,340,680 ..... 1958 
1959 ..... 4,391,810 579,975 2,410,868 7,240,888 869 14,624,410 ..... 1959 
1960 ..... 2,586,317 1 '157'823 585, 369 4,822,624 935 9, 153,068 ..... 1960 
1961. .... 4,547,889 609,635 675,499 5, 182,018 267 11'015' 308 ..... 1961 
1962 ..... 5,036,235 1,067,372 610,246 4,573,236 11,287 ,089 ..... 1962 
1963 ..... 5,579,791 984,907 363 '940 4,064,003 10,992,641 ..... 1963 
1964 ..... 4,350, 161 1,048,251 533,824 3,314,842 9,247,078 ..... 1964 
1965 ..... 5,361,253 1,492,902 898,295 5,697,445 13,449,895 ..... 1965 
1966 ..... 6,268,188 1, 735,021 4,263,437 8,141,757 20,408,403 ..... 1966 
1967 ..... 6,814,942 933,358 19,708,462 6,760,606 34,217,368 ..... 1967 
1968 ..... 5,691,733 466,740 954,634 6,369,907 13,483,014 . .... 1968 
1969 ..... 5,086, 720 521,692 1,534,424 14,310,669 21,453,505 ..... 1969 
1970 ..... 7,918,084 698,547 1,472,885 11'847' 150 21,936,666 ..... 1970 
1971 ..... 7,651,758 935,674 6,105,843 8,498,122 23,191,397 ..... 1971 
1972 ..... 5,474,754 1,973,106 4,470,205 8,758,305 20,676,370 ..... 1972 
1973 ..... 8,211,140 3,623,631 3,312,015 4,325,670 19,472,456 ..... 1973 
1974 ..... 8,754,477 5,674,795 4,413,563 5,067,649 23,910,484 ..... 1974 
1975 ..... 6,517,905 4,262,746 6,834,757 6,801,810 24,417,218 ..... 1975 

1Table includes all fish landed in Grays Harbor and LaPush ports from inshore and offshore waters 
of Watershed Units 1 and 2. These were almost half of the total commercial landings for coastal 
Washington for the years 1974 and 1975 (see Table 3-47). 
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3.4.1.2 Fishery Species (continued) 

Salmonids. Chinook and coho are the major commercial and sport salmon species throughout the 
region, although sockeye, chum, and pink salmon are taken in northern portions of the study area. 

Salmonid species are migratory with catch off any given portion of coast line of mixed 
or1g1n. Conditions are further complicated as stocks and fishery fleets cross state and national 
boundaries. The generalized migration pattern of stocks is indicated in Figures 3-66 and 3-67 
for coho and chinook respectively. The distribution of fishery fleets is presented in Figure 3-68 
The Columbia River, Fraser River (in Canada), and Puget Sound rivers are major contributors to 
chinook stocks off Washington. Chinook stocks off California originate in California and 
Oregon. The Oregon fleet principally fishes Oregon coastal chinook stocks, California chinook 
stocks, and Columbia River chinook stocks. The Washington fleet's chinook catch is from 
Oregon coastal, Columbia River, Idaho, Washington coastal, and British Columbia stock (U.S. 
National Marine Fisheries Service, 19778). Stocks of coho and chinook salmon are heavily 
utilized with catch to escapement ratios varying from 3:1 to 4.9:1 (Korn, 1977; Holland, 1977). 
Specific years and stocks may vary from these ratios. 

The catch pattern for coho differs markedly from that of chinook. California coho catches are 
principally from Oregon coastal, Columbia River, and Washington coastal stocks. The Washington 
take is derived from Puget Sound, Washington and Oregon coastal, and Columbia River stocks 
(U.S. National Marine Fisheries Service, 1977~. There is a marked northerly migration of 
Washington chinook and coho stocks (Holland, 1977). 

Recently, genetic selection for stocks which remain near the area of release, and timing of 
release of juveniles so that their normal migratory pattern is altered are modifying the migra
tory pattern of some local stocks. 

The commercially important salmonid species of the study area are anadromous and ascend rivers 
and streams to spawn. Eggs are laid on gravel of freshwater streams and the hatched juveniles 
spend some portion of their early lives in those streams prior to migrating to the ocean. A 
two to six year period of feeding and rapid growth in the ocean is followed by return of 
sexually mature adults to the parent stream. Information on life cycle, biology, and related 
population topics for chinook and coho salmon is provided in the Species of Concern section 
in Part 2 of rhis volume. 

Population fluctuations are typical for salmon species but causes of the variability are not 
clearly documented. Figure 3-69, which presents salmon catch for Washington State from 1935 to 
1975, illustrates this year to year variability. Factors which are significant to the population 
status of salmon are complex, interractive, and cumulative. Environmental conditions in 
streams during spawning periods, destruction of spawning habitat, impediment of migration, 
mortality caused by nitrogen supersaturation and power generating turbines during the downriver 
migration of juveniles, and oceanic predation, all in combination with food supply and oceanic 
migration, establish the population level for a given area at a given time. 

Excluding the Columbia River runs, little information is available on total strength of runs 
produced in waters of the study area. The only available data are an escapement, i.e. an 
estimate of the number of fish which return to spawn, but these numbers do not include fish 
which are taken by various fisheries. Estimated escapement for the region is presented in 
Table 3-51. The data may be misleading, as exploitation rates are as high as 85% for fall 
run of chinook of the Columbia River and approximately 0% for protected runs such as the 
summer chinook run of the Columbia. Even for a given run, escapement as a proportion of 
total run is not constant. 

Natural production of salmon has been augmented by hatchery production. Summaries of hatchery 
production for Washington State coastal waters, Oregon, and California are presented in Tables 
3-52, 3-53, and 3-54, respectively. Table 3-55 summarizes hatchery production on the Columbia 
River system which has many of its production areas outside of the coastal area. However, all of 
these anadromous fish from the Columbia enter the study area for a portion of their life cycle. 
Loss of natural production due to land use changes, water quality problems, etc., have, at least 
in part, been compensated by the hatchery production. Fulton (1968, 1970) reports serious deple
tion of Columbia River runs (steelhead trout, chum salmon, coho salmon, sockeye salmon, and 
king salmon) because of loss of suitable spawning areas through land use changes, water quality 
changes, or access problems caused by dams. Chum, sockeye, and the summer run (Columbia) chi
nook are the species most significantly affected in the Columbia runs (Korn, 1977). Most 
authorities agree that without the artificial propagation even the healthy chinook and coho 
runs would be very low (Holland, 1977; Korn, 1977). The trend in increased hatchery production 
is exemplified in Table 3-52, In addition several new hatcheries are under construction 
(Oregon State Department of Fish and Wildlife, 19768). 
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FIGURE 3-66. MI GRAT I ON PATTERNS OF 
COHO SALMON BY STATE Mrn PROVINCE 
STOCKS. These data were determined 
by tagging and marked hatchery 
releases. Width of 1 ines does not 
indicate strength of stocks. (From 
U.S. National Marine Fisheries 
Service, 1977B.) 
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FIGURE 3-67. MIGRATION PATTERNS OF 
CHINOOK SALMON BY STATE AND PROVINCE 
STOCKS. These data were determined 
by tagging and marked hatchery 
releases. Width of lines does not 
indicate strength of stocks. (From 
U.S. National Marine Fisheries 
Service, 1977~.) 

3-144 

• BRITISH COLUMBIA 

tlfil OREGON 

1L7Ll WASHINGTON 

0 COLUMBIA RIVER 

II CALIFORNIA 

[]ALASKA 

BC 

WA 

OR 

Region 



Region 

FIGURE 3-68. LOCATION OF TROLL 
FISHING AREAS ALONG THE NORTHWEST 
COAST BY STATE AND PROVINCE FLEETS. 
Width of lines does not indicate 
precise areas fished or strength 
of fleets. (From U.S. National 
Marine Fisheries Service, 1977B.) 
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TABLE 3-51. ESTIMATED ESCAPEMENT OF SALMON IN STUDY AREA. 

WATERSHED UN IT CHINOOK
1 

COHO CHUM SOC KEYE 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

12 

23 

34 

49 

510 

6N 11 

6S12 

7 & 813 

914 

33,000 

33,400 

406,8005 

80,860 

44,580 

17 ,600 

111,500 

19,030 

27' 140 

70,000 

165,400 

252,0506 

118, 705 

139,980 

25,000 

5,000 

51,700 

5,68015 

Combines spring, fall, and summer runs. 

8,000 

20,000 
7 

14,750 

115,600 

52, 100
8 

Source: Washington State Department of Fisheries, 1973; 
nearly all natural production. 

Source: Washington State Department of Fisheries, 1973; 
includes hatchery production. 

Source: Korn, 1977, averaged for 1971-1974. 
all Columbia basin production. 

Data includes 

Spring and fall runs are largely maintained by hatchery pro
duction. Summer runs are being depleted due to passage 
conditions and no attempt has been made at hatchery pro-
duct ion. 

Approximately 1/2 of production is through hatchery pro
duction (Korn, 1977). 

Chum production in Columbia has been reduced from a peak of 
850,000 fish in 1928 to practically no production in 
recent years. In fact, no chum were recorded passing 
Bonneville Dam in 1975 and 1976 (U.S. Army Corp of Engineers, 
1976J). 

Populations fluctuate widely, but have been low in recent 
years. Majority of production occurs in Lake Wenatchee 
and Lake Osoyoos in Central Washington. 

Estimates based on Lauman et al., 1972A. 

Estimate based on Smith and Lauman, 1972. 

Estimate based on Lauman et al., 19728. 

Estimate based on Lauman, 1972. 

Estimate based on Thompson et al., 1972. 

Source: Fry, 1977; includes production in all of Klamath, 
Trinity, and S. Fork of Eel River Basins, averaged for 
1971-1973. 

Incomplete count; total California escapement estimated 
at 100,000 (Fry, 1977). 
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TAB.LE 3-52. ANNUAL PLANTINGS OF COHO AND FALL CHINOOK 
SMOLTS (1,000 POUNDS) FROM WASHINGTON STATE COASTAL 
HATCHERIES, 1953-74. Figures are in 1,000 pounds. 
(From Holland, 1977.) 

Year Coho Chinook 

1953 27 21 
1954 38 13 
1955 37 19 

1956 40 16 
1957 32 29 
1958 53 17 
1959 23 20 
1960 33 18 

1961 36 8 
1962 48 4 
1963 14 6 
1964 72 15 
1965 86 24 

1966 111 26 
1967 137 41 
1968 149 35 
1969 177 42 
1970 191 54 

1971 236 33 
1972 244 47 
1973 219 76 
1974 257 47 

TABLE 3- 53. FISH RELEASED IN OREGON COASTAL WATERS FOR RECENT TWO YEAR 
SAMPLES. Upper figure is number of individuals, lower figure is pounds 
of fish. (From Oregon State Department of Fish and Wildlife, 1976B) 

Chinook Steel head 
Hatchery Spring Fa 11 Coho Summer Winter 

"""A 1 sea Salmon 290,697 2,039,025 
27,755 129,022 

'"Bandon 385,279 176,472 
50,900 17,547 

'"'"Big Creek 12,641,932 1,461,763 111, 331 
159,070 114,959 17,765 

'"Cedar Creek 106,998 133,673 115, 758 1,228,451 
19,286 15,067 2,840 166,674 

'""'Elk River 2, 195,458 
167,434 

"'Gnat Creek 28,685 573,992 703,676 
5,870 76,676 89,955 

""''K 1 as kan i ne 4,651,527 2,884,568 84,409 
66,997 203,295 13,838 

'''"'Neha 1 em 110,451 2,791,873 120, 114 
3,347 176,707 18,678 

''""Si 1 etz 969,816 
71,927 

'"'"Trask 1,343,940 664,220 804,565 
48,456 38,784 51,742 

TOTAL 1,553,235 21, 172,412 2,039,025 1,205,445 2,748,910 

;'. Releases for calendar years 1974 and 1975. 
** Releases for fiscal years 1975 and 1976. 
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TABLE 3-54. SALMON HATCHERIES CAPACITY IN NORTHERN CALIFORNIA. (From 
Fry, 1977.) 

Capacity (thousands) 
Operated Chinook Coho 

Name River by Eggs 90/pound Yearlings Yearlings 

Iron Gate Salmon and Klamath Calif. 12,000 10,000 50 20 
Steelhead Hatchery 

Prairie Creek Hatchery Prairie Cr. Humboldt 500 350 
Co. 

Mad River Hatchery Mad Ca 1 if. 10,000 5,000 300 

Trinity R. Salmon and Trinity Ca 1 if. 25,000 10,000 500 
Steelhead Hatchery 

TABLE 3- 55. COLUMBIA RIVER SALMON HATCHERIES PRODUCTION. (From Korn, 1977.) 

Smelts Produced
1 

Year of Spring Fal 1 
State Hatcheries Construction Chinook Chinook Coho 

Idaho 
Rapid River 1964 600,000 

Oregon 
Big Creek 1938 6,000,000 800,000 
Bonnevi 1 le 1909 10,000,000 2,000,000 
Cascade 1961 2,000,000 
Klaskanine 1911 1,200,000 
Marion Forks 1950 1,000,000 
McKenzie 1902 300,000 
Oxbow 1937 3,000,000 
Sandy 1948 1,000, 000 
S. Santiam 1923 300,000 
Wi 1 lamette 1911 2,000,000 

Washington 
Cowlitz 1967 3,500,00 5,000,000 3,000,000 
Elokomin 1954 3,000,000 2,250,000 
Grays River 1961 2,400,000 1,500,000 
Ka 1 ama Fa 11 s 1959 100,000 4,000,000 1,500,000 
Klickitat 1950 600,000 3,000,000 1,500,000 
Lewis River 1909 400,000 
Speelyai 1958 1,200,000 
Toutle River 1952 3,000,000 2,000,000 
Washougal 1958 2,000,000 3,000,000 

Federal Hatcheries 
Carson 1937 1,250,000 
Eagle Creek 1957 675,000 1'175,000 
Leavenworth 1938 3,139,000 
Little White Salmon 1898 456,000 6,360,000 
Spring Creek 1901 12,074,000 
Willard 1951 2,552,000 

TOTAL 10,781,000 59,834,000 30,216,000 

Number of smelts released varies annualJy at most hatcheries; figures listed 
indicate gene~al magnitude of releases in recent years. Additional to the 
smelts produced, millions of fry and fingerling salmon are released from the 
hatcheries. Annual releases of fry and fingerlings vary widely and are not 
shown. 
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3.4. 1 .2 Fishery Species (continued) 

Demersal Fish. Demory et al. (1976) and Barss et al. (1977) have recently reviewed the status 
of demersal fish populations on the shelf waters of Oregon and \/ashington. 

Demersal fish biomass estimates for the continental shelf are summarized in Table 3-56. Hake 
is the most abundant species from the shelf and is probably underutilized. Barss et al. (1977) 
report that, with the exception of petrale sole, most of the flatfish stocks are underutilized. 
Distribution and relative density for the area between Cape Flattery and Cape Blanco have been 
established for the species indicated in Table 3-56. Figures 3-70 and 3-71 are provided as 
examples of the mapping and density data available for important demersal fish on the continental 
shelf from Cape Flattery to Cape Blanco. 

Association of bottom type with particular species is provided in the Annotated Species List. 
There is a seasonal onshore/offshore migration pattern (Figure 3-72) which places many of the 
demersal species in shallower water during the summer months. Some authorities believe the 
migration is linked to the intrusion of upwelled waters into shallow nearshore areas (Alverson 
et al., 1964), Migration is also linked to winter spawning. Dense migrating schools are 
susceptible to commercial fishing efforts. 

Geographic patterns of migration are not well documented for most demersal species. Most bottom 
species have relatively sedentary habits and are thought to be distributed in discreet and 
localized stocks with varying but limiting amounts of exchange between them (U.S. National 
Marine Fisheries Service, 1977A). Individual species of sedentary stocks have traveled great 
distances, however, with sablefish and Engl is sole traveling as far as 1600 km (1000 mi) or 
more along the coast (Alverson et al., 1964; U.S. National Marine Fisheries Service, 1977A). 

3.4.1.3 Furbearing Species. In recent years there has been an increased interest in fur
bearers due to increased market demand as indicated in Table 3-57. Pelt prices have more than 
doJbled in the last ten years with a subsequent increased interest by trappers. This increase 
is documented by Table 3-58 in Washington, with similar conclusions drawn by Oregon State 
Department of Fish and Wildlife (1976B). Total value of trapping in Oregon State in the 1975-
1976 period was estimated at $1, 138,000. Value of trapping in Washington for the 1976-77 period 
was estimated to be $1,625,400. 

Species compositi~n of furbearer harvest for the coastal counties of Oregon and Washington is 
shown in Table 3-59. As these data indicate, beaver, muskrat, coyote, and raccoon are the 
principal species taken. Interestingly enough, the introduced opossum and nutria are also 
taken as furbearers in some counties. Recently, concern about the status of the bobcat as a 
threatened species has been raised (Oregon State Department of Fish and Wildlife, 1976A) and some 
protective measures may be needed if fur prices remain high. Similar problems can be expected with 
other furbearers unless protective measures and census techniques are developed. 

A review of the Annotated Species List and other sources (Thomas et al., 1976; Forbes et al., 
1976) indicates that riparian habitat is of critical importance to most furbearers, with palus
trine, riverine, and lacustrine habitats also important. Species-specific accounts of 
furbearing species of the coastal area are provided by Maser et al. (1977). However, information 
is generally lacking on the status of furbearers. Population status is generally determined by 
harvest and population estimates tend to differ widely. 

The California State Fish and Game Commission (1965A) projected the 1980 status of California 
furbearers as follows: 
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Common to abundant (more than adequate stocks will be present to meet anticipated use): 
opossum spotted skunk 
raccoon gray fox 
ring-tailed cat coyote 
weasels bobcat 
striped skunk muskrat 

Locally common (use will have to be carefully regulated to maintain stocks): 
marten (presently totally protected) 
mink 
badger 
river otter (presently totally protected) 
mountain lion 
beaver 

Rare or endangered: 
fisher 
wolverine (probably extinct in study area) 
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1975 

0 TRACE <50 LBS/TOW (23 KG) 

0 50-100 LBS/TOW (23-45 KG) 

0 100-200 LBS/TOW (45-91 KG) 

• >200 LBS/TOW (>91 KG) 

~ UNTRAWLABLE 

1976 

+ 12s0 w 

FIGURE 3-70. DISTRIBUTION AtlD RELATIVE ABUMDAMCE OF DOVER SOLE 
FOR TWO OME-YEAR SAMPLIMG PERIODS ON THE CONTINENTAL SHELF OF 
WASHINGTON, AS DEVELOPED BY BARSS ET AL. ( 1977). The heavy 
broken lines define survey limits. 
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FIGURE 3-71. DISTRIBUTION A~D RELATIVE ABU~DANCE OF DOVER SOLE 
FOR T\10 Tl-ICl-YEAR SAMPLING PER I ODS ON THE COMT I NEtlTAL SHELF OF 
OREGON, f\S DEVELOPED BY DEMORY ET AL. ( 1976). The. heavy broken 
lines define survey limits. 
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FIGURE 3-72. SEASONAL SHELF MIGRATION FOR FLATFISH AND ROUNDFISH. 
Vertical distribution corresponds to seasonal onshore/offshore 
migrations. Note: 1 fathom= 1.83 meters= 6 feet. (From 
Alverson et al., 1964.) 
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w 
TABLE 3-56. ESTIMATES OF BIOMASS OF PRINCIPAL FISH SPECIES ON THE CONTINENTAL SHELF AND UPPER SLOPE BETWEEN CAPE 

I FLATTERY, WASHINGTON, AND CAPE BLANCO, OREGON. Confidence Limits (95%) are expressed as +%. (From Barss et al., 
l.n 1977, and Demory et al., 1976.) 
.i::-

Flattery to Columbia River 1 
Caoe Columbia River to Cape Blanco 2 

Biomass (metric tons) % Change Biomass (metric tons) % Change 
from from 1971-72 

Species 1975 +% 1976 +% 1975-76 1971-72 +% 1973-74 +% Shelf Only 

;"~Spiny dogfish 7,791 62 11'225 31 +44 3,655 55 12,687 36 +247 
**Skates 12,991 44 13,343 26 +03 16,925 20 17,019 12 +1 
**Ratfish 1, 780 44 1,534 37 -14 12,883 27 12,396 27 -4 

American shad 709 55 534 76 -25 
Pacific cod 1,977 81 1,491 93 -25 747 99 807 65 +8 

**Pacific hake 11 ,400 79 35,662 52 +213 132,626 34 68, 177 30 -49 
Walleye pol lock 29 179 
Rockfish 

Bocaccio 93 140 81 154 -13 1, 172 82 897 97 -23 
Widow rockfish 2 200 1 200 -50 167 147 113 122 -32 
Black rockfish 50 142 75 200 +50 290 107 471 77 +62 
Yel lowtai 1 rockfish 2,616 127 611 74 -77 2, 152 95 2,055 78 -5 
Canary rockfish 1,976 91 825 62 -58 2,727 57 16,969 177 +522 
Blackmouth rockfish 592 66 895 58 +51 
Redstripe rockfish 16 200 19 195 +19 151 141 
Pacific ocean perch 2, 724 68 2,421 99 -11 397 126 738 36 +86 
Stripetail rockfish 19 166 5 159 -74 462 98 729 98 +58 
Splitnose rockfish 1,909 186 798 155 -58 114 161 154 117 +35 
Flag rockfish 845 139 170 68 -80 
Sharp€hin rockfish 48 1111 183 168 +281 332 98 70 114 -80 
Greenstriped rockfish 553 51 503 75 -9 5,284 46 3,610 53 -32 
Rosethorn rockfish 107 43 108 110 +1 32 113 383 157 +1 ,097 
Yel.lowmouth rockfish 152 107 14 170 -91 
Longjaw rockfish 497 128 74 200 -85 
Rougheye rockfish 66 75 36 168 -45 3 200 2 127 -33 
Aurora rockf i sh 4 200 35 200 25 116 -29 
Turkey-red rockfish 119 97 
Shortspine thornyhead 504 112 329 67 -35 1,298 46 2,509 35 +93 
Darkblotched rockfish 549 54 181 58 -67 
Redbanded rockfish 374 87 79 76 -79 
Yelloweye rockfish 279 104 169 109 -39 
Silvergray rockfish 12 166 18 126 +50 
Quillback rockfish 10 200 

*"'Sablefish 5,515 54 3,982 200 -28 11'351 63 9,763 33 -14 
,.,,., Li ngcod 4,717 37 2,498 33 -47 4,400 26 4,097 40 -7 

:>:> 
(1) 
ID 
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TABLE 3-56. ESTIMATES OF 

Cape Flattery to Columbia River 

Biomass (metric tons) 

Species 1975 +% 1976 

Flatfish 
;'t* Pacific sanddab 8,442 69 8,276 
*";" Arrowtooth flounder 15,070 42 10,558 

Slender sole 2,345 47 2,091 

'"'* Petrale sole 1,650 33 1 ,043 
Flathead sole 1,018 108 1,067 
Sand sole 435 85 930 
Butter sole 8,021 105 3,962 

** English sole 18,443 60 16, 141 
Rock sole 78 78 8 

;'o': Dover sole 14,501 31 11,218 
*''~ Rex sole 13, 511 31 13,938 

Starry flounder 1,011 144 1 ,359 
Curlfin sole 47 146 26 
Pacific halibut 84 147 

Total 143,447 147,303 

'"*Rockfish 11,911 6,442 
Flatfish 84,656 70,617 

1 Data are for 1975 and 1976, from Barss et al., 1977. 

2 Data are for 1971-1974, from Demory et al., 1976. 

+% 

26 
37 
31 
25 
43 
87 
52 
55 

114 
23 
24 
55 

189 

FISH BIOMASS (continued). 

1 Columbia River to 

% Change Biomass (metric tons) 
from 

1975-76 1971-72 +% 1973-74 

-2 10,894 56 11, 988 
-30 7,759 24 7' 187 
-11 481 34 555 
-37 5,804 40 3,980 

+5 389 59 262 
+114 1'235 100 536 

-51 457 39 776 
-12 17,936 25 19, 713 
-90 330 96 326 
-23 26,128 20 22,835 
+3 12, 130 20 10,843 

+34 471 90 408 
-45 111 111 109 

487 71 505 

+3 283,750 235,117 

-46 16, 551 30, 148 
-17 84,612 80,023 

**Distribution and relative density are mapped by Barss et al., 1977, and Demory et al., Jq76. 

Cape Blanco 2 

% Change 
from 1971-72 

+% Shelf Only 

36 +10 
19 -7 
26 +15 
27 -31 
48 -33 
50 -57 
53 +70 
41 +10 
75 -1 
17 -13 
22 -11 
77 -13 
73 -2 
81 +4 

-17 

+82 
-5 
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TABLE 3-57. AVERAGE PELT PRICES IN WASHl.NGTON AND OREGON. (From Oregon 
State Wildlife Commission, 1973; Washington State Game Department, 1977.) 

Species 

Mink 

Muskrat 

Marten 

Otter 

Beaver 

Wildcat 

Coyote 

Badger 

Raccoon 

Gray Fox 

Red Fox 

Skunk 

Civet Cat 

Weasel 

Opossum 

Ring-tailed Cat 

Nutria 

$ 8.28 

.91 

8.33 

25.21 

15. 11 

17.21 

6.82 

4. 17 

3.91 

2.27 

4.63 

.91 

1. 42 

.41 

.76 

1. 25 

1.63 

1969-70
1 

$ 5.31 

1.01 

6.61 

26. 17 

11. 59 

14.75 

7.24 

2.90 

3.06 

2.88 

6.44 

1.09 

1. 15 

.42 

.32 

1. 51 

1970-71
1 

$ 3.29 

.91 

5. 77 

23.60 

9.52 

13.66 

6.93 

3.25 

1. 98 

2.45 

5.33 

1. 24 

.91 

.32 

.61 

1.50 

Source: Oregon State Game Division, 1973. 
2 Sburce: Washington State Game Department, 1977. 
3 Price for eastern species was $126.96. 
4 Price for eastern species was $53.02. 
5 Did not differentiate between fox species. 

1971-72
1 

$ 4.96 

1.27 

5.08 

31 .84 

13.90 

20.96 

8.69 

4.35 

3. 77 

3.26 

7. 72 

1. 12 

1.59 

. 19 

.49 

2.07 

1972-73
1 

$ 9.08 

2.04 

7.93 

46.80 

16.67 

39.43 

13.33 

5.81 

6.85 

6.80 

18.55 

1.49 

2.26 

.44 

.so 

2.75 

1976-77
2 

$15.33 

5.04 

25.53 

79.09 

21. 77 

64.433 

23. 164 

19. 10 

20.98 

42.555 

5.29 

6 Did not differentiate between civet cat and skunk. 

TABLE 3-58. FURBEARER HARVEST IN THE STATE OF WASHINGTON. (From 
Washington State Game Department, 1977.) 

SPECIES 

Beaver 

Muskrat 

Otter 

Mink 

Coyote 

Raccoon 

Bobcat 

Skunk 

Nutria 

Weasel 

Badger 

Canada Lynx 

Marten 

Fox 

1969 
1970 

1970 
1971 

1971 
1972 

1972 
1973 

1973 
1974 

10,340 8,460 8,350 7,380 12,370 

26,340 27,390 30,660 21,450 32,560 

400 490 600 560 640 

1,890 

1,090 

2,360 

670 

380 

1, 180 

1,020 

1'810 

570 

340 

1, 130 

1,480 

1,630 

840 

330 

1,370 

5, 120 

3,790 

1,090 

690 

1974 
1975 

11'300 

41,320 

690 

1,610 

6,420 

3,690 

820 

460 

930 

1,870 

1'730 

510 

40 

60 570 1,010 

240 

20 

30 

100 

250 

190 

10 

20 

60 

120 

100 

10 

10 

20 

110 

120 

30 

10 

20 

90 

130 

150 

10 

20 

230 

130 

90 

40 

40 

210 

1975 
1976 

1976 
1977 

7,240 15,410 

50,100 82,550 

660 1,290 

1,360 2,010 

6,480 13,570 

3,720 6,090 

1,035 1,650 

550 900 

820 1,610 

180 

50 

40 

150 

180 

310 

220 

90 

250 

360 
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TABLE 3-59. FURBEARER CATCH FOR COASTAL COUNTIES 
1977; 0 reg on State Wild! ife Commission, 1973.) 

Watershed 
Unit County Beaver Muskrat Otter Mink 

Cl al lam 2 
170 147 37 2 

Jefferson 
2 44 81 28 2 

2 Gr. Harbor 711 600 127 49 

2 Pacific 515 711 45 23 

3 Wahkiakum 99 246 3 14 

3 & 4 Clatsop 693 502 7 54 

4 Ti 1 lamook 635 404 51 22 

5 Lane 2 
1'618 539 67 77 

5 Lincoln 439 224 18 9 

6N Douglas 2 
1'227 249 36 18 

7 Coos 750 196 30 13 

6S, 8 Curry 154 82 10 2 

1972-1973 data for Oregon 
1976-1977 data for Washington. 

2 I nc 1 udes 1 a rge portion of county outside study area. 

3 Data for Washington is combined for Gray and Red Fox. 

OF OREGON AND WASHINGTON. l (From Washington State Game Department, 

Gray Red 
Coyote Raccoon Bobcat Skunk Nutria Weasel Opossum Fox Fox 

90 97 60 42 173 

88 100 15 103 

123 224 85 15 70 33 

123 143 82 9 17 7 

15 79 7 2 176 2 

3 128 23 5 403 7 7 

14 170 117 13 17 63 

86 386 206 10 867 30 18 69 

23 252 82 36 142 4 41 

30 146 40 3 12 4 4 

78 28 11 4 

20 10 9 



3.4. 1.3 Furbearing Species (continued) 

The grizzly bear and the timber wolf are no longer found in the study area. Cougar (mountain 
lion) populations are concentrated in the Olympic Peninsula as are black bear populations 
(Nowak, 1976; Poe Iker and Hartwel I, 1973). 

3.4.2 Species of Recreational Value. This section concerns itself with species which are 
harvested for recreational purposes, including big game animals such as deer and elk, smal 1 
game species such as bobcat and gamebirds, and fish caught for sport such as trout, salmon, 
and bass. 

Many species within the region are utilized in a non-consumptive way for aesthetic purposes. 
Usually this form of use is in conjunction with the physical attributes and beauty of the 
location and is thus not species-specific. California State Fish and Game Commission (1965C) 
reports deer as an important species for recreational observation and photography. Information 
on the amount of such non-consumptive utilization of wildlife is sparse within the study area. 
Washington State Game Department (1977) reports that 61% of the use (man days) for al I of 
Washington State Wildlife Recreation Areas for 1975 and 1976 was non-consumptive. A similar 
ratio is reported by the Oregon State Wildlife Commission (1973) for recreational use of 
Oregon State l~ildlife Management Areas in 1972. One can expect at least as high a ratio 
for the study area. The Forest Service (USDA, l977A) briefly summarizes a trend of increased 
non-consumptive wildlife use nationwide. 

3.4.2. 1 Big Game Species. The major big game species of the region are Roosevelt elk, black
tai led deer, black bear, and mountain lion. Although mountain lions are completely protected 
in California and elk are in low numbers and 1 ightly hunted in California, substantial popula
tions of all these species occur within the study area. The largest concentrations of mountain 
lion, black bear, and Roosevelt elk in the study area occur on the Olympic Peninsula (Nowack, 
1976); black bear are considered forest pests in this area (Watershed Units 1 and 2). Elk are 
concentrated in Watershed Units 5 and 7. Black-tailed deer are common throughout the region. 
Data on harvest for major portions of the region are given in Tables 3-60 and 3-61. 
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TABLE 3-60. 1976 HARVEST OF BIG GAME IN WASHINGTON 
COASTAL COUNTIES. (From Washington State Game 
Department, 1977.) 

COUNTY DEER 

Cl al lam 1, 150 

Grays Harbor 1,650 

Jefferson 920 

Pacific 1 ,670 

Skamania 1,430 

TOTAL 6,820 

ELK 

480 

500 

440 

740 

360 

2,520 

BEAR 

180 

220 

140 

80 

170 

790 

COUGAR 

12 

20 

33 

TABLE 3-61. OREGON BIG GAME HARVEST FOR COASTAL AREAS. 

26,040 + 16,200 1,506 + 867 1,770 16 

2 

Northwest and southwest region.data are for 1972 (Oregon 
State Wildlife Commission, 1973). 

Statewide total for 1975 (Oregon State Department of Fish 
and Wildlife, 1976B). 

3 Statewide total for 1975 (Oregon State Department of Fish 
and Wildlife, 1976B). Nowak (1976) reports only scattered 
population of cougar in Oregon Coastal ~ange. 
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Trends in harvest are exemplified by Tables 3-62, 3-63, and 3-64. Note that the trends and 
percentage of hunter success are summarized for the entire state of Washington on Table 3-62 
and for all or most of Western Oregon in Tables 3-63 and 3-64. Nationwide, the Forest Service 
(USDA, 1977A) reports an 80% increase of big game hunters between 1955 and 1970. 

TABLE 3-62. BIG GAME HARVEST TRENDS IN WASHINGTON 
STATE. 1 (From Washington State Game Department, 
1977.) 

YEAR DEER ELK BEAR COUGAR 

1971 52,800 8,520 4, 100 250 

1972 40,000 8,600 3,400 200 

1973 58,320 14, 140 2,830 200 

1974 50,600 10,060 3,910 210 

1975 58,700 12,730 3,760 230 

1976 48,810 10,030 3, 150 190 

Data are statewide totals. 

TABLE 3-63. OREGON STATE DEER HUNTING TRENDS. l 
(From Oregon State Wildlife Commission, 1973,) 

BLACK-TAI LED DEER 

GENERAL PERCENT 
SEASON NUMBER HUNTER 

YEAR HUNTERS HARVESTED SUCCESS 

1952 61'531 24,867 40 
1953 83,552 40,668 49 
1954 80,430 35,745 44 
1955 81,919 43,708 53 
1956 87,274 40,277 46 
1957 81,333 34,626 43 
1958 94,702 45,001 47 
1959 104,750 56,670 54 
1960 110, 725 61,382 55 
1961 101,971 65,988 65 
1962 108,343 62,936 58 
1963 105,603 52,941 50 
1964 110, 555 58,358 53 
1965 108,281 47,732 44 
1966 110,384 59,459 52 
1967 109,250 54,820 50 
1968 111,940 62,360 56 
1969 88,850 32,640 37 
1970 92,050 29,400 32 
1971 109, 120 40,560 37 
1972 127,200 44,020 35 

1 Data are principally for western portions of state .. 

California Sta1:e Fish and Game Commission (1965C) reported black-tailed deer and black bear (in 
that order) were the two most common big game animals in the state. They estimated 395,000 
hunters went after all species of deer in California in 1963, taking 60,450 deer, and projected 
an increase to 525,000 hunters for 1980. 
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3.4.2.J Big Game Species (continued) 

Black bear take varied from 600 to 1,000 per year for all of California in the early 1960's 
(California State Fish and Game Commission, 1965C).· 

Roosevelt elk population in California is small in numbers (more or less 2,000). Annual har
vest is less than 100 elk with some years closed to hunting altogether (California State 
Fish and Game Commission, 1965C). 

1 
TABLE 3-64. OREGON STATE ELK HUNTING TRENDS. 
(From Oregon State Wildlife Commission, 1973.) 

ROOSEVELT ELK 

PERCENT 
NUMBER HUNTER 

YEAR HUNTERS HARVESTED SUCCESS 

1940 1 ,343 198 15 
1945 1,327 222 17 
1950 6,076 1,947 32 
1955 6,205 973 16 
1961 14,835 3,130 21 
1962 13,559 1, 791 13 
1963 13,508 3, 123 23 
1964 21 ,888 4,702 21 

1965 19,736 2,904 15 
1966 18,674 2,684 14 

1967 18, 100 2,620 14 
1968 20,300 3,260 16 
1969 19,700 2,038 10 
1970 21,370 3,340 16 
1971 22,910 2,680 12 

1972 25,400 2,380 9 

1 Data are principally for western portions of state. 

3.4.2.2 Small Game Species. The regional fauna includes numerous small game spe~ies,. such as 
waterfowl, upland game, and rabbits. Recent harvest data for small game are provided. 1n Tables 
3-65, 3-66, and 3-67. Important species include band-tailed pigeon, ruffed grouse, ring-necked 
pheasant, quail, American widgeon, pintail, mallard, and Canada goose. 

Trends in utilization of small game species nationwide indicate a 20% increase in the number of 
small game hunters between 1955 and 1970 (U.S.D.A., Forest Service, 1977A). The statewide trend 
in hunters and harvest (1971 to 1975) for Washington is indicated in Table 3-68. Similarly, 
statewide trends for small game for Oregon are given in Table 3-69 for the period of 1954 to 
1972. The population status of small game in the region is fairly stable. The predominant land 
use of forestry in the region leaves much of the landscape in early successional stages which are 
favored by most upland small game species as well as big game (Maser et al., 1977; Brown, 1961). 
Blue grouse and band-tailed pigeon are not as dependent on early seral stages, but 1neither do 
they appear to require old growth within the region. 

Since little of the land within the region is in agricultural use, small game species commonly 
associated with agricultural land (e.g. ring-necked pheasant and eastern cottontail rabbit) 
are uncommon and do not play a significant role in the recreational harvest. 

Waterfowl productivity (breeding) within the region is modest (five or Jess individuals per square 
mile), but use by wintering-populations and fall and spring migrant populations is substantial. 
The region is within the Pacific flyway with coastal estuaries, lakes, and wetlands playing an 
important role as feeding, wintering, and resting areas. Waterfowl concentration areas for the 
region are indicated in Figure 3-73. Major concentration areas are Grays Harbor, Willapa Bay, 
Columbia River, Coos Bay, and Humboldt Bay. Important hunted waterfowl include American 
widgeon, mallard, pintail, canvasback, Canada goose, and black brant. 
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TABLE 3-65. 1976 SMALL GAME HARVEST DATA FOR WASHINGTON STATE COASTAL COUNTIES. (From Washington State Game Department, 
1977.) 

County 

Cl al lam 
1 

Grays Harbor 

Jefferson 
1 

Pacific 

Skamania 

TOTAL 

Bobcat Raccoon Coyote 

800 330 660 

510 620 940 

100 780 360 

70 220 870 

240 990 280 

1,720 2,940 3,110 

Includes portions outside of study area. 

Rabbits 

.2,320 

940 

920 

1,320 

400 

5,900 

Dove 

310 

0 

0 

0 

570 

880 

Pigeon Snipe 

1,200 450 

5,850 1,330 

3,260 350 

5,520 1,520 

1,090 0 

16,920 3,650 

Pheasant 

1,260 

4,050 

310 

920 

40 

6,580 

Grouse 

11'190 
12,620 

3,480 

11, 170 

5,800 

44,260 

Ducks 

21,600 

38,010 

10,240 

30,790 

780 

101,420 

Geese 

640 

1,230 

0 

1,780 

120 

3, 770 

TABLE 3-68. SMALL GAME HUNTER AND HARVEST TRENDS FOR WASHINGTON STATE, 1971-1976. (From Washington State Game 
Department, 1977.) (Figures in thousands.) 

Bobcat 
Hun-

Raccoon 
Hun-

Coyote 
Hun-

Rabbits Pheasant 
Hun- Hun-

Grouse 
Hun-

Waterfowl 1 Dove 
Hun- Hun-

P
• 2 1geon Snipe 

Hun- Hun-

Qua i 1 

1,250 

0 

90 
0 

470 

1,810 

Qua i 1 
Hun-

Year ters Ki 11 ters Ki 11 ters Ki 11 ters Ki 11 ters Ki 11 ters Ki 11 ters Ki 11 ters Ki 11 ters Ki 11 ters Ki 11 ters Ki 11 

1971 5 5 4 11 22 33 23 136 93 419 102 331 90 945 28 318 20 130 7 35 32 149 

1972 4 4 4 10 22 38 24 130 99 469 105 361 86 1008 27 280 19 101 7 35 35 155 

1973 5 6 4 15 26 41 26 183 99 480 106 362 88 1059 29 317 19 99 6 35 35 166 

1974 4 7 5 15 35 47 27 154 102 437 112 306 91 950 28 263 19 91 7 31 39 181 

1975 4 3 4 12 37 55 30 162 97 461 114 369 90 1042 26 275 17 81 8 40 42 247 

1976 5 4 5 17 38 51 30 184 99 404 114 336 88 1023 24 212 18 76 8 37 47 285 

Includes both geese and ducks. 

w 2 
1 Band-tailed pigeons. 
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3.4.2.2 

TABLE 3-66. 1972 HARVEST OF SMALL GAME IN OREGON STATE COASTAL AREAS. 
(From Oregon State Wildlife Commission, 1973.) 

Habitat Area Squirrel Pheasant Grouse Quai 1 Pigeon 

North Coast 6,730 970 19,210 

South Coast 1, 210 1,540 2,050 18,890 

Umpqua 3,420 1'330 3,040 8,510 7,650 

Rogue 5,310 11,990 1 ,460 12,980 7,230 

TABLE 3-67. 1972 WATERFOWL HARVEST IN OREGON COASTAL COUNTIES. (From 
Oregon State Wildlife Commission, 1973.) 

Harvest 
County Duck Goose Snipe 

Lane 35,320 940 1 ,850 

Clatsop 25,910 330 110 

Linco 1 n 5,410 0 30 

Tillamook 13,640 330 910 

Coos 25,600 110 1'160 

Curry 1,440 660 0 

Douglas 14,250 80 300 

Small Game Soecies (continued) 

An estimated 50,000 ducks and 6,000 geese utilize Grays Harbor estuary during winter months 
(OIW, 1974). Over 200,000 waterfowl are thought to inhabit Willapa Bay during peak periods, 
including 50,000 black brant and 1,400 to 1 ,600 canvasback ducks. The Bay is also an important 
wintering area for the dusky Canada goose, which breeds in the Copper River area in Alaska. 

Waterfowl use in the Columbia River estuary is shown in Figure 3-74 and summarized in 
Tables 3-70 and 3-71 for lower and upper Columbia estuary respectively. Little specific data 
are available for Oregon estuaries. Thompson and Snow (1974) report 124,000 waterfowl use the 
Oregon coastal zone annually. However, summarized data reported by Akins and Jefferson (1973) 
indicate an estimate of only 42,000. 

Humboldt Bay is the most· important wintering site for waterfowl in California north of San 
Francisco Bay, and is extremely important to maintenance of the Pacific flyway. Wintering 
populations of ducks in the 1960's were estimated at 124,000 with an additional 35,000 black 
brant (California State Fish and Game Commission, 1965A). 

An estimated 100 million ducks, 5 to 6 million geese, and 100 to 150 thousand swans utilize all 
flyways of the United States. Approximately 20% of these waterfowl, excluding swans, utilize 
the Pacific flyway; a larger proportion of the swans use the Pacific flyway (USDA, Forest 
Service, 1977A). 

Willapa Bay and Humboldt Bay are becoming increasingly important wintering areas for canvasback 
ducks as San Francisco Bay and other south coast wintering areas are deleteriously affected by 
development, concomitant land use changes, and pollutants. 

Wintering waterfowl are dependent on unimpacted wetlands, estuaries, embayments, lakes, salt 
marshes, and intertidal flats of the region. Yocum (1951) reports the plant species listed in 
Table 3-72 as the major food sources for ducks in the Pacific coastal area. Black brant are 
dependent on eelgrass for food source. Snails, bi-valves, insects, and crustaceans are also 
important duck food, accounting for about 30% of the animal material occurring in study samples 
(Yocum, 1951). 
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TABLE 3-69. SMALL GAME HUNTER AND HARVEST TRENDS FOR OREGON STATE, 1954-1972. 
Figures given in thousands. (From Oregon State Wildlife Commission, 1973.) 

Pheasants Quai 1 Grouse Pigeons 1 
Year Hunters Ki 11 Hunters Ki 11 Hunters Ki 11 Hunters Ki 11 

1954 95 293 30 149 19 33 

1955 93 278 26 150 20 32 

1956 83 226 25 116 22 37 

1957 89 310 22 124 19 39 15 94 

1958 103 477 38 280 27 74 20 122 

1959 97 376 33 224 15 33 13 86 

1960 95 352 31 191 17 37 13 87 

1961 91 376 35 242 18 45 15 121 

1962 82 329 29 130 14 29 14 121 

1963 34 374 31 265 14 35 12 91 

1964 82 337 31 231 12 27 12 104 

1965 75 255 26 168 13 105 

1966 72 243 26 159 8 17 12 121 

1967 72 263 35 251 13 37 10 82 

1968 68 217 31 217 13 35 12 95 

1969 72 224 29 174 15 41 11 85 

1970 73 232 31 236 17 49 13 99 

1971 54 168 27 179 16 43 11 84 

1972 58 179 30 192 18 58 12 87 

1 Band-tailed pigeons. 

TABLE 3-.70. MIGRANT WATERFLOW CONCENTRATIONS IN THE LOWER (RIVER MILE 1-12) 
COLUMBIA RIVER ESTUARY. (From Oregon Cooperative Wildlife Research Unit, 
1976.) 

Region 

Species 

American 
widgeon 

Coot 

Canvasback duck 

Surf & White
winged scoters 

Western grebe 

Pinta i 1 

Concentration 

High 

Low 

Moderate 

Low 

Moderate 

High 

Geographical 
Location 

Baker Bay 

Baker Bay 

Baker Bay 

Baker Bay 

Baker Bay 

Baker Bay 

Vegetation Seasonal 
Habitat Occurrence 

Tidal Marsh/ Fall 
Open Water 

Tidal Marsh/ Fall 
Open Water 

Tidal Marsh/ 
Open Water 

Tidal Marsh/ 
Open Water 

Tidal Marsh/ 
Open Water 

Tidal Marsh/ 
Open Water 

Winter 

Winter 

Winter 

Fa 11 
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Cape Flat terr • 

FIGURE 3-73. WATERFOWL CONCEN
TRATION AREAS IN THE REGION. 

.. 

These major locations (stippledareas) 
where ducks and geese overwinter are 
(from north to south) Grays Harbor, 0~ Willapa Bay, Columbia River f 
estuary, Tillamook Bay, Si ltcoos 
and rahkenitch Lakes, Coos Bay, 
Coquille Rive~ and Humboldt Bay. 
(From ACOE, 1975F; Loy et al., 
1976; California State Fish and 
Game Commission, 1965A.) 
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FIGURE 3-74. ESTIMATED WATERFOWL USE OF THE UPPER AND LOWER 
COLUMBIA RIVER ESTUARY DURING FALL AND WINTER, 1974-75. R.M. 
river mile (from mouth). (From Oregon Cooperative Wildlife 
Research Unit, 1976.) 
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TABLE 3-71. MIGRANT WATERFOWL CONCENTRATION IN THE UPPER (RIVER MILE 
12-50) COLUMBIA RIVER ESTUARY. (From Oregon Cooperative Wildlife Research 
Unit, 1976.) 

Geographical Vegetation Seasonal 
Species Concentration Location Habitat Occurrence 

Canada goose Moderate Nat iona 1 Wildlife Tidal Marsh Winter 
Refuge RM 18-38 and Islands 

White-fronted Low National Wildlife Tidal Marsh Fall/ 
goose Refuge RM 18-38 and Islands spring 

Ma 11 a rel High National Wildlife Tidal Marsh Winter 
Refuge RM 18-38 and Islands 

Widgeon High National Wildlife Tidal Marsh Winter 
Refuge RM 18-38 and Islands 

Pinta i 1 High National Wildlife Tidal Marsh Winter 
Refuge RM 18-38 and Islands 

Whistling swan High Grassy, Russian & Intertidal Winter 
Seal Islands Marsh and 

Flats 

TABLE 3- 72, DUCK FOOD ITEMS OF THE PAC I Fl C COAST. (From Yocum, 1951.) 

Species Occurrence 

Potamogeton spp. (Pondweed).................. 149 
Scirpus spp. (Bulrush) 1 ....... ....... .. ...... 155 
Cyperus spp. (Cyperus). .............. .... .... 8 
Zannichellia palustris (Horned Pondweed)..... 9 
Zostera marina (Eelgrass).................... 3 
Eleocharis spp. (Spike Rush)................. 50 
Triglochin maritima (Arrowgrass)... ...... .. .. 89 
Distichl is spp. (Salt Grasses)............... 18 
Ruppia maritima (Widgeon Grass).............. 19 
Polygonum spp. (Smartweeds)... ..... ...... .... 60 

Volumetric 
Percentage 

12. 1 
4.8 
4.4 
3. 1 
3.0 
2.9 
2.6 
2.2 
2.2 
1. 8 

Three-square bulrush (Scirpus americanus) is the preferred species in 
salt marsh areas. 

3.4.2.2 Small Game Species (continued) 

Access to the literature for small game is listed in the Annotated Species List under the notes 
column. Additional information can be found in Salo (1975), Bent (1919-1968), and Yocum (1951) 
for waterfowl; Ingles (1965) and Maser et al. (1977) for mammals; Wahl and Paulson (1971) and 
Jackman and Scott (1975) for selected birds. Alcorn (1972) provides a bibliography for the 
gamebi rds found in the region. The WESTFORNET Annotated Computer System (with access at 
Berkeley, California, and University of Washington, Seattle) includes species-specific access 
to recent West Coast publications. Wildlife Review also allows species-specific access to the 
literature for a number of years. 
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3.4.2.3 Recreational Fishery Species. Oceanic, coastal, and inland fish species contribute 
to an intensive recreational fishery in the region. Nationwide, fishing was the preferred out
door activity for a third of all Americans in 1960, second only to swimming. Principal sport 
species are coho and chinook salmon (primarily taken at sea although some are taken in estuaries 
and lower rivers), cutthroat trout (taken in estuaries, stream?, and some lakes and beaver ponds), 
rainbow trout (taken in larger rivers and lakes), steelhead trout (taken in major rivers), 
striped bass (taken in southerly estuaries and rivers), marine perch (taken off jetties, docks, 
and beaches), li~gcod and rockfish (taken near rocky areas in coastal and marine waters), large 
mouth bass (taken in lowland lakes), and miscellaneous spiny ray fish (also taken in lowland 
lakes). 

Razor clams are an important recreational species of the coastal beaches in the more northerly 
watershed units. The significance of the effort and harvest are shown in Table 3-73. 

Hard shelled clams are important recreational species in estuaries throughout the region. 
Principal species are gapper clam, bent-nose clam, Mani la 'clam, and soft shell clam. The Oregon 
State Fish Commission (1973-1974) has summarized catch and effort for Oregon estuaries for 
a one year sample. 

Trends in recreational fisheries indicate an increased demand, with the number of fishermen 
having increased 60% from 1955 to 1970 nationwide (U.S.D.A., Forest Service, 1977A). The 
number of recreational salt water fishermen more than doubled between 1955 and 1970 with effort 
or fishing days showing a parallel trend. Recreational fishing was the fastest increasing con
sumptive use of fish and wildlife in the 1955 to 1970 period (U.S.D.A., Forest Service, 19748). 

Fishing for anadromous species is the most significant sport fishing activity of the region. 
Table 3-74 indicates the importance of the fishery, and of particular anadromous fish species. 
Washington State (including Puget Sound waters) has the largest recreational catch of salmon in 
the U.S., followed by Oregon, California, and Alaska (Salo, 1974). 

Catch data and trends for Washington State coastal waters are summarized in Tables 3-75 and 
3-76 for both saltwater and freshwater takes. As indicated, sport catch has been steadily 
increasing in the offshore fishery. 

Oregon's recreational harvest for 1974 and 1975 is summarized in Table 3-77 showing a substantial 
catch. 

Natural production of salmon has decreased in recent years. There is little agreement on the 
cause of the decline, but it is probably due to a combination of factors including dams and 
their impedence to anadromous migration, loss of spawning habitat through land use changes, 
inundation, and commercial overfishing of stocks through the 1950's (foreign take of salmon is 
still poorly regulated) (Korn, 1977; Fulton, 1968 and 1970). The losses to a large extent have 
been compensated by hatchery production (see commercial fishery section). The long term genetic 
effects of loss of the wild stock {genetic variability, etc.) is unknown. 

Literature on the ecology of recreational fish species of the study area has been reviewed by 
Moyle (19768), Hart (1973), Scott and Crossman (1973), and Wydowski and Whitney (in press). A 
few additional references are provided in the Annotated' Species List. 
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TABLE 3-73. SUMMARY OF YEARLY DIGGING EFFORT AND CATCH FOR ALL RAZOR CLAM FISH-
ERi ES AT THE WASHINGTON STATE OCEAN BEACHES, 1946 THROUGH 1970. Catch limits for 
the years were: 36 clams for 1946 and 1947, 24 clams for 1948 through 1959 (except 
18 in 1950), and 18 clams for 1960 through 1970. (From Tegelberg et al., 1971.) 

Catch in 
Year Thousands of Sport Diggers Millions of Clams 

Long B· Twin H.B. Copa l is Moc rocks Kala loch Total Sport Comm. Total 

1946 134 28 46 208 7.4 7.6 15.0 

1947 167 35 59 261 9.4 7. 1 16.5 

1948 79 39 69 187 5.2 6.8 11. 0 

1949 84 62 87 233 5.5 4.0 9.5 

1950 86 63 88 237 4.6 1. 4 6.0 

1951 161 110 151 422 10.0 2.8 12.8 

1952 154 90 122 366 8. 1 2.6 10.7 

1953 163 144 161 468 11. 8 2.8 14.6 

1954 186 171 165 522 12.5 2.3 14.8 

1955 158 151 165 474 11. 3 2.5 13.8 

1956 150 154 155 459 10. 1 1. 7 11. 8 

1957 172 186 188 546 11.6 2. 1 13.7 

1958 174 247 263 684 14.9 3.0 17.9 

1959 197 162 166 14 7 546 9.8 2.3 12. 1 

1960 149 128 205 17 11 510 6.8 0.9 7.7 

1961 157 100 278 26 14 575 8.2 1. 2 9.4 

1962 183 172 272 45 11 683 11.2 0.7 11. 9 

1963 192 213 293 52 15 765 13. 1 1.0 14. 1 

1964 120 208 261 41 13 643 10.8 o.oa 10.8 

1965 127 154 252 50 582 9.2 0.6 9,8 

1966 185 159 288 50 682 11.5 1.0 12. 5 

1967 215 173 275 86 749 11.5 o.6 12. 1 

1968 159 120 240 115 634 9.4 9.4 

1969 104 100 248 103 554 8.4 8.4 

1970 120 87 274 142 622 6.8 6.8 

a Season was closed after two days because of oil spillage. 
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TABLE 3-74. RECREATIONAL SALTWATER FISHING FOR THE ANADROMOUS SPECIES OF THE 
PACIFIC COASTl BY PRINCIPAL SPECIES, 1970.2 (From Deuel, 1973.) 

Proportion Taken in Bays, 
Number of Number of Sounds, and Tidal 

Species Fishermen Fish Caught Portions of Rivers 

(Thousands) (Thousands) (Percent3) 

Salmon, chi nook 218 912 47 

Salmon, coho 321 1,447 34 

Salmon, pink 54 162 57 

Shad, American 3 69 95 

Sme 1 ts 104 4,812 94 

Steel head 116 724 90 

Striped bass 153 2,031 88 

Trout, cutthroat 48 1, 100 99 

Trout, Dolly Varden 27 199 100 

Northern California to Washington plus Alaska, except 10 percent of smelt 
taken in Southern California. 

2 Excludes fish caught in freshwater portions of river systems. 

3 Based on data from both Atlantic and Pacific Coasts. 

TABLE 3- 75. SALT WATER SPORT CATCH AND TREND OF COHO AND 
CHINOOK SALMONl ,2 FOR WASHINGTON3 1946-1975. (From Washington 
State Department of Fisheries, 1976.) 

Coho Chinook Coho Chinook 

19464 2,600 23,400 1961 149,100 66,700 
1947 3,200 12,800 19625 271,300 82,400 
1948 2,800 1963 246,500 88, 100 
1949 11,200 1964 216,100 98,400 
1950 2,300 16,600 1965 451,300 123,100 
1951 1,900 7,200 1966 276,200 131,300 
1952 20,000 65,000 1967 413,400 154,300 
1953 21,600 18,200 1968 382,400 136,100 
1954 44,600 39, 100 1969 345,700 141,900 
1955 51,200 64,900 1970 455,400 153,400 
1956 136,000 110,400 1971 675,600 151, 100 
1957 151,700 79,900 1972 494,800 197,600 
1958 97,000 65,000 1973 440,500 188,800 
1959 119,400 66,200 1974 529,800 197,700 
1960 69,500 84, 100 1975 442,300 247,800 

1 Based on salmon punch card figures. 

2 A few pink salmon are taken in odd years but in small numbers, less than 
20,000 for the coast. 

3 Columbia River catch (lower river) and ocean fishery only. 

4 1946-1964 Columbia, Washington, and Oregon are combined for Columbia River 
area and are included. 

5 Salt water areas only after 1963. 
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TABLE 3-76. FRESHWATER SALMON SPORT FISHERY CATCHES IN 
WASHINGTON COASTAL STREAMS, 1973-19751. (From Washington 
State Department of Fisheries, 1976.) 

1973 
COASTAL 

Queets River .... 2 ......... . Clearwater River .......... . 
Chehalis Riv~r ............ . 
Satsop River .. 

3 
........... . 

Wynooche Rivez·· ... ··· ····· 
Wi l lapa Rivzr .......... · · · · 
Nemah River .............. . 
Quinault River ............ . 
Lake Quinault ............. . 
Hoh River ................. . 
Quillayute River .......... . 
Bogachiel River ........... . 
Calawah River ............. . 
Soleduck River ............ . 
Copal is River ... 2 .. · · • · · · · · Humptulips River .......... . 
Naselle River ............. . 
North Rive2 ............... . 
John Rivez· ............... . 
E 1 k River .. 

2 
.............. . 

Smith Creek ............... . 
Wishkah River 2 ............ . Hoquiam River ............. . 
Other Streams ............. . 

261 
6 

3,359 
951 
751 
232 

2, 145 
30 

5 
861 

2, 145 
173 

32 
2, Lf69 

60 
5, 140 

31 Lf 

51 
13 

3 
113 

26 
19 

COLUMBIA RI VER 

Main Stem .. 2 ............... 3t,278 
Grays River................ 401 

Data are from salmon punch cards, 

2 Open to jack salmon only. 

3 Certain areas open to jack salmon only. 

1974 

272 
25 

4,963 
613 
186 
318 

2,084 
53 

736 
425 

97 

769 
31 

2,357 
206 

46 
33 
33 

5 
153 

5 
49 

14,619 
227 

1975 

372 
12 

2,033 
699 
246 
360 

1 ,043 
89 
4 

1 ,079 
473 
275 

85 
2,065 

8 
1,871 

246 
141 

8 
12 

263 
36 

100 

14,079 
129 

TABLE 3-77. SPORT HARVEST OF SALMON AND STEELHEAD OF WATERS OFF THE COAST 
OF OREGON. (From Oregon State Department of Fish and Wildlife, 1976A.) 

CHINOOK 

OCEAN 
1974 33,000 
1975 72,000 

COASTAL 
RIVERS 

1974 
1975 

COHO 

318,000 
228,000 

111, 700 
75,300 

STEELHEAD 

160,200 
179,600 

Region 



3.4.3 Rare, Endangered, Threatened, or Otherwise Significant Species. Since the region covers 
a three state area, the various rare, endangered, threatened, and similar classifications for 
the species within the region are overlapping and lengthy. Many lists have been generated 
regarding the status of species in the region. A summary is provided in Tables 3-78 and 3-79 
for animals and plants, respectively, in matrix form. These tables identify the designator 
of the status, as well as the Watershed Units in which each species occurs, and selected 
references. Information on which habitat the species occurs in, along with some data on 
specific location, is provided in the Annotated Species List. 

The definitions of status, e.g. endangered, threatened, rare, endemic, etc., as we have used 
them, are provided in the glossary. However, as each 1 isting party has a slightly different 
definition of these terms, the reader should check or referl to the definitions as used by the 
1 isting party. Eaton et al. (1975) and Dyrness et al. (1975) give useful reviews of status 
terminology. 

The causes for the endangered or threatened status of species within the region are varied, 
and in some cases controversial. Generally species have become threatened, endangered, or 
extinct throughout the world due to loss of suitable habitat (Taber, 1970). Examples from the 
study area include the Columbian white-tailed deer, the snowy plover, and the spotted owl. 
Species which are endemic or have limited ranges (e.g. Columbian white-tailed deer, Olympic 
mudminnow, and numerous plants) are particularly sensitive to this type of disturbance. Habitat 
protection is paramount to their survival and establishes a criterion for critical areas (see 
Section 3.5). 

More typical causes of endangerment in the region have been over-harvesting (e.g. Pacific sea 
otter) and toxic pollutant effects (e.g. peregrine falcon, southern bald eagle, and brown 
pelican). The reduction of these latter species which occupy niches near the apex of food 
webs is generally attributed to the effects of the organochlorine DDT and its derivatives, 
which accumulate in fatty tissue and cause eggshell thinning and subsequent reproductive 
failure (Simmons, 1974; Wurster, 1971). 

In other regions the introduction of exotic species has caused or nearly caused the extinction 
of species or subspecies (e.g. the decline of the Aleutian Canada Goose), particularly in island 
ecosystems (Holdgate and Wace, 1971). Closer to the study area, Moyle (1976 ) indicates that in
troduced exotic competitors are the cause of population declines of several fish species in 
California. 

The result of these pressures is a decline in species diversity (Taber, 1970) as well as genetic 
diversity for the remaining species (Vida, 1977). The potential problems of monocrop systems with 
little genetic variability have been raised by E. P. Odum (1971), among others, and more recently 
by Silen and Doig (1976) for forestry species of the area. Their argument states that genetic 
variability discourages epidemics of pests or disease. Also, the natural genetic pool of a 
species, having evolved over a long period of time with many changes in environmental conditions, 
provides greater resiliency to disturbances as well as better adaptation to edephic or otherwise 
site-specific conditions than the small gene pool which a monoculture could provide. 

Three species lists within the region have official and legal significance: the federal, Oregon 
State, and California State lists. The national and international list is published by the U.S. 
Department of Interior, Fish and Wildlife Service, through the Federal Register as prescribed by 
the Endangered Species Act of 1973 (16 U.S.C. 1531-1543). The State of Oregon 1 ist is published 
by the Oregon State Department of Fish and Wildlife as prescribed by Oregon Administrative Rule 
630-25-243·. The California list is published by the California Fish and Game Commission as 
required by the California Endangered Species Act of 1970 (Sections 2050 and 2055 of the Cali
fornia Fish and Game Code). Species listed by these three agencies have been designated in the 
preceeding Table 3-78. 

There are no officially designated endangered or threatened plants within the study area, 
although, as Table 3-79 indicates, numerous non-official or proposed listings exist (Denton 
et al., 1977; Siddall, 1977A and 1977B; Powell, 1974; Smithsonian Institution, 1975; FWS, 
1976C). 

Washington State has a list of "protected" wildlife (i.e. protected from hunting) which includes 
most non-game bird and mammal species. However, no special legal status is designated for this 
1 is t. 
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TABLE 3-78. RARE, ENDANGERED, OR THREATENEDa FAUNA OF THE PACIFIC NORTHWEST 
COASTAL AREA. 

INVERTEBRATES 

Cape Mendocino Snail 
Helminthoglypta ~ mattolensis 8,9 PTe 

Newcomb's Littorine 
Algamorda newcombiana 2 '7,'3f PTe 

Karok Indian Snail 9 PE 8 

Vespericola karokorum 

Rocky Coast Snail 8,9 PE8 

Monadenia fidel is [:!ronot is 

FISH 

NONE 

REPTILES AND AMPHIBIANS 

Siskiyou Mountain Salamander 
Qh Plethodon stormi 8,9 9 R ---

BIRDS 

California Brown Pe 1 i can 
E i Pelecanus occidental is californicus 2-9 E E 

Bald Eagle 
Haliaeetus leucocephalus 1-9 T E E/Ta 

American Peregrine Falcon 
E i Falco peregrinus anatum 1-9 E E 

Arctic Peregrine Falcon j 1; 
Falco pere~rinus tundrius E E 

Northern Spotted Owl 
Strix occidental is caurina 1-9 T 

Western Snowy Plover 
Chadaerius alexandrinus nivosus 1-9 T 

California Clapper Rail 
E i Rallus longirostris obsoletus 8-9 E 

Aleutian Canada Goose 
Branta canadensis leucopareia 1-9 E E i 

MAMMALS 

Sea Otter 
En hydra lutris 1, 7 T 

Bobcat 
Lynx rufus 1-9 Q 

River Otter 
Lutra canadensis 1-9 Q 
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Inland 

Estuary 

Inland 

Coastal 

Inland 

Oceanic, 
Estuary, & 

Coastal 

Estuary, 
Coastal, & 

Inland 

Estuary, 
Coastal, 
& Inland 

Coastal, 
Estuary, 
& Inland 

Inland 

Coastal 

Estuary 

Estuary, 
Coastal, 
& Inland 

Oceanic, 
Coastal 

Inland, 
Coastal 

Inland, 
Estuary, 
& Coastal 
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TABLE 3-78. RARE, ENDANGERED, OR THREATENEDa FAUNA OF THE PACIFIC NORTHWEST 
COASTAL AREA, continued. 

MAMMALS, continued 

Wolverine 
Gulo gulo 

Columbian White-tailed Deer 
Odocoileus virginianus leucurus 

Blue Whale 
Balaenoptera musculus 

Pacific Right Whale 
Balaena glacial is 

Sei Whale 
Balaenoptera borealis 

Fin Whale 
Balaenoptera physalus 

Humpback Whale 
Megaptera noveangliae 

Gray Whale 
Eschrichtius robustus 

Sperm Whale 
Physeter catodon 

a Sayre, 1978. 

b Refer to Figure 1 in Introduction for Watershed Units. 

c Oregon State Department of Fish and Wildlife, 1977. 

d California State Fish and Game Commission, 1973. 

e U.S. Fish and Wildlife Service, 1977A. 

f Newcomb's Littorine may be found in more estuaries 
than documented to date. 

g Range is 

h U.S. Fish 

i u. s. Fish 

j U.S. Fish 

probably inland of study area. 

and Wildlife Service, 

and Wildlife Service, 

and Wildlife Service, 

KEY 
E = Endangered 
T = Threatened 

1977B. 

1978. 

1976C. 

PT = Proposed Threatened 
PE = Proposed Endangered 
Q = Status under Review 
R = Rare 
*Not listed in 1978 checklist (Note #8). 

9 T R 

3 E Ei 

10 
( 1-9) Ej 

' 10 
(1-9) Ej 

10 
Ej (1-9) 

10 
Ej ( 1-9) 

10 
Ej (1-9) 

10 
Ej (1-9) 

10 
Ej (1-9) 

-

Inland 

Inland 

Oceanic 

Oceanic 

Oceanic 

Oceanic 

Oceanic 

Oceanic 

Oceanic 
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TABLE 3-79. FLORA OF THE PACIFIC NORTHWEST COASTAL REGION PROPOSED FOR RARE, ENDANGERED, OR 
THREATENED STATUS. All of the vascular plants of the study area that are proposed in the 
Washington (Denton et al., 1977), Oregon (Siddall, 1977A & 1977B), California (Powell, 1974; 
listed here as CNPS, 1974), or national (Smithsonian Institution, 1975; U.S. Fish & Wildlife 
Service, 1976c) 1 is ts for rare (R), endangered (E), or threatened (T) status have been entered 
in the Annotated Species List and are printed out below in three groups: Inland, Estuary, and 
Shoreline. Range (Watershed Units 1-9), Status (R=rare; !=endemic), and Notes on listing 
authority (above references plus Dyrness et al., 1975), name synonyms, etc., are given. Since 
none of these lists is official, all status entries are R or, where appropriate, I. Full names 
-- (the computer format unfortunately cut off names at 30 characters for this table) -- and 
zone and habitat information can be found in the Annotated Species List. 

SCIENTIFIC NAl1E 
CCl'11'101'1 NA11E 

4LLIUl'1 AMPLECTENS 
~LI~-LEAVED ONION 

ALLIUM dOLANDC:Rl 
BCLANDERt~ ONION 

ALLIUl1 CtRNUUM 
NCOOING nNION 

ALLlUM :RtNULATUM 
SCALL:.J?ED ONIOI< 

ALLIU'1 ~OFFMANII 
BtE~UM ONOIN 

AhOROMfDA POLlFCLIA 
6uG-~OSt:MARY 

ANE~ONE OREGANA VAR, FELIX 
(Ji<cGJr. ANoMONE 

AKABlS ACULEOLATA 
~~lCKLY ROCKCRES$ 

AKAtil$ M~DuNALD~ANA 
MCuU~ALOt~ ROCKCR£SS 

A~CTOSTA~rlYLOS HISPIDULA 
riAil<t ·~ANZANITA 

A~CTD~TA~HYLOS STA~FORDIANA 
STANFO~DtS MANZANITA 

ARtNARIA HOwtLLII 
HO•ELLtS )AND~O?T 

ARtNARIA PALUO!CCLA 
SWAMP SANDiOORT 

RANGE 

128 

lZH~678 

12345o7~c;i 

Q 

12 

25 

s 

Z345t7e9 

A$ARU~ CAUDATUM VAR, VIRlDIFLO 8 
GRctN-FLOWERED wlLD GINGER 

ASTER BRICKELLICIDES 
BRICi<E:LLtS ASTER 

ASTtR HALLI 
HALLtS ASTEil 

ASTER PAUCICAPITATUS 
JLYMPIC ~GU1'TA1N ASTER 

A>TRAGALUS AGNICIDUS 
rlUMBGLJT LOCOW~ED 

3-174 

1234~6789 

l 

STATUS 

R 

NOTES 

R,e,T STATUS !N ~R !SIOrALL, 1Q77A; DYPNE55 ET ~L. 
, 19751, L!l!ACFAE, 

R1E1T STATUS IN iR ISIDOAll1 197781, LILIACcA~, 

R1E1T STATUS !N QR ISICDALL1 1977tl, G>AVELLY S~ll 

S. LILIACEH. 

QUTCROPS NEAR MT, LAS~rc. P1E1T STATUS IN CA ((NP 

S1 19741, LILIACEAE, 

BJGS, REPORTEn IN WA1 NOT CCNF!P~ED, R1E1T ~T!TU 

s IN wA 1orNTQN ET AL •• 19771. ERICACtAE. 

S?HACNv'1 anG~. Q1E1T STATUS IN WA (Jtr.TON ET AL,, 
1977; DYRNFSS ET ALe1 197~1. AND JR~GO~ SIDDALL, l 
977A, AND l<l7781 

R1E1T STATUS !NOR !SIDDALL, 1977A; DYF~ESS oT AL. 
, 19751 S~YTHSQNIAN I~ST •• 19751. CRUC~F~•AF. 

R1E1T STATUS IN CA !CNPS1 1~741. CR~Cl<tRA~. 

R 1 E 1 T S TA TU S f N 'l? I SID(' Al L 1 l 'l 71 A ; DY i' 'It: SS ~ T hL • 
1 19751, RQC~Y >U~~IT5, E?ICACCAF, 

R1E1T STATUS TM ~R !SIDOALL1 1977A: DYR~ES5 ET Ale 
1 19751 AND CA !CN~S, 19741. CARYQPHYLLA,tAE. 

COASTAL S~A~PS. Q1E1T STATUS IN WA IDf~TO~ ~T Alo• 
1977; DYRNESS ET AL 197,, SIDDAL l977A AND 1977B. 
CARYOPHYLLACFA~. 

R1E1T STATUS TN OR !SIDC'ALL1 l977AI. ~~ISTJLOC~IA 
CEAE. 

R1E•T STATUS IN 1R ISIDCALL1 lQ77A; DY•NESS 'T AL• 
• 197~; S~ITYSO~IAN INST,, 19751. C~~PC~ITAr, 

FORM~RLY A CYIL~~!IS SSP. ~~LLIT, R1~1T STAT~S ' 
N WA !DENT~N ET AL,, !9771 A~D 8P lSIDDALL1 ic771: 

SMITHSONIAN r~sr •• iq7~). CO~POSITAEI 

R1E1T STATUS r~ WA !DENTCN ET AL •• 1977; JVR~cSi 
T Ale• 19751. COMPOSITAE. 

R1E1T STATUS T~ CA (C~Ps. lC741. LEG~r!NO~I[, 

Region 
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TABLE 3-79. RARE, ENDANGERED, OR THREATENED FLORA (continued) 

SCIENTIFIC NAME 
COMMON NAME 

ASTRAGALUS COTTONII 
COTTONtS MIL~-VETCH 

BcNSONlELLA OREGANA 
8~~SJNI~LLA 

BUTRYCH!UM LANCtOLATUM 
LANCE-LcAVED GRAPE-FERN 

BOT~YCHIUM VlRGINlANUM 
VIRGINIA GRAPE-FERN 

CALAMAGROSTIS CRAS)lGLvMIS 
lhuRBcRtS REEDGPASS 

CALAMAG~OSTIS FOLIOSA 
LEAF( ~ctDGRA~S 

C~LYPSO BJLBOSA 
FAlK1-SL1PPcR 

CAMPANULA PIPER! 
OLYMPIC ~ARcBcLL 

CA~DAM1~i PATTERSONII 
5Au0Lt ~ITTcRCRESS 

CARoX LIVIDA 
P~Lc ~;Uuc 

CA~=X PLUR!FlJRA 
~EVERAL-FLJ•ERED Sc~GE 

CASTILL~JA 3~EYIL0BATA 
~MURT-L08~D RtD INDIA~ PAI~T8R 

CA~TILLEJA ELATA 
UPLIFT:D PAINTBPU~H 

~ANGE 

89 

l 

1 

123456~89 

1234~6789 

12 

123456789 

12 

CA~fILL=JA PAkVlFLDRA vAR. Jlf l 
OLfMPlC MGU~TAIN PAINTBRUS~ 

Crl"lLANf~t~ LANCSA l 
LANATE LlP-FtR~ 

Cl~ICIFUGA ELATA 1214 
IALL cJGBANt 

CLAuufHA~NUS PYRuLAEFLORUS 134 
COPPtR au~H 

CLINTONIA ANDRchSlANA ~9 

ANDK2wtS dEADLILY 

CIP~I?EDIUM CALIFOkN!Cu~ 
CALIFQ~NlA LADY-SLIPPER 

JA•LI~GTONIA CALifORNICA 
CALIFGRN!A PITCHER - PLANT 

u~L~H!NIUM NufTALLII 
NUTTALL~~ D~LPrllN!UM 

Region 

STATUS 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

NOTES 

R,E,T STATUS IN WA IDENTCN ET AL., 1977; OYPNES5 E 
T AL., l97~i. L=GUM!NCSAF. 

k1E1T STATUS IN 1P <SIDDALL, 19774; DY~NESS tT AL. 
, 1975; SM!T~SO~IAN INST •• 1975; Fws, lQ76CI A~D ~ 
A ICNPS, 19741. ~1UNTAIN RCGS. 

R1E1T STATUS IN ~A (DENTON ET AL., L977; CYRN~5° ~ 
T AL,, 197~) A~D OR !SIDDALL• l977Al. OPHICGLDSSh 
CEAE. 

R,E,T STATUS IN WA !DENTON ET AL., 1977; DYR~fSS c 
T AL •• 19751 ANO OR !SIDDALL. 1977Al. ,DIST ~ooos 

OP~IOGLn~~ACEA~. 

FR~S~WATER ~AR5~F.~ ANO WETLAND5o R1f1T STATUS IN 
wA !DENTON ET 4Lo1 l977J CY~NFS~ tT AL,, 19751 AN~ 

CA ICNPS, 1Q741. GRA~INEAE. 

R1E1T STATUS I~ CA ICNPS, 19741. GRA~!NtAE. 

R1E,T STATUS IN wA (DENTON lT AL01 lq771 AND OR IS 
IDDALL, 1977AI. nRCHIDACEAE. 

BOGS. R,e,T STAT~S IN WA <DENTON ET AL •• 19771 DY 
RNESS ET AL.1 197~1. CA~PANULACE~E. 

OPEN SLJPES ON SAD~LE 

N PEAK, CLATSOP ~D. = 
AND CICNPS119741. 

A~D SLGARLGAF ~T~~. ANr Q~l~ 

STATuS IN OR <SICDAL• lq77A 
97tC; DYRN 

ESS ET AL.1 107~). CRUCIFERAE, 

BOGS AND SWA~P~. R,f,T STAlUS IN ~A IL•~TON FT AL 
•• 19771, CYP•RACFAE. 

R1E1T STATUS I~ ~A IDENTQ~ tT AL,, 19771 GYRN•SS f 
T AL,, 197•), CYP~RACEAE. 

DRY• OPEN, ~T~NY SLODFS. R,E,T ~TATUS IN rR l~rar 

ALL. 1977A: SM!TH5JNTAN INST •• 19751 A~O ca (C~P5, 

19741. SCPOPHULARIACEAE. 

FORMERLY C. ~!~TATA SSP. ELATA, R1E1T STATUS IN n 
R IS!DDALL1 1977A; DYRNES~ ET AL •• 197~; 5~rr~~c~r 

AN I~ST., 19751. 5CROPHULAPIAC:AE. 

R,~,r, STATUS ~A, IOFNTCN <T AL, 19771 "YPNCSS "T 
Alo 197~, ~~TT4SJ~IA197~. SCPQP4ULARIAC~A~. 

R1E1T STATUS TN wA IDFNTOh <T AL •• rq77; CVRN"S~ c 
T Ali 197~1. RJCK CR<VICES IN GLYMPIC ·T~5. POLY 
PQDIACEAE. 

K• F, T STATUS IN YA ICENTON ET AL., lC77; DYRNFSS 
ET AL •• 197~). ~DIST ~ccos. OANUNCULACFI~. 

JLY~PIC MTNS,, YA1 AND SADCLE MTN A ONION P~, GR, 
P,E,T STATUS TN 1R (SIDDALL• 19771; DY~NE~S •T Alo 
, 19751. 

R,E,T STATUS IN OP 15IOCALL• 1q77A A 1077"; CYRN~S 
S ET AL., 107s1. LILIACEAEe 

BOGS AND SPR[N~S. R,f,T STATUS IN 1P l"IQCALL• 19 
77A; DYRNES• er AL,,1975; SPITHSCNIAN INST., 1~751 

OPCHIDAC<A~. 

BOGS. R,E,T STATUS TN CP ISTDDALL, 19774 A 1977~; 

SMITHSONIAN T~ST •• 1975; DYPNESS fT AL •• 19751. 
SARRACENIACFA~. 

P1E1T STAT~S IN YA lnFNTCN ET AL., 197~1 AND ~~ IS 
IDDALL1 1~77Al. FORMEPLY D. GRtGINUM, RANUNCULAC 
EAE. 
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TABLE 3-79. RARE, ENDANGERED, OR THREATENED FLORA (continued) 

SCIENTIFIC NAME 
COMMON NAME 

DICtNTR4 CuCULLARlA 
DUTCHMANtS BRctCHtS 

DICENTRA FJ~~OSA VAR. OPEGANA 
uREGJN dLEEOlNGHEART 

OlCrl~LUSTcMMA vfNUSTUM 
KOSc fIKc-CKACKtR-FLO•ER 

RANGE 

3 

e 

tl 

DOUGLAS!! LAEVIGATA VAR. CILIO 
~MOOTH ~OUGA~lA 

1~4 

D~ABA I~CERTA 

YtLlJwSTONE ORAbA 

DRCS~RA KOTUNDlfCLlA 
~uuNJ-LEAvED ~UhDE~ 

tdURO~~fTJN AUSTihlAE 
•HANTG~-OKCHID 

l 

1234~6789 

12 

EL~ERA ~ACcM05A VAR. PUBERULEN l 
MAlRY cLMtRA 

ELMtRA ~ACtMOSA VAR, RACE~OSA l 
KACt~tJ cLMERA 

EMPETRUM NIGRUM 1?34~678q 

~RJ•dt~RY 

tKlut~O~ ALlCcAt 1 
ALIC~ FLtABANt 

~Kl~~RON CiRYlNUS 
u~!SY 

E~lGE~O~ OELICATUS ~ 

OtL NC~Tc DAISY 

ERIGt~O~ FLoTTII L 

JLuMPIC MOUNTAIN DAlSY 

t~luE~O~ PoRt,RINUS ~SPo P~REG 34 
SldALP!~c DAISY 

cKiJbON~K HIRTELLUM 
KLAMAT~ ~T. ~RIOGONUM 

~klO~JNU~ PENDULUM 
#ALSO jUCKWH~AT 

tK~SlMUM ARtNICCLA VAR. ARE~IC 1 
5AND-D•~LL!Nu ~ALLfLOwER 

tKYTHRO~IUM HENOERSCNII 
HtNOERSJ~tS FAwN-LlLY 

tRYrH~ONiUM ~tVGLUTUM 
bLACltK-LlLY 

FlLIPENJULA OCClDENTALIS 
rlL!Pt~uULA 

F~lTILLARlA GLAUCA 
•MITE F~ITILLARY 

3-176 

8 

~~3478 

345 

STATUS 

R 

R 

Q 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

NOTES 

R1E1T ~TATUS T~ WA IDENTON FT AL., 19771 AND ~? () 

l~DALL1 1977Alo ALONG COLVMeIA R. FUMJRIACEAE. 

R1E1T STATUS I~ QP ISIOOALL1 lq77A; DYRN~SS ET AL, 
, 1975; SMYTHSnNIAN INST., 1975; •w'• l976CI ANJ C 
A ICNPS1 19741. FU~ARIACEAE. 

OPEN SLOPES. Q,E,T STATUS IN CA IC~PS, 1~741. LI 
LIACEAE. 

R1E1T STATUS IN WA (DENIO~ ET AL,, 1977; DYR~~s~ ~ 
T AL., 19751 ANO QR ISIOOALLJ l977AI. PRi~ULACcAE 

R,E1T STATUS IN WA !DENTON ET AL., i977; rYRNESS 0 

T AL., 197~). CRUCIF"RAE. 

BOGS. R1E1T STATUS IN CA CCNPS1 1974). ~ORE c~~~ 
ON ~ORTH. OROSEQACEAE. 

P1E1T STATUS IN WA IOchTOh ET AL., 1977; CYQ~ES~ c 
T AL., lq7~1 A~O ~R ISIDCALL1 l977AI, ~RCHIOAC~A 0 

R1E1T STATUS !N WA IO~NTON ET AL., 4977: CYQNFSS E 
T AL., 197~1 ANO OR ISICCALL, l977Al, SAXIF~AGACt 
AE. 

R1E1T STATUS IN WA IDENTC~ ET AL., 1977: DYRN:~S o 
T AL., 19751. SA~IFRAGACfAfo 

BOGS ANO HEADLANDS. Q,f,T STATUS IN O~ ISIDJALL• 
~977A • 19778; DYRNESS ET AL •• 197~1. ~ORE cc"~CN 

IN WA A CA. :~PET~ACEAE. 

R•E1T STATUS IN WA IDFNTCN ET AL,, 19771 DYRN[5S : 
T AL., 1975), CQMPOSITAE. 

R1E1T STATUS TN OR ISICDALL, l977A; DYRN~SS er AL. 
, 1975) AND CA ICNPS1 197~1. COMPOSITA~. 

R1E1T STATUS I~ QR (~!COAL• lq77A; ~YR~c5~ cl AL •• 
1975; S~ITHSDNIAN I~ST., !9751 FWS1 !C76Cl AND c~ 
ICNPS, lq741. COMDOSITAE. 

R.E,T STATUS IN WA IDFNTON ET AL •• ~977: OYRw•ss f 
T AL.1 lq7!1. C1~POSITAfo 

k1E1T STATUS IN nR ISICCALL1 1977A; 0Y~N25S tT AL. 
1 1q151. SA~1L; MTN. ANO O~ION P~., ClAT~lP Cl,, 
OR, COMPOSITA~. 

R1E1T STATUS IN CA (CNPS1 l~74lo PQLYC-ONAC~~E. 

DRY, OP~N ~LOP~S. Q,E,T STATUS IN 7~ ~SIDDALL, 19 
77A; OYRNESS ET AL., 1q7~) AND CA ICNPS1 1>74), P 
OLYGONACEAte 

R.e.r STATUS IN WA (DENTON FT AL •• 1977; DY~~•~s 
T AL•• 19751. CRUCIFFRAE. 

R1E1T STATUS IN OR ISICDALL1 lq77Al. LILIACcA~. 

C1ASTAL FAWN - LILY. P1E1T STATUS IN ~A (QyQ\~iS 
cT AL., 197~1 INn OR ISICOALL1 1Q77~· 19773; ~y~~o 
SS ET AL•• 197•; ., I, LILIAc 
EAE. 

R;e,r STATIIS IN OR ISTCCALL1 1977A; DY~NE5~ ET AL. 
, 1975; S~!THSONIAN INST., 19751. ROSAr~AE. 

R,E,T STATU~ IN 7q ISIDrALL1 lq77A; DY~NES5 ~T IL• 
• U97!) AND CA lcNPS, 19741. L!LIACcAf. 

Region 



TABLE 3-79. RARE, ENDANGERED. OR THREATENED FLORA (continued) 

SCIENTIFIC NAl1E 
CCl1110N l'IAl1E 

GcNTlANA BISETA~A 
TwO-~KlSTLEO GENTIANA 

G~NTIANA DOUGLASIANA 
SIOAl1P GEi'1TlAN 

GcUM TRIFLJRUl1 VAR. CAMPANULAT 
dtll-S~APED PURPLE AVENS 

HtMITOMtS CONGESTUl1 
(.!'40111:-? LANT 

HlERAClJM aOLANDERI 
SOLANDERtS HA•KWctD 

HORKcLIA s;RICATA 
)tRRATtO HORKELIA 

nJw~LLIA AQUATILIS 
Ai.i'JAT IC LOBHIA 

nfDROCOTYL VERTICILLATA 
wATER-PENNY~URT 

HYPJPITYS MONOTROPA 
nNESAP 

IRIS 6ilACHATA 
dl<ACT~AL IRIS 

IRIS TE~AX SSP. ~LAMATHEN)I$ 
KLAMAT'i IRl$ 

lSG~TcS NUTTALL!! 
NUTTALLt5 OUILLwORT 

JUNCUS SUPINIFJR~IS 
)PRt:~DI"IG RuSH 

RAf';GE 

8 

1 

134 

l2J4~67d9 

8 

~ 

U3't?67R.9 

1234~6789 

q 

l2345b789 

1234~b7'l9 

JvNIP=~us COM~UNIS VAR. JACKI! d 
vA.:Kt;. JUNIPER 

LtOUM G~JENLANDICUM 
LABRADJR TEA 

LtUCOTHat OAVISIAE 
)lcRRA LAURIOL 

12345 

L~WISIA C::JLUMBIANA VAR. RUPICO 134 
CCLUll~LA LEwISIA 

Lowl~IA COTYLcDON 
CL~-SHAPcD LE~ISIA 

lc•l)IA JPPOSITIFDLIA 
JPPDSIT2-LEA~ED LE~ISIA 

LIL!lJl'I 3::JLANOERI 
BOLANDcR LILY 

LlLIUM JCCIDENTALE 
•ESTERN LILY 

LILIUM PARDALINUl1 
LILY 

Region 

STATUS 

I 

R 

R 

R 

p 

R 

R 

R 

R 

R 

NOTES 

SEEPAGE SLOPES. P1E1T STATLS IN OR CSlDDlLL1 1977 
A; OYRNESS ET AL01 1975; SMITHSnNTAN INST., 1975; 
FWS1 l97bCI. GENTIANACEAE. 

P1E1T STATUS IN WA (DENTON ET AL.1 1977; OYRNESS E 
T Aloi 19751. LA~E OZETTE1 WA. GENT!tNACEAEo 

OLYMPIC 11TNS., ~A, AND SADDLE ~TN. ANO uNION PEAK1 
~1E1T STATUS ~A IDETON ET EL01 1977. DRYNESS ET A 

L., 19751 OR I~TDOAL ET Aloi l977A. 

R1E1T STATUS IN Wl IOENTO~ tT AL., 197711 OR 15100 
ALL. 1977A A 1977811 ANO CA (~NPS. 19741. tRICACE 
AEo 

R1E1T STATUS IN OR ISTDDAll• 1077AJ OYFNESS ET ~L. 
' 19751. CO~POSITAEo 

R1E1T STATUS IN OR ISICOALl1 1977A; OY~NESS ET AL, 
, 19751. ~nSAC:A~. 

R1E1T STATUS IN ~A IOENTON tT AL., 1977; DYRNESS E 
T AL,, 197~1, OR ISIDDAL1 1~77AI, ANO CA ICNPS, 19 
7411 CAMPANULAC~AEo 

~1E1T STATUS IN OR (5ICDALL1 l977A A 1~776; DYPNES 
S ET AL01 JQ75lo GARPISO~ LAKE, CURRY CO. U~8ELL 
IFtRAEo 

R,E,T STATUS IN 1R ISTDDALL1 l977AI. ~APROPHYT,, 
C:RICAC~AE. 

R1E1T STATUS IN QP ISICOAL1 l977A; aYR~cSS =T AL •• 
19751 AND rA 1rNPS1 19741. IRIDAC2AEo 

WOO~ED HILL,!1"5 A~OVE WEITCHPECt HUMBOLDT CO. ?1E 
.r STATUS !N ~A ICNPSo 1~741. IRIDACfAE • 

• T STATUS IN OR tsronALL1 1~77Alo 1SOETAC5AE. 

R1E1T STATUS IN OR IS?CCALL1 1977~1. JlNCACEA~. 

R, E 1 T ST A Tl! S I '1 'JR I SIC CALL, l 'l 77 A ; u VPN ES S ET AL, 
1 197~1. CUPR~'SACEAEe 

80GS. R1E1T STATUS IN OR !STDDALL1 l'l77A ~ 19778; 
DYRNESS ET AL.1 19751. ERICACEAE. 

R1E1T STATUS TN 1R (SIDDALL• l'l77A; DY•NESS ET AL. 
t 1'1751. ~ILLSIOE ROGS. ERICACEAE, 

OLYMPICS AND SADDDLE MTN. AND O~I0N PEAK, CLATSOP 
C101 OR. R1E1T STATUS IN WA IDENTCN ET AL01 ~q77; 

DYRNESS ET (L.1 19751 AND CR !SIDDALL• 1077AJ CY 
RNESS ET AL,, 19751 SMIT~SONTAN INST,, 19751. P'JR 

TU LAC AC EAEo 

R1E1T STATUS IN 1R l'IDDALL1 197711 DYANESS ET AL. 
, 1975; S~lTH~ON!AN !NSTo1 1~7510 PORTULACACeAf. 

R•t1T STATUS IN O~ (SIDDALL1 1Q77A; DYRNESS tT AL. 
, 1975; SMITYSONTAN INST., 19751 ANO CA IC~PS, lq7 
4 I. 

R1E1T STATUS IN O? (SIDDALL• 1977•; DYPNESS ET AL. 
1 197,1. OPEN HILLSIDES, LILIACEAE. 

R1E1T STATUS TN 1R ISIOOALL1 l977A • 197781 F~S, l 
97bC; SMIT~50NI\N INSTITUTE, 19751 AND CA ICNPS, 1 
974), CQASTAL 5~RUR ANO BOGS. LILIAC<AEo 

R1E1T STATUS IN OR CSIDDALL1 1977AJ OY~NESS ET Alo 
1 19751. 90GS ANO ~?PINGS. LILI!CEAEo 
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TABLE 3-79. RARE, ENDANGERED, OR THREATENED FLORA (continued) 

SCIENTIFIC NAME 
COMMDlll NAME 

LllIUl1 VOLL11ERI 
~Oll'IE~ LILY 

LillUM <IIG<.INSI! 
WIGGINS LILY 

LjMATlU~ HOWELLll 
MGfttLL1'S LOl1ATIUl1 

RANGE 

89 

9 

LUl1ArIUM MARTINDALE! VAR. FLAV l 
~ART1NJALE1'S YELLO~ LOMATIJ11 

LUPINUS TRACYI 
TkAC11':i LuPINE 

LYCJPJDIUM CLA~ATUM 
GRJUND~INE CLUBl10SS 

LYCOPODIUM IlllUMDATUM 
oOG CLUa>IOSS 

MJlllAROtLLA PURPUREA 
PL~PLt MONAROELLA 

MONOTRJPA UNIFLORA 
1i'<OIAr.-PIPE 

9 

123456789 

123456769 

79 

PtDICULARIS B~ACTEOSA VAR, ATR l 
OAiK-R~O dRACTkD LOUSEwORT 

PcR!Oc~IuIA c~YTMRORHIZA 

RcJ-~OJT2D PtRIC~Rl~lA 

PtTRO~HfTU~ HENDERSON!! 
JlfMPIC rOUNTAIN ROCKMAT 

P~ACELIA 3JLAND'R 
~~LA~DcK'S ,~ACELIA 

PrlACcL!A CAPITATA 
~APPEL,, >HACtllil 

~rlLJX r=Cr<II 
.n~tAO!:-.G P,jLJ~ 

P!TYuP~S CALirJ" ... ICVS 
o'l,..E-FJJT 

PLA~TAGJ ~AC~OCAPPA 

ALA~KAN PLA!NTA!N 

PLATA~J,jE~A UNALASCf:NSIS )SP, 
b~tt~93 ~JG-JRCHID 

PLEURICJ~PJRA FIMBRIJLATA 
fIRNGf:D PiNtSAP 

PLtURJPJGJN RtFPACTU5 
NGDDING St~ADHOR~ GRASS 

PCLEMONlU~ CARNf:UM 
oALMJN POLcMuN!l;M 

PuLcMJNIUM ElcGANS 
tltGA~T SKY-PiLCT 

PJLYSTICHUM CALIFORN!CUM 
CALIFORNIA ~wORD-FE~N 

3-178 

8 

1 

7 

1234!1:789 

... 2345 

45o7E9 

1234,6709 

n34?67B9 

1234!~789 

:i 7 89 

STATUS 

R 

R 

R 

R 

R 

R 

R 

R 

R 

NOTES 

R•E1T STATUS IN OR !SIDDALL1 U977A, S~ITHSON!AN IN 
ST,, l975J OYRNE5S ET AL.1 1~751 A~O CA ICNPS, lq7 
41. HILLSTOE BOGS. llllACcA~. 

R,e.T STATUS IN ~R ISIDDALL1 1977A; SMITH50NIAN r~ 

ST., 19751 AND CA ICNPS• 197~1. 

ROCKY SERPENTINE SLOPES. R1E1T STATUS IN ~R <STDD 
Alli 1977AI DYPN~SS ET Ale1 19751 AND CA ICN~S, lq 
74lo Ul18EllIFERAE. 

R1E1T STATUS TN WA !DENTON ET 4L •• 1977; OYPNfSS 
T ALo• 197~1. U~~ELLIFERAE. 

R•E1T STATUS IN CA ICNPS1 1~741. L<:GLl'TNC'5AE. 

R1E1T STATUS IN CA ICNPS, 1~741. MORE COl1"0N NOPT~ 

• LYCOPODIACEA'O, 

COASTAL BOGS. R,F,T STATLS IN OP ISIJrALL1 lq77Al 
AND CA (CNP~, 1Q74l. LYCOPCr!ACFAF 0 

R1E1T STATUS TN OR (STDDALL1 19774; SM!T~so~r·~ I~ 

ST,, 19751 DVRNFSS ~T Aloi 1q75) A~O CA ((~PS, 10 7 

41, LABIATAF, 

SAPROPHYTE. R,i;,T STATUS I~ CA 1c~os, 19741, OPT 
CACEAI'. 

R•E•T STATUS IN ~I lnENTC~ iT Alo• U977: ~VO~E~S • 
T AL,, 1975!, SCPJPMULARIACEAE, 

R1E1T STATUS IN ~P !SIDDALL, Q77AN SM:T~'uN1A~ JN 
ST,, U97'1• UMqFLLIFE~AE, 

R,E.T STATUS IN WA (DENTON tT AL •• la77; DYP~~s: -
T AL •• 197,,, ROCKY ~LIFF<, RC~ac•Af, 

R,E,T STATIJS TN WA lrfNTON ET AL .. 1'177; CYR'icSS • 
T AL,, 197~1. WAHK[AKU~ cc,, WA. yyn~c 0 ~YLLAC~Ac 

ALONG COQUilLo, P1E1T STATLS I~ nk <SlSDILL• 1°77 
A; DYRNESS ET AL,, 197~; S~ITHSO~IAN !~ST,, .q7•; 
F~S, 1976-), ~YDROPHYLLACFAf, 

FOR~E~LY PHL~X DTF•USA. p,f,T STATUS JN ~R (~!S2A 
LL1 1977A; s~TTYSCNIINST., 1975), ?~Lt•1~lACcA•, 

SAPROPHfTEo Q1E1T STAT~S !h DR C5I~nAL, l~77A: •~ 

ITHSONlAN TN~T.o 19751 AND CA ICN?S, 1C74), cR:C~ 

CEAE. 

R1E1T STATUS Ti.J WA (tl<i'<HI'. ET AL• 10771 A~O 'iP <'1 
DDALL1 l977A ~ 197791 DYPNESS ET AL,1 l~7o), 'LA~ 

TAGl'<AC EAE. 

FORMERLY YA~CNAQ[l GREENElo R,£,T STATGS TN OR (S 
rooALL, 1;111 • 1q77q; F~s. 1a1cc; ~"ITH~J~J~~ •N• 
T,, 1975). CLIF•S AND DRY ~ILLS, 1RCHID~CEA~. 

SAPROP~YTEo R1E1T STATLS IN WA 19t~TGh ET IL,, lG 
110 o~ <SIDDALL• iq771 A lG77s1. t~T~~C"A•. 

R1E•T STATUS I~ WA IDENTGN ET AL,, 1G77; QYQ~ES~ 
T AL,, 1970.l, eOL=~~Nl~CEA£. 

R1E.T STATIJS TN WA CDFNTON ET u., 1'177), PJLoMC'~ 
ACO:H, 

R•E1T STATUS !'I WA <DENTCN ET Al·• l'l77l A'IO P (~ 
IDDALL, 1977hl, PJLYPOrIACEtE, 

Region 



TABLE 3-79. RARE, ENDANGERED, OR THREATENED FLORA (continued) 

SClcNTIFlC NAME 
COMMUN NAME 

~UlRCUS SAOLtRIANA 
~AOL~R uAK 

RANUNCULUS LOBBll 
LCSB?S ~AT~R-6UTTERCUP 

KHlNANTHUS CK!STA-GALLI 
YtLLO~ RATTLE 

~ALIX FLUVIATILIS 
CJLUMBIA RIVtR WILLOW 

SANGU!SJR~A MENZIES!! 
MENZIES 8URNET 

~ANlCULA PtCK!ANA 
PtC~?S SANICLE 

~AN!CJLA TRACY! 
IRACttS SANICLt 

SA~CCu£S SANGUIN~A 

~NO• PLANT 

5AX1FRAGA dRJNCHlALIS WAR. V2S 
MATTED SAXIFRAGE 

RANGE 

a 

l234~b789 

34 

3 

12 

8 

134 

;AXIFRA~A CAtSPlTOSA VAR, E~AR 134 
TUFTED SAXIFRAGE 

SAXIFRAGA ikAGAR!OlJcS 
fKAGlLE SAXIFRAGE 

3 

$AXIFRA~A JCCID~NTALIS VAR. LA 34 
•~ST~R~ ~AXIFRAGc 

S~~lf~AGA GPPOSllIFCLlA l 
"LKPLt SAXIFRAGc 

SCnJt~ULlRION dMACTtDSUM 
oRACf~} S~HOENCLIRIJN 

s~uLlOPJS HALLI! 
ftf l} AuDiRtS-TUN~UE 

StDUM L~XU~ ~SP, HECKNtRl 
HtCKN~RtS LAX TONECROP 

StNtCIO fLETTll 
fLtTT~S G~OUNDS(L 

ScN~CIJ NlJ~~BSTtRl 
JLYMPIC MOUNTAIN BUTTER~EEO 

SlDALCcA rlIRTIPtS 
rlAIRY-)TtMMED CHECKER-~ALLJW 

SlSYRINCHIUM CALIFORNICU~ 
~OLDEN-tYEO GRA$S 

Region 

d 

45o7e 

123 

l 

45 

123456789 

STATUS 

R 

R 

R 

R 

R 

R 

R 

R 

R 

NOTES 

R•E•T STATUS !N QR ISIDOALL1 l977A; OYRNESS ET AL. 
• 1975). FPAGICEAE, 

R•E1T STATUS IN QR ISIOOALL• 1977A; OYRNESS ~T AL. 
1 19751, V~RNAL POOLS. PA~UNCULACEAf, 

SADDLE ~TN., CLAT5QP CO., AND T!LLAMOO~ PRAIRIE. 
R,E,T STATUS IN OP ISIOCALL• 1977A; OYRNESS cT AL. 
1 197510 SCR~PHULAR!ACEAE, 

P1E1T STATUS IN WA (DENTON ET AL,, 19771 AND OP IS 
IDDALL1 l977AI S~!THSON!AN INST., 19751. ALONG CO 
LUM8!A R. SALICAC~AEo 

R.e.T STATUS IN WA <DENTON ET AL •• 1977; OYRN~SS E 
T AL,, 197~1. CDA5TAL BO~S ANO ~AR~HES. ROSACEAE 

R1E1T STATUS IN OP 15IOOALL1 1977AJ DY~NESS F.T AL. 
• 1975; S~JTHS~NIAN INST. 197!) ANO CA ICNPS1 1974 
lo U~BELLIFERA•. 

R.E.T STATUS IN QR 15ICDALL. 1977A; DYPNESS tT AL. 
• 1975; F~s. 1976CI ANO CA IC~Ps. 19741. UNSELLIF 
cRAE, 

SAPROPHYTE. R1F1T 5TATUS IN CR 15IDDALL1 l977Ale 
ORCHIOACEAE. 

Q•E1T STATUS TN OR 15ICOALL• l977A; DY~NESS 
• 197~1. OLY~PIC MTNS,, aA1 ANO ~AODLt ANO 
OAF ~T~S, ANO ONION PEA~, CLATSOP C1,, OR, 
AGACEA~. 

cT AL. 
~UGAPL 
~AX I FR 

OLY~PIC MTNS., WA, ANO SArOLE MTN, ANO ONION PEAK, 
CLATSOP CO,, OR. R,E,T STATUS IN QR !SIDDALL, 19 

77AI, SAXIFRAGACfAE, 

~.e.T STATUS IN OR ISICCALL• 1977AJ OYRN~SS ~T AL. 
• 197!1, ~CUNTAIN CLIFFS, SAXIFRAGACtAE. 

R.E.T STATUS {N nR ISICCALL• 1977A; UY>NESS :T AL. 
, 197~; S~TTYS1NTAN INST., 10751 0 )ADCL= MTN, ANO 

ONION PK •• ~LAT50P ca •• OR. SAX!FRACtCEA•. 

R•E•T STATUS IN ~A IOENTO~ ~T AL., 1977; DYR~ESS 
T AL,, 19751 ANO nq ISIDCALL• 1~77Alo ~AXIfRAG~CE 

AE. 

R1E1T STATUS r~ JR IDYRNESS f AL •• lq7•; s~IT~SCN 
IAN INST,, 197"1 ANO rA ICNPS, 1G741, ~OU~TAIN ~F 

ADOWS, 

R1E•T STATUS IN QR ISIDOALL• l977A; DYPNE5S ET AL, 
• 19751. lILIACFAE. 

R1E•T STATUS T~ 1R ISIDDALL1 1977A; SMITM~O~!AN IN 
ST., 1975; OYRNESS ET Alo• 19751, JRY CLlFFS. CR 
ASSULACEAE. 

R,E1T STATUS TN WA IDFNTO~ ET AL., 1977; DYRNESS E 
T AL •• 197~1 AN~ nQ lSIDCALL• 1q771; OYR~t~S cT AL 
,, 19751. MLU~PICS1 WA,, TC ONION PK01 CLAT50P CO 
,, OR. CJMPQ~TTAE, 

FDRMF~LY So WE~STFRI. P,E,1 STATUS IN WA (OFNTCTN 
ET AL,, 1~77; ~YRNESS ET AL,, 1975; SMIT~SQNIAN IN 
sr •• 19751. co~ 0 0S!TAE. 

~,E,T STATUS IN WA (DENTON fT AL., 19771 AND OR (5 
I~OALL• l~77A; DYRN~S5 FT Alo• lg751 0 ALSO QN 4~A 
~LANDS, MALVACEAF 0 

R•E1T 5TATUS IN WA IDETNON ET AL1 1977; DYRNFSS fT 
AL •• l975r AN~ 1R ISIDCALL. l977A ANO 1977a; OYR~ 

ESS ET AL,, 1~751, 90G$ ANC WET GROUND ALONG I~~E 
DIATt COAST, ORCHIDACEAE, 
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TABLE 3-79. RARE, ENDANGERED, OR THREATENED FLORA (continued) 

SCIENTIFIC NAllE 
COllllON NAllE 

RANGE 

SYNTHYR!S PINNATlFIOA VAR. LAN l 
•OLLY FEATHE~LEAF ~ITTENTAILS 

SYNTHYRIS RENIFORMLS VAR. CORO 
CORDED SNOWOUEEN 

SlNTH1RIS ~CHIZANTHA 
FlRNbtO SYNTHYRlS 

TA use >!IA GL AUC A 
uHtITc TAU5CrHA 

TAUSCHIA HJWcllll 
HOWtLLt) TAU~CHIA 

THELYPOJ!Ull HD~ELLII 
~OwcLLtS TH~LYPDDIUM 

TKlLLIUM KuRABAYASHII 
KLRABAYASHitS T~llllUM 

TrdLLlU'I RillALE 
R!~t~ Tii.LLL!U~ 

68 

67~ 

wACCINiuM JXYCJCCLS VAR. !NTo~ 1Z34~ 
LARGE-LcAVED ~ILD CRANBERPY 

vANCJUvcRIA CHRYSANT~A 8 
~CLDEN INSIDt-OUT-FLJWtR 

VA~COUVckIA PLAN!PETALA d 
FLAT-P~TALED lNSIDt-OUT-FLJWER 

V~OLA ADU~~A WA~. UhCINULATA 
rlGuK WlJLtT 

•uuuWARJIA FIMaRIATA 
CHAIN FERN 

LAi,SC-!1'~RlA 

LAT LFilllA 

CORDYL~~THUS MA•ITIMUS SSP, PA 0780 
MAKSH qIRD~S BEAK 

CO~DYL~NTHl.JS MAR!Tl~US VAR, ~A 6789 
StASIDt BIRD'S BfAK 

JUl'<CUS GERARDI I 12H~c7E'l 
l'UD Ri.JSH 

ORTHOCARPUS CASTILLEJOIDES VAR 9 
~i,MBOLDT ORTHOCA~Pi.JS 

SALIX HOOKERIANA 1234~1:>7A9 
COAST nLLOW 

STtlLARIA HU~IFVSA 1234~ 
SPREADING STARwORT 
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R 
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NOTES 

R1E1T STATUS TN WA COENTCN ET Alo• 1977; DYRNESS ~ 
T Ale• 197510 SCPOPHULARlACfAEo 

R,E.T STATUS IN OP ISIDOALL1 1977AI. SCROPMULARIA 
Ci:AE. 

R1E1T STATUS TN WA IDETNO~ ET Ale• l977J DYRNFSS E 
T AL., 19751 AND OR ISICC•LL1 l977A; D'RNFSS ET Al 
., 19751 SMITMSONIAN INST., 19751. ~DIST CLIFF$ A 
NO LEDGES; N~AR lK. OUINAULT• OLYMPIC MTNS., WA., 
AND SADDLE MTN. AND ONION PfAKt CLATSOP en., OR. 

R1E1T STAUS !N OQ ISIDDAL1 lQ77A; CYRNlSS ET Ale• 
197~) AND CA (r,~PS, 1Q7~1. UN8~LlIFERAE.· 

R1E•T STATUS IN OP ISIDOAL1 l977A; OYR~fS5 er AL,, 
197,J SMITHSJNIAN INST,, 197,I AND CA ICNPS, 1•74 

I. DRY SLOP~S. UMAELLIFERAEe 

R.e.r STATUS IN OR <SIDDALL• 1977AI. fryR~~~LY ;TQ 
EPIANTHUS H~WELLII. CRLCIFERAE. 

R1E1T STATUS IN 1P ISIDDALL1 1Q77A ~ 1<77Bl. LILT 
ACEAE. 

R1E•T STATUS IN 1P ISIDPALL1 lq77A; DYFNESS ET AL. 
• 19751 AND CA ICNPS1 19741. L!LIACEAro 

SPHAGNUM 30G$. Q1F1T STATUS IN QQ ISICDALL1 l977A 
ANO 977a; DYRNESS ET AL •• 19751. MO>f cn~~oN I~ 

~A. ERICAC~H. 

R1E1T STATUS IN ryQ IS!CCALL1 977A; DYPNtSS ~T AL. 
, 197~; S~ITHSONIAN INST., 19751 ANry CA (C~PS, 197 
4). BERBERinACEAE. 

R1E•T STATUS IN ryR ISIODALL1 1977A; DY•~ 0 5S ET AL. 
, 19751. rypy ~O~DS. BERBERlLACEAE. 

R1E1T STATUS T~ ~A IDENTC~ ET AL.1 1977 AND rp 151 
DOALL• 1977~; DYRNESS ET AL,, 19751. FOLYPOCACEAE 

R1E1T STATUS !N JR ISIDOALL1 l977A; DYPNESS <T AL. 
• 19751. ALON~ LOwER RCGLE RIVER. 8NAGRAC:to. 

R, b T 'iTAT!JS IN ORFGCN !SIDDALL, 1977A A"ID 1~77~ 

i DYRNESS '"T H., 197~; Sl"ITf'S8NTAN !'l~TITl'Tt2'1, '. 
9751 iND CALI'"ORNIA ICNPS1 197410 ~CRCPH~LARtAr~A 

E. 

LOW SAND ~AQSH. p, €1 T STATUS IN ORFC-ON IST~OALL 

, l'l77A; OYPN"S5 FT AL,, 107~; S~IT~SJ~TAN T~STTTU 

T!ON• 1975; rws. l976CI A~C CtlIFCRNIA IC~PS, 1G74 
), SCROPHUL4P!ACfAEo 

R, E1 T STATUS Tti 11REGCN 15 IOOALL, 1'177~ I, Jt:'ICAC 
EAE. 

R• f, T ST~TUS !'I CALIFCP~IA ICNPS1 1974), SCRCPH 
ULAP l ACE AE. 

ON LOG~, AT MAQ~~ MAO~IN, FICNEE~. Rt :, T STATU 
S !N OREGON l~TOnALL• 1977A INn 1Q77B: CYPNFSS 0 T 
Alo• 1Q75l. SALI~AC~AE, 

R, f, T STATllS TN wA5M!N<'TOl'i ID!:NfnN ET AL •• lQ77) 
AND OPEG8N ISIDnALL1 }977A AND }Q77~; DYR~ES~ ET 

Alo• 19751. FARYO?HYLLACEAf, 
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TABLE 3-79. RARE, ENDANGERED, OR THREATENED FLORA (continued) 

~Cli:NTlFIC NAl'li: 
COl'll'IJl'l NAME 

SHORELINE 

ABRONIA UMSELLATA 
rlNK SAND-VERBENA 

CARtll LIV IDA 
i'ALI: ScGGE. 

ClRS!U~ ACANTHODONTUM 
drlNtY-TOOTHED THISTLE 

CLARKIA AMOENA lARo PACIFICA 
?AClFlC FARcWiLL-TO-S~RING 

1Z3't~678<; 

1234~()78'1 

58 

CGPDYLANTHuS MA~ITIMUS SS?. PA 6789 
MAR:>H dlRDSdEAK 

DARLlNGrONIA CALIFORNICA 
PlTC"!c~ i'LANT 

DRC~~~A ~OfUNDIFOllA 

RCJNO-L:AVEu SUNDEw 

t:MPETRU1 :-!!GRUM 
CR0~3i:~RV 

LASTnENlA MAC~ANTHA 

JLD LA)fH~NlA 

LASTH~~IA MlNuR VA~. MARlTl~A 
rlA!R Y LA;, PidHA 

d:LuM l!{OE 'ILANiHCU'I 
BuG LA'lRAOOR HA 

LYC..iPODili~ I NUNDA TUM 
%G CLJ~-M05.; 

MlCRUSH iS BIGELCVII 
CCAST ·11CR05t:Ql~ 

PHACcLIA A:/.GUHEA 
~I l \IC:~ ?HACELIA 

PGA PllC·HPrlDLIS 
.;!:ACUFF aUJcGRAS~ 

i<OMANZ.:.FFIA TKAOI 
IR4CY1'S MISTMAIDi:N 

.)ALIX HJJKcRIAl'IA 
CCA~T HLLO!i 

SdJUM LANC cOLA TUM VAR• Nl:SIJTI 
LANCE-LEAliED STCMCRJF 

SEDUl'I LAXUM ~t::RPU:XUM 
.;LACK HONE CROP 

Region 

567~'1 

123456789 

7 

125~'1 

.2345 

:Z34!67ec, 

!234=67~9 

67:J'1 

3 

12345678'1 

1234~67~9 

L2 

3 

STATUS 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

~ 

NOTES 

R, E. T STATUS IN ~~EGCh ISIDDALL, 197701. ~YCTbG 
INACEAE. 

R1 E1 T STATUS IN ~AS4lNGTO~ IDENTON tT AL., 19771 
I COMMON TO S~UTH. CYPlRACEAE. 

STATUS IN OREGON !SIDDALL• l'l77A ANO 1~77Blo CQ~P 

OS ITAE • 

STATUS !N ORF.G~N !S!DDALL1 1977A AND 107781, O~AG~ 
AC EA E • 

R1 E1 T ATATUS IN OR~GCN <SIDDALL• 1977A ANO 1977A 
; DYRNESS ET Alo• 1975; S~ITHSONIAN lNSTITUTIQ:-!1 l 
9751 ANO CALIFORNIA (CNPS1 1~7410 $CRuPHUl~RIACEA 
Eo 

IN BOGS. ~, ~. T STATUS IN OREGON !SIDDALL, lG77A 
ANO 19779; 5MITHSONI~N I~STlTUTION, 1975; DYPN~SS 
ET Alo• 197~). SARPACENIACEAE. 

lN BOGS AN? C1LD 5W4MPS. R• e. T STATLS lN CALIFr 
RNIA (CNPS1 197411 MO~E COMrON ~OQT~. DROSEPACEAE 

R• E, T STATUS IN JREGON ISICOALL1l '177A A~O 19778 
~ DVRNESS ET At •• 1975). MORE cor~1N IN ~·~~!NET" 
N AND CALI~ORNIA. ALSO IN eo~s. f~PETRACEA,, 

R1 E1 T STATUS [N OREGCN ISIDnALL1 1'177A AN~ LC77! 
; SMITHSON'AN I~STITUTIC~, 1~751, ~LUFFS ~ORTH OF 

GOLD BcACH. rQMPJSITAE. 

R, E• T STATUS IN WASHINGTO~ ID~NTON ET AL., lq77l 
, OR ISIODALL, lQ77AR, E1 T STATUS !N #ASHl~GTJ~ ( 
DENTON tT Al.• 1'1771, OREGO~ !SIODALL1 1977A AND ~ 

9778; $MITH~QNTAN INSTITUTICN• lq7;1 or•N'S5 tT AL 
•• 19751. A~O CALIFO~NIA IC~PS. 19741. CJ~pa•rrac 

R1 E1 T STATUS IN OR~t;ON ISICDALL• l'l77A Al'.CI l'l773 
; DY?NESS ET ALo• 1'1751; MOPE CO~MON NGPT~. fMJC\ 
CEAE. 

R, ~. T STATU5 IN JRoGO~ (SIDDALL• lq77Al AND ~~LI 
FORNIA IC~PS. 19741. rGRE cr~~o~ ND~T~. LYCC?OlA 
C EAF. 

R, f, T STATIJS !'II Ol!FGCN ISICDALL• 1977A AN<; :077o 
; DYR~ESS ET AL,, 197•1. CCl'IPOSTTAo. 

R, i;, T STATUS IN O~fGCI' ISIOOALL1 l'l77A A'"J lq77e 
; DYR~ESS ET AL., 19751 AND CALl~JR~fA !CNPS1 1q74 
) 0 HYCROP4VLLACcAc, 

R, E. T STATUS I"l wASHINGTON <DeNH'"l ET AL,, 1977; 
DYRNESS ~T Alo• l075; SMIT~SGNTA~ l~STITUTI~~, ia 

751. ILWACO PACIFIC COUNTY 1 OCEAN CLIFFS. GRtMI 
NEAE. 

~. e. r STATUS IN 111/1.SHINGT"~ !DtMTON ~T AL., 1Q77) 
AND O~EGON IST~DALL• 1977A AND 10775; DY?NtSS ~T 

Al•• 1975), ~ORACINACEAE. 

R, E. r STATUS TN OREGCN (SIDDALL• 1C774 AND iq77s 
; DVRNESS FT AL,, 19751. SALICACEAE. 

R, E, T STATUS IN WASHINGTON !DENTON ET AL., :q771 
Cl<ASSULAC~AE. 

K• E• T STATUS TN ~REGCN l~IDDAll• 1977A A~D 1977q 
; DVRNESS ET AL., 19751. C~A~SULACEAE. 
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TABLE 3-79. RARE, ENDANGERED, OR THREATENED FLORA (continued) 

5CaNTIFIC NAME 
C OPll'IJN NA'1E 

~!DAL~tA ~IRTI?t~ 

HAIRY-)TE~~EO CHECKiR-l'IALLJW 

s.LE~~ aouGLAS!I VAR. CRARIA 
uGl.JbLAS Slltl<c 

S!~YRINCrlIUM CALlFORNICUM 
uGLDE~-tYED GRA5S 

RANGE 

3't5 

4 

23't567~9 

3.5 AREAS OF ECOLOGICAL CONCERN 

STATUS NOTES 

R R, E1 T STATUS IN WA~~INGTO~ !DENTON ET Alo• 19771 

R 

ANO OREGON IS!DDALL• l977A; OY~NESS £T AL,, 1Q7~l 
ALSO IN ~QUNTAINS. MALVACEAE. 

R, E1 T STATUS IN QREGCh !SIDDALL• 1977A AND 1977q 
; DYRNESS ET 4L •• l975J Fws. l976C; SMITHSONIAN TN 
STITU R6N1 lQ75lo TILLAM~OK ~EAO, CA>YOPHVLAC•AE 

R, e. T STHUS IN WASHINGTON CDENTON ET AL .. in1; 
DYRNESS ET AL,, 19751 AND CPEGO~ ISIDDALL1 lQ77A 

AND l977B; DYRNE)S ET AL,, 197~1. ORC~TDACEAE. 

The concept of "critical areas" has come to prominance in recent years and has been the subject 
of considerable study (Council of State Governments, 1974, 1975). Recently the definition of an 
"endangered habitat" or critical ecological area has been expanded {Dyrness et al., 1975; 
Garcia, 1974; Johnson and Jones, 1977; Pickett and Thompson, 1978; and others). In response, 
research natural area preserves of various types are being proposed and steps taken for their 
protection (Dyrness et al., 1975; The Nature Conservancy, 1977). 

A definition of areas of ecological concern has been proposed by the Senate ,Committee on Interior 
and Insular Affairs (1973) as fol lows: 

Natural areas containing rare, remnant, unique, or otherwise significant ecoloqical 
communities, such as virgin forests, vegetation types rare or unusual in an area, 
endangered botanical species, and others. 

Natural wildlife habitats of rare and endangered species, and other significant migra
tory routes, breeding, nesting, and feeding and resting areas of terrestrial, ornith
ological, and aquatic animals. 

The following definition of critical wildlife habitats is given by the California State Office of 
Planning and Research (1973): 

Wildlife habitats considered as areas of potential Critical Concern are those which: 
1. support breeding grounds and/or principal concentrations of species declared to be 

rare and endangered and/or species of economic value either commercially or as game 
species. Rare and endangered species are those designated by the Department of Fish 
and Game and reported to the Governor and the Legislature under the provisions of the 
Fish and Game Code, Article 1, Section 903 

2. provide areas of seasonal concentrations of wildlife species, e.g., winter deer range 

3. are riparian habitats in valley and foothill areas 

4. are wetlands, inland and coastal, supporting concentrations of waterfowl 

5. are bays and estuaries providing important breeding and nursery habitat for marine 
species and birdlife 

6. are streams which provide salmon and steelhead nursery and spawning habitat of economic 
significance and 

]. are areas having present or potential human uses including scientific and educational 
uses. 

Similarly, Garcia (1974) identified critical habitats as follows: 

1. Habitats having seasonally high concentrations of wildlife (e.g. wintering areas, 
waterfowl concentration areas) 

2. Habitats receiving significant use by rare, threatened, or endangered wildlife 

3. Habitats (communities) which are rare or scar€e - having limited areal distribution 
within the region under consideration 

4. Migration routes. 
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The research natural areas programs are oriented towards identifying characteristic and unique 
habitats and collecting samples of the identified habitat or community types for preservation as 
well as educational and scientific uses. The rationale for establishment of such areas includes 
preservation of environemntal and genetic diversity, and provision of a baseline of natural 
conditions from which changes in human-affected environments can be measured. 

Existing federal research natural areas of the region are described by Franklin et al. (1972), 
Dyrness et al. (1973), and Hood (1977). 

Research natural area needs for Washington and Oregon have been reviewed by Dyrness et al. (1975). 
State and private natural areas and critical habitats are catalogued for Oregon by The Nature 
Conservancy (1977). Thompson and Snow (1974) and Battelle Pacific Northwest Laboratories (1973) 
have also listed information on areas of ecoloqical concern for Oreqon. Research natural 
areas are in the process of being catalogued for Washington (Matai ,-1977, pers. comm.). The U.S. 
Army Corps of Engineers (1975F) has developed a preliminary atlas of potentially critical areas. 
Isakson and Reichard (19768) have developed an atlas of critical areas for coastal species in 
Washington State. 

Hood (1977) has pub] ished a 1 ist of existing and proposed research natural areas for California 
along with their description and characteri.stic species. The California Coastal Zone Conserva
tion Commission (1975) maps areas of ecological concern in Northern California including eelgrass 
beds, waterfowl nesting sites, waterfowl concentration areas, clam preserves, oyster beds, and 
rookeries. 

Recently the Department of Interior, Fish and Wildlife Service, under the Land Heritage Act of 
1977, has established a program for identifying and acquiring critical wildlife areas called 
The Unique Wildlife Ecosystem Program. Under the program some $80 million per year nationwide 
will be earmarked for acquisition of areas identified as critical to endangered, threatened, or 
otherwise significant species (Paulen, 1978, personal communication). The program is more 
oriented to nongame species than the previous wetlands acquisition programs fund~d through the 
Pittman-Robertson Wildlife Restoration Act. 

In addition, two national parks - Olympic National Park and Redwood National Park - also provide 
for the protection and preservation of selected inland ecosystems in the study area, including 
por~ions of the Redwood Zone, Sitka Spruce Zone, True Fir Zone, and Arctic Alpine Zone. 

Some portions of the study area have been classified as wilderness areas, e.g. portions of the 
Olympic National Park, Flattery Rocks, Quillayute Needles, Copal is, Three Arch Rocks, and 
Oregon Islands National Wildlife Refuges. Seve~l areas within the region are roadless areas 
and some are proposed as wilderness areas under the Rare I I program. Existing and proposed 
areas are documented by the U.S. Department of Agriculture in their Rare I I, Roadless Area 
Review and Evaluation statements nationwide and appendices for Washington, Oregon, and California 
(USDA, 1978A, -B, -C, and -D). (Status of the proposed areas will not be resolved until after 
this study goes to press.) In addition, Brown (1977) has recently reviewed the proposals and 
status for such areas in Oregon. 

Several national wildlife refuges which offer protection to particular species (e.g. the 
ColumbianWhite-tailed Deer NWR) or groups of species (e.g. the Oregon Islands NWR) exist in 
the study area. Flattery Rocks, Quillayute Needles, Copalis, Cape Meares, Three Arch Rocks, 
and Oregon Islands National Wildlife Refuges were established principally for the protection 
of breeding marine birds, although marine mammals also derive considerable benefits. Willapa, 
Lewis and Clark, and Humboldt Bay National Wildlife Refuges were for the protection of migratory 
waterfowl. The Columbian White-tailed Deer National Wildlife Refuge was established for the pro
tection of the endangered Columbian white-tailed deer (see Species of Concern in Part 2 of this 
volume). 

The South Slough of Coos Bay has been given a protected status as an estuarine sanctuary under 
the Coastal Zone Management Act of 1972 (16 U.S.~. Section 1461), the first such sanctuary nation
wide (Oregon State Department of Land Conservation and Development, 1974). South Slough is a 
relatively pristine estuary with extensive eelgrass beds. 

Figure 3-75 summarizes the national wildlife refuges, the Coos Bay estuarine sanctuary, and the 
national parks of the region, as well as other public lands of interest. Existing and proposed 
research natural areas and other critical areas are given in Volume 4 in the respective Watershed 
Units. 

The special use of specific areas by Species of Concern also establishes areas of ecological 
concern e.g. waterfowl concentration areas. These areas are presented in Section 3.4 of this 
chapter and in the individual species accounts in Part 2. 
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FIGURE 3- 75. PU13LI C LANDS AND OTHEK 
DESIGNATED AREAS IN THE REGION. Two 
National Parks, fourteen National 
Wildlife Refuges, five National Forests, 
one National Recreation Area, one Natfonal 
Estuarine Sanctuary, four "Redwood" State 
Parks, and six Indian Reservations exist 
in the study area, as shown. See 
Watershed Unit maps in Volume 4 for 
more deta i 1 s. 
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Chapter Four - SOCIOECONOMIC ENVIRONMENT 
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4. l THE SOCIOECONOMIC ENVIRONMENT 

The socioeconomic environment of the Pacific Northwest Coastal Region is strongly influenced by 
the fluctuating, declining, or expanding levels of its natural resource based export (basic) 
industries. To date, relatively little employment or income is derived from activities not 
directly linked to local natural resources. Other major sources of income are indirectly 
resource-related. They include growing in-migration of retirees and seasonal residents and 
intervention of the federal government in the form of unemployment compensation, training, 
economic development programs, and regulation of land and.ocean use. Population densities 
throughout the region are low compared with those of the highly developed Puget Sound and 
Willamette Valley regions. Unemployment and seasonal employment are more widespread than in 
those major urban areas, and income levels are generally lower. 

4. l. l Principal Natural Resources. The economically valuable natural resources of the region 
include: extensive forests, estuarine and marine fish and shellfish, small areas of 
productive agricultural land, limited mineral deposits, and a shoreline suitable at several 
points for port development. The largely unspoiled natural recreation attractions of both 
coastal and inland areas, historic sites, and fish and wildlife constitute valuable resources, 
including, in particular, the estuarine habitats, dunes, and beaches. The overwhelming 
predominance of the forest resource is diminishing as old growth on private lands is harvested. 
This fact and a reassessment of the value of the forest resource for other uses are contributing 
to a shift in the way the region's natural resources are valued. 

4. l.2 Supply and Demand. Demand for all of the region's natural resources is increasing. At 
the same time, because of growing understanding both of the effects of over-exploitation and of 
conflicts between uses, limitations are being placed on resource extraction. Such limitations, 
and changes in policy regarding the manner in which resources should be used, lea~ to economic 
dislocations. Adjustment to such dislocations tends to be difficult and costly due to the 
region's lack of diversification and its population's traditional ties with a few basic indus
tries. For the same reason, the region is also strongly affected by fluctuations, both cyclic 
and seasonal, in demand for its resources and products based on them. 

4. 1 .3 Capital, Labor, and Facilities. The region is relatively isolated from major population 
and industrial centers. Transportation routes are limited; fuel and power are mainly imported 
from outside the region, and the population density is low. Major sources of capital have 
tended to be national forest industry firms or local processors strongly dependent on them. 
Much of the region's economic activity is carried out by self-employed individuals in the 
agriculture, fisheries, and recreation industries who lack extensive capital resources. Partici
pation in the labor force tends to be lower in the region than in the more urbanized areas of 
eac~ state. This reflects the 1 imited Industrial employment opportunities but also represents 
a potentially valuable human resource. 

4. 1.4 Major Basic Industries. With the exception of sand, gravel, and other minerals, each of 
the economically and culturally valuable resources is in demand by markets outside the study 
area. The traditionally dominant industry throughout the region has been the forestry and 
forest products industry. The relative ranking of this industry and of fisheries, agriculture, 
recreation, mineral industries, and transportation involving external markets varies between 
the watersheds. The overall ranking throughout the region is discussed in Section 4.9, following 
discussion of each activity individually. 

The forestry and forest products, agriculture, and fisheries industries have been declining for 
a number of years and are expected to continue to decline in terms of employment as productivity 
increases. The long-term outlook for forestry is the subject of debate depending upon assump
tions regarding management of the industry. The economic effect of efforts to diversify indus
trial activity through increasing emphasis on recreation, aquaculture, and crop growing does 
not yet appear to be significant. 

4. 1.5 Service Activities. The basic industrial activity of the region supports a relatively 
well developed service sector. Th~ relationship between the basic and service sectors in terms 
of employment and income (the multiplier) is difficult to determine because employment in 
agriculture, fisheries, and recreation, for several reasons discussed in later sections, can 
only be estimated. In addition, some trade and service activities serve both the local popu
lation and tourists and so are partially basic. It would appear, however, that the regional 
employment multiplier is on the order of 2.3 (also see Section 4.8 Service Activities). 

4. 1.6 Population, Employment, and Income. The Pacific Northwest Coastal Region is relatively 
sparsely populated, with a concentration. of urban centers along the coastal strip. The popula
tion is made up of a relatively high proportion of elderly people. For this reason, and also 
due to 1 imited employment opportunities, participation in the labor force tends to be lowe1· 
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than the average in each of the three states. Low labor force participation rates, high unemploy
ment, and severe seasonal fluctuations in employment contribute to median family and per capita 
personal income levels significantly below state averages. 

4. 1.7 Data Availability and Presentation. Socioeconomic data specific to the Pacific Northwest 
Coastal Region as defined for this study are typically not available. In most cases the data 
units are the twelve counties which comprise the region. The term Coastal Region is used in 
this chapter to refer to these twelve counties: Clallam, Jefferson, Grays Harbor, Pacific, and 
Wahkiakum in Washington; Clatsop, Tillamook, Lincoln, Coos, and Curry in Oregon; and Del Norte 
and Humboldt in California (see Figure 1-2 in Chapter 1 for county location). Data are usually 
presented for each county rather than aggregated by state or the coastal region as a whole. 
There are two reasons for using this approach. First, while the coastal region is relatively 
homogenous, there are differences between counties which are significant in terms of vulnerabil
ity to change and need or suitability for certain types of economic development. Secondly, 
consistent and comprehensive data are frequently lacking for all parts of the region, necessitat
ing use of those individual counties for which data are available as examples. Where comprehens
ive data do exist, they may require careful interpretation. For example, County Business 
Patterns (U.S. Department of Commerce, 1977D), while more detailed than other sources of employ
ment data, seriously understates employment in industries with strong seasonal patterns since 
data were collected only on a single occasion in the low season. 

4.2 FORESTRY AND FCREST PRODUCTS 

The forest and forest products industry is the dominant basic industry in terms of both employment 
and value throughout the Pacific Northwest Coastal Region. 

4.2. l Forest Resources. The forest resources of the Pacific Northwest Coast are vast. Forestland 
covers almost 90% of total land area. Of that amount, approximately 89% is classified as commercial 
forests. 

4.2. l. l Species Range. The principal commercial species of the study area include Douglas fir, 
western hemlock, Sitka spruce, and redwood. Very generalized maps showing species range may be 
found in U.S. Army Corps of Engineers (1975F), Loy et al. (1976), and Plank (1975). The 
Douglas fir is found all along the coast and is the dominant tree in the study area in terms of 
volume, acreage, and commercial exploitation (see Species of Concern in Part 2 of this volume for 
a more thorough discussion). The western hemlock, another important commercial conife~ populates 
the coastal areas of Oregon and Washington. It is the most common species found in the Washington 
coastal counties of Grays Harbor, Pacific, Clallam, and Jefferson counties (U.S. Army Corps of 
Engineers, 1976C, 1976H; Washington DCED, 1977A,B). The Sitka spruce, also common along the Wash
ington and Oregon coast, becomes most populous in the northern part of the study area. A number of 
other commercially less significant conifers can be found throughout the study area, including the 
western red cedar in parts of the Oregon and Washington coast, the Ponderosa pine and Port Orford 
cedar (in Curry County, Oregon), the lodgepole pine, and the grand fir. Redwoods are the second 
most populous species (after Douglas fir) of Humboldt and Del Norte Counties, California. Commer
cial exploitation of redwoods is being limited, however, by national park expansion (QRC Research 
Corporation, 1978; Broida et al., 1975). 

Hardwood species in the study area include the tanoak, madrone, red alder, and true oak. Hardwoods 
cover approximately 15% of forest area along the coast; however, they account for only about 5% of 
sawtimber volume (Schmisseur and Boodt, 1975; QRC Research Corporation, 1978; Washington DCED, 
1977A,B,C). Where hardwoods are present in coniferous stands, they frequently become the dominant 
stand component when the conifers are removed by cutting or fire. Inventory data related to 
cutting history indicate that cutting has been a major factor affecting type succession; where 
cutting is not followed by prompt restocking of conifers, hardwoods are the most likely successors. 
In Humboldt County, for example, hardwood forest types occupy 53 percent of the cutover commercial 
forest area, but only 28 percent of area where no previous cutting has occurred (Oswald, 1968). 
Most of the hardwood type area is inherently capable of supporting softwood types. Over 90 percent 
of the area now in hardwood type is classified as capable of growing merchantable sta,nds of coni
ferous timber. There is little present demand for hardwoods and the value of hardwoods will pro
bably always be less than for softwoods. Hardwood stands are characterized by low volumes per 
acre (Oswald, 1968). 

For a discussion of forest species, listed by biological zones (inland, coast, etc.) and habitat 
type (early seral shrub, second growth forest, old growth forest, etc.) see Volume Three Zone and 
Habitat Descriptions. For additional discusslon of commercial forest species, including harvest 
data, see Section 3.4. 1.1 in Chapter 3 and individual species of concern accounts in Part 2 of 
this volume. 
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4.2. 1.2. Productivity. The Douglas fir is the most abundant and widespread of all study area 
conifers. For these reasons, it is used as the index species for the potential productivity of 
forest land. Table 4-1 outlines the classification. The system uses the size of 100-year-old 
trees to distinguish five productivity classes which are measures of climate and soil favorability 
in a given spot. In an area of dry, shallow soils, Douglas fir may grow only 30 meters or less in 
a century; in a good site, it may double that growth (Loy et al., 1976). 

TABLE 4-1. FOREST SITE CLASS (PRODUCTIVITY) CHARACTERISTICS. 
(From Loy et al., 1976.) 

Height of Trees 
When 100 Years Old Site Class Wood Growth 

Meters Feet m3/hectare 
(approx.) 

Under 30 Under 100 v Under 75 
30 40 100 130 IV 75 - 120 
40 - 50 130 - 160 111 120 - 156 
50 - 60 160 - 190 11 156 - 184 
Over 60 Over 190 I Over 184 

Per Year 

ft 3 /acre 

Under 5.2 
5.2 - 8.4 
8.4 - 10.9 

10.9 - 12.9 
Over 12.9 

Table 4-2 shows the distribution of land for counties in the study area by U.S. Forest Service 
land classification: productive-reserved, unproductive, and commercial forest lands, and non
forest lands. 

The Forest Service defines these classifications as follows: 

Forest Land - land at least 10% stocked by forest trees of any size or formerly having had 
such tree cover and not currently developed for nonforest; 

Commercial Timberland - forest land producing or capable of producing crops of industrial 
wood and not withdrawn from timber utilization by statute or administrative regulation; 

Productive-reserved Forest Land - productive public forest and withdrawn from timber utili
zation through statute or administrative regulation; 

Unproductive Forest Land - forest land incapable of yielding crops of industrial wood because 
of adverse site conditions. Includes sterile or poorly drained forest land, subalpine forests, 
and steep rocky areas where topographic conditions are 1 ikely to prevent ·management for timber 
production (Bassett and Choate, 1974A.) 

The fifth classification of forest land, Deferred Forest land, refers to National Forest lands 
that meet productivity standards for commercial timberland, but are under study for possible 
inclusion in the Wilderness System (seep. 4-3). At the time of the inventories shown in Table 4-2, 
no land in the study area was classif1ed as Deferred Forest land. 

Study area totals in Table 4-2 reflect inventories of forest land from differing years (1973 
for coastal Oregon and Washington, 1965 and 1967 for northern coastal California). These totals 
should be treated as approximations. U. S. totals are included for comparative purposes. 

Forest lands cover 88.7% of the Pacific Northwest Coastal Region compared to only 33.2% of the 
U. S. as a whole. Of this forest land, 81.6% is classified as productive (both commercial and 
productive-reserved). For the U. S. as a whole, only 33.2% of the forest land is productive. 
Of productive land, 5.6% is listed as productive-reserved in the study area and 0.9% for the 
U. S. In sum, these figures indicate that the Pacific Northwest Coast is a very heavily fores
ted area, with highly productive forest land, a relatively large portion of which is protected 
from commercial harvest. 
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Region or 
County 

Clallam 
Jefferson 

TABLE 4-2. FOREST LANDS IN THE PACIFIC NORTHWEST COASTAL STUDY AREA. 
Data, in thousands of acres, are from U.S. Forest Service Timber Resource 
Statistics for Oregon and Washington, 1973, Humboldt County, California, 
1967, and Del Norte County, 1965. (From Bassett and Choate, 1974A and 
1974B; Oswald, 1968; Oswald and Walton, 1966; and Kuhn et al., 1974.) 

Forest Land 
Total Productive 
Land Area Total Commercial Reserved Unproductive 

1122 971 (86.5%) 684 168 119 
1155 1031 (89.3%) 528 318 119 

Grays Harbor 1222 1107 (90.6%) 1076 10 21 
Pacific 581 535 (92. 1%) 518 2 15 
Wahkiakum 167 149 (89.2%) 140 9 
Washington 4247 3793 (89.3%) 2946(69.4%) 498 (11. 7%) 349 (8.2%) 
Coast 
Clatsop 515 487 (94. 6%) 462 5 20 
Tillamook 714 644 (90. 2%) 637 6 1 
Lincoln 631 574 (91.0%) 572 1 1 
Coos 1028 891 (86.7%) 874 3 15 
Cu rr:t 1041 1005 (96. 5%) 760 50 195 
Ore9on Coast 3929 3602 (91. 7%) 3305 (84. 1 %) 65 (1. 7%) 232 (5.9%) 
Del Norte 642 607 (94.5%) 487 13 107 
Humboldt 2287 1850 (80.9%) 1701 47 102 
Ca 1 i forn i a 2929 2457 (83.9%) 2188(74.7%) 60 (2.0%) 209 (7. l %) 
Coast 

Study Area 11105 9852 (88. 7%) 8439 (76. 0%) 623 (5.6%) 790 (7. 1%) 
Total 

Non-Forest 
Land 

151 ( 13. 5%) 
151 ( 13. 1 %) 
115 (9. 4%) 
46 (7. 9%) 
18 (10.8%) 

454 (10. 7%) 

28 (5.4%) 
70 (S.8%) 
57 (9. 0%) 

136 ( 13. 2%) 
36 (3.5%) 

327 rn. 3%) 
35 (5.5%) 

437 ( 19. l %) 
472 ( 16. 1 %) 

1253 ( 11. 3%) 

u. s. Total 2270. lM 753.5M (33.2%) 449.7M(22%) 19.9M(0.9%) 233.9M(l0.3%) 1516.6M(66.8%) 

M = 1 ni 11 ion 

Among the factors which influence the commercial availability of the forestry resource, apart 
from productivity variations, are competing uses, such as high value agricultural land, mineral 
extraction, high-use recreation, and special ecological concerns. For example, the large 
difference in percentage of forest land that is commercially productive on the Washington 
coast (77.7%) as compared to the Oregon coast (91.8%) is in p1rt due to the Olympic National 
Park in Clallam and Jefferson Counties, Washington. All of the Park's forestland is classified 
as productive-reserved or unproductive, thereby reducing coastal Washington's commercial timber
land resources. 

4.2. 1.3 Ownership. Ownership of timber resources is a particularly important characteristic of 
the industry. Ownership patterns influence the utilization of the resource as policies and 
management techniques vary by owner. As a result, the volume of harvest for a given area will 
depend heavily on the patterns of ownership of commercial forestland. 

Data on forestry resource ownership patterns for the Pacific Northwest Coast are plenti.ful, 
although the data's recency varies. The varying dates must be borne in mind in the following 
discussion and accompanying tables. U.S. Forest Service surveys are available for all of coastal 
Oregon and Washington as of January, 1973 (Bassett and Choate, 1974A and 1974B). One regional study, 
Timber Resources of Southwest Oregon, 1975 (Bassett, 1977), is also available. Unfortunately 
the most up-to-date and complete Forest Service inventories for coastal California, (Humboldt 
and Del Norte Counties) occurred in 1965 and 1967 (Oswald and Walton, 1966; and Oswald, 1968). 
These data should be evaluated with caution, as considerable change has taken place in the 
resource situation in Humboldt and Del Norte Counties since 1968. New inventories have not 
been produced in comparable form (see Oswald, 1978). Oswald estimates, however, that 
privately-owned acreage in sawtimber on the Californian north coast declined 15 percent from 
1967 to 1975. 

A Humboldt County forest resource inventory based on aerial photographs is available for 1975 
(QRC Research Corporation, 1978). This survey, unfortunately, uses a different data presentation, 
making comparisons over time with Forest Service data valueless. 

Table 4-3 lists areas of commercial timberland in coastal Oregon and Washington by ownership 
class for 1973. Included in this table is a listing of commercial timberland by ownership class 
for the California counties from the inventories taken in 1965 and 1967. 
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TABLE 4-3. AREA OF COMMERCIAL FOREST LAND BY OWNERSHIP CLASS IN THE 
PACIFIC NORTHWEST COASTAL REGION. Data are in thousands of acres. 
From U.S. Forest Service Timber Statistics for Oregon and Washington, 
1973; and California, Del Norte County, 1965, and Humboldt County, 1967. 
(From Bassett and Choate, 1974A and 1974B; Oswald and Walton, 1966; and 
Oswald, 1968; 1970 figures for U.S. appear in Kuhn et al., 1974.) 

Region or 
County 
Clallam 
Jefferson 
Grays Harbor 
Pacific 
Wahkiakum 
Washington 
Coast 
Clatsop 
Ti 11 amook 
Lincoln 
Coos 
Curr 
Oregon Coast 
Del Norte 
Humboldt 
California 
Coast 

All 
Ownership 

684 
528 

1076 
518 
140 

2946 100% 

462 
637 
572 
873 
760 

3304 100% 
487 

1701 
2188 100% 

Study Area Total 8438 100% 

National 
Forest 
178 
122 
130 

430 14.6% 

89 
165 
54 

397 
705 21 .3% 
334 
292 
626 28.6% 

1761 20. 9% 

Other 
Pub 1 i c 

183 
201 
263 
67 
29 

743 25.2% 

142 
347 

41 
219 

51 
800 24.2% 

126 
126 5.8% 

1669 19.8% 

Forest 
Industry 

217 
115 
484 
385 
90 

1291 43.8% 

225 
128 
259 
300 
167 

1079 32.7% 
130 
531 
661 30. 2% 

3031 35.9% 

Other 
Private 

106 
90 

199 
66 
21 

482 16.4% 

95 
73 

107 
300 
145 
720 23.7% 

24 
752 
776 35. 3% 

1978 23.4% 

U. S. Total 499697 100% 91924 18.0% 37365 8.0% 67341 14.0% 296236 59.0% 

A comparison of study area totals and U. S. totals in Table 4-3 indicates that a much higher 
percentage of commercial forest land is owned by the forest industry on the Pacific Northwest Coast 
than for the country as a whole (very approximately, 36% for the study area; 14% for the U.S.). 
Commercial timberland owned by the industry comprises approximately 27% of total land area along 
the coast. Public agencies also own a large part of commercial timberland in the study area. 
National Forests contain 21% of commercial timberland and 19.8% is other public lands including 
Bureau of Land Management lands, Indian lands, and state, county, and municipal land. In short, 
the unusual nature of the Pacific Northwest coast's commercial timber resources is its large 
concentration in the hands of public agencies and the forest industry. Other private owners 
(mainly farmers who possess 59% of commercial forest land nationwide, own only 23% on the coast. 

Much of the public commercial timber land is land which was never taken into private ownership, 
or which was abandoned, often in mountainous and less accessible areas, with incomplete road 
systems. Much is therefore inherently less productive. In addition, lack of funds for forest 
management, and the claims of non-timber uses (such as watershed or fish spawning grounds, 
recreation, and wilderness, as mentioned above), as well as aesthetic concerns, discourage intens
ive timber management. 

4.2. 1 .4 Use of the Resource. Timber is the major product of commercial forestland along the 
Pacific Northwest Coast. Other services and products provided by forest lands are relatively 
insignificant in terms of employment and income. Forestry and other uses of timberland are 
generally incompatible, although a few recreational activities can coexist with forestry activ
ity (see Section 4.4.1) and to a very limited degree forests also provide grazing in California 
(U. S. Department of Agriculture, 1978A). 

Ownership has a significant effect on type and intensity of timberland use. The forestry indus
try has the basic goal of harvesting a profitable volume of timber. Public timberland owners 
such as the U. S. Forest Service and the Bureau of Land Management (BLM) are primarily concerned 
with the maintenance of existing forest resources. The National Forest Management Act of 1976 
states: 

"The annual allowable harvest from each National Forest will generally be limited to a 
quantity equal to or less than a quantity which can be removed annually on a sustained 
yield basis." 

The Bureau of Land Management follows the same management principle. 
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Statistically, it is difficult to demonstrate the deficiencies of publicly-owned commercial 
timberland relative to industry-owned. Site class data are too generalized to allow for 
detailed analysis. Forest Service classifications (productive or non-productive) tell nothing 
about the gradients of productivity. Available sources agree with this general conclusion 
(Loy et ai, 1976; Schmisseur and Boodt, 1975). 

Annual "allowable cuts" have been established by government and industry to insure sustained yield 
of wood from coastal timberlands. Allowable harvests are established for conifers only. Coastal 
area forest industries receive much of the harvests from public lands (Schmisseur and Boodt, 
1975). 

Timber harvests on private lands are not constrained by allowable cut calculations. 
are determined by market conditions, harvestable supplies, and individual management 
long-term trend in private timber harvest is exhibiting a decline because old-growth 
no longer abundant; however, private timber holdings have often been able to supply 
roundwood to meet short-term surges in market demand tSchmisseur and Boodt, 1975). 

Private cuts 
plans. The 
stands are 

necessary 

Table 4-4 lists volume of sawtimber on commercial timberland by ownership class in the twelve 
counties of the Pacific Northwest Coast. A comparison with Table 4-3, which lists area of com
mercial timberland by ownership class, indicates the relative effects of private and public 
timberland management policies. Private commercial timberlands, both "forest industry" and 
"other private" in Table 4-3, cover a larger area than pub! ic lands, "National Forest" and "Other 
Pub! ic" -- mainly BLM lands. However, in terms of sawtimber volume, public lands are better 
stocked than private lands in the study area. The volume of standing sawtimber, according to 
the inventories for the study area (excluding Del Norte County) in the late 1960s and early 
1970s, averaged 28,000 mbf/acre on public lands and only 18,000 mbf on private lands. Trends 

/ 

in volume per acre statistics along the coast (Table 4-5) indicate differing management practices. 
Forest industry and other privately-owned lands have shown large declines in volume per acre 
values. National Forest and other public lands (much of which are BLM lands) have demonstrated 
only small increases or declines in sawtimber volume per acre, showing management policies have 
been successful. 

Region or 
County 

Cl al lam 
Jefferson 

TABLE 4-4. VOLUME OF STANDING SAWTIMBER ON COMMERCIAL TIMBERLAND BY 
OWNERSHIP CLASS. Data are in million board feet, International 1/4 
inch rule, from U.S. Forest Service Timber Statistics for Oregon 
and Washington, 1973, Del Norte County, 1965, and Humboldt County, 
1967. (From Bassett and Choate, 1974A and 1974B; Oswald and Walton, 
1966; and Oswald, 1968; 1970 figures for U.S. appear in Kuhn et al., 
1974.) 

Al I Nati ona 1 Other Forest 
Ownershi12 Forest Pub Ii c Industry 

21'155 6377 5597 5853 
21'437 5449 11,983 3129 

Grays Harbor 22,530 6461 3830 8468 
Pacific 11,814 1553 8902 
Wahkiakum 2990 553 2380 
Washington Coast 79,926 100% 18,287 22.9% 23,516 29.9% 28,732 
Clatsop 9014 2256 4431 
Tillamook 11, 669 4095 3865 1332 
Lincoln 15,846 8348 2238 4602 
Coos 20, 296 2202 8489 4944 
Curry 16,383 10,571 1300 3106 
Oregon Coast 73,208 100% 25,216 34.4% 18, 148 24.8% 18,415 
Del Norte 12,836 n/a n/a 
Humboldt 32,561 100% 8499 26. 1% 2696 8.3% 14, 117 
California Coast 58,233 

Study Area Total 211'367 52,002 1 44,360 61, 264 1 

1 Excludes Del Norte County. n/a Not avai !able. 

Region 

Other 
Private 

3328 
876 

3771 
1359 

57 
35.9% 9391 11. 7% 

2327 
2377 

658 
4661 
1406 

25.2% 11,429 15.6% 
n/a 

43.4% 7249 22.3% 

28,069 1 
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TABLE 4-5. LIVE SAWTIMBER VOLUME/ACRE BY OWNERSHIP FOR PACIFIC NORTHWEST 
COASTAL COUNTIES. U.S. Forest Service data are board feet/acre
International 1/4 inch rule. (From Bassett and Choate, 1974 and Bassett, 
1977.) 

NATIONAL OTHER FOREST 
COUNTY FOREST PUBLIC INDUSTRY 
Coos 

1973 40,778 38,762 16,480 
1975 80,297 29,554 15,408 
% Chan e 97% -24% -7% 

Curry 
1973 26,627 25,490 18,599 
1975 25,512 23,458 3,092 
% Chan e -4% -8% -83% 

OTHER 
PRIVATE 

15,336 
4,397 

-71% 

13,390 
1,481 

-89% 

4.2.1.5 Outlook and Effects. Future supply of timber resources along the Pacific Northwest 
Coast will depend on the regenerative ability of forests, and on technological improvements 
and management practices exercised by owners of present resources. In addition to biological 
volume growth, factors affecting productivity include improvements in timber utilization and 
accessibility plus changes in scaling standards (QRC Research Corporation, 1978). Management 
practices are closely tied to ownership type. The extent to which growing timber stock will 
be harvested after old growth timber is exhausted in the study area is a major factor 
affecting future timber stock. Timber supply will also be strongly affected by environmental 
constraints placed on pub! ic and private commercial timberlands. The 1978 expansion of the 
Redwood National Park is estimated to reduce the current inventory of private commercial 
timberland in Humboldt County by 11% (QRC Research Corporation, 1978). Park expansion is 
expected to remove 42% of potentially harvestable public Jand from commercial exploitation. 
Additions to wilderness areas or maintenance of roadless areas through implementation of the 
RARE 11 (Roadless Area Review) evaluation of National Forest lands could further deplete the 
future supply of timber along the coast (see U.S. Department of Agriculture, 1978A-1978D). 

Projections of future timber supplies and harvests for the coastal region take into account many 
of these factors. A 1975 U. S. Forest Service study made two projections of timber resource 
supplies along the West Coast. The first, assuming no change in management practices, predicts 
a continuous decline in Western Washington and California softwood sawtimber and roundwood 
supply of approximately 6.1% and 4.0% per decade, respectively. Softwood timber supplies 
are also expected to decline in Western Oregon until the year 2000 and then to level off. 
The second projection by the Forest Service, assuming intensified management practices for 
one decade, estimates an increase in timber harvest for Western Washington and Oregon of 
almost 16 billion board-feet over the next seven decades (see Gedney et al., 1975, for 
further discussion). Both projections assume that regeneration efforts will be successful. 

A recent report by Beuter et al. (1976) has estimated the magnitude of harvest decline for 
various timbersheds within the State of Oregon. Based on continuation of present policies and 
actions, they conclude that the current total harvest for Douglas County could be maintained 
through 1995, after which a decline of 22% would occur. For the south coast timbershed of Coos 
and Curry Counties, they estimate that the total harvest could be maintained through 1995 after 
which a decline of 35% copl~ be expected. According to these authors, the timing of the 
decline in harvest is impossible to predict because the decrease is ant~cipated in the private 
forest industry sector and it is the industry's market decisions that will determine the rate 
of harvest. 

A 1978 study of Humboldt County timber resources has calculated annual cuts for the next 
thirty years based on three sets of assumptions: inventory replacements will continue at 
the present rate; all old growth timber will be used up before second growth; and harvesting 
will occur simultaneously in stands for all trees above 60 years old. Annual cuts for these 
assumptions range from approximately 1,200 million board feet in the first case to 700 million 
board feet in the third (see QRC Research Corporation, 1978). These projections appear to 
be unrealistic. Annual cuts in both Humboldt and Del Norte Counties combined between 1967 
and 1974 averaged only 1,000 million board feet. Oswald (1978) estimates that output of 
softwood sawtimber from private timber lands in California's North Coast Region is likely 
to decline substantially in the next 10 to 15 years because there are not sufficient sawtimber 
stocks with associated growth to maintain output. The major portion of the decline will occur 
in Humboldt and Del Norte Counties and affect both Douglas fir and redwood output. Oswald 
states that no reordering of cutting priorities among different types of stands will have a 
significant impact on the prospective decline. He estimates that while output of sawtimber from 
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public lands within and adjoining the region will increase. This is unlikely to offset the 
private sector decline. He estimates the combined sawtimber output from Humboldt, Del Norte, 
and neighboring Mendocino and Sonoma Counties to drop from 1,500 million board feet (the 
1967-1974 average) to 354 million board feet by 2000. 

The socioeconomic consequences of lost timber resources and the resulting reduced harvest can be 
measured in terms of employment and income losses. A number of studies have calculated expected 
reductions in employment and income associated with resource decline. Wall (1973) estimated 
employment changes in the industry from 1970 to 2000, based on various assumptions concerning 
labor productivity, log exports, and an employment-wood consumption ratio in Western Washington 
and Western Oregon. Estimates have varied widely according to the assumptions employed. Darr 
and Fight (1974) estimated employment, income, and multiplier effects of reductions in timber 
harvests for Douglas County, Orego~. Wall and Oswald (1975) used a different technique 
(employees per million board feet) to relate timber harvest and total employment. Oswald (1978) 
has examined the effect of declining sawtimber output on processing centers in northern 
California. Schallou et al. (1969) calculated employment multipliers for forestry in the 
Pacific Northwest Coast in their economic impact projections for alternative levels of timber 
production. 

4.2.2 Forestry and Log Production. 

4.2.2. 1 Timber Harvest Volume. As indicated above, the volume of timber harvest varies accor
ding to productivity, ownership, and management practices. Table 4-6 lists harvest volumes by 
county for the PC1cific Northwest Coast broken down by ownership class; Tables 3-44, 3-45, and 3-46 
in Section 3.4.1.1 give harvest data for the region by tree species. 

TABLE 4-6. TIMBER HARVEST VOLUMES BY COUNTY AND OWNERSHIP CLASS. Data 
are in thousands of board feet. (Washington data are for 1976 from U.S. 
Forest Service, 1978 A-D; Oregon data are 1975 figures from USDA Forest Serv
ice, 1977; Humboldt and Del Norte County figures are for 1976 from Calif
ornia State Department of Forestry). 

FOREST OTHER TOTAL NATIONAL OTHER OTHER 
AREA INDUSTRY PRIVATE PRIVATE BLM FOREST FEDERAL STATE PUBLIC 

Clallam 176, 143 37,428 213,571 78,681 18,423 1 75,558 600 
Jefferson 99,737 48, 156 147,893 19,579 7,417 206, 108 629 
Grays 

Harbor 242,058 50,513 292,571 70,067 120,283 7,208 468 
Harbor 
Pacific 387,290 8,665 395,955 10, 281 586 
Wahkiakum 532609 3i969 57,578 5i540 1,666 
Washington Total 
Clatsop 202,887 6,646 209,533 179 69,272 57 
Tillamook 134,860 6,323 141, 183 49,211 47,768 24,459 160 
Lincoln 147,264 7,634 154,898 9,467 117 ,977 11 ,559 961 
Coos 266,556 19, 178 285, 734 145,545 39,612 1'316 23,835 5,023 
Cu rr:t 46,862 22,789 69i651 102468 752510 330 1'019 
Oregon Total 
De 1 Norte n/a n/a n/a n/a n/a n/a n/a n/a 
Humboldt n/a n/a n/a n/a n/a n/a n/a n/a 
Ca 1 iforn i a Total 

1
Ma inly Indian lands. 

TOTAL 

386,833 
381 ,626 

490,597 

406,822 
64,784 

1, 730,662 
279,061 
262,781 
294,862 
501 ,065 
156,978 

1,494,747 
242,548 
957,154 

1, 199,702 

Data for selected counties between 1973 and 1975 in Table 4-5 indicate two trends. Overall 
volume of timber harvest appears to be declining along the coast. The decline may be the result 
of exhaustion of old growth timber along the coast or may result from more intensive forestry 
management practices implemented over the· last decade. 

From Table 4-5, it can also be seen that the percentage of timber harvests on private land has 
declined. Exhaustion of old growth timber on forestry industry lands has increased the dependencE 
of the forest industry on timber resources of National Forest, BLM, and other public lands. 
In the past, the public agencies have increased their allowable cut to respond to market demands. 
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With the advent of the "Multiple Use" and "Non-declining Even-Flow Sustained Yield" concepts of 
theU.S. Forest Service, it is apparent that the current level of the allowable cut is not likely to 
increase further without more intensive management of the forests. Public lands have reached the 
level of cut that will maintain a perpetual, sustained yield of timber with current investment 
funding levels. In addition, public concern over the environment and increasing recreational 
activity in the public forest could have the effect of reducing the timber land base and reducing 
the allowable cut further, or increasing the costs of harvesting public timber (Coos, Curry, 
Douglas EIA, 1977). 

Possibly one of the most important factors which affects the volume of timber harvested along the 
Pacific Northwest Coast is the national demand for wood products, primarily by the home con
struction industry. Harvesting on forest industry lands is especially influenced by demand 
fluctuations. Sustained yield practices on federally controlled lands tend to stabilize harvest 
volumes. A private firm that is a successful bidder at a public timber auction may postpone 
cutting up to three years, however, in anticipation of better market conditions for wood products 
(Coos, Curry, Douglas EIA, 1977). 

Competition from other timber producing regions also affects timber harvest in the study area. 
Producers in the Southern states are increasing production and capturing a larger share of national 
lumber and plywood markets each year. In 1975, Southern states accounted for 35.4% of total 
softwood plywood production in the United States, up from 32.2% of the market in 1970, 3.2% in 
1965, and 0% in 1960. This trend is expected to continue in the future because of the South's 
proximity to large Eastern markets, the region's labor cost advantage, and its increasing raw 
material supply (Coos, Curry, Douglas EIA, 1977). 

The other major factor affecting harvest volumes has been foreign demand for logs. Log export 
volume from the U. S. West Coast increased steadily through the 1960's into the 1970's. Wash
ington and Oregon accounted for over 85% of annual softwood log exports from the West Coast from 
1962 through 1973. Increasing exports combined with high domestic demand put pressure on the 
Pacific Northwest timber resources. In 1968, legislation limiting levels of exports was enacted. 
Logs are now harvested for export markets almost exclusively from private lands (Darr, 1975). 
Nevertheless, softwood exports from the states of Washington and Oregon to all countries have 
increased steadily from 335,675 thousand board feet (Scribner Scale) in 1961 to 2,737,074 
thousand board feet in 1976 (Ruderman, 1977A). Softwood log exports have increased from 
approximately 3% of lumber harvest in 1963 to approximately 15% in 1973 (Ruderman, 1977A). Export 
volumes are affected by a variety of factors including foreign housing demand and U. S. dollar 
value relative to foreign currency and tend to fluctuate cyclically in a manner unrelated to 
domestic cycles (Darr, 1975). 

4.2.2.2 Production Value. Few data sources exist for the value of log production for the Pacific 
Northwest Coast. Value added data for the industry as a whole (log production and processing) 
are given for twelve counties of the study area in Table 4-7 (for a discussion of the value-added 
concept, see Volume l, Section 4. 1.3.2 and Samuelson, 1961). The lumber and wood products sector 
(Standard Industrial Classification (S.l.C.) Code 24), includes the following subsectors: logging 
camps and contractors (S.l.C. 241), sawmills and planing mills (S.l.C. 242), millwork, plywood 
and structural members (S. l.C. 243), and wood containers (S.I .C. 244). Value added data for 
logging ,camps and contractors are only available for a few counties with high levels of logging 
emp 1 oymen t. 

The lumber and wood products sector represented over 72% of value added by manufacturing in the 
coastal study area (except Wahkiakum County). Logging camps and contractors sector employment 
contributed approximately 30% of value added in lumber and wood products (see Table 4-8) in the 
five counties of the study area where these data were available. Logging camps and contractors 
.contributed approximately 22% of value added by all manufacturing in the listed counties. 

4.2.2.3 Forestry and Logging Employment. Employment in forestry and log production for Pacific 
Northwest Coastal counties in 1975 is given in Table 4-9. Figures are taken from County 
Business Patterns (U. S. Department of Commerce, Bureau of Census, 1977D). Data for County 
Business Patterns were gathered during March, 1975. Due to the seasonality of forestry employment, 
these figures are probably below the annual average for forestry and log production. 

Forestry and log production employment includes S. l.C. sectors forestry (S. I .C. Code 08) and 
logging camps and contractors (S. l.C. Code 241). Where figures were not available estimates 
based on regional averages are listed. As expected, forestry and log production employment 
correlate fairly well with logging harvests by county. Grays Harbor County, Washington, and 
Coos County, Oregon, are the largest logging employers and harvesters in the study area. Most 
forest industry employment is in forest products processing. Less than 30% of the industry's 
employees work in logging and forestry (see Table 4-10). 
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TABLE 4-7. VALUE ADDED BY MANUFACTURING IN LOMBER AND WOOD PRODUCTS SECTOR FOR 
PACIFIC NORTHWEST COAST - 1972. Data are in millions of dollars. (From 1972 Census 
of Manufacturers, Volume 4, U.S. Department of Commerce, Bureau of Census, 1974C.) 

County 

Total Value Added 
All Manufacturing 

Sectors 

Value Added 
By Lumber & 

Wood Products 
% Lumber_And 
Wood Products 

Cl al lam 
Jefferson 
Grays Harbor 
Pacific 
Wahkiakum 
Washington Coast Totals 
Clatsop 
Ti 11 amook 
Lincoln 
Coos 
Curr 
Oregon Coast Totals 
De 1 Norte 
Humboldt 
California Coast Tota is 
Study Area Totals 

n/a =Not Available 

66.3 
2 l. 9 

157.6 
22. l 

n/a 
267.9 
41.0 
30.2 
39,7 

113. 2 
25.4 

249.5 
3 l. 8 

220. 7 
252.5 
769.9 

(e) = Estimate 

39.2 
14. l (e) 

l 0 l. 2 
18. 5 
n/a 

173.0 
22.6 
27.0 
17.9 
99,8 
24.7 

192.0 
3 l. 4 

180.3 
211. 7 
576.7 

TABLE 4-8. VALUE ADDED BY LOGGING CAMPS AND LOG CONTRACTORS - SELECTED 
COUNT I ES, 1972. Data are in mi 11 ions of dollars. (From 1972 Census of 
Manufacturers, Volume 4, U.S. Dept. of Commerce, BureauofCensus, 1974C.) 

Value Added By 
Logging Camps/ % of Wood % of All 

County Log Contractors Wood Products Manufacturing 

Cl al lam 19. 1 48. 7% 28.8% 
Grays Harbor 48.6 48.0% 30.8% 
Clatsop 7.9 35.0% 19.3% 
Coos 14. 7 14. 7% 13.0% 
Humboldt 42.6 23.6% 19.3% 

TABLE 4-9. LOGGING AND FORESTRY EMPLOYMENT IN THE PACIFIC NORTHWEST 

59, 1% 
64.4% 
64.2% 
83.7% 

n/a 
64.6% 
55. 1% 
89.4% 
45. 1% 
88.2% 
97.2% 
7].0% 
98.7% 
81. 7% 
83.8% 
74.9% 

COAST - 1975. (From U.S. Department of Commerce, Sureau of the Census, 1977D.) 

County 
Cl al lam 
Jefferson 
Gray Harbor 
Pacific 
Wahkiakum 
Clatsop 
Ti 1 lamook 
Lincoln 
Coos 
Curry 
De 1 Norte 
Humboldt 
STUDY AREA TOTAL 

(e) = estimates 

Region 

Forestry (SIC 08) 
54 (e) 

5 (e) 
28 (e) 
40 (e) 

3 (e) 
25 (e) 
6 (e) 

12 (e) 
110 (e) 

8 (e) 
10 (e) 
33 

334 

Logging Camps 
and Contractors (SIC 241) 

947 
202 

2482 
130 
407 
474 
273 
209 

1176 
170 
422 
581 

7473 

Total 
1001 
207 

2510 
170 
410 
499 
279 
221 

1286 
178 
432 
614 
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TABLE 4-10. FORESTRY INDUSTRY EMPLOYMENT IN THE PACIFIC NORTHWEST COAST REGION, 
1975. (From U.S. Department of Commerce, Bureau of the Census, 1977D.) 

Forestry Forest Paper and Forest 
and Log Products A 11 i ed Products Indus try % All 
Production Processing l Employment Total Employment 

Cl al lam 1001 922 920 (e) 2843 34. 1% 
Jefferson 207 95 375 (e) 677 34.4% 
Grays Harbor 2510 2218 1261 5989 38.4% 
Pacific 170 585 755 27.5% 
Wahkiakum 410 13 423 62.9% 
Clatsop 499 424 35 (e) 958 15.2% 
Tillamook 279 478 757 25. 1% 
Lincoln 221 471 670 (e) 1362 25. 1 % 
Coos 1286 2977 175 (e) 4438 35.5% 
Curry 178 821 999 41 .9% 
De 1 Norte 432 1284 20 (e) 1736 52.6% 
Humboldt 614 5107 750 (e) 6471 29.7% 
STUDY AREA TOTAL 7807 15395 4206 (e) 27408 32.6% 

1These figures are derived from lumber and wood products (SIC 24) minus logging (SIC 241). 

(e) Estimated. SIC= Standard lndustri al Classification 

Time series data for lumber and wood products manufacturing employment in the study area 
indicate some recent trends in the industry. Between 1958 and 1972, logging employment in the 
five Oregon coastal counties declined steadily from 3,327 to 2,663, a decrease of 17% (summar
ized from data in Kuhn et al., 1974). Log production between 1958 and 1972 for the Oregon 
coast was more erratic showing approximately the same percentage decline, (Kuhn et al., 1974). 
Humboldt County, California, employment and production data for the period 1950 to 1976 
indicate a similar decline (QRC Research Corporation, 1978). Data for Washington coastal 
forestry employment were not readily available. 

Total employment levels in forestry depend on many factors, including demand for the industry's 
products, changing product mix, increased utilization of forest products, availability of raw 
material, level of capital expenditure, and skill and performance levels of labor (Wall and 
Oswald, 1975). The last factor, also known as productivity, can be measured by computing a 
ratio of raw materials (in thousands of board-feet of lumber or logs) to labor (number of 
employees). The productivity factor has two important uses: as an indicator of trends in 
productivity in the industry; and in predicting future levels of employment based on the 
predicted production and consumption of raw materials. In the Pacific Northwest, this measure 
can be particularly valuable when dealing with the question of employment impacts of declining 
timber resources. This subject has been examined by Wall and Oswald (1975). 

Trends in labor-to-raw-materials ratio are presented in Figure 4-1 which plots average annual em
ployment in logging per mill ion board-feet for Western Washington, Western Oregon, and Coastal 
California for the period 1950 to 1970. These regions contain counties outside the study area, 
however. Other sources indicate that these figures represent general trends within the study 
area (Schmisseur and Boodt, 1975; Kuhn et al., 1974). Productivity declines in logging are 
apparent in all three areas for the specified period. For a discussion of employment pro
jections based on productivity trends and timber resources for the Pacific Northwest Coast, see 
Wall (1973). 

Seasonality is another important characteristic of the logging industry along the coast. 
Figure 4-2 presents monthly deviations from average annual employment in logging for Washing
ton, Oregon, and California for 1969-1971. May-October appears to be the peak period for 
logging employment along the coast. 
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FIGURE 4-1. AVERAGE ANNUAL EMPLOYMENT TRENDS IN LOGGING FOR 
WESTERN WASHINGTON, WESTERN OREGON, AND COASTAL CALIFORNIA FOR 
THE PFRIOD 1950 to 1970. (From Wall and Oswald, 1975.) 
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4.2.3 Forest Products Processing. 

4.2.3. 1 Processing Activities. Logs removed from Pacific Northwest coastal forests are either 
processed within the study area or expor~ed from coastal ports to other locales for processing. 
Processing activities are categorized as follows: lumber (saw mills); veneer and plywood; 
pulp and board; log export; shake and shingle; pole, post and piling. 

Tables 4-11 and 4-12 list the number of mills by county and by type for the study area. M~lls 
are especially numerous around Grays Harbor, Washington, Coos Bay, Oregon, and Eureka, California. 

TABLE 4-11. NUMBER AND TYPE OF MILL BY COUNTY, WASHINGTON COAST, 1976. 
(From Bergvall et al., 1977.) 

Veneer and Pulp and Shake and Pole, Post Export 
County Sawmi 11 s Plywood Board Shingle and Piling Oeerations 

Cl al lam 8 1 2 46 91 
Jefferson 4 1 1 6 
Grays Harbor 8 5 2 88 17 
Pacific 2 8 
Wahkiakum 2 _5 

Washington 
Coast Total 24 7 5 153 26 

1 Al 1 9 are in Port Angeles in Clallam County, however, outside the study area. 

TABLE 4-12. NUMBER AND TYPE OF MILL BY COUNTY, CALIFORNIA AND OREGON 
COAST, 1972. (From Schuldt and Howard, 1974, and Howard, 1974.) 

Veneer Pulp and Shake and Po 1 e, Post Export 
Count}'.'. Sawmills and Plywood Board Shingle and Pi 1 i n;:i Oeerations 

Clatsop 3 1 2 13 
Tillamook 8 2 8 
Lincoln 6 2 1 2 2 
Coos 11 8 3 2 11 
Curr 5 5 

Oregon Coast 
Total 33 18 6 12 26 

Del Norte 7 4 1 1 
Humboldt 37 9 3 5 4 

North 
California 
Coast Total 44 13 4 6 4 

TOTAL 

67 
12 

120 
10 

_7 

216 

TOTAL 

19 
18 
13 
35 
10 

95 

13 
58 

71 

Data on the flow of logs from forests of or1g1n to individual mills are not readily accessible. 
Mill surveys are conducted by the Washington State Department of Natural Resources, the Oregon 
State University Extension Service (Forestry Extension) and the USDA Forest Service Pacific 
Northwest Forest and Range Experiment Station for Washington, Oregon, and California, respec
tively. Questionnaires request information concerning the origin of logs processed by each 
mill. Figure 4-3 presents a section of the 1976 Washington Mill Survey. It is apparent that 
even if information were compiled and available for log flows to individual mills, more specific 
infomration than county and national forest origins could not be readily obtained. 
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d. Owner•hip Origin Sound loo• Utility log• 

St.ate --" --" 
US Forest Service --" --" 
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FIGURE 4-3. EXCERPT FROM WASHINGTON MILL SURVEY FORM. Washington State 
Department of Natural Resources. (From Bergvall et al., 1977.) 
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Log flow data for individual mills would be valuable for assessing the local economic and en
vironmental impact of changes in the forestry resource situation. For example, an evaluation 
could be made of a change in status of timber resources from a commercial timberland to produc
tive-reserved forestland (e.g. a wilderness area). Localized log flow data would reveal which 
mills (and mill-dependent economies) would be affected. The status of log flow data for coas
tal counties is summarized in Table 4-13. Available data on mill flows are presented in 
Tables 4-14 through 4-19. Table 4-14, mill flows for coastal Washington, indicates that logs in 
the northern part of the coast generally are sent to processors in the vicinity of Port Angeles 
which is outside the study area.~ Harvested logs in the southern part of the Washington coast are 
processed in Grays Harbor mills. Table 4-16 indicates that Grays Harbor and Port Angeles are 
also the most likely destination of logs harvested in coastal Washington that are intended for 
export. 

For coastal Oregon (see Table 4-15), logs tend to be processed in the county of harvest. Tilla
mook and Lincoln Counties are exceptions. These counties send a large percentage of their logs 
out of the study area for processing. 

Del Norte and Humboldt Counties process nearly all locally harvested logs. 

By the use of mill flow data, a ratio of logs consumed to logs produced can be calculated for each 
county. The following figures represent comsumption as a percentage of total production in the 
county: Clallam - 123.3%, Jefferson - 6.5%, Pacific and Grays Harbor - 119.0%, Clatsop - 146.9%, 
Tillamook - 64.9%, Lincoln - 39.0%, Coos - 125. 1%, Curry - 68.9%, Del Norte - 84.9%, and Hum-
boldt - 113.2% Data for Washington counties are from 1976. Data for Oregon and California are 
for 1972. Pacific and Grays Harbor data have been combined by the Washington Department of 
Natural Resources to avoid disclosure of mill log flow data. Other sources indicate that the 
Grays Harbor consumption-production ratio is likely to be more than 100% and the Pacific County 
ratio under 100% (U. S. Army Corps of Engineers, 1976C and 1976H). 

National Forest aata are listed in Tables 4-18 and 4-19 for Oregon and California. 

TABLE 4-13. SUMMARY OF DATA AVAILABILITY FOR LOG FLOWS IN PACIFIC NORTHWEST 
COASTAL AREA. (From Bergvall et al., 1977; Schuldt and Howard, 1974; and 
Howard, 1074.) 

AREA OF ORIGIN 

COUNTY 

SUB-COUNTY, SUB-NATIONAL 

NATIONAL FOREST 

NATIONAL FOREST 

AREA OF USE 

COUNTY: 

Washington Coast 
Oregon Coast 
California Coast 

DATA AVAILABLE? 

Yes, presented in Table 4-14 
Yes, presented in Table 4-15 
Yes, presented in Table 4-17 

COUNTY, SUB-COUNTY OR INDIVIDUAL MILL: 

Washington Coast 
Oregon Coast 
California Coast 

COUNTY: 
Washington Coast 
Oregon Coast 
California Coast 

SUB-COUNTY OR INDIVIDUAL MILL: 

Washington Coast 
Oregon Coast 
California Coast 

No, would require alteration 
of agency questionnaires. 
(Table 4-16 gives Washington 
Coastal County flows to ports 

Yes, but not publ ished
1 

Yes, summarized in Table 4-19 
Yes, summarized in Table 4-18 

Yes, but requires security 
clearance from agencies to 
obtain questionnaire response 
forms from individual mills 
and data tabulation not 
previously performed. 

1
This info1mation is published by resource areas (supra-county level) only. The table 
would be of no value for the study area and is not presented. 
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TABLE 4-14. LOG FLOW TO MILLS BY COUNTY OF ORIGIN AND USE, WASHINGTON COAST, 1976. Data are 
in thousand board feet, Scribner Log Rule. (From Bergvall et al., 1977.) 

County of Origin 

County Of Use Total Clallam Grays Harbor Jefferson Pacific Wahkiakum Other Washington 

Clallam 565,707 363,976 1,371 195,882 

Grays Harbor 

Pacific 1 1,291,355 9,599 549,664 288, 175 396,186 5,394 42,337 

Jefferson 37,099 8,086 1, 157 27,856 

Cowlitz a~d 
Wahkiakum 858,966 3,657 9,916 6,460 789,640 

Puget So~nd 
Counties 2, 123,848 73,024 35,485 57,075 46' 778 1,867 ,022 

Other Washington 
Counties 3,960 30,941 192 9,555 22,250 

TOTAL, STATE 458,695 622,277 569, 170 462,435 34, 104 

1combined to avoid disclosure of mill log flow data. 

21ncludes San Juan I s 1 and , Ki ng , Kitsap, Pierce, Skagit, Snohomish, and Whatcom Counties, Washington. 

Out-of-State 

4,478 

49,291 

44,464 
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County of 

Clatsop 

Ti 1 lamook 

Lincoln 

lane 

Douglas 

Coos 

Curry 

Use 

Other Oregon 

TOTAL 

TABLE 
Rule. 

4-15. LOG FLOWS TO MILLS BY COUNTY 
(From Schuldt and Howard, 1974.) 

Total Clatsop Ti 1 lamook 

437,859 207,614 39,422 

169,292 l 0,247 l42,964 

128,653 62 l ,574 

1,907,333 

l ,202,527 

857,584 

202,924 

80,051 76 ,690 

297,974 260,650 

OF ORIGIN AND USE - OREGON COAST, 1972. Data are in thousand board feet, Scribner log 

County of Origin 

Lincoln lane Douglas Coos Curry Other Oregon Out-of-State 

12' 117 178,706 135,081 

15,858 225 

112,590 . 11 ,047 3,380 

12,950 1'492, 930 224,490 5,969 170,994 

3, 579 1,062,550 67,422 21 ,659 47,317 

23,680 166,615 586,235 65,434 13,942 1 ,678 

4,097 5,600 25,898 165,097 2,232 

192 '202 121 ,858 49,906 42.,212 

329,859 1,657'191 l ,509, 161 685,524 294,402 



TABLE 4-16. LOG FLOWS TO PORTS BY COUNTY - WASHINGTON, 1976. 
Data are in thousand board feet, Scribner Log Rule. (From 
Bergvall et al., 1977.) 

Grays 1 

County of Origin Harbor 

Ci a 11 am 8,660 

Jefferson 261 '053 

Grays Harbor 283,076 

Pacific 245,204 

Wahkiakum 

Other Washington Counties 4, 168 

Outside Washington 

TOTAL 802, 161 

1 In Grays Harbor County. 

2
1n Clallam County, but out of study area. 

3out of study area. 

PORT AND COUNTY OF EXPORT 

Port2 

Angeles 

132,077 

135, 119 

267' 196 

Other 3 

Ports 

12,656 

4,292 

3,345 

TABLE 4-17. LOG FLOWS TO MILLS BY COUNTY OF ORIGIN AND USE, CALIFORNIA 
COAST, 1972. Data are in thousand board feet, Scribner Log Rule. (From 
Howard, 1974.) 

AREA OF ORIGIN 

County of Use Total Del Norte Humboldt Other California Out-of-State 

Del Norte 300,914 252,704 36,986 

Humboldt 1,221,654 101,842 1,003,036 116, 776 

Other Ca 1 i forn i a 38!978 

TOTAL 

County of 

Del Norte 

Humboldt 

4-20 

354,546 1 ,079 ,000 

TABLE 4-18. LOG FLOWS FROM NATIONAL FORESTS TO CALIFORNIA NORTH COAST 
COUNTIES, 1977. Data are in thousand board feet, local scale. (From 
Howard, 1974.) 

National Forest of Ori9in 
All Nat iona 1 Shasta- Six Out-of-State 

Use Forests Klamath Trinity 'Rivers National Forests 

61,081 61 ,081 

172,945 34,420 37,745 99,566 1,214 

11,224 
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County 
of 

Use 

Clatsop 

Tillamook 

Lincoln 

Coos 

Curry 

TABLE 4-19. LOG FLOWS FROM NATIONAL FORESTS TO OREGON COASTAL COUNTIES, 1972. 
Data are in thousand board feet, Scribner Scale. (From Schuldt and Howard, 1974.) 

NATIONAL FOREST OF ORIGIN 
Al 1 Out-of-S:ate 

National Rogue National 
Fores ts Mt. Hood River Siski)::OU Siuslaw Um~gua Willamette Fores ts 

30,357 15,315 7,530 7,512 

12,231 12,231 

54,893 54, 893 

89,661 554 49,797 37,096 2,214 

148,390 148,390 

4.2.3.2 Volume Produced. The volume of wood products produced in the study area is heavily 
dependent on local log production. From log flow data (Tables 4-13 through 4-16) extent of 
this dependency can be calculated by dividing total log consumption in the study area by logs 
originating and consumed in the study area. Of all logs consumed by Washington coastal wood 
processors, 97.2% were produced by Washington coastal forests in 1976. For the Oregon and 
Northern California coast, in 1972, the figures are 76.2% and 91.6%, respectively (calculated 
from flow data). Fluctuation in study area timber resource supply would therefore have an 
effect on coastal wood processing. 

A comparison of Oregon coastal log harvests and lumber production between 1962 and 1972 illus
trates their relationship (see Figure 4-4). A regression coefficient calculated for log and 
lumber production along the Oregon coast showed a substantial correlation between the two 
(r2 ~ .4133) (Kuhn et al., 1974). 

Other factors that contribute to variation in wood products processing volumes include demand 
factors related to housing construction, substitutes for wood products, alternative sources of 
lumber supply, and foreign demand. 

Residues from wood (wood chips) play an important part in the production of pulp and board 
along the coast. Lumber production (sawmill residues) is the largest source of wood residues 
used by the pulp and paper industries. Veneer and plywood production and shake and shingle 
production also produce wood residues (Bergvall et al., 1977). 

Region 
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4.2.3.3 Value of Production. Data are not readily available for the value of wood products. 
Section 4.2.2.2 discusses value added for the lumber and wood products industry as a whole. 
Census of Manufacturing data indicate that the lumber and wood processing industry accounted 
for 72.4% of total value added by manufacturing in the study area (See Table 4-7 and Section 
4.2.2.2 for discussion). 

4.2.3.4 Employment. Employment in forestry products processing for 1975 in the study area is 
presented in Table 4-20. Processing employment (including paper and allied products employment) 
represents approximately 71 .5% of total employment in the industry. 

Included in forest products processing employment are sawmills and planing mills employment 
(SIC 242), millwork plywood and structural members employment (SIC 243), wood containers em
ployment (SIC 244), and paper and allied products employment (SIC 25). 

Trends in coastal Oregon forest products processing, shown in Table 4-20, indicate a general 
decline in wood products processing employment from 1958 to 1973, but a strong increase in 
paper and allied products employment during this period. Paper and allied products employment 
increased by 34+% during this period. The rapid increase is related to increased use of wood 
chips for paper production and increased national demand for paper products (discussed in 
Section 4.2.3.2). Data for western Washington and coastal California indicate declines in 
sawmill and planing mills employment between 1950 and 1971. 

Productivity is measured by trends in a ratio of employees per mi Ilion board feet of wood con
sumption. Declines in this ratio from 1950 to 1970 indicate an increase in productivity in the 
wood products industry between 1950 and 1970 for western Oregon, western Washington and coastal 
California (see Figure 4-5, below, and Wall and Oswald, 1975, for a full discussion of productiv
ity in wood products processing). 

Decreases in available timber resources in the study area affect processing employment in addi
tion to Jogging employment. As discussed in Section 4.2.3.2, study area mills are heavily de
pendent on local resources for timber. 

Seasonality in forestry products processing employment follows the same general trend as sea
sonality in logging for the coast. The peak period of processing employment is June to Novem
ber. Deviations from annual averages are not as severe, however, monthly deviations in processing 
rarely exceed 10% (Wal I and Oswald, 1975). 

TABLE 4-20. WOOD 1PRODUCT PROCESSING AND PAPER PROCESSING EMPLOYMENT 
IN COASTAL REGION OF OREGON, 1958 - 1972. Figures are number of employees. 
(Fcom Kuhn ~t al,, ]974; Oregon State Employment Division, various dates.) 

Year 
1958 
1959 
1960 
1961 
1962 
1963 
1964 
1965 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 

Wood Products 
13104 
13490 
13371 
12151 
11856 
11425 
12174 
12057 
11601 
11232 
11083 
10702 
9966 
9831 
9875 

10303 

Paper Products 
348 
397 
427 
446 
610 
634 
617 
734 
904 

1196 
1359 
1467 
1440 
1542 
1507 
1538 

1Data include Clatsop, Tillamook, Lincoln, Coos, and Curry Counties, but not coastal parts 
of Lane and Douglas Counties. 
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WESTERN WASHINGTON, WESTERN OREGON, AND COASTAL CALIFORNIA, 1950-71. 
(From Wall and Oswald, 1975.) 

4.2.4 Distribution and Secondary Activities. The forestry, logging, lumber, and wood products 
sectors of the industry all require additional supporting economic activities to market and 
transport logs and finished products. Supporting activities are also needed for the manufacturing 
and marketing of equipment and machinery required by each sector of the economy. 

Distribution of wood products and logs occurs by water, land, and sea routes. Logs are exported 
to Japan, South Korea, and Canada through coastal ports (Ruderman, 1977A). Wood and paper products 
are exported to all ports of the nation. A Tillamook County study estimated that 99.7% of sawmill 
products and 99.86% of other wood products are sold outside the county (Youmans et al., 1977). 
For a further discussion of distribution of wood products, see Section 4.7 (Transportation). 

4.2.5 Summary and Effects 

4.2.5.1 Summary of Employment and Value Added. Employment in forestry and forest products in 
the Pacific Northwest Coastal Region amounts to approximately l/3 of all employment in the 
study area. Value added by the industry as a percentage of total value added by manufacturing 
is about 70%. 

Declining trends in forestry and forest products employment over the last two decades are 
probably related to decreasing timber resources and increasing labor productivity. Timber 
resource management practices and environmental interests are likely to play a large role in 
determining future levels of employment. Management practices that emphasize sustainable 
yields will conserve timber resources and may stabilize forestry and forest products employment 
in the long term. However, continued removal of timberland from commercial exploitation for 
environmental and resource protection reasons and for recreation will have the opposite effect 
on timber-related employment. National Forest lands are being currently evaluated under the 
Roadless Area Review (RARE I I) program to determine the suitability for and impacts of assigning 
wilderness or continued roadless status to certain areas. (For maps and discussion, see U.S. 
Department of Agriculture, 1978 A-D.) Such withdrawals are not all likely to be from productive 
timberland. Some, however, may be and, together with the Redwood National Park expansion, 
will tend to reduce timber availability and related employment. 

To offset both short- and long-term forest industry employment and losses and long-trem output 
losses, labor-intensive restoration of watersheds affected by clearcutting has been proposed. 
The recently implemented California Forest Practices Act requires many new pre- and post
harvesting activities in conjunction with logging. Rehabilitation and reforestation of privately
owned commercial timberlands which are unstacked, poorly stocked, or stocked with hardwoods is 
proposed by the USDA Forestry Incentives Program. The National Park Service has also suggested 
such a program for Humboldt County, California, to help offset impacts of Redwood National Park 
expansion. 
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4.2.5.2 Multiplier Effects The total impact of decline in timber resources must take into 
account community employment lost due to multiplier effects as well as forest industry employ
ment declines. The general formula for computing the total employment impact of a decline in 
timber resources on forest products processing employment is as follows: 

(Employment/Wood Consumption Ratio) X (Change in Quantity of Logs Supplied) 
X (Employment Multiplier) =Total Employment Change. 

Data are not available for forestry and forest products employment in the study area. However, 
there are data for general basic employment multipliers for coastal counties for 1970. These 
multipliers, calculated from a U. S. Department of Commerce Bureau of Economic Analysis publi
cation by Ashley and Cartwright, are found in Bel 1 (1977) and are presented in Table 4-49, 
Section 4.8. Forest industry income multipliers calculated for Lincoln, Clatsop and Douglas 
Counties for 1970 were very low compared to other industries (Schmisseur and Boodt, 1975). 
The Ti! lamook County study also indicates relatively low income multipliers in all but the 
logging and log-hauling sectors of the industry (Youmans et al., 1977). 

4.2.5,3 Ecosystem Effects. 

Atmosphere. Recently the issue of forest slash burning as a major source of particulate pollution 
has been raised. In Oregon and Washington forestry slash burnings are considered a major source of 
total air suspended particulates, hydrocarbons, and carbon monoxide and a minor source of nitrogen 
oxides (GEOMET, 1978). The generation of pollutants per site is highly variable and dependent on 
such factors as fuel, topography, weather, and season. Estimates of fuel burned at 39.8 tons in 
Oregon and 31.9 tons in Washington have been suggested (GEOMET, 1978). However, actual fuel 
residues are highly variable and specific to site and logging practices. The problem of forest 
harvesting residues, slash burning, and associated air pollution problems are explored in some 
detail by GEOMET (1978), Cramer (1974), Brown et al. (1973~ Fredriksen (1974), and EPA (1976A). 

Hydrosphere. The effects of forest practices on basin hydrology are somewhat controversial and 
must be considered on a site-specific basis. Increases in water yield have been recorded following 
clearcutting by various studies (Rothacher, 1970A, 1970B; Hibbert, 1967). The increases in yield 
are typically measurable in fall and spring. The effect is most often short lived, lasting only 
four to five years after harvest (Crow et al., 1976) but may last longer if revegetation is inhi
bited. The amount of increased yield is typically proportional to the percent of the watershed 
cut. 

There is litte agreement on the effect of forestry peak flows (floods). In studies outside of the 
region, increased peak flows have been documented and modeled (Swanson and Hillman, 1977). Within 
the region many authorities do not believe forest clearcutting increases peak flows, as most floods 
are "wetmantle" floods and occur after the soil is thoroughly saturated. Typically within the 
region soils become so saturated in early fall. However other authorities believe this explanation 
is an oversimplification and that increased peak flows are measurable, particularly when a water
shed has extensive logging road systems and associated impervious surfaces and ditchlines. The 
effects of forestry practices on hydrology are discussed in detail by Crow et al. (1976), Gibbons 
and Salo (1973), and Fredriksen et al. (1973). 

The effect of forest practices on water quality can be separated into three topics: temperature 
effects, chemical effects, and increased sediment loads. Temperature increases due to removal of 
riparian vegetation along small streams have been well documented (G.W. Brown, 1970; Brown and 
Krygieir, 1970; Brown et al., 1971). The temperature response of a small watershed is shown 
in Figure 4~6. However this effect must be viewed within a specific setting, as other studies 
have found decreased temperatures following clearcutting due to increased ground water flow. 
Such temperature impacts are reviewed by Moring (1975), Crow et al. (1976), Gibbons and Salo 
(1973), and Montgomery (1976). Temperature effects can usually be easily eliminated by streamside 
buffers. 

The potential effects of forest practices on water chemistry are reviewed in some detail by 
Newton and Norgren (1977) as well as Montgomery (1976), Fredriksen (1971 and 1972), Fredriksen 
et al. (1973) and Brown et al. (1973). Effects include increased nutrient levels and pesticide 
and herbicide residues. Water quality impacts of associated pulp and paper wastes are reviewed 
by Gehm (1973). 

Sediment increases following forest harvest have been measured in many cases but not all cases 
(Gibbons and Salo, 1973; Crow et al., 1976). The principal source of sediment in watersheds 
under forest management appears to be roads. 

The problems of forestry-generated sediments within the region are discussed in considerable 
detail by Gibbons and Salo (1973), Crow et al. (1976), EPA (1975A), Anderson (1972), Moring 
(1975), and Coats (1978). Increases in fines and loss of suitable salmonid spawning gravel have 
been documented, but such effects are highly variable. 
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FIGURE 4-6. EFFECT OF CLEARCUTTING ON STREAM TEMPERATURE. 
The temperature pattern on the days of the annual maximum, 
as recorded on Needle Branch (clearcut) and Flynn Creek 
(uncut control) in the Alsea watershed of Unit 5, are 
shown before (1965), during (1966), and after (1967-1973) 
logging. (From Moring, 1975.) 

Lithosphere. The major and most obvious effect of forestry on the lithosphere is increased 
erosion as demonstrated by increased sediment loads in water courses (see previous sections 
above). The majority of the increased erosion is associated with road construction. Increased 
mass wasting on sensitive sites following clearcutting has also been well documented (Swanson 
and Dyrness, 1975; Fiksdal, 1974). The issue is discussedbyMontgomery (1976). Burroughs et al. 
(1976) and the Washington Forest Practice Board (1976) provide mitigating techniques. 

Biosphere. Biological effects of forest practices are treated to some degree in the Old Growth 
Ecosystem Model Notes presented in Section 3.2.1.1 of this volume and in the Western Hemlock 
Succession Model Notes (Section 3.2.4.1). Effects are site-specific and management-specific. 
Review of this topic is provided by Black (1974) and Gibbons and Salo (1973) with more specific 
treatment given by such studies as Black and Hooven (1974), Hooven and Black (1976), E.R. Brown 
(1961), Garcia et al. (1976), Moring (1975), Wight (1974), Taber (1973}, and numerous others. 
Historical consequences have included reduced fauna associated with old growth (e.g. spotted owl), 
increased edge and brush dependent species (e.g. black-tailed deer), and controversial deleterious 
effects on salmonid reproduction. 

4.2.5.4 Future Economic Importance of the Industry. The forest industry is the major employer 
and income producer in the study area. Additionally, the industry is the major non-public 
landowner. Forestry will probably remain the Pacific Northwest Coast's major industry in the 
near future. The relative importance of the industry in the longer term is dependent on a complex 
set of factors. These include continued productivity increases and related empolyment declines, 
withdrawal of timberland from commercial use, changes in the overall price of wood products, 
and management practices. Management decisions could determine whether output over the next 
25 years declines steeply or gradually early in the period to reach relative stability or remains 
high until about 1990, dropping abruptly thereafter. 
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A major factor affecting the success of the forestry and processing industry in specific com
munities will be relative costs of materials. Large differences in material costs can occur in 
adjoining counties. For example, in 1972 the ratio of material cost to total shipment value of 
lumber was 64% in Del Norte County, and only 50% in Humboldt County. This differential has 
increased since 1967. A Del Norte County study lists three reasons for this cost differential: 

1) increasing difficulty of access to timber stands in Del Norte; much of the remaining 
merchantable timberland is found in areas characterized by steep terrain and few roads; 

2) environmental controls placed on lands adjacent to the Redwood National Park; 

3) the high percentage of timber harvest from National Forest land which must be pur
chased by competitive bidding (Broida et al., 1975). 

4.2.5. 5 External Factors Affecting the Industry. The most significant external factors that 
may influence future as well as current levels of economic activity in the industry include: 
national monetary policy, national housing goals, international trade policy, technology, compe
tition from non-wood products, and competition from other wood-producing regions. One factor 
hindering Northwest lumber producers from effectively competing in the Eastern market is the Jones 
Act. This federal law stipulates that all interstate shipping of domestic commerce is to utilize 
U.S. flagships. The U. S. merchant marine currently has a limited number of ships to transport 
lumber products and many of these are older, less efficient ships with smaller tonnage capacity. 
The larger, more efficient foreign flagships which have been designed specifically for shipping 
lumber commodities are limited to serving only the foreign export market and for use by foreign 
competitors in serving the Eastern U. S. market. Therefore, the Jones Act places West Coast 
producers at a further disadvantage in serving eastern markets and gives foreign (especially 
Western Canadian) producers a competitive advantage in serving this same market (Coos, Curry, 
Douglas EIA, 1977). 

Another group of factors relates to the capability of coastal area timber lands to supply commo
dities in the future. These factors will be very important in determining the future levels of 
economic activity in the area's forest industries. They include: national and state environ
mental policies and laws, state regulation of forestry practices to insure maintenance of pro
ductivity, the impacts of demand for non-commodity use of forest lands, and trends in ownership. 

Tax structures and industry and government sponsored forestry programs that affect the level of 
investment in coastal timberlands will also be very important in determining future levels of 
output. The impact of technology on utilization and the competitiveness of forest products in 
various markets is another important factor. Technolog~ through improved production techniques, 
the opening of new markets and uses, and relative cost reductions, can lead to a change in wood 
and paper products' competitive position in the market place. Wood fiber prices are generally 
highly competitive with substitute materials. This position is expected to remain favorable, as 
evidenced by recent developments in petroleum supplies and other finite resources. Technology, 
however, can lead to the development of new building materials which would reduce the demand for 
wood products; conversely, it can lead to the development of new applications of forest products 
which would expand the demand for wood, board, and pulp and paper products (Schmisseur and Boodt, 
1975). 

4.3 FISHERIES 

This section discusses both commercial and sports fisheries even though sport fishing can be 
considered a recreational activity. The two activities are difficult to separate in many 
cases, being dependent on many of the same resources often using the same facilities. See 
Sections 3.4. 1.2 and 3.4.2.3 on commercial and recreational fishery species, respectively, in 
Chapter 3 of this volume for more ~esource information. 

4.3. 1 Resources. Water resources in the Pacific Northwest Coastal Region are extensive. The 
Pacific Ocean, which forms the entire western border of the study area is abundantly populated 
with important commercial species. Inland are numerous fresh water streams, creeks, rivers and 
small lakes which contain many species of game fish and provide the spawning areas for salmon 
and other anadromous species. 

4.3. 1. 1 Species and Range. The principal fishes harvested in the Pacific Northwest Coastal 
Region are tuna, salmon, groundfish (or bottom fish) such as perch, sole, and cod, and shellfish 
such as oysters, clams, crabs, and shrimp. For listing and discussion of species by habitat 
type, see Volume 3. For discussion of fishery species in general, including catch data, see 
Sections 3.4.1 .2 and 3.4.2.3 of Chapter 3 of this volume. For further discussion of fish 
species, conditions, and range, see Squire and Smith (1977) ~nd Frey (1971). 
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The albacore tuna is a migratory pelagic species found in temperate zones worldwide. Its r~nge 

extends on the U.S. W·est Coast from the Gulf of California to the Gulf of Mexico. Fish population 
and fisheries vary with ocean currents and water temperatures. Over the decades, productive 
fishing areas have shifted up and down the coast. In the 1960's, for example, many tuna were 
landed off the Washington and Oregon coast but more recently a southward shift has been detected 
(Loy et al., 1976). The albacore tuna is usually harvested within 200 miles of the coast, 
although, being a deep sea fish, it is not normally associated with the continental shelf. Local 
trawlers travel great distances to fishing areas, up to 1000 miles from port (Kuhn et al., 1974). 

Salmon spawn in freshwater streams of the coastal zone. Chinook and coho are common to the 
entire study area; chum are infrequent over the whole region, while pink and sockeye are 
limited to small numbers in the northern portion of the study area (Squire and Smith, 1977). 
Salmon harvesting is a significant part of the local commercial and sports fishing industry 
from Eureka to the Makah Indian Reservation at the tip of Cape Flattery. For more information 
on Chinook and coho salmon, see accounts in species of concern, Part 2 of this volume. 

Another major fishery species is the Dungeness crab. The crab is found along the continental 
shelf at depths of 50 fathoms or less (U.S. Army Corps of Engineers, 1975A). Although crabs 
are not plentiful in some areas and their numbers follow cyclic variations, fishermen all along 
the coast can reach productive grounds (U.S. Army Corps of Engineers, 1975D and 1976H). See the 
Dungeness crab account in Part 2 for more information. 

The Coos Bay and Humboldt Bay shrimp fisheries are among the most productive in the coastal 
region. Shrimp fisheries are not as productive off the Washington coast, although the southern 
grounds are accessible to Washington trawlers (U.S. Army Corps of Engineers, 1975C). 

Oysters are grown and harvested in tidelands of certain estuaries along the coast. The single 
most significant producer of oysters is Willapa Bay in Washington (U.S. Corps of Engineers, 
1976H). Oysters are also harvested in Tillamook, Coos, and Lincoln County estuaries in Oregon, 
and in Humboldt Bay, California (Schmisseur and Boodt, 1975; QRC Research Corporation, 1978). 
Oyster seed, until recently available only from Japan, is necessary for cultivation. Tidelands 
are leased commercially for oyster harvesting. There are 30 licensed oyster farmers in the 
Wi llapa Bay area; however, three firms own 90% of the productive areas. 

Bottomfish including rockfish, lingcod, greenlings, cabezon, Pacific halibut, flounder, and 
surfperch are taken in well-defin"ed areas throughout the region. 

Perch was the most important commercial bottomfish along the coast in the 1960's; however, 
unregulated fishing by local and foreign (Polish, Japanese, and Russian) trawlers drastically 
reduced their numbers (Kuhn et al., 1974). 

Hake now represents the most valuable untapped fishery resource in the region. Hake, a bottom
fish, has been harvested from Pacific Northwest coastal waters by foreign trawlers for decades, 
but only in limited quantities. A 1971 Oregon Fish Commission biomass survey estimated that 
hake comprises 40-45% of bottomfish on the continental shelf between the Columbia River and 
Port Orford, Oregon (Kuhn et al., 1974, from Demory and Robinson, 1973). Similar concentrations 
of hake are believed to exist off the Northern California coast (QRC Research Corporation, 
1978). Little effort has been made to exploit this potentially valuable resource (Coos, Curry, 
Douglas EIA, 1977). 

Sole, sanddabs, black cod, and anchovies are other potentially exploitable resources along the 
coast (Kuhn et al., 1974; U.S. Army Corps of Engineers, 1975B). Scallops are believed to be 
plentiful off the coast and may also prove to be exploitable (U.S. Army Corps of Engineers, 
l 975B). 

Steelhead, rainbow, and cutthroat trout are particularly important sport and commercial fish 
throughout the region. Steelhead are nurtured in the tributaries of the major estuaries 
before they begin their migration seaward, while the sea-run cutthroats grow in the estuaries 
before migrating to sea to mature. The non-anadromous cutthroats and the rainbow trout remain 
on freshwater habitats throughout their life cycles. 

Razor, hardshell, and softshell clams are found in the region and are dug for sport. They are 
not a significant commercial resource (Schmisseur and Boodt, 1975; U.S. Army Corps of Engineers, 
1976A), but razor clamming is a major recreational fishery activity in Southwestern Washington. 
Cultivation and harvest of mussels have beeh discussed for the Humboldt Bay area, but no 
action has yet been undertaken (QRC Research Corporation, 1978). 
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The location of sport shore fishing, bottom fishing, and salmon trolling areas and the general 
range of party boat fleet fishing along the Pacific Northwest Coast are mapped in Squire and 
Smith (1977). The location of clam and oyster beds on the Oregon coast are mapped in Oregon 
State Fish Commission publications. 

4.3.l.2 Supply and Demand Factors. Estimates of the supply of fish are often expressed as 
fisheries biomass. Biomass depends on ocean currents, long-term population fluctuations, over
fishing, human alteration of habitats, and other factors (Loy et al., 1976; Kuhn et al., 
1974). Fisheries biomass directly affects the price and quantity of fish taken by coastal 
fishermen. The effectiveness of a given level of fishing effort will, in part, be determined by 
available supply. Biomass and productivity are further discussed in Section 3.4. 1.2 of Chapter 3. 

The demand for fish depends on consumer tastes, the demand for protein-rich foods, and the 
price of other protein-rich foods (especially meats). Demand also affects quantity, price, and 
effort. The increased demand for shrimp in the late 60's illustrates the mechanism for changes 
in price, quantity, and effort. As consumer interest in shrimp increased in the late 60's, 
prices of shrimp increased in response. Increased return on shrimp sales induce fishermen to 
concentrate more on shrimp landings, resulting in a greater volume of shrimp taken (Kuhn et 
al., 1974). 

The demand and supply of hake provide another example. Overfishing of perch by American and 
foreign trnwlers caused a decrease in perch biomass (Kuhn et al., 1974). It is believed that 
hake would provide an excellent substitute for perch, considering its large biomass (QRC 
Research Corporation, 1978). However, the American consumer has yet to develop a taste for 
hake and is not willing to pay sufficiently high prices to make hake harvesting worthwhile to 
coastal fishermen. 

The overall demand for fish in the U.S. is stronq. From 1970 throuqh 1974, average per capita 
consumption increased from 11 .8 to 12.2 pounds (Wise and Thompson, n.d.). The figure for 1973 
(12.9 pounds was an all time high. Worldwide demand for protein also appears to have kept demand 
for fish high (Kuhn et al., 1974). The market for Pacific Northwest Coastal fishery resources is 
principally on the West Coast. Canned salmon, however, is shipped to all parts of the U.S. 

4.3. 1.3 Seasonality, Control, and Competition. The fishing industry has a number of unusual 
economic characteristics. Its resources are essentially renewable and, under optimal conditions, 
can be harvested on a sustained yield basis (Kuhn et al., 1974). However, both these resources 
are unique with respect to their "common-property" attributes. Fish population resources are 
not owned to any significant extent. This means that any individual, in an unregulated situation, 
can harvest the resource as he pleases. A potentially harmful result of the common-property 
characteristic is over-fishing. An over-harvest of a species of fish or a fishing ground could 
affect the ability of the population to reproduce and result in a reduction or elimination of 
the resource. Despite this potentially adverse result, it serves the short-term economic 
interest of the individual fisherman to land as many fish as possible. In a situation where 
over-fishing is a danger, only government-imposed regulation can result in an optimal ecological 
and economic harvest. With the exception of salmon hatcheries and oyster culture, human 
intervention to increase productivity through culture of fish and shellfish species is not yet 
practiced on a large-scale throughout the region (for further discussion, see Section 4.3.5,5.) 

Another unusual characteristic of the fishing industry is the high degree of physical mobility 
of its capital and labor resources. Fishing grounds are unstable, responding to ocean currents, 
bottom conditions, natural population cycles, and human-initiated environmental alterations 
(Loy et al., 1976). The albacore tuna population, for example, has periodically migrated up 
and down the Pacific West Coast. Fishermen are also very mobile. Trawlers and trollers can 
travel long distances from the coast to reach productive fishing grounds (see, for example, 
Figure 3-68 in Chapter 3). Consequently, the fishing industry is not entirely dependent on 
local conditions for economic success as are other resource industries. Physical mobility also 
al lows direct competition for resources to occur between fishermen who dock at different 
ports. For example, Wi llapa Bay trawlers can sail to productive fisheries a few miles from 
Coos Bay. 

Competition with fishermen from outside the region also occurs, although recent enactment of 
the Fishery Conservation and Management Act (P.L. 94-265) in March, 1977, extending national 
jurisdiction to 200 miles, has lessened competition with foreign trawlers. This is probably 
the most important regulation decision of the recent past. Effective enforcement of the 
limit has drastically reduced foreign fishing harvest along the Pacific Northwest coast. 
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Previously, Russian, Japanese, and Polish trawlers captured large volumes of hake, tuna, 
perch, and salmon from coastal fisheries. The reduction of foreign competition should spur a 
recovery in local fish populations. 

In addition to competing directly with foreign trawlers for catch, local fishermen must also 
compete indirectly with fishermen abroad. Over 70% of seafood consumed in this country is 
purchased from abroad, especially from Japan, Iceland, and Canada (U.S. Army Corps of Engineers, 
l975C). Available supplies of foreign fish help to drive down the price of seafood in the 
U.S., making it more difficult for American fishermen to earn a living. 

Technology further influences the region's competitive position in the fishing industry. 
Harvesting and fish processing methods used in the U.S. have not changed greatly in recent 
years. Foreign competitors, such as the Russians, use more modern fish finding equipment, 
larger ships, and processing vessels. There is also a lack of research being conducted on the 
resource, production, and economic problems that are hindering the industry, as well as a 
general lack of incentive to seek new markets. These factors all play a role in whether 
future expansion of the fishing industry will occur at the region's ports. Present trends 
indicate that such an expansion within the region is not likely (U.S. Army Corps of Engineers, 
19750). 

Regulation of fish harvesting also varies by species. The delicate ecological character of 
salmon spawning grounds and the threat of overfishing of salmon requires strict regulation of 
salmon harvesting and spawning ground conditions. In addition to regulation of catch, all 
three states in the region operate salmon hatcheries to maintain populations (Kuhn et al., 
1974; U.S. Army Corps of Engineers, 1976C; QRC Research Corporation, 1978). Indications are 
that the hatchery programs are very successful. In Oregon, it has been estimated that over 50% 
of coho salmon caught along the coast were products of state hatcheries (Kuhn et al., 1974). 

The danger of severe over-fishing of Dungeness crab has required strict regulation of that 
species. During an average season, over 90% of le9al-sized males are usually taken (Loy et 
al., 1976). Tuna is also regulated by size. 

Most fish harvesting is highly seasonal. Figure 4-7 indicates approximate annual seasons by 
species for Oregon. Calendars for Washington and California are not readily avai !able but are 
likely to be similar. Implications of seasonal patterns are discussed in Section 4.3.2.3. 

4.3.2 Commercial Fish and Shellfish Harvesting 

4.3.2. l Volume of Landings. Table 4-21 gives coastal region commercial landings by state of 
principal species or groups of species in 1974. Coastal Oregon and Washington catch was dominated 
by salmon, shrimp, and bottomfish. Tuna (except in Oregon), crabs, oysters, and clams constituted 
a relatively small share of total landings. The pattern in Northern California was very different, 
bottomfish comprising about two-thirds of the catch, followed by salmon, tuna, and shrimp (Wise 
and Thompson, n.d.). 

In an analysis of the socioeconomic repercussions of environment-affecting policies, the volume 
of fish harvested can be a particularly valuable indicator. Caution is necessary, however, in 
ascribing fluctuations in landings to particular causes. Trends in harvest size may be related 
to a variety of occurrences, such as migration, weather conditions, hatchery activity, fishing 
effort, and natural population cycles. Explanations of fluctuations must attempt to keep all 
relevant causes in perspective. 

Volume data are spotty for individual watersheds in the coastal study region. While catch data 
are important to understanding resource conditions, they are not of great value in a discussion 
of the relative importance of various species to the coastal economy. The dollar value of landings 
(discussed in the following section) will serve that purpose much better. Available volume data 
can, however, be valuable in a discussion of fluctuations in harvest of an individual species 
over time. 

Shrimp catch for Oregon, which had not been high during the late 1950's and early 1960's, 
experienced a great increase in volume beginning in 1967. Landings remained at a high level and 
by 1973 shrimp was the largest catch by volume for Oregon coastal fishermen (Kuhn et al., 1974). 
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FIGURE 4-7. FISHING SEASONS AND AVERAGE UNEMPLOYMENT PATTERNS, OREGON 
COAST, 1960-1970. (From Kuhn et al., 1974 and Loy et al., 1976.) 

TABLE 4-21. COMMERCIAL FISH LANDINGS ON THE PACIFIC NORTHWEST COAST, 1974. 
Data are in thousands of pounds. (From Wise and Thompson, 1977.) 

l 2 Columbia Columbia 
Northern Coastal River- River- Coastal 

California Oregon Oregon Washington Washington 

5, 126 10,614 4,583 3,847 9,581 

2,216 13,605 6, 709 536 8, 726 

355 2,539 l '398 1, 146 3,620 

3, 179 6,316 26, 724 11'361 3,586 

33,394 10,940 7,674 714 5,000 

479 234 2,404 

8 75 

4,489 1 ,582 3 434 2 490 1 832 
49!238 45,838 502522 20!094 342824 

1 Data include Mendocino County, California. 

2Data include Lane and Douglas Counties, Oregon. 
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Total 

33,751 

31'792 

9,058 

51'166 

57,722 

3' 117 

83 

13 827 
200!516 

Region 



Shrimp harvests also increased enormously along the Washington coast from 1970 to 1974, from 800 
thousand pounds (Oceanographic Institute of Washington, 1977) to over 9 mil lion pounds (Wise and 
Thompson, 1977). The rapid increase in volume has generally been related to increases in market 
demand for shrimp and technological improvements in shrimp processing, which could increase sales 
through lower prices (Loy et al., 1976). One source (Kuhn et al., 1974) also relates the increase 
to the discovery of new fishing grounds off the Oregon coast. 

A general increase in the volume of salmon landings has also occurred along the Oregon coast 
since 1958. Lately, however, yearly volume of salmon caught has been inconsistent (Kuhn et al., 
1976H.) Part of the earlier increase in salmon landings was undoubtedly associated with develop
ment of hatcheries and harvest management. Washington coast salmon landings have also been incon
sistent in recent years (U.S. Army Corps of Engineers, 1976C and 1976H). 

The volume of bottomfish caught in Oregon has been relatively consistent. The catch ranged 
between 20 million and 36 million pounds during the period from 1958 to 1974 (Kuhn et al., 1974), 
varying by no more than 2 million pounds bet~een 1969 and 1975. Long-term data for bottomfish 
are not available for the study area in Washington and California. Grays Harbor fishing fleets 
have shown growth in bottomfish catch since 1970, increasing landings by over 600% during this 
period. Individual species in the bottomfish category showed even greater changes. The catch 
of flounder and sole grew by 1,000% on the Washington coast between 1970 and 1974 (U.S. Army 
Corps of Engineers, 1976C). 

Volume of Dungeness crab landings have been particularly erratic, as recorded since 1958 in 
Oregon and since 1935 in Willapa Bay, Washington (Kuhn et al., 1974; U.S. Army Corps of Engineers, 
l976H). An apparently cyclical, but unexplained trend was noted in the Willapa Bay EIS (U.S. Army 
Corps of Engineers, l976H). A particularly sharp decline in crab landings occurred in all areas 
where data were available between 1970 and 1974. During this period, landings dropped 85% along 
the Oregon coast and 75% along the Washington coast. Individual harbors also recorded enormous 
declines (Kuhn et al., 1974; U.S. Army Corps of Engineers, 1976C; Oceanographic Institute of 
Washington, 1977). Some processors contend that the sharp reduction was due to excessive harvest 
of the crab resources in 1970 and 1971 (Kuhn et al., 1974). Research at Oregon State University 
relates fluctuations in crab landings to rainfall, which affects the salinity of marshes where 
crab larvae mature (Lough, 1974). 

Increases in tuna landings occurred in 1967, at about the same time as shrimp harvest increases. 
Between 1967 and 1974 both the Washington and Oregon coastal study area showed large increases 
(over 200%) (Kuhn et al., 1974; Oceanographic Institute of Washington, 1977). Ocean current 
fluctuations, resulting in a northward move of albacore tuna in the late 1960's, has been an 
explanation for this trend (Loy et al., 1976). 

Oyster harvests have shown a continuous decline in volume since the 1940's. Willapa Bay's oyster 
production, which accounts for more than 80% of oyster production in the entire coastal study 
area in 1970 (Oceanographic Institute of Washington, 1977; U.S. Army Corps of Engineers, 
1976H), produced a peak harvest of over 10 million pounds in 1946 and has declined steadily ever 
since. Production in the ?O's ranges between 3 and 4 million pounds at Willapa Bay. One factor 
contributing to the decline has been widespread oyster mortalities in the bay, a problem which 
affects both juvenile and adult oysters. Adult oyster mortalities were reported in 1962 and 
1963. Before that time, the adult mortalities were approximately 5 percent of the total population. 
By 1964, they exceeded 50 percent. The mortalities were most noticeable near the influence of 
the Willapa River, giving rise to the hypothesis that the cause involved nutrients brought down 
by the river which initiated phytoplankton blooms. Related factors include tannin and lignin 
from log handling and processing operations, which make iron, a frequently limiting nutrient · 
for these organisms, more available in the water. It is also possible that mortalities are 
related to spawning since they often occur immediately after the spawning season. Research into 
this problem is underway, but no conclusive findings are available as yet (U.S. Army Corps of 
Engineers, 1976H). A 50% decline in Humboldt Bay oyster harvest has also occurred in recent 
years (QRC Research Corporation, 1978). 

Small volumes of halibut, sea herring, cod, and clams are also harvested along the coast. Hake 
harvest has been insignificant until very recently (Oceanographic Institute of Washington (OIW), 
1977; QRC Research Corporation, 1978). 

Despite enormous fluctuations among individual species, ,the overall volume of fish harvested has 
shown a consistently upward trend since 1958 for the Oregon coast (Kuhn et al., 1974). Long-term 
data for Washington and California coastal areas are not available. In terms of weight, the 
percentage of total fish catch for the coastal study area (excluding California counties) in 1974 
by species were shrimp (28%), salmon (25%), bottomfish (21%), tuna (12%), Dungeness crab (8%), 
and oysters (4%). Rankings and percentages can change greatly from year to year. In 1970 Dungeness 
crabs were first in volume for the coastal area with 33% of the total catch (calculated from U.S. 
National Marine Fisheries Service data, 1976, found in OIW, 1977). 
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4.3.2.2 Value of Landings. Value of landings is the best i"ndicator of the relative economic im
portance of the species of fish harvested. Total value is the product of volume and unit price. 
The price of fish depends on a large number of supply and demand factors previously discussed 
(Section 4.3.1.2). Volume, as discussed above, can fluctuate enormously from year to year. Since 
value is a function of both volume and price, yearly fluctuations in value can also be large. 

Table 4-22. lists value, volume, and average ex-vessel price of major species of fish harvested 
for the coastal region for 1974. Although third in volume landed, salmon was the species most 
valuable to coastal fishermen due to its higher market price. Figures for 1970 (not listed) 
indicate that although a greater volume of crabs than salmon were landed, in that year in coastal 
Oregon and Washington, salmon still led as the largest income producer because of its much higher 
market price at the time (OIW, 1977). 

Salmon 

Shrimp 

Dungeness 

Tuna 

Oysters 

Bottomfish 

Other 

TOTAL 

TABLE 4-22. VALUE OF PACIFIC NORTHWEST COASTAL REGION FISH LANDINGS, 1974. 
Note: Data includes Lane and Douglas Counties, Oregon, and Mendocino County, 
California. Figures are rounded, may not sum to total. (From Wise and 
Thompson, 1977.) 

Weight Average Ex-vessel Total Value 
(In Thousands Price/Pound (In Thousands 

of Pounds) ( I n Do 11 a rs) of Dollars) 

33,750 .78 26,266 

31 '792 .21 6,636 

Crab 9,058 . 71 6,473 

51, !66 .38 19,201 

3' 117 1. 15 3,600 

57,722 . 14 7,991 

13,910 . 13 1 '743 

200., 51) .36 71 ,910 

Table 4-23 further illustrates the relationship between price, volum~and value. Data for salmon 
and crab harvest for coastal Oregon between 1967 and 1973 show that the volume of salmon landings 
was basically unrelated to the price of salmon over thls period. Crabs, on the other hand, show a 
definite correlation between price and volume. After 1971, a sharp decrease in volume landed is 
associated with a sharp increase in price to bring crabs close to the price of salmon. The decrease 
in total value of crab landings was due to a reduction in available supply. The increase in value 
of salmon landings, however, is probably related to demand conditions. 
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TABLE 4-23. OREGON COAST1 SALMON AND CRAB FISHING HARVEST. (From 
Fish Commission of Oregon data in Kuhn et al., 1974.) 

Salmon Crab 
Price2 Weight Value Price2 Weight Value Year 

(per lb) (1000 lbs) ( 100 $) (per lb) (1000 lbs) ( 1000 $) 

1967 .53 10,399 5 ,511 . 17 9,620 1,635 
1968 .58 6,205 3,599 .22 11 ,352 2,497 
1969 .62 5,327 3,303 .29 9,784 2,837 
1970 . 77 10,585 8, 150 .26 14,929 3,882 
1971 .59 11,241 6,632 .29 14,856 4,308 
1972 .75 7,084 5,313 .57 6,762 3,854 
1973 .90 9,876 8,888 .80 2,349 1,879 

Includes lane, Douglas Counties in addition to Clatsop, Tillamook, Lincoln, Coos, 
and Curry Counties. 

2 Real price, using consumer price index deflater, 1967 100. 
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4.3.2.3 Employment. Usual employment data sources are not valid for the calculation of the 
number of persons employed in fishing. Each source has a number of basic flaws. In the 
employment by industry section of publicly accessible editions of the 1970 United States 
Census, fishing employment is grouped with forestry and agriculture employment. More up-to-date 
data collected by state employment agencies for unemployment insurance purposes also 
cannot be considered to provide accurate counts of fishing employment. Partnerships, family 
businesses, and self-employed persons are not required to contribute to state unemployment funds, 
and as a result, many fishing businesses are exempt. Additionally, a number of fishing captains 
illegally list their crew members as partners or family members to avoid unemployment contri
butions (Kuhn et al., 1974). 

Many studies, such as Kuhn et al. (1974), and U.S. Army Corps of Engineers (1975C), use the number 
of commercial fishing licenses issued to estimate fishing employment. Since separate licenses 
are issued for sport and commercial fishing in California, Oregon, and Washington, this would 
appear to be an excellent method of estimating fishing employment. Unfortunately this method 
also raises major questions of validity. First, both part-time and full-time fishermen can 
receive lic~nses. From licensing data alone it is therefore impossible to determine how many of 
the licensees are primarily fishermen or use fishing as a supplement to income derived from 
another source. Some surveys have been taken to separate full-time and part-time fishermen. 
Defining a full-time fisherman has been a problem. One study called any licensee earning over 
50% of his income from fishing a full-timer (Oregon State University Extension Marine Advisory 
Program Survey, 1970, cited in Kuhn et al., 1974). Another used a minimum annual income figure 
of $5,000 as a requirement for full-time status (Fish Commission of Oregon, 1973, cited in Kuhn 
et al., 1974). 

Both methods of defining "full-time" have problems. Many crew members of trawlers do not record 
any catch on their required personal 1 icenses. While they may show an income of zero according 
to licensing records, they should be considered full-time fishermen. Other fishermen who record 
no catch, however, may simply be dormant license holders. There is no data base for determining 
the real percentages (Kuhn et al., 1974), 

Another problem concerns the residence of fishermen. Many licensees who fish along the coast do 
not live in the coastal study area year rqund. In fact, the OSU Extension Survey found that 29% 
of Oregon's licensees lived out-of-state in 1970 (from Kuhn et al., 1974). A decision on these 
part-time residents must be made in counting coastal fishinq employment. Finally, license survey 
data are collected by state; county data are not available. 

The present analysis will use 1975 County Business Patterns data (U.S. Department of Commerce. 
1977D), 1 icensing data, and Oregon licensing surveys to estimate employment in the coastal study 
area. Licensing surveys are not available for Washington and California counties. 

The County Business Patterns data on employment are compiled from payroll data submitted by 
employers in conjunction with payroll tax payments to the Internal Revenue Service. Used alone, 
the data have a.number of shortcomings for determining fishing employment. Since self-employed 
persons, partnerships, and family businesses are not required to make payroll tax deposits, their 
numbers are not included. Also, the week of March 12 is the only period used for counting employ
ees. Therefore, the data has built-in seasonality shortcomings. This should not be a problem 
for fishing, however. Various measures of seasonality indicate that March fishing employment is 
very close to the yearly average. 

Table 4-24 lists the County Business Patterns payroll employment in the fishing 
1975. Data are actually for "fishing, hunting and trapping" (S. I .C. Code 09). 
be reasonably expected that all payroll employment is in fishing for this area. 
such as Clallam and Jefferson, with totals less than 50, employment and payroll 

industry for 
However, it can 
ror sonie count:i-es, 

data are estimated. 

Fishery employees (not including self-employed, partnership, and family fishermen) in the twelve 
coastal counties of the study area totalled approximately 722 in 1975. Annual payroll totalled 
some $9,036,000. For the entire coastal area, according to County Business Patterns data, fishing 
has less than 1% of total payroll employment in 1975; Pacific County, WA (3.2%), Lincoln County, 
OR (2. 1%), and Del Norte County, CA (2.2%) have the largest concentrations of payroll fishery 
employment. 

Multiplying the number of state 11censes issued in each state in 1975 by the ratio of fishing 
industry payroll employment in the coastal area to total fishing employment in each state, an 
estimate of 9,584 licenses is derived (see Table 4-25). This is, of course, a highly conjectu
ral method and probably produces an overstatement si;1ce many licensees live outside the region 
and some live in other states (Kuhn et al., 1974). Applying findings on Oregon place of residence 
surveys quoted in Kuhn et al. (1974), only 2,966 of the estimated 4,847 Oregon coastal license
holders would probably live in the coastal region. The remainder typically would moor their boats 
in coastal harbors during the peak summer salmon season. The choice between the two figures (2 966 
or 4,847) is important because the contribution to the local economy of licensees who fish onl; 
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in the summer is probably similar to that of sports fishermen. They do not generate year-round 
needs for other service~ and employment and probably spend the bulk of the income derived from 
fishing in their home communities (Kuhn et al., 1974). 

County 

Cl al lam 

Jefferson 

TABLE 4-24. PAYROLL EMPLOYMENT FOR THE FISHING INDUSTRY 1 IN COASTAL COUNTIES, 
1975. (From U.S. Department of Commerce, County Business Patterns, 1977D.) 

# Of Employees Total Annual Payrol 1 Average Annual 
(in thousands of dollars) 

45 (est.) 563 (est.) 

12 (est.) 150 (est.) 

Grays Harbor 87 1, 402 16, 115 

Pacific 87 616 7,080 

Wahkiakum 7 (est.) 88 (est.) 

Clatsop 73 1,418 19,424 

Coos 64 703 10,984 

Curry 19 (est.) 238 (est.) 

Lincoln 114 1, 707 14,974 

Tillamook 57 293 5, 140 

De 1 Norte 73 650 8,904 

Humboldt 84 1,208 14,381 

TOTAL 722 9,036 12,515 

Data are for S. 1 .C. Code 09, Fishing, Hunting, and Trapping but the latter two are not 
considered significa~t payroll classes in this region. 

State 

Washington 

Oregon 

Ca 1 i forn i a 

TOTAL 

4-34 

TABLE 4-25. ESTIMATION OF COASTAL COMMERCIAL FISHING LICENSES, 1975. 
Note: California coast includes Del Norte and Humboldt counties only; 
Oreqon coast includes Lane and Douqlas Counties. (From U.S. Department 
of Commerce, 1977D, Washington State Department of Fisheries, 1978, 
personal communication; California State Department of Fish and Game, 
1978, personal communication.) 

FISHING INDUSTRY PAYROLL EMPLOYMENT COMMERCIAL FISHING LICENSES 
Coast State % Coast State Coast (Est.) 

238 1'127 21. 1% 8,603 1,817 

327 367 89. 1% 5,440 4,847 

157 1'751 9.0% 13 968 2 920 

722 38,011 9,584 

Salary 

(over a 11 
average) 
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It cannot be assumed, however, that the estimated 2,966 coastal fishermen in Oregon are full
time. The 1970 OSU Extension Survey determined that 46% of Oregon's commercially licensed 
fishermen (in-state and out-of-state) earned all of their annual income from fishing (from 
Kuhn et al., 1974). The 1971 Fish Commission Study calculated that only 10.9% of Oregon 
fishermen earned more than $5,000 from fishing (that study's benchmark for full-time status). 
The latter figure may be low because inactive licenses are included. The figures are for the 
state as a whole. No definite conclusion can be drawn about numbers of coastal fishermen. 

Some other data from the 1971 Fish Commission study may shed further light on the situation. 
Table 4-26 shows that the great majority of all licensed fishermen fished for salmon. Of the 
full-time licensees (as defined by the study), most fished for tuna and crab. In a 1975 Oregon 
State University Sea Grant study (cited in Coos, Curry, Douglas EIA, 1977), all licensees 
specializing in salmon were assumed to be part-timers. 

TABLE 4-26. SPECIALIZATION OF FISHERMEN BY SPECIES, OREGON COAST, 1971. 
(Data from Oregon State Fish Commission, 1971, in Kuhn et al., 1974.) 

License Holders With $5,000 
Species All License Holders Or More Income From Fishing 

Troll Salmon 70% 22% 

Albacore Tuna 15% 33% 

Dungeness Crab 11% 28% 

Groundfish 2% 9% 

Shrimp 2% 8% 

Taking various data sources and employment calculation methods into consideration, a picture 
of fishing employment on the coast begins to emerge. In 1975, there were nearly 5,500 fisher
men who held Oregon commercial fishing licenses. Of these, approximately 15% (800) could be 
considered full-time commercial fishermen who specialized in tuna, crab, salmon, groundfish, 
or shrimp landing. Nearly all of these full-timers lived in the study area. This is borne 
out by the 1975 payroll employment data which shows that 89. 1% of fishing industry employees 
l ivcd on the coast in March, which is out of season f~r salmon fishers. Most of the remaining 
4,600 licenseholders were part-time (weekend or summer) troll salmon fishermen who generally 
travel to the coast to fish. Of these part-timers, approximately l, 100 lived out~of-state and 
approximately 1,400 were inland Oregoners. This would leave approximately 2, 100 part-time 
fishermen living on the coast. 

Of the part-timers, many may rely on the income received from salmon fishing as a major supple
ment to their income, particularly if they are underemployed or retired (Coos, Curry, Douglas 
(CCD) EIA, 1977). The size of this group should be ascertained to gain a better understanding of 
the economic importance of fishing employment. 

No surveys were available to determine what percentage of California and Washington employment 
occurs in the coastal study area. In the absence of better survey data, the calculations from 
payrol 1 employment in Table 4-2.4 should suffice. 

An unusual aspect of fishing employment in the study area is local dependence on this resource 
as a supplemental food supply. No data are available to estimate the degree to which local 
residents rely on fish or shellfish for food supply. Observations from one study indicate that 
this activity is a key element in local lifestyle and an important factor in reducing the impact 
of seasonal incomes (U.S. Arn'1y Corps of Engineers, 1976). 

Salmon fishing also appears to be a significant source of income and food supply for Indians 
living on the Makah, Quillayute, and Quinault Reservations of coastal Washington. An Indian gill
net fishery is operated on the Chehalis River by the Chehalis Indians, whose reservation is inland 
of the Watershed Unit 2 boundary. It has captured an average of 4,050 salmon annually during 
recent years (U.S. Army Corps of Engineers, 1976C). Salmon fishing forms the base of the Quilla
yute, Hoh, Quinault, and Makah Indian Nation economies in Washington (Washington DCED, 1977A) 
as well as of the Hoopa Indians in Northern California. 
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4.3.3 Sports Fishing. Sports fishing incorporates elements of both commercial fishing and 
recreation. Often the only distinction between commercial and sports fishermen is statistical. 
The states of Washington, Oregon, and California issue separate licenses for sports and commer
cial fishing. Many sports salmon fishermen, however, acquire commercial licenses to retain a 
higher catch limit than permitted under the sport fishing license (Kuhn et al., 1974). 

Sports fishing generally has an effect on the coastal economy similar to other recreational 
activities. Unlike commercial fishermen, the most significant expenditures of sports fishermen 
are indirect: lodging, food, drink, and gasoline. With the exception of chartered boat services, 
major expenditures tend to be purchased in the area of residence of the sports fishermen 
(Schmisseur and Boodt, 1975). In Washington, less than 8% of over 456,000 sports fishing licensees 
lived in the coastal area of that state in 1976, and 27% lived outside the state. (Washington 
State Department of Fisheries, 1978, personal communication). Washington State Department of 
Fisheries indicate that as much as half of the sports fishing in the state takes place in the 
coastal area. Most sports fishermen probably visit the study area during vacations or on weekends, 
bring their own equipment and purchase services (lodging, food, and fuel) not directly connected 
with the fishing industry. 

4.3.3. 1 Species and Volume of Catch. As with commercial fisheries, reliable data throughout 
the region are lacking. Although the Washington Department of Fisheries and the Fish Commission 
of Oregon prepare a salmon sport catch report, sport and commercial landings of other species 
are not differentiated. Sports fishing activity involving other species is reported in terms of 
numbers of angler-days rather than pounds caught. It is therefore not possible to either examine 
the sport catch by species or to compare the total catch with commercial landings. 

The principal game fish sought by sports fishermen in the coastal area are salmon and trout 
(Schmisseur and Boodt, 1975). In Lincoln County, Oregon, out of the 9.7 million dollars spent 
annually on sports fishing, 83% was spent on salmon fishing (mainly ocean), and nearly all the 
remainder on steelhead and cutthroat angling (U. S. Army Corps of Engineers, 1976G and I). All 
available studies of the coastal area refer to salmon fishing as the most important sports fishing 
activity (U. S. Army Corps of Engineers, 1976C and H; Coos, Curry, Douglas EIA, 1977; QRC Research 
Corporation, 1978; etc.). Trout are also mentioned frequently as important game fish. Steelhead 
and cutthroat appear to be present throughout the study area. · Rainbow trout angling is significant 
in Pacific and Grays Harbor Counties in Washington (Washington Department of Commerce and Economic 
Development, 19778). Less important game fish in the region include mountain whitefish, Kokanee, 
bass, blue gill, crappie, catfish, and perch. Razor clamming is also mentioned as an important 
recreational activity on the Washington south coastal beaches (U.S. Army Corps of Engineers, 1976C 
and H). Clamming is also important in other estuaries such as Coos Bay (Oregon Fish Commission, 
1973-1974). 

4.3.3.2 Value and Employment. Measuring the economic impact of sports fishing is difficult 
because of incomplete data and the variety of units used. For Oregon, estimates of gross 
annual sports fishing expenditures range from 50 million dollars for the state as a whole to the 
same amount for Oregon's coastal area alone (Schmisseur ~nd Boodt, 1975). A Humboldt County 
estimate placed the annual value of sports fishing at $5-10 million compared to $35 million for 
commercial fishing (QRC Research Corporation, 1978). Some data are collected by "angler days"; 
however, converting these units to dollars requires estimates of per day expenditures which vary 
widely (Schmisseur and Boodt, 1975; U. S. Army Corps of Engineers, 1976C; Stoevener et al., 
1972). 

Many studies assert that sports fishing is the primary recreational activity that attracts 
tourists to the parts of the study area (U. S. Army Corps of Engineers, 19761; Coos, Curry, Douglas 
EIA, 1977). A 1972 Oregon State Game Commission study states that "the bulk of the recreation 
spending in Lincoln County is in all likelihood related to the area's excellent sports fishing" 
(U. S. Army Corps of Engineers, 1976G). All agree that sports fishing has been growing in recent 
years. Data for Washington state sports fishing licenses bear this out. Washington State 
Department of Fisheries data indicate (1978, pers. comm.) that between 1972 and 1976 the number 
of sports licenses issued by the state increased each year. 

Sports fishing-related employment is also very difficult to measure. Directly related employ
ment (boat/yacht rental, bait and ice stores, lauching facilities) account for a very small 
portion of local employment (U. S. Army Corps of Engineers, 1976G). Employment in more widely 
dispersed activities related to sports fishing, such as lodging, food, and fuel, is difficult to 
measure (Schmisseur and Boodt, 1975). 
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Sports fishing is a major and growing recreational activity with an important economic impact on 
tourist-related businesses. Sports fishing is second to commercial fishing in overall importance, 
mainly because sports fishing does not produce a saleable product even though important indirect 
expenditures are generated in the service and trade sectors. Comparison of available angler 
expenditure data for areas with and without access to the ocean indicates that the economic 
value of ocean salmon fishing far surpasses that of other forms of sport fishing. Total annual 
expenditure for salmon, steelhead, and cutthroat angling in the major Lincoln County fishing 
areas was estimated at $9.7 million in the early 1970's (Oregon State Game Commission data for 
1972 in U.S. Army Corps of Engineers, 19761). Of this total, $3.3 million was spent in the 
Yaquina Bay area. The same data showed that only $207,000 was spent by estuary and river anglers 
for food, fuel, lodging, marinas, supplies, and other goods. The moorage, boat and tackle rentals, 
bait and ice, parking and smal 1 boat launching facilities, and smokehouses account for the 
additional expenditures attributable to marine fisheries. 

With the value of the Lincoln County forest products production set at $40 million in 1972 (Kuhn 
et al., 1974), the sport fishing industry, with expenditures of $10 million, is clearly highly 
significant. Areas which can offer only river angling or estuarine angling, clamming, and 
crabbing, but have limited marina and boat rental facilities appear to benefit to a much smaller 
extent, however, an input-output study of the Yaquina Bay area in (Stoevener et al., 1972) shows 
that marine angling transactions are roughly 7 percent of total area transactions. (Adjusting 
1963 data for inflation, river and estuarine expenditures, on the same basis, would account for 
only about 0.1 percent of total expenditures.) 

A further discussion of all types of angling is found in a study of the economic impact of small 
boat facility development of the Umpqua River estuary ln Douglas County, Oregon (Schmisseur et al., 
1975B). This study indicates that the average expenditure-per-visitor day by anglers totals 
almost twice that of non-fishing visitors. The implications of these studies are further examined 
in the following Section 4.4 on recreation. 

4.3.4 Fish Processing. 

4.3.4.1 Volume Produced. The fish processing industry in the coastal area is dependent on the 
local commercial catch (Kuhn et al., 1974). However, it is difficult to estimate what percen
tage of local catch is processed locally and what percentage is shipped elsewhere for processing. 
A study of Coos, Curry, and Douglas Counties indicated that although these counties accounted for 
30% of Oregon's total fish catch by weight, only 16.7% of the state's seafood processing 
employment was located there (Coos, Curry, Douglas EIA, 1977). The study goes on to say "a large 
amount of the total catch had only minimal processing before being shipped to other areas for 
further processing." There is no mention of where this "further processing" occurs. 

Data on the number of processing plants indicate that there were 19 canneries and 19 packaging 
plants along the Oregon coast in 1972 (Kuhn et al., 1974). 1975 data indicate that there were 
at least 14 plants along the Washington coast and 6 in the California portion of the study area 
(U. S. Department of Commerce, Bureau of the Census, 1977D). Most plants are located in coastal 
ports (Kuhn et al., 1974). 

4.3.4.2 Value. Data on the value of fish processed are spotty. A Tillamook County study found 
that local seafood processors exported 1,274,000 pounds of processed fish, 1% of the county's 
total exports in 1973 (Youmans et al., 1977). Willapa Bay's seafood processors accounted for 
10% of exports in 1971 (U. 5. Army Corps of Engineers, 1976H). The total value of seafood 
processing for the Oregon coast in 1971 was estimated at $50 million (Schmisseur and Boodt, 
1975). 

4.3.4.3 Employment. Employment in seafood processing is highly seasonal, and tends to follow 
the seasonality of fish landings. The peak period of processing employment is April to October. 
Peak employment in August, 1973 on the Oregon coast was 53% above the average for the year (Oregon 
State Employment Division,1974). 

Table 4-27 gives a rough estimate of seafood processing on the coast. The only region-wide employ
ment data are found in County Business Patterns, 1975 (U.S. Department of Commerce, Bureau of 
Census, 1977D) .. The survey period for these data is the second week of March. It should be kept 
in mind that March is a period of low employment in the seafood processing industry, so annual 
average employment has been estimated based on a low figure. Average annual income figures are 
also included for seafood processing employment where available. 

County Business Patterns data for 1975 show no processing employment for Tillamook, Lincoln, or 
Curry Counties. Oregon State Employment Division data, however, indicate that processing plants 
in these counties employed some 347 workers in 1973. These data are, therefore, used for Oregon. 
Comparing Table 4-27 with Table 4-2l~ suggests that, on the coast as a whole, payrol I fishing 
employment is approximately 27% of seafood processing employment. Over two-thirds of all Oregon 
processing employment was located in Clatsop County, while fishing was spread more evenly among 
Clatsop, Lincoln, and Coos Counties. 
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(e) 
n/a 

TABLE 4-27. EMPLOYMENT IN SEAFOOD PROCESSING IN PACIFIC NORTHWEST 
COASTAL COUNTIES, 1973 AND 1975. Figures for Washington and 
California are estimates based on County Business Patterns data for 
1975. Figures for Oregon are from Oregon State Employment Division 
for 1973. (From U.S. Department of Commerce, 1977D; Kuhn et al., 1974.) 

Estimated Average 
County Employees Annual Salary 

Clallam 
Jefferson 
Grays Harbor !32 (e) 6,850 
Pacific 328 (e) 4,030 
Wahkiakum 

Clatsop 1,229 5,870 
Tillamook 57 n/a 
Lincoln 199 n/a 
Coos 337 6,670 
Curry 91 n/a 

Del Norte 
Humboldt 295 (e) n/a 

Estimate. 
Not avai !able. 

Data for coastal Oregon seafood processing employment from 1958 to 1973 indicate a gradual but 
uneven increase with approximately parallels the increase in the volume of fish landings for 
the same area (see Figure 4-8). Not unexpectedly, processing employment appears to depend on 
local volume of fish catch. The decline in employment during 1970-1972 is related to mechan
ization of the shrimp processing process (Kuhn et al., 1974). 

4.3.4.4 Volume and Destination. Very little data are available on the desination and volume of 
fish products. A Tillamook County study indicates that 99.1% of seafood processing plant output 
is exported out of the county. It is not clear, however, what percent of that output leaves the 
coast (Youmans et al., 1977). 

Except for some processed fish, such as canned salmon, fish.products of the coastal area are 
consumed primarily in markets of the western United States. A portion is also sold locally. Of 
the products sold within the region, a large percentage is sold to tourists (U.S. Army Corps of 
Engineers, 1975C). 
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FIGURE 4-8. VOLUME OF FISH LANDINGS (A) AND FISH PROCESSING EMPLOYMENT 
(B), OREGON COASTAL COUNTIES, 1958 - 1973. Employment data are for Clatsop, 
Tillamook, Lincoln, Coos, and Curry Counties only. Fish landing data also 
include Lane and Douglas Counties. In A the solid line indicates millions 
of pounds and the dashed line indicates millions of dollars. (From Kuhn 
et al., 1974.) 
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4.3.5 Summary and Effects. 

4.3.5. 1 Summary of Employment and Value Added. Employment in fisheries and seafood processing on 
the Pacific Northwest Coast accounts for an estimated three percent of payroll employment. If 
estimated part-time and other non-covered fishery employment is included, the percentage may be as 
high as eight percent. This is insignificant compared with forest industry employment but rela
tively significant compared with agriculture and recreation. Both employment and output of 
the ind~stry, nevertheless, are very important to certain counties and communities. On the Oregon 
coast in 1973, the value of the commercial fisheries output (ex-vessel) amounted to close to the 
total value of real gross farm sales. In some counties, such as Humboldt County, California, it 
is estimated that sport and commercial fisheries are second in value to the forest industry. 

Only 1.2% of fresh and processed fish are estimated to be sold locally in Clatsop County, 
accounting for 26% of county exports (Collin et al., 1973). Processing employment is particul
arly important in Clatsop County and to a lesser degree also in Pacific and Humboldt Counties. 
Part-time fishing is also a source of employment, income, and food supply throughout much of 
the region, 

Commercial fisheries provide a full-time living or a significant income or food supplement for 
many coastal area residents and others. Processing activities provide one of the few important 
employment opportunities for women in the region. 

Sports fisheries are valuable to the region's economy as one of the principal attractions for 
recreational visitors (see Section 4.4.2.1). 

4.3.5.2 Multiplier Effects. The Youmans et al. (1977) study of the Tillamook County economy 
shows relatively high income multipliers for commercial fisheries and seafood processing (2.7 
and 3.0, compared with 1.8 and 2.25 for forestry and sawmills). In Clatsop County, where 
fisheries and fish processing are much more important, Collin et al. (1973), calculated 
multipliers of 2.76 and 1.75. (See adjusted figures in Schmisseur and Boodt, 1975.) 

4.3.5.3 Natural System Effects. Commercial and sport fisheries have few direct natural system 
effects beyond the impacts of overfishing on some species populations. Depletion of stocks with
in the region are discussed by Pruter (1972). Localized pollution loads by fish processing 
plants may be a deleterious impact in some areas. 

There are some long term food web and species interaction effects which are attributable to 
commercial fisheries. Removal of prey species (bait fish) will have potentially deleterious 
effects on dependent species, e.g. salmonids and sea birds, while removal of large numbers of 
predators can lead to increased populations of prey species. These types of interactions for the 
oceanic system are not well known, although some authorities suggest that the recent increased 
shirmp fishery is in part dependent on the increased foreign fleet harvest of hake, a major 
predator on shrimp. 

Indirectly, the industry creates demands for marina development, dredging, and associated facili
ties. The effects of other activities in the region on aquatic habitats include increases in 
sediment, turbidity, toxic substances, changes in dissolved oxygen, disturbance of bottom mater
ials, and blocking of fish runs. Some cause and effect relationships include the effects of 
dredging, effluent from industrial plants such as kraft mills and food processing plants, tannin 
and lignin from log handling and processing, and logs and debris from logging operations blocking 
streams. Maintenance and restoration of watershed quality, as well as controls on dredging and 
industrial waste discharge, are critical to the enhancement of fish populations. 

Stoevener et al. (1972) have examined the economic effects on sports fisheries of kraft mill efflu
ent degradation of water quality in Lincoln County, Oregon. 

4.3.5.4 Outlook for the Industry. A complex set of environmental, economic, and political 
factors is influencing trends in the fishery industry. The natural environmental changes and 
harvesting pressures which have affected some species are being responded to through regulations 
which have varying impacts. Restriction of foreign ocean fishing activities should protect fish 
populations and permit larger harvests in the region. Moratoria on harvest of saJmon on the 
Trinity and Klamath Rivers will, in the short-term, impact those dependent on salmon fishing; 
however, in the long-term, watershed restoration activities combined wi~h hatcheries hopefully 
will assist in raising salmon population levels and thus salmon-related JObs. 

An important potential for increasing the value of the industry lies in expanding aquaculture, 
mariculture,and hatchery activities. In Humboldt County, "it is believed that landings of finfish, 
shellfish, and other invertebrates could at least be doubled, as could the total value of the 
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industries to the count~' by these techniques (QRC Research Corporation, 1978). This study por
poses mussell, crab, and seaweed farming; salmon ranching; improved processing facilities to 
eliminate most fish waste and refine it for sale at higher prices; exploratory fishing and 
facility improvement; stream rehabilitation; and improved salmon and steelhead culture 
facilities. 

4.4 RECREATION 

4.4.1 Resources. Recreation resources may be natural features of the environment, man-altered 
natural features, or man-made facilities. The abundant recreation resources on the Pacific 
Northwest coast fall primarily in the former two categories. 

4.4.1.1 Recreational Opportunities. A low intensity of residential, industrial, and commercial 
land use combined with an excellent natural setting has resulted in an abundance of outdoor 
recreational opportunities throughout the Pacific Northwest Coastal Region. Large stretches of 
land remain substantially undeveloped and are ideal for many outdoor recreational activities. 
Agriculture (see Section 4.5) and urbanized areas (see Section 4.9.2) are not significant land 
uses in the region. Although private timber lands (see Section 4.2) are extensive, many timber 
companies have made their lands available for recreatonal use and have opened campgrounds (Coos, 
Curry, Douglas EIA, 1977). A large part of the land is federally-owned and administered by the 
U.S. Bureau of Land Management and the U.S. Forest Service. Much of this land, in addition to 
federal, state, and county land specifically ~et aside for recreation and parks, is available 
for low intensity recreation use. Public recreation areas, other points of interest, and 
facilities are mapped for each state by state transportation departments, the U.S. Forest Service, 
the U.S. Geological Survey, and the National Park Servi~~. 

The most significant feature of the natural setting is the Pacific Ocean. The Ocean coastline, 
beaches, and harbors provide for a variety of recreational activities. Inland, the forests and 
mountains also offer camping, hiking, and hunting opportunities. Additionally, the preserved 
natural scenic beauty of most of the coastline from Cape Flattery to Cape Mendocino makes 
pleasure driving an important recreational activity along U.S. #101 and other coastal roads. 
Sports fishing resources, both ocean and freshwater, are among the most significant generators 
of recreatioAal activity in the region. 

4.4.1 .2 Developments. Recreational areas range in intensity of development from man-made 
facilities to untouched natural settings. Many major facilities are only slightly altered, 
including most state and national parks, forests, recreational areas, wildlife refuges, and 
other federally-owned lands. Federally owned land (especially in the central portion of the 
Oregon Coast) is administered by the Bureau of Land Management and is largely undeveloped and 
open to the public for recreational activities (U.S. Dept. of the Interior, 1970, and Schmisseur 
and Boodt, 1975). National Forests, another significant occupier of land along the coast 
(see Table 4-3, Section 4.2.1.2) are also open to the public for various recreational uses. 

Improvements to recreation areas include boat launching facilities, campsites, picnic areas, 
trails, marinas, access roads, etc. In addition to these alterations of the natural setting, 
a number of service activities support the users of recreational activities. These include 
hotels and motels, restaurants and bars, gasoline stations, golf courses, museums, marinas, 
and charter boat services (Schmisseur and Boodt, 1975). 

Unique or particularly attractive recreational areas along the coast include the Olympic National 
Park, the ten National Wildlife Refuges, the Redwood (State and National) Parks, the Oregon Dunes 
National Recreational Area, the Kalmiopsis Wilderness Area, and the numerous state parks. (See 
Figure 3-7 and related discussion in Section 3.5 of this volume.) The Olympic National Park 
covers 893,000 acres of mountains, lakes, forests, and rivers in Clallam and Jefferson Counties. 
An arm of the park stretches along most of the Pacific coastline of those counties. The redwood 
parks include the Redwood National Park and five Redwood State Parks (Del Norte Coast, Grizzley 
Creek, Humboldt, Jedediah Smith, Prairie Creek) in Humboldt and Del Norte Counties. The parks 
protect the world's tallest trees, and provide an important coastal tourist attraction. Including 
the controversial addition of 48,000 acres and a 2,000 acre scenic corridor in 1978, the total 
area of the Redwood National Park (originally set aside in 1968) is approximately 110,000 acres 
(U.S. Department of the Interior, personal communication, 1978). 

The Oregon Dunes National Recreation Area, established in 1972, occupies 40 miles of beaches and 
dunes between Coos Bay and Florence in Coos, Douglas, and Lane Counties in Oregon (Coos, Curry, 
Douglas EIA, 1977). The Kalmiopsis Wilderness Area is a completely undeveloped reserve in Curry 

4-l+O Region 



County, Oregon, which may be expanded by addition of an area currently under the RARE 11 (Roadless 
Area Review) program of the U.S. Forest Service (under consideration in early 1979) (USDA, 1978A 
and 1978c). 

In addition, numerous city parks provide camping, swimming, and fishing facilities. 

4.4.l.3 Demand and Supply Factors. Long-run demand for recreational services depends directly 
on the amount of leisure time and personal income available to the potential market population. 
Overall trends in the U.S. indicate that leisure time and personal income are rising so it can be 
expected that long-term recreation demand wi 11 increase (Schmisseur and Boodt, 1975). For the 
study area, this increase can be especially significant due to the growth in nearby population 
centers around Puget Sound in Washington and in the Willamette Valley of Oregon. The coastal 
area's natural recreational advantages (discussed in Section 4.4. 1. 1 and 4.4.1.2) place it in 
an ideal position to satisfy an increasing demand for recreation, In addition, the two National 
Parks and the Oregon Dunes National Receation Area have made the coastal area more attractive 
to long-distance vacationers (QRC Research Corporation, 1978; U.S. Army Corps of Engineers, 
1975C). Increasing population leisure time, and income can also have an effect on recreational 
resource supply. Higher use levels or expansion of man-made facilities could compromise the 
overall attractiveness and natural recreational resources of the area, increasing local economic 
and environmental costs. Expansion of tourism, is, however a potential economic benefit to the 
region. Thus, careful examination of the economic benefits and environmental interactions of 
new development is necessary. (This is discussed further in Sections 4.4.5.3 and 4.4.5.5.) 

4.4.1.4 Regulations and Controls. The regulations and controls of recreational activities 
are oftwodistinct types: i.e. governing or protecting individual recreational activities 
such as fishing and hunting; and controlling for recreational developments having an effect on 
recreational resources. Development decisions can be made on the local, state, and national 
levels. ln 1972, the National Coastal Zone Management Act (CZMA) was passed by the U.S. Congress 
to insure effective management, protection, and development of national coastal resources. 
Financial assistance has been extended to the states for development of state coastal management 
programs and the formation of estuarine sanctuaries (U.S. Department of Commerce, 1977D). 

Congress has also shown concern for resource preservation in its decision to expand the Redwood 
National Park, which was protected as a recreational resource at the expense of forestry re
sources (U.S. Department of the Interior, pers. comm., 1978). The Federal government also 
showed an interest in preservation of recreational and aesthetic resources with the creation 
of the Oregon Dunes National Recreation Area in 1972. 

State and local development policies with regard to recreation vary. The California Coastal 
(Smith) Act of 1976 requires coastal communities to adopt local coastal programs in conformity 
with the state coastal policies. Articles Six and Seven of the Act limit new development in the 
coastal zone (including Humboldt and Del Norte counties) to existing developed areas. Article 
Three deals specifically with recreation: 

Ocean-front land suitable for recreational use and upland support areas wi 11 be generally 
protected for such uses. The use of private lands suitable for visitor-serving commercial 
recreational facilities shall have priority over private residential, general industrial or 
commercial development but not over agriculture or coastal-dependent industry. Increased 
recreational boating will be encouraged. (Article 3 - California State Senate Bill 1277, 
1976). 

Local jurisdictions (including Humboldt and Del Norte Counties) have unti 1 January, 1981 to 
complete local coastal programs iFl conformity with state goals (California Senate Bill 1277, 
1976). 

Unchecked urban growt, in the 1960s and early 1970s has been a recognized problem for the Oregon 
coast (Oregon State Coastal Conservation and Devlopment Commission, 1975). Oregon's Coastal 
Management Program, adopted in January, 1977, set a number of goals concerning urban growth, 
land use planning, and recreational and environmental ·resource preservation (Oregon State Land 
Conservation and Development Commission, 1976) with the intention of serving as a comprehensive 
plan for development and preservation decisions for the Oregon Coast. Specifically, the 
objectives included the creation and maintenance of "a balance between conservation and 
development needs" and avoidance of "irreversible damage to the ecological and environmental 
qualities" of the coastal zone. Policy recommendations included management of coastal resources 
on both a statewide and a watershed basis due to the complex interrelations of the resources 
and the origin of many recreational and other development pressures outside the coastal zone. 

Region 4-41 



The Washington State Shore] ine Management Act of 1971 and the Coastal Zone Management Program, 
approved in June, 1976 - the first coastal program in the nation to receive funding under the 
CZMA - have also established goals and policies for coastal resource development and preserva
tion. Particularly at issue in ~his state are dredging activities and urban expansion in Willapa 
Bay and Grays Harbor (U.S. Army Corps of Engineers, 1976C and 1976H; Washington State Department 
of Ecology, 1976). 

4.4.2 Tourism. Tourism is probably the most difficult of the region's basic industries to 
quantify and evaluate due to the problem of establishing which activities and what part of 
those activities are associated with this industry. Tourists spend money on a number of services 
including lodging, food and drink, fuel, clothes, and recreation. With the exception of lodging, 
these services are also purchased by local residents. Relatively good data are available on the 
total value and employment associated with these services; however, almost no data exist on the 
percentage of those services that result from tourism as opposed to local demand or business 
travel. Since it is only the non-local demand that is of concern here, it becomes necessary 
to make estimates of the percentage of total food purchases, lodging, fuel, etc., that result 
from tourist activities. All estimates made here or referred to are highly speculative and should 
therefore be treated with caution. 

4.4.2. l Tourist Volume, Activities, and Origins. Information on tourist activities and or1g1n 
could best be obtained from survey data. Unfortunately, this form of data is not plentiful for 
the coastal region. Visitor-day data are maintai.ned by the Recreation Departments in each state, 
the National Park Service and, on a 12-hour day basis, by the U.S. Forest Service. Such data, 
however, give only a part of the picture of use levels in natural areas required to fully assess 
natural systems impacts of recreation. Other data, such as traffic counts and lodging and sales 
taxes provide some indication of overall tourism for assessment of economic effects. 

The Oregon Highway Division keeps traffic counts at selected points throughout the State of 
Oregon and surveys selected travelers to obtain additional information. Some trends can be sur
mised. Table 4-28 contains estimates for the number of out-of state visitors in each state. 

TABLE 4-2.8. ESTIMATED TOTAL VISITORS AND PLEASURE VISITORS FROM 
OUT-OF-STATE TO CALIFORNIA, OREGON, AND WASHINGTON, 1965 to 1973. 
Data are in thousands. (From Travel Trends in the U.S. and 
Canada, 1973, and Oregon State Highway Division, as reported in 
Kuhn et a 1., 1974). 

ALL TYPES PLEASURE VISITORS 
Year Ca 1 i forn i a Oregon Washington Ca 1 i forn i a Oregon Washington 

1965 n/a n/a 8400 7229 5792 n/a 
1966 14300 n/a 8200 n/a 6547 n/a 
1967 n/a n/a 8600 n/a 7083 n/a 
1968 16100 9092 9100 n/a 7550 n/a 
I 969 n/a 9179 9600 n/a 7710 n/a 
l 970 n/a 9083 10100 n/a 7614 n/a 
1971 n/a 10540 10500 n/a 9093 6200 
1972 n/a 11702 n/a n/a 9630 n/a 
1973 n/a 10492 n/a n/a 5889 n/a 

With the exception of the year 1973, when the gasoline shortage crippled the travel industry, 
there has been a continuous increase in the number of out-of-state visitors to the three West 
Coast states. Although the study region compris~s only a portion of each state, it seems 
reason ab 1 e to cone 1 ude from these data that tourist t rave 1 has a 1 so been inc re as i ng stead i I y a 1 ong 
the coast since 1965. · 

Data on the origin of tourists are also limited. For coastal Oregon (9-county area including 
Lane, Western Douglas, Josephine, and Jackson Counties), it has been estimated for 1973 that 
35 percent of total recreational expenditures are by out-of-state visitors, 11 percent by 
intra-coastal travelers, and ,the remaining 54 percent by travelers from the rest of the state 
(Schmisseur and Boodt, 1975). State of Oregon campground utilization information indicates 
that California was an important origin of travelers to the Oregon coastal area. 
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Some data exist to indicate the travel patterns of the Oregon residents who seem to be responsi
ble for the greatest share of expenditures on recreation along the Oregon Coast. For the northern 
Oregon coastal counties (Clatsop, Tillamook, and Lincoln), Multnomah County, which includes 
Portland, provided the largest number of tourists in 1969. This indicates that Portland area 
residents tend to travel to the most accessible parts of the coast. For the southern coastal 
counties (Coos and Curry) the largest number of recreational visitors was from the adjacent coun-
ties of Josephine and Jackson (for Curry) and Lane and Douglas (for Coos) (Schmisseur and 
Boodt, 1975). 

Although similar data are not available for Washington and California, it may be possible to make 
some assumptions based on the Oregon data. The most significant population centers in Washington 
are on Puget Sound. Although the recreational areas of the northern Washington coast (including 
the Olympic National Park in Clallam and Jefferson Counties) are closer to the population centers, 
they are not easily accessible. By automobile, the most accessible part of the coastal area 
to Seattl·~ and Tacoma is the southern half of the Washington coast. This assertion is supported 
by the relative popularity of the southern state parks near Willapa Bay and Grays Harbor as 
compared to those of the northern Washington Coast (Washington State Office of Program Planning 
and Fiscal Management, 1975). Long Beach State Park in Pacific County was the most popular 
day park in the state in 1974. 

A difference between Washington and Oregon coastal recreation is the existence of competing 
opportunities along Puget Sound. Seattle and Tacoma area residents have the option of visiting 
Puget Sound recreational areas rather than traveling to the coast. A similar option is not 
readily available to Willamette Valley -residents. Puget Sound state parks are also among the 
most popular in Washington. 

Out-of-state visitor stays in Oregon and Washington average 3 to 4 days (see Table 4-29). The 
same source gives a seven day average stay in California. The Redwood Coast is clearly not 
typical of other California recreation areas. These stays are, in any case, not all spent in one 
place. The data in Table 4-30 indicate that intra-state journeys in Oregon are most likely to 
have a coastal destination if the length of stay is between two and four days. The number of 
stays of two weeks or more are assumed to be insignificant, reflecting the lack of resort develop
ment on the coast. Neither set of data directly indicates the average length of coastal stays. 
It may tentatively be concluded that, in Oregon at least, coastal vacations have approximately 
a three day average length of stay. 

Data on recreational activities pursued by tourists are also not readily available. Many 
sources indicate that sports fishing (especially salmon fishing) is the major activity which 
draws tourists (see Section 4.3.3 Sports Fishing). Pleasure boating, hunting, and camping are 
also noted as attractions. Beach activities (swimming, sunning, hiking, picnicking) are 
important throughout the area. Razor clamming is an important recreational activity in the 
Willapa Bay and Grays Harbor areas (U.S. Army Corps of Engineers, 1976C and 1976H). 

State 

Alaska 
California 
Colorado 
Florida 
Hawaii 

TABLE 4-29. AVERAGE LENGTH OF STAY AND SIZE OF PARTY FOR SELECTED STATES. 
(From Travel Trends, 1973, in Kuhn et al., 1974.) 

Average Number of Average Number of Date of 
Days Per Stay Persons Per Party Data 

13.0 2.6 1971 
7.0 2. 1 1968 
s.s 3.0 1971 

12.0 2.9 1970 
8.0 1.6 1971 

North Dakota 1. 9 3.3 1971 
Utah 1.2 2.8 1972 
Oregon 3.4 2.7 1971 
Washington 4.2 2.5 1972 
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TABLE 4-30. PERCENT OF INTRASTATE OREGON TRIPS HAVING COASTAL 
DESTINATIONS BY LENGTH OF STAY, 1973. Note: The coastal area 
includes Clatsop, Tillamook, Lincoln, Coos, Curry, Josephine, 
Jackson, and Douglas Counties. (From Schmisseur and Boodt, 1975.) 

Length of Stay 

less than l day 
l day 
weekends 
3 - 4 days 
5 - 13 days 
2 weeks or more 

% of Oreqon Trips Having 
Coastal Area Destination 

30.5 
35.5 
47.5 
44.o 
40.0 
45.5 

Evaluating the relative significance of these activities is impossible without more complete 
data. Some generalizations, however, can be made. Tourist activity is seasonal. Greatest 
activity is during the summer with a peak in August (Kuhn et al., 1974). Winter.s~o:ts ar7 . 
not important in Coastal Oregon (Schmisseur and Boodt, 1975). Water-related act1~1t1es (f1~h1ng, 
boating, swimming, and other beach activities) appear to dominate coastal recreation. Camping, 
hunting, hiking, and other land-oriented activities are of secondary importance. 

4.4.2.2. Tourist Accommodations and Expenditures. More data exist on the type of accommodations 
and breakdown of expenditures of coastal tourists. Table 4-31 indicates the distribution of 
visitor party days by type of lodging for Oregon and coastal Oregon during 1972. There is 
greater use of camping on the coast than in the state as a whole. Camping tends to be a less 
expensive form of lodging than hotel/motel lodging. 

TABLE 4-31. ESTIMATED PERCENTAGE DISTRIBUTION OF OUT-OF-STATE VISITOR PARTY 
DAYS IN OREGON AND COASTAL OREGON BY TYPE OF LODGING, 1972. (From Battelle 
Institute, 1973, data in Kuhn et al., 1974.) 

Area Motel/Hotel Friends Camping Other 1 

2 Coastal Oregon 
Oregon 

35.5 
43.8 

1 Includes trailer parks, second homes, no lodging. 
2 Clatsop, Lincoln, Tillamook, Coos, and Curry Counties. 

14. 3 
26.4 

40.3 
17.3 

9.9 
12. 5 

Table 4-32 contains estimates of out-of-state visitor spending along the Oregon coast and in 
the state as a whole in 1972 broken down by expenditure type. Expenditures on lodging in the 
coastal area are only slightly lower than for the rest of the state. Additionally, the percentage 
of restaurant expenditures is greater on the coast than for the state as a whole. This is surpris
ing in light of the difference in the use of campgrounds by coastal tourists and by tourists 
of the whole state (see Table 4-31). Campers tend to spend less on food and drink than other 
tourists (Kuhn et al., 1974) 

As expected, grocery purchases are a larger share of tourist expenditures on the coast than 
elsewhere in Oregon. Campers are more likely to prepare their own food than motel and hotel 
users. 

A study of the Lower Umpqua River (Winchester Bay) area of coastal Douglas County in Oregon also 
reported expenditures by tourists (Schmisseur et al., 1975). Tourists were classified in two 
groups by type of activity, either "fishing" or "camping and vacationing" (i.e. non-fishing). 
Table 4-33 lists the results of the survey which indicates that sports fishermen spend less on 
lodging than do other tourists. Sport fishermen, however, spent more on trailer parks, groceries, 
tackle,and boat charters for a total per visitor day 50% higher than non-fishermen. 
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TABLE 4-32. ANNUAL ESTIMATED EXPENDITURES BY OUT-OF-STATE TRAVELERS FOR 
OREGON AND COASTAL OREGON, 1972. Data are in thousands of dollars. (From 
Battelle, 1973, data in U.S. Army Corps of Engineers, 1976G.) 

COASTAL OREGON OREGON 
Type Amount % of Tota 1 Amount .% of Total 

Restaurant 
Lodging 
Groceries 
Recreation 
Gas & Oil 
Al 1 Others 

TOTAL 

30, 115 23.0 125,610 
23,375 17.8 104,020 
20,581 15.7 71,589 
12,815 9.8 36,684 
9,595 7.3 50,992 

34,705 26.4 169,433 

131, 186 100.0 558,328 

TABLE 4-33. WINCHESTER BAY, OREGON, EXPENDITURES BY ACTIVITY. 
(From Schmisseur et al., 1975.) 

22.5 
18.6 
12.8 
6.6 
9. l 

30.4 

100.0 

Eating and Service Other Reta i 1 Total 
Activity Lod9in9 Drinking Stations 012era ti ons Services (Dollars) 

Fishing 22.9 13.6 10.0 21. 9 31.6 $7.94 

Camping and 
Vacationing 32.4 14.2 16.4 37. 1 $4.57 

Evaluating the overall economic importance of tourism is a difficult task because of the data 
1 imitations and the problem of ascertaining which activities belong in this industry. Because of 
its completeness, employment data will be used for this purpose (see following section). A 
1973 Tillamook County Oregon, input-output study estimated that 9.8% (12.1 million) of the 
county's total exports were recreation and tourist expenditures (Table 4-34). Recreation and 
tourism ranked third after Wood Products (49.3%) and Agricultural Products (16.1%), but ahead 
of Commercial Fishing (Youmans et al., 1977) in Tillamook County. 

TABLE 4-34. TILLAMOOK COUNTY TOURIST-RELATED INDUSTRIAL SECTOR EXPORTS, 1973. 
(From Youmans et al., 1977.) 

Sector Name 

Formal Tourist Lodge 
Campgrounds 
Sports Fishing & Marinas 
Cafes and Taverns 
Service Stations 
Retail and Wholesale 

Region 

Percent of Total County Sales 
to County Residents 

5.4% 
10.8% 
18.2% 
68. 8~o 
62.7% 
83.4% 

Percent of Total County Sales 
to Non-county Residents (exports) 

94.6% 
89.2% 
81.8% 
31. 2% 
37.3% 
16.4% 
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4.4.2.3 Employment. Data used for estimating tourist-related employment on the coast are from 
County Business Patterns for 1975 (U.S. Department of Commerce, Bureau of Census, 1977E). This 
set of data has been chosen because it is the most up-to-date uniformly collected data for the 
study area. In addition, data are available up to three digit S.l.C. (Standard Industrial 
Classification) industries, which allow for accurate estimates of tourist-related employment. 
County Business Patterns data are tabulated from payroll tax returns, i.e. this census only 
counts employees who work for employers who make quarterly tax returns. Additionally, a number 
of employers, family businesses, for example, do not report payrolls. Finally, data is collected 
for payrolls of the second week in March only. Since tourist-related employment is highly 
seasonal, with a peak in late summer, this data collection method will be likely to under
estimate the number of tourist industry employees. Given similar seasonality characteristics 
of all major export base industries (forestry, agriculture, commercial fishing), an adjustment 
would probably not aid in determining the relative importance of the tourist industry. 

Five Standard Industrial Classifications have been chosen to cover tourist-related employment: 
gasoline service stations (S.l.C. 554), eating and drinking places (S. I .C. 58), hotels and other 
lodging (S. l.C. 70), food stores (S. l.C. 54), apparel and accessory stores (S. I .C. 56), and 
amusement and recreation services (S. I .C. 79). Tourists undoubtedly are served by employees 
in other classifications (see Kuhn et al., 1974), but probably all important tourist-related 
employment sectors are included in these categories. A possible addition ls the museum, botanical 
and zoological sector (S.I .C. 79). However, employment in this sector was negligible along the 
coast and has not been included. 

A 1973 Tillamook County economic survey collected data on sales local industries made to county 
residents and non-county residents (Youmans et al., 1977). For estimating tourist-related 
employment, sales to non-county residents can be assumed to be sales to tourists in the relevant 
sectors (i.e. the six classifications listed above). The percentage of relevant classifications 
sold to county and non-county residents (exports) for Tillamook County are listed in Table 4-34. 

Based on the Tillamook study, the fol lowing percentages have been allocated to tourist industry 
employment: gasoline service stations-35%, eating and drinking places-30%, hotels and other 
lodging-95%, food stores-20%, apparel and accessory stores-10%, and amusement and recreation-
50%. Al 1 estimates were rounded to nearest 5%. Combining formal tourist lodges and campgrounds 
results in 93.9% exported, hence the estimate of 95%. Food stores, apparel and accesory stores, 
and amusement and recreation are best possible estimates taking into account a number of factors. 

Table 4-35 presents the estimate of tourlst-re1ated employment by sector and county for the study 
region. 

Lincoln County, Oregon has a particularly high concentration of tourist industry employment. 
Grays Harbor County has the largest number of tourist industry employees of the Washington 
coastal counties. This county is also the most accessible of all the coastal counties to 
Puget Sound population centers. The large number of tourist industry employees in Clallam 
County may be related to tourist centers along the Strait of Juan de Fuca as well as within 
the study region boundaries. 

According to these estimates, the tourist industry ranks second behind the forestry industry 
in total employment for the study area. (Commercial fishing and tourism appear to employ 
approximately the same number of people.) The total employment figure should be treated with 
caution, however, in light of the data limitations discussed earlier, the most serious of 
which is seasonality. Figure 4-9 estimates Oregon coastal travel industry employment by 
quarter for 1973. The graph shows that employment estimate as high in the third quarter as 
it was in the first (Kuhn et al., 1974). If these figures are reliable, it is 1 ikely that 
coastal county tourist industry employment increased to 11 ,000 during the summer months of 
1975. 
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TABLE 4-35. TOURIST INDUSTRY EMPLOYMENT PACIFIC NORTHWEST COAST, 1975. 
(Computed from data in U.S. Department of Commerce, 1977D.) 

Clallam 
Jefferson 
Grays Harbor 
Pacific 
Wahkiakum 

Washington Coast Total 

Clatsop 
Tillamook 
Lincoln 
Coos 
Curry 

Oregon Coast Total 

Del Norte 
Humboldt 

Ca 1 i fern i a Coast 

STUDY AREA TOTAL 

Total 
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FIGURE 4-9. 
COAST, 1973. 

EMPLOYMENT % OF TOTAL EMPLOYMENT 

637 
175 
745 
155 
45 

1757 

512 
253 
933 
501 
223 

2422 

232 
1294 

1586 

5765 

QU.~HHR 

QUARTERLY TOURIST EMPLOYMENT ESTIMATES, OREGON 
(From Kuhn et al., 1974.) 

7. 7% 
8.9% 
4.8% 
5.6% 
6. 7% 

6.9% 

8.1% 
8.4% 

17.2% 
4.0% 
9.3% 

8.2% 

7.0% 
5.9% 

6.3% 

6.9% 

The view is held by many that, despite the large number of tourists who vacation in the study area, 
the overall economic impact on the area is minimal or may even represent a net loss. An Oregon 
State Univeristy Department of Economics study concluded that revenues derived from state 
supported tourist facilities were smaller than the costs incurred in providing the services (U.S. 
Army Corps of Engineers, 1975E) because of the nature of tourist activities along the Pacific 
Northwest Coast. Tourists who come to the study area for sports fishing, hiking, hunting, or 
camping usually bring their own lodging (tent, trailer), food, and equipment (rifles, fishing 
poles, rafts, etc.). The few purchases made on the vacation area itself are usualy for gas and 
some food. Additionally, tourist-related employment is.unstable, highly seasonal, low-paying, 
and in low-skilled occupations such as waiters and waitresses, tour guides, and motel attendants. 
The seasonal nature of the industry also puts undue burdens on governmental services such as 
police, fire, ~nd health. 
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This assertion is difficult to evaluate without additional data. Whether tourism is economically 
beneficial to the study area is an important topic for further study. The Tillamook County study 
(Youmans et al., 1977) implies that non-resident tourism is an export industry (over 12 mill ion 
dollars of business in 1973). County Business Pattern Payroll data for 1975 indicate, however, 
that for Humboldt County tourist industry employees had an average annual salary of $5,180 as 
compared to an all-industry average of $9,810. This differential holds true for the entire study 
region (U.S. Department of Commerce, 1977D). Although the tourist industry employs a large 
number of workers, it contributes a proportionately smaller amount of income to the study area. 
These data tend to support the OSU Department of Economics' assertion that tourism is 
economically detrimental to the study area. Further investigation is needed. 

4.4.3 Second Homes. 

4.4.3. 1 Number and Location. The number of second homes appears to be increasing in accessible 
parts of the coast. Coastal Oregon and Washington had year-round housing unit-vacancy rates 
far in excess of the average listed for each state in the 1970 Census of Housing. Lincoln 
County has the largest number of second homes along the Oregon Coast (1768 in 1970) and probably 
the largest concentration in the entire study area. The proximity of Portland and the rest 
of the Willamette Valley explains this concentration (U.S. Army Corps of Engineers, 1976G). 
Nearly 20% of Tillamook County homes were reported in the Census of Housing to be second homes 
in 1970. Counties farther away from Portland tend to have fewer second homes. Only 2.7% of 
Curry County homes and 1. 1% of Coos County homes were second homes in 1970. These figures were 
below the state average of 2.8% and do not appear to be increasing (Kuhn et al., 1974). 

Along the Washington coast, second homes appear to be increasing in number in Grays Harbor and 
Pacific County (Washington State Department of Commerce and Economic Development, 1977). Clallam 
and Jefferson Counties also contain a significant number of second homes. Most of these, however, 
appear to be outside the study area. 

No data were available for the second home industry in the California counties in the study 
region. Their great distance from population centers suggests that second homes are not common 
in these areas. 

4.4.3.2 Employment. Employment resulting directly from second home construction and occupancy 
is difficult to quantify. The construction of second homes creates employment and income for 
parts of the study region. Second home occupants (usually for the summer) spend significant 
amounts on goods and services. Uni ike tourism, most goods and services are locally purchased, 
providing employment and income to the study area (Kuhn et al., 1974). The second home industry 
is considered to be basic since the source of spending is income earned outside the study region. 

4.4.4 Retirement. A large number of retired persons have made the coastal area their home during 
recent decades. It is believed that enough retired persons live on the coast to warrant special 
analysis. Although it may seem unusual to include retirement in the category of export-base indus
tries, there are a number reasons for doing so. Many retired persons receive income sup-
port from retirement annuities (Social Security, pensions, life insurance annuities, etc.). From 
the economist's point of view, these payments represent a net inflow of income to the study area. 
Retired persons spend this income on goods and services which support businesses and industries 
in the study region. Retirement income also has a multiplier effect on local business and income. 

In addition to government and private annuities, the elderly often receive special government 
services such as health care, reduced transportation fares, welfare, etc. Often the sources 
of income for these services are the federal and state governments. In these cases, a large 
retirement population can attract additional government income to the study area. However, when 
local sources are used to support elderly services, this population can cause an income drain, 
thereby dampening local business activity. Further analysis is required to determine whether the 
"government effects" of the elderly are positive or negative with respect to the local economy. 

The absolute number of retired persons in the study area cannot be determined from available data; 
howeve~ certain data can be employed to evaluate trends in the number of retired persons along the 
coast. 1970 U.S. Census data indicate that for the Oregon coast (including the five counties of 
the study area plus Douglas and Lane) 11.8% of the population was 65 years of age or older and that 
this percentage represents a migration of elderly to the coast rather than (or in addition to) a 
loss of younger people. The percentage was larger for coastal Oregon than for the State of 
Oregon. See Section 4.10 for additional details. Between 1958 and 1973 the number of persons 
receiving Social Security increased by an average of 5% per year along the Oregon coast. This 
compares to an average overall population increase of only 3% on the coast and an average increase 
of 1 .9% of people 65 years of age or older in the nation as a whole (Kuhn et al., 1974). 

Lincoln County, Oregon, appears to have a particularly heavy concentration of e}derly residents 
(U.S. Army Corps of Engineers, 1976G) as the median age of people in Lincoln County was 38.2 years 
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in 1970, almost ten years older than the Oregon median. The high proportion of elderly in Lincoln 
County suggests that this population is attracted to areas with many recreational opportunities. 
In the section on commercial fishing (4.3), it was noted that retired persons often use fishing 
as an income supplement. Lincoln County has been identified as an excellent salmon and trout 
fishing area. 

4.4.5 Summary and Effects. 

4.4.5. 1 Summary. An excellent natural setting for recreational activities combined with limited 
competing uses (agriculture, urban, and industrial development) allow for numerous recreational 
opportunities on the coast. In addition to the availability of these opportunities, recreational 
use depends on their accessibility to a sizable population which has the time and income to enjoy 
them. Population centers along Puget Sound and in the Willamette Valley appear to have these 
characteristics. Additionally, several resources in the area (the Redwood and Olympic National 
Parks, and Oregon Dunes National Recreation Area) are attractive to national vacationers. 

The tourist industry is increasing along the coast as a result of favorable supply and demand 
factors. Tourism is particularly important in areas of the coast most accessible to Portland 
and Seattle-Ta.coma areas. 

The size and growth of the tourist industry may be overstated in terms of its overall economic 
impact on the study area. Employment is sizeable (either second or third in rank among the basic 
industries), but unstable, highly seasonal, and unskilled. The income directly contributed by 
tourism is not comparable with its employment levels and wages are well below average. 

Tourist expenditures in the study area are relatively low. This is a function of the type of 
recreational activities pursued. Camping, fishing, and hunting require relatively little expense 
for lodging and restaurants. Many tourists bring their own food, shelter and recreational 
equipment. Sports fishing appears to generate more purchases at the trip's destination than 
other outdoor recreation activities typical of the region. Tourism may be an economically 
disadvantageous activity. There is speculation that the total cost of tourist activities 
(maintenance of facilities, access roads, etc.) outweighs the income. 

Second homes and retirement appear to provide a more stable source of income to the coastal com
munities than tourism. The absolute volume of these industries is difficult to estimate but 
appears to be growing, originating, like tourism, principally in the Willamette Valley and Puget 
Sound population centers. 

4.4.5.2 Multiplier Effects. The 1973 Tillamook County Study (Youmans et al., 1977) calculated 
income multipliers for several recreational sectors as follows: formal tourist lodging, 2.35; 
informal tourist lodging, 2.73; sport fishing and marinas, 2.54; cafes and taverns, 2.80; ser
vice stations, 2.31; and other retail and wholesale sales, 1.76. 

Multiplier values are moderate with the exception of retail and wholesale trade. A low multiplier 
in this sector is not unusual, however. 

A business multiplier (the change in revenue for all sectors of the economy resulting from a 
dollar change in revenue from out-of-county for a given sector) has been calculated for the 
lodging sector in Lincoln County (Schmisseur et al., 1975). This value is the highest for all 
sectors in the economy. Lodging which already was important in Lincoln County's economy (there 
are more units in Lincoln than any other Oregon coastal county) becomes even more significant with 
its large multiplier effects. This is more evidence for the overriding importance of recreation 
in Lincoln County and for the need to increase overnight accommodation throughout the region if 
tourism is to become a net revenue-generating industry. 

Multipliers are not available for California and Washington coastal counties. 

4.4.5.3 Natural Systems Effects. Recreation can have both negative and positive effects on the 
natural environment. Preservation of recreational resources is compatible with preservation of 
the natural environment. The unaltered setting is the main attraction of the study area to tour
ists. Emphasis on recreation protects the natural setting from alternative uses such as agricul
ture, minin~ and forestry. 

Adverse effects are also possible. If the area becomes popular for recreational activities, 
environmentally damaging development can take place. To an extent, this is already happening with 
the growing popularity of second homes and retl rem<"nt 1 iving along the coast. Increased lodging 
units and seasonal or permanent residential development and associated service activities contribute 
to the various natural environmental effects of human settlement. These effects include accel
erated erosion and sedimentation during construction in areas of steep terrain and friable soil; 
increased water demand and possible effects on surface and groundwater resources; and water pollu-
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tion from concentration of septic tanks, primary treatment plants, and solid waste disposal. In 
addition, increased access to natural areas can bring increased fire danger, water quality changes, 
wildlife depletion, and other changes. Such impacts are discussed in more detail by John Granm Co. 
(1976) and Simmons (1974). For discussion of possible impacts of second home development and 
r~creation use, see Eisenhower Consortium for Western Environmental Forestry Research (1975). 

One aspect of recreation which has recently been suggested as potentially harmful is the 
effect of off-road vehicles on wildlife. Little work has been completed in the region, but Neil 
et al. (1975) will introduce the reader to research on the matter. 

4.4.5.4 Socioeconomic Effects. The possible natural system impacts of recreation are also accom
panied by socioeconomic costs for public services and forest and other wildland management 
costs. Some of these are discussed in Eisenhower Consortium for Western Environmental Forestry 
Research (1975), Kuhn et al. (1974), and in U.S. Department of Commerce, Office of Coastal Zone 
Management (1977D). 

There is considerable land use competition between recreation and some economic activities, although 
compatibility exists with other activities. Recreational uses are incompatible with mining and 
industrial development. Agriculture alters the natural setting and may restrict public access to 
potential recreational areas. Agriculture does preserve open space, however, and for this reason is 
compatible with passive activities such as driving for pleasure. Commercial and sports fishing are 
closely tied to recreation; ports, marinas, and fish hatcheries, apart from supporting fishing acti
vities, are in themselves important tourist attractions (QRC Research Corporation, 1978). Growing 
forests offer a variety of a~tive and passive outdoor recreation opportunities. Logging operations, 
are generally not compatible with recreation and clearcutting can diminish attraction for tourist, 
as well as wilderness activities. An example of conflicts between the forest industry and 
recreation occurred recently (1977-78) with the expansion of the Redwood National Park in Humboldt 
County. The National Park Service requested the expansion to protect redwoods within the park 
from erosion effects of logging activities. The forestry industry objected to the loss of timber 
resources (U.S. Department of the Interior, pers. comm., 1978). The redwoods are one of the pri
mary recreational resources along the Pacific Northwest Coast and one of the largest generators of 
tourism from out-of-state. The U.S. Congress authorized the expansion in early 1978. 

4.4.5.5 Future Economic Importance. Future growth in the recreation industry is expected as 
population in the Northwest and West Coast continues to grow. Leisure time and income are increas
ing nationally. With the recent addition to the Redwood National Park and associated publicity, 
that area should grow as a natural tourist attraction. The opening of the Oregon Dunes National 
Recreation Area should have a similar effect (Coos, Curry, Douglas EIA, 1977). 

Attempts are being made to lessen the seasonal instability of the tourist industry. Discussion is 
under way to create off-season recreational attractions (see QRC Research Corporation, 1978; U.S. 
Army Corps of Engineers, 1975B). If efforts at expanding winter activities are successful, a 
positive effect on employment income in the industry can be expected. Most economic development 
plans (QRC Research Corporation, 1978; Broida et al., 1975, Coos, Curry, Douglas EIA, 1977) stress 
the need to increase length of stay to generate a greater volume of local tourist expenditures. 

4.4.5.6 External Factors Affecting the Industry. Recreation demand in the area will be influenced 
by the interaction of continued quality of the natural environment, development of recreation 
area, lodging, and other facilities, and changes in population growth rates, travel costs, and 
expendable incomes. Planning and resource management decisions affecting forests, fisheries, 
access, and residential management will play an important part in determining the extent to which 
economically valuable recreation can be encouraged without increasing natural and socioeconomic 
environmental costs. Broida et al. (1975) point out, however, that "tourism may not be the best 
industry to rely on for a resurgence of the Del Norte economy. The data on room occupancy tax 
collections evidence erratic growth, even when seasonally adjusted. More importantly, the industry 
has shown itself to be extremely vulnerable to energy crises. Over-reliance on tourism will only 
serve to make the Del Norte economy more dependent on factors outside the County's control". 
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4.5 AGRICULTURE 

Agriculture has historically been important to several small areas of the Pacific Northwest 
Coastal Region. Readers of the following section, however, should keep in mind the general 
predominance of the forest and forest products industry when reviewing the relative importance 
of agriculture in the regional economy as a whole. 

4.5. l The Resource. 

4.5. 1. 1 Land Suitable for Agriculture. The Coastal Region contains relatively little highly 
productive agricultural land. The Soil Conservation Service, USDA, has devised a general 
system of the eight broad soil capability classes, those suitable for cropland classes being: 

Class I: 
Cl ass 11: 
Class Ill: 

Class IV: 

Very good cultivable land, can be cultivated very intensively. 
Good cultivable land, can be cultivated intensively. 
Moderately good cultivable land, possibly poorly drained and requiring careful 
management. 
Fairly good cultivable land but with severe limitations, suitable for occasional 
cultivation only. 

Land in Classes V through VI I is not suitable for any intensive uses but may provide grazing of 
varying carrying capacity for sheep or beef cattle. 

Since this classification system is extremely general, the process of soil formation complex, 
and the effect of man's technology great, the actual productive capacities of soils within a 
class can vary widely from field to field (Franklin and Dyrness, 1973; U.S. Department of Agri
culture, 1975B). 

About one-half of the non-forested land in the Region is devoted to some type of pasture. The 
location of the soil associations most likely to contain prime (Class I and Class II) soils are 
tabulated for Oregon and Washington in Pacific Northwest River Basins Commission (1970, Volume IV). 
Class I and I I soils are generally located along the narrow river valleys and surrounding 
estuaries. The same volume maps the general location of land in agricultural use, including 
pasture and range land, as well as cropland. 

The entire coastal area has unique characteristics which affect the success of the agricultural 
industry. A discussion of these unique characteristics may be found in Moreland/Unruh/Smith, 
Architects and Planners (1975). In summary, these characteristics include: 

(1) Marine Climate. In addition to pasture, certain crops, such as artichokes, Christmas 
trees, and berries are particularly well-suited to the heavy rainfall, frequent cloud 
cover, high relative humidity, and low average temperatures of the marine climate. The 
potential for crop diversification is high, provided management expertise is practiced. 

(2) Diversified Soils. Soils on stream flood plains and alluvial fans, stream terraces, and 
marine terraces include sandy or silty loam soils which are fine textured and well or 
moderately wel 1 drained, providing the major source of agricultural lands. The source 
areas, however, also include poorly drained clayey loams, requiring draining (and diking in 
the case of some stream flood plains) for intensive use. Soils in estuary tidelands are 
1 imited by tidal overflow and poor drainage but have been diked in many areas for improved 
pasture. Sandy dune lands are unsuitable for agriculture, as are most upland areas, 
although smoother topography in the coastal mountains may be used for orchards, berries, 
small grains, cattle grazing, or sheep pastures. 

(3) Dissected Topography. The Coastal Region is characterized by rugged and dissected terrain 
with narrow valleys although some smoother areas are present in the interior mountains. 
This topographic form produces relatively small, isolated agricultural land areas which 
frequently are linear in form as they follow the river valleys or the depositional sea 
terraces along the coast. The relatively small areas useful for agriculture are more 
conducive to supplementary or part-time farming than to the economics of large-scale 
a gr i cu 1 tu re. 

(4) Distance from Urbanized Area. The Coastal Region's agricultural lands experience isolation 
from extreme urban expansion pressures and problems of unrestricted public access to range 
land. The area has a relatively low population density with most urban areas no~ expanding· 
at a rate comparable to cities in the Willamette Villey and Puget Sound regions. Urban and 
builtup land appears to have encroached on agriculture in several areas, however, according 
to Soil Conservation Service data (in Kuhn et al., 1974). 
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4.5. 1.2 Farm Characteristics. Average farm size nationwide has been increasing and the number 
of farms has been declining over the past decade, largely as a result of increasing economies 
of scale. On the Oregon and Washington and Northern California coast, most counties showed not 
only a decline in the number of farms between 1969 and 1974 but also a decline in average farm 
size (OIW, 1977). This reversed the trend to increased farm size evident between 1959 and 
1969. Table 4-36 indicates the rates of change by county. Exceptions include Humboldt County, 
where an increase from 716 to 860 acres from 1965 to 1976 may reflect the increasing importance 
of cattle ranching. Other exceptions are Clatsop and Curry Counties in Oregon. 

Comparison of changes in the number and average of farms with the value of agricultural products 
in Table 4-36 suggests that statewide in Oregon and Washington, significant agricultural produc
tivity increases occurred between 1969 and 1974. In all the coastal counties in those states, 
except Grays Harbor, Coos, and Tillamook, the lost acreage has also resulted in lost revenue. 

With the exception of larger dairy farms, specialty and fruit farms, and some of the livestock 
ranges, farming is a part-time endeavor on the Oregon Coast (Kuhn et al., 1974). It is esti
mated that no more than a fourth of the operators are solely dependent upon income from farming, 
and only about 45 percent are commercial operations. The others are part-time or part retirement 
farms. It is not known if this pattern also holds for Washington and Northern California. 
Most part-time farmers work as loggers or in a job related to the forest industry. Small 
acreages are used to produce products for their own consumption or as a supplemental source of 
income. Only about 16 percent of the area capable of producing agricultural crops is in cropland 
(Pacific Northwest River Basins Commission, 1971). Part-time farm operation is a major reason 
for the declining farm size on the Oregon Coast (Kuhn et al., 1974). 

TABLE 4·-36. ANNUAL AVERAGE RATES OF CHANGE IN FARM CHARACTERISTICS AND 
PRODUCTION VALUE, 1969-1974. (From Oceanographic Institute of Washington, 
1977, and California State, 1974 and 1977.) 

NUMBER LAND IN MARKET VALUE OF AGRI-
AREA OF FARMS FARMS CULTURAL PRODUCTS SOLD 

Washington State -0.9 -1. 0 5.8 
Jefferson 3,3 -3. 1 -1. l 
Clallam -2.6 -2.2 -6. 1 
Grays Harbor 0.9 -3.2 l. 5 
Pacific -0.5 -2.4 -7.9 
Wahkiakum -3.8 -4.2 -3.4 

Oregon State 0.6 0.3 3,5 
Clatsop -0.3 2.4 -6.2 
Tillamook -1. 1 -1.8 2.2 
Lincoln 0.5 -s.o -9.6 
Douglas 2.9 0.3 -o.8 
Coos l. 2 -4.2 -4. l 
Curry -1. 3 0.5 -0. 1 

California State 
Del Norte 0 -50.9 N/A 
Humboldt - I. 2 0.4 N/A 

4.5. 1.3 Development Constraints. Although much of the available land is suitable for agricul
tural use, there are many factors which limit conversion from one land use to another. 

One reason for non-conversion to agriculture is the pressure in some parts of the region for 
expanded urban development. Table 4-37 indicates the estimated increase in built-acres by county 
on the Oregon coast between 1958 and 1967. 

A second major hindrance to greater utilization of this agricultural land resource is that two of 
the major agricultural regions of the United States, the Willamette Valley and the Sacramento 
Valley, are located much closer to the major West Coast markets than agricultural land in the study 
region. This places the area at a transportation disadvantage when attempting to compete for these 
markets. The result is that the area's agricultural produce costs more at the market place unless 
local farmers are willing to accept less for their efforts. 
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AREA 

Clatsop 
Tillamook 
Lincoln 
Coos 
Curry 

TABLE 4-37. URBAN AND BUILT-UP LAND, 1958 AND 1967. (Data from Soil Conser
vation Service, 1971, contained in Kuhn et al., 1974.) 

1958 1967 % CHANGE 
ACRES ACRES 

9,219 9,216 
7,377 9, 611 

11, 371 12,573 
15,000 44,562 
6,712 8,560 

Coast Total 49,679 84,522 

0.0 
30.3 
10.6 

197. 1 
27.5 

7D.T 

The neighboring Willamette Valley is generally recognized as one of the best agricultural regions 
in the United States and is used for a wide variety of production, including considerable live
stock grazing. However, as the Willamette Valley becomes more intensively utilized for crops and 
urban expansion, the more extensive use of livestock grazing will be displaced. As this occurs, 
the study area should then be able to increase its production of livestock (Coos, Curry, Douglas 
EIA, 1977). 

This potential for 1 ivestock rearing brings up another factor affecting the potential for increa
sed agricultural activity. Over 90% of the cropland on the coast has been in long term hayland. 
Potentially, this land could be used more intensively for the production of row crops. Since 
most of the hay from these lands is used to support the coastal livestock industry, if the 
current level of 1 ivestock production is to be maintained, it would be necessary to either find a 
new livestock feed source or to increase the yield from the lands left in hayland (Moreland et 
al., 1975). In addition- to market constraints, attempts to develop more employment-intensive crop 
production, such as vegetables, in Northern California and Oregon are limited by lack of venture 
capital, technological assistance, diseases that flourish in the wet climate, the cost of approved 
pesticides, and environmental regulations (QRC Research Corporation, 1978; Kuhn et al., 1974). 

Approximately 168,000 acres of cropland in the coastal area of Oregon and Washington are subject 
to frequent flooding. Similar problems are experienced around the lower reaches of the Smith and 
Eel Rivers, California. Because of inundation by ocean tidal waters, flooding from rapid runoff 
and poor drainage, many areas of land have never been developed for cropland. Some wet soils have 
been drained to a degree suitable for the crop grown or are being used for purposes that do not 
require drainage. Dikes and tidegates do.not always provide adequate protection from flooding 
and many areas were reported in 1971 as entirely without protection (Pacific Northwest River 
Basins Commission, 1971). Many river terrace and bottom lands support rich dairy pasture. 
Flooded and rainsoftened ground requires removal of cattle in winter, however, in order to protect 
the pasture. Presumably because of the resulting increased cost of dairying, in addition to 
market considerations, beef cattle production is increasing in importance in these flat areas (QRC 
Research Corporation, 1978). 

In addition to drainage, another potential approach to increasing agricultural output in the 
coastal zone is to irrigate the currently dry land suitable for irrigated agriculture. Much of 
this land, however, is presently forested and its highest economic use may not be for agricultural 
purposes. There appear to be adequate water supplies in the coastal zone to support increased 
irrigation. For further discussion of drainage and irrigation practices in the area, see Pacific 
Northwest River Basins Commission (1971, Appendix XI I I). 

4.5.2 Agricultural Production. 

4.5.2. l Products. The primary products of the region are meat and dairy products. Livestock are 
mainly beef cattle and calves and dairy cattle. Locally important production of sheep, goats, 
and poultry also occurs. Beef cattle are becoming increasingly important because they require 
less care and equipment expenditu-re than dairy cattle. Beef cattle are also replacing sheep. 
While sheep do well in the area, environmental restrictions on predator control are leading to 
increased predation upon lambs (QRC Research Corporation, 1978). 

Crop sales comprise a relatively small share of overall regional agricultural sales. The most 
extensively grown crops are pasture, hay (clover and legume mixture), and silage. These provide a 
major feed base for dairy and livestock farms. Most of the pasture and forage crops are grown on 
the flood plains adjacent to major streams. On suitable bottom lands and low terraces, specialty 
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crops such as cranberries, other berry crops, lily bulbs, and flowers are grown. In addition, in 
a few areas, cool cl im.ate crops such as artichokes and broccoli and other vegetables are being 
grown on a trial basis. These crops, however, are subject to several limitations, as discussed in 
4.5. 1 .3. Exceptions are the crops of green peas and potatoes in Grays Harbor County (U.S.D.A. 
Statistical Reporting Svc., 1976). Both the profile of crop production and the share of total 
production accounted for by crops vary between the counties in the region. Single crops, such as 
cranberries, may comprise the majority of sales in individual Watershed Units. 

Woodlots on farms have contributed to the agricultural economy. In some cases, a portion of 
timbered farmland is sold to a lumber company; in others, trees are either sold standing or 
harvested for use as wood products (Pacific Northwest River Basins Commission, 1971). Firewood 
is also cut and sold. Woodlots occur on most farms in the uplands and consist primarily of 
fir, spruce, hemlock, and alder, all of which are now in heavy demand. The Humboldt County 
Economic Development Action Plan, 1978, mentions, however, that environmental regulations restrict 
logging of woodlots to supplement farm incomes (QRC Research Corporation, 1978). Christmas tree 
cultivation also occurs in the area. 

4.5.2.2 Volume and Value. The volume of agricultural goods produced usually expressed in bushels, 
tons, number of livestock, etc., may serve as an indicator of the wellbeing of farm economy. 
Volume itself is affected by the land and water environment, soil quality, erosion, rainfall, and 
other factors. Volume, therefore, can be useful in gauging the socioeconomic impact of plans and 
policies which affect the agricultural environment. It must be kept in mind, however, that volume 
is also affected by other market conditions, including technological improvements, the price and 
supply of labor, capital, and equipment in addition to the national and international food supply 
situation. 

Measures of volume vary by commodity, preventing comparison among commodities. Further, for 
certain crops, production may be expressed only in dollar value per year rather than in bushels or 
tons per acre. 

Data on the volume of farm products in the Pacific Northwest Coastal Region are incomplete. 
Existing data take the form of actual counts (number of hogs, bushels of apples, etc.) or of 
estimated gross sales. Actual counts are not available for every county in the region for all 
commodities, and it is necessary to standardize annual sales figures by employing a consumer 
price index deflater in order to make year-to-year comparisons meaningful. Data by county and 
commodity are not consistently available. Only in Oregon have output estimates been standardized 
to permit comparisons. Detailed analysis by OSU Agricultural Extension Service will be found in 
Kuhn et al. (1974). 

Table 4-38 indicates estimated trends in total agricultural output on the Oregon coast between 
1959 and 1973. It shows that the overall increase was due to gains in only two counties, Tillamook 
and Coos. Declines in Clatsop and Lincoln Counties are believed to be due to the loss of agricul
tural land over the period. 

Livestock and 1 ivestock-related production are the primary farm ~ctivities in the Coastal Region. 
Dairy products are of particular importance in Coos, Curry, and Tillamook Counties, Oregon, 
Jefferson County, Washington, and Humboldt County, California. Dairy products represented approxi
mately 25%, 51%, and 70% of agricultural sales in Coos, Curry, and Tillamook Counties, respectively, 
in 1975 as compared to 8.5% for Oregon as a whole. Dairy products continue to grow in Coos and 
Tillamook Counties. They have remained stable in Curry County and steeply declined in Clatsop 
and Lincoln Counties. 

TABLE 4-38. TOTAL REAL GROSS FARM SALES, OREGON COASTAL COUNTIES, 1959-
1973. Data are in thousands of dollars, 1967 prices. Computed from OSU 
Extension Service estimates by Kuhn et al., 1974.) 

County 1959 1963 1969 1973 

Clatsop 4, 139 3,429 2,328 1,950 
Tillamook 7,493 8,067 9,755 12,213 
Lincoln 2,394 2,341 2, 139 2,017 
Coos 6,591 6,055 7,966 10,878 
Curry -1:.JXi 3,003 ~ _b.2§Q 

Coastal Total 23,376 22,895 24,632 30,018 
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Between 1969 and 1975, revenue from the sales of dairy products in real dollars increased 88. 7% in 
Coos and 77.9% in Curry, while total farm revenue increased only 75.0% and 42.5% in Coos and Cur
ry, respectively, during that period. Actual counts of cows on the Oregon Coast indicate that 
increases in output occurred despite a 32% decrease in the number of milk cows and heifers two 
years old and older, from 1950 to 1970. Milk production per cow in Oregon increased from approxi
mately 6,000 to 9,000 pounds over the same period (Coos, Curry, Douglas EIA, 1977). A similar trend 
has occurred in Washington which is second only to California in terms of milk production per cow. 
Washington State production per cow rose from 12,500 pounds in 1972 to 13,500 in 1976 (U.S. Depart
ment of Agriculture Statistical Reporting Service, 1976). Coastal Northern California is not as 
productive as other parts of California, however. 

Other livestock related production of primary concern occurs in Clallam County, Washinqton 
and Humboldt County California (beef ranching) and Jefferson County (poultry farming). -The Hum
boldt Coast agricultural lands are 50% in beef cattle and river bottom areas are 30% in beef 
cattle. The number of animals is increasing in the region. Humboldt County cattle increased in 
all areas of the county from 48,000 in 1970 to 70,500 in 1974 (QRC Research Corporation, 1978). 
However, livestock operations are becoming less profitable as fuel and operating costs rise and 
environmental restrictions on stream development for livestock water, predatory animal control, 
and range improvement burning are imposed. 

Crop production is second in importance to 1 ivestock along the coast. In 1975, Coos County pro
duced 52.6% of all crops grown in Oregon coastal counties, yet crops only represented 21.7% of 
total agricultural production in Coos County, the remainder being livestock and livestock products 
(Coos, Curry, Douglas EIA, 1977). In addition, about half of the revenue attributed to crop pro
duction in Coos County came from farm forestry (Coos, Curry, Douglas EIA, 1977). Annual sales 
figures for Oregon coastal counties indicate that crops have decreased in significance relative to 
livestock from 1969 to 1975 while increasing in relative importance in Oregon as a whole. This 
appears to be due to a non-increasing productivity in crop farming as compared to a rapidly increas
ing productivity in I ivestock activities. For example, the average annual yield for hay in Oregon 
(in tons/acre) has remained constant since 1966, while productivity in dairy farming has increased 
steeply during this period. Taking into account constant yield and a slight decrease in acres of 
hay harvested along the coast, it is not difficult to understand the large decrease in relative 
production of hay. 

Fruit and berry production is of special importance in many of the coastal counties. The cran
berry crop is the principal agricultural product of Grays Harbor and Pacific Counties, 
Washington, and is also produced in Coos County, Oregon. Other orchard crops include pears, 
cherries, and apples. Cranberries appear to be one of the few crops that have increased in yield 
over the recent years. The Coos County yield increased during the 1960's, from approximately 
71 barrels/acre to 90 barrels/acre (Coos, Curry, Douglas EIA, 1977). 

4.5.2.3 Employment; Agricultural employment along the coast is concentrated in Tillamook and 
Coos counties, Oregon, in Humboldt County, California, and in Grays Harbor, Clallam, and,to a 
lesser degree Pacific,Counties in Washington. Data on agricultural employment are limited. They 
are either not included in reports of covered employment or are grouped with forestry and fisheries 
statistics so that trends are difficult to determine without species surveys. In addition, part
time farming distorts agricultural employment estimates as it does the fishing employment estimates. 

Oregon State Employment Division data suggest that in 1972, agricultural employment represented 
5.0% of total employment in the five Oregon coastal counties (see Table 4-39). The range was 
estimated to be from 13.4% in Tillamook County to 2.3% in Lincoln County. California Employment 
Development Department figures for the same year show agriculture with a 4.0% share of Humboldt 
County's total employment. No figures for the Washington Coastal counties or for Del Norte County, 
California are available. 

Agricultural employment exhibits a somewhat less severe seasonal fluctuation than the forest and 
fisheries industries, varying by approximately 20 percent from the annual average. Employment is 
above average in June through September and equal to or below average in other months. Some 
counties show a more extreme pattern. Curry County employment for example, reaches nearly 40 
percent above average in October, due to Easter Lily bulb harvesting (see Figure 4-10). 

A significant decrease in agricultural employment occurred in all counties between 1940 and 1972, 
largely as a result of increased productivity. The overall decline in the five Oregon coastal 
counties total led -36% (Kuhn et al., 1974). 
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Clatsop 

TABLE 4-39. AGRICULTURAL EMPLOYMENT ON THE OREGON COAST, PERCENT CHANGE 
AND SHARE OF TOTAL EMPLOYMENT, 1940 AND 1972. (From 1940 Census 
and Oregon State Employment Division, in Kuhn et al., 1974.) 

AGRICULTURAL PERCENT TOTAL AGRICULTURE 
EMPLOYMENT CHANGE EMPLOYMENT AS PERCENT 

1940 1972 1940-1972 1972 OF TOTAL, 1972 

653 560 -14.2 11,860 4.7 
Tillamook 1033 820 -20.6 6, 130 13.4 
Lincoln 
Coos 
Curry 

Coast 

748 210 -71.9 9,310 2.3 
1,535 910 -40.7 22,810 4.0 

389 280 -28.0 4,980 5.6 

4,358 2,780 -36.2 55,090 5.0 
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FIGURE 4-10. SEASONALITY OF EMPLOYMENT ON THE OREGON COAST AND CURRY COUNTY, 
OREGON. (From Kuhn et al., 1974.) 

4.5.3 Agricultural Processing. 

4.5.3.1 Products, Value Added, and Volume. The most important coastal region processed food 
products include frozen and preserved cranberries in Grays Harbor County; flavoring extracts and 
syrups in Clatsop County; dairy products, including cheese in Tillamook and Coos Counties; 
miscellaneous foods in Lincoln County; and fresh and processed milk in Humboldt County. 

For the most part, value added and volume-produced data for agricultural products processing are 
combined with the same data for fish products processing, bakery products, and other food 
products. Some gross estimates are available for various geographic areas (i.e., individual 
states, the Columbia-North Pacific Region, and the U.S.), but no estimates with sufficient level 
of detail are readily available for the specific study region. Extensive, specific data relating 
to the portion of total "food and kindred products" which is the direct result of agricultural 
activities are available only on a limited basis. 

4.5.3.2 Employment and Income. Agriculture is also responsible for employment in the coastal 
fruit, vegetable, dairy, and meat processing firms. The coastal processing firms in Oregon 
employed about 1,150 persons in 1972 (Kuhn et al., 1974). This amounted to approximately 30% of 
total food and kindred products employment reported for that year. 
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It should be noted that food and kindred employment declined in seven out of the ten Oregon and 
Washington coastal counties between 1970 and 1975, while other non-agricultural employment 
increased. Only Tillamook County showed an increase (OIW, 1977), A general downward trend in 
coastal farm output in the early 1970's indicates a high degree of linkage between coastal farming 
and the local processing activities. From employment data on food processing, it would appear 
that seasonal fluctuations and annual trends correspond to agricultural employment cycles. 

County Business Patterns data (U.S. Department of Commerce, 1977D) give some indication of the 
importance of agricultural processing in those counties with high levels of employment. In 
most.counties, actual counts are suppressed to avoid disclosure. The fact that the data are 
collected out of season (March 12) suggests that agricultural processing could reach 760-1,600 in 
the peak month (June) with an annual average of between 580 and 1,030. Comparison with Oregon 
State Employment Division data for 1975 suggests that the upper figure in the range is the more 
accurate of the two. The total, nevertheless, is under 1% of total employment on the coast. 
(See Table 4-40.) 

TABLE 4-40. POSSIBLE RANGE OF AGRICULTURAL PROCESSING EMPLOYMENT, 1975. 
(From U.S. Department of Commerce, l977D.) 

County 

Cl al lam 
Jefferson 
Grays Harbor 
Pacific 
Wahkiakum 
Clatsop 
Ti 11 amook 
Lincoln 
Coos 
Curry 
De 1 Norte 
Humboldt 

TOTAL 

Total 
Establishments 

2 

l 
l 
7 
4 

3 

ADJUSTED AVERAGE ANNUAL TOTAL 

~ Indicates actual value. 

Employment Size Classes Employment 
1-9 10-19 20-49 50-99 100-249 (Possible Range) 

5 
2 

2 
l 

101-258 

97'' 
100-249 

54"' 
67"' 

70-148 

489-873 
577-1030 

Food processing activity, like agricultural employment, has generally been declining on the coast, 
largely as a result of productivity increases. An annual decline of 2. 1% was estimated by Kuhn et 
al. (1974) for the period from 1958 to 1972. 

4.5.3,3 Distribution and Markets. Data on distribution and marketing of farm products and food 
processing products are not abundant. A 1977 survey of Tillamook County's economy determined that 
local processors purchased 67% of milk produced by Tillamook dairy farmers (Youmans et al., 
1977). A 1967 study estimated that dairy products processed in the Oregon coastal area 
were distributed in the fol lowing manner: 20% was consumed locally; 28% was shipped elsewhere in 
Oregon; 20% was shipped elsewhere in the Columbia-North Pacific Region; and the remainder (30%) · 
sent elsewhere in the U.S. (Northwest Resource Program Group, Natural Resource Economic Division, 
1973, in Kuhn et al., 1974.) 

4.5.4 Summary and Effects. 

4.5.4. l Summary. As the previous discussion has indicated, employment in agriculture on the 
Pacific Northwest Coast is relatively high in comparison to value of output (fisheries employment 
is low in comparison to value of output). Output increases have accompanied dee! ines in employment 
and moderate output increases are expected to continue. In both value and employment, however, 
agriculture has made only a small contribution in most counties to offsetting declines in lumber 
employment and income. 
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4.5.4.2 Natural and Socioeconomic System Effects. Few sources have been found to document and/or 
quantify the natural systems effects of agricultural practices in the region. Among those which 
must be considered are the changes to watersheds by flood control, drainage, and irrigation sys
tems. The two latter actions are discussed in Pacific Northwest River Basins Commission (1971). 
Flooding has resulted in severe costs to coastal farmers, dairy farmers in the Eel River flood 
plain, Humboldt County, and other areas. Pesticides, fertilizers, and agricultural (mainly dairy) 
effluents have effects on water quality and direct and indirect wildlife effects. A study of pes
ticides used in the coastal zone is found in Barbe and Snow (no date). 

John Grahm Co. (1976) and Simmons (1974) report some generalized natural system effects of agri
culture, while Albrecht (1971) reviews effects on soils. 

While the overall socioeconomic value of agriculture in terms of income and employment is low, 
agric~lture increasingly supports retired residents or supplements the income of workers in other 
industries (Kuhn et al., 1974). It is also an important component of the visual environment, with 
implications for the recreation industry. Measures to protect prime agricultural lands are an 
important means of preventing scattered urban development. 

4.5.4.3 Outlook. The reasons for limited output increases, including distance from markets, 
increasing urbanization, climate, soil and drainage factors, lack of capital and technological sup
port, rising operating costs, and environmental controls, have been identified in earlier portions 
of this section. 

The major opportunity for increasing both the value of output and employment appears to be in inten
sive nursery, fruit, and vegetable crops (Barbe and Snow, n.d.; QRC Research Corporation, 1978; 
Kuhn et al., 1974). The region has the potential for both cool season vegetables and berries 
and for greenhouse agriculture. The primary requirements are for capital and technological support 
and with increasing market demand and implementation of economic program recommendations for enter
prise development (see QRC Research Corporation, 1978) these may become more available. Labor 
supply and training programs and funding and legal mechanisms to support cooperative farming and 
marketing are also recommended. 

An essential support to any such efforts are planning and zoning programs to protect farmers both 
from encroachment by urban settlement, and the associated assessment and tax increases. 

4.6 EXTRACTION AND MINERAL INDUSTRIES 

This section, as explained in Volume 1, Conceptual Model, Section 4.6, includes a variety of 
diverse activities which are combined for convenience because of frequently similar interactions 
with natural systems (see Volume 1, Figure 4-10, the Extraction and Mineral Industrial Model). 
Certain extractive activities are based in external market demand. Other extractive or mineral 
industry activities either serve the local market directly (such as sand and gravel extraction) or 
support other basic industries (such as dredging for navigation). 

4.6. 1 Resources. Known mineral resources in the coastal region are generally not of major 
importance. Sand and gravel as a source for construction aggregate are found in most of the 
twelve counties and comprise the bulk of extractive activities. In several Watershed Units 
these are the only currently commercially valuable minerals. Due to the low value of construction 
materials, their weight, transportation costs, and relative abundance in other areas, they are 
normally produced and consumed locally. As a result they do not meet the definition of a basic 
economic sector. Rock crushing is necessary to supply aggregate in those counties, such as Coos 
and Lincoln Counties, Oregon, which are deficient in gravel (Schmisseur and Boodt, 1975). Non
energy mineral and metal deposits of potential commercial value include basalt found in Grays 
Harbor, Pacific, and Wahkiakum Counties, Washington, and some copper and manganese deposits also 
found in coastal Washington and in Humboldt County, California (Washington State DCED, 1977A, B, and 
C; QRC Research Corporation, 1978). (See also Coos, Curry, Douglas EIA, 197~) 

The most potentially valuable mineral deposits in the region occur in the black sands along the 
Coos County coast both on and off shore. Gold, platinum, titanium, zirconium, and chromite have 
been extracted from these deposits in the past. Chromite reserves appear to be most abundant. 
The sands are estimated to be capable of yielding a total of 456,000 Jong tons of chromite 
(Schmisseur and Boodt, 1975; Pacific Northwest River Basins Commission, 1970). In addition, Coos 
County appears to have potential for important reserves of copper and nickel (Schmisseur and Boodt, 
1975). Chromite and nicket also occur in Del Norte County, California. Nickel deposits are cur
rently being evaluated for possible production. The County's chromite deposits are its most abund
ant mineral resource and are feasible for economic development. In 1945-46, Del Norte County's 
production equalled 50% of the United States' domestic production of nickel (Broida et al., 
1975). Portions of the Six Rivers National Forest may contain nickel deposits also (U.S. 
Department of Agriculture, 1978D). 
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There are currently no energy-producing activities either based on local or imported fuel sources 
in the coastal region. No known reserves of oil, coal, or natural gas exist· in coastal Washington 
(Washington State DCED, 1977 A, B, and C). A number of oil and gas wells have been drilled in geo
logically promising areas of coastal Oregon. No commercial quantities have yet been discovered. 
Large areas of shelf lands are yet to be explored, however, and prospects for discovery are 
considered good (Schmisseur and Boodt, 1975). Coos County, Oregon, has two known coalfields 
which may each contain at least 50 million tons. Quality, accessibility, and physical structure 
of the fields all limit commercial value at present, however (Kuhn et al., 1974; Schmisseur and 
Boodt, 1975). In the future, the commercial production of coal may be limited by competition 
from petroleum products delivered by ship to coastal ports, natural gas pipelines, and by discov
eries of offshore oil and gas deposits. While no natural gas is currently shipped to the area, 
a liquified natural gas (LNG) terminal has been constructed at Newport in Lincoln County, Oregon 
(Oregon Land Conservation and Development Commission, personal communication). The accompanying 
on-shore facilities for handling and distributing the LNG would be a source of basic employment 
should the terminal go into use since it could be expected that this energy source would serve 
an area larger than the coastal region. 

The shipping industry's requirements for sufficient channel depths to accomodate large ships 
and berthing requirements for recreational and fishing boats have been satisfied by periodic 
dredging which provides some hydraulic fill materials and filled land for potential construc
tion. Dredging's impact on river, estuarine, and coastal water quality and habitats is an 
issue which is dealt with in Section 4.7. 

4.6.2 Production, Employment, and Income. The relative importance of the extractio~ and 
minerals industry in the coastal region as a whole is indicated by employment figures. The 
mineral industry employed between 90 and 150 people in the twelve counties of the study area 
according to 1975 County Business Patterns data (U.S. Department of Commerce, 1977D). Exact 
figures were withheld in all but Coos County and Tillamook County to avoid disclosure. In 
these two counties, 25 and 29 workers, respectively, were employed in mining. Not more than 
four workers were employed in Del Norte County, despite its potentially valuable resources and 
their past significance. 

Data are not plentiful on income attributable to the mining industry. Again, most figures are 
not disclosed for reasons of confidentiality. Lincoln County showed $367,000 labor and proprietor 
income from mining in 1970 and $778,000 in 1974. Both figures are less than 1% of total income 
for the County for each each year. Wahkiakum County showed a m1n1ng income under $50,000. Coos 
County income was less than 1/10 of total county income (OIW, 1977). 

Data on volume and value of extraction activity are also not readily available. Coos County and 
Curry County production had a combined dollar value of approximately $3.5 million, insignificant 
in comparison to other basic industries. Volume appears to depend directly on construction 
needs since the primary production is of sand, gravel, and rock. 

4.6.3 Summary and Effects. 

4.6.3. 1 Distribution, ·Markets, and Multiplier. Raw data are non-existent on distribution and 
marketing of mineral production. However, it is reasonable to assume that nearly all mineral 
production is for local use in the construction field. Given both the small size of the extrac
tion industry and the low percentage of output exported, it can be safely concluded that minerals 
are at present an unimportant source of export income, 

4.6.3.2 Natural System and Socioeconomic Effects. As is indicated in Section 4.6 of Volume l, 
Conceptual Model, controls on extraction of sand and gravel deposits outside the region, such as 
the Willamette Valley, could lead to expanded demand for exports despite the weight and normally 
low value of these minerals. 

Extraction of sand and gravel from marine terraces and extraction of minerals from beach sands 
alters the substrate and habitat~ and processing activities have effects on water, air, noise, 
and visual quality of the environment. 

The natural system effects of dredging are discussed in Section 4.7. Dredging has major economic 
benefits to the region's predominant forest products export sector and to the commercial and 
sports fishing industries. At the same time, however, adverse effects on aquatic wildlife 
result in economic costs which, while apparently offset ,by the benefits to the forest products and 
shipping industries, are nevertheless important (see U.S. Army Corps of Engineers, 1976C and 1976H, 
for discussion of these tradeoffs). Additional information on potential deleterious effects are 
given by John Grahm Co. (1976) and Simmons (1974). 

Region 4-59 



4.6.3.3 Future Outlook. Transportation costs to major manufacturing centers are a severe limit 
on commercial utilization of the region's mineral resources. A further limitation is the price 
structure of imported ores, such as chromite, which gives little incentive to develop domestic 
resources. Minerals could become a more important economic sector if foreign sources become less 
reliable or less abundant, or if products can be locally refined or manufactured into hiqher value 
produ~ts for which transportation costs are relativelv low. 

4.7 TRANSPORTATION 

4.7. 1 Resources. Transportation resources consist both of the natural opportunities (terrain and 
coastline) for development of transportation routes as well as terminals and the facilities them
selves. A dominant characteristic of the Pacific Northwest Coastal Region is the suitability of 
the coast and of the resource-based industries to development of ports. Waterborne transportation 
has become a basic industry (see Volume 1, Conceptual Model, Section 4.7). This section also 
covers other modes and aspects of the industry, since they are partially basic in nature. For 
location and description of routes and facilities, see U.S.G.S. maps of the region and individual 
county general or transportation plans (Loy et al. 1976; Plank et al., 1975; U.S. Army Corps of 
Engineers, 1975F; OIW, 1977). 

4.7.1.1 Land Transportation. Highways serve trucks for freight transport and autos for business 
and recreational use. U.S. 101, a primary two-lane coastal route, traverses the entire coastal 
region from Cape Mendocino to Cape Flattery. Interstate 5, another north-south route, does not 
enter the coastal region, but provides controlled access high-speed transportation with access 
to coastal centers by way of east-west feeders. There are also two-lane access roads from 
major inland markets (Seattle, Tacoma, Portland, and Eugene) to coastal communities. Some of 
these, such as Highway 38 and Highway 42 connecting Interstate 5 with U.S. 101 in Coos County, 
Oregon, are narrow. Access to Seattle by Jefferson and Clallam County residents is quickest 
by ferry across Puget Sound. 

Principal railroads in or near the study area are the Burlington Northern, the Chicago, Mil
waukee, St. Paul and Pacific, the Southern Pacific, and the Union Pacific. Amtrak runs a passen
ger train from Vancouver to San Francisco via Seattle and Portland. Approximately a dozen 
smaller lines also serve the coastal region. Several areas, again including Curry County, 
Oregon, have no rail service. Other areas, such as the Coos Bay area, are affected by high rail 
tariff rates (see Coos, Curry, Douglas EIA, 1977). 

4.7. 1.2 Air Transportation. Four small commercial airports directly serve the Coastal Region. 
The busiest airport which carries the most traffic along the coast is in North Bend, Oregon, near 
Coos Bay. Other commercial airports are found in Grays Harbor, Washington; Clatsop County, Oregon; 
and Eureka, Humboldt County, California. Major commercial airports (Seattle-Tacoma and Portland) 
are readily accessible to ports of the coastal area. Each county (except Wahkiakum) along the 
coast has at least one basic utility airport. 

4.7. 1.3 Water Ports and Shipping. A number of excellent natural harbors serve the study area. 
Ports have great significant in the coastal economy, giving an industrial locational advantage 
to the coastal region over inland locales for certain activities. The ports are especially 
important with respect to the forest products industry. 

The busiest commercial ports along the Pacific Northwest Coast, in terms of all grade tonnage 
are Coos Bay and Astoria, Oregon, Humboldt Bay, California, and Grays Harbor, Washington (OIW, 
1977). The major commodity handled by the ports is forest products. Coos Bay is recognized as 
the largest forest products storage port in the nation (U.S. Army Corps of Engineers, 1975B). 
Ad~itionally, there are a number of small commercial and recreational ports along the coast. 
Major ports on Puget Sound (Seattle, Tacoma, and Everett), on the Strait of Juan de Fuca (Port 
Angeles), and the Columbia River (Portland) also indirectly serve the study area. 

Rivers are another important water transportation resource. The Columbia River, a major com
mercial ~aterway, emp~ies into .the Pacific at the border of Washington and Oregon, providing 
ocean-going ~essels with access ~o Portla~d. Num~rous smaller rivers (the most important 
are the Coquille, Umpqua, Chehalis, and W1llapa Rivers) provide transportation routes for 
forest ~roducts ~e~t. from inland sources to coastal ports, in addition to supporting fishing and 
r~creat1onal act1~1t~es. Inland ports, such as Coquille and Myrtle Point along the Coquille 
River, Oregon, pr1nc1pally serve the forest industry (U.S. Army Corps of Engineers, 1975E). 

Dredging activities are necessary in order to keep both ports and rivers open to transportation. 
The effect on the environment of the effort to maintain sufficient channel and harbor depths is 
discussed in Section 4.7.4. 
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4.7.2 Transportation Resource Use. The factors which affect choice of transportation modes a~d 
routes in the Coastal Region are related both to the characteristics of goods to be transporte 
and a variety of other internal and external price, regulatory, and market conditions. 

4.7.2. 1 Demand and Supply Factors. A short discussion of supply and demand factor: affe:ting 
the transportation industry can be found in Volume I, Conceptual Model. Data on th1s.s~b~ect 
cannot be summarized because transportation use is strongly tied to the goods and act1v1~1es 
employing particular transportation modes. In turn, the supply and demand for forest, fish, and 
agricultural products and recreational activities depend on national and world markets as 
well as local industrial conditions. Since the Coastal Region is dominated by the forest and 
fbrest products industry, the transportation industry depends heavily on t~e requi~ements of 
that industry. Transportation resource use also depends on the level of imports into the study 
area and the level of intra-regional activity. These factors depend on prices and supply set 
by external market conditions and on consumer income within the study area. 

The level of international prices can also affect transportation activity along the coast. 
For example, an unfavorable relative price increase might reduce the demand for American goods 
and could cause a decline in the tonnage of cargo shipped from coastal ports. A secondary 
influence is that of demand for specialized forest products, notably pulp and paper, on the 
ports which engage in coastwise transportation of lumber and woodchips to processing centers 
such as pulp mills. 

4.7.2.2 Regulation, Controls, and Competition. Regulation and control have a particularly 
important effect on the volume, price, and ava.ilability of various modes of transportation. 
National regulation of trucking and rai 1 transportation by the Interstate Commerce Commission and 
of airl i~es by the Civil Aeronautics Board significantly affects the number of carriers, user rates, 
and routes available. It is generally accepted in regulation theory that changes in regulatory 
prices would affect the relative volume of transportation use by mode. 

Transportation in the coastal area is affected by international agreements and tariffs. For 
example, easing of trade restrictions with Far Eastern nations could increase the volume of 
cargo handled by coastal ports. 

Internal controls, such as user charges for ferries, toll bridges, and ports, also affect trans
portation volume. In Jefferson and Clallam Counties in Washington, a local survey indicated 
that businessmen felt excessive Puget Sound ferry prices inhibited economic activity (Washington 
State DCED, 1977A). Disadvantageous rail tariff rates can influence the volume of economic 
activity at transportation terminals. Lumber tends to be shipped from Roseburg, Oregon, to 
Portland rather than to the equidistant Coos Bay because rates to Coos Bay are nearly 60% higher 
(Coos, Curry, Douglas EIA, 1977). 

Motor fuel taxes and load limits, which vary by state, also have an effect on volume and modal 
distribution of traffic. An increase in motor fuel tax by a state would be expected to result 
in a shift of carrier traffic away from trucking to alternative modes. Road construction, rail 
right of way, airport, and water port and navigation improvements could also be expected to 
increase carrier volume for the relevant mode. Changes in transport technology also affect 
coastal harbor, waterway, and port developments. Ground transportation improvements which 
reduce transportation costs will continue to_ lessen the value of port facilities. This is par
ticularly true of ports which handle regional cargoes. The continued introduction of giant 
ocean-going barges, super tankers, etc., will also lessen the need for a large number of closely 
spaced ports. Both types of transportation improvement favor the development of large, special
ized, regional, deep water ports, which would place many of the Oregon smaller ports along 
the Pacific Northwest Coast at an economic disadvantage (Schmisseur and Boodt, 1975). 

Institutional agreements, primarily longshore union rules, are presently preserving the cargo 
handling function of many of Oregon's smaller ports. As these restrictions are modified, it is 
expected that the development of specialized, regional, deep water ports will be given further 
impetus. 

Each port along the coast is under the control of a port district. These districts develop and 
maintain facilities and provide the labor to serve the market for water transportation and 
other port activities. 

Besides the provision and maintenance of dock, maintenance.and other facilities, the primary 
contribution of the area's port districts, with the assistance of the U.S. Army Corps of Engineers, 
is the maintenance and improvement of channel depths. 
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4.7.2.3 Markets and Modal Split. In general, the Coastal Region's shipments to and from other 
western U.S. coastal ports and foreign countries are made by water. Most water-borne imports 
are of petroleum and petroleum products from domestic sources. In 1975, domestic petroleum 
represented 81.6% of all Coo~ Bay receipts and 61.5% of all Astoria receipts. Shipment~ from 
the ports (mainly of forest products) go predominantly to foreign ports although coastw1se 
traffic in woodchips is also significant. The majority (89.9%) of exports from Coos Bay 
and Astoria were to foreign destinations. The percentage of foreign exports from Grays Harbor, 
Washington, and Humboldt Bay, California, is unknown (see Table 4-41). 

Truck and rail transit are, with the exception of Canadian sales, obviously confined to domestic 
markets. Mo5t domestic shipments of forest products go by raj·]. E~stward shipments of other 
products from the ports made are both by road and rail. 

TABLE 4-41. MAJOR PORT FREIGHT TRAFFIC, 1975. Data are in thousands of 
short tons. (From Oceanographic Institute of Washington, 1977.) 

Port 
Domestic & Foreign 

Receipts 

Coos Ba~, Oregon 314.75 
Astoria, Oregon 42.3 
Grays Harbor, Washington n/a 
Humboldt Bay, Californian/a 

n/a Not Available 

Domestic & Foreign 
Shipments 

3649.7 
1144.8 

n/a 
n/a 

Total 
Domestic 
Trade 

737.4 
82.4 
n/a 
n/a 

Total 
Foreign 
Trade 

3227.C5 
1104.7 

n/a 
n/a 

Al 1 
Trade 

3964.45 
1187. 1 
2587.J 
1357.5 

4.7. 3 Volume. Data on volume of goods transported (all modes) are available only on an aggre
gate statewide level and would not be of value here. The kind of data needed for an ecological 
characteri.zation concern the volume of each commodity transported in each Watershed Unit by 
mode. Only partial data by commodity are available for the Coastal Region counties. 

Forest products appear dominant in Washington, comprising approximately 98% of all tonnage 
shipped from Grays Harbor in 1973. (U.S. Army Corps of Engineers, 1976C). Table 4-42 shows 
water transportation activity by commodity for the Oregon coastal zone (including ports in 
Douglas and. Lane counties) for the years 1958-1972. Clearly, forest products also dominate the 
shipping activity in this area comprising 80.4% of all commodities shipped from Oregon coastal 
ports in 1958. This share had grown to 84.9% by 1972. The huge increase in "other wood 
products'' beginning in 1965 represents ·increased shipments of wood chips. Previously discarded, 
wood chips became valuable in the maki·ng of paper when wood prices sky-rocketed. By 1972, 
other wood products had nearly eel ipsed the traditional leader, "rafted logs", in volume shipped. 

It is clear that, at least for the coastal counties in Oregon (and very likely for Washington 
and California countie.s as well), ports that have traditionally been active in transport of 
rafted logs are likely to have experienced a decline in recent years while ports that have made 
the switch to wood chips should have continued to prosper. This assertion is supported by 
trends in Oregon coastal ports. A 53.7% dee] ine occurred in Lincoln County's shipping activity 
from 1965-1972 (Kuhn et al., 1974). In 197.2, 32.8% of total activity was in rafted logs and 
none was in the "other wood products" classification. Coos Bay experienced an increase in 
volume of cargo handled of 32% from 1965-1972. Much of the increase was due to the growth in 
wood chips. "Other wood products" increased in volume from 117,000 short tons in 1965 to 
nearly 3 million in 1972 (data from Kuhn et al., 1974). A study of the relationships of the 
forest industry to waterborne commerce in Coos Bay has projected a continued rapid increase in 
wood chip activity (Coos, Curry, Douglas EIA, 1977). 

Although it is clear that the great majority of commercial waterway shipping is involved with 
wood and wood products in the Coastal Region, there are no data to substantiate the generally 
accepted assumption that most wood products are shipped by water rather than by some other 
mode. Most studies simply assert this belief (e.g. "A significant share of the forest products 
industry is also dependent upon the ports" (Kuhn et al., 1974). It is clear from other studies 
that trucking and rail transportation also play a role in wood products 'transportation. Just 
how important these modes are in the region as a whole, however, cannot be estimated without 
additional study. Traffic studies on Highway 42, which connects the Coos Bay area with Interstate 
5, have counted trucks carrying logs and wood chips (OIW, 1977). 
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TABLE 4-li?.. TONNAGE BY COMMODITY HANDLED AT OREGON COASTAL PORTS, 1958-1972. Data are in thousands of short tons. 
(From U.S. Army Corps of Engineers Data in Kuhn et al., 1974.) 

.RAW & PROCESSE.D SAND AND FOOD RAFTE~ OTHER WOOD PULP AND PETROLEUM 
FISH GRAVEL PRODUCTS LOGS LOGS LUMBER PLYWOOD PRODUCTS 2 PAPER PRODUCTS ALL 

YEAR (08, 2031) ( 14) (Other 20) (2411) (2412) (2421) (2432) (Other 24 ) (26) (29) OTHER TOTAL 

1958 48 l, 190 x 193 4, 765 1,605 7 117 28 308 187 8,348 
1959 li3 641 l 169 4,592 1,630 27 31 30 366 158 7,688 
1960 47 587 x 177 4,782 1, 785 20 20 45 357 138 7,958 
1961 36 489 x 461 4,830 1,445 22 34 53 384 241 7,995 
1962 37 I, 132 x 274 5,000 1,600 22 92 37 399 22 8,615 
1963 37 828 x 487 4,734 1,601 20 145 26 401 35 8,314 
1964 41 557 x 752 5,543 l, 777 23 95 221 474 47 9,530 
1965 44 909 x 662 5,316 1,699 50 758 95 526 51 10, 110 
1966 217 635 2 942 10,809 1,219 91 l ,030 77 468 151 15,621 
1967 52 1,443 5 l, 180 6,248 1,080 101 1,905 127 478 102 12, 722 
1968 57 337 22 1,450 5,867 l ,312 34 2,341 144 488 824 12,876 
1969 43 579 13 l ,216 5, 121 l '157 28 2,451 248 454 66 11,376 
1970 37 551 24 1,480 3,323 l '131 23 2,514 181 445 296 10,005 
1971 26 l, 177 40 l '357 7,210 989 31 2,346 171 446 249 13,962 
1972 38 932 50 1,826 3, 505 l, 273 71 3, 100 197 454 278 11'622 



Another study (Coos, Curry, Douglas EIA, 1977) suggests that where mills are served by rail, 
(providing freight rates are competitive), a substantial share of the voJume of wood and forest 
products exports would be shipped by rail. In Douglas County, for' example, which lies mainly 
to the east of the Coast Range, it has been estimated that 90% of forest product exports are 
shipped to national markets by rail. Many of the coastal counties, however, are either not 
served by rail or placed at a disadvantage by freight rate structures. The same study also 
notes that the distance of Coos and Curry Counties from the Interstate system and the poor 
quality of Highways 42 and 38 which trucks must travel to reach it, create higher transportation 
charges. 

4.7.4 Employment. The relationship of employment in transportation to volume transported is 
important in evaluating the social and economic effects of measures that might curb or increase 
transportation activity (such as the decision to dredge a channel). Figure 4-11 compares volume 
of waterborne transport and water transportation employment for the Oregon coast between 1958 and 
1972. Despite sharp fluctuations in shipping activity, employment has remained at approximately 
the same level. It appears that water transport employment is not primarily dependent on shipping 
volume. 
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Another measure is the ratio of transportation employment to overall employment. Most state 
employment data use the Standard Industrial Classification (S.l.C.) categories at the single 
digit level. This means 0 unfortunately, transportation is grouped together with communication 
and utilities. The grouped data still have some value, however (see Table 4-43). 

The tri-state coastal county ratio of transportation, communication, and utilities (TCU) to 
total employment is somewhat less than the national and state ratios. Noticeable are the 
higher figures for Coos, Humboldt, and Grays Harbor counties, which have busy port facilities. 
No explanation could be found for the high percentage in Wahkiakum County. In general, the 
relatively small percentage of TCU employment in the study area and the unresponsiveness of 
transportation employment to variation in shipping activity indicate that transportation 
employment is not a particularly reliable indicator of socioeconomic change. 

Data comparing TCU employment and income in the Oregon and Washington coastal counties for J970 
and 1975 as a percentage of the two-state coastal total showed only a slightly higher percentage 
for income than for employment (OIW, 1977). These data indicate that transportation, communica
tion and utilities produced income at approximately the same ratio per employee as other 
industries. Additionally, the average annual percentage change (1970-74) is close to the figure 
for all industries. It can be concluded that no unusual income effects can be expected from a 
change in transportation employment along the coast. 
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TABLE 4-43. TRANSPORTATION, COMMUNICATIONS, AND PUBLIC UTILITY EMPLOYMENT (TCU), 
1973, (from Wash\ngton State Employment Securities Department, California State 
Employment Development Department, Oregon State Employment Division, pers. comm.) 

COUNTY 
TCU 

EMPLOYMENT 
% OF COUNTY 
EMPLOYMENT 

Washington 
Cl al lam 
Jefferson 
Grays Harbor 
Pacific 
Wahkiakum 

Oregon 
Clatsop 
Tillamook 
Lincoln 
Coos 
Curry 

Ca 1 i forni a 
Del Norte 
Humboldt 

Coastal County Total 

647 
70 

1001 
142 
107 

376 
148 
327 

1197 
131 

288 
1979 

5413 

4.3 
3.0 
4.0 
1.9 
6.6 

3. 1 
2.3 
2.7 
5.2 
2.5 

6.7 
7.0 

l:Jl_ 

4.7.5 Value Added. Data on value added in the Census of Manufacturers (U.S. Department of 
Commerce, 197qc) are also classified into transportation, communications, and utilities and would 
not be meaningful for this study. 

Value added in the transportation industry is derived not only from actual carrying costs by the 
various modes but also handling costs at ports, air fields, warehouses, and rail and truck termin
als such as loading, unloading and storage. 

4.7.6 Summary and Effects. 

4.7.6.1 Summary. The transportation industry is a small but basic activity in the coastal 
study area. Health of the industry depends on the health of local industrial production (mainly 
forestry) and local consumption patterns. The coast is not a transportation center for other 
regions. Its main assets are its ports which provide an economically advantageous resource 
for the export of wood and forest products and other locally produced goods. The coastal ports 
also serve as a reception point for local petroleum and gas needs. Transportation employment and 
income are a small part of the total coastal economy (no more than 6%) and appear to be fairly 
stable. 

4.7.6.2 Multiplier Effects. Limited data on a transportation multiplier for the coastal region 
indicate that it is fairly small. A 1977 calculation for Tillamook County, Oregon, placed the 
transportation industry income multiplier {alone) at 2.138, along with non-basic activities 
such as retail or wholesale sales and automobile sales. 

4.7.6.3 National System Effects. Despite its apparent subordinate status in the socioeconomic 
system, transportation has effects on natural systems. A major impact may be attributed to 
water transportation-related dredging activities which are discussed in several documents in
cluding Environmental Impact Statements for: Grays Harbor, Willapa River and Harbor, and the 
Chetco, Coquille, and Rogue River Estuaries and Port Orford {U.S. Army Corps of Engineers, 1976C, 
1976H, and 1975D), as well as in Krenke] et al. (1976). 

Accidental spills of deleterious substances (oil and toxins) can also have serious environmental 
consequences in inland as well as coastal and oceanic zones. The literature on this topic is 
extensive and not reported to any great deal in this study. A review of the oil impact literature 
is provided by Beak Consultants (1975). Additional references are given in the marine mammals 
and sea birds species of concern accqunts in Part 2 of this volume, and in Simmons {1974). 
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Roads and their construction and maintenance have extensive effects on natural systems. Bolsinger 
(1973) reports roads are the principal cause for loss of commercial timberlands in Washington and 
Oregon. As previously discussed in the forestry section (4.2), roads and road construction are a 
major source of erosion, siltation, and mass wasting in the region. Impacts of roads are reported 
in the following sources: Tillman et al. (1976); EPA (1975A); Leedy (1975); and Sidhu and Case 
(1977). 

4.7.6.4 Dredging. The short-term and long-term effects of dredging are dependent partly upon 
the method of dredging, the type of disposal operations, and characteristics of bottom materials. 
Changes due to channel maintenance dredging are similar in type to those resulting from widening 
and deepening of channels and the necessary increased maintenance, but differ in intensity and 
scope (U.S. Army Corps of Engineers, 1976C). There are also differences in the degree of change 
between areas which have historically been dredged and those which have not. 

The actual movement of material accompanying estuarine dredging operations has been shown to be 
small relative to natural movement. Similarly, changes in water movement and quality conditions 
have not been found to be small (U.S. Army Corps of Engineers, 1976C). Increased stratification 
of salt and fresh water and increased upstream extent of salt water intrusion is estuaries and 
rivers, while not accompanied by a large increase in total estuarine salt content, may produce 
changes in the biological community. 

The main adverse effect of dredging is increased turbidity, hopper dredging resulting in 
higher levels than pipeline dredging, and in decreases in dissolved oxygen. Reduction in pH and 
increase in toxicants such as sulfide (although not pesticides and trace metals) may occur in 
dredging plumes. 

Among the changes which may occur as a direct result of dredging are: stress on salmonids from 
reduced oxygen and clogging of gills by turbidity (U.S. Army Corps of Engineers, 1976C); avoidance 
of dredging plumes by adult salmonids, affecting migration and predation; severe stress on .-' 
juveniles unable to avoi.d. the. dredged. area; and increased juvenl le crab mortality and mutation 
(Krenkel et al., 1976). 

For more information on dredging and its impacts in the region's estuaries, see especially OSU 
(1977A, B, and C), ACOE (1976-1977), and Slotta et al. (1974). Ellinger and Snyder (1975) present 
an annotated bibliography on biological impacts of dredging in the Pacific Northwest. Additional 
references can be found by searching the key word (descriptor) field for DREDGING and IMPACT 
in the Annotated Bibliography (Volume 5). 

4.7.6.5 Disposal of Dredge Spoils. Disposal sites are generally on land or in deep water rather 
than in estuarine locations. Deep water disposal will affect organisms in the area through 
smothering and may alter species composition if particle size or organic content are changed. 
Frequently, however, dredged sediments are swept away from disposal sites by currents, creating 
effects similar to those of dredging. Unless sediments are swept seaward, this could affect the 
productivity of oyster beds and other commercially or ecologically valuable habitats. The 
turbidity cauoed by both dredging and disposal also could affect primary producers such as 
phytoplankton and eelgrass. On-shore disposal in wetlands can temporarily eliminate vegetation 
and alter elevation and soil composition with long-term effects on species composition. The 
altered land may, however, become suitable for other uses although the wetland habitat will be 
lost. Water quality deterioration may also result from sediment runoff from shoreline-dredged 
material disposal areas unless they are properly located and diked to prevent such return (U.S. 
Army Corps of Engineers, 1975B). Darnell (1976) provides an extensive treatment of the effects 
of filling on wetlands. Ellinger and Snyder (1975) include references on dredge spoil dumping in 
their extensive annotated bibliography for the region. 

4.7.6.6 Side Effects of Dredging. Various natural and socioeconomic side effects of first time 
or maintenance dredging can be identified. Increased shipping and boating activities may bring 
economic benefit. Greater pollution hazards may result, however, from oil and gas spillage, 
discarded litter, and, until 1980 when new EPA discharge regulations go fully into effect, sanitary 
waste. Benefits to forest product activities will accrue from increased capacity through ease 
and lowered costs of transportation, permitting expansion if adequate timber supplies are available. 
Varying effects on fisheries may be anticipated, depending upon local conditions. These include 
increased productivity due to greater accessibility to ocean fishing grounds and increased berthing, 
or reduced estuarine fishery resources. Conflicts with some recreation and tourism values may 
occur due to aesthetic and ecological changes. Other recreation values may be enhanced by 
increased boating access and the secondary urban development stimulated by any increase in 
economic activity. 
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4.8 SERVICE ACTIVITIES 

L:.8.1 Total Basic Employment Multiplier. 
tries as previously defined and discussed 
a calculation of employment for the basic 
mu l t i p l i er. 

Table 4-44 lists the coastal region's basic indus
in this study. The remainder of the table includes 
industries and a computation of a basic employment 

The employment calculations use 1975 County Business Patterns data (U. S. Department of Com
merce, 1977D) grouped by Standard Industrial Classification (S.l.C.). This is the most up-to
date uniformly collected data for the 12 county study area. Employment data are compiled from 
payroll tax forms and represent total employment as of March 12, 1975. A number of shortcomings 
are inherent in these data. Total figures do not include government workers, railroad workers, 
and self-employed persons. Family and other unreported employment also is not included. 
Additionally, because the data include employment for only one day of the year (March 12) they 
do not reflect seasonal trends. For these reasons, both total and basic unemployment are 
understated. An important advantage of these data, however, is the inclusion of employment data 
at the two-digit and three-digit S. l.C. level, allowing identification of basic industry activi
ties (such as "ship and boat building and repair") that would otherwise be lost in a larger 
grouping. 

(Code) 

(-) 

(-) 
(20) 

(24) 

(25) 

(26) 

(29) 

(32) 

(373) 

(42) 

(44) 
(554) 

(58) 

(70) 

(79) 

Total 
Total 

Basic 

TABLE 4-44. BASIC EMPLOYMENT IN COASTAL STUDY AREA, 1975. Forestry and 
Forest Products (For), Fisheries (Fish), Recreation (Rec), Agriculture 
(Agri), Extraction and Mineral Industries (Ext), Transportation (Trans). 
(From U.S. Department of Commerce, 1977D.) 

S. I .C. Sectors For Fish Rec Agri Ext Trans 

Agriculture, 
Forestry, 
Fishing x x x 
Mining x 
Food and Kindred 
Products x x 
Lumber and Wood 
Products x 
Furniture and 
Fixtures x 
Paper and Allied 
Products x 
Petroleum and 
Coal Products x 
Stone, Clay and 
Glass Products x 
Ship and Boat Building 
and Repairing x 
Trucking and Ware-
housing (50%) x 
Water Transportation x 
Gasoline Service 
Stations (20%} x 
Eating and Drinking 
Pl aces (20%} x 
Hotels and other 
Lodging x 
Amusement and 
Recreation Service {20%) x 

Basic Employment 
Employment (Basic and 

non-basic) 
Employment Multiplier 

Region 

Total 
Study Area 
Emelo:tment 

1305 
174 

2675 

22868 

175 

3868 

60 

176 

128 

728 
369 

282 

1268 

2245 

_J..Ql 
36422 

83984 
2.31 
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Table 4-44 1 ists all S. l.C. sectors relevent to basic industries for the coastal study area. 
Some classifications contain components for more than one basic industry. For example, "food and 
kindred products" (S.t.C. 20) contains both agricultural and fisheries employment. Industries 
also include more than one classification. Extraction and mineral industries include "mining," 
"petroleum and coal products" (S.l.C. 29), and "stone, clay,and glass products" (S.l.C. 32). 

Al locating industry employment to basic and non-basic categories is a significant problem in 
employment base studies. In Volume One of this study, a basic industry was defined as "one that 
imports money from outside an area through the production of goods and services for export" (see 
Volume 1, Conceptual Model, Section 4. 1.3). It is clear that portions of output of each basic 
industry are purchased and consumed locally. Data on industrial output by destination of sales 
are not collected on a region-wide basis; however, some local input-output or import-export 
studies do exist, such as that for Tillamook County (Youmans et al., 1977). An input-output 
study required first-hand surveys of local businesses and would be very costly for an area 
as large as the Pacific Northwest Coastal Region. For the limited purpose of calcula~ing a basic 
employment multiplier, generalizations by S.I .C. classification are usually sufficient. In this 
study, S.I .C. sectors are allocated wholly to basic or non-basic industries, excepting transporta
tion and recreation. 

For transportation, only half of trucking employment is considered basic. A large share of 
carrying activity by this mode involves imports and does not bring money into the area. Water 
transportation, on the other hand, is nearly all export oriented (see Section 4.7). For this 
reason, only 50% of "trucking and warehousing" employment is allocated to basic, along with 100% 
of water transportation and "ship building and repair." 

Recreation has previously been defined as tourism, second homes, and retirement (s~~,Sectlon 
4.4). The predominant component is tourism, however, and this study has classified recreation in 
terms of tourist expenditures for fuel, food, and lodging. Lodging is represented by "hotels and 
other lodging" (S.l.C. 70). Food and fuel have been included in "eating and drinking places" 
(S.l.C. 58) and "gasoline service stations" (S.l.C. 554). An estimate of only 20% basic employment 
in each classification is used because employment in these classifications appears to depend on 
local population and does correlate well with "hotels and other lodging." "Amusement and recreation 
services" (S. I .C. 78) have also been estimated at only 20% basic. Most of these services (bowling 
alleys, movie houses) appear to serve the local population. 

Total employment in basic industries in the study area is calculated to be 36,422 of a total 
overall employment of 83,984. The basic employment multiplier of 2.31 means that for every 
person employed in a basic industry there are one and one-third employees in service industries. 
This figure can be used as a rough approximation of the effect of a change in basic employ 
on service employment. Analysis of a pol icy that results in an increase or reduction in employment 
in basic industries should take into account the service employment that depends on the basic 
sector. 

it should also be noted that the multiplier will vary between counties within the coastal region. 
Examination of employment data for counties suggests that in an area such as Curry County, which 
has a relatively low share of total basic employment in forestry and forest products, the 
resource-based employment multiplier may be as low as 1.86 (or 1.52 if al 1 government is 
counted as basic). The process of tracing through industrial output to determine whether it 
is exported or consumed locally is, however, ex.tremely costly and would probably prove to be 
practi~al for localized impact studies only. Table 4-45 gives basic employment multipliers 
calculated for each county from 1970 Census data by Ashby and Cartwright (see Bell, 1977). These 
figures are based on' gross groupings of activities and are, therefore, only approximations. 
They provide, nevertheless, both a check on the calculations in Table 4-44 and an indication 
of the range of multiplier variation between counties. 

4.8.2 Employment Activities by Service Group. 

4.8.2. 1 Wholesale and Retail Trade. The retail and wholesale trade sector is non-basic, providing 
goods and services to the coastal population for local consumption. With the exception of goods 
and services sold to tourists, this sector generates no income for the coastal economy. Wholesale 
and retail trade activity is dependent upon income-p~oducing sectors for its existence. Basic 
activities generate income and attract a population whose consumption demands support the trade 
sector. 

The retail and wholesale trade sector multiplier is ordinarily the smallest among all indus
tries. The coastal region appears to be in conformity with this trend. The business multiplier 
(the change in sales of a dependent sector activity caused by a one dollar change in sales in 
another sector) for retail and wholesale trade tends to be one of the smallest in each county in 
the region. The multiplier was estimated at 1.66 in Clatsop County and 1.51 in Lincoln County 
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TABLE 4-45. BASIC EMPLOYMENT MULTIPLIERS FOR PACIFIC NORTHWEST COASTAL 
COUNTIES, 1970. Multiplier is computed by dividing Total County Employ
ment by the sum of employment in agriculture, forestry, and fishing, 
mining, manufacturing,and the federal military. (From Bell, 1977.) 

County 

Clallam 
Jefferson 
Grays Harbor 
Pacific 
Wahkiakum 
Clatsop 
Tillamook 
Lincoln 
Coos 
Curry 
Del Norte 
Humboldt 

Basic Employment 
Multi 1 ier 

2.78 
2.94 
2.58 
2. 19 
1.69 
3.08 
2.37 
3.47 
2.46 
2.09 
3.25 
2.76 

(Schmisseur and Boodt, 1975). An income multiplier of 1.76 for this sector in Tillamook County 
was calculated by Youmans et al. (1977). They also calculated that only 16.6% of retail and 
wholesale output was sold to buyers from outside the County. The multipliers and export figure 
indicate that the wholesale and retail trade sector comprises highly localized activities. 

Data on business multipliers for other sectors in Clatsop and Lincoln counties indicate that 
although the wholesale and retail sector does not generate much activity in other sectors, it is 
highly reactive to sales increases in those sectors. For example, a one dollar increase in sales 
in the lumber business in Clatsop County produces a 14¢ increase in retail and wholesale business 
activity. A one dollar change in commercial fishing produces a 29¢ increase in trade. Consistently 
the retail and wholesale sector is at or near the top in reaction to activity level changes in 
other sectors. (The only category that is consistently more reactive is household income.) These 
data indicate the great dependency of the retail and wholesale trade activity on other sectors 
(Schmisseur and Boodt, 1975). 

The implications of this dependent relationship for assessment of natural systems effects are 
important. Any proposal which increases the activity of a basic sector (such as forestry) will 
increase, through the multiplier effect, the level of retail and wholesale trade. That generally 
means an increase in urban activities, and accompanying development, population, waste, etc. 
These activities also have environmental effects which must be taken into account. 

4.8.2.2 Government Employment. The classification of government employment as basic or non-basic 
is open to debate. Government becomes a basic resource when the amount of government expenditures 
and employment in the region exceeds the total taxes collected so that there is a net flow of 
money into the regional economy. These calculations require very detailed data. A discussion of 
the sources and importance of government employment and expenditures to the Oregon coast may be 
found in Kuhn et al. (1974). 

Federal Government. The significance of the federal government to the economy of the study area 
varies by location. Federal government employment as a percentage of total employment ranged from 
1% to 2% for coastal counties in 1973 with the exception of Clallam County which had 6% federal 
employment. Most of Clallam's federal employees were in the military. Federal employment represen
ted 3. 1% of total employment for the nation as a whole (Washington State DCED, 1977A; Kuhn et al., 
1974; California State Statistical Abstracts, 1978). From these data it appears that the federal 
government is not a significant source of income for the study area. 

Another measure of the federal government's significance is the level of federal per capita expendi
tures. These data can verify or refute the conclusion in the previous paragraph. If federal 
expenditures are relatively high in the study are, the federal government might be considered a 
basic industry despite the low employment as a percentage of total employment. This can occur 
because federal employee payrolls are often only a small part of total federal expenditures for a 
specific area. For example, federal payrolls in Oregon represented only 15% of total expenditures 
(Kuhn et al., 1974, from Federal Outlays in Oregon, 1971). Per capita expenditure figures for the 
Oregon coastal counties show that all counties except Curry were below the national per capita 
average in 1971. Particularly high per capita expenditures relative to the national average 
occurred in the Departments of Interior and Transportation for the Oregon portion of the study 
area. Per capita defense expenditures, however, were very low bringing the overall average down 
below the national figure. Although comparable data were not readily available for California and 
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Washington coastal counties, it is believed that a similar pattern would be found and that the 
federal government can be classified in the non-basic sector. 

State and Local Government. The state and local government sector is a much more important 
employer than the federal government in the study area as well as in the nation as a whole. Most 
_of the employees in this category, however, are employed in local government and education. 
Generally, the state employment level is simi Jar to that of federal employment in the study area 
(Kuhn et al., 1974; Washington State DCED, 1977A, B, and C; California State, Statistical Abstracts, 
1978). 

State employment, like federal employment·, is less significant in the Oregon coastal counties than 
in the state as a whole. In 1973, state government on the Oregon coast accounted for 2.5% of 
total employment. In all of Oregon, state government employed 3.9% of all employees. 1975 data 
for Humboldt County, Cal·ifornia, also show that the ratio of state employment to total employment 
is smaller in the coastal county than in the state as a whole. 

Information about state expenditures by county are extremely difficult to obtain. An extensive 
effort to gather data in Oregon on state expenditures (Kuhn et al., 1974) received incomplete 
responses from state agencies. The typical fluctuations caused by changing policies may explain 
the unavailability of expenditure data. They are needed, however, to evaluate the relative 
importance of state expenditures in the coastal counties. 

Local governmental expenditures vary by county. Services provided by local governments and boards 
of education primarily serve the local population and must be considered non-basic activities. 
Three factors affect the level of expenditures in any jurisdiction. Expenditures depend on the 
tax base and tax rates. The tax base is a function of the level of socioeconomic activity, which 
is, in turn, dependent on basic industries. Tax rates are politically determined. The size of 
government transfers from state and federal sources also affect the expenditure level. The size 
of grant revenue sharing and other funds flowing to a locale depend on a wide and changing variety 
of factors. 

4.8.2.3 Other Non-Basic Employment. Also included in the non-basic sector are construction, non
basic manufacturing, utilities, communications, local transportation, and business and professional 
services. 

Construction has generally been the second largest component of this sector after trade. It is 
also the most volatile component, being a very accurate reflection of changing national economic 
conditions as well as of expansion or decline in the basic economy of coastal communities. The share 
of total employment represented by construction is generally lower on the coast than in the United 
States as a whole, reflective of the differing growth rates. In 1972, it amounted to 2.62% on the 
Oregon coast, compared to 3.86% for the state as a whole. Lincoln County, with considerable recrea
tional and second home construction, had the highest share of the five Oregon coastal counties, 
3.95%. County Business Patterns data also show Grays Harbor and Pacific Counties, Washington, 
with high proportions of construction employment. 

Non-basic manufacturing, including such activities as local dairies, printers, machinery building 
and repair, support the local population and basic industries. Employment in these activities 
amounted to approximately 2% of total employment between 1958 and 1972 on the Oregon coast (Kuhn 
et al., 1974). The remaining share of other non-basic employment is in local transportation and 
utilities. 

4.8.3 Summary. The economies of the Pacific Northwest Coastal counties are heavily resource
based and therefore oriented to export markets. One result of this specialization is a production
consumption imbalance which forces most counties to import the majority of the goods they consume. 
Such imports represent massive leakages of spending power and potential employment out of the 
economy. 

A symptom of this imbalance is the fact that all of the counties have an exceptionally high per
centage of payroll employment in manufacturing activities. For most major urban-industrial centers, 
the manufacturing share ranges from about ten to twenty percent. By comparison, the figures on 
the Pacific Northwest Coastal range up to about 25 percent (Tillamook County, Oregon). Lincoln 
County with its important recreation and fisheries and more limited forest and forest products 
activities, has the lowest share (approximately 20%). 

The difference between production and consumption makes the level of economic activity in the 
service sector highly dependent on the ability of the export industries to bring spending power 
into the economy. 

4-70 Region 



The predominance of the forest industry makes the region particularly vulnerable to fluctuations 
in the national economic condition. The industry is dominated by the cyclical swings in housing 
construction. 

The outlook for the forest industry, discussed in Section 4.2.5, suggests severe economic dislo
cations in the future. A combination of factors is involved: diminished timber supply on 
private lands; after other increasing logging and transportation costs, environmental controls 
on logging operations and watershed management; multiple use priorities for public forest lands; 
and continued productivity increases and accompanying employment losses. 

Several activities which could be encouraged to bolster employment and income in traditional in
dustries have been recommended in economic plans for the area. These include extensive utiliza
tion and processing of hardwoods. Tanoak is the most common underutilized hardwood which can be 
used for furniture, particle board, pulp, and charcoal. Red alder is being cut for furniture 
in Oregon and Washington. Other species such as madrone, other oaks, and chinquapin in California 
could be clipped or cut into short lengths for parquet flooring as well as providing fuelwood. 

Exploratory fishing, ocean ranching, hatchery improvements, mariculture and aquaculture, improved 
harbor facilities, and processing of fish waste and trash fish to eliminate polluting wastes 
have all been recommended to enhance the economic position of ocean fishing. 

4.9 SOCIAL AND CULTURAL SYSTEMS 

4.9.1 Social and Demographic Character. 

4.9. 1. 1 Overall Employment Patterns. The economic activity of the region has been indicated by 
the previous discussion of outputs of goods and services. Due to variations in data presenta
tion between states and the need to estimate employment in certain industries, a composite 
picture of the relative employment levels in each industry is difficult to determine. Kuhn et 
al. (1974) arrived at the totals for the five Oregon coastal counties shown in Table lf-46. 

TABLE 4-46. EMPLOYMENT ESTIMATES FOR THE OREGON COAST, 1958 AND 1973 WITH 
PROJECTIONS TO 1985. (From Kuhn et al., 1974, with data from U.S. Depart
ment of Commerce, 1977 D.) 

% OF % OF % OF 
SECTOR 1958 TOTAL 1973 TOTAL 1985 TOTAL 

Agri cul tu re 4,568 10.0 2,990 5,3 3,050 4.8 
Fishing and Fish Processing l, 744 3.8 2,932 5.2 2,655 4. 1 
Forestry and Forest Products 13,453 29.5 11,769 20.9 8,746 13.7 
Recreation 794 1. 7 2,675 4.8 4,079 6.4 
Water Transportation 909 2.0 972 1. 7 900 1.4 
Federal and State Government 1,097 2.4 2,387 4.2 3, 778 5.9 
Local Government 4,349 9,5 7,298 13.0 10, 715 16. 7 
Trade and Services 15.016 32.9 20,370 36.2 24,244 37.9 
Other Non-Basic Sectors 3,744 8.2 4,897 8.7 5,843 9, 1 
Total Employment 45,670 100.0 56,290 100.0 64,010 100.0 

The table indicates that 37.9% of total employment was accounted for by the resource-related 
basic industrial sectors in 1973. This percentage, however, was down from 47% in 1958. Kuhn et 
al. (1974) projected, using an econometric model, a further decline to 30% in 1985. Based on 
figures developed or assembled for the current study, it appears that the Washington and California 
coasts would show similar patterns. While recreation is the fastest growing sector, it is apparent 
that it is not replacing losses in other industries. 

4.9. 1.2 Employment and Income. Personal income, which can be converted into per capita personal 
income, is also an excellent measure of an area's economic activity. Personal income reflects 
levels of pay and skill in local industries, unemployment patterns, and participation of residents 
in the labor force. 
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Growth of personal income in the Oregon coastal region lagged behind the rates for both Oregon 
and the U. S. as a whole from 1950 to 1969. The ratio of earnings per worker in the coastal 
region declined relative to the U. S. figure from 1.09 in 1950 to 0.83 in 1969. This is probably 
a reflection of a shift in this area toward a tourist (service) type economy during the 1960's 
(Schmisseur and Boodt, 1975). Also important to the area's personal income level is the increas
ing number of property owners who are only part-time residents. Other contributing factors to 
reduced average per capital income levels are the growing retirement population, high unemploy
ment levels, and seasonal unemployment patterns in the basic industries of forestry and 
forest products and fisheries. Each one of the twelve coastal region counties had per capita 
personal income below the state average in 1969 (see Table 4-47). Estimates for later years have 
shown no overal 1 change in this relationship. With the exception of Jefferson County, the Washington 
coastal county per capita income figures in 1969 were substantially higher than each of the 
Oregon county figures. The discrepancy between coastal county and state per capita income, 
however, was greater in Washington than in Oregon. This is probably due to the greater level of 
industrialization in the Puget Sound area of Washington which produces a relatively high state 
average per capita income. 

The incidence of poverty is an important aspect of the Coastal Region's socioeconomic character. 
The percentage of families below the poverty level as defined by the 1970 Census exceeded the 
state percentages in each county except Clatsop and Coos Counties, Oregon. (These two counties 
and Curry County also had 1969 per capita income levels very close to the state average.) On 
the whole, both income levels and the percentage of families above the povercy level were higher 
in the coastal region in 1969 than in some rural counties to the east, such as Douglas, 
Josephine, and Lane Counties in Oregon. 

TABLE 4-47. COASTAL REGION AND STATE INCOME LEVELS, 1969 AND 1974. 
(From U. S. Department of Commerce, 1970; Washington State DCED, 1977A, 
B, and C; Bureau of Business Research, University of Oregon, 1977; 
California State, 1976.) 

HOUSEHOLDS 
PER CAPITA MED I AN WITH BELOW TOTAL PER CAPITA 

PERSONAL FAMILY POVERTY LEVELS PERSONAL PERSONAL 
INCOME INCOME INCOME INCOME INCOME 

AREA 1969 ($) 1969 ($) 1969 (%) 1974 ($MILLIONS) 1974 ($) 

Cl al lam 3,439 9,213 14.9 203.5 5, 126 
Jefferson 3,051 8,848 15. 3 54.4 4,672 
Grays Harbor 3,419 9,220 16.9 310. l 5, 115 
Pacific 3 '378 8,575 17.2 79.9 4,924 
Wahkiakum 3 '542 9,078 14.9 20. 1 5,549 

State of Washington 3,893 10,407 12.7 n/a 5,713 
Clatsop 3' 150 9,430 8.6 148.3 5,055 
Ti 1 lamook 2,843 8,014 11. 1 82.6 4,465 
Lincoln 2,897 7,909 11.0 124.9 4,625 
Coos 2,999 9,243 8. 1 273.7 4,556 
Curry 3,022 8,544 11.6 61.4 4,406 

State of Oregon 3' 163 9,489 8.o 12, 176.0 5,398 
Humboldt 3,015 8,919 10.2 514.2 4,911 
De 1 Norte 2,825 9, 154 9.7 74.o 4, 774 

State of California 3 632 10,732 8.4 126, 116. 7 6,041 

The foregoing sections on the region's basic industries have indicated that seasonal unemploy
ment is a fact of life for many workers. Table 4-48 shows the actual (not seasonally adjusted) 
deviation from average unemployment levels in 1975 in each county. Overall unemployment levels 
tend to be higher than the state averages, as illustrated by Table 4-49. Unemployment levels 
also vary widely from year to year due to the cyclically unstable nature of resource-based 
industries. The forestry and forest products industry, for example, has traditionally been 
affected by national economic trends and monetary policy as reflected particularly in housing 
activity and construction materials demand. Fisheries are affected by cyclical changes in 
the fisheries biomass. Agriculture is affected both by weather conditions which show 
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TABLE 4·-48. UNEMPLOYMENT LEVELS IN THE COASTAL REGION, 1975. 
Note: Seasonal patterns vary by county, so highest and lowest months 
shown are not always the same calendar month. (From California State 
Employment Development Department, 1977; Washington State Employment 
Security Department, 1976; Oregon State Employment Division, 1977.) 
(Data are in percent of labor force.) 

Area 

Cl al lam 
Jefferson 
Grays Harbor 
Pacific 
Wahkiakum 
State of Washington 
Clatsop 
Tillamook 
Lincoln 
Coos 
Curr 
State of Ore on 
Humboldt 
Del Norte 
State of California 

u. s. 

Annual 
Average 

11. 2 
12.5 
12.4 
11. 2 
7.6 
7.2 

10.8 
14.5 
10.7 
14.5 
13.6 
10.6 
14.9 
N.A. 
9.9 

8.5 

Highest 
Month 

13. 5 
15.9 
15. 3 
12.9 
N.A. 

17.0 
21. 3 
14.2 
18.3 
20.8 

19.5 
27.7 

TABLE 4-49. AVERAGE ANNUAL UNEMPLOYMENT. (From Washington Employment 
Security Department; Oregon Department of Human Resources, Employment 
Security Division; California Employment Development Department; various 
years.) (Data are in percent of labor force.) 

County 1972 
Cl al lam 
Jefferson 
Grays Harbor 
Pacific 
Wahkiakum 
State of Washington 9.5 
Clatsop 7.9 
Tillamook 6.0 
Lincoln 7.0 
Coos 8.8 
Curr 6.8 
State of Oregon 5.9 
Del Norte 
Humboldt 9.4 
State of California 7.6 

u. s. 

1973 
8.o 
8. l 
8.9 
8.o 

7.7 
7. l 
5.9 
6.4 
7.2 
7.3 

10.9 
7.0 

1974 1975 
7.3 11. 2 
7.8 11.9 
8.9 12.5 
7.9 11. 2 

7.6 
7.2 9.5 
7.5 10.8 

10.6 14.5 
8. l 10.7 
9. l 14.5 
9.0 13.6 
7.5 10.6 

12.2 14.9 
7.3 9.9 

5.6 8.5 

Lowest 
Month 

9.0 
9.8 
9.7 
9.7 
N.A. 

6.4 
9.6 
7.5 

11.4 
8.5 

12.0 
16.5 

1976 
9. l 
9.5 
7.9 
9.9 

9.3 
10. l 
9.4 

11. 7 
12.3 

12.3 
9.2 

7.7 

apparently cyclical variations and by changes in pricing policy. Even recreation is strongly 
affected by weather conditions and the factors affecting the fish population as well as by 
levels of disposable income relative to travel costs. 

The Humboldt and Del Norte County labor market areas of the California Employment Development 
Department, which are among the most heavily dependent on forestry and forest products, have been 
classified as areas of persistent unemployment. Humboldt County's rate in 1975 was 46% above 
the California rate and 60% above the U. S. rate. In 1974, the percentage differences were 66% 
and 115% respectively (California State Employment Development Department, 1976). This county has 
consistently exhibited one of the highest levels of unemployment in the region, a problem now 
exaggerated by expansion of the Redwood National Park and its effects upon forestry. Del Norte 
County's unemployment levels swing cyclically and seasonally in a manner even more extreme than 
that typical of Humboldt County (Broida et al., 1975). While these two counties represent perhaps 
the most severe problems, many other coastal counties are not significantly better off. 
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4.9. 1.3 Labor Force Participation. Per capita income is a function not only of industry employ
ment levels and pay scales but also of the number of family members who work. The number of per
sons employed or looking for work comprises the labor.force. 

Labor force participation rates are a measure of the degree to which the human resources of an 
area are being utilized and the level of employment opportunity in an area. With the exception 
of Coos County, Oregon, Table 4-50 shows that rates for males in the coastal counties were 
s1ightly lower than the average for the state. In addition, in all areas of the Coastal Region 
except in Clatsop County, Oregon, the rate for females was considerably lower than state and 
national norms. 

The 1970 Clatsop County female labor force participation rate was relatively high because of 
employment opportunities for women in the seafood processing plants in Astoria (Kuhn et al., 
1974). It should be noted that the previous section showed a higher average per capita personal 
income in Clatsop County than elsewhere on the coast. The next highest participation rate for 
women in Table 4-50 is for Lincoln County, which is specialized in recreation and tourism 
in which opportunities for female employment are good. The low figures for men in Lincoln and 
Tillamook Counties probably reflect the concentration of retired people in those counties. 
Many other coastal areas have a significant number of women who are potential labor force partici
pants promising a potential labor supply to future expansion or establishment of labor-intensive 
industries in the area. 

Little is known about the economy of Wahkiakum and why so few women should participate in its 
labor force. It is also not known why this county should have the highest per capita personal 
income of all twelve counties, and the lowest unemployment rate in 1975, the only year for which 
data are available. 

TABLE 4-50. MALE AND FEMALE LABOR FORCE PARTICIPATION RATES, 1970. 
(From U.S. Dept. of Commerce, 1970, Census of Population.) (Data in percent.) 

AREA MALE FEMALE 
C 1a1 lam 72.6 33.4 
Jefferson 68.2 30.5 
Grays Harbor 74.9 36.6 
Pacific 68.2 34.5 
Wahkiakum 74.7 26.6 
Washin ton 77.6 40.7 
Clatsop 73. l 40.6 
Ti 1 lamook 70.8 36.8 
Lincoln 67.2 37.9 
Coos 77 .6 35.3 
Curr 74.2 34.3 
Ore on 74.6 40.5 
Del Norte 75.4 38.8 
Humboldt 70.6 36.5 
Ca 1 i forni a 77 .6 42.2 

4.9. 1.4 Population. In general terms, the region is lightly populated, rural, and slow-growing. 
The only counties to have experienced a period of rapid growth comparable to more urbanized 
areas of the West Coast are Curry County, Oregon, and Del Norte County, California, both of which 
more than doubled in size during the 1950's. Table 4-51 shows Clallam and Jefferson counties as 
experiencing the highest growth rates since 1960. This growth, however, was mainly due to high 
levels of in-migration to the eastern portions of each county beyond the boundary of the coastal 
region defined for this study (Washington State DCED, 1977A). With the exception of these two coun
ties, most recent growth within the region has been due to natural increase rather than migra-
tion. Pacific County, for example, experienced almost no net in-migration between 1970 and 1975, 
while Grays Harbor County had a net out-migration of 742 peo~le during that period (Washington State 
DCED, 1977B). See Volume 1, Section 4.1 .5 for a general discussion and model of the components 
of population change. 

Most population increases or losses in the Coastal Region have been traceable to ·changes in the 
employment situation in local basic industries. The decline of Clatsop County's population in 
the 1950's, for example, was due to loss of local military installation activity, while the 
concurrent rapid growth in Curry County was due to a major increase in "furniture, lumber, and 
wood products" employment. In the following decade, however, employment losses in that industry 
caused a 7% population decline (Kuhn et al., 1974). A loss of 1000 persons each in two communi
ties (Port Orford and Powers) due to closure of a plywood mill and a saw mill have caused major 
concern in Curry County (U.S. Department of Agriculture, 1978C). Such examples illustrate the 
vulnerability of these small coastal region communities to changes in single industries. 
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TABLE 4-51. POPULATION AND POPULATION CHANGE BY COUNTY, 1950-1976. (From 
U.S. Department of Commerce, Bureau of the Census, 1950, 1960, and 1970. 
1976 figures from Washington State DCED, 1977A, 1977B; Oregon State Employment 
Division, 1977; and California State, Statistical Abstract, 1977.) 

Area 1950 1960 % Change 1970 % Change 1976 % Change 
Cla 1 lam 26,396 30,022 13. 7 34,770 15.8 39,800 14.5 
Jefferson 11 ,618 9,639 -17.0 10,661 10.6 11 ,800 10.7 
Grays Harbor 53,644 54,465 1. 5 59,553 9.3 60,500 1.6 
Pacific 16,558 14,674 11. 4 15, 796 7.6 15,800 0.0 
Wahkiakum 3 835 3,426 10.7 3 592 4.8 3,682 2.5 
Washington 2,378,963 853,214 19.9 3' 409' 161 19.5 
Clatsop 30, 776 27,380 -11 .0 28,473 3.9 29,300 3. 1 
Tillamook 18,606 18,955 1. 9 18,034 -4.9 18,500 0.9 
Li nco 1 n 21,308 24,635 15.6 25,755 4.5 27,600 7. 1 
Coos 42,265 54,955 30.0 56,515 2.8 59,500 5.6 
Curry 6,048 13,983 131. 8 13,006 -7.0 14. 100 7. 1 
Oregon 1'521'341 1,768,675 16.2 2,091,385 12.6 
De 1 Norte 8,078 17,800 120.0 14,580 -18.8 15,700 7.9 
Humboldt 69,975 104,900 51. 5 99,692 -5.0 106, 100 6.4 
California 10,586,223 15,717,204 48.5 19,957,304 26.9 

Coastal County Total 309, 107 374,834 21. 3 380,427 1. 5 402,382 5.8 

In general, since 1960, the population of urban areas in the Coastal Region has increased more 
rapidly than that of rural areas. More specifically, ,the areas within the coastal 
counties oriented toward recreation and retirement industries have tended to grow faster than 
those devoted to manufacturing (Kuhn et al., 1974). In counties historically infl~enced by 
fluctuations in resource industries, tourism has enabled many small coastal towns to stabilize or 
even increase population levels (Washington State DCED, 1977B). In Lincoln County, for example, 
Toledo, a manufacturing center, had an annual rate of decline in population of 0.3% (for a total 
of -3.7%) from 1960 to 1973. Over the same period, the Waldport and Delake areas, both tourist 
and recreation oriented, grew ~y 14.5% and 30.0% respectively (Kuhn et al., 1974). 

4.9. 1.5 Age Composition. The coastal region has large concentrations of elderly people and 
smaller concentrations of young people and people in tbe prime working age group (25 to 44) than 
the three states as a whole (Kuhn et al., 1974; Washington State DCED, 1977A, 1977B). The re..ason 
appears to be the out-migration of young people. The pattern is particularly important in 
Oregon which itself had fewer young people and more elderly people than the U. S. as a whole 
in 1970. Clearly another reason for this pattern is the growing settlement of retired persons 
in the region. In the five Oregon coas ta 1 counties, the retired ·popu 1 at ion grew from 6. 8% of 
total population to 14.7% between 1958 and 1973 (Kuhn et al., 1974). The same source projects 
a growth to 19.5% by 1985. 

The region's age structure is different for several reasons. Retired people rely heavily on 
outside income in the form of investments, social security, or welfare payments. A considerable 
part of the region's income is therefore derived from federal transfer payments. Secondly, the 
age structure influences the level of demand for locally provided services. Thirdly, if an area 
is to expand economically, there is a need for an adequate labor force and skills. It is the 
middle-aged and parents of young children who usually can supply these needs (Schmisseur and 
Boodt, 1975). Continued out-migration of young adults and parents of young children in response 
to employment opportunities elsewhere affects the region's prospects for economic expansion. 

4.9. 1.6 Racial Composition. American Indians represent the predominant minority in the coastal 
areas of Washington, Oregon, and California. The coastal region traditionally and culturally is 
associated with various American Indian groups, including the Klamath, Coos, Tillamook, Siletz, 
Quinault, Hoh, Quillayute, Ozette, and Makah Indians. Spanish Americans are also important in 
some areas and, together with Asians, appear to be increasing as a percentage of the population. 
Civilian labor force, employment, and unemployment data for 1975 indicate that minorities, American 
Indians especially, have an employment problem, as eviqenced in Clallam County where minority 
iunemployment was over 40% (Washington State Employment Security Department, 1976). 

4.9. 1.7 Educational Characteristics. Educational characteristics provide an index of an area's 
occupational skills and ability to adapt to change. In all coastal counties,median school years 
completed by adults in 1970 were lower than state norms, ranging generally from 12.0 to 12.2 
compared with figures of 12.3 in Oregon and 12.4 in Washington and California. While the dif
ferences are not great, data on this parameter would ordinarily sh0w minimal variance. In some 
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counties, including Curry and Tillamook, males have significantly less education than the national 
norm (U.S. Department of Commerce, 1970). An Oregon study also shows that the coastal region coun
ties in general have lower education participation than the state norm (Schmisseur and Boodt, 1975). 
The figures are probably depressed by the high proportion of retired persons. Educational levels 
are important to the region's adaptability, however. Higher education facilities, such as commun
ity colleges, have potential to increase local occupational skills. Major institutions, such as 
Humboldt State University, also have a stabilizing influence on the economy (California State 
Employment Development Division, 1976). (Additional data on educational levels will be found in 
OIW, 1977, Volume X.) 

4.9. l .8 Housing Characteristics and Demands. The employment supported directly or indirectly by 
the region's basic industries (including the second home industr.y discussed in Section 4.4.3) 
creates housing demands, as mentioned in Volume 1, Conceptual Model, Section 4. 1.5. Throughout 
the region, the actual number of housing units is substantially higher than would be expected 
using standard methods of estimation, including household size and typical vacancy rates. 12.4% 
of units were shown by the 1970 census to be vacant year-round, compared with 8.2% in Washington 
and 5.9% in Oregon (see Table 4-52). The high vacancy rates are not explained by the use of 
seasonal or vacation housing which accounted for only 2.4% of all units (OIW, 1977). Clatsop, 
Tillamook, Lincoln, Jefferson, Pacific, and Grays Harbor Counties all had rates of vacant units 
far above the rates in Oregon and Washington. Recent information on housing is extremely scarce, 
making interpretation difficult. 

Projections of housing unit growth from 1975 to 1990 prepared for Oregon and Washington counties 
by Bonneville Power Administration show an estimated increase in the 10 counties of approximately 
23% (OIW, 1977). This is a little under an average annual growth rate of 1% per year (rather 
higher than the rate of employment increase projected for some counties in the region in such 
studies as Kuhn et al., 1974). 

TABLE 4-52. SELECTED HOUSING CHARACTERISTICS FOR COASTAL REGION COUNTIES, 1970. 
(From U.S. Department of Commerce, Bureau of the Census (Census of Housing), 1970.) 

TOTAL 
SEASONAL YEAR-
AND MIGRA- % OWNER % RENTER % VACANT ROUND 

AREA ALL UNITS TORY UNITS OCCUPIED OCCUPIED YEAR-ROUND UNITS 

Washington Coastal 48,854 1,258 63.4 24.9 l l. 5 47,596 
Counties 

Washington l,220,475 16,288 61. 3 30.5 8.2 1,204,187 

Oregon Coastal 57,030 l,306 1 60.4 26.4 13. l 55,724 
Counties 

Oregon 744,616 9, 373 62.2 3 l. 9 5.9 735,243 

California Coastal 40,563 167 56.3 35.6 6.2 40,396 
Counties 

California 6,996,990 20,246 51. 8 42.5 5.8 6,976,744 

161% of these units are in Lincoln County. 

4.9.2 Land Use Patterns. 

4.9.2.l. Existing Land Use. The strong dependence of the Pacific Northwest Coastal Region on 
r7source:based or extractive industry, rather than diversified manufacturing, results in land use 
w~th a l~ghtly populated, rural chara:ter. Average density is approximately 23 persons per square 
mile. Figures for the states of Washington, Oregon, and California are 51 22 and 126 per square 
mile respectively. ' ' 

A detaile~ and ~p-to-date inventory of coastal region land use is apparetnly unavailable. Some 
sources, 1nclud1ng the U.S. Departments of Agr.iculture (see data in Kuhn et al., 1974) and 
Commerce (Bureauofthe Census, Census of Agriculture, 1969 and 1974), provide comprehensive 
surveys. Land use classes covered, however, are quite restricted and data are not recent. Other 
sour:es, such as special county planning inventories, are in certain cases more up-to-date and 
d7ta~ led. Land ~se :lasses and survey methods differ, however, making county-by-county comparisons 
d1ff1cult. Exam1nat1on of trends over time is also difficult for the same reasons. 
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Table 4-53 provides the only 
and Humboldt County data, in 
compared. The "Other Uses" 
be interpreted as urban land 

available summary of recent data. (It should be noted that Del Norte 
particular, require updating.) Only three broad categories can be 
category contains water and recreational areas and therefore cannot 
use. 

TABLE 4-53. LAND USE BY MAJOR CATEGORY, PACIFIC NORTHWEST COASTAL REGION. 
Data are in thousands of acres. Note: Comparison of 1967 with 1974 Census 
of Agriculture data for Humboldt County indicates a major increase in farm 
and range acreage. Recent forest acreage figures are required to confirm 
this, since a conversion from forest is implied. Forest land data from U.S. 
Forest Service, Oregon, 1973 (Bassett and Choate, 1974A and B), Coos, Curry, 1975 
(Bassett, 1977). Farmland data from Census of Agriculture, 1974 (Depart-
ment of Commerce, 1977D1. Humboldt County data from U.S. Soil Conservation 
Service, (USDA, 1967), and Del Norte County data from Broida et al. (1975.) 

TOTAL FOREST1 
FARM2 OTHER 

LAND LAND LAND USES 
COUNTY AREA ACRES % ACRES % ACRES 

Cl al lam 1'121. 6 971 86.6 21. 7 1.9 128.9 
Jefferson 1'155. 3 1 ,031 89.2 7.6 0.7 116. 7 
Grays Harbor 1,222.3 1'107 90.6 36.0 2.9 79.3 
Pacific 581. 2 535 92. 1 20.9 3.6 25.3 
Wahkiakum 166.8 149 89.3 11. 8 7. 1 6.0 
Washington 
Coastal Total 4,247.2 3,793 89.3 98.0 2.3 356.2 
Clatsop 548.8 487 92.8 18.0 3.4 19.8 
Tillamook 713.6 644 90.2 33.3 4.7 36.3 
Lincoln 630.4 574 91.l 17.9 2.8 38.5 
Coos 1, 031. 0 868 84.2 102.0 9.9 61. 0 
Curry l ,038. 1 949 91. 4 72.0 6.9 17. 1 
Oregon 
Coastal Total 3,937.9 3,522 89. 4 243.2 6.2 172. 7 
De 1 Norte 644.4 571 88.6 15. 23 2.4 58.24 
Humboldt 2 295.2 1 ,866 81. 3 349.0 15.2 80.2 
California 
Coastal Total 2 939.6 2 437 82.9 364.2 12.4 138.4 

Coastal Region 
Total 11, 124. 7 9,752 87.7 705.4 6.3 667.3 

1 Includes farm forest land. 
2 Includes cropland, pastureland, and other farmlands, but excludes forestlands. 
3Predominantly rangeland. 
4
Estimate by EDAW, Inc. (50 Green Street, San Francisco, CA 94111) 

% 

11. 5 
10.5 
6.5 
4.4 
3.6 

16.8 
3.8 
5. 1 
6. 1 
5.9 
3.6 

4.4 
9.0 
3.5 

4.7 

6.0 

Those more detailed data which are available suggest that Grays Harbor and Coos Counties contain 
the greatest proportion of built-up land of the twelve counties. A relatively large proportion 
of settlement is in rural areas and small towns. The major population centers, however, are the 
port cities of Aberdeen and Hoquiam on Grays Harbor, Astoria, Newport, Coos Bay, Brookings, 
Crescent City, and Eureka. These cities are the location of most manufacturing and processing 
industry in the region. 

Forestlands average, very approximately, close to 90% of total land area, ranging from 81% to 
92%. The largest acreage in farmland occurs in Humboldt County which has extensive rangeland. 
Comparison of 1967 Soil Conservation Service data with 1974 Census of Agriculture data shows an 
increase from 349,000 to 508,000 acres in agriculture in Humboldt county. 1976 forest acreage 
figures are awaited to determine if this change represents a major reduction in forest acreage. 
Agricultural acreage is a quite insignificant share of total acreage in all other counties except 
for Wahkiakum, Coos, and Curry. 
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4.9.2.2. Land Use Trends. Small towns and suburbs s,urroundi,ng some of the cities are expanding 
and (as noted in Section 4.9. 1.2) increasing urbanization is occurring in coastal communities 
throughout the region where tourism, second home, and retirement homes are important. Pressure for 
urbanization on the Oregon coast has been documented in detail by the Oregon Land Conservation and 
Development Commission (Pacific Planning Associates, 1975), Plans are in preparation for the 
Washington and California coastal zones. The trend has been for development to occur in a leap
frog pattern, reducing the efficiency of use, and the environmental quality of both developed and 
intervening vacant areas and leading to profound changes in the total environment. Modification 
of shoreland vegetative cover, neglect of special geologic hazards, modification of runoff patterns, 
increased pollution, sedimentation of coastal and estuarine waters, and competing or conflicting 
uses are major consequences of recent development along the coast (U. S. Department of Commerce, 
1977D). The natural systems effects of urban settlement are further discussed in Section 4.9.2.4 
and in McHarg (1969). 

With the apparent exception of Humboldt County, mentioned above, forest and agricultural acreage 
has been diminished over the past ten to fifteen years as urban development has expanded, and 
the extent of conversion can only be generally indicated. The Environmental Impact Statement 
on the State of Oregon's Coastal Management Plan (U. S. Department of Commerce, 1977D) indicates 
land use patterns and ownership in coastal Oregon have shifted markedly since the mid-1960's. 
Table 4-54, taken from data collected for the EIS, suggests the extent of land use change 
in two Oregon coastal counties. In general, the study states, there has been a strong decline 
in forest and agricultural lands and a lesser decline in lands used for public service 
activities. 

Reflecting an increase in recreational (second-home) use in the coastal zone, there has been a 
significant decline over the last eight years in the number of parcels owned by residents in the 
coastal zone. An increasing number of parcels are owned by persons residing in the Willamette 
Valley and even outside of the State. The mean size of parcels in all land use categories is 
also decreasing. Finally, the assessed property values are increasing at a rate exceeded in 
Oregon only by the heavily urbanized Portland metropolitan area. These changing patterns reflect 
the problems which face Oregon's coast: maintaining the natural resource base necessary to 
support a diverse and healthy economy and environment. The proliferation of individual land 
parcels and owners, many of whom place a seasonal stress on local facilities while contributing 
only marginally to the economy, is one problem the Oregon Coastal Management Program is intended 
to address (Oregon LCDC, 1976). 

TABLE. 4-54. CHANGE IN COASTAL LAND USE: EST! MATED NUMBER OF PARCELS 
AND PERCENT OF PARCELS BY LAND USE CLASS, 1967 - 1973. Totals may not 
agree due to weighting and rounding of data. Separate runs were made 
of three sets of data and each produced values that were rounded and 
weighted leading to minor discrepancies. (From U.S. Department of Com
merce, 1977D.) 

LAND USE CLASS ABSOLUTE CHANGE 
(NO. OF PARCELS) 

PERCENT CHANGE 

LINCOLN 
CO. SUBAREA 

TILLAMOOK 
CO. SUBAREA 

COMBINED 
AREA 

LINCOLN 
CO. SUBAREA 

TILLAMOOK COMBINED 
CO. SUBAREA AREA 

A. Single fa~ily residen- 616 525 1146 27,34 39.41 31 .90 
ti al 

100.001 2100.00
1 

248.15
1 

B. Mu 1 ti fam i l y residential 25 42 67 
c. Commercial 87 85 172 71, 31 188.89 102.38 
D. Industrial 19 0 19 27. 14 0.00 26.39 
E. Idle or vacant 65 -599 -534 l. 54 -18.03 -7.05 
F. Agriculture with residence -50 -9 -62 -58.82 -11. 25 -35.63 
G. Agriculture without resi- -770 -24 -797 -91.56 -21.24 -82.59 

dence 
H. Forest land -17 1 -15 -29.82 l.01 -8.98 
I. Rec reat i ona l 23 2 25 85. 19 9, 01 50.00 
J. Public service faci 1 i ties 2 -23 -21 9.52 -48.94 -30.43 

1Exceptionally high value due to weighting of data. 
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Coastal management policy in the states of Washington and California, as in Oregon, is directed 
to concentrating development in existing urban areas and planning land use based upon environ
mental and economic suitability. 

In addition to the spread of urban settlement, an increasing portion of the Pacific Northwest 
Coastal Region is being taken out of direct resource production for various environmental pre
servation programs. Among these programs are the expansion of the Redwood National Park and 
possible creation of new wilderness areas or maintenance of existing roadless areas after evalua
tion of RARE I I proposals (U.S. Department of Agriculture, 1978A-D~ In addition, establishment of 
refuges or natural recreation areas further reduces productive or developable areas. Examples 
include three wildlife recreation areas acquired along the perimeter of Grays Harbor estuary, 
Washington, and the National Estuarine Sanctuary on South Slouth of Coos Bay, Oregon. 
Such changes in land use or ownership status have established economic as well as environmental 
aesthetic, or passive recreational benefits. ' 

Major economic and employment adjustments are necessitated by such wide-ranging actions as 
the Redwood Park expansion. Nevertheless, the presence of additional widely publicized areas 
with public access is expected to increase tourism and lengthen stays in the area. Increased 
hunting and non-consumptive uses of wildlife such as birdwatching and photography also have an 
economic value, The U. S. Army Corps of Engineers (1976C) reports that these activities were 
valued at $290,000 and $160,000 respectively in Grays Harbor County in 1975. There are other 
social and economic benefits associated with preservation. These include the protection of 
the environmental requirements of productive resources in order to prevent the long term loss 
of employment due to resource exhaustion. ~n addition, it is the stated policy of the Oregon 
Coastal Management Plan (Oregon LCDC, 1976), to maximize the net benefits of aesthetic, cultural, 
historic, ecological, recreational, and economic values. 

4.9.2.3 Natural System Effects of Settlement. The literature on the effects of development on 
natural resources is extensive. A preliminary listing of studies can be found in the Annotated 
Bibliography key word (descriptor) index under IMPACT. General texts which treat the subject 
include Simmons (1974), Detwyler (1971), John Grahm Co. (1976), Darnell (1976), and Real Estate 
Research Corporation (1974). 
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SPECIES OF CONCERN 

A number of organisms within the region are of significant interest or concern, either because 
of commercial value (e.g. Douglas fir, Dungeness crab), recreational value (e.g. black-tailed 
deer, salmonids), rare, endangered, or threatened status (e.g. Columbian white-tailed deer, 
bald eagle), or community dominance (e.g. eelgrass, western hemlock). Many species fall into 
more than one of these categories such as Douglas fir, which is a commercial species and a 
dominant species in many second growth forests, or salmon, which are of both recreational and 
commercial significance. 

Section 3.4 of this volume discusses Species of Concern in a general way and provides data on 
harvest and catch by areas and by species for commercial and recreational plants and animals, 
as well as access to pertinent literature for these and the rare, endangered, or threatened 
species. 

Seventeen species of plants and animals, plus three groups of species (insects, sea birds, and 
marine mammals), have been selected for more detailed treatment of their biology and relationships 
with human activities. Table 1 provides a list of these species or groups in the order in which 
they are presented in this Part of Volume 2. Extra pages were omitted for future additions t 
these descriptions. 0 

PLANTS 

trees: 

ANIMALS 

TABLE 1. SPECIES OF CONCERN. The following species or groups are 
discussed in detail in this Part 2 of Volume 2. These species 
accounts, presented in .order as below, are prepared as notes to the 
population model (see Figure 1.) 

Douglas Fir (Pseudotsuga menziesii) 
Oregon Myrtle (Umbellularia californica) 
Port Orford Cedar (Chamaecyparis lawsoniana) 
Red Alder (Alnus rubra) 
Redwood (SeCj'UOTaseiiip8rvirens) 
Sitka Spruce (Picea sitchensis) 
Western Hemloc'"klT'$uga heterophylla) 
Western Red Cedar (Thuja plicata) 

P-11 
P-21 
P-31 
P-41 
P-51 
P-61 
P-71 
P-81 

PAGES 

to P-17 
to P-22 
to P-33 
to P-43 
to P-53 
to P-63 
to P-73 
to P-85 

invertebrates: Dungeness Crab (Cancer magister) A-11 to A-14 
A-21 to A-24 
A-31 to A-34 
A-41 to A-43 
A-51 to A-53 
A-61 to A-66 
A-71 to A-73 
A-81 to A-84 
A-91 to A-96 

fish: 

birds: 

mammals: 

Insects ~~~ 

Chinook (Oncorhynchus tshawytscha) 
Coho (Oncorhynchus kisutch) 
Bald Eagle (Haliaeetus leucocephalus) 
Sea Birds (Alcids, Shearwaters, Petrels, Gulls, etc.) 
Snowy Plover (Chadaerius alexandrinus) 
Spotted Owl (Strix occidental is caurina) 
Black-tailed Deer (Odocoileus hemionus columbianus) 
Columbian White-tailed Deer (Odocolleus virginianus 

leucurus 
Marine Mammals (Cetaceans, Seals, Sea Otter) 
Roosevelt Elk (Cervus canadensis roosevelti) 

A-101 to A-104 
A-111 to A-113 
A-121 to A-122 

The individual species accounts follow an outline based on the population model discussed in 
Section 3.4 of Volume 1 and shown here as Figure 1. A general descri tion (1) is given first, 
followed by discussions about (2) population (size and range , 3 migration (if applicable), 
(4) external population factors (applicable to those that migrate), (5) reproductive rate 
(fecundity, sexual notes, nesting, seed production), (6) growth rate (data where available, plus 
information on feeding habits), (7) death rate (mortality, major predators or diseases), (8) 
carrying caTacity, (9) limiting factors (nutrients, habitat, mortality factors), (10) human 
activitiesuse and/or impacts), and (11) natural perturbations. Definitions and brief comments 
on these ten components of the model (other than general description) are found in Section 3.4 
of Volume 1. 
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FIGURE 1. SPECIES POPULATION MODEL. A number of internal, environmental, 
and external factors influence or impinge on a given population. These 
are discussed in Section 3.4 of Volume 1 and form the basis for presentation 
of the Species of Concern data in this part of Volume 2. Numbers of items 
in the species accounts are as shown in the model (#1 is General Description). 
Habitat data will be found with factors 2, 3, 6, 8, and 9; nutritional 
information, primarily in 6, 8, and 9. 

The three group accounts (insects, sea birds, and marine mammals) do not follow the population 
model outline, but rather present general information pertinent to these important species 
groups. 

Page numbering in this part of Volume 2 follows a different system than employed elsewhere in 
this study. As shown in Table 1, the species accounts are divided into plants (P-designator) 
and animals (A-designator) and are presented in alphabetical order within subgroups of these 
two headings (trees, invertebrates, fish, birds, mammals); each account begins with a different 
unit of ten. For example, Douglas fir begins on page P-11 (P for plant, first 1 for Douglas 
fir account, second 1 for first page of same) and ends on page P-17; the next account, Oregon 
myrtle, begins on page P-21, and so on; black-tailed deer begins on page A-91 (A for animal, 9 
for the 9th animal account, 1 for first page) and extends through page A-96. The name of the 
species or group being discussed can be found at the top of every page in the accounts. 

All of the species discussed in these pages are entered in the Annotated Species List with a 
status designator: R for rare, E for endangered, T for threatened, P for peripheral, I for 
endemic, G for game, C for commercial or potentially commercial, and X for pest. The ASL 
can be searched by species, watershed, zone, habitat, trophic level, status, or any combination 
thereof. See Volume 5 for more information on this system. 
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DOUGLAS FIR - Pseudotsuga menziesii 

1. General Description 

Douglas fir is a large fast-growing commercial timber tree that is found throughout the region 
in lowland and slopes. It is a seral species in most of the Western Hemlock and Sitka Spruce 
Zones but is part of the climax community in the Mixed Evergreen Zone. The tree can grow to a 
height of 100 meters (330 ft) or more with a diameter of over 5 meters (16 ft), breast high, and 
is long-lived - to over 1,000 years. In acreage and volume it is the dominant tree species of 
the region. Nearly all of the private and the majority of the 
publ ically-owned commercial timber lands are managed for Douglas 
fir production. 

Douglas fir is found in abundance throughout the study area, its 
range extending from Central British Columbia south to Central 
California in the coastal region and south into Mexico in the 
Rockies. 

2. Population 

The growing requirements of Douglas fir cause it to be found 
predominantly in even-aged, single-species stands in the Western 
Hemlock Zone. In the Mixed Evergreen Zone, it is found in mixed 
forests with tanoak, madrone, and Port Orford.cedar, where it is a 
climax species. Its relative shade-intolerance prevents its 
growth under an established forest canopy; this species can become 
established when relatively large breaks in the overhead shade occur. 

Table 1 presents population data available for pure, even-aged 
stands of Douglas fir. 

The figures in Table 1 illustrate the effects of shade-intolerance, 
not competition. No data were found on populations of Douglas fir 
in virgin forest. However these figures are from an area de
scribed as "fully stocked (natural)" (McArdle et al., 1961). 
Figure 1 presents curves of this data for all five site classes. 

3. Migration N/A 

4. External Population Factors N/A 

5. Reproductive Rate 

Seed is produced annually; there is a crop failure about once 
every 4 to 5 years, and a heavy crop every 5 to 7 years. Seed 
retains viability for only one year. Trees do not become infertile 
with age; but there is no seed production before about the 10th 
year. There are heavier crops in poor sites and in mixed-species 
stands. Seed production per tree averages 4,000 for 15 year old 
trees, 40,000 for 100-200 year old trees, and 7,000 for 600 year 
old trees {Isaac, 1943). 

The rate of restocking from neighboring stands is variable. On 
northern exposures, with favorable site, a clear area can be well 
stocked up to 1/4 mile (0.4 km) from seed source two years after 
clearing. The same exposure, with a severe summer climate, can 
take 10 years to adequately restock from 1/4 mile (Isaac, 1930). 

6. Growth Rate 

Douglas fir is a very rapid-growing and productive tree. Infor-
mation on growth rate is summarized in Tables 2 and 3, and Figure 2. Table 2 indicates growth 
rate in early periods for different site classes while Table 3 provides volume growth informa
tion for more mature stands. Figure 2 indicates predicted height growth under optimal conditions 
over time. 

The age of maximum volume growth is considered to be 90 years; however, authorities differ on 
this figure. 

Region P-11 



DOUGLAS FIR, continued 

Age 

TABLE 1 POPULATION OF DOUGLAS FIR, BY QUALITY OF SITEa AND AGE. 
(From McArdle and Meyer, 1930.) 

Site Class V Site Class I II Site 

Average Average Average 

Class I 

(years) Diameter Population Diameter Population Diameter Population 

no./ acre in (cm) no./acre (no.Iha) in (cm) no/acre (no.Iha) in (cm) no./acre 

20 1. 5 (3. 8) 5500 (2200) 3.4 (8. 6) 1460 (594) 5.7 ( 14. 5) 571 
100 10.5 (26.7) 352 ( 143) 16.9 (42.9) 184 (75) 29.4 (74. 7) 75 
160 14.2 (36. 1) 225 (90) 22.8 (57. 9) 117 ( 47) 37.2 ( 94. 5) 48 

aStands are divided into five classe's, I being the best quality, V the worst. 
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FIGURE 1. DENSITY AS A FUNCTION OF SITE CLASS AND AGE IN DOUGLAS 
FIR. (From McArdle and Meyer, 1930.) 
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DOUGLAS FIR, continued 

Vl 

~ 
Years 

90 
160 

TABLE 2. YOUNG (FIRST SEVEN YEARS) DOUGLAS FIR GROWTH 
RATES. (From McArdle and Meyer, 1930.) 

Site Class a 

I 
111 
v 

a See Tab 1 e 1 . 

Average Growth 
ft/year (m/year) 

o.8 
o.4 
0.3 

( o. 2) 
(0. 1) 
(0.09) 

TABLE 3. ANNUAL VOLUME INCREMENTS IN A MATURE DOUGLAS FIR STAND 
(From McArdle and Meyer, 1930.) 

Site Class la Site Class Ill Site Class V 
cu ft/yr (cu m/yr) 

198 
148 

(5. 5) 
(4.1) 

cu ft/yr (cu m/yr) 

138 
103 

(3. 9) 
(2. 9) 

cu ft/yr (cu m/yr) 

56 
42 

( 1. 6) 
( 1. 2) 

aSee Table 1. 
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FIGURE 2. PREDICTED CUMULATIVE HEIGHT GROWTH OF DOUGLAS FIR 
IN AN OPTIMUM ENVIRONMENT. (From Edmonds, 1974.) 

1-
::c: 
<-" 

UJ 
::c: 

P-13 



DOUGLAS FIR, continued 

7. Death Rate 

Douglas fir are long-lived with trees over 800 years old common, and some individuals being over 
1,000 years old. The mortality rates are high in early stages, drop to low levels during 
maturity. In terms of timber volume cost, however, rates increase towards old growth due, in 
part, to increased mortality and the larger volume of individual trees as indicated in Table 4. 

TABLE 4. CUMULATIVE MORTALITY OF DOUGLAS FIRS (IN TERMS OF 
VOLUME LOST). (From McArdle and Meyer, 1930.) 

Age Site Site 
Class Class 

Years I 111 

80 22% 21% 
160 38% 37% 

The following are important causes of Douglas fir death: 

windthrow (little quantitative data); 
fire; 
insects: Douglas fir beetle (Dendroctonus pseudotsugae), 

fir borer (Melanophila drummondiJ; 
trunk and root rots (may be very effective in killing trees): 

Fornes~; 
Poria wei ri i; 
POTyj?orusschwe in i tz ii; 
Fornes subroseus. 

Site 
Class 

v 

23% 
31% 

Much seed destruction occurs as a result of the activities of a number of animals. The following 
insects, which undergo periodic population explosions, may be responsible for destroying up to 
75% of a seed crop (30,000 seeds) (Isaac, 1943): 

fir cone moth ~Barbara colfaxiana); 
fir seed chalcid (Megastigmus spermotrophus); 
fir coneworm (Dioryctia abiedella); 
fir cone looper (Eupitheria spermaphaga); 
gall midges (ltonidae). 

Douglas fir seed is also known to be part of the diet of numerous common birds, as well as the 
following mammals, whose fluctuations in mass population have been correlated with the wealth 
or dearth of Douglas fir seed: 

Douglas squirrel (Tamiasciurus douglasii); 
Townsend chipmunk (Eutamias townsendii); 
deer mouse (Peromfscus spp.); 
Trowbridge shrewSorex tro~1bridgi i). 

In years of medium or light seeding the seed-eatinq animals appear to account for all seed 
produced; only in years of heavy seeding is there a germinative surplus. 

The following factors account for mortality among seedlings: 

excessive temperature at soil surface (above 125°F or 50°c, which is often observed in 
clearcut regions); 

2 frosts; 

3 excessive evaporation (causing soil ~oisture to fall below critical 10% level); 

4 damping-off fungus (Armi 1 lana mel lea) (in old growth stands); 

5 mice (which may consume over 50% of young seedlings); 

6 erosion (especially in environments altered by man). 
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DOUGLAS FIR, continued 

8. Carrying Capacity 

The carrying capacity of an environment of this species has been approximated from the greatest 
observed growth of Douglas fir in pure, even-aged, fully stocked stands, as shown in Table 5. 

TABLE 5. OBSERVED MAXIMA OF CARRYING CAPACITY FOR DOUGLAS 
FIR (AGE 160 YEARS). (From McArdle and Meyer, 1930.) 

Site Classa 

I 
111 
v 

aSee Table 1. 

Volume of Wood 
cu ft/acre (cu m/ha) 

24,660 
16,490 
8,000 

( 1700) 
( 11 50) 

(560) 

At 160 years, the annual increments of growth show no sign of decrease; hence some authorities 
have estimated the maximum production in site class areas as 40,000 cubic feet per acre (3,000 
cum/hectare). Figure 3 presents yield curves for all five of McArdle's site classes. 
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TOTAL YIELD OF DOUGLAS FIR AS A MEASURE OF CARRYING 
(From McArdle and Meyer, 1930.) 

These data are not strictly a measure of carrying capacity, but of the ability of Douglas fir 
to make use of environmental resources. The point in their growth where Douglas fir make the 
most efficient use of their resources is not known. 
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DOUGLAS FIR, continued 

Douglas fir populations in the region are maintained above the natural carrying capacity of 
the region through silvicultural practices such as clearcutting, planting, fertilizing, and 
weeding of other species. In an unmanaged situation, a large portion of the current Douglas 
fir forests would revert to other forest types. 

9. Limiting Factors 

Climate: Rainfall in the Douglas fir's range is between 20 and 100 inches (50-250 cm); the 
best growth occurs with about 60 inches (150 cm) of annual rain. Temperatures within its range 
appear not to be a limiting factor, although extreme frosts and extreme soil temperatures can 
kill young seedlings. 

The effect of moisture stress and temperature on Douglas fir photosynthesis (Figure 4) shows 
reduction in actual photosynthesis from potential expected under optimum conditions for the 
Coast Range in Oregon. 
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FIGURE 4. PREDICTED POTENTIAL AND ACTUAL PHOTOSYNTHESIS IN 
DOUGLAS FIR. (From Edmonds, 1974.) 
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Soil: Poor drainage or soils with an impervious layer near the surface will limit Douglas fir 
growth (Fowells, 1965). Its best development occurs on relatively deep, sedimentary-origin 
soils, such as the Melbourne, Olympic, and Astoria series. 

Elevation: Douglas fir is found from sea level to about 4,000 feet (1200 m) in Washington, to 
about 5,000 feet (1500 m) in Oregon, and to around 6,000 feet (1800 m} in California. 

Light: Douglas fir is fairly intolerant of shade and typically does not reproduce under a 
closed canopy. 

A summary of limiting factors and their effects are given in Table 6. 

10. Human Activity 

Douglas fir, as the main timber tree of the United States, is very closely managed in most of 
the forests in the study area and has undergone significant 9enetic manipulation which has 
resulted in greatly reduced genetic variation. Great quantities are cut each year, mostly by 
the clearcutting method. Its occurrence has been greatly increased through silviculture 
practices. It is the principal species which supports the forest industry in the region. 
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DOUGLAS FIR, continued 

TABLE 6. THE INFLUENCE OF SEVERAL FACTORS ON DOUGLAS FIR REGENERATION 
AND GROWTH. Combinations of factors are more influential than single 
factors in 1 imiting growth. (From USDA, 1976A.) 

Factor 
Influence 

(+Positive, - Negative) 

Soil Depth: 
Relatively Deep 
Shallow 

Aspect: 

+ 

N, NW, NE, E, SE + 
S, SW, W 

Slope: 
Gentle, Moderate + 
Steep (e.g. 70%) 

Elevation: 
Low, Middle + 
High (e.g. above 5,000 feet or 1500 meters) 

Precipitation: 
High + 
Low (e.g. less than 30 in/yr or 75 cm/yr) 

11. Natural Perturbations 

Periodic insect blights, wind throw, forest fires, and landslides are perturbations which 
significantly affect Douglas fir. Douglas fir under natural conditions was dependent on such 
perturbation for its occurrence, as it is a seral species over much of its range and requires 
open areas for regeneration. 
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OREGON MYRTLE or CALIFORNIA LAUREL - Umbellularia californica 

1. General Description 

The species is polymorphous and grows in both shrub and tree forms depending on environmental 
conditions. The scientific name has been preceeded by at least five other combinations (Jepson, 
1910) and the plant is known by a plethora of common names. It is distinguished by yellow-green 
leaves 3 to 6 inches (8 to 15 cm) long and 0.5 to 1.5 inches (1 to 4 cm) wide which remain on 
the tree or bush for two years (Baerg, 1973). When crushed the leaves have a strong odor of 
camphor. The bark is reddish-brown and scaley on the trunk, becoming smoother on limbs. Under 
exceptional conditions it grows to heights of 80 feet (25 m); enormous trees, with a diameter up 
to 11.7 feet (3.5 m) and 175 feet (50 m) in height, have been recorded (Fowells, 1965). 

2. Population 

Oregon myrtle is widely distributed from the Rogue River, Douglas County, Oregon, south to San 
Diego County, California, a range of 11° latitude. It is found in two fairly distinct regions 
within this range - a coastal distribution and an inland Sierra Madre distribution in California 
(Fowells, 1965) .. South of the San Francisco Bay Area its distribution becomes scattered. 

Oregon myrtle reaches maximum development in protected bottom lands of southern Oregon and 
northwestern California (Jepson, 1910). It is typically found in mixed species composition but 
pure stands occasionally occur. Extensive stands have been eradicated and turned to farmland 
( Fowe l ls, 1965) . 

In pure stands densities have been measured at 320 trees per acre (130 per hectare) in favorable 
conditions (Fowells, 1965). In shrub state densities are probably greater. 

3. Migration N/A 

4. External Population Factors N/A 

5. Reproductive Rate 

The species flowers often and profusely, usually between December and May, with flowers appearing 
later on annual growth (Fowells, 1965). Pollination depends primarily upon insects. 

Each flower cluster has from four to nine 
flowers but usually only one to three fruits 
set (Jepson, 1910). Trees do not appear to 
fruit abundantly until they are 30 to 40 years 
old (Fowel ls, 1965). Characteristic seed 
crops per acre or individual are not well 
documented. Seeds fall to the ground in the 
fall, and are distributed by water, gravity, 
and small mammals. 

Viability of seeds under natural conditions is 
thought to be transient (Fowells, 1965). What 
may be more critical is the lodging of the seed 
on a disturbed site, or an area that has been 
silted, as covered seeds germinate best, 

Oregon myrtle also reproduces asexually, 
sprouting prolifically from stems, roots, 
collar, stump, and trunk. Fallen live trunks 
are frequently enveloped in such a growth. 

6. Growth Rate 

The Oregon myrtle's growth rate is site speci-
fic and is greatest in the southwest Oregon and northwest California coast in Watershed Units 6S, 
7, 8, 9. Even on good sites it is considered to be a slow grower, but 1 to 2 feet (0.3 to 0.6 m) 
of growth per year can be expected with good conditions in pure stands (Fowells, 1965). In a 
stand with trees 64 to 98 years old, d.b.h. was from 9 to 24 in (23 to 60 cm) (Fowells, 1965). 
Trees do not appear to reach sexual maturity until 30 to 40 years of age. The growing season is 
typically April through September. 

7. Death Rate 

The seed nuts are consumed in great quantity by rodents and hogs. Dusky-footed wood rats feed 
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OREGON MYRTLE, continued 

on them extensively (Baily, 1936). Hogs can gain good weight on the seeds but the meat acquires 
a peculiar taste. 

In closed canopies the laurel is not tolerant of its own dense shade and seedlings die before 
they reach the sapling stage. 

The tree is susceptible to windthrow and snow breakage. High winds with heavy precipitation, 
and/or snow, increases damage. The tree is readily molded by wind (Jepson, 1910). 

Because of its thin bark it is readily top-killed by fire, but root sprouts can successfully 
reestablish the myrtle; it often becomes a dominant shrub on burnt-over areas in its range. 

Over 40 species of fungi have been recorded on the laurel, but only a few are restricted to 
the tree. Damage is typically light on live trees. Leaf blights occur occasionally, but cause 
little mortality (Fowells, 1965). Wood rot by the saprophytic rainbow fungus (Polystictus 
versicolor) is common on dead myrtles and on wood in storage. 

The species has no current serious insect enemies. An imported scale {lcerya purchasi) was 
once a serious problem but is now under control through biological means (Fowells, 1965). A 
leaf miner (Cameraria umbellulariae), a leaf beetle (Dichelonyx val ida), and a bark scale 
(Aspidiotus camelliae) are common on this species but only cause minor damage. 

The tree is heavily utilized by black-tailed deer in the northern coast range of California 
(Longhurst et al., 1952) but 1 ittle mortality to adult trees occurs. 

8. Carrying Capacity 

Conditions which establish optimum carrying capacity are discussed in the limiting factors 
section to follow. Because much of the prime bottomlands habitat for the laurel has been 
converted to agriculture, carrying capacity for the tree form has been greatly reduced. 

9. Limiting Factors 

Climate: The species is found through a wide range of climatic conditions ranging from cool
humid to hot-dry. It endures temperature extremes varying from -6°F to 114°F (-21 to 45°C). 
Average rainfall varies from 25 to 71 in (63 to 180 cm) through its range, with 4 to 13 in 
(10 to 33 cm) falling during the growing season. In the southern extent of its range it is 
probably limited by moisture, while probably being limited by cool temperatures near its 
northern boundary. 

Soils: Similarly to climate, the species is found in a wide variety of soils and textures as 
long as soil moisture is constant and plentiful (Fowells, 1965). It is found on alluvium, 
sedimentary soils, and volcanic soils (Fowells, 1965) and on older formations of the Siskiyou 
Mountains including serpentine (Whittaker, 1954). Optimum growth and development occur on 
alluvial and valley bottom soils that are occasionally inundated by high water, e.g. within the 
flood plain. In 9rier climates it is frequent on gravelly outwashes at mouths of canyons. 

Elevation: Like climate and soils, it is found over a wide range of elevations within the 
study area. It is found from sea level to 4,000 feet (1200 m) but on interior sites it is 
found as high as 6,000 feet (1800 m). Low elevation conditions on the Pacific slopes are opti
mal for m0st strains, although particular strains can do well in other conditions. 

10. Human Activities 

All parts of the Oregon myrtle have had extensive use. Extracts of the wood, leaves, and fruit 
have strong chemical properties and have been used for tea, medicinal purposes, seasoning, and 
vermin control. The species is highly valued as a decorative wood and is a favorite for gun
stocks, wooden bowls, lamps, trays, carvings,and other items '(Hirsch, 1970). Its commercial 
range includes Southwest Oregon and Northwest California. In 1969 250,000 miscellaneous turnings, 
1,500 gunstocks, and 750 coffee tables were produced from myrtle wood '(Hirsch, 1970). 

Much of the prime myrtle growing areas have been converted to agricultural production 
(Fowel ls, 1965). 

11. Natural Perturbations 

Windthrow appears to be the most serious mortal itv factor. (See Death Rate.) 
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PORT ORFORD CEDAR - Chamaecyparis lawsoniana 

1. General Description 

This tree has flattened branches with dark green foliage which closely resembles western red 
cedar; however the underside scales are distinctly marked by bright silvery x's. Port Orford 
cedar grows to 200 feet (60 m) in height and from 4 to 6 feet (1.2 to 1.8 m) in diameter (Fowells, 
1965). It can develop a long clear bole and often has a moderately buttressed base. Six to 
ten inch (15 to 25 cm) thick, silver-brown fibrous bark that is vertically ridged is typical of 
old growth, while young trees have much thinner bark. Port Orford cedar usually has a full crown 
with short pendant branches. 

2. Population 

Port Orford cedar has a very limited natural range and is restricted to a 130 mile (210 km) 
swath from Coos Bay, Oregon, south to Mad River, California, and is usually found within 40 
miles (65 km) of the coast line (Fowells, 1965). It is found further inland in the Siskiyou 
Mountains on protected sites and is also found in isolated pockets near Mt. Shasta and the 
Trinity Mountains of Northern California. The tree has been domesticated and some seventy vari
eties are widely used for horticultural purposes. Port Orford cedar spans the area of most 
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rapid transition between the California flora and the Pacific 
Northwest flora (Fowells, 1965). 

This species rs rarely found in pure stands in natural conditions 
and is associated with a wide range of other species including 
Douglas fir, western red cedar, grand fir, Sitka spruce, redwood, 
tanoak, Pacific madrone, and others. Densities have been measured 
at 550 to 820 stems per acre (220 to 330 stems per hectare), as 
indicated in Table 1. 

3. Migration N/A 

4. External Population Factors N/A 

5. Reproductive Rate 

Port Orford cedar is a prolific seed bearer. Observations have 
documented 598,000 and 1 ,268,000 seeds/acre (242,000 and 513,000 
seeds/hectar~ in two experiments (Fowells, 1965). The 
germination rate is low (less than 50%). 

Heavy crops occur every four to five years. Failures are rare. 
Trees begin to bear as early as eight years. The volume produced 
is greatest at 100 years, but continues high for centuries. 

Seeds are dispensed by wind only to a moderate extent since they 
are both smaller and twice as heavy as western red cedar seeds 
(which themselves are not much dispersed). 

6. Growth Rate 

The tree reaches a reproductive stage early, with seed production 
documented at eight years of age (Fowells, 1965). 

Early growth is moderately rapid, at least until the tree is over
topped and loses sunlight. Growth will continue unchanged if full 
sunlight is available. Some growth and size information for 
plantations and natural stands are given in Tables 2, 3, and 4. 

7. Death Rate 

Rodents seem not to eat the seeds; in years of food scarcity they 
may be eaten by squirrels. The cones are occasionally attacked by 
a gall midge (Janetiella siskiyou) which, however, causes only 
slight damage (Fowells, 1965). 

The main enemies of seedlings are heat and drought; like western 
red cedar, the tree is highly moisture-sensitive. Mortality of 
seedlings over ten years in an Oregon plantation at elevations of 
700-1000 feet (200-300 m), was found to be 44% for NW aspect, 75% 
for SE as~ect, or 60% combined (Ruth, 1957). 
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PORT ORFORD CEDAR, continued 

TABLE 1. POPULATION IN YOUNG STANDS OF .PORT ORFORD CEDAR IN WESTERN 
OREGON. (From Fowells, 1965.) 

Total Stand 
(All Species) 

Stand Density 
~ 

Stems (Stems 
Per Per 

Location Yrs Acre Hectare) 

Coos-Curry County Line----- 44 750 (300) 
Coos-Curry County Line----- 43 690 (280) 
Coos County Forest--------- 36 1,360 ( 550) 
Coos County Forest--------- 40 1'140 (460) 
Port Orford---------------- 61 680 (275) 
Port Orford---------------- 57 670 (270) 

TABLE 2. COMPARISON OF AVERAGE GROWTH OF DOUGLAS 
FIR AND PORT ORFORD CEDAR a. (From James, 1958.) 

Tree Type 

Douglas Fir 
Port Orford Cedar 

Growth Rate 
Ft/yr (m/yr) 

1.4 
l. 2 

(. 43) 
(. 37) 

a Averages for 26 plantations with ages ranging 
from 8 to 26 years. 

Port Orford Cedar Only 

Density Average Average 
Diameter Height 

Stems (Stems 
Per Per 

Acre Hectare) In (cm) Ft (m) 

610 (250) 9.3 (24) 73 (22) 
560 (230) 8.5 (22) 72 (22) 
820 (330) 6.3 ( 16) 51 ( 16) 
550 (220) 7.2 ( 18) 52 ( 16) 
590 (240) 11. 1 (28) 74 (23) 
600 (240) 12.4 (31) 73 (22) 

TABLE 3. AVERAGE HE I GHl"S OF PO.RT ORFORD 
CEDAR IN PLANTATIONS. (From Hayes, 1958.) 

Age 
(Years) 

14 
19 

Height 
Feet (Meters) 

32 
40 

( 10) 
( 12) 

TABLE 4. 
STANDS. 

AVERAGE SIZE OF PORT ORFORD CEDAR IN NATURAL 
(After Fowells, 1965, and Hayes, 1958.) 

Age 
(Years) 

36 
61 

100 
173 
251 

Height 
Feet (Meters) 

51 ( 16) 
74 ( 23) 

Diameter 
Inches (cm) 

6.3 (16) 
11.1 (28.3) 
10.7 (27.2) 
19.6 (49.8) 
30. 7 (78.0) 

Animal damage to older seedlings seems very great in this spede-s. 1-t -is 13-referred 3s food 
over most of the associated species. Fraction of trees showing animal damage at five years was 
70% for Port Orford cedar, while only 20% for Douglas fir (Ruth, 1957). 

In spite of the sensitivity of Port Orford cedar seedlings, however, its overall mortality rate 
was comparable to that of Douglas fir in one study (Hayes, 1958). Mortality rates of 65% for 
Port Orford cedar and 61% for Douglas fir were found in 26 plantations, ages 8 to 26 years. 

Like western red cedar, Port Orford cedar is susceptible to windthrow because of its shallow 
root system. 

Young trees have thin bark and are easily killed by fire; old trees are thickbarked and very 
resistant to fire damage. 

Port Orford cedar is attacked by serious root rot, Phytophthora Jateralis, a fungus, pathogenic 
only to Chamaecyparis spp.; the Port Orford cedar is the most susceptible of the genus. Since 
its establishment in the early 1950's at Coos Bay, Oregon, the disease has steadily advanced. 
It is spread by aquatic spores, only exceptionally by air, causing up to 100% mortality (Hunt 
and Dimcock, 1957). 
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PORT ORFORD CEDAR, continued 

8. Carrying Capacity 

Data on maximum size of Port Orford cedar stands are scanty. The highest volume-growth 
figures available are given in Table 5; note that these apply to a young stand, with volumes 
that may be expected to increase greatly in the next 200 to 300 years (to perhaps 28,000 cu ft/ 
acre, or 2000 cum/ha), although yields may decrease. 

TABLE 5. YIELD OF YOUNG STANDS OF PORT ORFORD CEDAR IN WESTERN OREGON. 
(From Fowells, 1965.) 

fotal Stand Port Orford Cedar Only Stand (Al 1 Species) 
Location Age 

Basal Basal Average Average 
Area Area Diameter Height 

Yrs sq ft/a sq ft/a in (cm) ft (m) (sq m/ha) {sq m/ha) 

Coos-Curry County Line-- 44 408 (94) 287 (66) 9.3 ( 24) 73 (22) 
Coos-Curry County Line-- 43 348 (80) 222 (51) 8.5 (22) 72 (22) 
Coos County Forest------ 36 298 (69) 179 (41) 6.3 ( 16) 51 ( 16) 
Coos County Forest------ 40 312 (72) 157 (36) 7.2 ( 18) 52 ( 16) 
Port Orford------------- 61 490 ( 113) 383 (90) 11. 1 (28) 74 ( 23) 
Port Orford------------- 57 548 ( 126) 503 ( 11 5) 12.4 (31) 73 (22) 

Volume 

cu ft/a (cu m/ha) 

7,230 (500) 
6,360 (450) 
3,490 (250) 
2,930 (200) 

11,980 (840) 
13,800 (970) 

The species is probably below carrying capacity due to extensive mortality caused by Phyto
phthora lateral is, a killing root rot. 

9. Limiting Factors 

Range: The tree has a very limited range, growing only in the 130 mile (210 km) strip between 
Mad River, California, and Coos Bay, Oregon. Inland, scattered stands are found in sheltered 
areas of the western face of the Siskiyou and coast ranges. Altitudinal range extends from O 
to ?OOO feet (1500 m) near the coast. 

Climate: The Port Orford cedar's range includes 65 to 100 inches (165-250 cm) precipitation 
(only 20% in July and August) and temperatures above 0°F (-18°c). 

The tree is cold-sensitive and damage has been reported from unseasonable cold. The cold wave 
of November, 1955, killed up to 100% of young Port Orford cedars on plantations in Oregon. 
Mortality was 26% among trees of 25 years of age (Hunt and Dimcock, 1957). 

Light: Shade is not a limiting factor. Cedar is very shade tolerant and will grow and mature 
in the understory. It responds well to release from shading. The tree is longer-lived than 
most of its associates (e.g. Douglas fir) and will often persist in the understory until over
shadowing trees die, to be released at that time. Thus stands of over 400 years of age are 
often mostly cedar and hemlock. 

Soils: This species grows on many kinds of soils but is most abundant on medium textured soils 
of the coastal terrace and on sandy and clay loams of the coast range. It also grows on marginal 
sites such as swampy soils, dry rocky ridges, and serpentine soils (Fowells, 1965). 

10. Human Activities 

Port Orford cedar is a highly valued timber tree, although its future is now in jeopardy due 
to root rot. It has been commercially planted in some areas, and is also planted world wide 
as an ornamental. The wood is used in boat construction, and, like the western red cedar, has 
antifungal.toxinswithin the wood which inhabit wood rot. However the wood is stronger and 
harder than western red cedar. It is the principal species used by arrow shaft manufacturers 
(Hirsch, 1970). 

11. Natural Perturbations 

The Port Orford cedar is moisture sensitive and subject to drought mortalities. It has no tap 
root and is subject to wind throw. Young trees are readily killed by forest fires, but old 
growth is not. The trees are long-lived and are a major component of old growth in areas where 
they occur. While not seriously attacked by insects, a root rot, Phytophthora lateral is, is 
seriously decimating the Port Orford cedar throughout its natural range. 
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RED ALDER - Alnus rubra ----
1. General Description 

Red alder is a short-lived, deciduous, rapid-growing, early and mid-seral species common in the 
Western Hemlock, Sitka Spruce, and Redwood Zones of the study area. It is the most plentiful 
and commercially important hardwood of the Northwest (Arno and Hammerly, 1977). It is a straight
trunked tree 90 feet (30 m) tall with a narrow dome-
like crown and smooth thin greyish bark often covered 
with lichens (Baerg, 1973). The leaves are 2 to 4 inches 
(5 to 10 cm) long and are smooth above and with short 
hairs on the veins of the underside. Male catkins are 
5 to 6 inches (13 to 15 cm) long, while female fruiting 
bodies, resembling miniature gymnosperm cones, are 0.5 
to 1 inch (1 to 2.5 cm) long. At 17 stations in Oregon 
and Washington leaf bud burst was between March 21 to 
April 25, and leaf fall was completed from September 
18 to November 24 (Fowells, 1965). Recently, Pacific 
Northwest Forest and Range Experiment Station (1977) 
has published a bibliography concerning the ecology 
of red alder. 

2. Population 

The range of this species is restricted to the coastal 
areas from the northern portion of the Alaska pan
handle, south to the San Francisco Bay area, inter
mittently to Point Conception - a latitude range of 
16° (Fowells, 1965). It is typically restricted to 
within 100 miles (160 km) of the coast at elevations 
below 2,500 feet (750 m). It is common in lowland 
forests throughout the study area, particularly on 
clearcut areas and riparian habitats. Since it is a 
seral species, clearcutting practices have increased 
the frequency and extent of.stands. Generally, the 
species is topped by Douglas fir at about 25 years. 
after initiation of the stand. In the Sitka Spruce 
Zone, alder stands are longer-lived and can dominate a 
site for 50 years or longer (Frankin and Dyrness, 1973). 

3. Migration N/A 

4. External Population Facts N/A 

5. Reproductive Rate 

Fowells (1965) reports that the initiation of 
flowering ranged from February 14 to May 4th and 
fruit ripening oc~urred between August 5 and October 29 
for 17 stations in Oregon and Washington. 

Seed production begins at approximately 10 years and 
extends through maturity. It is a prolific seeder 
and typically bears a good crop about every fourth year (Fowells, 1965). Crop failure is 
infrequent and seed predation is moderate. 

The seeds are very light (666,000 seeds/lb or about 1,500/g) and are extensively disseminated 
by wind, thereby establishing natural regeneration throughout its range. Seeds germinate free
ly under conditions of abundant soil moisture and cool temperatures. Regeneration is favored 
by clearcutting or large group cutting (Haddock, 1948; Tarrant, 1961). Any activity which 
bares t'he mineral soil and allows direct overhead light will enhance regeneration. 

6. Growth Rate 

The species exhibits a very rapid growth in its earlier stages. First year shoots are 6 to 18 
inches (15 to 45 cm) tall and growth may be as much as 5 feet per year (1.5 m/yr) for the next 10 
years, reducing to 2 to 2.5 feet per year (0.6 to 0.8 m/yr) thereafter (Fowells, 1965). Growth 
on good sites after 25 years is documented in Table 1, 
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RED ALDER, continued 

TABLE 1. AVERAGE HEIGHT AND DIAMETER OF OLDER RED ALDER 
STANDS ON GOOD SITES IN NORTHERN PUGET SOUND. (From 
Johnson et al., 1926.) 

A9e Hei9ht D.b.h. 
years ft {m) in ~cm) 

25 78 (24) 10 (25) 

30 82 (25) 11 (28) 

35 86 (26) 12 ( 30) 

40 90 (27) 13 (33) 

45 94 (29) 14 (36) 

50 98 (30) 16 ( 41) 

55 101 (31) 17 (43) 

60 105 (32) 18 (46) 

At Grays Harbor, Washington (Watershed Unit 2) radial growth began on April 7 in 1953, and on 
May 6 in 1954 (a late year). Duration of growth is approximately 130 days (Fowells, 1965). 

Maximum height is 100 to 130 feet (30 to 40 m) with a diameter of 24 to 30 inches (60 to 75 cm). 

7. Death Rate 

For its first 40 years, red alder is relatively free from disease, insects, or other damaging 
agents, excluding mortality caused by natural thinning. Trees which fail to maintain a posi
tion in the canopy quickly die (Berntsen, 1961). 

Seeds are seldom eaten by small mammals. The deer mouse only occasionally takes seeds if 
other food sources are in short supply (Moore, 1949). 

Whiteheart rot (Fornes igniarius) is the most prevalent and destructive disease on live trees, 
particularly on over-aged or injured trees. Two cankers (Didymosphaeria oregonensis and 
Hymenocheate agglutinans) attack young trees, stunting growth and causing deformation. 

Tent caterpillars (Malacosoma pluviale and M. disstria), a saw fly (Memichroa crocea), and a 
flea beetle (Altica ambiens) occasionally attack foliage over large areas. However, mortality 
is low and treesr=;cover rapidly. Some flat-headed borers and ambriosa beet

1
1es attack the wood 

of injured red alder but do not typically kill the tree. The alder bark be~~le (Alniphagus 
aspericollis) often attacks and kills weakened trees (Fowells, 1965). iJ/ 

Fire damage to red alder is atypical due to lack of flammable debris beneat{ alder stands. In 
fact, red alder is sometimes used as a firebreak (Johnson, 1917). 

Red alder is short-lived, seldom attaining an age of 100 years. 

8. Carrying Capacity 

Optimum conditions of mineral soil, high moisture, cool temperatures, and high light intensity 
have been expanded through disturbance in urban fringe areas, as well as clearcutting forestry 
practices. Herbicides typically are used, as red alder is often considered an undesirable com
petitor with preferred conifer species (Newton and Norgren, 1977). The subject is discussed in 
greater detail in the ecosystems model of the second growth hardwood habitat within the Western 
Hemlock Zone and is reviewed by Newton and Norgren (1977). 
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REP ALDER, continued 

Red alder also fixes nitrogen and is thought to physically and chemically improve soil conditions 
for conifer growth (Fowel ls, 1965). Newton et al. (1968) have found that red alder could fix as 
much as 300 pounds of nitrogen per acre per year (330 kg/ha/yr). However other studies (Tarrant 
and Miller, 1963) report rates of 36 pounds per acre per year. Newton and Norgren (1977) report 
red alder has the capacity to supply N to the soil by fixation as a substitute for fertilizers 
but the practical technology to take advantage of this capability has not been developed. 

9. Limiting Factors 

Climate: Red alder prefers a humid to superhumid climate with an annual rainfall no less than 
25 inches (60 cm) unless supplemented by frequent fog or high humidity (Fowells, 1965). Extreme 
low temperatures much below o°F (-18°c) or extended periods near OOF (-18°c) limit its range. 
Average annual temperature extremes vary from o°F to 105°F (-18°c to 400C). 

Soils: Red alder grows on a variety of soils ranging from gravel to sand or clay. It is 
typically prevalent on soils with poor internal drainage (Fowells, 1965) but is not found 
on lands which are consistently flooded (Johnson et al., 1926). The species is prevalent on 
most alluvial soils and extends upland to the point where increased drainage becomes limiting. 

Elevation: Within the study area this species grows to 2500 feet (750 m) with best stands below 
1300 feet (400 m). It seldom is found on steep south or southwest facing slopes because of 
moisture deficiency (Fowells, 1965). 

10. Human Activities 

Red alder is a hot, clean-burning, crackle-free firewood that is extensively used in the study 
area. The wood is easily worked and readily takes a stain and is used for furniture manufac
turing. Also, it is frequently used as a slope stabilizer on road cuts. 

In recent years there has been increased interest in using red alder as a biological fertiliz
ing agent (Newton and Norgren, 1977), as well as a possible biological fuel source (Inman, 
1977). 

11. Natural Perturbations 

Red alder, an early sere short-lived species, is dependent on perturbations for its existence. 
It grows well on sites that have been subject to mass wasting, logging, burning, bulldozing, 
etc., and frequently establishes single-species dense stands on such sites, particularly under 
conditions of high moisture and cool temperatures. (See Death Rate.) 
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REDWOOD - Sequoia sempervirens 

1. General Description 

The redwood is the tallest and most massive tree in the study area. 
In fact members of this species are the tallest individual trees 
in the world and are only surpassed in mass by its genus mate, the 
giant sequoia (Sequoia gigantea). Redwood trees over 200 feet 
(60 m) tall are common. Trees over 300 feet (90 m) in height are 
often found in deep alluvial valley soils. The tallest tree re
corded was 368. 7 feet (112 m) in 1956 (Fritz, 1957), while the Ameri
can Foresters Society (Pardo, 1978) reports a 362 foot (110 m) tree 
in Humboldt Redwood State Park. The tree has fibrous reddish-
brown bark that is deeply furrowed and very thick. Buds arescaly. 
Alternate leaves are needle-like, flattened, and in two rows 
(Fowells, 1965). It is the dominant tree where found and is the 
climax species in the Redwood Zone. 

2. Population 

Redwood grows from the Chetco River drainage in. Southwest Oregon 
to Sonoma County, California; south of Sonoma County groves become 
intermittent (Fowells, 1965). It grows in an irregular coastal 
strip approximately 450 miles (700 km) long, and 5 to 35 miles 
(8 to 56 km) wide. On alluvial sites redwoods grow in massive 
and dense stands. In old growth, merchantable trees vary from 
thirty to fifty per acre with gross volume ranging from over 
100,000 board feet of saw timber on sloped lands to as much as 
1 ,000,000 board feet per acre in scaled logs on good alluvial 
sites (Browne, 1914; Fritz, 1929, 1930, 1957; U.S.D.A., 1908). 

A common misconception of redwood stands is that they are single
aged, or overaged and decadent. Redwood stands typically have a 
wide range of ages and include vigorous as well as decadent trees 
(Fritz, 1929). 

Young stands are considerably denser than old growth. An average 
well-stocked acre supports nearly 1,000 stems at twenty years 
including 500 dominant and codominant trees (Fowells, 1965). 
Foresters encourage heavy stocking because of the low light toler
ance and the ability of such stands to support a large number of 
dominant and codominant trees (Person and Hallin, 1939). 

3. Migration N/A 

4. External Population Factors N/A 

5. Reproduction 

Redwoods reproduce through a sexual process culminating in seed production and seedlings. 
Vegetative reproduction is also significant (see Note #6). Redwoods characteristically bloom 
between late November and early March, although flowering is often completed by January. Viabil
ity of seeds is reported to be related to weather conditions during flowering. Wet conditions 
are less desirable than dry conditions, as optimal dispersal of pollen occurs under dry conditions 
(Lott, 1923). Cones mature in the fall following flowering, typically between early September 
and late November (Metcalf, 1924; Geiger, 1926). 

Redwoods produce abundant seeds in most years (Show, 1932; Fritz, 1958). The trees begin to bear 
seeds at approximately twenty years of age with optimum seed bearing between 60 and 100 years 
(Fowells, 1965). The viability of the seeds seems to peak when the tree is older - over 250 
years of age: Very old trees (1,200 years and older) are often sterile or no more than three 
percent viable while the twenty year old trees are likewise largely unviable (1%) (Lott, 1923; 
Metcalf, 1924). 

Germination of seeds is typically low. However, when obviously defective seeds are removed from 
the sampling, germination rates may be as high as seventy percent (Boe, 1961). Larger sized 
seeds are typically more likely to germinate (Person and Hallin, 1939). Seeds do not store well 
with viability generally lost completely after five years (Schubert, 1952). 
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REDWOOD, continued 

Seeds generally disseminate in winter. They are small and light but fall at relatively fast 
rates (4.9 to 20.5 feet per second) and have a limited dispersal capability. Reseeding capability 
is 200 feet (60 m) uphill and 400 feet (120 m) downhill under average conditions (Person and 
Hallin, 1939). For the purpose of natural regeneration, clearcuts should be no larger than 
thirty to forty acres in a square or round cut (Boe, 1961). In partial cuts, recommended seed 
tree densities are four per acre on north facing slopes and eight per acre on south facing 
slopes (Person and Hallin, 1939). 

Mineral soils are the favored seed bed but seeds germinate in duff or logs in full sunlight or 
shade as long as adequate moisture is available. Seedling survival is closely tied to ground 
moisture. Late spring and early fall rains may be critical to their survival. 

6. Growth Rate 

Redwood trees grow very rapidly. Seed] ings frequently grow 18 inches (0.5 m) in the first 
year, with trees four to ten years old growing 2 to 6.5 feet per year (0.6 to 2 m) (Fritz, 
1929; Jepson, 1910). Dominant trees on good sites grow 100 to 150 feet tall (30 m to 45 m) 
at fifty years and 165 to 220 feet tall (50 to 65 m) at 100 years (Boe, 1960). Yield of 
second growth redwood stands ranges from 56,000 board feet per acre on poor sites to 350,000 
board feet per acre on good sites at 100 years. Average annual increment of growth for 
stands under management is estimated at 2,400 board feet per acre per year (Lindquist and 
Palley, 1961). 

The redwood also reproduces asexually through vegetative reproduction. This species can be 
propagated by cuttings with no special treatment (Metcalf, 1924; Fritz, 1929). 

Stumps sprout rapidly following cutting. Very large stumps are less likely to sprout than 
younger, smaller stumps. In one study 81 percent of the stumps less than 56 inches (1.5 m) in 
diameter sprouted, while only 35 percent of stumps over 126 inches (3 m) sprouted (U.S.D.A., 
1963). Such sprouts are very rapid-growing, commonly attaining 24 to 36 inches at the end of 
the first year. However in Mendocino and Humboldt Counties, such sprouting typically results in 
only 8 percent of full stocking (Person, 1937). 

7. Death Rate 

Moisture stress is the principal cause of mortality for seedlings, while fire is the principal 
cause of mortality for young second growth trees (Fowells, 1965). Trees under twenty years old 
are highly susceptible to fire and can be killed outright by a single fire. Once a tree is large 
(100 years or older), factors of mortality become very low as the tree suffers from no ki 11 ing 
disease or insect blight and becomes very resistant to fire. The tree has also adapted to 
silting conditions and is able to reesta!>lish surface root systems if buried, which happens 
frequently in alluvial stands (Fritz, 1934). Redwoods have been able to tolerate siltation 
resulting in a thirty foot (9 m) elevation change over a period of several hundred years. 

Heart rots do not kill most trees but do cause extensive culls. A brown cubical rot, Poria 
sequoiae, is common in the southern part of its range but a white ring rot, Poria albipeTIUcida, 
is more common in .the study area. Twig and branch cankers (Coryneum spp.) attack youn~ seedlings 
and saplings, particularly in plantations (FowelTs, 1965). f 

Insects are common on redwood but cause limited damage. Major pests include a flat-headed twig 
borer and girdler (Anthaxia aeneogaster), two bark beetles (Phloesinus sequoiae, Phloesinus 
cristatus), and the pitch moth (Vespamima sequoiae). 

The stripping of bark by black bear is considered a serious problem causing mortality in some 
areas (Fritz, 1951A). Trees ten to thirty years of age are most frequently attacked and damaged. 

Redwoods are fairly windfirm, old trees rarely being thrown unless seriously undercut by heart 
rot and fire (Fowells, 1965). Young trees are better than average in windfirmness. 

8. Carrying Capacity 

Optimal conditions for this tree are described in the following section on limiting factors 
(Note #9). As described in the previous discussion on growth rate, (Note #6), the trees are 
capable of formidable growth and massive standing biomass (1,000,000 board ft/acre). 
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REDWOOD, continued 

9. Limiting Factors 

Redwood requires considerable precipitation and moisture. Precipitation ranges between 25 and 
122 inches (60-300 cm) and falls principally as winter rains. Frequent summer fogs are of criti
cal importance to the survival of redwoods. The fog reduces summer hydration stress by decreasing 
transpiration and evaporation and by adding moisture through fog condensation in crown and sub
sequent drip. Late spring and early fall precipitation is critical to seedling survival. Opti
mal sites for redwood are alluvial soils of the Hugo, Josephine, Melbourne, Empire, Sites, and 
Larabee series (Fowells, 1965). Best stands are developed on flats and benches along larger 
streams, moist coastal plains, river deltas, moderate western slopes, and valleys opening to the 
ocean. 

Redwoods are found from sea level to 3,000 feet (900 m) but are more common between 100 feet and 
2,500 feet (30-750 m). They are apparently very sensitive to ocean salt spray and do not typi
cally grow on hillsides directly facing the ocean (Fowells, 1965; Jepson, 1923). In the northern 
part of its range the redwood is found on all aspects but becomes limited to western or northern 
exposures at the southern portions of its range. 

Redwoods are tolerant of competition and are efficient photosynthesizers in low light conditions 
(Fowells, 1965). They can withstand suppression of light almost indefinitely. Small trees 
over 400 years of age respond with rapid growth if released from competition and not injured 
during logging (Fritz, 1940; Merril, 1953). Old trees (1,000 years) responded to reduced com
petition caused by right-of-way clearing with an increased growth rate from 30 rings per inch to 
6 rings per inch (Fritz, 19518). 

As discussed in the section on death rate (Note #7), mortality factors for old growth are very 
limited. Man is the principal agent of mortality, other than natural senescence. 

10. Human Activities 

Redwood is a highly valued, sought-after, commercial forest tree. It is the principal commercial 
species in Watershed Units 8 and 9. Numerous state parks have been established for protection of 
old growth stands, and the establishment of the Redwood National Park has further protected 
additional stands within the region (see Figure 3-5A in Part 1 of this volume). Section 4.2 in 
this volume (Part l, Chapter 4) discusses redwood harvesting and the effects of park formation in 
this area. 

11. Natural Perturbations 

Once well-established, neither wind, nor fire, nor flood, nor bugs fall this giant. 
subject to windthrow, fire damage, insect infestation, disease, or even burial. 

Region 
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SITKA SPRUCE - Picea sitchensis 

1. General Description 

Sitka Spruce is the largest of the spruces. Mature old growth trees are impressive with a 
swollen buttressed base, diameters over ten feet (3 m) and a height of well over 200 feet (60 m). 
The tree is long-lived, often reaching an age of 700 to BOO years (compared to 400 to 500 years 
for western hemlock). It is found along a very narrow coastal strip from Northwestern California 
to Southern Alaska (Fowells, 1965). Its 1,BOO mile (3000 km) range is closely associated with 
the coastal fog belt; in the study area it is usually found within 20 miles (50 km) of the coast. 
It is the dominant tree in the Sitka Spruce Zone, but may be found along river valleys in the 
Western Hemlock Zone. The species reaches maximum development in rainforests of the Olympic 
Peninsula and on the Queen Charlotte Islands of the coast of British Columbia. Harris and Ruth 
(1970) have compiled an extensive bibliography on the species. 

2. Population 

As indicated in the general description, the tree is common along an l,BOO mile (3000 km), albeit 
narrow, range. Like other trees, densities are greater in young stands and decrease with matura
tion. A well-stocked 147 year old stand in Oregon had 76 stems per acre. Along with western 
hemlock it is a co-dominant species of climax stands in the Sitka Spruce Zone. 

3. Migration N/A 

4. External Population Factors N/A 

5. Reproductive Rate 

Sitka Spruce is a prolific seed producer with 
production beginning in 20-40 year stands. Failures 
are rare, and there is a good crop every three to 
four years. The highest recorded crops are of the 
order of 1,000,000 seeds per acre (400,000/ha) in pure 
stands (Fowells, 1965). Seed viability averages 
55.6%, with seed fall occurring in late October and 
November (Fowells, 1965). 

Seed dispersal has been documented as far as 114 
miles (183 km) from seed source (James, 1958), but 
seed fall is much greater under forest. Average 
rate of fall has been estimated at 3.1 feet per 
second (1 m/sec) (Siggins, 1933). Natural reforesta
tion is expected on clearcuts as large as BO acres 
(30 ha). 

Seedlings will germinate in almost any seedbed, pro
vided there is abundant moisture. Partial shade is 
optimal. Sitka spruce out-competes its most common 
associate,western hemlock, on mineral soils, but 
does less well on organic soils as a seedling. 

6. Growth Rate 

Maximum growth rates are observed on the Olympic 
Peninsula and on the Queen Charlotte Islands, British 
Columbia. Sitka spruce is faster growing than either 
western hemlock or western red cedar and responds 
well to release. On better sites mean annual gross 

growth is about 2,000 board feet (international rule) per acre (about 160 cu ft/a, or 10 cu m/ha) 
with an BO to 90 year rotation. Incremental growth for younger trees is given in Table 1, while 
Table, 2 provides growth in diameter for older trees. 

7. Death Rate 

Seed destruction by seed chalcids (Megastigimus piceae, Torymus spp.) may be serious in epidemic 
years. Other damage comes from cone moths (Laspeyresia youngana, Heinnichia fuscodorsana), 
chipmunks, squirrels, mice, and shrews. 
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SITKA SPRUCE, continued 

TABLE 1. TYPICAL INCREMENTAL 
GROWTH FOR MID-AGED SPRUCE. 
(From Godman, 1949.) 

Age Diameter Increment 
(years) In (cm) 

45-65 3.8 9.6 
60-80 3.3 8. 1 
74-94 2.1 5.3 

7. Death Rate, continued 

TABLE 2. DIAMETER AS A FUNCTION OF 
AGE FOR TYPICAL SITKA SPRUCE OLD 
GROWTH STANDS. (From Englerth, 1947.) 

Age Diameter Increment 
(years) In (cm) 

147 34 (86) 
189 37 (94) 
250 37 (94) 
403 51 ( 130) 
468 63 ( 160) 

The primary killers of seedlings are evaporation and drought (in the south), and cold (in the 
north). Hence, Sitka spruce is found more thickly on northern exposures in the southern end of 
its range, and more thickly on southern exposures in the northern end of its range. 

Windthrow is an important agent of mortality in older stands. Sitka spruce is susceptible be
cause of its shallow root system, sometimes as shallow as 6.5 inches (17 cm). However it is 
more windfirm than western hemlock. Most blowdown losses occur on the north and east boundaries 
of clearcuts particularly if the edge is on a north facing slope (Ruth and Yoder, 1953). 

Sitka spruce is very susceptible to infection following injury. A study of decayed trees in 
Southeast Alaska showed the following organisms to be present (in order of significance): 

1. Polyporus schweinitzii, 

2. Polyporus borealis, 

3. Fornes pinicola, 

4. Polyporus sulphureus, 

5. Fornes pini. 

These five caused approximately 80% of identified Sitka spruce diseases. In Oregon and Washing
ton, Wright and Isaac (1956) report 58% of scars in partially cut stands were infected with brown 
crumbly rot (Fornes pinicola). Decay increases w(th age and about one-quarter of the wood in 500-
year-old tree~defective. 

Insects may be serious in epidemic years. Fowells (1965) documents the following as most signi
ficant: 

Sitka spruce weevil (Pissodes sitchensis), killing younger trees; 

Spruce aphid (Alphis abientina), often very serious alo~g tidelands; 

Blackheaded budworm (Acleris variana), in Alaska; 

Sitka spruce beetle (Dendroctonus obesus). 

8. Carrying Capacity 

The maximum observed numbers and volumes in spruce-hemlock coastal forests are given in Table 3. 

P-62 

Age 

TABLt:: 3. 
FORESTS. 

MAXIMUM OBSERVED VALUES FOR SITKA SPRUCE IN SPRUCE-HEMLOCK COASTAL 
(After Fowells, 1965.) 

Number of trees Height Diameter Volume 
(years) per acre (per ha) ft{iiif in (cm) cu ft/a (cu m/ha) 

89a 10,060 (700) 
147b 76 (31) 210 34.3 (87. 1) 28,900 (2000) 

a 45% of forest was Sitka Total volume spruce. for forest was 22,350 cu ft/acre 
(1500 cu m/ha). 

b 85% of forest was Sitka Total volume 34,000 cu ft/acre (2400 cum/ha). spruce. was 
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SITKA SPRUCE, continued 

9. Limiting Factors 

Climate: Sitka spruce requires a humid, maritime climate. Rainfall varies from 50-150 inches 
(125-380 cm) per year. Even in the most northerly part of the range, the climate is mild; 
average January temperatures are above 20°F (-7°C) (Fowells, 1965). 

The spruce is resistant to salt spray, as are its seeds, which gives it a competitive advantage 
on headlands, dunes, and other seaside locations. 

Soils: The tree grows best on soils with high organic content and good drainage. Sitka spruce 
WTTT"""grow - but only poorly - in thin, rocky soils. Western red cedar or western hemlock, 
which require less nourishment, are predominant on thin rocky soils or poorly-drained soils. 
Sitka spruce requires acidic soil with a pH of 4.0 to 5.7. 

Light: Sitka spruce is shade tolerant, more so than Douglas fir but less than western red cedar 
orwestern hemlock. Sitka spruce is essentially a subclimax tree in much of its range, but 
since it I ives 700 to 800 years, two generations of hemlock or cedar may be necessary to 
succeed it. On the coast, however, Sitka spruce is a climax species. 

10.' Human Activities 

Sitka spruce, since it is light and strong, was harvested heavily during World Wars i and II 
because it was a prime source of wood for aircraft. It is no longer used for such purposes, 
but is well-suited for ladders, folding bleachers, and racing shells. Also the wood has high 
resonant qualities and is used in musical instruments such as guitars and pianos. 

The Sitka spruce forests were heavily logged during the war years, but demand has been reduced 
more recently. It is still an important timber tree on the Olympic Peninsula. Old growth 
stands occur in the Olympic National Park. Outside of federal lands old growth stands are rare. 

11. Natural Perturbations 

The tree is subject to the factors identified in the earlier mortality section. Sporadic 
insect blights occur, as does mortality from rots. The tree is highly susceptible to fire, 
but fires are infrequent in the humid conditions under which it thrives. 
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WESTERN HEMLOCK - Tsuga heterophylla 

1. General Description 

Although the western hemlock is not as large and does not grow as u1d, or as quickly, as its 
associates (Arno and Hammerly, 1977), its ability to grow and survive in heavy shade establishes 
it as the dominant climax species throughout the Western Hemlock Zone and much of the Sitka 
Spruce Zone. The tree is readily recognized by its drooping tip, as well as the small, flat, 
blunt needles with whitish bands beneath. The boughs have a characteristic spray or fern like 
appearance. The tree grows to a maximum size of 200 feet (60 m) with a diameter of 3 to 4 feet 
(1 m) (Arno and Hammerly, 1977). The bark is dark reddish-brown, scaley, and thin. 

2. Population 

Western hemlock has an extensive range which is separated into two major portions. The coastal 
portion of its range extends from Kodiak Island, Alaska, to near Cape Mendocino, California 
(Fowells, 1965). It also grows inland from a scattered pattern along the Canadian/American 
border in Northeastern Washington, Northern Idaho, and Northwestern Montana north to the 
Selkirk Mountains of British Columbia. Stand densities for western hemlock are high (Arno and 
Hammerly, 1977). Density of trees for a given site is depen-
dent on the age of the stand, as well as the quality of the 
stand. Young stands have higher densities than older stands 
and good quality stands have lower densities but larger trees. 
Stands at twenty years may have densities of 2,000 trees per 
acre (800 per ha) (Fowells, 1965). Table 1 provides density 
and volume data for 100 year old fully-stocked stands of 
different qualities. 

3. Migration N/A 

4. External Population Factors N/A 

5. Reproductive Rate 

Western hemlock is a prodigious seed producer and typically 
outproduces all of its associates (Fowells, 1965). Each 
western hemlock cone carries 30 to 40 1/16 inch (1 .5 mm) 
single-winged seeds (300,000 per pound or 150,000 per kg) 
(Arno and Hammerly, 1977). Seeds are produced every year, 
with heavy crops produced every third or fourth year 
(Fowel ls, 1965). 

Hemlock seeds have fairly good dispersal characteristics. 
When released at 200 feet (60 m) in a 12.5 mph (20 kph) 
wind, seeds were dispersed as far as 3,800 feet (fioo -m), 
although the majority of the seeds fell within 2,00~ feet 
(600 m) (Isaac, 1930). Seed fall under a dense stand is 
10 to 15 times as great as areas in clearcuts 400 feet 
(120 m) or greater from the forest edge (Fowells, 1965). 

Western hemlock seeds are very tolerant of soil condi.tions 
and germinate and survive over a wide variety of seedbed 
conditions (Fowells, 1965). 

6. Growth Rate 

Growth for western hemlock seedlings is slow. On the 
Oregon coast three year old seedlings were only 6 to 
7 inches (15 to 18 cm) tall (Baker, 1949). Near Grays 
Harbor, Washington, two year old planting stock grew only 
two inches (5 cm) in two years (Worthington, 1955). Once 
established, however, seedlings can grow up to two feet 
(60 cm) per year in full overhead light. 

ln young stands (23-yr), wood volumes of 400 to 2,600 
cubic feet per acre (30 to 180 cum/ha) can be.expected. 
Table 1 documents the yield for 100 year old stands. Old 
growth st~nds may have half this volume in commercially 
valuable wood (Anderson, 1956). 
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WESTERN HEMLOCK, continued 

Hemlock has been documented to respond well to release (removal of competition, such as shadi4g)) 
at 50 years of age, but in Alaska response at 100 years was poor (Andersen, 1956; Taylor, 193 · 

TABLE 1. AVERAGE TREE DIMENSIONS, DENSITY, AND TIMBER VOLUMES PER ACRE FOR FULLY 
STOCKED 100-YEAR OLD WESTERN HEMLOCK STANDS IN OREGON AND WASHINGTON. (From 
Barnes, 1962.) 

Site Class a Average Average 
d.b.h.b Height Densityc Volume 

(Inter-
No. Trees (No. Trees Cu b b nat iona I 

lcm) {m) Per Hectare) Ft/acre rule)/acre Inches Feet Per Acre {Cu m/haJ 

!--------- 23.2 (58. 9) 200 (60) 121 (49) 25,300 (1800) 187,000 
11-------- 21.6 ( 54. 9) 170 (52) 137 ( 55) 21,400 ( 1500) 157 ,000 
I I 1------- 19.4 ( 49. 3) 140 (43) 166 (67) 17,400 ( 1200) 129,000 
IV-------- 16.5 ( 41. 9) 110 (34) 213 (86) 13,300 ( 900) 98,000 

a Stands are divided into five classes, I being the best quality, V the worst. See Table 4-1 
in Section 4.2.1.2 for description of this classification system. 

b All trees 1.6 inches (4 cm) d.b.h. and larger. 

c All trees 6.6 inches (17 cm) d.b.h. and larger. 

7. Death Rate 

Little is known concerning seed destruction for this species by insects, blight, or other 
animals. Seed chalcids (Megastigmus spp.) are common on hemlock seeds, but extent of damage 
is not known. Only a small percentage of total seeds germinate (Fowells, 1965). 

Seedlings in clearcuts often get overtopped and smothered by herbs, ferns, and shrubs but may 
survive on logs and stumps. Animal damage to seedlings is minor, although browsing by black
tailed deer does occur. Snowshoe hare and mountain beaver also feed on seedlings in some areas 
and mice occasionally chew the bark of seedlings. 

Wind is the principal mortality factor in young growth coastal forests (Fowells, 1965). In 
dense stands many individuals die from suppression during stand development (Fowells, 1965). 
Fire can kill both young and old trees due to thin bark and heavy foliage (Arno and Hammerly, 
1977). 

Several trunk, butt, and root rots infect western hemlock, particularly in older growth. 
Fornes annosus, £. . .E..!..!!l• Poria weirii, .!:· subacida, Echinodontium tinctorium, and Polyporus 
ci rcinatus are the most common (Fowel ls. 1965) Dwarf mistletoe (Arceuthobium carnpylopodum) 
also is a common parasite on western hemlock and reduces growth and Increases mortality, 
particularly on old growth. 

c 

Western hemlock is susceptible to insect attacks. The most notable species are hemlock looper 
(Lambdina fiscellaria), black-headed budworm (Acleris variana), western larch roundheaded borer 
(Tetropium velutinum), and the hemlock sawfly (Neodiprion tsugae). In the period between 1925 
and 1965, four or five major outbreaks of the hemlock looper have occurred (Fowells, 1965). 
The black-headed budworm defoliates but does not usually kill trees. However, the western 
larch round-headed borer often attacks and kills trees which have been defoliated by other 
insect species (Fowells, 1965). 

8. Carrying Capacity 

Optimum conditions for reproduction and growth are discussed in the limiting factors section to 
follow. The western hemlock has both biological and physiochemical requirements which establish 
carrying capacity. Good moisture, lack of forest fires or other perturbations, and climax 
conditions are optimum for western hemlock. Due to current forest management practices which 
favor Douglas fir, populations of W€Stern hemlock are below the carrying capacity of the study 
area. 
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WESTERN HEMLOCK, continued 

9. Limiting Factors 

Climate: The tree thrives in humid, mild conditions typical over much of the Pacific slope,. with 
frequent fogs and rain durigg the growing season. This species can tolerate temperatures 
from well below zero to 100 For greater (less than 20 to 4o0 c or greater). However over most 
of its range temperature variations are more moderate. 

Soils: Western hemlock is noted for growing well over a wide variety of soils, but grows best 
on deep, internally well-drained soils under high rainfall conditions, or deep organic soils 
with adequate moisture. Soil pH is typically between 4.5 and 5.0 in the study area (Fowells, 
1965). Nutrient demands of western hemlock are thought to be less than its associates (Edmonds, 
1974) . 

Elevation: Western hemlock is typically found and grows best below 2,000 J.eet (600 m) in the 
study area (Fowells, 1965). On inland sites (e.g. Idaho) it is found at higher elevations, up 
to 5,000 feet (1500 m). 

Light: Although western hemlock can grow quite well in full light, its shade tolerance plays 
an important part in its dominance in old growth communities. Frequently it will be the only 
tree reproducing beneath closed canopies. This species is a true climax type (Fowells, 1965). 

10. Human Activities 

Forestry practices which include short rotation periods, clearcutting, and long term reduction 
of old growth has and will continue to decrease the extent of this species. Until 1920 the 
tree was considered a "weed" tree but more recently hemlock wood has been found to have a wide 
range of uses (Arno and Hammerly, 1977). The wood is used for flooring gymnasiums and for 
pulp, and is a major source of alpha cellulose fiber used in the manufacture of synthetics 
such as rayon, cellophane, and many plastics. 

1~. Natural Perturbations 

As discussed in the mortality section, hemlock is intolerant of physical perturbations such as 
windthrow and forest fires as well as biological decimation by rots and insect epidemics. 
Often rots and insects together cause mortality. 
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WESTERN RED CEDAR - Thuja plicata 

1. General Description 

The tree has a heavily buttressed conical trunk that is anchored by a wide spreading but shal
low root system (Arno and Hammerly, 1977). Young trees typically have a drooping leader but 
old growth is frequently spike or snag topped. The bark is thin, reddish, and stringy. Trees 
grow to massive proportions; two trees growing in the Olympic National Forest have diameters 
of 20 feet (6 m) with snag tops at 120 and 130 feet (36 and 40 m). 

Recently (1974) near Forks in Watershed Unit 1, a tree 19 feet (5.8 m) 
in diameter and 178 feet (52 m) tall was discovered. Its present market 
value is estimated at $20,000 (Arno and Hammerly, 1977). Fairly dense 
stands occur on the Olympic Peninsula on boggy, poorly drained sites 
(Franklin and Dyrness, 1973). 

2. Population 

Western red cedar is infrequently found in pure stands. Consequently 
there is some difficulty in establishing population estimates. Also, 
little information has been derived from silviculture, as the tree is 
rarely planted. A typical mature forest on a wet, model site has the 
attributes given in Table I. 

TABLE 1. POPULATION DATA FOR WESTERN RED CEDAR.a (From 
McMinn, .1960,) 

Average Average 
Site Population ~ Height Diameter 

per acre (per hectare) years ft (m) in (cm} 

88 (36) 200 125 (38) 38 (97) 

2b 68 (28) 270 196 (60) 30 (76) 

a Stands were approximately 85% western red cedar, 10% Douglas fir, 
and 2% western hemlock. 

b Quality of site 2 was lower than site l. 

The tree has a fairly extensive range, divided into two separated 
tracts. The coastal tract encompasses the whole of the study 
area and extends inland in Washington and Oregon to the eastern 
slopes of the Cascades as well as north to Sumner Straighti Alaska 
(Fowells, 1965). The inland tract is on the western slopes of the 
Rocky Mountains in Montana and north. Within this study area this 
species is most frequent on the Olympic Peninsula in Watershed Unit 1. 

Extent and acreage of old growth throughout its range is given in 
Table 2. Sharpe (1974) documents and maps old growth stands in Oregon, 
Washington, and Idaho. 

3. Migration N/A 

4. External Population Factors N/A 

5. Reproductive Rate 

Western red cedar is a prodigious seed producer ranking second only to western hemlock among its 
associates. Maximum number of seeds per tree is estimated at 375,000. Recorded seed fall in 
various stands is given in Table 3. 

Crop failures are uncommon; in an eight-year study· there were four years of good crops, three 
years of fair crops, and only one poor year (Haig et al., 1941). 

Peak seed fall occurs during November. Cold dry weather with relative humidities of 50% or 
less is associated with high seed fall rates. Trees have been documented to bear seed at onlyl6 
years of age. 
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WESTERN RED CEDAR, continued 

TABLE 2. THE EXTENT OF MATURE WESTERN RED CEDAR COVER TYPE IN NORTH AMERICA 
TODAY.a (From Sharp, 1974.) 

State or Province Area 
Acres (Hectares) 

Alaska (50 percent or more board-foot volume) 200,206 ( 81 ,000) 

British Columbia 
Pure cedar (80 percent or more gross volume) 350,000 ( 142,000) 

Leading cedar (20 percent to 80 percent where cedar 
is the predominant species) 6,800,000 (2 '750 ,000)_ 

Idaho and Montana (mature sawtimber; medium 40-69 percent 
and well-stocked 70-100 percent) 

Oregon (50 percent or more coniferous with the plurality 
western red cedar 100 years or older) 

Washington 

100,000 (40,500) 

133,000 (53,800) 

255,372 (103,350) 

a Since agencies conduct their forest inventories differently, the criteria for 
each are cited here. 

TABLE 3. SEEDFALL DATA FOR WESTERN RED CEDAR. (After 
Fowe 11 s, 1965,) 

% Population Thuja 

25% 

60% 

100% 

Seedfall 
per acre (per hectare) 

100,000-1,000,000 

Up to 57 x 106 

60 x 106 

(40,000-400,000) 

(Up to 23 x 106) 

(24 x 106) 

Dispersal properties for the seed are poorer than any of its associates (Fowells, 1965). 
Experiments indicate that seeds do not disperse more than 400 feet (120 m) when released at a 
150 foot (46 m) height (Isaac, 1930). 

Western red cedar has a higher germination rate-73%-than any of its associates(Haig et al., 1941). 

6. Growth Rate 

Trees begin to generate seeds at sixteen years of age. Growth rates are site-dependent and are 
linked to such limiting factors as moisture and sunlight. Although western red cedar is often 
considered a slow-growing tree, under full light conditions it grows almost as fast as Douglas 
fir. The tree is shade tolerant and can grow to maturity in shade. Diameter and height growth 
for different age classes are given in Tables 4 and 5. Unlike many of its associates, maximum 
diameter growth is reached at 150 to 200. years. Height growth is sustained at levels from 0.5 
feet/year to 1.0 feet/year (15 cm/yr to 30 cm/yr) until extreme old age (Fowells, 1965). Annual 
incremental growth is reported to exceed decay in living trees with a range of ages from 50 to 
450 years. 
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WESTERN RED CEDAR, continued 

TABLE 
Knapp 

~ 
years 

20 

50 

80 

JOO 

7. Death Rate 

TABLE 4. INCREMENTAL DATA FOR TYPICAL WESTERN RED 
CEDAR GROWTH. (From Knapp and Jackson, 1914.) 

Growth Type ~ Increment/year 
years inches (cm) 

Diameter 20-30 0.34 (0. 86) 

60-70 0.20 (0.51) 

Height 10'-20 24-36 (60-90) 

60-70 7,3 ( 19) 

5. CUMULATIVE DATA FOR ~IESTERN RED CEDAR GROWTH. (From 
and Jackson, 1914.) 

Height Diameter Vo I ume 
feet (meters) inches (cm) cu ft (cu m) 

35 ( 11) 3.6 (9. 1) 2.0 (0.056) 

79 (24) 12.5 ( 31. 7) 27.2 (0.762) 

101 (31) 19.0 ( 48. 3) 57.0 ( 1. 60) 

112 (34) 22.0 (55.9) -not given-

Although the western red cedar is a prodigious seed producer, has I ittle seed predation by r_o
dents, and has a high germination rate, few seeds become established seed! ings. Mortalities are 
listed in Table 6. Early first season losses are due to fungus, birds, insects and shade. Once 
seedlings begin to harden, they become susceptible to drought. In full sunlight, few seed
lings survive high soil temperatures. Fallen leaves of deciduous shrubs are a principal cause 
of mortality on cutover areas (Fowells, 1965). Under its preferred high humidity conditions 
the cedar needle spot fungus (Keithia thujina) occasionally reaches epidemic proportions, 
killing as much as 97% of cedars less than four years of age. Older trees are not similarly 
affected. 

TABLE 6~ WESTERN RED CEDAR $EE[)L, I ~JG 
MORTALITY. (From Haig et al., 1941; 
Wei r. 191 6. ) 

Age % Dead Condition 

44 Clearcut 

97 Dense Shade 

6 74 Clearcut 

Once the cedar trees pass the critical early stages, mortality is less significant than in 
competing associates - a factor which es tab 1 i shes the red cedar as a climax species (Fowe 11 s, 
1965). 
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WESTERN RED CEDAR, continued 

Red cedar has few insect enemies, but older trees succumb to the following (Fowells, 1965): 

western cedar borer (Trachykele blondeli), in sapwood and heartwood of living, 
dying, and dead trees; 

amethyst cedar borer (Samanotus amethystinus), usually only in injured or dying trees; 

western cedar bark beetle (Phloeosinus punctatus); 

western hemlock looper (Lambdina fiscel !aria), (less injurious); 

cedar twig and leaf miners (Gnathotrichus spp., Trypodendron spp.), (less injurious). 

Cedar is not as susceptible to fungal infections as its associates; growth typically exceeds 
rot up to the age of 450 years or so (Buckland, 1946). The principal antibiotic agent in 
western red cedar is B-thujapl icin. Fungal infections, in decreasing order of importance, are 
the fol lowing: 

Keithia thujina fonly signiricant in seedlings); 

Peria asiatica; 

Polyporus balsameus; 

Merulius spp.; 

Peria subacida. 

8. Carrying Capacity 

The capacity of a site to sustain western red cedar is determined by the limiting factors dis
cussed below. Yields on good sites in Southwest British Columbia (at 130 years) have been 
measured in the vicinity of 10,500 cubic feet per acre (730 cum/ha) (BCDLS, 1957). Maximum 
observed volumes for a 200 year stand in optimum conditions were measured at 31 ,450 cubic feet 
per acre (2,200 cum/ha) (McMinn, 1960). 

9.. Limiting Factors 

Climate: High precipitation and humidity are preferred. Rainfall is typically between 30 and 
100 inches/year (75 and 250 cm/yr), with three-fourths of the precipitation falling in the wet 
season (Fowells, 1965). Its altitude range in the Olympic Peninsula is 0-4,000 feet (0-1200 m). 
Mean annual temperatures vary between 420F and 520F (5oc and 11°C). 

Soil: Growth is poor on warm or dry soils. The tree will grow on a wide range of soils, 
thriving on mucky soils. Moist, cool, acid soils establish optimum conditions for western red 
cedar regeneration. The tree requires.less nutrients than Douglas fir, and can grow on quite 
poor sites if adequate moisture is present. It is more tolerant of standing water than any of 
its associates, excluding red alder with which it is frequently associated. It is often found 
growing in swamps and streambeds. _Soil moisture in vigorously growing cedar stands is 10-80% 
(McMinn, 1960). It grows well under conditions of continuous winter standing water. The tree 
is generally thought to be moisture limited. 

Light: Western red cedar is classified as tolerant of variations in light. Trees will grow 
to maturity in the shade; however, they respond well to release. Seedlings grow best in partial 
shade. 

Disease, Predation, and Parasites: 
or parasites as are its associates. 
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Western red cedar is not as susceptible to disease, predation, 
Old and weakened trees do become susceptible however. 
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WESTERN RED CEDAR, continued 

10. Human Activities 

Cedar wood has become very expensive in recent years. A single large old growth cedar has a 
market value in the vicinity of $20,000 (Arno and Hammerly, 1977). Hirsch (1970) reports an 
approximate $100 million production value of shake roof in Oregon and Washington for 1969. 
Cedar has been extensively logged but is typically not actively regenerated. Consequently, 
the area in cedar growth is being reduced. Some stands are established through natural 
regeneration and some stands are protected in the Olympic National Park. Consequently, the 
tree is not likely to become threatened. There are some complications in the maintenance 
of old growth cedar as there is an active "black market" in cedar wood through poaching trees 
from protected lands. As old growth cedar continues to decrease in availability this problem 
is likely to increase. 

11. Natural Perturbations 

Seedling mortalities are high and are frequently caused by moisture stress (drought). The tree 
is highly susceptible to fire damage and is restricted in some areas by frequent forest fires. 
The longevity and resistance to insect and fungal blight of the cedar are important factors in 
its ability to successfully compete with its associates. (See mortality section for 
additional information.) 
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DUNGENESS CRAB - Cancer magister 

1. General Description 

The Dungeness crab is an important commercial and recreational species in Washington, Oregon, 
and California waters. During juvenile and adult stages, it is a bottom-dwelling, shallow water 
species (0 to 10 fathoms, 0 to 20 m) and is typically associated with sandy to muddy bottoms, 
but is occasionally found in eelgrass.· 

The Dungeness is one of the largest edible crabs of the United States. A carapace width of seven 
inches (18 cm) or more and weight over two pounds (1 kg) are common. It is distributed along 
the shelf from the Aleutian Islands to Magdalena Bay in lower California (Rees, 1963; MacKay, 
1942) and is common in estuaries as well as offshore waters from intertidal areas to 93 fathoms 
(170 m) (OSU, 1971). 

2. Population 

No direct estimates of population levels are available. However, by utilizing catch records, 
population estimates of the four year age class are made possible. Oregon Fish and Wildlife 
Commission estimates that 95% of legal males are caught annually, and that a sex ratio of 1:1 
is assumed (Snow, personal communication, 1977). · 

The 1968-1972 average catch for Dungeness crab, including catches in areas south of the study 
area and Alaska, was 45.3 million pounds (20 mill ion kg) per year (Wise and Thompson, 1977). 
Within the region during peak years catch is well over 50 mill ion pounds (23 million kg), and is 
as low as 8 million pounds (4 million kg) during low population periods. Since average adult 
crabs weigh approximately two pounds (1 kg) and a 1:1 sex ratio is assumed, population of year 
classes can, perhaps be estimated from the above figures. 

High-low catch cycles occur in the order of eight to ten years between peaks as indicated for 
Northern California in Figure 1. Record catches occurred in California in 1977 and are expected 
to occur in Oregon in 1978. Unfortunately, little is known about causes of this population 
cycle. Lough (1974) correlated fluctuations in crab landings with rainfall, and suggested that 
the amount and timing of rainfall affects the salinity of the estuarine habitats where sensitive 
crab larvae mature. 

3. Migration 

Migration is dictated by age, sex, and season. Sex segregation has been documented with the 
onset of maturity (Cleaver, 1949). In the shelf waters a predominant north to south movement 
of crabs has been documented during spring and summer. Seasonal onshore-offshore movement is 
also typical. Distances traveled over a six month period averaged ten to twelve nautical miles 
(18-22 km). Some individuals apparently move fairly extensive distances, as one individual was 
found to have traveled some 148 kilometers (80 nm) from Grays Harbor to Tillamook Bay (Cleaver, 
1949). 

Region 

During early life stages, the crab 
is planktonic and phototropic 
(i.e., attracted to light). As 
the larva transforms into a juve
nile, it ceases being planktonic, 
drops to the bottom, and becomes 
part of the benthos, avoiding 
light (Cleaver, 1944). 

4. External Population Factors 

N/A 

5. Reproductive Rate 

Fecundity is estimated at 1.5 
million eggs per female (Moore et 
al., 1974). Fertilization and 
hatching rates are undocumented. 
Mating occurs from April to August, 
with hatching taking place from 
December through June (OSU, 1971). 
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DUNGENESS CRAB, continued 

6. Growth Rate 

Males and females become sexually mature at three years and two years, respectively (Isakson, 
1976C). Age span is from eight to ten years. 
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FIGURE 1. NORTHERN CALIFORNIA DUNGENESS CRAB LANDINGS OVER A 23 YEAR PERIOD. 
Data are for ports from Fort Bragg to Crescent City, 1950-51 to 1973-74 
seasons. (From Gotshall, 1978.) 

During maturation, the crab goes through five zoeal stages and one final megalops stage. These 
larval stages, which last around 100 days, are first pelagic (planktonic), then benthic. 
Larvae hatch between December and April, with the megalops stage occurring between May and 
October. The larvae become juveniles and proceed to an adult stage in two to three years 
(Isakson, 1976C). Zoea feed on phyto- and zooplankton. Megalops feed on small crustaceans, 
crab eggs, and plankton. Adult feeding habits are variable, opportunistic, and site-specific. 
They are primarily predators, but scavenge. Primary food items include clams, fish, isopods, 
amphipods, and polychaetes, as well as shrimp, small crabs, and barnacles, depending on location 
and depth. Figure 2 present$ s-tomach content percent-occu~l'"ence for five depth zones to JOO 
feet. 

7. Death Rate 

Mortality is high (99%), but variable, through the larval and juvenile stages. Predation 
during larval stages is particularly important. Some mortality is caused by the "black spot" 
or "rust sport" disease and by increased vulnerability during molting. Principal mortality to 
adults is through the harvest of males by man. Juveniles are taken by large fish. 

8. Carrying Capacity 

Due to heavy harvesting by man, carrying capacity for Dungeness crab in the adult stage is 
probably infrequently reached. Carrying capacity for juvenile stages may be limited by avail
ability of estuarine habitat where juveniles congregate (Snow, personal communication, 1977). 
However, juveniles also use open water habitat and it is not clear what the relative importance 
of juvenile estuarine use is to the population. Isakson (1976C) indicates channels in mudflat 
areas are critical habitat for juveniles as escape areas during low tides and during periods 
of low salinity. 

A-12 Region 



DUNGENESS CRAB, continued 

Since little is known about the carrying capacity of the coastal waters for Dungeness crab, one 
cannot determine whether age classes are above or below this level. Given the fluctuating 
nature of the population, one would assume population levels may periodically surpass the 
carrying capacity. However, it may be that temperature, salinity, or predation are instrumental 
in determining larval or juvenile success and subsequent population levels. 

9. Limiting Factors 

Factors which limit Dungeness crab populations are not clearly documented. Laboratory studiet by 
Reed (1969) indicate that the optimum range of salinity and temperature for larvae are 25-30 loo 
and 10-13.5oc (50-560F), respectively. Populations fluctuate widely; the cause of the fluctuation 
is unknown (see Note #2 - Population). 

10. Human Activities 

Dungeness crab is harvested both through commercial and sport fisheries, with an estimated 95% 
of legal-sized males taken through the fishery. Harvest data are given in Section 3.4. 1.2 of 
Chapter 3 of this volume. Due to the sex biology of the crab, this harvest has little effect on 
the reproductive potential of the population. The Dungeness crab is extremely sensitive to 
insecticides as are most crustaceans and may have been limited from part of its former range 
south of the study area through insecticide pollution. 
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OF THE DUNGENESS CRAB. Data were obtained from stomach 
contents of crabs caught off Northern California. (From 
Gotshall, 1977.) 
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DUNGENESS CRAB, continued 

11. Natural Perturbations 

Temperature and salinity changes strongly affect breeding and migratory behavior, and may well 
be implicated in the population fluctuations noted above. 
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INSECTS 

Insects comprise an integral part of virtually all freshwater aquatic and terrestrial ecosystems. 
Insects are found from below the tide mark to well above timberline. Specific examples of insect 
species from this continuum have been cited in the Annotated Species List in this study, since 
various watersheds encompass these extremes. Only Watershed Unit 1 contains elements from both 
ends of the spectrum. 

In nearly all terrestrial and freshwater aquatic communities, insects dominate the second trophic 
level. They are the principal consumers in both grazing and detrital food webs. In terrestrial 
communities they are a vital link within food webs supporting song birds, small mammals, and 
raptors (Strand, 1974; Whitaker and Maser, 1976). In freshwater aquatic systems insects are 
fundamental to the diet of nearly all predaceous species, including the recreationally and 
commercially important salmonids, either directly or secondarily by supporting their prey 
species (Warren, 1971; Moyle, 1976B; Efford and Hall, 1975). A few of the most significant 
insect species or groups in each habitat have been entered in the Annotated Species List and 
appear in the Community Composition lists in Volume 3. 

Insects are typically the major cause of death for most forest trees. This mortality is 
usually in conjunction with disease or fungal attack. Insects force damaged or weakened trees 
to die abruptly and rapidly and thus cease competing with healthy trees for limiting resources, 
i.e. light, moisture, nutrients, and space (Deyrup, 1975). Consequently, the insects play an 
important role as natural thinning agents, allowing remaining individuals to better utilize 
the resources available. 

In addition, insects are the principal mediators of the early stages of tree composition and 
thereby play an important role in nutrient recycling. In other regions insects have proven to 
be critical as pollinators for numerous vascular plants. This symbiosis is not well documented 
in the study area but is presumably significant to many species of vascular plants within the 
region. 

Insects show greater diversity of form and habit than any other group of organisms. This 
diversity has resulted from their evolutionary success in competing with a wide variety of 
organisms, including other insects. It is estimated that about one million different species 
of insects have already been described. Some feel that this represents only about 20 percent 
of the total. Detailed knowledge of the vast majority of insects is lacking or fragmentary 
at best. Although insects have been studied in a systematic fashion for over 300 years, new 
information is being added at a rapid rate. 

Borror et al. (1976) estimate 88,619 species of insects occur in America north of Mexico. 
Hatch (1971) cited 4300 species of beetles from the Pacific Northwest in his five-volume study. 
Extrapolating from these and other figures (Mackerras, 1970; Australia), a reasonable estimate 
of the number of species of insects in the Pacific Northwest would be 15,000. Since so much 
remains to be learned about the northwestern fauna, the final number may approach 25,000. 
These watersheds lie within the Oregonian Province descri-bed by Udvardy (1975), which contains 
a rich diversity of habitats, a diversity reflected in the variety of insects found there. 
Representative habitats, and some of the insect components both those reported and those which 
are 1 ikely to be found, will be discussed. 

1. Subtidal. Although many insects (estimates range from 25,000 to 30,000 species), have been 
able to colonize the aquatic environment (Cheng, 1976), few occur in the marine habitat. Those 
few that are known are found chiefly in warmer, tropical waters. One species found in this 
region is Trichocorixa vertical is californica Sailer, a species of water boatman (Hemiptera: 
Corixidae). This insect occurs in some tide pools and might be found in eelgrass beds. 
Although thought to be chiefly herbivorous, information is now available to suggest that some 
species are partially or entirely predaceous (Scudder, l.ll. Cheng, 1976). Only detailed studies 
of individual species will solve these problems. The gut contents of a sub-species of 
Trichocorixa vertical is from saline lakes in British Columbia chiefly contained remains of 
midges belonging to the family Chironomidae. 
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INSECTS, continued 

2. Intertidal. A remarkable number of insects are intertidal in nature. The dominant orders 
found there are the beetles (Coleoptera) and the flies (Diptera), with representatives of a few 
other orders (Hemiptera and Trichoptera). Most of the available information on the Coleoptera 
concerns distribution and species identification rather than their biology. Representatives 
of the Staphylinidae, or rove beetles, are commonly found in our region. Moore and Legner (111 
Cheng, 1976) state that these beetles feed on Crustacea and other organisms found in the seaweed, 
salt marshes, and rocky shorelines. A few are known parasites of flies breeding in the wrack 
line. Beetles are confined chiefly to the zone close to the tide line. Representatives of 
the Diptera (flies) range over a wider area. Some immature stages of the Chironomidae occur 
below the low tide mark (Hashimoto, in Cheng, 1976). Most Chironomidae larvae are believed 
to feed on algal debris, although a few are known to be omnivorous. Some of these insects 
have undergone drastic morphological modifications for marine life in tropical waters. In our 
region, a common sight is a group of large, black midges (Paraclunio alaskensis) running and 
flying over the surface of rocks freshly exposed by the retreating tide. The adults emerge 
as the tide receeds, mate and lay eggs before the tide again returns to cover the rocks. 

3. Coastal Lakes. These lakes generally are associated with active or stabilized sand dunes. 
Coastal lakes have a complete complement of aquatic insects. In the water are found herbivores, 
chiefly mayflies and caddisflies. Although some representatives of both these taxa are predators, 
most uti~ize plant materials of a wide variety. Conspicuous too are the Hemiptera, particularly 
the Corixidae, or water boatman. Adults and immature stages occur together. The Coleoptera 
are represented by a variety of families, chiefly Hydrophilidae and Haliplidae. Some members 
of the latter family are regarded as omnivorous. A variety of Diptera also occur in these lakes. 
Because of the biting habits of the adults, mosquitos are perhaps the most conspicuous to humans. 
Their aquatic larvae strain planktonic materials from the water. Chironomidae larvae are 
abundant on the bottom throughout most lakes. 

Some predators are found in such ponds and lakes. Under the water are the immature stages of 
Odonata (dragonflies), some species reaching two inches (5 cm) in length. In the water column 
are found adult and immature diving beetles (Dytiscidae), backswimmers (Hemiptera:Notonectidae), 
and giant waterbugs (Hemiptera:Belostomatidae). On the surface film proper are found adult 
whirligig beetles (the larvae occur under water) and waterstriders (Hemiptera:Gerridae). These 
insects prey on emerging insects as well as insects landing on the water. In the air over the 
water are dragonflies and damselflies, both of which are efficient aerial predators. Although 
the species vary, representatives of these taxa are found in most still-water situations. 

4. Riverine. Running water creates special adaptive provlems for insects and, at the same time, 
creates new environments for further exploitation. The great variety of insects living in 
streams and rivers attests to their ability to utilize this habitat. Some of the aquatic insects 
found in streams and rivers are either the same or very similar to those found in still water. 
By occupying habitats under stones, or on the edge or behind obstructions, they occupy habitats 
virtually identical to a pond/Jake situation except that the habitat is located in running 
water. Some Hydrophilidae, Corixidae, Notonectidae, mayflies, and dragonflies are included 
in this group, both herbivores and carnivores are represented. Many true flies, beetles, 
caddisfl ies, mayflies, and stoneflies are not particularly well-adapted for running water but 
are found only in streams and rivers. They avoid the swifter current by positioning themselves 
on the downstream side of rocks, Jogs, etc., essentially out of the current. Naturally, they 
are not exempt from the influence of the current for they must come up through the water column 
to emerge. Many of these insects are grazers on the "aufwuchs" - attached materials on the 
substrate. While this material is chiefly composed of plant life, some smaller animals may 
also occur there. A smal !er but very distinct group of insects, chiefl-y immature stages of 
Diptera, Ephemeroptera, Trichoptera, Plecoptera, and Coleoptera - a few adult beetles are 
included - have been able to occupy habitats receiving rather extensive effects of the current. 
Their body shape is usually modified to reduce resistance to the current; in some that are 
flattened, the shape utilizes the passing current to maintain their position (some mayflies 
true flies, and beetles). An amazing variety of attachment devices have evolved. While some 
of these insects feed on the attached materials or are predaceous on other insects, many 
utilize the passing water column as a source of food, straining or filtering out a variety 
of food materials. On ,the surface of. the water are found a few predators such as whirligig 
beetles, some waterstriders (where the current is not too strong) and veliids. Adult 
dragonflies and damselflies are conspicuous predators in the air over the water. Emerging 
adult stoneflies, true flies, and subadult and adult mayflies are often seen in the air in 
large numbers at certain times of the season and the day. The coastal streams considered in 
this study are unusually rich in insects, reflecting the general productivity of their watersheds. 
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INSECTS, continued 

5. Sand Dunes. Detailed knowledge of the insects of the sand dunes of this region is sti 11 
largely lacking. Increased interest in endangered species and critical areas is calling 
attention to these fragile habitats. 

A few insects are espec i a 11 y adapted for dune 1 i fe and have co 1 or patterns bl ending in with the 
sand or pale hairs to achieve the same result. Others have special modifications for walking on 
the sand. Still others have evolved very efficient water conservation systems to permit them to 
survive. The proximity to the ocean and the frequent fogs generally means that the coastal dunes, 
at least in the Northwest, are not entirely comparable to inland dunes in the Great Basin. Only 
detailed investigations will reveal just how the insect faunas will vary. These studies remain 
to be done. 

The characteristic vegetation of the coastal dunes - beach grass, Arctostaphylos, and shore 
pine - all have their characteristic insect inhabitants. Chinch bugs (Blissus spp.) feed on the 
beach grass (a curious situation since the common beach grass is an introduced species and the 
bug is a native). The kinnikinnick supports leafhoppers, small moths, and seed bugs, among 
ot~ers. The dense mat holds moisture and allows for the accumulation of some organic material. 
The shore pine (Pinus contorta) supports a moderately rich insect fauna, both herbivores and 
predators. Aside from the insects of economic importance on the pine, such as bark beetles and 
other wood borers, or defoliators, the other insect fauna is still largely unknown. Some recently 
collected species appear to be undescribed. As the dunes proceed towards complete stabilization, 
the insect fauna becomes more characteristic of a coastal forest. 

6. Coastal Grasslands. This habitat is not as well represented in the study area as it is to 
the south. However, some grasslands do exist, some natural, others the result of removal of the 
forest or shrub cover. The lowlands associated with the river mouths often have extensive 
grassland/pasture habitats. Although most of the grasslands have been heavily influenced by the 
activities of man, there are small patches that have been relatively untouched. The so-called 
salt-spray meadows are an example. The only insect in Oregon proposed for endangered status under 
the U.S. Endangered Species Act (but not yet placed on it) is a sub-species of checkerspot butter
fly confined to such coastal meadows. As an aside, it is interesting to note that some grass 
cultivars were derived from native coastal species of grasses (e.g. Astoria Bentgrass).. Some 
characteristic grass insects include the plant bugs (Miridae) and leafhoppers (Cicadellidae). A 
number of characteristic species occur there. Due chiefly to the activities of man, a number of 
introduced plants are found in the pasture situation. Some, like tansy ragwort, are considered 
of economic importance because of their toxicity to cattle and horses. Several insects have been 
introduced in an effort to control the plant. These include the cinnabar moth, tansy flea beetle, 
and a seed fly. Gorse is a serious weed along the coast and several weevils have been introduced 
to ~elp control it but have had relatively little impact. Scotch broom is considered both an 
ornamental and a weed, depending on where it grows. Although no insects have been introduced in 
a deliberate fashion to control this plant, a number of species of insects found on the plant in 
Europe now occur along the West Coast. Because of the disturbed character of° the coastal grass
lands, the insect fauna is a curious mixture of native and introduced species. 

]. Coastal Lowland Forests. Most of the coastal lowland forests have been cut over and represent 
second growth habitats. Patches of original forest exist. All of the important timber trees of 
the region occur in these forests and, as such, major insects associated with them are usually 
well known. Western Forest Insects (Furniss and Carolin, 1977) provides a current treatment 
of these insects. Included are sucn pests as bark beetles and flat-headed and round-headed 
wood borers (which generally go deeper into the wood). Major defoliators, such as tussock 
moths, western spruce budworms, loopers, and tent caterpillars (all Lepidoptera), plus a 
variety of leaf-feeding sawflies {Hymenoptera), also are described in the book. Generally, 
the leaf beetles (Chrysomelidae) confine their attacks to broadleaf species, including willow 
and alder. Associated with the many herbivorous species are complexes of parasites and preda
tors. Both groups are poorly known. The understory layer, with its characteristic plants, as 
well as the floor of the forest itself contain many insect species. 
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INSECTS, continued 

8. Coast Range Second Growth - Broadleaf Forests. Since most broadleaf species in the region 
have not achieved any economic status, except perhaps locally, relatively little is known of 
their insect fauna. A concerted effort is now being made to study the insects associated with 
common native trees and shrubs. The results of some of these investigations (particularly the 
Hemiptera) are included in the Annotated Species List. Of special note is the area included in 
Watershed Unit 8 and 9, where serpentine soil is involved. This region offers some of the 
greatest floral diversity in western North America. So much of it is as yet unexplored that 
only estimates may be made (see for example, Waring, 1969; Whittaker, 1960, 1961; Franklin and 
Dyrness, 1973; and Barbour and Major, 1977). Because of the close association between insects 
and plants, the great diversity shown in the flora is almost certain to be reflected in the 
insect fauna. There are instances of some true fauna] relicts in the area. Wygodzinsky (1961) 
described a species of Lepidotrichidae (Thysanura) from the redwood litter in Northwestern 
California; the family had been known previously only from Baltic amber. Few areas offer such 
potential for investigation. 

9. Coast Range Evergreen Forests. Since most of the conifer species in the region are utilized 
for commercial purposes, the insects causing damage to these trees have been extensively studied. 
The recent book by Furniss and Carolin (1977) provides detailed treatment of most of these 
species. The parasites and predators of these insect species have received comparatively little 
attention, however. The recent five-year study of the Douglas fir tussock moth and the new 
program on the western spruce budworm should provide additional information on these species. 
As old growth forests are gradually removed and replaced by more intensively managed, shorter 
cycle forests, the insect problems are changing. Insects associated with seeds and cones will 
require greater attention as wi 11 insects more commonly associated with younger trees. While 
most of the species involved have been studied, the consequences of these changing forest 
practices are not well understood. Already, problems associated with intensive seedling 
generation are occurring and are being investigated. Studies are underway on the hemipteran 
fauna of conifers. Many are predators of aphids, scale insects, and other insects on conifers. 
The most abundant and/or significant insect pests of commercial tree species in the region are 
discussed in the Species of Concern accounts for each tree species under Note #7-Death Rate. 

The understory, likewise, has received little attention but some preliminary studies are being 
made of the insects on rhododendron as well as some other shrub species. As yet we know 1 ittle 
of the changes that might occur in the fauna of a given host plant as the geographical range 
changes. One such study is underway on the Miridae associated with Pinus contorta. The forest 
floor still remains virtually unknown, although considerable diversity does exist. 

10. Subalpine-Alpine Habitats. These habitats are found only in Watershed Unit 1. The 
Olympic Mountains contain some true boreal plant elements. Some of these occur as far south 
as Saddle Mountain and Mary's Peak, Oregon. In several instances, insects share a similar 
range. The isolation of the mountainous regions, particularly as the glaciers retreated, 
resulted in the fragmentation of the fauna in those scattered locations high enough to maintain 
subalpine and alpine environments after the glaciers were gone. The excellent dating procedures 
now available, coupled with the proximity of the Olympic Mountains to the North Cascade 
Mountains make the Puget Sound area unusually attractive for studies involving distribution 
of subalpine and alpine insects, and, where appropriate, associated plants. Fragmentary 
evidence suggests a real potential for post-Quaternary faunal movement and speciation studies 
(e.g. the work of Melville H. Hatch on beetles). 

Epilogue. Much work remains to be done before we have a thorough appreciation of the role 
insects play in the ecosystems of the Pacific Northwest Coastal Region. Some areas offer great 
potential for original research (Siskiyou Mountains, Olympic Mountains). 
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CHINOOK SALMON - Oncorhynchus tshawytscha 

1. General Description 

Chinook salmon is also called king, tyee, blackmouth, and jack salmon. In salt water it is 
identified by a heavily-spotted tail and the black lower gum.line where teeth project from the 
jaw. Fresh water spawning colors include brown or olive-green with heavy black spotting on back. 

2. Population 

The chinook salmon is an abundant and commercially and recreationally important fish of the 
region. Basic life cycle and biological information for the chinook are given in Figure 1 and 
Table 1. For regional population data refer to Chapter 3, Section 3.4. 1.2. 

3. Migration 

Migration timing and the complete life cycle are indicated by Figure 1. The majority of adult 
chinook are thought to remain in the upwelling areas off Northern California and off Oregon 
and Southern Washington. Some portions of the population may travel farther north. Figure 3-48 
in Section 3.4.1.2 describes oceanic migration. 

4. External Popula~ion Factors 

The Oregon Fish Commission estimates five chinook salmon are caught by commercial and sports 
fisheries for each salmon returning to spawn. An estimated 71% of this catch is taken commer
cially, and 29% is taken by sports fishermen (USDA, 1976). 

5. Reproductive Rate 

The average number of eggs per female is 4,000, with the majority of natural spawning occurring 
in larger tributaries in water depths over ten inches (25 cm). Suitable water temperatures for 
spawning range from 42 to 580F (5 to 14°c); chinook require a dissolved oxygen of at least 
8 ppm. Water velocity required is from 1.0-3.0 feet per second (30-100 cm/sec) over coarse 
gravel 2-6 inches (5-15 cm) in diameter (Thompson, et al., 1972). 

6. Growth Rate 

Chinook grow larger than other Pacific salmon mainly because of the two to seven years spent at 
sea. Maximum size attained is typically 38 inches (97 cm) in length with a weight of 30-40 
pounds (14-18 kg) (Scott and Crossman, 1973). However, individuals over 100 pounds (45 kg) and 
over 50 inches (130 cm) have been caught, but are from more northerly waters (Scott and Crossman, 
1973). Chinook usually weigh three to five pounds (1-2 kg) after one year and twenty pounds 
(9 kg) or more after three years in the ocean. Average spawning adults attain a length/of 75 to 
80 cm (30-31 in) and nine to ten kilograms (20-22 lbs) (Moyle, 19768). 

7. Death Rate 

Survival to smolt under natural conditions is 10% but may vary·widely depending on environ
mental conditions and preda-
tion. (Survival to smolt in 
well-run hatcheries is 80-
90%.) Predation by piscivo
rous fishes, birds, and 
mammals, as well as disease, 
are important mortality fac
tors. Mortality is in
creased by higher tempera
tures, pH changes, low flows, 
reduction in dissolved oxygen, 
and siltation. Of the stock 
that reaches the sea, only 
10% return to spawn. Oceanic 
losses include natural predation (see Oceanic section, Pelagic food web), harvesting, and disease. 
The result is a return of approximately one percent. Replacement requires 0. 1% returns. The 
one percent return is subject to wide fluctuation. Survival is dependent on environmental con
ditions, predation, and disease at any stage of the life cycle and these vary markedly. 
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CHINOOK SALMON, continued 

TABLE 1. GENERAL LIFE CYCLE OF CHINOOK SALMON. (From Williams et al., 1975.) 

Life Stages 

Mature Adults 
(spawning) 

Eggs & Larvae 
(incubation) 

Juveniles 
( rearing) 

Growth to 
Maturity 

Maturing 
Adults 

Small 
Tributary 

Some use 

Some use 

Some use 

8. Carrying Capacity 

Large Tribut~ries 
and Main River 

30 to 60 days 
(fall months) 

90 to 150 days in 
gravel (winter months) 

Estuary Ocean 

60 to 120 days (spring 
months through summer) 

30-60 days 
seaward migration 

Returning to original spawning 
grounds to complete 1 ife cycle, 
normally at age 4 years. 

1:-5 yrs 
3 yrs 
typical 

General Comments 

Adults always die 
after spawning. 

Average number of 
eggs 4,000 per fe
male. Max. 13,500 

Limited by loss of 
spawning and rear
ing areas. 

Ranges north to 
Alaskan waters; 
some Puget Sound. 

Average wei.ghts 20-
25 1 bs. 126 1 b. 
maximum weight. 

Carrying capacity of the natural streams has been reduced by a number of factors discussed in the 
following section on limiting factors. Chinook salmon have nearly been eliminated from some 
rivers and streams in the region, but recent plantings from hatcheries may reestablish runs 
(USDA, 1976); loss in natural carrying capacity of the region has been compensated to an unknown 
degree by these hatcheries. Streams have a g.iven amount of spawning area and are able to accept 
a given number of spawning pairs. Returns greater than this do not directly increase the pro
ductivity of the species, although enrichment by carcasses has been thought by some investigators 
to be a significant nutrient input to streams and lakes and a reversal in the general downstream 
trend in nutrient flow. 

9. Limiting Factors 

Water quality, waterflow, passage, and suitable. gravel are the principal limiting factors (see 
Reproductive Rate). Juveniles require a minimum depth of 0. 1 to 0.2 feet (3 to 6 cm) for intra
stream movement during their rearing period (Thompson et al., 1972). The minimum depth for 
successful passage of chinook salmon on their spawning runs is considered to be 0.8 of a foot 
(24 cm) of water (Thompson et al., 1972). Seasonal low flows in July through October are the 
mosting limiting factor in the region. 

Temperatures over 62°F (16°c) can cause direct mortality as well as indirect effects such as 
increased incidence of disease. 

10. Human Activities 

Man is actively engaged in managing the chinook resources of this region. Poor logging practices 
in the past have reduced the carrying capacity of the area (Thompson and Snow, 1974; USDA, 1976). 
Future public and private logging may continue to reduce the carrying capacity if they result in 
increased sedimentation, decreased low flows, and increased temperatures. Dams have also elimi
nated spawning streams and caused increased mortality due to nitrogen bubble disease and injuries 
to the juveniles moving downstream caused by turbine blades (Fulton, 1970). 

11. Natural Perturbations 

Successful reproduction is susceptible to low flows and associated high temperatures. Local 
landslides may also remove portions of a stream from production; barriers, falls, etc., can keep 
chinook and other salmon from utilizing otherwise suitable spawning areas. Floods can also cause 
damage if flows get too high. 
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COHO SALMON - Oncorhynchus kisutch 

1. General Description 

Coho salmon is also called silver, silverside, and hooknose salmon. In salt water it is identi
fied by light spotting on upper part of tail only and a white lower gumline where teeth project 
from the jaw. Fresh water spawning color is reddish-black on head and back shading to red on 
side. Coho is one of the most important sport and commercial fishes in the Pacific Northwest. 

2. Population 

Basic life cycle and biologi
cal information for coho 
salmon are given in Figure 1 
and Table 1. 

3. Migration 

Migration timing and habitat 
use for a complete life cycle 
are given in Figure 1. Typi
cally, the majority of coho 
are thought to remain in the upwelling waters off the coast when not returning inland to spawn, 
although some portion of the ocean population migrates north. Figure 3-4A in Section 3.4.1.2 
(Chapter 3 of this volume) portrays oceanic migration in and near the region. 

4. External Population Factors 

The Oregon Fish Commission estimates three coho are caught by commercial and sport fishermen for 
each fish that returns to spawn. Approximately 71% of the catch is taken commercially and 29% 
is taken by sports fishermen (USDA, 1976). 

5. Reproductive Rate 

The average number of eggs per female is 3,000 (Williams et al., 1975), with the majority of 
natural spawning occurring in small streams. Survival to smelts under natural conditions is 
estimated at 10% but varies widely depending on environmental conditions. Survival to smelts in 
well-run hatcheries is 80-90%. 

6. Growth Rate 

Coho spend the first year in the stream where they grow to approximately five inches (13 cm) with 
weight of about twenty grams (0.7 oz) (see Riverine food webs). Growth in the marine system is 
rapid with weights of eight to ten pounds (4-5 kg) being reached in two years (Williams et al., 
1975). In estuaries, recent studies indicate intensive use of harpacticoid copepods as food by 
smelts. Coho feed on phytoplankton-based food webs, taking small fishes in the offshore waters 
(see Oceanic Pelagic food web). They typically remain in the upper thirty meters (100 ft) of 
the oceanic water column. 

7. Death Rate 

Predation by piscivorous fish and birds on smolt and fry can be an important factor to survival 
rates. Death rates are increased by high temperatures and siltation. These combined factors 
establish the 90% average mortality figure for smolt. In addition, of the fish that reach ocean 
waters, typically only 10% return to spawn. The remainder are lost through ocean predation, 
disease, and harvesting, thus establishing a typical one percent return. An average return of 
one percent is thought to be required for replacement. Survival is dependent on environmental 
conditions and predation at any stage of its life cycle, and these vary markedly. (See 
Reproductive Rate and External Population Factors.) 

8. Carrying Capacity 

Coho are dependent on maintenance of small coastal streams with acceptable water quality and 
access, as discussed in Limiting Factors. In the ocean, food supply (phytoplankton-based food 
web) and competition may limit growth, but limiting factors in the \marine environment other than 
temperature are not well documented. Stream carrying capacity has been regionally augmented by 
hatchery production (see Section 3.4.1.2 in Chapter 3 of this volume). 
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COHO SALMON, continued 

TABLE 1. GENERAL LIFE CYCLE OF COHO SALMON. (From Williams et al., 1975.) 

Life Stages 

Mature Adults 
(spawning) 

Eggs & Larvae 
(incubation) 

Juveniles 
( rearing) 

Growth to 
Maturity 

Maturing 
Adults 

Tributaries 

30 to 60 days 
(late fall through 
early winter.) 

80 to 150 days 
(winter months) 

12 to 14 months, 
spends entire 
year in stream. 

Main 
River 

Some use 

Inside 
channels 

Some use, 
extent 
unknown 

Estuary 

30-120 days 
seaward mi
gration 

Returning to original spawning grounds to 
complete life cycle, normally at age 3 years. 

9. Limiting Factors 

Ocean 

Spend 1-2 
years at 
sea, 2 yrs 
typical. 

General Comments 

Adults always 
die after 
spawning. 

Average number 
of eggs 3,000 
per female. 

Populations 
limited by low 
summer flow 
conditions. 

Ranges north and 
south in ocean; 
some in Puget 
Sound. 

Average weight 
8-10 lbs. 
31 lbs. maximum 
weight. 

The most significant limiting factor for coho salmon in this region appears to be low summer 
flows (Thompson et al., 1972). However, the USDA (1976) documents water temperature increases 
due to extensive logging, and siltation due to poor road construction, logging, and development 
practices, all of which have also affected runs. Naturally occurring landslides may also affect 
the carrying capacity. Generally, the effects of logging on salmonids are highly variable and 
must be analyzed on a site-specific basis (Moring and Lantz, 1975; Gibbons and Salo, 1973; Crow 
et al., 1976). Carrying capacity for coho salmon is based on the amount and quality of spawning 
and rearing habitat. Spawning requirements include clean uncompacted gravel l/4 to 5 inches 
(0.5 to 13 cm) in diameter (the extremes are less favorable) and 6 inches to 1 foot (15 to 
30 cm) in depth. Dissolved oxygen required is 8 ppm or higher, with a m1n1mum spawning depth of 
0.6 foot (18 cm) and water velocity of 1.0 to 3.0 feet per second (0.3 to 1.0 m/sec) as measured 
0.4 foot (12 cm) from the bottom (Thompson et al., 1972). 

10. Human Activity 

Coho are affected directly through sport and commercial harvesting and indirectly through land use 
practices which alter limiting factors (flow, temperature, sediment, available gravel, passage). 
These in turn affect the carrying capacity of the area, i.e., its ability to support a viable 
population of coho. Carrying capacity of the region is thought to have been reduced by poor 
logging practices (Thompson et al., 1972; USDA, 1976; Burns, 1971), changes in land use, and 
effects of dams (Fulton, 1970). Loss of carrying capacity has been offset in many places by 
hatchery production. 

Commercial and sport fisheries are strictly regulated so that the necessary numbers of returns to 
spawning streams are assured. However, open sea fisheries are indiscriminate in terms of specific 
stocks caught. 

11. Natural Perturbations 

Successful reproduction is affected by low flows and associated high temperatures. Local 
landslides may also remove portions of a stream from production; barriers, falls, etc., can 
keep coho and other salmon from utilizing otherwise suitable spawning areas. Floods can also 
cause damage if flows get too high. 
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BALD EAGLE - Haliaeetus leucocephalus 

1. General Description 

The northern bald eagle is a large raptor. Head, neck, tail, and tail coverts are white and 
the remaining plumage dark brown on adults. Young have mixed colors with first year young 
typically completely black and second and third year plumage consisting of mixed black and 
white underparts, head and neck black, and remainder of the body mixed gray, brown, black, and 
white (Eaton et al., 1975). The length is 30 to 43 inches (75 to 110 cm) with a wing-spread of 
78 to 96 inches (200 to 240 cm) (Udvardy, 1977). The eagle is sexually dimorphic with the 
female being considerably larger than the male. 

2. Population 

The bald eagle has an extensive range and breeds from the Aleutian Islands, Mackenzie, Ontario, 
Quebec, and Newfoundland south to northern California and Florida. In Washington and Oregon 
most of the breeding population occurs west of the Cascades. 

The population of bald eagles, although having been depressed throughout the continental United 
States, has remained stable in Washington (Eaton et al., 1975). Reichard (1976) reports 20 active 
eagle nests in Watershed Units 1, 2, and 3, while Thompson and Snow (1974) report 16 eagle nest 
sites for Watershed Units 3, 4, 5, 6, and 7. However, nationwide (excluding Alaska), the popula
tion of bald eagles has dropped from 3,800 in 1963 (Sprunt, 1963) to less than a thousand in 1974 
(Laycock, 1974). Figure 1 (Oregon State Department of Fish and Wildlife, 1975; and Washington 
State Department of Game, 1974) indicates the distribution of known bald eagle nest sites within 
the study area. Densities are greatest in the northerly portion of the study area. The 
Washington State Game Department maintains a file on all known bald eagle nests in Watershed 
Units 1, 2, and 3. The Oregon State Wildlife Research Unit at Corvallis is currently collecting 
data on nesting sites within Oregon and Washington (Anthony, pers. comm., 1978). 

3. Migration 

Migration patterns for bald eagles are poorly known. Some birds remain on their breeding grounds 
throughout the year, while others which breed on less favorable sites often concentrate (5-20 
birds) at rivers with substantial salmon runs (where they feed on spawned-out salmon) or at 
estuaries and rock shores, e.g. Willapa Bay, Grays Harbor, 
Grenville Point. However, little is known about the destination 
of breeding areas of the eagles which concentrate in the study area. 

4. External Population Factors 

In areas outside the region, bald eagles have been 
seriously affected by biologically amplified 
pollutants, principally DDT and its derivatives 
(Hickey and Anderson, 1968). 

5. Reproductive Rate 

The eagles do not typically become sexually mature 
until their fourth or fifth year (Eaton et al., 
1975), at which time they lay one or two eggs 
every other year. They are monogamous and 
mate for life. The majority of nests are 
along marine coastlines typically within 
200 yards (200 meters) of shore 
(Reichard, 1976). Nesting usually 
begins early in February and the 
eaglets are fledged in July 
(Reichard, 1976). 

6. Growth Rate 

This species reaches sexual maturity 
at 4 to 5 years but reaches weight 
and size maxima by the first year. 
Food habits are variable and oppor
tunistic. The eagle scavenges along 
marine shoreline ha.bi-tats including 
sandy beaches, tidal flats, estuaries 
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FIGURE 1. BALD EAGLE NESTING 
SITES IN THE COASTAL REGION. 
See the Watershed Unit maps in 
Volume 4 for more details. 
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BALD EAGLE, continued 

and rocky shores (Reichard, 1976). It often feeds on spawned out salmon, molluscs, and small 
mammals. Occasionally it robs ospreys of their catch. 

7. Death Rate 

Other than man, adult and juvenile eagles have few enemies. Throughout their range man directly 
and indirectly has reduced eagle populations by chemical pollutants (principally chlorinated 
hydrocarbons), destruction of nesting habitat, electrocution, poisoning, and shooting. However, 
populations at least in the northern portion of the study area appear stable. 

8. Carrying Capacity 

Carrying capacity for bald eagles is fairly low as they have large territorial requirements 
(up to 1 square mile). Also the preference of old growth nesting trees within 200 yards (200 
meters) of the coast limits nesting sites. In addition, the quantities of salmon which once 
returned to their native streams to spawn have been reduced, thereby possibly affecting the 
winter carrying capacity. 

9. Limiting Factors 

Maximum bald eagle densities are limited by territorial requirements. Welty (1962) reports 
bald eagle territories are in the order of 2.5 x 106 square meters or approximately one square 
mile. However, territory requirements vary considerably, often depending on the quality of 
the environment (Verner, 1975). Lack of suitable nesting sites may also limit population 
densities. Food supply may limit wintering populations as natural spawning runs have been 
reduced. 

10. Human Activities 

The number of individual eagles within the conterminous United States has dropped from 3,800 
to less than 1,000 between 1963 and 1974. The reduction is attributable to man either directly 
or indirectly. (See Death Rate discussion.) Populations in Washington are reported to be 
stable (Eaton et al., 1975; Reichard, 1976). 

The bald eagle is protected under state and federal laws. In 1978 it was classified as 
threatened in Washington and Oregon, and endangered in California under the Endangered Species 
Act. Guidelines have been developed by the Fish and Wildlife Service for its protection (FWS, 
1977C; Sayre, 1978). The Forest Service has guidelines for protection on some U.S. Forest 
Service lands (Forbis, 1975). Eaton et al. (1975) provide additional management recommendations. 
Most of the recommendations deal with establishing better buffer areas around nest sites, 
redesigning power line systems to reduce electrocution, and the preservation of concentration 
areas. 

11. Natural Perturbations 

Eagles prefer old growth snag trees for nesting, and these are prone to windfall. Fluctuations 
in food supply will also markedly affect eagle populations. 
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SEA BIRDS 

General Discussion. Many species of water-associated birds are found in the coastal waters of 
the study area. A complete list of these, along with their relative abundance and seasonality, 
is provided in the oceanic Annotated Species List. Species accounts have been provided by 
numerous authors, including Salo (1975), Eaton et al. (1975), Britte]] et al. (1976), Rodgers 
and Douglas (1974), Nehls et al. (1975), Guiguet (1954-1971), and Bent (1919-1968). 

Of the many species which inhabit the area, only a few are known to breed in abundant 
numbers on rocky coastal headlands and islands of the study area. Among these 
common murre, Leach's and fork-tailed storm petrels, glaucus-winged and western gulls, and 
pelagic, double-crested, and Brandt's cormorants are the most common. The rhinoceros auklet 
and tufted puffin are common breeders in the northerly Watershed Units. The common murre is 
the most abundant breeding sea bird of the area. A few species - notably Caspian tern, glaucus
winged and western gulls - nest on sandy islands in some estuaries, e.g. Columbia, Willapa Bay, 
Grays Harbor, and Humboldt Bay (Peters et al., 1977; California Coastal Zone Conservation 
Commission, 1975). Figure 1 shows the general location of sea bird rookeries along the Pacific 
Northwest Coast; more precise location and sizes of the known breeding colonies are provided 
for each Watershed Unit on maps in Volume 4. Tables 1, 2, 3, and 4 provide a summary of the 
sea bird breeding populations of the study area. 

Most of the marine birds which breed in the area are colonial nesters, with numbers in some 
colonies in the tens of thousands and approaching 100,000 in some years. A ten year record 
of sea bird breeding populations on the Oregon Coast indicates considerable year to year fluctu
ation in breeding populations (U.S. Fish and Wildlife Service, 1976A). Some common murre 
breeding areas were: recorded as having no breeders on some years and as many as 10,000 in other 
years. Other species showed similar but less drastic variabi 1 ity on h>reeding effort. 

Relationship to Ecosystem. Sea birds feed primarily on the second, third, and fourth trophic 
levels of the marine food webs (Sanger, 1972) and have been estimated to take 0.09% of the 
second level, 0.9% of the third trophic level, and 0.26% of the fourth trophic level in terms of 
annual production. Adult marine birds are at the apex of food webs and have few predators. 
Some falcons, including the endangered peregrine falcon, prey on sea birds (Eaton et al., 1975). 
Sea birds are a principal consumer in the marine ecosystems of the study area (Sanger, 1970). 

Population Levels. Relative densities for pelagic birds found off Westport (Grays Harbor -
Watershed Unit 2) are given in Figure 2. Estimated densities for the ''coastal domain" - as 
defined by Sanger (1972), which includes the study area - are given in Figure 3. As indicated, 
there are both resident and migratory populations within the area. 
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FIGURE 1. GENERAL LOCATION OF 
SEA BIRD NESTING AREAS. See 
Watershed Unft maps in Volume 
4 for details. 
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SEA BIRDS, continued 

Region 

TABLE 1. AVERAGE BREEDING POPULATIONS OF SEA BIRDS ON 
WASHINGTON ISLAND NATIONAL WILDLIFE REFUGES. (From 
Frazer et al., 1973.) 

SPECIES 

Fork-tailed storm petrel 

Leach's storm petrel 

Double-crested cormorant 

Brandt's cormorant 

Pelagic cormorant 

Black oystercatcher 

Common murre 

Pigeon guillemot 

Cassin's auklet 

Rhinoceros auklet 

Tufted puffin 

Glaucous-winged gull 

Western gull 

TOTAL 

BREEDING PAIRS 

9,000 

25,000 

1,000 

1'500 

4,000 

200 

30,000 

1,900 

300 

16,000 

24,000 

9,200 

4, 100 

126,200 

PRODUCTION/YEAR 
(# of new indiv.) 

2,000 

6,000 

500 

700 

2,000 

70 

12,000 

300 

100 

9,000 

8,000 

12,000 

1,800 

54,470 

TABLE 2. ESTIMATED BREEDING POPULATIONS OF SEA BIRDS 
ON OREGON COAST. 

SPECIES 

Leach's storm 

Cormorants2 

Gulls 2 

1 
petrel 

Common murre2 

Cassin's auklet3 

Tufted puffin3 

BREEDING 
PAIRS 

535,000 

9, 194 

7,280 

122,673 

482 

510-520 

l One-year sample, by Rrowning and English (1972). 
2 Nine-year average, ending in 1974, by U.S. Fish 
and Wildlife Service (1976A). 

3 One-year sample of selected islands in Oregon 
(incomplete), by Browning and English (1972). 
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SEA BIRDS, continued 

A-64 

TABLE 3. BREEDING POPULATIONS OF SEA BIRDS OFF HUMBOLDT AND 
DEL NORTE COUNTIES, CALIFORNIA. Data are from two sources. 

SPECIES BREED I NG PAI RS 
(Source l)a (Source 2)6 

Fork-tailed storm petrel 175 103 

Leach's storm petrel 7,500 7,875 

Pelagic cormorant 365 561 

Brandt's cormorant 1,697 2,212 

Double-crested cormorant 120 132 

Black oystercatcher 6 6 

Western gull 913 1,018 

Common murre 39,200 77,700 

Pigeon guillemot 308 466 

Tufted puffin 29 34 

Cassin's auklet 1,025 1,802c 

Rhinoceros auklet 150 50 

a From California State Department of Fish and Game (1969-1970). 

b From Osborne (1972). 

c Single year sample. 

TABLE 4. COLONIAL SEA BIRD BREEDING POPULATION ESTIMATES FOR 
PACIFIC NORTHWEST ESTUARINE ISLANDS FROM COOS BAY, OREGON, TO 
GRAYS HARBOR, \~ASHINGTON.a, b (From Peters et al., 1977.) 

Location Species 

Coos Bay (9 islands) None 

Columbia River Mouth 
(Baker Bay) 

East Sand Island 

Wi l lapa 

Pine Island 

Gunpowder Island 

Grays Harbor 

Western/glaucous-winged gull 

Western/glaucous-winged gull 

Western/glaucous-winged gull 
Caspian tern 

Rennie Island None 

Half Moon Island None 

Gbose Island 

Sand Island 

Whitcomb 

Western/glaucous-winged gull 

Western/glaucous-winged gull 
Caspi an tern 

Western/glaucous-winged gull 
Caspian tern 
Ring-billed gull 

Breeding Pairs 

Soc 

700-1200d 
10od 

2500-3000c, d 

800-1oooc, d 
17ooc 

40c 
3ooc 
3-9c 

a A colony of Caspian terns is known to nest on Sand Island in Arcata 
Bay, and a colony of double-crested cormorants is known to use the 
remains of an old Arcata Wharf, but breeding numbers are undocumented. 

b These data do not include some nesting cormorants on buoys, etc. 

c This figure was based on active nests. 

d This figure was based on census of adults. 
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FIGURE 2. SEA BIRD FREQUENCY OF OBSERVATION FOR 42 TRIPS OFF WESTPORT, WASHINGTON. 
(After Wahl, 1975.) 
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SEA BIRDS, continued 
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FIGURE 3. SUMMARY OF SEASONAL SEA BIRD ABUNDANCE FOR THE "COASTAL DOMAIN." (After Sanger, 
1972.) 

Guano deposits have been found on islands off Vancouver Island, B.C., (Campbell, 1976) 
and have noticable effects on vegetation. Similar conditions can be expected to occur on 
islands within the study area. The Nature Conservancy (1977) lists Hairy Lasthenia (Lasthenia 
minor ssp. maritima) as a rare plant that is only found in association with sea bird colony 
sites, presumably in relation to guano deposits. 

Human Impacts and Status. Sea birds are in many ways highly sensitive to deleterious man
caused impacts. Their susceptibility to oil spill effects are well documented (Aldrich, 1970; 
Beak Consultants, Inc., 1975). King and Sanger (1977) have developed an oil impact index for 
marine birds which indicates their relative sensitivity. Petrels and alcids have, in 
addition, low reproductive rates, bearing only one egg per year. Also, being near the apex of 
food webs, sea birds are sensitive to pollutants which are biologically amplified in the various 
food chains. Finally, sea birds concentrate during breeding periods in small colonies, with 
great densities. Under these conditions, their susceptibility is particularly high; even 
localized pollution events or disturbances can have effects on region-wide populations. In 
areas outside the region, disturbance of breeding colonies has caused some abandonment by the 
adults and concomitant increased predation upon young by opportunistic predators such as skuas, 
gulls, and crows. Peters et al. (1977) surmise that selection of nesting sites on estuarine 
islands is strongly influenced by human disturbance, i.e. areas frequently or easily visited 
by people are avoided by nesting birds. 

The black oystercatcher, which breeds all along the coast in low numbers, has been unofficially 
classified as potentially threatened with extinction in Washington State by Brittell et al. 
(1976), based on low reproductive rates, small population, and restricted habitat (rocky 
intertidal). However, the population seems to be stable and has historically been at low 
densities in the region. 

80 

Similarly, the Caspian tern is unofficially classified as potentially threatened in Washington 
State (Brittell et al., 1976), principally due to low numbers, a decline in California popula
tions, and restricted breeding areas (typically estuarine sandy islands). However, this species 
tends to have a vagrant breeding population, establishing and abandoning breeding sites rather 
rapidly. The establishment of a breeding colony was first reported in the Washington coastal 
area in 1957 (Brittell etal., 1976). World-wide, their status is not considered rare, threatened, 
or endangered. 
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SNOWY PLOVER - Chadaerius alexandrinus 

l. General Description 

The snowy plover is a small, plump shorebird with an incomplete breastband which appears as two 
dark splotches on the upper breast. The crown and back are adorned very much like its surround
ing sandy environment and vary from grey to brown. 

2. Population 

Population estimates for snowy plover in the region are unavailable. However, it is considered 
rare or in danger of extinction by several authors (Marshall, 1969; Eaton et al., 1975; Dyrness 
et al., 1975) and is considered "threatened" by the Oregon State Department of Fish and Wildlife 
(1976B). Figure 1 shows general concentration areas of the species along the coast. 

3. Migration 

Coastal and interior populations of snowy plover winter along the Pacific coast from the vicini
ty of the Columbia River south to southern Baja California (Eaton et al., 1975). During severe 
weather they occasionally gather into small flocks on dry dunes. They are spring and fall mi
grants along the Washington coast. The populations breed in summer on the coast and in interior 
alkaline basins and sand dunes (Eaton et al., 1975). North-south movement is presumed to occur, 
but the range is unknown. 

4. External Population Factors N/A 

5. Reproductive Rate 

The snowy plover is monogamous and lays two to four eggs per clutch, three eggs are most 
common, and has one clutch per year. Breeding season is in May and June. Preferred nesting 
habitat is sparsely vegetated, unstable sand just inland from the high tide line. Renesting 
(after a disturbance) is not documented. 

6. Growth Rate 

Age at sexual maturity is unknown but is probably one to two years. Food availability does not 
appear to be an important factor. The plover generally feeds along sandy shores for flies, 
worms, sand fleas, beach hoppers, and other small crustaceans (Eaton et al., 1975). Small amounts 
of vegetable matter are also eaten (Eaton et al., 1975) .• 

(Eaton et al., 1975; 
tat under protective 
for nesting habitat. 

10. Human Activity 

7. Death Rate 

Little information is available on death rate or causes of mor
tality for this species. Winter storms are probably a sig

nificant factor. 

8. Carrying Capacity 

The carrying capacity apparently is limited by 
suitable nesting habitat, which may become in
creasingly scarce due to vegetation encroachment 
(Czemeris, personal communication, 1977) and 
stabilization of dunes (Eaton et al., 1975). 
Since population numbers are not known, it is im
possible to determine whether the existing popu
lation· is at, or near, carrying capacity. Also, 
nesting dens i ty 1 i mi ts have not been es tab 1 i shed. 

9. Limiting Factors 

A suitable breeding and nesting habitat is 
thought to be the most important limiting factor 
for the snowy plover throughout its range 

Marshall, 1969; Pinto et al., 1972). However, large tracts of suitable habi
land status within the region will at least provide the physical requirements 

Encroachment on dunes by recreational housing and other land use changes has depleted breeding 
habitat over much of this bird's coastal range. The introduction of European beach grass and 
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FIGURE 1. SNOWY PLOVER AREAS 
IN THE COASTAL REGION. See the 
Watershed Unit maps in Volume 4 
for more details. 
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other dune stabilization efforts have further depleted suitable nesting habitat. Recreational 
use of these areas in May and June may be detrimental to the survival rates of young. Pets and 
offroad vehicles are more disturbing than human foot traffic (Eaton et al., 1975), as most foot 
traffic is usually seaward of the nesting habitat. 

11. Natural Perturbations 

Winter storms are probably an important factor in winter mortality. 
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SPOTTED OWL - Strix occidental is caurina 

1. General Description 

The spotted owl is large, round-headed with black eyes. The top of the head and back of the neck 
are spotted with white and the chest is barred horizontally. Its overall aspect is a deep rich 
brown. The distinction between this subspecies and S. occidental is occidental is is not clear 
and is disputed by some (Forsman, 1976). 

2. Population 

Population information for the spotted owl is incomplete. Forsman (1976) found 116 pairs and 8 
single spotted owls in Western Oregon between 1970 and 1974. No population censuses are availa
ble for Washington and California. Viable populations are to be expected in both states as 
large tracts of lowland old growth forests are protected within 
the Olympic and Redwood National Parks. Documented nests are 
given in Figure 1. Likelihood of occurrence on private lands 
is low (Forsman, 1976) due to lack of extensive old growth. 
Requirements of 300-600 acres (120-240 ha) of undisturbed 
lowland old growth forest have been stated (Forsman, 1976), 
but other sources indicate that 100-200 acres (40-80 ha) 
are required (Eaton et al., 1975). This owl is classified 
as "threatened" by the Oregon State Department of Fish 
and Wildlife. It is listed as "potentially threatened" 
in Washington by Eaton et al., (1975) and a "species of 
concern" in Oregon by Dyrness et al. (1975). Other 
subspecies of the spotted owl are widely distributed 
along the coast from Southwest British Columbia to 
Northern California, inland from Central Colorado 
to Western Arizona and New Mexico; and into Mexico 
(Eaton et al., 1975; Forsman, 1976). 

3. Migration 

This owl is sedentary and does not migrate 
(Eaton et al., 1975; USDA, 1976Bi It is nocturnal 
(Forsman, 1976). 

4. External Population Factors N/A 

5. Reproductive Rate 

Two to three eggs are laid per set, usually two 
(Eaton et al., 1975; Forsman·, 1976). Breeding pairs 
generally reproduce once per year. However, Forsman 
documented sporadic breeding, possibly associated with 
food suppl~ for a three-year sample in Oregon. The 
mean number of young produced per nest was 1.61. Once 
arriving at sexual maturity (three years), the owls are 
thought to have 5-10 reproductive years (Forsman, 1976). 

6. Growth Rate 

Adult length ranges between 405-480 mm(15-19 in), with 
males weighing from 500-700 grams (1.1-1.5 lb). Females are slightly larger and weigh from 550-
760 grams (1.Z-1.7 lb). They put on nearly all their weight by late in the first fall. Age for 
reproductive maturation is typically at least three years for large owls. Prey for the spotted 
owl on the coast of Oregon is given in Table 1. The principal prey is the flying squirrel and 
other small rodents. 

7. Death Rate 

Based on a three-year sample, juvenile mortality is around 20% (Forsman 
is lower and in the vicinity of 10% or less per year. Some predation b~ 
particularly upon juveniles, is documented (Eaton et al. 1975· Forsman 
this species has few natu'ral enemie:;. ' ' ' 

8. Carrying Capacity 

1976). Adult mortality 
the Great Horned Owl, 
1976), but in general 

With its extensive area 1 requirements, the resu 1 tant carrying capacity in su i tab 1 e 0 1 d growth 
habitat would be one breeding pair per 100-600 acres (40-240 ha). Due to the continual depletion 
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FIGURE 1. LOCATION OF DOCUMENTED 
SPOTTED OWL NESTS IN THE OREGON 
PORTION OF THE STUDY AREA. Data 
for Washington and California are 
not available. See the Watershed 
Unit maps in Volume 4 for more 
deta i 1 s. 

SPOTTED OWL NEST SITES 

.. 

Cape Mendocino 

A-82 

.. 

" 

Pacific Northwest Coastal Region 

0 25 50mf 

0 40 BO km 

Estuary 

' \ 
\WA 

OR J 
1 

' 

Oregan North Coast 

5 Oregon Mid Coos/ 

? Coos - Coquille 

8 Oregon - California Border 

9 R11dwood Coast 

Region 



SPOTTED OWL, continued 

of suitable habitat, existing population numbers are probably greater than the carrying capacity. 
The displaced populations probably occur in marginal habitats and may not reproduce. 

TABLE 1. SPOTTED OWL PREY. Prey occurrence in percent numbers and 
percent biomass is listed for fourteen pairs of spotted owls in the 
Oregon Coast Range.a (From Forsman, 1976.) 

Prey Species 

Mammals 

Flying squirrel 
Red tree mouse 
Wood r.at 
Rabbi i:sb 
Deer mouse 
Western red-backed vole 
Chickaree 
Oregon vole 
Shrews 
Other mammals 

Birds 

Smal 1 owls 
Mountain qua i 1 
Blue grouse 
Other birds 

Insects 

Miscellaneous 

Total 

Percent Numbers 
(n=l ,437 prey items) 

25.56 
30.61 
5.49 
1. 8 

12.94 
4.24 
0.69 
1. 32 
1. 73 
4.45 

1. 18 
o. 13 
0.20 
4.23 

4.73 

~ 

100.00 

Percent of Total Biomass 
(n•102,408 grams) 

41.09 
11.60 
20.50 

8.88 
3.99 
1. 35 
2.03 
0.35 
0.24 
3.72 

1.46 
0.47 
1.07 
2.95 

0.07 

0.14 

100.00 

aYears of data collection were 1970, 1972, 1973. Principal habitat types were 
old growth associations of Douglas fir, western hemlock, and western red cedar. 
Elevations ranged from 25 to 490 meters (80 to 1600 feet). 

bThese were mostly Lepus americanus, but samples may have included a few indi
viduals of Sylvilagus"""bachmani. 

9. Limiting Factors. 

The availability of suitable 40-240 hectare (100-600 acre) blocks of old growth forest appears 
to limit the population. Suitable nesting trees - old growth, topped conifer with a secondary 
crown - may also limit production (Forsman, 1976). 

10. Human Activities 

As spotted owls require fairly extensive stands of lowland old growth forest, the widespread. 
logging which has occurred throughout the study area has probably reduced population numbers. 
Wilderness areas in lowland and mid-elevation forest lands in Oregon and in Washington's 
Olympic National Park provide areas of suitable habitat. Spotted owls are also reported to 
require snags and snag-topped trees, for they are cavity nestors (Silovsky and Pinto, 1974; 
USDA, 1976B; Forsman, 1976). U.S. Forest Service Guide] ines for the Siskiyou National Forest 
in Oregon require the leaving of all dead snags that are not fire or safety hazards. Specifica
tions are shown in Table 2. Whether such practices will maintain spotted owl populations in 
cut areas is unknown. 
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SPOTTED OWL, continued 

TABLE 2. DENSITY OF SNAGS SUITABLE FOR SPOTTED OWL NEST SITES. Data are 
from Siskiyou National Forest in Oregon. (From USDA, 1976B.) 

Riparian and Meadow Areas Midslope Areas 
Type 

No. snags/acre (No. snags/ha) No. snags/acre (No. snags/ha) 

True Fir Type a 6 ( 15) 3 (7. 5) 

Douglas Fir Type b 4 ( l 0) 2 (5) 

aSnag life is about 30-35 years. 

bThis includes all softwood forest types other than true fir; snag life is about 50 years. 

11. Natural Perturbations 

Forest fires, windthrow, and landslides are the major natural occurrences which could affect 
local populations by destroying habitat and nesting sites. 
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BLACK-TAILED DEER - Odocoileus hemionus columbianus 

1. General Description 

The black-tailed deer is a subspecies of the mule deer characteristic of the Pacific Coast. It 
is an important big game mammal with an adult length of 135-180 centimeters (50-70 in) and a 
weight of 115-207 kilograms (250-450 lb) (Maser et al., 1977). It is a browsing species with a 
preference for forest edge habitat. 

2. Population 

Population levels for black·,tailed deer in the study area are unknown. Deer densities are 
thought to range between 5-60 per square mile (2-20/sq km), depending upon proportions of suc
cessional stages and their interspersion. Table 1 provides some typical densities for the 
region. A mixture of small cleared areas with suitable adjacent cover in the ratio of 40/60 is 
probably optimal and will support the higher densities. Similar ranges• of densities are reported 
for several sites within the study area (Garcia et al., 1976; Brown, 1961). 

3. Migration 

Migration is 1 imited for this species in the study area. Numbers which 
summer at elevations higher than 1500 meters (4300 ft) migrate to lowlands 
during periods of heavy snowfall. Much of their preferred winter food 
(trailing blackberry) becomes unavailable with a snowfall of 4 inches (10 cm) 
or more. Selection of wintering sites is reported to be based on supply of 

preferred forage, minimal duration of snow 
cover, and protection from cold winds (Das
mann, 1956; Maser et al., 1977). South 
and southwestern facing slopes are often 
preferred. Lowland populations remain 
sedentary. Home ranges measure from 0.6-
1.3 kilometers (0.4-0.8 mi) across, encom
passing 0.3 to 1.3 square kilometers (0.1 
to 0.5 sq mi) (Maser et al., 1977; Dasmann, 
1956; Taber, 1956). Bucks move over 
greater distances, particularly during 
rutting season. 

4. External Population Factors N/A 

5. Reproductive Rate 

The black-tailed deer is polygamous, with 
one male able to service several females. 
Embryos-per-doe ratios vary from 0.45 to 
2 depending on age and environmental condi
tions (principally food). About 45% of the 
yearling females and 92% of the female two 

to six age class become pregnant (Maser et al., 1977). Breeding occurs between late October 
and late December, with maximum activity (75%) occurring between the 10th and 25th of November 
(Brown, 1961). 

6. Growth Rate 

Nearly half the females become sexually mature at one year (Brown, 1961; Maser et al., 1977). By 
the second year both males and females become sexually mature. Both males and females attain 
physiological maturity (height and weight) in their second year (Brown, 1961). Both sexes attain 
most of their growth in the first year, and weigh 60 to 85 pounds (25-40 kg) at 1 1/2 years, males 
being heavier. Males continue to grow slowly through their life span. Specific growth equations 
have been developed by Wood et al. (1962). Principal food items include trai)ing blackberry, red 
huckleberry, salal, vine maple, salmonberry, and red alder (Brown, 1961; Maser et al., 1977). 
Figure 1 gives seasonal use of favored forage on the Olympic Peninsula. In late summer and fall 
deer also take tanoak acorns (Maser et al., 1977). The deer typically suffer about a 10% weight 
loss during winter (Brown, 1961). 

7. Death Rate 

Few deer reach ten years of age. Maximum mortality occurs during the first year and ranges from 
60% the first year to 10% to 20% thereafter, except for male adults. Due to game management 
regulations (buck only), mortality rates are very skewed and sex-dependent. Once at lega.l age, 
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TABLE 1. AVERAGE BLACK-TAILED DEER nENSITY VERSUS SERAL STAGE FOR VARIOUS LOCATIONS. 
(After Taber, 1973, and Brown, 1961.) 

Years after logging 

0-5 5-10 10-15 15-20 20-25 25-30 
no./ (no./ no./ (no./ no./ (no./ no./ (no./ no./ (no./ no./ (no./ 
sq mi sq km) sq mi sq km) sq mi sq km) sq mi sq km) sq mi sq km) sq mi sg km) 

43 ( 17) 142 (55) 21 (8) 21 (8) 8 (3) 8 (3) 

10-15 (4-6) 15-32 (6-12) 32-60 (12-23) 60-75 (23-29) 55-75 (21-29) 30-75 (12-29) 

35 ( 13) 34 ( 13) 34 ( 13) 57 (22) 57 (22) 36 ( 14) 

20 (8) 22 (8) 22 (8) 26 ( 10) 26 ( 10) 15 (6) 

.•. 50-55 
no./ (no./ 
sq mi sq km) 

8 (3) 

7-15 (3-6) 

36 ( 14) 

15 (6) 

bThe variation is due to the difference in speed with which trees are reestablished on different sites; where timber regeneration is 
rapid, deer decline occurs earlier, and where timber fails to regenerate, deer decline occurs later. 

cFrom Brown, 1961. 
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BLACK-TAILED DEER, continued 

hunting mortBlity for bucks ranges from 90% to 60% of all mortality. A review of differential 
mortalities is given by Garcia et al. (1976). Of mortalities not attributed to legal harvest by 
humans, Brown (1961) documents the following distribution for Washington: killed by automobile 
and train, 66.3%; illegal killing and poaching, 15.2%; malnutrition and disease, 6.2%; predation, 
4.0%; damage control, 3. 1%; miscellaneous accidents, 1.6%; undetermined causes, 3.6%. Figures 2 
and 3 are indicative of the patterns of mortality for black-tailed deer. 
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FIGURE 1. SEASONAL USE OF THE TEN MOST IMPORTANT FOOD SPECIES OF 
BLACK-TAILED DEER AS SHOWN BY FEEDING OBSERVATIONS. {From Brown, 
1961.) 
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FIGURE 2. MALE BLACK-TAILED DEER MORTALITY 
VERSUS AGE IN SHRUBLAND. (From Taber and 
Dasmann, 1957.) 
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BLACK-TAILED DEER, continued 

8. Carrying Capacity 

Carrying capacity of the area for deer is fairly high due to repeated forest fires, logging, and 
forest management procedures which result in favored habitat conditions. However, of all the 
habitats used, large expanses of second growth closed canopy forests are least able to support 
high densities of black-tailed deer. Consequently, extensive large tract clearcutting and conse
quent succession will result in reduced carrying capacities. Generalized relationship between 
carrying capacity and succession is given in Figures 4 and 5. 
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FIGURE 4. BLACK-TAILED DEER CARRYING CAPACITY VERSUS SERAL STAGE FOR 80-YEAR AND 40-YEAR 
ROTATION FORESTRY PRACTICE IN A COASTAL DOUGLAS FIR FOREST. (From Hansen and Lawrence, 1970.) 
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BLACK-TAILED DEER, continued 

The environmental indices associated with the Western Hemlock succession model indicate maximum 
browse production during the shrub stage. Figure 6 provides similar information. Since old 
growth has much more of its nutrient cycling and productivity occurring in the understory (Grier 
et al., 1974), it is probable that it can support greater density of deer than expanses of 
closed canopy second growth forest. Table 2 documents change in forage (for Vancouver Island 
north of the study area) as a function of succession and season. 

Since population levels are undocumented for most of the study area, determination of environ
mental resistance is impossible. Populations in Western Oregon seem to be decreasing (Maser 
et al., 1977), the result of community changes due to succession. Consequently, one can assume 
populations to be above the carrying capacity of the environment . 
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TABLE 2. WET WEIGHTS OF AVAILABLE BLACK-TAILED DEER FORAGE IN 
MATURE AND CLEARCUT FORESTS. (From l.D. Smith, 1968.) 

Summer Winter Stand succession 
stage lb/acre (kg/ha) lb/acre (kg/ha) 

Mature forest 

4-year-old cut 

10-year-old c.ut 

14-year-old cut 

a9-year-old clearcut. 

430 

948 

1290 

1114 

(480) 

( 1060) 

( 1450) 

( 1250) 

428 

55 

(480) 

(62) 

(257)a 

(385) 
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BLACK-TAILED DEER, continued 

9. Limiting Factors 

Black-tailed deer populations are limited by food and cover, reflected in habitat requirements 
of both early seral browse and older cover. Openings must· be small, as deer typically will not 
forage more than 200 meters (650 ft) from cover (USDA, 1976B). The availability of forage and 
cover in winter is typically most limiting. Populations can also be limited by hunting if does 
are taken. · 

10. Human Activity 

Populations are affected directly through harvest, although production potential is not 
directly influenced because of polygamous behavior unless females are harvested. Indirectly, 
initial stages of logging increase the carrying capacity, but as greater areas are clearcut 
and the cut areas succeed to less productive stages, carrying capacity probably is reduced and 
populations may decline. 

11. Natural Perturbations 

Forest fires retard succession to seral stages more favorable to black-tailed deer, with added 
browse. Severe winters can result in extensive die-offs. Snow-covered food supplies place 
additional energetic demands on individuals, limiting populations in years with heavy snowfall. 
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COLUMBIAN WHITE-TAILED DEER - Odocoileus virginianus leucurus 

l. General Description 

The Columbian white-tailed deer (CWTD) is a medium sized deer with a long 
white tail that is carried conspicuously raised when running (Ingles, 
1965). Its length is about 6 feet (2 m) and, unlike the black-tailed 
deer, has tines of antlers originating from the main 
branch with no brow tine. The upper parts of the 
CWTD's body are brown and its under parts are nearly 
pure white (Ingles, 1965). 

This species is one of approximately 30 races of white
tailed deer, with an extremely limited range (see Figure 
1). The species is classified as endangered by the U.S. 
Department of Interior (as of 1978) and is protected in 
both Washington and Oregon where it occurs. 

2. Population 

The population is distributed over two separate areas: 
one includes the river bottoms and low marshy lands of 
the lower Columbia River in Clatsop and Columbia 
Counties, Oregon, and (the major concentration) around 
the towns of Skamokawa and Cathlamet in Washington 
(Eaton et al., 1975); the other disjunct population 
occurs in parts of Douglas and possibly Lane Counties, 
Oregon, in the Umpqua basin (Eaton et al., 1975) 
outside of the study area. The Umpqua herd is 
believed by some authorities to have hybridized, 
and consequently, to be genetically impure. However, 
Eaton et al (1975) and Brittell et al. (1976) question 
this, and consider that the estimated population of 1900 individuals for the Umpqua herd may be 
part of the CWTD stock. 

Several estimates have been reported for numbers of CWTD at the lower Columbia site. U.S.D. I. 
(1973) reported 100 in Oregon and 150-200 in Washington, but does not document estimation pro
cedures. Most recent estimates indicate 100-200 between Ranier and Knappa, Oregon, with about 
40 on Tenasillahe Island (Oregon State Wild! ife Commission, 1974). Suring (1974) reports 200 
to 300 winter population on a 2,000 acre site on the Washington mainland of the CWTD National 
Wildlife Refuge. In total, the lower Columbia group numbers 500 or greater. Total population, if 
the Umpqua herd is included, is 2,400 or more. 

3. Migration 

The species is sedentary for the most part, although localized movement between cover and forage 
areas is typical. Suring (1974) reports pastures and meadows are used in spring and summer, 
while woody cover and associated forage are used in fall feeding, as· well as for cover year
round. Interspersion of both habitat types is optimal. The deer are good swimmers and frequent
ly move from island to island (Eaton et al., 1975). 

4. External Population Factors N/A 

5. Reproductive Rate 

Maximum birth rate under optimal conditions is two fawns per doe, with yearlings and very old 
does typically having a lower fawn-per-doe ratio. Suring (1974) reports much lower rates for 
the lower Columbia herd and states that few sets of twins are born and that many does are with
out fawns each year. However, more recent studies (Brittell et al., 1976) indicate a greater 
fawn-to-doe ratio. 

6. Growth Rate 

Growth equations for white-tailed deer have been estimated by Moen (1973) as w (kg)= 3.0 +229Td 
for the initial growth phase prior to weaning, and w (kg) = e(ll.230 + 0.4~0 In Td) (male) to 
e(ll.617 + 0.357 In Td) (female) for growth phase II, until maturity (where Td is time in days, 
and e is the natural log). Sexual maturity is reached in one to two years. 
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COLUMBIAN WHITE-TAILED DEER, continued 

7. Death Rate 

Natural predators upon this species have been largely removed by the elimination of natural 
predators from the lower Columbia area although a few cougar (Felis concolor) may take an 
occasional deer. Deer typically suffer greater mortality during the first year and again after 
seven or eight years. Although completely protected, some CWTD which disperse from the refuge 
area are shot during deer season, but such losses do not seriously affect the status of the lower 
Columbia population (Brittell et al., 1976). In fact, alleged hunting in Douglas County on the 
Umpqua herd has been suggested as the cause of higher birth rates and a healthier herd (Brittell 
et al., 1976). 

8. Carrying Capacity 

Excluding the Umpqua population, carrying capacity for the CWTD is low, as suitable habitat is 
limited in extent (lower Columbia and flood plain) and has, until recent times, been reduced by 
land use changes. Optimal habitat is an interspersion of woodlands and pasture, provided the 
woodlands are not grazed and the pastures are not overgrazed (Brittell et al., 1976). When 
either component habitat type dominates, CWTD use and densities are reduced (Suring, 1974). 
Brittell et al. (1976) suggest that densities in the CWTD Ntional Wildlife Refuge may be higher 
than optimal and that the numbers of deer may be deleteriously affecting the carrying capacity. 

9. Limiting Factors 

The population in the lower Columbia area appear to be limited by extent of suitable habitat. 
The CWTD is an "edge" species and requires both pasture and cover conditions as well as good 
interspersion of the two. Cover needs to be thick and preferably not grazed (Brittell et al., 
1976). The clearing of Puget Island of almost all its woody cover has nearly eliminated use 
by CWTD. 

10. Human Activities 

Initial clearing of forested areas within the lower Columbia area probably improved habitat 
conditions for the CWTD and increased the population. However, as larger amounts of land became 
cleared, habitat suitability was reduced below initial conditions and the population declined. 
Such a sequence is typical for edge species in developing areas (Taber, 1973). 

As a result of its precarious status, a CWTD-NWR was established in 1972 (Figure 2). The refuge 
is about 5,200 acres in size and includes Tenasillahe, Hunting, and Price Islands, and a portion 
of the Columbia River edge in Washington near Cathlamet. A CWTD Recovery Team has been appointed 
and has developed a recovery plan which includes 1 ife history studies, reintroduction into 
former range, captive herd studies, and de-listing from 'endangered" status (Brittell et al, 1976). 
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FIGURE 2. APPROXIMATE LOCATION OF COLUMBIAN 
WHITE-TAILED DEER NATIONAL WILDLIFE REFUGE. 
See Watershed Unit 3 discussion in Volume 4 
for location map within the watershed. 
(After ACOE, 1974A.) 
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COLUMBIAN WHITE-TAILED DEER, continued 

11. Natural Perturbations 

The limited extent and small population size make the race susceptible to natural catastrophies, 
particularly flooding. However, flood control measures taken along the Columbia reduce the 
prob~bility of such an event. 
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MARINE MAMMALS 

General Discussion. Twenty-three species of cetaceans, one carnivore, and five species of 
pinnipeds make up the marine mammals found in the coastal waters of the region. The species, 
along with their status and relative abundance, are listed in the oceanic Annotated Species List 
in Volume 5. Species accounts are given by Ingles (1965), Pike and Macaskie (1969), Eaton et al. 
(1975),lsakson (1976A), Larrison (1976), and blW (1977). Additional literature for specific 
species is given in the Annotated Species List. General distribution of marine mammals in the 
region is shown in Figure 1. 

The most frequently observed whale of the study area is the gray whale. It is often seen rela
tively close to shore on its Alaska to Gulf of California annual migration. These whales repro
duce in the Gulf of California and feed in the rich Arctic waters of Alaska. Whales are 
often seen within a few kilometers of shore along the Pacific Coast in April and again in late 
December (Pike and Macaskie, 1969). Authorities have mixed opinions on whether or not these 
whales feed during migration. Another fairly common baleen whale of the study area is the Minke 
whales which is most often found in the summer in coastal waters, singly and in small pods. 
Several species which were once common in the area are now very rare, e.g. the right whale, the 
fin whale, and the humpback whale. 

Among the toothed whales, the Pacific striped dolphin, the harbor porpoise, and the Dall porpoise 
are the most common. The top oceanic carnivore of the study area, the killer whale or Orea, is 
also common within the region. 

Of the pinnipeds found in this region, only two - the harbor seal and the northern sea lion -
breed in the study area. The northern sea lion breeds on rocky islands of the open coast, while 
the harbor seals are more likely to use sandy islands in estuaries. Only migratory males of 
the California sea lion are found in the study area, typically in nearshore rocky areas during 
fall and winter. Rookeries and hauling out areas for the previously mentioned species are iden
tified in the Watershed Unit discussions in Volume 4. The elephant seal is a pelagic non
breeder (in this region) which occasionally comes to shore in the study area. The northern fur 
seal is a strictly pelagic, seasonal visitor during the non-breeding periods. 

The sea otter, once common along the coast, has not been reported in the 19th century. Since 
then there have been attempts at reintroduction in Oregon, Washington, and British Columbia 
waters (OIW, 1977). Populations are low in numbers and scattered within the study area, but 
are more common farther south in California and north in Alaska. 
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FIGURE 1. MARINE MAMMAL CON
CENTRATION AREAS. Whales migrate 
along the entire coast (see texcl. 
(Data from Isakson and Reichard, 
19768 (Washington); Thompson and 
Snow, 1974 (Oregon); California 
Coastal Zone Conservation Com
mission, 1975 (California).) 
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MARINE MAMALS, continued 

Status. All the marine mammals of the study area are protected under the Marine Mammals 
Protecti.on Act of 1972. The baleen whales are protected under the Endangered Species Act of 
1973. (See Table 3-Xl in Section 3.4.3 of Chapter 3 and in the Annotated Species List.) 
Seaward of the study area, the International Whaling Commission regulates harvest of whales, 
although compliance with regulations is voluntary. The right whale, the fin whale, the blue 
whale, and the humpback whale are not harvested under regulations of the International Whaling 
Commission. 

Relation to Ecosystems. The role of marine mammals in the ecology of marine systems of the 
study area is not well documented. Life histories of several species of the toothed whales are 
little known. Species of the suborder Mysticeti - the baleen whales - are filter feeders living 
principally on small crustaceans, although small fish and squids are taken by some species of 
baleen whales. The waters of the study area are probably not very important as feeding areas 
for these whales; krill and other food sources are not in the density or abundance required. 
The more important feeding areas for the baleen whales are farther north. 

The toothed whales - Odontoceti - are predators, taking prey of higher trophic levels than those 
taken by the baleen whales. Principally fish and squids are eaten, although the killer whale 
also takes other marine mammals. The seals - Pinnipedia - take a wide variety of prey including 
schooling bait fish, commercial and non-commercial larger fish, and molluscs and crustaceans. 

The sea otter is considered a keys"one species in shallow rocky marine areas by many authorities 
(Davis, 1977). Its predation on abalone and sea urchins, the principal herbivores in these 
areas, is thought to play an important role in community structure and homeostasis. In 
California, increased primary productivity and species diversity in kelp beds have been correl
ated with the presence of sea otters. Similar findings are reported by Palmisano (1975) and 
Estes and Palmisano (1974) in Alaska. 

Human Impacts. Man has played a significant role in establishing the population status of marine 
mammals in the study area as well as world-wide. Overharvesting has drastically reduced the 
population levels of many of the baleen whales, as well as the sea otter. In some cases pro· 
tective management measures have been effective in reversing this trend, as in the case of the 
grey whale which has recovered to pre-exploitation population levels (Eaton et al., 1975). 

Partial success has been achieved in protection of the sea otter, with viable populations now 
living in California and Alaska. In 1938 there were an estimated 300 sea otter survivors on 
the California Coast, and populations had been largely exterminated from Oregon, Washington, 
and Vancouver Island, B.C. The California population has recovered to an estimated 1800 
individuals. In addition some 50 sea otters have been reintroduced on the Oregon and Washington 
coasts, but, the success of the reintroduction has not yet been determined. 

At the other extreme, some of the baleen whales have shown little increase in numbers following 
protection. Their numbers may have been reduced to a point below the viable population level. 

There is considerable competition between several marine mammals and some commerical and 
recreational fisheries, e.g., competition for pismo clams and abalone with the alleged depletion 
of stocks of sea otters (Stephenson, 1977; Davis, 1977). Also, fur seals and harbor seals are 
known to take salmon. Recent increases in harbor seal populations, combined with already keen 
competition between commercial, recreational, and Indian harvesters for limited numbers of 
salmon, could limit food resources tor these pinnipeds. 

Marine mammals are in a position in the food web where biologically amplified pollutants are 
potentially hazardous (Davis, 1977; OIW, 1977; Gentry and McAlister, 1976). Such accumulation 
is thought to have caused increased rates of abortions in California seals (Brownell and LeBoeuf, 
1971). There is some evidnece that oil contamination causes mortality in fur seals and sea 
otters (Kenyon, 1969; Kenyon, 1971). The effects of oil on whales and other species of seals 
is controversial, as reported by the fol lowing authons: Kenyon (1971), Browne I I (1971), 
Brownell and LeBoeuf (1971), LeBoeuf (1971), and Smith and Geraci (1975). 
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ROOSEVELT ELK -~ canadensis roosevelti 

1. General Description 

This wapiti (elk) is a native, large, brownish, hoofed, herding grazer with a length of 200 to 
300 centimeters (80 to 120 in) and a weight of 160 to 450 kilograms (350 to 1,000 lb). Males are 
heavier and seasonally bear a large rack of antlers. They are prized game animals. 

2. Population 

Population numbers throughout the coast were once high but were nearly eliminated in the early 
1900's through indiscriminate hunting and habitat destruction. Since that period they have 
been reintroduced along the Oregon coast by the Oregon State Wildlife Commission, and are now 
fairly common throughout the region, although uncommon south of the Coquille River (King, personal 
communication, 1977). Population densities of 10 per square mile (4/sq km) on good sites and one 
or less per square mile on less favorable areas are typical for this area (King, personal com
munication, 1977). 

3. Migration 

This subspecies of elk does not have stronqly differentiated summer and winter ranges. Lowland 
populations at elevations of 1500 meters (5000 ft) or less are fairly sedentary. Those that sum
mer in higher elevations may move downslope during severe winters. However, this seasonal move
ment is more pronounced in the Olympic Peninsula herds than in those of Oregon and California. 
Home range, which is generally viewed in terms of a particular herd, is 1.6 to 3.2 square kilo
meters (0.6 to 1.2 sq mi), with slightly larger home ranges on flats. 

4. External Population Factors N/A 

5. Reproductive Rate 

Cows typically have only one young per year and rarely twins. Characteristic percentage of 
pregnant cows by age class is given in Figure 1. 

Like many other cervids (ruminant mammals), sexual behavior is polygamous; breeding occurs in the 
latter part of September through mid October. Calves are born in late May and early June 
following a 255-275 day gestation period. 

6. Growth Rate 

Although males may reach sexual maturity prior to four years, they seldom breed due to the 
aggressive herding behavior of older, larger, and stronger bulls. 
Females begin to breed at one year, when approximately 12% become 
pregnant. At four years of age the maximum reproductive potential 
(50%) is reached (Maser et al., 1977). Elk gain most of their 
weight in the first year, but males continue to grow for 
several more years. Food use in coastal Northwest 
California by season is given in Figure 2. Feeding 
behavior is subject to annual fluctuation and to local 
availability of respective forage. 

7. Death Rate 

The first year of life has the highest 
death rate (60-70%), with subsequent 
natural mortality at 10-20% (Bradly, 
personal communication, 1977). 
Harvesting also introduced mortality 
of 50-60% for adults. Wapiti are known 
to live 19 years or more in the wild. 
Harvesting of males probably does not 
affect the productive potential of the 
population. Poaching and malnutrition 
(primarily of first year calves) are 
major mortality factors and have been 
measured at 18% in northwestern California. 
In addition, 16% died through accidents 
(road kills, rutting battles), 6% died 
of parasites and disease, and 22% died 
of unknown causes (Maser et al., 1977), 
The puma is the main natural predator, 
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ROOSEVELT ELK, continued 

with black bear takinq an occasional calf. These predation rates are not measured, but are 
probably low in the region as a Hhole. 

JOO 

% 80 
Pregnant 

60 

40 

20 

0 

Age in years 

FIGURE 1. PERCENT PREGNANT VERSUS AGE FOR ROOSEVELT ELK. (From 
Maser et al., 1977.) 
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FORAGE OF ROOSEVELT ELK. (After Maser et al., 1977.) 

Carrying capacity is thought to be maximized by a mixture of 60% clearcut no larger than 400 
meters (1200 ft) across and 40% forest of at least eight inch (20 cm) diameter trees. 

9. Limiting Factors 

Factors which directly limit the population of elk are winter mortality due to malnutrition 
(particularly of calves) and poaching. Poaching is more serious in areas with easy road access. 
The availability of food and cover in a suitable mixture also limits elk populations. 

10. Human Activities 

Elk herds are affected directly through legal harvesting and poaching as well as stocking, and 
indirectly by land use and management practices which affect the carrying capacity, e.g. logging, 
silviculture, and fire protection practices. Elk populations were nearly exterminated in the 
early 1900's, but have been reestablished by stocking and by increasing carrying capacity. BLM 
and the U.S. Forest Service manage some lands with the object (in part) of sustaining elk 
populations. The taking of bull elk does not appreciably affect the production potential of 
the population; cows are usually protected from harvest. 

11. Natural Perturbations 

Wildfire, windthrow, and insect epidemics change the mix of habitats within an area thereby 
affecting the carrying capacity for elk. Severe winters combined with loss of optimal lowland 
wintering areas can potentially seriously affect herds. 
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GLOSSARY OF SYMBOLS 

SOURCE OF ENERGY OR MATTER external to the system or portion 
of a system being modeled. This symbol, and many of the 
others here, are based on H. T. Odum (1971 and 1972). 

-'@~ 
SOLAR RADIATION. The central figure/ 

1
', which is used for 

the sun in pictorial diagrams, is taken directly from a 
pteroglyph left by Pacific Northwest Coastal Indians 
(Meade, 1971) . 

PRODUCER: plant, or plant community. For thermodynamic balance, 
H.T. Odum (1971 and 1972) often shows heat sinks in connec
tion with this and other symbols. Heat sinks are not used 
for the qualitative ecosystem diagrams in this report. 

CONVERTER: animal, microbe, or community of animals or microbes; 
can be consumers or decomposers or both. 

STORAGE COMPARTMENT OR SUBSTRATE. 

SOCIOECONOMIC ACTIVITY. Used, with labels, to cover the whole 
range of human activities except for_ the strictly 
biological, such as eating. 

MULTI-COMPARTMENT STORAGE. 

BIOLOGICAL COMMUNITY: producers and converters. The boundary 
between the compartments may be omitted, and their relative 
positions may vary. Converters may sometimes be presented 
separately as consumers and decomposers, and sizes of all 
three components may vary to show relative significance 
within the particular biological community. 

SUBSTRATE-CONVERTER COMBINATION, such as the detritus-decomposer 
union, where the distinction between the two is not 
essential for the system being modeled. 

COMPOSITE HUMAN COMMUNITY AND ACTIVITY; a combination of 
conversion, storage, and socioeconomic functions. 

GS-1 
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GLOSSARY OF SYMBOLS (continued) 

TO DETRITUS. Indicates a flow of material and energy to the 
non-living compartment. Combines mortality and flow to 
detritus, thus simplifying models. 

BOUNDARY for the specific ecological unit being modeled. 

FLOW PATH FOR ENERGY OR MATTER OR DOLLARS. 

FLOW PATH FOR REGULATING INFLUENCE OR EFFECT 
(i.e. not flow of energy, matter, or dollars). 

DIRECTIONAL FLOWS. 

CONVERGING OR COMBINING FLOWS. 

DIVERGING OR BRANCHING FLOWS. 

SWITCH. Incoming flow is divided into two or more different 
paths by a primary regulating process, or goes one way 
or another depending on the regulating process and its 
secondary regulating factors. 

ONE-WAY VALVE. Flow in one direction along a single path 
occurs through and is controlled by a primary regulating 
process, and depends on its secondary regulating factors. 

TWO-WAY VALVE. Flow in two directions along a single path 
occurs through and is controlled by a primary regulating 
process and its secondary regulating factors. Flow can 
go either or both directions, e.g., materials in and 
out. This symbol often represents a complex group of 
interacting processes. 

SEQUENTIAL VALVE. Flow occurs through and is regulated by a 
a series of primary regulating processes acting in sequence 
with little or no interaction. (Previous two valves are 
used for non-sequential or complex interacting processes.) 

SECONDARY REGULATING FACTOR. The controlling factors that 
regulate a primary regulating process (represented by 
either a switch or a valve, as above). Examples illustrated 
here represent the regulating factors air temperature (Ta) 
and insolation (INSOL). 
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GLOSSARY OF SYMBOLS (continued) 

CYCLICAL OR PERIODIC FLOW FROM SOURCE, such as tides, 
daily and seasonal cycles of the sun, etc. 

GAIN AND/OR LOSS OF HABITAT. When not otherwise labeled, 
the arrow applies to the regulating (or process) 
value by which it is placed. The arrow points out of 
the habitat boundary (dotted line enclosing the habi
tat) for loss, into the boundary for gain. 

BOUNDARY BETWEEN ECOSYSTEM MODEL COMPARTMENTS (PHYSICAL
CHEMICAL, BIOLOGICAL, SOCIOECONOMIC). 

GS-3 



GLOSSARY OF TERMS 

An attempt has been made to use common language, usage, and word forms throughout the volumes of 
this study, with the American Heritage Dictionary of the English Language (Morris, 1976) as 
referee. Many terms used in ecology and its component disciplines, however, do not enjoy "hard 
and fast," universally-accepted definitions, and/or have a variety of meanings depending on 
usage. For such words, the following definitions are given for the terms as used in this 
Ecological Characterization of the Pacific Northwest Coastal Region. Where these are taken 
directly from another reference, citation is given. 

ADVECTTJN. A LOCAL CHANGE IN A PROPERTY OF A SYSTEM THAT TAKES PLACE 1N 
THE PRESENCE OF A CURRENT, AS OF AIR OR WATER; INCLUDES TRANSPORT OF 
WATER VAPOR, HEAT, SEDlMENT LOAD, SALT CONTENT (SALINITYl. 

AEROBIC. REQUIRING OXYGEN1 REFERRING TO LIFE OR PROCESSES THAT CAN 
OCCUR ONLY JN THF PRESENCE OF OXYGEN. (COMPARE •••• ,ANhE9-0BIC.l 

ALLOCHTHONOUS. IMPORTED FROM ANOTHER HABITAT, AS OF SOLID MATTER. 

ALLUVIAL SOIL. SOIL COMPOSED OF ALLUVIUM AND ORGANIC MATER1AL. 
<SEE ••••• ALLUVIUM; COMPARE ••••• COLLUV[AL SOIL, RESIDUAL SOIL, LOESS 
SOIL. l 

ALLUVIUM. A SURFlCIAL DEPOSIT OF WEATHERED EARTH MATERIAL THAT WAS 
TRANSPORTED AND DEPOSITED BY WATER, SUCH AS FROM FORMER RtVER BEDS~ 
DELTAS, AND FLOODPLAIN DEPOSITS. CSEE ••••• ALLUVIAL S01L; 
COMPARE ••••• COLLUVIUM, LOESS, RESIDUUM. l 

ANADROMOUS. MIGRATING FROM THE OCEAN TO f'RESH OR LOWER <::ALINITY WATERS 
TO SPAWN. (COMPARE ••••• CATADROMOUS.) 

ANAEROB[C. REFERRING TO LIFE OR PROCESSES THAT OCCUR IN THE ABSENCF OF 
OXYGEN; ANOXIC; INCLUDES FACULTAT!VE ANAEROBES !ORGANI~MS THAT DO 
NOT NEED OXYGEN BUT CAN LIVE IN THE PRESENCE OF OXYGEN) AND 
OBLIGATORY ANAEROBES (ORGANISMS THAT REQUIRE THE ABSENrE OF OXYGEN!; 
USUALLY ASSOCIATED WITH REDUCING CONDITIONS. (COMPAR~ ••••• AEROBIC.l 

APPRECIATIVE ACTIVITY. HUMAN RECREATIONAL ACTIVITY WHICH REQUIRES FEW 
SPECIAL FACILITIES OR EQU[PMENT AND ~HICH IS NOT RESOURCE-DEPLETING; 
INCLUDES SUCH PASSIVE ACTIVIT1ES AS CAMPING, PICNICKING, OP DR[VING 
FDR PLEASURE TO VIEW SCENERY, AND SUCH ACTIVE PASTIMES AS 
BACKPACKING, HORSEBACK RIDING OR BIKING. CCOMPARE ••••• EXTRACTIVE 
ACTIVITY, EXPRESSIVE ACTIVITY.) 

AQUATIC. L1VING1 GROWING1 OR OCCURRING IN WATER; INCLUDES BOTH FRESH 
WATER AND MARINE ENVIRONMENTS. 

AQUIFER. AN UNDERGROUND AREA <BED OR STRATUM) OF EARTH, GRAVEL1 OR 
POROUS ROCK THAT CONTAlNS WATER. 

ATLAS. A VOLUME OF TABLES, CHARTS, MADS, OR SYSTEMATICALLY-ARRANGED 
DATA ILLUSTRATING A SPECIFIC SUBJECT. 

ATMOSPHERE, THAT PORTION OF THE ECOSPHERE COMPOSED OF THE GASEOUS MASS 
OR ENVELOPE SURROUNDING THE EARTH. 

AUTOTROPHIC. SELF-NOURISHING; REFERR[NG TO ORGANISMS THAT ARE CA~ABLE 
OF CONSTRUCTING ORGANIC MATTER WITH H1GH-ENERGY BONDS FROM INORGANIC 
SUBSTANCES FOR THEIR POOD SUPPLY, BY PHOTOSYNTHESIS OR 
CHEMOSYNTHESIS. <SEE.•••. PROD UC ER; COMPARE.•• •• HE·TEROTROPHIC •) 
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GLOSSARY OF TERMS (CONTINUED) 

BACKSHORE. THE UPPER PART OF A BFACH OR BANK FXTENDI~G FROM ABOVE MEAN 
HIGHER HIGH WATER (OR TIDE) TD UPPER BOUNDARY OF GEOHYDRAULIC 
INFLUENCE (100 YEAR FLOOD/TIDEl <BAUER, 10751. SEE FIG. 2-27 IN 
MODEL (VOL. 1). <COMPARE ••••• FORESHORE1 NEARSHORE, OFFSHORE.) 

BASIC HUMAN ACTIVITY. SOCIOECONOMIC ACTIVITY WHICH ~RODUCES1 HARVESTS, 
~gJCESSES1 OR DISTRIBUTES NATURAL RESOURCES~ (CQMPARE ••••• NON-BASIC 
HUMAN ACTIVITY.) 

BATHYMETRY, THE TOPOGRAPHY OF THE SEA FLOOR; THE DETAILED PHYSICAL 
FEATURES (SUCH AS DEPTH CONTOURS) OF THE SURFACE OP THE SEA FLOOR. 

BEACH. AN ACCUMULATION OF UNCONSOLIDATED ROCK FRAGMENT~ <SAND, PEBBLES, 
COBBLES! OR SHELl FRAGMENTS ALONG THE SHORElINE, BOUNDED BY THE 
MAXIMUM LIMITS OF SHORELINE MOVEMENTS, 1.E., FROM LOWEST MEASURED 
TIDE TO LANDWARD LIMIT OF 100 YEAR STORM TIDE. THIS INCLUDES 
FORESHORE A~D BACKSHORE. (SEE ••••• SHORELINE1 COAST, FORESHORE, 
BACKSHORE, DUNE,) 

BED-LOAD. SAND' GRAVEL, OR HEAVY ROCK FRAGMENTS THAT ROLL, SLIDE, OR 
BOUN:E ALONG THE BED OF A ~TREAM, OR ALONG THE BOTTOM OF AN ESTUARY 
OR THE OCEAN. <COMPARE ••••• SUSPENDED LOAD, DISSOLVFD LOAD.I 

BENTHIC, RELATING TO THE BOTTOM OF A BODY OF WATER <LAKE, RIVER, 
ESTUARY, OCEAN!; INCLUDES SUBSTRATE AND OVERLYING PORTION OF WATER 
WITHIN ONE METER OP SUBSTRATE. <CDMPARE,.,.,PELAGIC, NERlTIC.l 

BENTHOS. BOTTOM-DWELLING ORGANISMS <PLANTS AND ANIMALS), SESSILE1 
CREEPING, OR BURROWING. (SEE ••••• BENTHIC; CDMPARE •••• ~DEMERSAL.l 

BERM, NEARLY HORIZONTAL TERRACE OF SAND ABOVE HIGH TIDE, DEPOSITED AND 
SHAPED BY WAVE ACTION. {N SUMMER, THE BERM IS LOW AND WIDE1 BUT IN 
WINTER IT IS NARROWER AND HIGHER, INDICATIVE 08 THE HEIGHT OF THE 
WAVES THAT CREATED IT <BASCOM, 1Q64), THE CREST OF THE BERM IS THE 
BOUNDARY BETWEEN THE FORESHORE ANO THE BACKSHORE. EFE FIGS. 2-27 
AND 2-35 IN MODEL (VOL. 1), 

BIOCYEMICAL OXYGEN DEMAND <BPDl. A MEASURE OF THE AMOUNT OF OXYGEN 
CONSUMED IN THE BIOLOGICAL PROCESSES THAT BREAK DOWN ORGANIC MATTER 
IN WATER. 

BIOGENOUS. LIVING OR DERIVED ~ROM [IVlNG MATTER; ORGANIC, BIOGENOUS 
DEPOSITS ARE DEPOSITS HAVING MORE THAN 30 PERCENT MATERIAL DERIVED 
FROM ORGANISMS <HUNT AND GROVES, 1Q65), 

BIOLOGICAL ZONE. AN AREA TYPIFIED BY CLEARLY IDENTIF1ABLE GROUPS OF 
ORGANISMS ASSOCIATED WITH SPECIPIC REGIONAL FEATURES OF CLIMATE AND 
SUBSTRATE. ELEVATtoN, SLDPE1 AND SOIL TYPE ARE THE MOST SIGNIFICANT 
SUBSTRATE FEATURES- CONTROLLING THE ZONATIO~ OF LIFE FORMS ON LAND. 
IN THE AQUATIC REGIONS,:THE KEY FEATURE~ ARE TIDES, DEPTH, 
TEMPERATURE, FERTILITY OF THE WATER, AND TYPE OF BOTTOM, 

BIOMASS. THE TOTAL MASS OF ALL ORGANISMS OR LIVING MATTER IN A 
SPECIFIED AREA OR VOLUME, 

BIOME. A LARGE-SCALE ENVIRONMENTAL SUBDIVIiION BASfD ON DOMINANT 
VEGETATION AND CONCOMITANT FAUNA OVER LARGE CONTINENTAL REGIONS; T~E 
LARGEST ECOLOGICAL CATEGORY OF ECOSYETEMS BELOW THE ECOSPHERE LEVEL. 
<COMPARE.,.,,BIOLOGICAL ZONEol 

BIOSPHERE. ALL LIVING ORGANISMS; THAT COMPONENT OF' THE ECOSPHERE MADE 
UP OF ALL LIFE. 

BLOOM. AN EMORMOUS CONCENTRATION OF PLANKTON (USUALLY PHYTOPLANKTON! IN 
AN AREA, CAUSED EITHER BY AN EXPLOSIVE OR GRADUAL MULTIPLICATION OF 
ORGANISMS IN RESPONSE TO [NCREASED NUTRIENT SUPPLY, ANO USUALLY 
PRODUCING A DISCOLORATION OF THE WATER SURFACE <GROSS, 1972). 



GLOSSARY OF TERMS (CONTINUED) 

BOD. SEE ••••• BIOCHEMICAL OXYGEN DEMANO. 

BREAKER DEPTH. THc STILL WATER OEPTH OVER A SHOALING BOTTOM AT THE 
POINT WHERE WAVES BREAK (HUNT ANO GROVES, 1965). 

BROWSE. LEAVES, TWIGS~ ANO OTHER VEGETATION USED AS FOOD BY BROWSING 
ANIMALS. (SEE DEFINITION (2) OF ••••• GRAZER.) 

CANOPY. THE TREETOP ZONE IN A FOREST WHERE LIGHT IS NOT A LIMITING 
FACTOR A~D WHERE LIVE 9RANCHES ANO FOLIAGE OFTEN ARE CONCFNTRATEO. 

CARNIVORE. AN ORGANISM THAT GETS ITS NOURISHMENT BY EATING ANIMAL 
TISSUE;' PREDATOR; A SECONDARY OR HIGHER TROPHIC LEVEL 1".0NSUMER. 
(COMPARE ••••• HERBIVORE, OM~IVORE, OETRITIVORE.l 

CARRION. (1) DEAD OR DECAYING FLESH (MORRIS, 1976). (2) DEA~ ANIMAL 
MATTER, EITHER A WHOLE OR A PORTION OP AN ANIMAL BODY IN EARLY 
STAGES OF DECOMPOSITION. CCOMPARE ••••• LITTER.) 

CARRYING CAPACITY. THE NUMBER DR RI1MASS OF ORGANISMS WHICH CAN 
THEORETICALLY BE SUSTA[NEO IN A GIVEN AREA OR ENVIRONMENT, WITHOUT 
ADVERSELY AFFECTING THAT AREA. 

CAST. SOLID ORGANIC MATTER DISCARDED !3Y AN ORGANISM, E.G., Cl! THE 
WASTE EXCRETED BY AN EARTHWORM, (2) THE SKIN SHED BY A MOLTING 
INSECT OR REPTILE, OR THE SHELL SHED BY A CRAB, (3 l THE MASS OF 
FEATHERS, FUR, BONES, ANO OTHER MATTER EJECTED FROM THE CROP OF AN 
OWL, OR (4) THE LEAVES OF ATTACHED SEAWEEDS ADRIFT. 
CCOMPARE ••••• LITTER, WRACK.! 

CATADROMOUS. MIGRATING FROM FRESH WATERS TO WATERS OF HIGHER SALINITY 
TO SPAWN. (COMPARE ••••• ANAOROMOUS.) 

CELERITY. WAVE SPEED RELATIVE TO THE WATER (NOT RELATIVE TO THE 
BOTTOM l. 

CHANNELIZED FLOW. RUNOFF OF WATER IN DEF~NABLE CHANNELS, AS IN STREAMS· 
AND RIVERS. (COMPARE ••••• NON-CHANNELIZEO FLOW, SURFACE RUNOFF, 
RUNOF·F. l 

CLIMATE. THE METEOROLOGICAL CONDITIONS, INC~UDING TEMPERATURE, 
PRECIPITATION, ANO WINO, THAT CHARACTERISTICALLY PREVAIL IN A 
PARTICULAR REGION (MORRIS, 1976). 

CLIMAX COMMUNITY. THE COMMUNITY CAPABLE OF PERPETUATION UNDER THE 
PREVAILING CLIMATIC ANO SOIL COND[T[ONS OF A GIVEN AREA. 
<SEE ••••• SUCCESS[ON1 SERE; ~OMPARE ••• 4.SERAL lTAGE.l 

COAST. (ll A LARGE PHYSIDGRAPHIC FEATURE OFTEN EXTENOtNG SEVERAL M[LEE 
INLAND FROM THE SHORELINE {BASCOM, 1964). (2) A STRIP OF LANO OF 
INOEF·INITE WIDTH (MAY BE SEIJERAL MILES·> THAT HTENOS FROM THE 
iEASHORE INLAND TO THE FIRST MAJOR ~HANGE IN TERRAIN FEATURES (HUNT 
AND GROVES, 1965). (3) THE LANO NEXT TD OR NEAR THE SFA; SEASHORE 
(MORRI-s, 1976!. 

COLLUVIAL SOIL. SOIL COMPOSED OF CDLLUVIUM ANO ORGANIC MATERIAL. 
<SE€ ••••• COLLUVIUM; COMPARE ••••• ALLUVIAL SOIL• RESIDUAL SOIL1 LOESS 
SOIL• l 

COLLUVIUM. A SURFICIAL DEPOSIT OF WEATHERED EARTH MATERIAL THAT WAS 
TRANSPORTED BY GRAVITY FREE-F~LL ANO NOT BY WATER OR WIND; 
CHARACTERISTIC PARTICLE SHAPF IS- ANGULAR ANO -SHARP. 
<SEE ••••• COLLUVIAL SOIL; COMPARE ••••• AL~UVIUM, LOESS, RESIDUUM.! 

COMMUNITY. A GROUP OF ?LANTS ANO ANIMALS OCCUPYING A HABITAT ANO HAVING 
CLOSE INTERACTIONS, ES~ECIALLY THROUGH FOOD CHAINS AND WEBS~ 
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GLOSSARY OF TERMS (CONTINUED) 

COMPENSATION DEPTH. THE DEPTH SEPARATING THE EUPHOTIC A~D DISPHOTIC 
ZONES OF A BODY OF WATER, AT WH[CH THE ENERGY OF THE PENETRATING 
SUNLIGHT ALLOWS PHOTOSYNTHESIS TO OCCUR TO A DEGREE JUST SUFF~CIENT 
TO PROVIDE FOR THE MAINTENANCE JF PLANT LIFE. 

COMPOUND ESTUARY. A TYPE OF ESTUARY <UNDER THE CLASSIFICATION SCHEME OF 
BAUER, 197$) THAT CONTAINS OPEN-WATER, STREAMWAY1 ANn MARINEWAY 
SECTORS. SEE FIG. 2-23 IN MODEL <VOL. 1). 

CONSUMER. AN ORGANISM THAT EATS OTHER ORGANISMS AS A SOURCE OF ENERGY 
AND NUTRIENTS1 INCLUDES HERBIVORES, CARNIVORES, OMNIVORES. 
(COMPARE ••••• PRODUCER, CONVERTER, DECOMPOSER.) 

CONTINENTAL SHELF. THE ZONE BORDER[NG A CONTINENT EXTENDING FROM THE 
LINE OF PERMANENT IMMERSION (LOWEST MEASURED TIDEl TO THE DEPTH 
(USUALLY ABOUT 200 METERS; 100 FATHOMS, OR 200 YARDS! WHERE THERE IS 
A MARKED OR RATHER STEEP DESCENT TOWARD THE GREAT DEPTHS <HUNT AND 
GROVES, 19651. 

CONVERTER. (ll AN ORGANISM THAT CANNOT MAKf ITS OWN FOOD, BUT RATHER 
RELIES ON OTHER ORGANISMS <PRODUCERS OR OT~ER CONVERTERS> OR THEIR 
REMAINS FOR ITS ENERGY AND NUTRIENTS; HETEROTROPH; INCLUDES 
CONSUMERS AND DECOMPOSERS. (2) FUNCTIONAL COMPONENT (ANIMAL, 
BACTERIUM, FUNGUS> OF AN ECOSYSTEM WHICH RELIES DIRECTLY OR 
INDIRECTLY ON STORED CHEMICAL ENERGY SYNTHESIZED ~y PRODUCERS (GREEN 
PLANTS~. (COMPARE ••••• PRODUCER.) 

CRYPTOGAM. ANY F~OWERLESS ANO ~EEDLESS PLANT THAT REPRODUCES BY SPORES, 
SUCH AS FUNGI, ALGAE, LICHENS, MOSSES, ANO FERNS. 

CURRENT, A HORIZONTAL MOVEMENT OF WATER, EfTHER TIDAL OR NON-TIDAL; 
CAUSED BY GRAVITY (AS IN STREAMS ANO RIVERSJ, AND DENSITY GRADIENTS 
AND GLOBAL C[RCULATION (AS IN PERMANENT OCEAN CURRENTS.) 

DECOMPOSER. AN ORGANISM THAT BREAKS DOWN DEAD PLANTS <LITTER), DEAD 
ANIMALS <CARRION), OR THEIR FECES OR REMAINS INTO SIMPLER PARTS FOR 
ITS NUTRITION. (COMPARE •••• ,DRJOUCER1 CONVERTER, CONSUMER.) 

DEFLATION. THE REMOVAL OF SAND BY THE WIND. 

DEFLATION PLAIN. A DEPRESSION WITHIN A DUNE SYSTEM OWING ITS ORIGIN TO 
EX~AVATION BY WIND. 

DEMERSAL. PERTAINING TD SWIMMING FAUNA (NEKTONl LIVING ON OR NEAR THE 
LAKE OR SEA BOTTOM. <COMPARE ••••• BENTHOSwl 

DETRITIVORE. AN ORGANISM WHICH GAINS ITS NOURISHMENT FROM CONSUMING 
DETRITUS. (COMPARE ••••• HERBIVORE, CARNIVORE, OMNIVORF.l 

DETRITUS. ALL TYPES OF BIOGENIC MATERIAL IN VARIOUS ~TAGES OF MICROBIAL 
DECOMPOSITION AND WHICH REPRE~ENTS A POTENTIAL EN~RGY SOURCE TO 
CONSUMER ORGANISMS !DARNELL• 1976); INCLUDES CARRION, LITTER, CAST, 
AND WRACK AS WELL AS PARTICULATE ORGANIC DEBRIS DERIVED FROM 
DECOMPOSITION. 

OIAGENESIS. REACTIONS THAT TAKE PLACE WITHIN A SEDIMENT BETW~EN ONE 
MINERAL ANO ANOTHER OR BETWEEN ONE OR SEVERAL MINERALS AND THE 
INTERSTITIAL OR su~~RNATANT FLUIDS. DIAGENESIS IS- A PROCESS THAT 
MAKES ROCK OUT OF SEDIMENT BY CHEMICAL REORGANIZATION SUCH AS 
SOLUTION, PRECIPITATION, CRYSTALLIZATION, RECRYSTALLIZATION, 
OXIDATION, REDUCTION, ETC. THESE REACTIONS TAKE PLACE AT LOWER 
TEMPERATURES AND PRESSURES THAN METAMORPHIC REACTIONS !PETTIJOHN, 
1957). 



GLOSSARY OF TERMS (CONTINUED) 

DIFFRACTION. THE PHENOMENON BY WHICH ENERGY IS TRANSMITTED LATERALLY 
AL1NG A WAVE CREST. WHEN A PORTION OF A WAVE TRAIN IS INTERRUPTED 
BY A BARRIER SUCH AS A BREAKWATER, THE EFFECT OF DIFFRACTION IS 
MANIFESTED BY PROPAGATION OF WAVES INTO THE SHELTERED REGION WtTHIN 
THE GEOMETRIC SHADOW OF THE BARRIER <HUNT AND GROVES, 1965). 

DISCHARGE, STREAM OR RIVER. THE VOLUME OF WATER AND SEDIMENTS RELEASED 
INTO THE RECEIVHIG BODY OF WATER <LAKE' RIVER, ESTUARY, OR OCEAN>• 

DISPHOTIC ZONE. THE LOWER ZONE IN A BODY OF WATER BELOW THE 
COMPENSATION POINT IN WHICH LIGHT ENERGY IS INSUFFICIENT TO MEET THE 
METABOLIC NEEDS OF PLANT LIFE. <COMPARE ••••• EUPHOTIC ZONE; 
SEE ••••• COMPENSATION DEPTH.) 

DISSOLVED LOAD. THAT PORTION OF THE SEDIMENT BURDEN CARRIED BY A SJREAM 
OR RIVER IN CHEMICAL SOLUTION. <CDMPARE ••••• SUSPENDED LOAD, 
BED-LOAD.) 

DISTRIBUTARY. A BRANCH OF A RIVER THAT FLOWS AWAY FROM THF MAIN CHANN~L 
AND DOES NOT RETURN TO IT1 AS IN A DELTA REGION (MORRIS, 1976). 
(COMPARE ••••• TRIBUTARY.l 

DIVERSITY. SPECIES RICHNESS; THE NUMBER OF SEPARATE SPECIES LIVING IN A 
SPECIFIED AREA DR VOLUME, AS DETERMI~ED BY A GIVEN SAMPLING 
TECHNIQUE. 

DOMINANT. HAVING A MAJOR ROLE IN A COMMUNITY BECAUSE OP NUMBER, SIZE, 
OR ACTlVIJY, AS OF PLANTS OR ANIMALS. 

DRIFT SECTOR. A UNIT OF COASTLINE OR RIVER BANK WHICH INCLUDES SUPPLY, 
TRANSPJRT1 ANO FINAL ACCRETION PHASES OF THE LOCAL SEDIMENTATION 
PROCESS. 

DUNE. A WIND-FORMED RIDGE OR HILL OF 5AND (MORRIS, 1976). 
<SEE ••••• PRIMARY DUNE, STABILIZED DUNE; COMPARE ••••• BEACH.) 

DYSTROPHIC. CHARACTERIZED BY HIGH OXYGEN CONSUMPTION AND POOR 
BOTTOM-OWELLING FAUNA POPULATIONS, AS OF LAKES. 

ECOLOGICAL MODEL. A CDNCE~TUAL REPRESENTATION OF ACTUAL ECOSYSTEMS OR 
THEIR COMPONENT PHENOMENA IN SYMBOLIC TERMS. CSEE ••••• MODEL.) 

ECOLOGY. THE INTERRELATIONSHIPS OF LIVING ORGANISMS- TO ONE ANOTHER AND 
TO THEIR ENVIRONMENT, OR THE STUDY OF THESE INTERRELATIDNSHtPS~ 

ECDSPHERE. THE TOTAL ASSEMBLAGE OF LIVING ORGANISMS AND THE SPACE, 
ENERGY, AND MATTER NEEDED TO SUSTAIN IT; CONTAINS ATMOSPHERE, 
LITHOSPHERE, HYDROSPHERE, AND BIOSPHERE. 

ECOSYSTEM. A SYSTEM, WITH SPECIFIED BOUNDARIES, OF tNTERRELATEO 
JRGANISMS AND THE NON-LIVI~G ENVIRONMENT SUSTAINtNG IT; MAr.NITUDE 
CAN RANGE FROM THE MICROSCOPIC TO THE PLANcTARY. 

ECDTONE. THE TRANSITION AREA OR BOUNDARY BETWEEN TWO BIOMES, ZONES~ OR 
1-fABITATS. 

EFFLUENT. A DISCHARGE OF POLLUTANTS INTO THE ENV[RONMENT (AIR OR 
WATER), EITHER TREATED DR UNTREATED (STUDDARD, 1974). 

EKMAN TRANSPORT. NET MOTtDN 08 AN ENT[RE MASS OF MOVING WATER1 WHICH1 
IN THE ABSENCE OF INTERFERING LAND MASSES, IS DIRECT~D NINETY 
DEGREES TO THE RIGHT (IN THE NORTHERN HEMISPHERE) OF· THE DIRECTION 
OP THE WIND THAT SET IT MOTION (GROSS, 1972). NOTE THAT THE SURFACE 
WIND DRIFT CURRENT WILL BE ONLY 45 DEGREES TO THE RIGHT OF THE WIND 
DIRECTION IN THE NORTHERN HEMISPHERE1 THE CURRENT DEFLECTING FURTHER 
TO THE RIGHT WITH DEPTH. 
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EMERGENT VEGETATION. AQUATIC PLANTS WHICH ARE NOT TOTALLY SUBMERGED; 
TYPICALLY BEING ROOTED IN AN AQUATIC ENVIRONMENT BUT HAVING MOST OF 
THE PHOTOSYNTHESIS OCCURRING ABOVE WATER, E.G., CATTAIL, BULRUSH, 
SEDGE. 

ENDANGERED. H-1 DANGER OF• EXTINCTION THROUGH All OR A SIGNIFICANT 
PORTION OF 1 A SPECIES RANGE; A CLASS[FICATION CATEGORY OF THE 
ENDANGERED SPECIES ACT OF 1973. (COMPARE ••••• THREATENED.J 

ENDANGERED SPECIES. SPECIES CLASSIF!ED AS ENDANGERED UNDER THE 
ENDANGERED SPECIES ACT OF 1973; ANY NATIVE SPE~IES OR SUBSPECIES 
WHICH THE SECRETARY OF INTERIOR, AFTER CONSULTATION WITH APPROPRIATE 
AFFECTED STATES OR KNOWLEDGEARLE PERIONS1 DETERMINE~ TO BE JN DANGER 
OF EXTINCTION. 

ENDEMIC. NATIVE AND FOUND ONLY IN A SMALL AREA (LOCAL ENDEMIC) OR 
REGION !REGIONAL ENDEMIC>; HAVING A RANGE RESTRICTED TO A PARTICULAR 
LOCATION OR REGION. 

ENVIRONMENT. THE SUM OF ALL EXTERNAL CONDITIONS AND INFLUENCES <MATTER 
AND ENERGY! AFFECTING OR IMPINGING ON THE LIFE, DEVELOPMENT, AND 
SURVIVAL OF AN ORGANISM OR GROUP OF ORGANISMS. 

ENVIRONMENTAL RESISTANCE. (ll THE DIFFERENCE BETWEEN ACTUAL POPULATION 
ANO CARRYING CAPACITY OF AN AREA; A MEASURE OF DEFICIT OR SURPLUS 
RESOURCES. (2) SUPPRESSSIDN OR INHIBITION OF GROWTH BY PHYSICAL OR 
BIOLOGICAL FACTORS AS A POPULATION INCREASES IN NUMBERS. 

EPIBENTHIC. PERTAINING TO NON-SWIMMING F~UNA <BENTHOSl ON THE LAKE OR 
SEA BOTTOM. 

EPIFAUNA. AQUATIC ANIMALS LIVING ON THE SURFACE OF B~TTOM SEDIMENTS. 
<COMPARE ••••• INFAUNA, BENTHOS.l 

EPIPHYTE. A PLANT THAT GROWS ON ANOTHER PLANT UPON WHICH IT DEPENDS FOR 
MECHANICAL SUPPORT BUT NOT AS A DIRECT SOURCE OF NUTRIENTS. 

EPIPSAMMIC. PERTAIN[NG TO ORGANISMS LIVING ATTACHFO TO THE SURFACE OF 
SAND GRAINS• 

ERODABILITY. QUALITY OF ROCK DERtVED FROM ITS CHE~ICAL AND PHYSICAL 
COMPOSITION AND AFF~CT!NG THE RATE AT WHICH IT MAY BE ERODED. 

EROSION. THE GROUP OF NATURAL PR1CESSES INCLUDING WEATHERING, 
DISSOLUTION, ABRASION, CORROSION, ANO TRANS,ORTATION BY WHICH EARTHY 
OR ROCK MATERIAL IS REMOVED PROM ANY PART OF THE SURFACE OF THE 
EARTH (MORRIS, 1976). 

ESTUARY, A SEMI-ENCLOSED COASTAL BODY OP WATER WHICH HAS A FREE 
CONNECTION WITH THE OPEN SfA AND WITHIN WHICH SEA WATER IS 
MEASURABLY DILUTED WITH FRESH WATER DERIVED FROM LAND DRAINAGE 
(CAMERON AND PRITCHARD, 1963). SEE OTHER DEFINITIONS IN SECTION 2.6 
OF MODEL <VOL. 1). 

EUPHOTIC ZONE, THE UPPER ZONE IN A 
ENERGY PENETRATES IN SUFF[CIENT 
METABOLIC NEEDS OF PLANT LIFE. 
COM~ENSATION DEPTH.) 

BODY OF WATER IN WHICH RADIANT 
LEVELS TO MEET OR EXr.EED THE 
!CDMPARE ••••• DISPHOTIC ZONE1 

EUTROPHIC. NUTRIENT-RICH; CHARACTERISTIC OF OLD OR POLLUTED LAKES, 
SUPPORTING HIGH BIOLOGICAL PRODUCTION. (COMPARE ••••• MESOTRO,HIC AND 
JLIGDTROPHIC.) 

EVAPOTRANSPIRATION. WATER LOSS BY A PLANT INCLUDING NORMAL EVAPOR~TION 
OF WATE~ THAT DIFFUSES THROUGH THE PLANT SURFACES AND THAT WHICH IS 
RELEASED BY TRANSPI~ATION THROUGH STOMATA OF THE ~EAVES. 
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EXPRESSIVE ACTIVITY. HUMAN RECREATIONAL ACTIVITY WHICH IS OFPENDENT ON . 
MAN-MADE RECREATIONAL FACITIES SUCH AS BOATING, SWIMMING, AND WATER 
SKIING, AND FACILITY EXPRESSIVE ACTIVITIES SUCH AS COURT GAMES, 
F'IELD GAMES, AND GOLF. (CJMPARE ••••• APl'>RECIATIVE ACTIVITY, 
EXTRACTIVE ACTIVITY.) 

EXTERNALITY. A SOCIOECONOMIC COST, SUCH AS REDUCED PRODUCTTVITY OR A 
NECESSARY MITIGATING MEASURE, WHICH [S NOT BORNE BY THE OWNERS OR 
MANAGERS OF THE ACTIVITY THAT PRODUCES IT. 

EXTRACTIVE ACTIVITY. HUMAN RECREATIONAL ACTIVITY WHTCH REMOVES 
RESOURCES; INCLUDES SUCH ACTIVITIES AS ROCKHOUNDING, SPORT ~TSHING1 
CLAM O[GGtNG1 AND HUNTING. (COMPARE •••• ,APPRECIATIVE ACTIVITY, 
E~PRESSIVE ACTIVITY.) 

FACIES, SEDIMENT, SANO, OR MUD. A STRATIGRAPHlt BODY DISTINGU:SHED FROM 
OTHERS BY APPEARANCE OR COMPOSTION. 

FETCH. IN WAVE FORECASTING, THE CONTINUOUS AREA OF WATER OVER WHICH THE 
WIND BLOWS IN ESSENTIALLY A CONSJANT O[RECTION. SOMETIMES USED 
SYNONYMOUSLY WITH FETCH LENGTH !HUNT AND GROVES, 1965), 

FIXATION. THE PROCESS IN WHICH GASEOUS SUBSTANCES, ESPECIALLY ~ITROGEN1 
ARE REMOVED F~OM THE ATMOSPHERE AND INCORPORATED INTJ ORGA~ISMS. 
(COMPARE,,,,.UPTAKE,) 

FLOCCULATION. A LUMPING TOGETHER OF SUS~ENDED COLLOIDAL CLAY-SIZED 
MATERIAL INTO A FLUFFY, SLOW-§ETTLING PRECIPITATE. FLOCCULATION 
OCCURS I~ ESTUARIES WHERE FRESH ANO SALT WATER ARE MTXEO. 

FLOOD PLAIN, ALL LANDS THAT MAY BE INUNDATED BY THE MAXIMUM POSSIBLE 
CALCULATED FLOOD, TERM MAY BE APPLIED TO MARINE ANO ESTUARINE 
BORDERLAND AS WELL AS TO RIVERINE BORDERLAND, AND MAY REFLECT 
MAXIMUM TIDAL CONDITIONS, AS WELL AS RIVER FLOW CONDlTIONS. SEE 
FIG. 2-27 IN MODEL !VOL. ll. 

FOOD CHAIN. A LINEAR SEQUENCE OF PREDATORS· AND PREY SHOWING A DIRECT 
RE~ATIONSHIP SERIES Of EATERS AND EATEN IN A FOOD WEB AND EXH[BITING 
THE ENERGY FLOW FROM PRODUCERS THROUGH EEVERAL TROPHIC LEVELS OF 
CONSUMERS. !COMPARE ••••• FOOD WEB.) 

FOOD WEB. (ll A MODEL SHOWING NUTRIT[ONAL INTERRELATIONSHIPS OF THE 
ORGANISMS IN A COMMUNITY, DEP[CTING THE WEB-LIKE INTERCONNECTIONS OF 
THE NUMEROUS Fnoo CHAINS OF EATERS.ANO EATEN; A ROAD MAP OF WHO EATS 
WHOM, (2) A COM~LE~ NETWORK OP PATHW~YS BY WHICH ENERGY MOVES 
WITHIN A BIOTIC COMMJNITY1 FROM PRODUCERS THROUGH ALL THE 
INTERCONNECTING TROPHIC LEVELS OF CON~UMERS. (COMPARE ••••• FOOD 
CHA1IN.) 

FORB. ANY NON-WOODY (HERBACEOUS> PLANT OTHER THAN A GRASS. 

FORESHORE. (ll THE LOWER PART OF A BEACH OR FLOOD PLAI~ EXTENDING FROM 
LOWEST MEASURED TIDE OR RIVER STAGE TO MEAN HIGHER HIGH WATER OR 
BANK FULL CONDITION (BAUER, 1975). (2) THE PART OF THE SHORE, LYING 
BETWEEN THE CREST OF THE SEAWARD BERM (OR THE UPPER LIMIT OF WAVE 
WASH AT HlGH TIDE) AND THE ORDINARY LOW WATER MARK1 THAT IS 
ORDINARILY TRAVERSED BY THE UPRUSH AND BACKRUSH OF THE WAVES AS THE 
TIDES RISE AND FALL ALSO CALLED THE BEACH F~CE !HUNT AND GROVES, 
1965). SEE F~G. 2-27 IN MODEL <VOL. ll• !COMPARE,.,,,BACKSHORE, 
NEARSHORE, OF~SHORE.l 

FRACTURED ECOSYSTEM. AN ECOSYSTEM SIGNIF·ICANTLY ALTERED BY MAN IN WHICH 
NATURAL PROCESSES- ARE SEVERELY DISRUPTED BY IMPROPER M~NAGEMENT ANO 
ITS MAU OR IMPACTS,: INCLUDING POLLUTION. <COMPARE.••• .NATURAL 
ECOSYSTEM, MANAGED ECOSYSTEM.1 

F'RASS. INSECT FECES. 

GT-7 



GT-3 

GLOSSARY OF TERMS (CONTINUED) 

GRAZER. (ll IN GENERAL ECOLOGY, ANY PRIMARY CONSUMER. 121 IN WILDLIFE 
ECJLOGY, A HERBIVORE WHICH FEEDS ON HERBACEOUS PLANTS, E.G., GRASSES 
AND FORBS, AS OPPOSED TO BROWSE. 

HABITAT. (1) THE AREA OR TYPE OF ENVIRONMENT WITHIN A BIOLOGICAL ZONE 
IN WHTCH AN ORGANIS~, POPULATION, OR COMMUNITY NORMALLY LIVES OR 
OCCURS. (2) THE SUM TOTAL OF ENVIRONMENTAL CONDITIONS OF A SgECIFIC 
PLACE THAT IS OCCUPIED BY AN ORGANISM, POPULATION• OR COMMUNITY 
(STUDDARD, 1974). (31 THE PARTICULAR PREFERRED ENVIRONMENT OF AN 
ORGANISM. (COMPARE, •••• BIOLOGICAL ZONE, NICHE.I 

HALOCLINE. A VERTICAL SALINITY GRADIENT IN SOME LAYER OF A BODY OF 
WATER, WHICH IS APPRECIABLY GREATER THAN THE GRADIENTS ABOVE AND 
BELOW IT; ALSO A LAYER IN WHICH SUCH A GRADIENT OCCURS. SEE FIG. 
2-30 IN MODEL !VOL. 11. 

HEADLAND. A PROMONTORY OF ROCK ALONG THE COAST THAT IS RELATIVELY 
RESISTANT TO EROSION. 

HF.RBIVORE, AN ORGANISM THAT GETS ITS NUTRITION BY EATING GREEN PLANT 
MATERIAL; GRAZER; •RIMARY CONSUMER. (COMPARE ••••• CARNIVORE1 
DETRITIVQRE, OMNIVORE,) 

HERPETOF'AUNA. REPTILES AND AMPHIBIANS. 

HETEROTROPHIC. OBTAINING NUTRIENTS ANO ENERGY FROM ORGANIC SUBSTANCES 
PRODUCED BY AUTOTROPHIC ORGANISMS SUCH AS GREEN PLANTS; INCAPABLE OF 
SYNTHESIZING OWN FOOD FROM ENERGY OF SUN. (SEE •••• ,CONVERTER.l 

HINDCAST. TO CALCULATE OR ESTIMATE AN EFPECT OR EVENT FROM oqsERVED 
DATA AS OPPOSED TO PREDICTING !FORECASTING) FUTURE EFFECTS OR 
EVENTS. HINDCASTINS IS USED TO TEST HYPOTHESES IN THE DEVELOPMENT 
OF PREDICTlVE THEORIES, ESPECIALLY IN THE GEOPHYSICAL SCIENCES. 

HOLOPLANKTON, PERMANENT PLANKTON COMP~ISING ORGANISMS THAT REMAIN AS 
PLANKTON THROUGHOUT THEIR COMPLETE LIFE CYCLE <SVERDRUP ET AL., 
1942le (COMPARE,,,,,MEROPLANKTON.l 

HUMIFICATIO~. THE PROCESSS OF HUMUS FORMATION BY DECOMPOSITION OF 
VEGETABLE MATTER. 

HUMUS, A BROWN OR BLACK ORGANIC SUBSTANCE CONS[STING OF PARTIALLY OR 
WYOLLY DECAYEO VEGETABLE MATTER THAT PROVIDES NUTRIENTS FDR PLANTS 
ANO INCREASES THE ABILITY OF SOIL TO RETAIN WATER CMQRRIS, 1976). 

HYORIC. WET; PERTAINING TO A WET CONDITION, A£ IN A HYORIC HARITAT SUCH 
AS A SWAMP OR MARSH. (COMPARE ••••• ~ESIC, XERIC.l 

HYOROLIJGIC CYCLE. THE MODEL OF WATER MOVEMtNT OR CIRCULATION BETWEEN 
THE ATMOSPHERE, LITHOSPHERE, ANO HYDROSPHERE, INVOLVING 
PRECIPITATION, PERCOLATION, RUN-IJFF, AND EVAPORATION. SEE FIGS. 
1-21 2-15, 2-16, 2-17, AND SECTION 2. 4 IN MODEL (VOL. l l. 

HYDROSPHERE. THE PORTION OF TYE ECOSPHERE THAT IS OR INVOLVES WATER (AS 
DISTINGUISHED FROM ATMOSPYERE ANO LITHD£PHERE ANO qIOSPHEREl. 
<SEE ••••• ECOSPHERE.) 

INFAUNA. AQUATlC ANIMALS LIVING BENEATH THE SURFAC~ OF THE BOTTOM 
SEOIME~TS. CCOMPARE ••••• EPIFAUNA, BENTHOS.) 

INFILTRATION. THE PENETRATION OR PASSING OF W~TER INTO SOIL. 
<CDMPARE ••••• PERCOLATION.l 

INSOLATION. INCOMING SOLAR RADIATION OR IT~ INTENSITY INCIDENT ON A 
GIVEN SITE OVER A GIVEN PERIOD OF TIME. 
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JACKSON TURBIDITY UN1T CJTU). 'MEASURE OF THE SUSPENDED PARTICULATE 
MATTER IN WAT5R~ E.G&• CLAY, S[LTt FINELY DIVIDED ORGANIC AND 
INORGANIC MATTER, COLLOIDS, PLANKTdN lNO OTH~R MICRDS~O~It 
ORGANISMS. AN EXPRESSION OF THE OPTICAL PROPERTY OP A SAMPLE 
CAUSING LIGHT TO BE SCATTERED AND ARSORBEO RATHER THAN BElNG 
TRANSMITTED THROUGH THE SAMPLE. THE TURRIOITY UNIT WAS ORIGINALLY 
BASED ON A MEASUREMENT MADE WITH THE JACKSON CANDLE TURRIOIMET~R 
EMPLOYING A STANDARD KAOLIN SUSPENSION• NOW LARGELY SUPERSEDED BY A 
NEPHELOMETRIC METHOD EMPLOYING STANDARD FORMAZIN SUSPENSIONS~ THE 
NEPHELOMETRIC METHOD YIELDS TUR~TDITY UNITS APPROXIMATELY EQUIVALENT 
TO 3ACKSON TURBIDITY UNITS ANO EXTENDS THE RANGE OF SAMPLE 
MEASUREMENT. PURE WATER HAS ZERO TURBIDITY UNITS, TEST WATER MAY 
RANGE FROM 0 - >1000 UNITS. <BASED ON TARAS ET AL,, 1971, PP. 
349-353.) 

LACUSTRINE. PERTAINING TO OR LIVING IN• ON, OR UNDER A LAKE OR POND, 
tCOMPARE ••••• RIVERINE• RIPARIAN, ~ALUSTRINE.l 

LIMITING FACTOR. AN ENVIRONMENTAL PARAMETER WHICH IS OF PRIME 
IMPORTANCE IN THE REGULATION OF BIDLOG~CAL PRDCESS~s, SUCH AS 
INDIVIDUAL GROWTH CRIOMASSl1 POPULATI8N GROWTH, ETC. 

LITHOSPHERE. THE PORTION OF THE ECOSPHERE THAT IS THE SOLID CRUST OF 
THE EARTH (AS DISTINGUISHED FROM ATMOSPHERE, HYDROSPHERE, AND 
BIOSPHERE), COMPARF,., •• ECOSPHERE.l 

LITTER. (ll THE UPPERMOST LAYER OF THE POREST FlOOR DR OTHER 
TERRESTRIAL ENVIRONMENT GROUND SURFACE CONSISTING CHIEFLY OF 
DECAYING ORGANIC MATTER CMJRRIS, 19761. (2) THE OHO VEGETABLE !OF 
PLAl'-IT ORIGIN) MATTER, SUCH AS LEAVES, TWIGS, OR "1000 THAT FALLS TO 
THE GROUND AND ACCUMULATES AS IN Ill. CCOMPARE ••••• CAST, WRAr.K, 
HU"IUS.• CARRIOl'-I. l 

LITTORAL. THE BENTHIC ENVIRONMENT IN THE OCEAN FROM THE SHORE TO ABOUT 
200 METERS (100 FATHOMS), ARBITRARILY CHOSEN TO REPRESENT THE EDGE 
OF THE CONTINENTAL SHELF ANO ROUGHLY THE LOWER EXTENT OF THE PHOTIC 
ZONE (S~ERORUP ET AL., 1942). !SEE ••••• SENTHIC.l 

LITTORAL DRIFT. MOVEMENT OF SEDIMENT PARALLEL TO A BEACH• BOTH ALONG 
THE BEACH FACE AND IN THE SURF ZONE WITHIN THE LONGSHORE CURRENT. 
NET LITTORAL DRIFT ••••• REFERS TO THE DIFFERENCE BETWEEN THE VOLUME 
OF SfD[MENT MOVING IN ONE DIRECTION ALONG A BEACH AND THAT MOVTNG [N 
THE OPPOSITE DIRECTION (CAUSED BY SHIFTS IN THE DIRECTION OF WAVE 
APPROACH) <BASCOM, 19641. (SEE ••••• LONGSHORE CURRENT.) 

LOESS. A SURFICIAL DEPOSIT OF WEATHERED EARTH MATERIAL THAT IS 
TRANSPORTED AND DEPOSITED BY WINO; CHARACTERISTIC PARTICLE SHAPE 
SMOOTH AND ROUNDED; SIZE IS F~NE. DUNES ARE EXAMPLES OF LDESS. 
(SEE ••••• LOESS SOIL; COMPARE ••••• ALLUVIUM1 COLLUVIUM1 RESIDUUM.) 

LOESS SOIL. SOIL COMPOSED OF LOESS-AND ORGANIC ~ATERilL~ 
(SEE ••••• LOESS; COMPARE ••••• ALLUVIAL SOIL, CDLLUVtAL SOIL, RESIDUAL 
SOIL. I 

LONGSHORE CURRENT. THE RESULTANT CURRENT PRODUCED BY WAVES BEING 
DEF~ECTED AT AN ANGLE BY THE SHORE. tN THIS CASE THE CURRENT RUNS 
ROUGHLY PARALLEL TO THE SHORELINE. THE LONGSHORE CURRENT IS CAPABLE 
OF CARRYil'-IG A CERTAIN AMOUNT OF MATER~AL (HUNT AND GROVES, 1965); 
ALSO CALLED LITTORAL CURRENT. <SEE ••••• LITTORAL DRIFT.) 

LOWLAND. LOW ELEVATION TERRAIN WHERE ALTITUDE AND SLOPE ARE NOT 
IMP~RTAl'-IT ECOLOGICAL FACT3RS. 

MACROPHYTE1 MACRDFlORA. PLANT FORMS, INDIVIDUALS OF WHICH CAN BE 
OBSERVED WITH THE UNAIDED EYE, t.e., wrTHOUT USE OP A MICROSCOPE. 
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MACROPLANKTON. PLANKTON ORGANISMS, MOSTLY ANIMALS 1 MM OR MORE IN 
LENGTH, TAKEN IN A COARSE PLANKTON NET (SVERDRUP FT AL., 19421. 
CCOMPARE ••••• MICROPLANKTON, NANNO~LANKTON.) 

MAJOR NUTRIENT. CHEMICAL ELEMENT NECESSARY FOR THE GROWTH AND 
MAINTENANCE OF AN ORGANISM THAT !5 REQUIRED IN PROPORTIONS 
MEASURABLE IN AT LEAST PARTS PER THOUSAND OF ORY TISSUE; 1NCLUOESt 
IN ADDITION TO c, H1 AND !), THE Elf'MENTS N, 1>, K1 1 MG• CA1 ta,, CL1 
AND S FOR MOST ORGANISMS, ALSO SI FOR DIATOMS~ 

MANAGED ECOSYSTEM. AN ECOSYSTEM SIGNIFICANTLY ALTERED BY MAN IN WHICH 
ADVERSE IMPACTS (INCLUDING POLLUTION) ARE MIN!MIZEO BY PROPER 
MANAGEMENT PRACTICES. (CQMPARE,, •• ,NATURAL ECOSYSTEM, FRACTURED 
ECOSYSTEM, l 

MARINE. OF~ OR PERTAINING To, THE SALTY WATERS OF THE OCEANS AND 
ASSOCIATl=D SEAS OF THE EARTH. 

MARINEWAY SECTOR. THAT PORTION OF AN ESTUARY WHICH IS BOUNDED BY LAND1 
WITH A RESTRICTED OPENING TO THE OCEAN, AND IS NOT A PART OF THE 
STREAMWAY. THE FlOW IS ESSENT[JLLY TIDAL CONTROLLED, AND NOT RIVER 
CONTROLLED, LAGOONS AND BAYS ARE EXAMPLES OF THE MAR!NEWAY SECTOR 
(IHUER, 1975), SEE FIG. 2-23 AND 5ECTION 2.6,1 IN MODEL (VOL. 11. 
(COMPARE ••••• STREAMWAY SECTOR, OPEN-WATER SECTOR,) 

MARSH. A LOW-LYING WETLAND CHARACTERIZED BY EMERGENT VEGETATION SUCH AS 
TYPHA WHICH lS PREDOMINANTLY HERBACEOUS. CCOMPARE ••••• SWAMD.) 

MASS WASTING. THE DOWNSLOPE MOVEMENT OF ROCK AND70R SOIL MAT~RIAL IN 
RESPONSE TD GRAVITY. A NUMBER OF DIFFERENT TYPES OF MASS MOVEMENT 
ARE R E c 0 G NI z ED 0 N THE RA s I s 0 F NH u R E 0 F• M 0 V'E MEN T' : t! A TE 0 F M (J v E MEN T' 
TYPE OF' MATERfAL, AND WATER CONTENT OF MATERIAL. SEE SECTION 
2.2.5,7 IN MODEL CVOL. 11. 

MEIOF~UNA. DIMINUTIVE ANIMALS SO SMALL THAT ANATOMICJL DETAIL IS NOT 
VISIBLE TO THE UNAIDED EYE• BUT LARGER THAN UNICELLULAR MICROBES. 

MEROPLANKTON. TEMPORARY PLANKTON COM~RISING THE EGGS ANO LARVAE OF THE 
BENTHOS AND NEKTON, SEASONALLY VERY ABUNDANT IN NERITIC WATERS; 
COMPOSED MAINLY 01=1 DEVELOPMENTAL 5HGES OF THE INVERTERRATES, BUT 
INCLUDING ALSO THE YOUNG OF FISHES <SVERDRUP ET AL., 19421. 
(COMPARE ••••• HOLOPLANKTON.l 

MESIC. PERTAINING TO A MODERATE MOISTURE OR PRECIPITATION CONDITION• AS 
IN A MESIC HABITAT, <COMPARE ••••• HYDRIC1 XERIC.l 

MESOTRO?HIC. MEDIUM IN NUTRIENT LEVELS; CHARACTERI~TtC OF AGING OR 
PARTIALLY-POLLUTED LAKES, SU?PORT!NG MEDIUM BIOLOGICAL PRUDUCTION. 
<COM?ARE ••••• OLIGOTROPHIC AND EUTROPHIC.l 

MICROCLIMATE, THE CLIMATE OF A SPECIFIC ?LACE WITHIN AN AREA, 
CONTRASTED WITH THE CLIMATE OF THIS AREA AS A WHOLE (MORRIS, 1976), 

MICROOETRITUS. EXTREMELY FINE PART[CULATE ORGANIC MATTER DERIVED FROM 
DISSOLVED ORGANIC MATTER BY ATR BUBBLING, AS IN SURI=, 

MICROPLANKTON. PLANKTON ORGANISMS, BELOW ABOUT 1 MM IN StZE1 WHICH CAN 
BE CAPTURED IN A FINE-MESHEO PLANKTON NET (MESH APERTURE ABOUT 0.076 
MM! <SVERDRUP ET AL., 1942!. ALSO CALLED NET PLANKTON. 
CCOMPARE ••••• MACROPLANKTON, NANNO?LANKTON, ULTRAPLANKTON.l 

MIGRATION. THE MOVEMENT Of INDIVIDUALS OR GROUPS BETWEEN AREAS IN 
RESPONSE TO SEASONAL CHANGES OR STAGES IN LIFE CYCLE. 

MINOR NUTRIENT. CHEMICAL ELEMENT NECESSARY FOR GROWTH AND MAINTENANCE 
BY AN ORGANISM THAT IS RE-OUIRED IN PROPORT[ONS LESS THAN PARTS PER 
THOUSAND OF DRY TISSUE; INCLUDES FE1 MN1 CU, CO, ZN' AND MO FOR MOST 
ORGANISMS; ALSO CALLED TRACE NUTR[ENT OR TRACE ELEMENT. 
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MODEL. !ll A SYMBOLIC RE~RESENTATIJN OF A REAL-LIFE PHENOMENON, 
EXPRESSED EITHER VERBALLY, GRAPHICALLY, OR MATHEMATICALLY. (21 THE 
FIRST VOLUME OF THE ECnLOGICAL CHARACTERIZATION OF THE PACIFIC 
NORTHWEST COASTAL REGION, CONTAINING GENERAL ECOLOGICAL THEORY, 
BACKGROUND DATA, AND DEVELOPMENT OF MAJOR CHARACTER!?ATION MODEL~. 

MULTIPLIER. SOCIOECONOMIC INDEX OF THE RELATIONSHIP BETWFEN BASIC ANO 
NON-BAS1C EMPLOYMENT: THE NUMBER OF BA~IC INDUSTRY JOBS, TIMES 
MULTIPLIER, EQUALS TOTAL NUMBER OF JOBS. 

MYCORRHIZA. THE SYMBIOTIC ASSOCIATION OF THE MYCELIUM OF A FUNGUS WITH 
THE ROOTS OF CERTAIN PLANTS SUCH AS CONIFERS OR ORCHIDS lMORRIS1 
1'976). 

NANNOPLANKTON. VERY SMALL (~ TO 60 MICRONS) PLANKTON WHICH PASS THROUGH 
A FINE COLLECTING NET AND MUST B~ COLLECTED BY CENTRIFUGATION; 
INCLUDES BACTERIA, SMALL PROTOZOANS, DIATOMS, DINnFLAGELLATES, ANO 
OTHERS <SVERDRUP ET AL., 1942). <CDMPARE ••••• MACROPLANKTON, 
MICQOPLANKTON, ULTRAPLANKTON.) ALSO SPELLED NANOPLANKTON. 

NATURAL ECO~~STEM. AN ECOSYSTEM WHICH HAS NOT BEEN SISNIFICANTLY 
ALTERED OR AF~ECTED BY MAN. ICOMPARE ••••• MANAGED ECOSYSTEM AND 
FRACTURED ECOSYSTEM.) 

NEAP TIDE. THE DAILY TIDAL CYCLE OF LEAST VERTICAL RANGE. 
(COMPARE ••••• SPRING TIDE.) 

NEARSHORE. THE MARINE REGION CLOSEST TO SHORE, EXTENDING FRJM THE LINE 
OF LOWEST MEASURED TIDE SEAWARD TO THE DEPTH AT OUTER LINE O~ 
BREAKERS. SEE FIG. 2-27 I~ MODEL (VOL. 1). (COMPAqE ••••• FOR~SHORE, 
OFFSHORE, BACKSHORE.l 

NEARSHORE C[RCULATION CELL. A WAVE-DRIVEN CURRENT SYSTEM IN, ANO UUST 
SEAWARD OF, THE SURF ZONE CONSISTING OF 11) A LANDWARD DRIFT OF 
WATER THROUGH THE SURF ZONE, 121 LONGSHORE CURRENTS- WHICH RUN 
PARALLEL TO THE SHORE BETWEEN THE SHORE AND SUBMERGED SANO BARS· 
PARALLEL TD SHORE, AND (3) BDRDER[NG RIP CURRENTS WHICH CARRY THE 
SURPLUS WATER SEAWARD TD JUST BEYOND THE SURF ZONE THROUGH LOW 
POINTS IN THE SUBMERGED SA~D BARS (KOMAR, 1971). 

NFGATIVE MATERIAL BUDGET. MATERIAL DEPOSITED IS LE~S THAN THE AMOUNT OF 
MATERIAL REMOVED, AS tN EROSION. 

NEKTON. MARINE ANIMALS THAT ARE ARLE TO iWIM AGAINST NORMAL WAVE ANO 
CURRENT ACTION. (COMPARE ••••• PLANKTON, BENTHOSwl 

NERITIC. PERTAINING TO THE MARINE WATERS OF THE PELAGIC ENVIRnN~ENT 
OVERLYING THE CONTINENTAL $HELF (SVERDRUP ET AL., 1942). 
<COMPARE ••••• PELAGIC, BENTHIC.l 

NICHE. (ll THE FUNCTIONAL ROLE OF AN ORGANISM IN A HABITAT; THE 
PROFESSION OF· THE ORGANISM !ODUM, E.P., 1971). (2) THE AREA OR SET 
OF ENV[RONMENTAL CONDITION) WITHIN A HABITAT OCCUPIED BY AN ORGANISM 
<MORRIS~ 1976), COMPARF ••••• HABITAT, BIOLOGICAL ZONE.) 

NON-BASIC HUMAN ACTIVITY. SOCIOECONIMIC ACTIVITY WHICH EXCLUSIYELY 
SERVES THE DEMAND FOR LOCAL GOODS ANO SERV[CES, RATHER THAN THE 
HANDLING OF NATURAL RESOURCES. ICOMPARE ••••• BASIC HUMAN ACTIVITY.) 

NON-CHANNELIZED FLOW. FLOW OF WATER NOT IN A DEFINABLE CHAN~EL. ON THE 
SURFACE TT IS SURFACE RUNOFF, MOVEMENT OF GROUNDWATER BY 
INFILTRATION AND PE~COLATION IS ALSO A NON-CHANNELIZED FLOW. 
ISEE· ..... SURFACE RUNOFF; COMPARE ••••• CHANNELIZED How,: RUNOF•F,) 

NON-POINT-SOURCE. A GENERAL AREA OR NON-ISOLATABLE SOURCE OF AIR OR 
WATER POLLUTION SUCH AS TRANSPORTATION, FUEL COMBUSTION, OR URBAN 
RUNOFF. ICOMPARE ••••• POINT-SOURCE.) 
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GLOSSARY OF TERMS (CONTINUED) 

NOT-SOIL. WETLAND SUBSTRATE WHICH IS TOO DEEP TO SUPPORT EMERGENT 
VE:;ETATION cu.s.D.A. SOIL CONSERVATION SERVTCE. 1975. AS QUOTED TN 
CJWARDIN ET AL., 1977), 

NUTRIENT. AN ELEMENT OR CHEMICAL COMPOUND THAT IS USED TO SUPPORT 
GROWTH OR MAINTENANCE OF AN ORGANISM, !COMPARE ••••• MAJOR NUTRIENT 
AND MINOR NUTRlENTl. 

OFFSHORE. (ll IN BEACH TERMINOLOGY, THE ZONE EXTENDING· SEAWARD FROM. THE 
OUTER LINE OF RREAKERS TO THE SEAWARD EDGE OF THE CONTINENTAL SHELF 
(HUNT AND GROVES, 1965; TNMAN AND BAGNOLQ, 1963), SEE FIG. 2-27 IN 
MODEL !VOL. ~). (COMPARE ••••• NEARSHORE, FORESHORE, BACKSHORE; 
SEE ••• SURF ZONE~ BREAKER DEPTH.I (2) IN PLANKTON STUDIES, 
PERTAINING TO THOSE S~ECIES OR COMMUNITIES CHARACTERISTIC OF MARINE 
WATERS WITH A SALINITY EQUAL TO OR GREATER THAN 32,5 PARTS PER 
THOUSAND. 

OLIGOTROPHIC. NUTRIENT-POOR; CHARACTERISTIC OF YOUNG, CLEAR LAKES, 
SUPPORTING LOW BIOLOGICAL PRODUCTION. (COMPARE ••••• MESOTRDPHtC, 
EUTROPHIC.l 

OMNIVORE, AN ORGANISM THAT EAT5 BOTH PLANTS AND ANIMALS. 
(CJMPARE ••••• HERRIVDRE1 CARNIVORE, OETRITIVORE.l 

OPEN-WATER SECTOR. TYE DUTWASH FRINGE DR PLUME OF COASTAL RIVERS ANO 
ESTUARIES. THIS SECTOR OF AN ESTUARY IS BEYOND THE CONFtNED BDR~ERS 
OF THE MARINEWAY JR STREAMWAY SECTORS. THE EXTENT OF THE OPEN-WATER 
SECTOR IS EVER-CHANGING AND POORLY DEFINED IN THE FORESHORE, 
NEARSHORE1 AND OFFSHORE COASTAL ZONES !BAUER, 1975), SEE FIG. 2-23 
AN'l SECTION 2.6.l IN MODEL (VOL. 1), (COMPARE ..... STREAMWAY SECTOR, 
MARINEWAY SECTOR,) 

ORGANIC. REFERRING TD OR DERIVED FROM LIVING ORGANISMS; IN CHEMISTRY, 
ANY COMPOUND CDNTA[NING CARBON. (COMPARE ••••• BIOGENOUS.l 

OROGRAPYIC LIFTING. LIFTING OF AN AIR MASS PRODUCED RY FLOW OVER 
MOUNTA[~S AND MOUNTAIN RA~GES CAS OPPOSED TD LIFTtNG OUE TO THERMAL 
E~PANSION DR INTERACTION WITH OTHER AIR MASSES!. 

PALUSTRINE. PERTAINING TO OR LIVING IN OR BY A SWAMP, MARSY, DR OTHER 
WETLAND. !COMPARE ••••• LACUSTRINE, RTPARIAN1 RIVERINE,) 

PEDDGENIC. DERIVED DIRECTLY FROM ROCK MATERIAL; USED IN SOIL 
TERMINOLOGY. 

PELAGIC. PERTAINING TO THE OPEN SEA, INDEPENDENT OF THE COAST OR 
BOTTOM; OCEANIC. (CDMPARE ••••• NERITIC1 BENTHIC.) 

PERCOLATION. THE PENETRATION OR PASSING OF WATER THROUGH THE SOIL. 
(COMPARE ••••• [NFILTRATION.) 

PERIPHYTE, PERIPHYTDN. AQUATIC PLANT (PRIMARILY MICROSCOPIC! LIVING ON 
THE SURFACE OF SUBMERGFD OBJECTS. 

PERMEABILITY. THE ABILITY OF ROCK TO TRANSMIT WATER UNOER PRESSURE. A 
ROCK MUST BE POROUS <SEE ••••• POROSITYl TO BE PERMEABLE, BUT THE 
REVERSE IS NOT TRUE (G!LLULY ET AL., 1959), 

PHOTIC ZONE. THE ZONE OF A BODY OF WATER tN WHICH RADIANT ENERGY 
<SUNLIGHT! PENETRATES; INCLUDES EUPHOTtC AND DISPHOTJC ZONES. 

PHYTOPLANKTON. SUSPENDED AQUATIC ORGANIS~S WHICH DO NOT REQUIRE A SOLID 
SUBSTRATE OR ATTACHMENT AND WHICH ARE ABLE TO PHOTOSYNTHESIZE; 
USUALLY SMALL TO MICROSCOPIC, MAY BE MOTILE. 

PIONEER. A PLANT, ANIMAL, OR COMMUNITY THAT FIRST INVAOES A BARE AREA 
IN A SUCCESSSIDNAL SEQUENCE OR SERE (E.G., GRASSES ON FOREOUNE1 
LICHENS ON ROCK>. 



GLOSSARY OF TERMS (CONTINUED) 

PISCAVORE. ANIMAL THAT USES FIS~ AS A FOOD SOURCE. 

PLANKTON. AQUATIC ORGANISMS WHICH ARE NOT ATTACHED TO ANY SUBSTRATE ANO 
CANNOT SWIM EFFECTIVELY AGAINST WATER CURRENTS AND WAVES; ~AY BE 
PLANT, ANIMAL, OR PROTIST AND VARY IN SIZE F~OM SUR-MICROSCOPIC TO A 
METER OR MORE <PD~ LARGE JELLYFISH AND FLOATING SARGASSUM); 
DRIFTERS. (SEE ••••• PHYTOPLANKTON1 NANNOPLANKTON, ZOOPLANKTON, 
MICROPLANKTON, MACROPLANKTON.l 

POINT-SOURCE. A STATIONARY, IDENTIFIABLE SOURC~ OF AIR OR WATER 
POLLUTION EMISSIONS OR DISCHARGES, SUCH AS A SMOKESTACK OR EFFLUENT 
PIPE. CCOMPARE ••••• NON-POINT-SDUR~~.l 

POLLUTION. THE PRESENCE OF MATTER OR ENERGY WHOSE NATURE, LOCATION, OR 
QUANTITY PRODUCES UNDE£IRED ENVIRONMENTAL EFFECTS <STUDDARD, Q~74l. 

POPULATION. A GROUP OF ORGANISMS OF THE SAME SPECIES, CONFINED TO A 
DEFINED GEOGRAPHICAL AREA; THE NUMBER OF INDIV[DUALS WHICH SHARE A 
COMMON GENE POOL. 

POROSITY, THE PERCENTAGE OF A ROCK OR SOIL THAT IS REPRESENTED BY OPEN 
SPACES. THE POROSITY OF SEDtMENTS AND SEDIMENTARY ROCKS DEPENDS 
UPON THE SHAPE, RELATIVE SIZES, ANO ARRANGEMENT OF THE GRAINS, AND 
THE DEGREE OF COMPACTION AND C~MENTATION (GILLULY ET AL., 1959), 

PDSITIV~ MATERIAL BUDGET. MATERIAL DEPOS1TEO IS MORE THAN THE AMOUNT OF 
MATERIAL REMOVED, AS IN SEDIMENTATION. (COMPARE ••••• NEGATIVE 
MATERIAL BUDGET.) 

PRIMARY CONSUMER, GRAZER, FEEDING ON PLANT (PRODUCER) MATERIAL; 
YER8IVORE. (COMPARE ••••• ECONOARY CONSUMER; SEE ••••• GRAZER.) 

PRIMARY DUNE. A DUNE IN FIRST STAGE OF' SUCCESSION, INHARITED BY PIONEER 
SAND-STABILIZING PLANTS (ESPECIALLY THE INTRODUCED EUROPEAN BEACH 
GRASSl; A STRESS STAGE EASILY ERODED, SE~SITIVE TO WINTER STORMS AND 
OVERUSE BY MAN. CCOMPARE ••••• STABILIZED DUNE,) 

PRIMARY MINERAL. A MINERAL FORMED DEE~ WITHIN THE EARTH AT TEMPERATURES 
AND PRESSURES VERY MUCH HIGHER THAN THOSE ON THE SURFACE; INCLUDES 
OXIDES, SILICATES, ALUMINOSILICATES, SULFIDES, AND PHOSPHATES. 
CCOMPARE, •••• SECONDARY MINERAL,) 

PRIMARY PRODUCTIVITY. THE MEASURE OF GRAMS OF CARRON F'IXED PER UNIT 
AREA PER UNIT TIME BY PHOTO~YNTHETIC ORGANISMS (PRODUCERS), 
(CQMPARE ••••• SECONDARY PRODUCTIVITY,) 

PRIMARY REGULATING PROCESS. A PROCESS OR COND!TION THAT IS THE MAJOR 
CJNTROLLER OR REGULATOR OF THE FLOW OF ENERGY AND/OR MATTER THROUGH 
AN ECOSYSTEM FLOW PATH; USUALLY REPRESENTED IN AN ECOLOGICAL MODEL 
AS A VALVE OR A SWITCH, AND USUALLY co~rROLLED IN TURN BY ONE OR 
MORF SECONDARY REGULATING FACTOR(S). SEE GLOSSARY OF SYMBOLS~ 

(COMPARE ••••• SECONDARY REGULATING FACTOR.) 

PRODUCER. AN ORGANISM THAT MAKES ITS OWN FOOD BY C~PTURING THE RADIANT 
ENERGY OF THE SUN AND STORING lT IN HiGH-ENERGY CARBOHYDRATE BONDS1 
AUTOTROPH, (COMPARE,,,,,,CONVERTER,) SOMETIMES CALLED POIMARY 
PRODUCER, WITH SAME MEANING. 

PRODUCTION PROCESSES, SOCIOECONOMIC ACTIVITY. INVOLVING ANY NECESSARY 
CONVERS10N OF NATURAL RESOURCES TO SUPPLY REQUIREMENTS FOR GOODS AND 
SERVICES; BASIC HUMAN ACTIVITY. 

PSAMMI~. ~ERTAINING TO ORGANISMS LIVI~G AMONG THE SAND GRAINS. 

PYCNOCLINE. A STEEP, VERT!CAL GRADIENT OF DENSITY IN lHE OCEAN, 
SEPARATING THE UPPER, MIXEO LAYER(S) FROM THE DEEPER, COOLER, MORE 
SALINE WATER MASSES. 
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RARE. HAVING A VERY LIMITED RANGE, OR HAVING A WIDESPREAD RANGE BUT A 
VERY LOW DENSITY. 

REFRACTION. THE ,ROCESS BY WHICH THE DIRECTION OF A WAVE MOVING IN 
SHALLOW WATER AT AN ANGLE TD THF CONTOURS IS CHANGED. THE PART OF 
THE WAVE ADVANCING IN SHALLOWFR WATER MOVES MORE SLOWLY THAN THAT 
PART STILL ADVANCING IN DEEPER WATER• CAUSING THE WAVE CREST TO BEND 
TOWARD ALIGNMENT WITH THE UNDERWATER CONTOURS (HUNT ANO GROVES, 
1965). 

RELATIVE HUMIDITY. THE RAT!O CIN PERCENT) OF THE AMOUNT OF WATER VAPOR 
IN THE AIR TO THE MAXIMUM AMOUNT OF WATER VAPOR THAT THE AIR CAN 
HOLD AT A PART[CULAR TEMPERATURE. SINCE WARMER AI~ CAN CONTAIN MORE 
WATER VAPOR THAN COOLER AIR, RELATIVE H~MIDITY DEPENDS UPON THE 
TEMPERATURE OF THE A[R. 

RESIDUAL SOIL. SOIL COMPOSED OF RESIDUUM ANO ORGANIC MATERIAL. 
<SEE ••••• RESIOUUM; GOMPARE ••••• ALLUVIAL SOIL, CDLLUVIAL SOIL• LOESS 
SOIL. l 

RESIDUUM. A SURF1CIAL DEPOSIT FORMED FROM WEATHERING-IN-PLACE OF PARENT 
ROCK MATERIAL <I.E., NOT TRANSPORTED). <SEE •••• ,RESIDUAL SOIL; 
COMPARE ••••• ALLUVIUM, COLLUV!UM, LOE SS. l 

RESOURCE. A PRODUCT OF PHYSICAL OR BIOLOGICAL SYSTEMS WHICH CAN BE 
UTILIZED BY ~AN. 

RESPIRATION. PROCESS BY WHICH STORED, CHEMICALLY-BOUND ENERGY rs. 
RELEASED TO BE UTILIZED IN METABOLIC LIPE PROCESSES BY A PLANT OR 
ANIMAL. 

RHIZOSPHERE. THE VOLUME DIRECTLY SURROUNDING THE ROOTS OF A PLANT, IN 
WHICH ARE FOUND Tl-IE SEDP'IENT, MOISTURE,. GHSES, NUTRIENTS, ANO 
ORGANISMS THAT MAKE UP SOIL. 

RIPARIAN. REFERRING TO OR LIVING IN OR BY LAND BORDERING A STREAM, 
LAKE, OR TIDEWATER. <CDMPARE ••••• RIVERINE, LACUSTRINE, PALUSTRINE.J 

RtVERlNE. PERTAINING TO OR LIVING IN OR UNDER A RTVER OR ~TREAM. 
!CJMPARE ••••• RTPARIAN1 LACUSTRINE, PALUSTRINE.l 

ROCK F~OUR. FINE SILT FOUND IN SUSPENSION TN GLACIER-F~O STREAMS, 
CONSISTING OF UNWEATHERED FELDSPAR ANO OTHER UNDECD~POSEO MINERALS 
WHICH ARE PRODUCED FROM ROCK FRAGMENTS THAT HAVE BEEN CRUSHED 
AGAINST EACH OTHER AND AGAINST Tl-IE BEDROCK BY THE GLACIER. SOIL 
MINERALS THAT RESULT FROM CHEMICAL WEATHERING AND HUMUS ARE 
CONSPICUOUSLY ABSENT IN ROCK FLOUR <GILLULY ET AL., 19591. 

RUDERAL. WEEDY; GROWING ON SPOIL OR REFUSE BANKS, OR ON POOR OR WASTE 
LAND, Wf.IERE NATURAL COVER HAS· BEEN DISTURRED1 AS BY MAN. 

RUNOFP. MEASUREABLE DOWNHILL FLOW OF F~ESl-I WATER PROM A WATERSHED; 
INCLUDES CHANNELIZED AND NON-CHANNELIZED FLOWE <WHICH SEE! INCLUDING 
SEEPAGES AND ADDITIONS FROM GROUND WATER. 

SALINITY. THE TOTAL AMOUNT OF DISSOLVED SOLID MATERIAL (IN GRAMS) 
CONTAINED IN ONE KilOGRAM Of WATER. FOR THIS MEASUREMENT All 
ORGANIC MATTER IS OXIDIZEO, ALL CARRONATE CONVERTED TO OXIDE, ANO 
ALL BROMIDE AND IODIDE REPLACED BY CHLORIDE (SVERDRUP ET AL., 19421; 
THE SALTINESS OF A BODY OF· WATER. 

SALMONID. A FISl-I Of' THE FAMILY SALMONIDAE; INCLUDES THE SALMONS, 
TROUTS, CHARS, ANO WHITEFISHES. 

SALT MARSH. A MARSH IN WHICH THE WATER IS SALTY OR BRACKISH, WITH 
SALINITY GREATER THAN FRESH WATFR BUT LES~ THAN SEA WATER1 AND 
CONTAINING HALOPHYTIC VEGETATION. 



GLOSSARY OF TERMS (CONTINUED) 

SAPROPEL. THE FOUL-SMELLING, MUDDY REMAINS OF ANAEROBIC DECOMPOSTTinN, 
CONTAINING METHANE, AMMONIA1 HYDROGEN SULFIDE, AND FATTY SUBSTANCES. 

SAPROVORE. AN ORGANISM THAT SAINS ITS NOURISHMENT FROM CONSUMING DEAD 
OR DECAYING ORGANIC MATTER. {COMPARE ••••• oETRlTIVnRE, CARNIVORE, 
ETC.) 

SCAVENGER. AN ORGANISM WHICH OBTAINS FOOD FROM ALREADY DEAD 8RGANISMS 
AND DOES NOT KILL FOR FOOD. !COMPARE ••••• CARNtVORE1 DETRITIVORE1 
ETC. ) 

SCLEROPHYLLOUS. CHARACTERIZED BY TOUGH, TH[CK LEAVES AND TWIGS, AS OF 
EVERGREEN SHRUBS AND SOMETIMES TREES TYPICALLY FOUND TN DRY (XERICl 
CONDITIDNS1 SUCH AS CHAPARRAL !HUCKLEBERRY OAK, CEONOTHUS SPP.). 

SEA. SHORT-PERIOD, STEEP WAVES GENERATED BY LOCAL WINDS AND STORMS. 
!COMPARE ••••• SWELL.> 

SECONDARY CONSUMER. ORGANISM THAT FEEDS ON PRIMARY CONSUMERS (GRAZERS>; 
CARNIVORE. 

SECONDARY MINERAL. A MINERAL FORMED AT OR NEAR THE SURFACE OF THE EARTH 
DURrNG THE PROCESS OF WEATHERING. (COMPARf ••••• PR!MARY MINERAL.) 

SECONDARY PRODUCTIVITY. Ill THE MEASURE OF RATE OF BIOMASS ACCRETION 
PER UNIT AREA PER UNIT TtME BY CONSUMERS Of PLANT MATERIALS !I.E., 
PRIMARY CONSUMERS>. 12) TYE MEASllRE OF RATE OF BIOMASS ACCRETION BY 
ALL CONSUMERS. 

SECONDARY REGULATING FACTOR. A CONDITION, STATE1 OR PROCESS THAT 
CONTROLS OR REGULATES A ~RIMARY RFGULATING PROCESS; A PHY~ICAL, 
CHEMICAL, BIOLOGICAL• OR ~UMAN FACTOR THAT AFFECTS A REGULATING 
PROCESS IN AN ECOLOGICAL MODEL. SEE GLOSSARY OF SYMROLS. 
CCOMPARE ••••• PRIMARY REGULATING PROCESS.) 

SEDIMENT. Ill ANY MATERIAL CARRIED IN SUSPENSION BY WATER, WHICH WILL 
ULTIMATELY SETTLE TO THE BOTTOM. (2) SOME WATER-BORNE MATTER 
DEPOSITED OR ACCUMULATED IN BEDS (NOTE: INCLUDES MATER1AL THAT MAY 
HAVE BEEN IN A DISSOLVED LOAD BUT PRECIPITATED) !HUNT ANO GROVE~, 
1965). SEDIMENT ORIGINS INCLUDE WEATHERED CONSOLIDATED MATERIAL, AS 
WELL AS BIOLOGICAL DETRITUS AND MAN-MADE WA~TES. 

SERAL STAGE. ONE TRANbITORY COMMUNITY IN A SERE. CSEE ••••• SERE; 
COMPARE ••••• CLIMAX COMMUNITY.I 

SERE. THE ENTIRE SERIES OR SEQUENCE OF COMMUNITIES SUCCESSIVELY 
OCCUPYING AN AREA. !SEE ••••• SUCCESSION.l 

SERVICES. THE NON-BASIC COMPONENT OF A HUMAN COMMUNITY SOCIOECONOMIC 
BASf THAT INCLUDES ALL THOSE ACTIVITIES WHICH SERVE THE LOCAL 
POPULATION OR SUPPORT LOCAL BASIC INDUSTRIES, AND WHICH RECIRCULAT~ 
INCOME DERIVED FROM THE BASIC INDUSTRY WITHIN THE COMMUNITY; 
NON-BASIC HUMAN ACTIVITY. 

SESiON. THE COMPLEX OF DECOMPOSING PLANT MATERIAL AND DECOMPOSERS 
!BACTERIA,: FUNGI,- AND PROTOZOANS! tN AQUATIC ENVIRONMENH, BEING A 
MAJOR PART OF THE DIET OF FILTER-FEEDING ORGANISMS. 

SHORE PROCESS CORRIDOR. THE DYNAMIC SHORE ZONE STRADDLING THE EXTREME 
SURGE-LIMITS OF THE OCEAN, ESTUARY, DR RIVER, AND INCLUDTNG THOSE 
AQUATIC ANO TERRESTRIAL OUTER FRINGES ON EACH SIDE THAT CAN AFFECT, 
OR ARE AFFECTED BY, THE PREVAILI~G GEO-HYDRAULIC SYSTEM OF THE S~ORE 
!BAUER, 1974Al. SEE FIG. 2-27 IN MODEL (VOL. ll. 
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SHORELINE. THE LINE OF CONTACT BETWEEN WATER AND LAND <RASCnM, 1964). 
THIS TERM IS IMPR~CISE AND IS USED IN A VARIETY OF WAYS. THE LINE 
OF CONTACT VARIES WITH TIDES OR WATER LEVELS. THE ARBITRARY LINES 
CHOSEN ON MAPS AND CHARTS VARY, DEPENDING ON USAGE ANO RATIONALE 
BEYIND WATER LEVEL CONS1DERATION. !COMPARE ••••• COAST1 SHORF PROCESS 
CORRIDOR. l 

SIGNIFICANT WAVE HEIGHT. THE AVERAGE HEIGHT OF THE 1/3 HIGHEST WAVES OF 
A GIVEN WAVE GROUP (HUNT AND GROVES, 1965). 

SIGNIFICANT WAVE PERIOD. AN ARBITRARY PERIOD GENERALLY TAKEN AS THE 
PERIOD OF THE lf3 HIGHEST WAVES WITHIN A GROUP (HUNT AND GROVES, 
1965). 

SINK, KITCHEN. THE ULTIMATE ITEM IN AN INCLUSIVE LIST. TERM USED TO 
INDICATE THAT A THOROUGH AND USUALLY UNSELECTTVE JOA HAS REEN DONE. 

SOCIOECONOMIC. PERTAINING TO HUMAN ACTIVITIES, ROTH SOCIAL/CULTURAL AND 
E:ONOMIC. 

SOIL, (ll A NATURAL, THREE-DIMENSIONAL BODY ON THE SURPACE OF THE EARTH 
THAT SUPPORTS PLANTS AND THAT HAS PROPERTIES RESULTING F~OM THE 
INTEGRATED EFFECT OF CLIMATE AND LIVING MATTER ACTING ON EARTH 
PARENT MATERIAL, AS CONDITIONED BY RELIEF OVER PERinDs OF TIME 
(U,S.D.A., 1975A). (2) MATERIAL THAT HAS WEATHERED IN THE PLACE 
WHERE IT IS NOW FOUND AND IS MIXED WITH ORGANIC MATTER NEAR THE 
SURFACE (GtLLULY ET AL,,: 1959), 

SOIL HORIZON. A LAYER OF SOIL, APPROXIMATELY PARALLEL TO THE SURFACE, 
THAT HAS DISTINCT CHARACTERISTICS ~RDDUCED BY SOIL-FORMING PROCESSES 
(U.s.D.A •• 1975A). MAJOR SOIL HORIZONS ARE IDENTIFTED AND DESCRIBED 
TN SECTION 2,2.5 OF MODEL CVOL. 1), 

SPRING TIDE. THE DAILY TIDAL CYCLE OP GREATEST VERTICAL RANGE. 
CCOMPARE ••••• NEAP TIDE.) 

STABILIZED DUNE. A DUNE PROTECTED BY VEGETATION FROM FURTHER MOVEMENT 
DR MJD[FlCATION BY WIND OR STORMS. (COMPARE ••••• DUNF, PRIMARY 
DUNE.I 

STANDING CROP. AMOUNT OF LIVING TISSUE EXISTING AT ANY GIVEN TIME. 

STEELHEAD. A RAINBOW TROUT, SALMO GAIRDNERI, THAT MIGRATES TO THE SfA, 
AT WHICH TIME IT TAKES ON A SILVERY ASPECT. 

STREAM SECTOR. A LENGTH OR REACH OF RIVERINE SHORE THAT EXHI~IT5 AN 
INTEGRATED GEO-HYDRAULIC PROCESS SYSTEM CONTAINING A MATERIAL 
SDURC E,; A TRANSPORT WAY1 AND AN ACCRETION TERMINUS (FlAUER, 1975 l. 

STREAMWAY SECTOR. THAT LnWER PORTION OF A LOW GRADIENT STREAM WHERE 
THERE IS A TIDAL REVERSAL OF PLOW ANO 5ALT WATER INTRUSION CBAUER, 
19751. SEE FIG. 2-23 AND SF.CTION 2.6.1 IN MODEL CVOL. 11. 
CCOMPARE ••••• MARINEWAY SECTOR, OPEN-WATER SECTOR.) 

SUBMERSIBLE. BETWEEN MEAN LOW WATER A~D MEAN HIGH WATER; INTERTIDAL. 

SUBSTRATE. Cll THE SURCACE ON WHICH A PLANT OR ANIMAL GROWS OR IS 
ATTACHED. (2) THE VOLUME, SURF~CES, AND MATERIALS THAT PROVIDE 
LIVING SPACE, PHYSICAL SUPPORT, AND NOURISHMENT FQR ORGANISMS. 

SUCCESSION. THE REPLACEMENT OF ONE KIND OF COMMUNITY BY ANOTHER KINO; 
THE PROGRESSIVE CHANGES IN VEGETATION AND ANIMAL LIFE WHICH OCCUR IN 
ONE PLACE OVER TIME, CULMINATING IN THE CLIMAX COMMUNITY FOR THAT 
LOCATION. <SEE ••••• SERE.l 
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SURF ZONE. A REGION ALONG AN UNPROTECTED OCEAN BEACH EXTENOINS FROM THE 
SHORELINE TO THE OUTER LINE QA BREAKERS, OR EXTENDING ALONG THE 
BOTTOM TD BREAKER DEPTH; THE EXT~NT VARIFS WITH THE STAGE OF THE 
TIDE, THE CHARACTER OF THE INCOMING WAVES, AND THE SLOPE OF THE 
BOTTOM, 

SURFACE RUNOFF, RUNOF~· OF WATER OVER THE LAND SURFACE Tn STREAMS AND 
RIVERS WITHOUT FORMING, OR FLOWING IN, DEFI~ABLE CHANNELS; A TYPE OF 
NON-CHANNELIZED FLOW1 ALSO CALLED SURFACE fLOW. 
(COMPARE,.,,,NON-CHANNELIZED FLOW, CHANNELIZED FLOW, RUNOFF,) 

SURGE PLAIN. THAT LAND WHICH IS OVERRUN (FLOODED) BY TIDAL REVERSAL 
UNDER BANK FULL RIVER AND HTGHER HIGH TIDE CONDITIONS; THE U~PERMOST 
AREA OF LAND/WATER INTERACTION B~RDERING THE STREAMWAY SECTOR OF AN 
ESTUARY, CONTAINING MOSTLY FRESHWATER ORGANISMS (BAUER, 1975), 

SUSPENDED LOAD. THE AMOUNT OF SEDIMENT PER UNiT VOLUME OF WATER BEING 
TRANSPORTED IN SUSPENSION IN A RIVER, STREAM, LAKE, ESTUARY, OR 
OCEAN, (COMPARE ••••• DISSOLVED LOAD, BED LOAD.I 

SWAMP, A WETLAND CHARACTERIZED BY PREDOMINANTLY WOODY VEGETATION, 
(COMPARE,,,,,MARSH,) 

SWELL. LONG-PERIOD WAVES GENERATED BY OCEANIC STORMS UP TO THOUSANDS OF 
MILES AWAY, <COMPARE,,,,,SEA,) 

THALWEG, THE MAIN CHANNEL OF A RIVER OR STREAM. 

THREATENED, LIKELY TD BECOME ENDANGERED WITHIN THE FORESEFABLE FUTURE 
THROUGH ALL OR A SIGN[FICANT PORTION OF A SPECIES RANGE; A 
CLASSIFICATION CATEGORY OF THE ENDANGE-RED ~PECIES ACT OF 1973. 
<COMPARE,,,,,ENDANGEREO,) 

TIDAL PRISM. THE TOTAL AMOUNT OF WATER THAT FLOWS INTO OR OUT OF AN 
E~TUARY, BAY1 OR HARBOR WITH THE MOVEMENT OF THE TIDE. THIS VOLUME 
IS A FUNCTION OF THE TIDAL RANGE AND THE SURFACE AREA OF THE 
ESTUARY, BAY, OR HARBOR INTEGRATED OVER THE RANGE OF· THE TIDE, 

TIDAL SIGNATURE. TIME-HEIGHT HISTORY OF THE SEA LFVEL PO~TRAYED 
GRAPHICALLY, WITH EFFECTS OF WAVES AND SWELL FitTERFD OUT, 

Troe. THE PERIODIC RISE AND FALL OF SEA LEVEL PRODUCED BY GRAVITATIONAL 
FORCES OF THE MOON AND SUN ACTING U~DN THE ROTATING EARTH, SEE FIG. 
2-25 I~ MODEL (VOL, 1) FD~ TIDE LEVEL TERMINOLOGY, 
(COMPARE,,,,,SPRING TIDE' NEAP TIDE1 TIDAL PRISM, TIDAL SIGNATURE,) 

TDMBOLO. AN AREA OF UNCONSOLIDATED MATERIAL, DEPOSITED BY WAVE ACTION 
O~ CURRENTS, THAT CONNECTS A ROCK OR ISLAND, ETC., TO THE MAINLAND 
OR TJ ANOTHER ISLANO !HUNT ANO GROVES, 1965). 

TOPOGRAPHY. THE PHYSICAL FEATURES a~ THE SURFACE OF A REGION, 
(COMPARE,,,.,BATHYMETRY,) 

TRANSPIRATION, THE PLANT PROC~SS D~ GlVING OFF WATER VAPOR <AND WASTE 
PRODUCTS) THROUGH THE STOMATA OP LEAF TISSUE, 
(COMPARE ••••• EVAPOTRANSPIRATION.) 

TRIBUTARY, A STREAM OR RIVER PLOWING INTO A LARGER STREAM OR RIVER 
(MORRIS, 19761. (COMPARE, •••• OISTRIBUTARY,) 

T~OPHIC LEVEL. A STRATUM lN THE HIERARCHY OF PRODUCERS (FIRST TROPHIC 
LEVEL) AND CONVERTERS, AS MODELED tN A PYRAMID OF RELATIVE BIOMASS 
OR ENERGY; HERBIVOROUS CONSU~ERS (GRAZERS) AR~ AT THE SECOND-TROPHIC 
LEVEL; CARNIVOROUS CONSUMERS MAY BE AT THE THIRD OR A HIGHER TRO~HIC 
LEVEL. 
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GLOSSARY OF TERMS (CONTINUED) 

TSUNAMI. A SEISMIC EEA WAVE OF HIGH VELOCITY AND LONG PERIOD' GENERATED 
AT SEA BY LARGE SHOCK QR IMPULSE, SUCH AS AN UNDERSEA EARTHQUAKE: 
ALSO CALLED TIDAL WAVE, ALTHOUGH IT HAS NOTHING TO DD WITH TIDES~ 

TURBIDITY. THE STATE DR CONDITION OF HAVING THE TRANSPARENCE JR 
TRANSLUCENCE DISTURBED, AS WHEN SEDIMENT IN WATER IS STIRRED UP, OR 
WHEN DUST, HAZE, CLOUDS, ETC,, APPEAR IN THE ATMOSPHERE BECAUSE OF 
WIND OR VERTICAL CURRENTS !HUNT ANO GROVES, 1965). 

ULTRAPLANKTON. PLANKTON ORGANISMS BELOW ABOUT 5 MICRONS (0,005 MMl 
WHICH ARE NOT RETAINED BY FINE-MESHED PLANKTON NETS OR OBTAINED BY 
NORMAL CENTRIFUGATION OF WATER SAMPLES !SVERDRUP ET AL •• 1942), 
THEY CAN BE COLLECTED BY SPECIAL ULTRA-CENTRIFUGATION PROCEDURES. 
CCDMPARE ••••• NANNOPLANKTQN, MICROPLANKTDN1 MACRDPLANKTON.) 

UPPER SUBTIDAL ZONE. THE SUBTIDAL AREA OF· THE NEARSHORE BOTTOM WHICH IS 
BETWEEN THE LOWEST MEASURED TIDE AND THE BREAKER DEPTH. 

UPTAKE. THE COMBINATION OF PROCESSES IN WH[CH VARIOUS SUBSTANCES SUCH 
AS WATER, NUTRIENT IONS, AND DISSOLVED GASES ARE REMOVED FROM LIQUID 
SUBSTANCES SUCH AS SEA WATER AND SOIL MOISTURE, AND ARE INCORPORATED 
INTO ORGANISMS, CCOMPARE ••••• F1XATION.l 

UPWELLING. THE RISING OF WATER TOWARD THE $URFACE F~OM SUBSURFACE 
LAYERS OF A BODY OF WATER; MOST PROMINF.NT WHERE PFRSISTENT WIND 
BLOWS PARALLEL TO A COASTLINE SD THAT THE RESULTANT WIND-DRIVEN 
CURRENT SETS AWAY FROM THE COAST. IT CONSTITUTES A DISTINCT 
CLIMATOGENETIC TNFLUENCE BY ~RINGING COLDER WATER TO THE SURPACE 
WHICH IS RICHER IN PLANT NUTRIENTS, SO THAT REGIDNS OF UPWELLING ARE 
GENERALLY ALSO AREAS· OF RICH FISHERIES !HUNT AND GROVES, 1965). 

WATER COLUMN. THE SPACE BETWEEN THE SURFACE AND BOTTOM OF A BODY OF 
WATER, ESPECIALLY A VOLUME HAVING A LIMITED HORIZONTAL EXTENT AROUND 
AND INCLUDING A SAMPLING ETATION OR STUDY AREA. 

WATER TABLE. THE UPPER SURFACE OR EXPRESSION OF THE LEVEL OF GROUND 
WATER I~ PERMEABLE ROCK OR SOIL. 

WATERSHED UNIT. GROUP OF WATERSHEDS HAVING ROUGH SIMILARITIES WITH 
RESPECT TD LATITUDE, CLIMATE, GEOLDG[C STRUCTURE, HYDROLOGY, AND 
EXTENT OF PENETRATION INLAND F~DM THE COAST. 

WAVE FRONT. AN EXPRESSION WHICH IS APPLIED TO A PROGRESS~V~ WAVE IN 
SPACF AT ANY GIVEN INSTANT, AND IE THE.LINE DR SURFACE OVER WHICH 
THE PHASE IS EVERYWHERE THE SAME AT THE GIVEN INETANT. ALL POINTS 
LYING ON THE CREST OP A SURFACE WATER WAVE ARE IN THE SAME PHASE AND 
MAY DEFINE A WAVE FRONT !HUNT ANO GROVE$, 1965). 

WAVE HEIGHT. THE VERTICAL D~STANCE BETWEEN A WAVE CREST AND THE 
FOLLOWING WAVE TROUGH. !DIFFERENT THAN THE WAVE AM~LITUDE, WHICH I5 
THE VERTICAL MEASURE BETWEEN THE WAVE CREST AND STlLL WATE~ LEVELi. 

WAVE LENGTH. THE HORIZONTAL DISTANCE BETWEEN SUCCESSTVE OCEAN WAVE 
CRESTS DR TYE DISTANCE TRAVELED BY A WAVE DURING THE TIME INTERVAL 
OF ONE COMPLETE CYCLE. IT IS EQUAL TO THE VELOCITY OIVlOED BY THE 
FREQUE~CY (HUNT AND GROVES, 1965), 

WAVE PE~IOD. THE TIME ELAPSED BETWEEN THE ~ASSAGE DP A GIVEN ~HASE ON 
ONE WAVE AND THE ARRIVAL OF THE SAME PHASE ON THE NEXT SUCCEEDING 
WAVE, AS OBSERVED FROM A FIXED LOCATION !HUNT AND GROVES• 1965), 

WAVE STEEPNESS. THE RATIO OF WAVE HEIGHT TO WAVE LENGTH (HUNT AND 
GROVES, 19651. 

WEATHER. THE STATE OF THE ATMOSPHERE AT A GIVEN TIME AND PLACE, 
DESCRIBED BY SPECIFICATION OF VARIABL£S SUCH AS TEMPERATURE, 
MOISTURE, WINO,'VELOC[TY, AND PRESSURE (MORRIS, 1976). 



GLOSSARY OF TERMS (CONTINUED) 

WEATHERING. ANY OF TH~ CHEMICAL OR MECHANICAL PROCESSES ~y WHICH ROCKS 
EXPOSED TO THE WEATHER ARE BROKEN DOWN INTO SMALLER PARTICLES OR 
COMPONENT MATERIALS <MORRIS, 1976). (COMPARE ••••• EROSION.l 

WETLAND. (ll LAND WHERE AN EXCESS OF WATER IS THE DDMlNANT FACTOR 
DETERMINING THE NATURE OF SOIL DEVELOPMENT AND THE TYPES OF PLANT 
AND ANIMAL COMMUN[TIES LIVING AT THE SOIL SURFACE CCOWARDIN ET AL., 
1977). (2) LAND WHERE THE WATER TABLE [S AT, NEAR, DR ABOVE THE 
LAND SURFACE LONG ENOUGH TO PROMOTE THE FORMATION OF HYDRIC SOILS OR 
TO SUPPORT THE GROWTH OF HYDROPHYTES CCOWARDIN ET AL., 19771. 

WRACK. A TANGLED MASS OF SEAWEED OR OTHER MARINE VEGETATION CAST ASHORE 
OR FLOATING. 

XERIC. DRY; PERTAINING TO AN ARID CONDITION, AS IN A XEPIC HARITAT SUCH 
AS A DESERT. CCOMPARE ••••• HYDRIC1 MESIC.) 

ZONE. Ill AN AREA CHARACTERIZED BY DISTINCT PHYSICAL CONDITIONS AND 
POPULATED BY cnMMUNIT[ES OF CERTAIN KINDS OF1 ORGANISMS (MORRIS. 
19761. (21 A DISTINCT ASSEMBLAGE OF ORGANISMS, ENVIRONMENTAL 
CONDITIONS, AND ECOLOGICAL PROCESSES COMPOSED OF RELATED HABITATS 
(OFTEN BY SUCCESSION), 

ZONE OF COMPATIBILITY. THE MIDDLE SECTOR BETWEEN ENVIRONMENTAL EXTREMES 
FOR A GIVEN FACTOR AND A GIVEN ORGANISM. 

ZOOPLANKTON. AQUATIC ANIMALS OR PROTISTS WHICH CANNOT ACTIVELY SWIM 
AGAINST THE CURRENT AND WHICH CANNOT MAKE THEIR OWN FOOD BY 
PHOTOSYNTHESIS; I~CLUDES MANY LARVAL F~RMS OF OTHERWISE 
NON-PLANKTONIC ORGANISMS. CCOMPARE ••••• PHYTOPLANKTON; 
SEE ••••• PLANKTON.l 
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LIST OF MEASUREMENT ABBREVIATIONS AND SYMBOLS 

The following symbols and abbreviations appear in the Ecological Characterization documents for 
measurements, units, or regulating factors. Short forms for many of these items (e.g. ft for 
feet, m for meter) are symbols, not abbreviations, and are not followed by a period. Exponents 
(2 and 3) are frequently used with 1 inear measurement units to indicate areas and volumes, 
e.g. in2 = square inch or sq in, m3 = cubic meter. 

A. MEASUREMENT UNITS AND SYMBOLS: 

a 
a ft 
atm 
b 
BOD 
c 
cc 
cm 
dbh 
DO 
F 
f 
ft 
g 
gal 
ha 
hr 
hz 
in 
JTU 
k 
kg 
km 
kt 
kph 
1 
lb 
ly 
M 
m 
mb 
mbf 
mgd 
mi 
min 
ml 
mm 
mph 
nm 
oz 
ppm 
pt 
qt 
sec 
t 
T 
Ta 
Tw 
yd 
% 
O/oo 

µ-

m-

c-

d-

acre (area) 
acre foot (volume) 
atmosphere (pressure) 
bar (pressure) 
biological oxygen demand 
Celsius (temperature) 
cubic centimeter (volume) 
centimeter (length) 
diameter at breast height (length) 
dissolved oxygen 
Farenheit (temperature) 
fathom (length) 
foot (length) 
gram (weight) 
gallon (volume) 
hectare (area) 
hour (time) 
hertz (periodicity) 
inch (length) 
Jackson turbidity unit 
Kelvin (temperature) 
kilogram (length) 
kilometer (length) 
knot (velocity) 
kilometer per hour (velocity) 
1 iter (volume) 
pound (weight) 
langley (energy) 
mole (concentration) 
meter (length) 
millibar (pressure) 
million board feet (timber volume) 
million gallons per day (flow) 
statute mile (length) 
minute (time) 
milliliter (volume) 
mi 11 imeter (length) 
mile per hour (velocity) 
nautical mile (length) 
ounce (volume or weight) 
parts per million (concentration) 
pint (volume) 
quart (volume) 
second (time) 
ton, long, short, or metric (weight) 
temperature 
air temperature 
water temperature 
yard (length) 
percent (parts per hundred) 
permille (parts per thousand) 

micro- (fraction lo-6) 

milli- (fraction lo- 3) 

centi- (fraction l0- 2) 

deci- (fraction lo- 1) 

B. SECONDARY REGULATING FACTORS IN MODELS: 

ACC 
A/D 
BATH 
CAPIL 
CH CAP 
CLIM 
COND 
CUR 
DI KE 
DIS 
DREDG 
DRIFT 
EFTR 
EROD 

FWIN 
GEO 
GMAN 
GRAD 
HEAD 
INSOL 
MIX 
NUTS 
PERM 
PERT 

PHOT 
PO ROS 
PRECIP 
PROD 
REG 
RO 
SAL 
SEN 
SIZE 
soc 
STR 
succ 
T 
Ta 
Tl DE 
TDPO 
TOX 
TURB 
Tw 
VEG 
VEGAN 
WIND 
WAVE 

? 

access 
area to depth ratio 
bathymetry 
capillary action 
channel capacity 
climate 
condensation 
current velocity 
diking 
discharge 
dredging 
littoral drift 
effluent treatment 
erodability (chemical and 

structural make-up of rock) 
fresh water in 
geology 
game management 
gradient 
hydraulic head 
insolation 
mixing 
nutrients 
permeability 
perturbations (fire, vegeta-

tion removal, etc.) 
photosynthesis 
porosity of soil or rock 
precipitation 
net productivity 
regulation 
runoff 
salinity 
annual senescence 
particle size and density 
socioeconomic decision 
man made structures 
natural succession 
temperature 
air temperature 
tides (energy, cycle, etc.) 
topography 
toxins (man made pollutants) 
turbulence 
water temperature 
vegetation 
vegetative anchoring 
wind (speed, direction) 
wave (energy, direction) 
not well known 
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ENGLISH-METRIC MEASUREMENT UNIT CONVERSIONS 

Many, perhaps most, of the measurements used in this series of volumes of the Ecological Char
acterization are approximations or typical values. For example the depth at the edge of the 
Continental Shelf in the Pacific Northwest is variously given as 100 fathoms, 200 meters, or 
600 feet. Obviously 600 feet is exactly 182.88 meters but, since 100 fathoms (600 feet) is an 
approximation of the shelf depth, the nearest round metric number will be an equally good 
approximation. Therefore 200 meters is equivalent to 600 feet or 100 fathoms in this instance. 
Similarly, a 300 foot Douglas fir tree-is 90 meters tall, not 91.44 meters tall! 

We have tried to make all conversions consistent with the observed or implied accuracy of the 
original data. Some conversions are carried to several significant figures. Mt. Olympus, for 
example, is 7,965 feet high; the metric equivalent is 2,427.7 meters, but the heights of peaks 
in the Olympic and Cascade mountain ranges are only given to the nearest foot on the U.S.G.S. 
maps. This degree of precision is indicated by the first metric conversion using only one 
decimal place. Greater precision in the measurement of elevations in this region is not war
ranted for most purposes nor is greater precision in the conversion justified due to the degree 
of accuracy of the U.S.G.S. measurement. 

The units (metric or English) used by the author in the source of the data are reported first in 
the text, figures, and tables throughout the Ecological Characterization volumes, followed by 
the equivalent in parentheses. Both units are given. The result is often a mixture of primary 
(non-parenthetical) units in a discussion or table, but the reader is thus aware of which units 
are the original data and which are the conversions. 

The following are some basic conversions used in this report. 

LENGTH 

~(centimeter) 

0.3048 m (meter) 

1 m 

1.83 m 

~(kilometer) 

1. 609 km 

l .852 km 

AREA 

1 cm2 
-- 2 
6.45 cm 

2 
930 cm 

0.3937 

12 in 

39.37 

72 in 

0.093 
2 m 

1 m 2 

in (inch) 

L£!. (foot) 

in 3.28 ft 

6 ft 

3,280 ft 

5,280 ft 

6,076 ft 

0.155 in
2 

. 2 1 In 

~ 
10.76 ft 2 104 cm2 

4047 m
2 

104 
m2 

0.405 ha (hectare) ~(acre) 

1 km2 
-- 2 
2.59 km 

MASS 

U (gram) 

28.3 g 

o.454 kg (kilogram) 

~ 

1 ha 

100 

259 

0.907 t (metric tonne) 

1 t 

1.016 t 

2.47 a 

ha 247 a 

ha 540 a 

0.035 oz (ounce) 

1 oz 

.!._!E_ (pound) 

2.2 lb 

1_!_ (short ton) 

1. 102 t 

1. 12 t 

0.547 f (fathom) 

1 f 

0.621 mi (mi le) 

1 mi 

1 nm (nautical mi le) 

1.196 Yi 
4,840 yd2 

11,960 yd 2 

0.386 mi
2 

1 mi 2 

0.905 t (long ton) 

0.984 t 

1 t 
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ENGLISH-METRIC CONVERSIONS (CONTINUED) 

TEMPERATURE 

o°K (Kelvin) -273.2°C (Celsius) -459.7°F (Farenhei t) 

255.4°K -17.78°c o°F 

273.2°K o0 c 32°F 

293.2°K 20°c 68°F 

310.2°K 37°C 98.6°F 

323.2°K 50°c 122°F 

373.2°K 1oo0 c 212°F 
0 c = 0.55 (°F-32) OF = 1.8(°C) + 32 

VOLUME 

1 cm3 (or cc) = 1 ml (milliliter) 0.0338 oz ~ounce) 

29.6 ml 1 oz 

0.946 I (Ii ter) .!_9.!_ (qua rt) 

0.001 m3 1 I 1 . 057 qt 0.264 gal (gallon) 

3.79 4 qt 1 gal 

0.0283 m3 1 ft 3 7.48 gal 

0.765 m3 765 I 1 yd 3 202 gal 

1 m3 999.973 1. 308 yd3 264 gal 

1234 m3 1 a ft (acre foot) 324,851 gal 

1 km3 109m3 -- 4 
0.0237 mi 3 8.lxlO aft 

42.2 km3 6 3.42 x 10 a ft 1 mi 3 

t\TMOSPHERIC PRESSURE 

27 in 686 mm 

28 in 711 mm 

29 in 737 mm 

29.54 in 750 mm 

29.92 in 760 mm 

31 in 787 mm 

32 in 813 mm 

32.8 ft 10.0 m 

33.9 ft 10.3 m 

914 mb (mi I I ibar) 

948 mb 

982 mb 

1000 mb 

1013.2 mb 

1050 mb 

1084 mb 

(sea water) 

(fresh water) 

1 bar 

1 atm (standard atmosphere) 

1 atm 

1 atm 14.7 lb/in 2 

(in and mm both refer to the height of a mercury barometer and are, therefore, in-Hg 
and mm-Hg respectively. Ft and m refer to the height of a water column.) 



VELOCITY 

1 cm/min 

0.51 cm/sec 

1 cm/sec 

0.28 m/sec 

o.48 m/sec 

0.51 m/sec 

1 m/sec 

FLOW 

ENGLISH-METRIC CONVERSIONS (CONTINUE~) 

0.033 ft/min = 1 furlong/fortnight 

1 ft/min 0.011 mph (mile/hour) 

1.97 ft/min 

~(kilometer/= 55 ft/min 
hour) 

1.6 kph 88 ft/min 

1.85 kph 101 ft/min 

3.6 kph 

0.022 mph 

o.62 mph 

1 mph 

1. 15 mph 

2.24 mph 

0.54 kt (knot, 
nm/hr) 

0.87 kt 

1 kt 

1. 94 kt 

0.063 l/sec 0.000063 m3/sec 0.0022 ft 3/sec 1 gpm (gal Jons per minute) 

1.0 l/sec 0.001 m3/sec 

28.32 l/sec 0.0283 m3/sec 

43.8 l/sec 0.0438 m3/sec 

1000 l/sec 1.0 m3/sec 
3 20.6 m /sec 

DENSITY OF SPECIFIC SUBSTANCES 

Carbohydrates, (eel lulose, 
starch, sugar) 

Fats and oils 

Protein (silk) 

Tar 

Basalt 

Clay 

Concrete 

Gravel 

Granite 

Ice, pure 

Ice, sea 

Limestone 

Sand, coarse, dry 

Sand, fine, dry 

Sand, fine, moist 

Sandstone 

Soil, loamy, dry 

Soil, loamy, pressed 

Snow, loose 

Water, fresh 

Water, normal sea 

0.0353 ft 3/sec 15.85 gpm 

1.0 ft 3/sec 450 gpm 

1.55 ft 3sec 1 mgd (mi 11 ion gal per day) 

35.314 ft 3/sec 15,850 gpm 

1 acre ft/min 325,851 gpm 

(From Lange, 1956, except as noted) 

1.47-1.61 g/cc 92-100 lb/ft3 

0.90-0.97 56-60 

1. 56 97.2 

1. 02 63.6 

2.7-3.2 168-200 

1. 8-2.6 112-162 

1.8-2.45 112-145 

1. 8-2.0 112-125 

2.51-3.05 156-190 

0.917 57. 1 (Sverdrup et al., 1942) 

0.86-0.92 54-57 (Sverdrup et al., 1942) 

2.46-2.84 153-177 

1. 4-1. 5 87-94 

1. 40-1. 56 87-103 

1.90-2.05 118-128 

2.2-2.5 137-156 

1. 6-1. 9 100-118 

2.0 125 

0. 125 7.8 

1. 00 62.3 1.042 lb/pt 

1.0026 62.5 1.039 
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ENGLISH-METRIC CONVERSIONS (CONTINUED) 

MISCELLANEOUS UNITS DEFINED 

LIGHT: 2 
Langley (LY) = 1 g cal/cm 
Foot candle = 1 lumen/ft2 
Lux= 1 lumen/m3 

unit of irradiance energy 

unit of illumination (visible spectrum only) 

(Note: although not readily convertible because of brightness variations, langley 
per minute of sunlight x 6700 gives approximate illumination in foot candles 
(E.P. Odum, 1971).) 

TURBIDITY: 
Jackson Turbidity Unit (JTU) measure of turbidity referenced to amount of light 

scattered by 1 milligram of si !icon dioxide dissolved 
in 1 liter of water, which is defined as 1 JTU. 

CHEMICAL CONCENTRATIONS: 
Mole (M) = 1 gram atoms/liter (g-at/l) concentration of 1 gram atomic weight of 

element or compound per liter; often 
used in micro (p-) or milli (m-) fractions. 

Equivalent (eq) the quantity of a chemical substance that could hypothetically 
react with, 6r take the place of, one gram-atomic weight of 
hydrogen ion. Thus, the equivalent weight of hydrogen is 
1.008 grams, of oxygen is 8 grams, and of sodium chloride (NaCl) 
is 58.45 grams. 

Part(s) per million (ppm) =part or parts (individuals, units of mass or volume) of 
solute substance in mill ion parts (individuals, units of 
mass or volume) of total solute-solvent solution, as of 
chemicals in air (gas) or water (liquid) or soil (solid). 

pg/m3 (microgram(s) per cubic meter) =mass of solute (in micrograms) per unit 

(Note: 

(cubic meter) volume of solution, as of chemicals 
in air, etc. 

for sulfur dioxide in air, at N.T.P. (o°Cand 1 bar), 1 ppm= 2860 JJQ/m 3 ; 
at 20°c, 1 ppm(S02) = 2660 pg/m3 (Ferry et al., 1973).) 
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ASPECTS OF PHYSIC\L nrEANnGRADHY. TECHNTCAL REPORT Nn. G9. 
DEDllRTMENT OF nCE6NOGRAPHY. UNIVCPSTTY nf WASHINGTON• SFATTLF• 
WASHINGTON. 7RPP. 

BUREAU JF RUSTNES<; RESEARCH• UNIVER<;tTY nF OREGON, 1074 ANfl 1077 0 

OREGON ECONOMIC STATTST!CS, 1974, OREGON FCONOMTC STATTST!CSt 1977. 
JNIVERSITY OF OPFGnN, EUGFNFo OREGON. 97 AND 99 PP, 

RURFAU JF NATIJNAL AFFAIRS, INC. l97R, STATE WATER LAWS, 
ENVIR,,NMENTAL REP1RTEP, S-306, APRIL 28, ]978, po, l~l-152, 

'~ASHINGTON, O.C. 

BURG, M.W., ROSENBERG, E.S., AND TRIPP, D.R. 1975. VEGETATION ASSOCIATIONS AND PRIMARY 
PRODUCTIVITY OF THE NISQUALLY SALT MARSH ON SOUTHERN PUGET SOUND, WASHINGTON IN: 
CONTRIBUTIONS TO THE NATURAL HISTORY OF THE SOUTHERN PUGET SOUND REGION, WASHINGTON 
(HERMAN, S.G., AND WIEDEMANN, A.M., EDS.) PP. 109-144. EVERGREEN STATE COLLEGE, 
OLYMPIA, WASHINGTON. 

BUR~HOLOFP, P.R., ANO DOHENY, T.E. 1968. THE R!OLOGY nF EELGRASS, 
WJTH SPECIAL REFERENCE TO HFMPSTFAD ANn SOUTH OYSTER BAYS, NASSAU 
COUNTY, LONG ISLAND, NEW YORK, CONTR. NO, 3, DEPARTMENT JF 
CONSERVATION ANn WATERWAYS, TOWN nF HEMPSTEAD, LONG ISLAND (AlSl1, 
CONTR. 1227• LAMONT GEOLOGICAL 08SERVATORYt DAL15ADES, NEW YORK), 
120 PP. 

RURNS, J.W. 1971. THE CARPYTNG CAPACITY FOP JUVEN!Lc SALMONIDS TN 
SOME NnRTHERN CALIFORNlA STREAMS. CALIF. FISH GAME 57(11:44-57. 

BURROUGHS E.R., JR., CHALFANT, G.R., AND TOWNSE"lDt M.A. 1076. SLOPE 
STABILITY IN ROAD CONSTClllCTinNo BURE"AU OJ: LAND MAtHGEMENT, 11REGIJN 
STATF OFFICE, PORTLAND, OREGON. 
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p y RN E. J • v • • } N [) K u l f", l • D • 1 0 t 7 • N A Tu R ti. L Pl r I c AT n R s "F r: s T lJ b R PH: 
SEDJMCNT MOVFMr:NT, J, W6TEPWAYS 4ARRORS DIV, PRO~El:DTNGSt AMERICAN 
SOCIFTY cc CIVIL ENGINEERS, DP, lSl-104, 

RY~NE· J.v •• ANi.) PA~1<;4JN, f),A. l06P. Ul\ITINFNTU S4E!.F SE"lIMENTS nr:F" 
1REGQN, OREGON ST•TE UNIVERSITY SEA GRANT N1. B, 2 DD, 

CALIFJRNIA COASTAL znNE CON'FPVAlION (nMMI~sroN. 1G7~. PRFLIMINARV 
COA~TAL PLAN. HEAoTNG DRAcT, MARCH 1975, \ALIFODNTb CQASTAl ZONE 
CnNSFRVATIQN (nMMISSTON. SAN FRANCT5CO, C~l IFQONTA, 385 PD, 

CALIFOR~IA NATIVE PLANT SOCIETY. 1974. INVENTORY OF RARE AND 
CALIFORNIA NATIVE PLANT SOCIETY. ENDANGERED PLANTS OF CALIFORNIA. 

CALIFORNIA Q[G!ON FMAMEWnRK STUDY CnMMTTTEE, 1971, COMDPEHE~S!VF 

FRAl"t,;ORI< STllDY OLIFQRNIA RFr;JG'J APPE\l'.)1 Y. TY.• DRcPAPFI) cop 
PACIFIC SJl.ITHWEST I'HFR-ASENr:Y r[)'O"tTTEE WAHR RFSOlJRCES U'UNCIL. 

CALIF1RNTA SThTE DEPARTMENT OF CTNANCc, DQDULATION DFSEARCM UNTT. 1Q77 
AN') VARI0US Y~nos. PODUl&TinN FSTT~ATFS OF CtLIFnRNTA \TTIE5 AND 
cou~TlES· JANUARY 197~. ANn JANLJAPY 1Q77. CALIFORNIA STATE 
OFPA~TMFNT OF FIN,NCF, ~ACR6McNTn, CALIFORNIA. 

CALIFl)Q~TA STATF f)EDARTMENT rr: rrsH AND GaMc, 1969-1970. ChLlFORNIA 
SEA D!RI) qRFEJJNG GR1UNr SURVcY. CALIFORNIA STATE nEPARTMENT OF 
F[SH ANn SAME• ~A~RIMENT01 CILICOQNTA. 

CALIC0RN1A STATE OfPARTMFNT QF FT~H AND GAMF. pcRSONAL 
COMr-'lJNTCATIJN. 

CALIFORNlft STATF OEPARTMFNT CF FJSHERTfS, 1074,1~75, MnNTHLY 
FISHF~IFS 0 RFL1MINARY STATI'TTCAL REPO~T~, CALIFORNIA STATE 
OE 0 ARTMENT OF FISYERIF<::, SACRAMFNTn, CALIFORNTA. 

CALIFORNIA STATE CMPLOYMFNT DEVELODMFNT DFPAQTM~NT, 1976. AREA 
MANPO!..JER '?E\IHW• H!l"1q!1LOT cnuNTY, FISCAL YchR. 1976-1977. STATE 
,]F CAUFGHiTA µEHTM ANO Wf'LFAR['. Ar;FNry, Ef".i>LQYMENT OEllELnPMENT 
DEPA~TMENTo NORTHERN rALJFnANTA EMPLOYMENT rATA AND RE~EARCH, <:'.AN 
FR~NCJSCO• CALIFO<NIA. 47 oo. 

CALIFORNIA ~TATE EMPLOYMENT DEVFLOPM~NT OEPARTMFNT. 1Q77, ANNUAL 
PLANNING r;>EPORT, YU"1Br'IDT \OlJNTY, 1977-1Q78, ~TATE OF \ALIFnPl\TA 
4FALTH A~n WFLFARE AGENCY, FMPLOYMENT DEVELODMfNT DFPARTMFNT, 
EMPLOYMENT AND DAT~ RESEARCH, ~ACRAMENTO, CALil:ORNTA, 40 PP, 

CALIFORNIA STATE FISH ANO GAME CnMMISSTnN. ]065A, CALIF!1RNTA FISH AND 
'~Tfr'ILIFE PLAN, VOL. ITT, DART A, qJPPQIHrNG DATA. INVENTORY flF 
WlLDL TFf AND T"lt A'ID FISH. SHTF OF CALIFOPNib, "ESOllRCF<:: AGENCY, 
SACRAMFNT01 CALIFOPNTA, ~?2 PP, 

CALIFORNTA STATc FTSH ANO GAME CnMM1SST1N. J065C. CALIFrRNIA FISH ANO 
c, LAND ANO WATFR 
STATE OF CALIFORNIA• 
PP. 

WILDLIFE PLAN~ VOL, III, SUPPORTINr. DATA, PART 
usi::. HA~ITAT AN() ~ESOURCEt 198U. 4UMA"l USF. 
~!';SOURCES AGFNCY, l;ACRAM(NTO, CALIFnRNIA. 105 

CALIFORNIA STATE FISH AND GA~E co~~I<:SJnN. 1973. LI~TTNG OF 
CALIFORNIAS FNOANGEREO AND RARE FT<:Y ANO ~llf)LIFf. CAL!fOPNIA FIS~ 

GAME COMMISSION, SICQAMENTO, C&LIFORNIA. 

CALIFORNIA STATE OFFICc OF PLANNING ANO RESEARCH. lD73. SUMMARY 
Rf PO~T. FNVIPONMENTAL ~OALS ANO POLICY. 5TATE OF CALIFOPNIA, 
OFFICE OF PLANNTNG AND RESEARCH• SACRAMENTO, CALIFORNI•· 1~ PP. 

CALIFORNIA SHH. l076 (AND VAiHOllS YIOARS). <:TATISTTCAL AASTRICT 
(ANNUAL), ST~TE or: CALIFORNIA DOCUMENTS CENTER, SACRAMFNTn, 
C All FQRNlA 0 

CAMERON· F.K. 1014. KELP GonVES OF THE PACIFIC COAST ANO !~LANDS OF 
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THE UNTTE~ STATES AND LOWFR CALJCORN1A. BUREAU OF SO!LS• U.S. 
DEPIRTMENT OF AGRICULTURE, OFFICE nF THE <:fCRETARY, REPORT NO. 100. 
GPO, WASHINGTON• D.C. 
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CAMER1N, G.N. 197?, ANALYSTS OF INSECT TRrPHir UIVEDSTTY IN TWr SALT 
MARSH CO"MUNTTTES. FCOLnGY '53{1):5<1-73, 

CAMERON. W.M •• AND PR!TCYARQ, a.w. 19~3. l:"STUARIES. TN: THE SfA 
rnru. M.N., rn.). Vf'JL. z, po, 3Jb-'3?4. WI!t"Y-INTJ::R'CIFNC!=, NEW 
VQRK1 NI'=\<' YORK. 

CAMPRELL• R.w. 1976. SEA-BTRDS PREEDT~G CN THF C~NAnIAN WEST COAST. 
CANADTAN NATURE FEl'\ERATTr:N, SP>'CIAL PUB! TUTION Wl. 5. VTCTORlA• 
'1RITI51-l r1LllM'HA1 CANADA. 65 oo, 

CARFY• A.G •• JR •• PEARCY. w.r •• ANI'\ n<:TERR~RG, r.L. 196~. A~TTFTCIAL 
RA0IONUCLIDEC: IN MARI~E QRGANI~MS IN THE ~ORTrl~AST nacri:rc OCEAN D~F 

QREGON. IN: D!S 0 0SAL nF RA"IQArTIVE WASTES TNT1 St"a<:, OCEANS, ANn 
SURFICE WATERS, PP. 303-319. 1NTFPNATI1NAL AT"MJr FNERGY AGENCY• 
GENEVA, SWJT7ERLA~D. 

CARLISLE• A. 1976. THE UTILI7ATinN OF FDR~ST PinMA5~ IND cnREST 
INDUSTRY WASTES FOR THF PAODUrTION ANn (nNSEDVATinN nF ENERGY, 
CANADIAN FOR~<:T SERVTCE• OTTOWA, C&NAOA, ~4 oo, 

CASSIE, M,~ •• A~D CASSIE• V, 1960. PRJMARY PRODUCTION lN A NFW 
ZEALAND W~ST CQAST PHYTrPLANKTON RLQQM. NEW ?. J. srr. 3:17~-179. 

CENTER FOP PQDULATinN RESEARCH ANn rENSUS. 1976. POPULATION 
PROJECTTnN FOR ST.HE 'JF ORFr-oN IND ITS rotJNTHS: 1975 - ?000. 
PORTLAND STATE UNIVERSITY, PORTLAND, OREGrN. 50 op, 

C>-tFNG, L. CED.>. 
5>\l PP, 

MARINE INSEr:TS. 

CHOATE. G,A. 1q17. rLnws rF MTLL RESIDUES TO PULP AND qoARD 
M&NUFACTUR~RS, WASHINGTON• OREGON IND CALTFORN!~, 106P, U,S, 
DEP6RTMENT OF fGRICULTURE FOREST SERVICE, PACIFIC NrRTH~F~T FORfST 
AN) RANGE EXPERIMENT STATION• PORTLAND• OREGON, 4q PP. 

[L~AVER, F.c. 1944. LIFE HISTORV AND HAPITS OF THE C"MMERrTAL CRA8, 
CANfER MAGISTER, BIOLOGTCAL CTRrULAR Nr, 1. WASHIN~TON ~TATE 

OFPARJMCNT OF FTSYERIES, OLYMPIA, WASHJNGTnN. 

CLEAV!;R, F.C. 1949, PRELIMINARY RESIJLTS '.]F THI" COA'iTAL CRAB CCANCFR 
MAGISTERl INVESTIGATION. BIOL, REPT. 49A:47-P2, STATE nF 
WAC:µINGTnN DEPARTMENT OF FISHERIES, OLYMPIA, WASHTNGTnN. 

CNPS--SEE ••••• CALIFORNIA NATIVE PLANT SOCIETY. 

COATS. ~.N. l97R. THE RnAD TO EROSION. A CAUTinNARY TALE. 
ENllTRf"l'llf'IFNT VOl. ~Q, JANUARY/FEBRllARY, PP. 16-20• ANO '37-3Q, 

COLE· D.w •• CRANE, w.J •• AND GRIER. c.c. 1975. THE EFFECT nF FOREST 
MANAGEMENT PRAl"T1US ON WATER QUALITY IN A SECnNn GRnWTH nnur;LllS-FIR 
ECOSYSTEM. IN: FOREST SOILS AND FOREST LANO MANAGFMENT, PROC. 4TH 
N. Al"ERICAN FOREST SOILS CnNF., AUG., 1Q73 PlERNifR, a.., AND WINGO, 
C.H., EDS.), PP, 195-207, 

COLINVAUX, P,A, 1973. JNTRnDUCTION TO ECOLOGY. JOHN WI! EY ANO SONS .• 
NCW YORK, 621 PP, 

COLLIN, T., YOUMANS, R., AND STOEVENER. 1973. IMPACT OF A MAJOR ECONOMIC CHANGE ON A 
RURAL COASTAL ECONOMY: A LARGE ALUMINUM PLANT IN CLATSOP COUNTY, OREGON. OREGON 
STATE UNIVERSITY, AGRICULTURAL EXPERIMENT STATION, STATION BULLETIN 614. 30 PP. 

CONIFERDUS FOREST BTOME MCIDEI ING GROUP, 1977. CON!Fl=R: A f'IQDEL OF 
CA~BON ANn WATER FLOW THROUGH A CONIFEROUS FOREST. DOCUMENTATION. 
BULLETtN NO. 8, CONIFEROUS FOREST BIOME ECOSYSTEM ANALYSIS STUDIESt 
UNIVERSITY OF WASHINGTON, SEATTLE• WASHTNGTON• ANO OREGON STATE 
UNIVERSITY, CORVALLIS, OREGON. 160 PP, MAPS, lLLUSTRATinNS, 

CONOVER• J.T. 1Q5R, SEASONAL GROWTH OF BENTHtC MARINE DLANTS AS 
RELATED TO E~VIRONMENTAAL F~CTORS IN AN ESTUARY CONTR. INST. MAR. 
SCT, UNIV. TEX. 5:97-147. 
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coos, CURRY, noUGLA~ ECONOMIC IMPRQVl'MENT ASSOrIATION {ElAl. 1Q77. 
nVEIH.LL ECQNDMIC DEVEi OPMFNT PLAN, 1Q77-78. ACTION PR('BLEM l'QR T'-H' 
COOS-CURRY-DOUGLA<; ECONOMIC DEVELOPMENT DTSTRICT. rOC"• CURRY, 
"lOLJGLAS ECONOMIC IMPROVEMENT A~s~rr1r1nN, R"~ERURS. OREGCN. APPROX, 
242 oo. 

CORY• E.N., AND CROSTHWAlT, S.L. 193Q. SDMF CONSE~VATfnN ANO 
ECDLCGICAL TMPL!l.ATIDN" N MUSr:JllITO C'1~1TRC'L. J. ECON. ENTOMOL. 
32(2):213-215. 

C'rJTTAM• c •• AND MllN.:o, O.A. 1054. l'ELGR.ASS STATUS AN"l ;'.NVIRONMFNTAL 
~ELATIQN<;YIP". J. wILDL. ~ANAG. lR(4):449-4nO. 

Cr'ITTAM, c •• BOURN, w.s., "lTSHQD, F.C,, WILLIAMS, L.L., A'!D VOGT, V. 
193"• Writ.TS WRONG WTTf-1 MO';QIJIHJ CONTROL (OU;::STTflN), TRA~'S, N. 
~M. WIL"lLIFF CONE. 3:81-107. 

COUCH. R., VTcTnR, L •• AND KPELING, K. 1974, COASThL AND OFF"HORE 
PARTHOUAKES OP THE PACIFIC NnRTHWFST RETWEEN 3q DCGREES AND 49 
DEGREES 10 MINUTES NORTH LATITUDE AND 123 DEGRFES AND 131 DEGREES 
WEST LONGITUDE. STATF OF OQFGnN DEDAQTMFNT OF GCOL'l~Y AND MINERAL 
RESOURCES. 67 PP 0 

COUNCIL OF STATE GOVCRNMENTS. 1974. 
ANALYSIS NO. 4: STATE nF THE APT 
CRITICAL ENVIRONM~NTAL CONCERN. 
LEXINGTON, KENTUCKY. 52 DD• 

LAND USE POLICY ANO PROGRAM 
FOR DESIGNATION nF AREA~ OF 
COUNCil OF <:iTATF. G'lVERNMENT'i, 

COUNCIL nF STATE GOVERNMENTS. 1975, LAND USE POI.ICY AND PROGRAM 
ANALYSI' NO. 5: Issues AND RECOMMENDATION' - STATE CRITICAL AREAS 
PR1GPAMS. COUNCIL IJ!' qaTE GOVERNMENTS, LLX!"IGTnN, KENT!ff'.KY. 45 
PP. 

COWAN, I. McT. 1956. LIFE AND TIMES OF THE COAST BLACK-TAILED. IN W. P. TAYLOR, 'ED., 
THE DEER OF NORTH AMERICA, THE WHITE-TAILED, MULE AND BLACK-TAILED DEER, GENUS 
ODOCOILEUS, THEIR HISTORY AND MANAGEMENT. STACKPOLE COMPANY, HARRISBURG. XVII+ 668 PP. 

CIJWARDJN, L.M., CARTfR, v., GOLET, F.c., ANO tARf1E. F.T. 1977, 
CLASSl~ICATION OF WETLAND~ AND OPFP WATER HABITATS OF THF UNITED 
STATES (SATHER, J.H., ED.I, (AN OPERATif1NAL DRAFT, f1CTO~ER, 1977.) 
u.s. FISH bND WILDLIFE "ERVTCE. OFFICE OF BTOLOGTCAL SFRVTrEs. 
wASHINGTON, n,c. 

COX• J.L. 1976. SAMPLING VARIATION TN SANDY BEACH LITTORAL AND 
NEARSHORC MEtOFAUNA AND MACROFAUNA. u.s. ARMY cnRPS OF ENr,INEEPSt 
COASTAL ENGINEERING RESEARCH CFNTER, TECHNICAl PAPER Nn. 76-14, FORT 
qELVOI?, VIRGINIA. 72 PP. f PRFPARED BY HOPKINS MARINE STATION, 
STANFORD UNlVEOSTTY, PACIFir GROVE• CALIFORNtA.J 

C~AMER, O.P. CED.l. 1974. FNV!RQNMENTAL EFFErTS OF FnQEST RESIDUES 
MANAGEMENT IN THF PACIFIC ~ORTHWEST, A STATE-OF-KNOWLEDGE 
COMPENDIUM. U.S. DEPARTMENT OF AGRICULTUPE FOREST SERVICE1 PACIFIC 
NORTHWEST FOREST ANO RANGE FXPERIMENT STATION, PORTLAND• OREGON. 
41Q PP. 

CREECH. c. 1973. WAVE CLIMATOLOGY OF THE CENTRAL QRCGON cnAST, JULY 
1971 - JUNt 1Q73. NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION 
SEA GRANT PROJECT NO. 04-3-158-4. MAPINE SCIENCE CENTER, OREGON 
STATE UNIVERSITY, NEWPORT, OREGON. lq PP, 

CRFSC--SEE ••••• CALIFORNlA REGION FRAMEWORK STU~Y COMMITTEc. 

CROSS1 F.A., AND SMALL• L.F. lq67. COPEPOD INDICATORS OF SURFACE 
WATER MOVEMENTS OFF THE OPEGON COAST. LIMNOL. OCEANOGR. 
12(1):60-72. 

CROUC4• G.L. 1Q74. INTERACTTON OF OEtR AND FOREST SUCCESSION ON 
CLEARCUTTING TN TYE COAST RANGE oc OREGON. TN: WTLntIFE AND 
FOREST MANAGEMENT TN THE PACICTC NORTHWEST (RLACKt H.c., co,J, DP, 
133-138 ~ 
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cr<o..i, r.i.E •• RAJAGOPAL. AND G.F. SCHPEIJQER. 1976. '-'nnELS cc A t=nR!=ST 
CCOSYSTEM. VIII.--SOMF E!'.'."fCT~ OF MnotFICATinN nF <:TRFAM 
ENVIRONMENT. FOREST RFSOUPCES MQNnGRAPH, roNTrTPUTJON Nn. 22. 
INSTITUT~ QC FOPEST PRODUCT<:. COLLEGE OF i:nQt:<:T Rr:snuRCFS. u. n" 
WASHINSTON, SCATTLE, W~SHINGTnN. 

CZEMERT<:, J. 1977. l>ER ')(1NAL COM'-'llNIC A TI 'JN. 

DAIBER, F.C. 1974. 
ANIMALS. IN: 
pp. 475-508. 

SALT MARSH PLANTS AND FUTURE COASTAL SALT MARSHES IN RELATION TO 
ECOLOGY OF HALOPHYTES (REIMOLD, R.L.J., AND QUEEN, W.H., EDS.) 

DATLY• "1.D., HILL.• P.H •• AND LANSING, N0 (E'1S 0 ) 1074. A Sll"MARY OF 
KNOWLEDGE OF Tl-lE SOl'THERN C:Hl!'.'.OR~JA CfJASTAl 7nN" AN"l {ll'C<:HnRi: 
AREAS. VOLU'-'E II. BIOLOGICAL CNVJRnNMt=NT. u.s. D"PIRTM"NT OF 
INTERIOR, RUR~AU OF LAND MANAGE"~NT. CONTRACT OQ550-CT4-1. 
[SOUTHERN CALFOR"ITA Ot'EAN ST!llHES CQNSnRTIUMl • 8'.)7 PP. 

nARLING. K. 1971. PTSrlOP PTNF coqcsr ANO MATURE onUGLAS-FTQ l'QR&ST. 
AUDUBON FIELO-NOTFS 27:981, 

DARNELL, R.M., PEQUEGNOT, W.E., JAMES, B.M., BENSON, F.J., AND DEFENBAUGH, R.A. 1976. 
IMPACTS OF CONSTRUCTION ACTIVITIES IN WETLANDS OF THE UNITED STATES. U.S. ENVIRONMENTAL 
PROTECTION AGENCY CONTRACT NO. 68-01-2452. CORVALLIS ENVIRONMENTAL RESEARCH 
LABORATORY, CORVALLIS, OREGON. (TERECO CORPORATION.) 

DARR, D.R, 1975, ~OFTWOOD LOG FXPORTS AND THE VALUE AND EMPLOYMENT 
ISSUES. U.S. UEPARTIAENT 01' AGRICULTURE FOREST SE~VTCE RESOURCE 
PAPLR PN~-2on. PACIFIC NORTHW!'.'.ST FORFST ANr RANGE EXPERIMENT 
STATION, PORTLAN"• OREGON. 13 po, 

DARR• D.R., ANO C!GHT1 P,D. 1974. DOUGLAS rDUNTY, OPE~ON: POTENTIAL 
ECONOMIC IMPACTS nf A CHANGING TJMqER PFSClJRCF qASE. U.S. 
DEPARTMENT oi: AGPltULTURE FORFST SERVICE RESOURCE PAOEP PNW-179. 
0 ACIFIC NORTHWEST FOREST ANP PANGE EXPERIMENT STATION• 0 0RTLAND, 
f)RC:Gnl\I, 41PP, 

DASMANN, R,F. 1956. DFT!'.'.RMI"IING STRUCTURE IN cnLUMqIAN RlACK-TAllFD 
DEtR 0 0PULATIONS. J. WILOL. MANAG. 20:78-83. 

DASMAl\IN, R,F. 1064. WILDllt:E BTOLOGY, JOHN WTLEV ANO ~nNS, INC., 
NEA YORK. 231 PP, 

DAVIS• B.'.'. 1977. THE SOUTH!=RN StA OTTER REVISITEf'l. PAC FTC 
DISCOVERY 30(21:1-13. 

DAVIS, D •• ANO WILHOUR. R.G. 1976. SUSCEPTPHLITY m: l.ol'lODY PLANT~ Tn 
SULFUR DIOXIDE ANO PHOTOCHEMJrAL OXIDANTS. ENVIRONMENTAL 
PROTECTION AGCNCY. WASHINGTON• D.C. 72 PP. 

DAYo J.w. JR., SMTTH~ W,G,, WAGNER, P.R,, AND STOWE• w.r. 1973. 
COMMUNITY STRUCTURE •ND rARPON BUOGET OF A SALT M'R<:H AND SHALLOW 
PAV E'>TiJARINE SYSTEM TN LOHISIANA. CENTER !=QR WFT!.ANfl RFSnURCES, 
LOUISIANA STATE UNJVERSITY. BlTON POUGE, tOUTSJANA, LSU-S~-72-04, 

ui: LA rRuz, A, 1965. A STuny OF PARTTCULATE ORGANIC DETRITUS IN A 
GEORGIA ESTUARINE SALT MARSH ECOSYSTEM, PH,D. TMESIS, UNIVER5ITY 
OF GEORGIA, ATLANTA• r,EORGIA, 

DE LA CRUZ, A.A. 1976. SUGGESTED MFTHODS FOP THE MONETARY EVALUATinN 
OF TIDAL ~ARSHLANDS IN 1A!SSISSIP 0 I. J, ~TSS!SSJPPT ACAD, SCI. 
2CI! 171-180. 

DF LA CRUZ, A.A., ANO COURTNEY, T,H. 1977. ENERGY VALUEt ELFMENTAl 
COMPOSITIO"I ANn PRQDUCTIVlTY OF BELnw GROUND BinMASS f)F A JlJNCUS 
T!0Al MARSH. ECOLOGY 58:1165-1170. 

DE LA couz. A.a., AND GABRIEL, B.c. }Q74. CALOlHC:, ELEMENTAL. AND 
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NUTPJTIVE CHANGES IN DECOMPOSING JUNrus ROFMFRIANUS LFAV~~. 
ECOLOGY 55:8P2-P86. 
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DEHLINGE::I., P., CrJlJCH• '<.!;!.,MCMANUS, '"l.A., AND Gf~DEotE, "• Fl70, 
NORTHEAST PACIFTC ST!WCTURE, PH Tl-iE SE~ (MH\4ELL• A,E,, EO.l• 
VOL. 4, PP, 133-169, WTLFY-INTEoSCitNCF. NEW ynP~. 

DEMORY, R.L., AND ROBINSON, J.G. 1973. RESOURCE SURVEYS ON THE CONTINENTAL SHELF OFF 
OREGON, ANNUAL REPORT, JULY 1, 1972 TO JUNE 30, 1973, NATIONAL MARINE FISHERIES 
SERVICE, NATIONAL OCEANIC AND ATMOSPHERIC ADMINISTRATION, U.S. DEPARTMENT OF COMMERCE, 
AND FISH COMMISSION OF OREGON, PORTLAND, OREGON. 

DFMQRy, R.L •• 1-iCSIE• M.J •• TEN EYc~. "l,, AND FORSBERG, e.n. l07A. 
RESOURCE SURVEY ON THE QRFGQN COAST, COM"IS~TON ON FISHERIES 
RFSOURCFS AND DFVFLOPMENT ACTS• COMPLF.TTON REPORT, OREGON 
OE~ARTMFNT JF FTSH AND W'LDLIFE PR"CEEOINGS REPORT, 49 PP. 

DFNISON• R.F •• rALDWFLL• B •• PORMAN. ~ •• FLDPED· L •• SWANBERG. r., AND 
ANDERSON, ~. 1076. EFFECTS OF ACID RATN ON N!TROGEN-FTYATION IN 
WASMTNGTON CONIFEROUS FQRE~Ts. IN: PRQCFEDINGS nF THE FIRST 
TNTl=RNATION~L SYMPOSillM ON ACID PiHC!PJTATIO"l AND THI= i:nREq 
EC:lSYSTEM cr10CHINGER. L.s •• A~1 0 SELIGA, T.A •• EO~.i. PP. q33-a4Q, 
U.S. DEPARTMFNT OF AGRICUlTURl= GEN. TECH. REP. NE-23• WA~YJNGTO~, 
o.c. 

DtNISON, W.C. PFPSONAL COMMUNTCATION. 

DFNISr'lN, w.c,, ANrl CARPE"ITEP1 S,1'1, 1973. A !';lJIDF TO ATR CllALITY 
MONTTORIN~ ~ITH LICH~NS, LICHFN TFCMNOLCGY~ INC,, CORVALLIS, 
JRFGON. 39 PP, 

DENTON, Mo1 GOLDMAN, B., HITCHCOC!<, C.L., KRUCKEBERG.- A.R.1 ANO MUELLER, 
Mo i977o A WORKING LIST OF RARE, ENDANGERED, OP THREATENED 
VASCULAR PLANT TAXA FOR WASHINGTON. DEPARTMENT OF BOTANY, 
UNIVERSITY OF WASHINGTON, SEATTLE1 WASHINGTON. 6 PP. 
CMIMEOGRAPHEDle 

DETWYLER. T.R. 1971. MANS JMDArT~ ON ENVIRON~l=NT. 

en •• NEW YORK. 7~1 PP. 
MCGRAW-HILL ROOK 

DEUEL• !),G. 1073. SALTWATER ANGL!"lG SURVEY - 1970. 11.S, OEPARTMFNT 
QF COMMERCE. NATIONAL MARTNE FISHERIES SERVrri:, ruoRENT FISHERY 
STATISTICS NO. ~~oo. NOA&. WA~HTNGTON. o.c. 

DF.YRUP, M.A. 1975. THE INSFCT cnMMUNITY nF DFAO AND nYING 
DO~JGLAS-l=I P • T. 
BULLE:TIN NO. 6. 
PP. 

THE HYMFNnPTERA. CONIFEROUS FORE'iT BIOME, 
UNIVERSITY oi: WASHINGTON, SEATTLF• WASHTNGTON. 104 

DOUGLAS, P.A., AND STROUD• R,H, (!=OS,), 1971, ~YMPOS!UM nN THF 
ql3LGGICAL SIGNIFICANCE OF ESTUARIFS. SPORT FISHERics INSTTTUTE• 
WASHINGTON, D.C. 111 PP. 

DUXBURY, A.C •• MORSE, q,A,, AND Jl'CG!IRY, No l06f,, THE COLUMBTA IHVIOR 
EFFLUIONT ANO ITS DISTRIBUTTnN AT SEA. DFPARTMENT nF OCEANOGR&PHY• 
TECMt-.!ICAl PEP'lRT NO. 156 .• UNIVERSITY fJF WA~HINGTON, SfATTlF• 
WViMINGTC'l. 

DYRNESS. c.r •• FRANKLIN, J.r., ANO "ASFR, c. 1973. WHEELER CREEK 
RESEARCH NATURAL ARE/\, SUPPLEMENT NO, 1: l=EOFRAL RESEARCH NATURAL 
APEAS IN ORFGDN AND WASHINGTnN, 1972, PACIFIC NORTHWEST FORFST ANO 
RANGE EXPERIMFNT STATION. GOVFRNMENT PRINTING OFFrci:, WASHINGTr.N, 
l),C. 16 PP, 

DYRNESS, c.T •• !=RANKLIN. J.F •• MA'iER. c •• COOK. S.A., AND l·Ull. J.o. 
1974. RESEARCH NATURAL AREA NEEDS IN THE PACIFIC NORTHWEST--A 
CONTRIBUTlON TO LAND-USE PLANNIN~, RFVIFW !')RAFT. REPORT ON NATURAL 
AREA NEEDS WORKSHOP, NOVEMqER 29 - DECEMBER l' 1973• WEEME• OREGON. 
U.S. DEPART~FNT OF &GRJCULTURC COREST SERVICE, PACIFIC NORTHWEST 
FORFST AND RANGF E~PERIMENT STATION. ?ORTlAND, QOEGON. U.~. 

DEPARTMENT OF AGRlCULTURf l=GREST SERVICE, 349 PP, 

DYRNESS, c.r., FRANKLIN. J.F •• MASEo. c •• COOK. s.A., HALL, J.o., AND 
FAXONo G. 1975. DESEAoCM NATURAL ftRFA NFEDS IN THE PACIFIC 
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EATON, R.L., BRITTELL, J.D., AND BROWN, J.M. 1975. COASTAL ZONE ENVIRONMENTAL STUDIES 
REPORT NO. 2. MARINE SHORELINE FAUNA OF WASHINGTON: A STATUS SURVEY. DEPARTMENT 
OF GAME AND DEPARTMENT OF ECOLOGY, OLYMPIA, WASHINGTON. 594 PP. 

EDMONDS, R.L. 1974, AN I~ITIAL SYNTHESIS QF RESULT<: IN THE CONIFEROUS 
FOREST RIOMEt 1970-1973. RULLETIN NO. 7, CONIFEROUS FOREST RIOME, 
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RESOURCES, UNTVERSTTY OF WASHINGTON• SEATTLF, WASHINGTON, 97 PP, 

EDMONDS• R,L. (ED,), 1977, rnNTFFDnUS FCJRFq RlCJME ECnSYSTEt' t\NALYSt<: 
STUDIES. SlWMARY OF RESEARil-i AND SYNTHESIS• ACTT\IITTES1 JULY 
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COLLEGE Qi= FOREST RF.SOURCES; UNIVERSITY OF ~IASHTNGTrJN, SEATTLE, 
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SUMMARY OF THE IBP IN CANA~I 1954-1974, pp, 199-219. RnYAL SOCIETY 
OF CANADA, OTTAWA. 

EILtR~. H.P,, III. 1975. PLANT<:, PLANT COM~UNITTE5• NET POODUCTION 
AND TTDF LFVEL~: THE ECOLOGICAL BTO~EOGRAPHY OF THF NFHALFM SALT 
MARSHES• TILLAMOOK COllNTY, OREGON. PH.D, THE<:IS. DREGO"l STATE 
UNIVERSITY, CORVALLIS, OREGON. 368 op. 

EI<:ENHO~ER CONSORTIUM FnR WESTERN ENVIRnN~ENTAl FORlSTRY RESEARCH. 
1975, MAN, LEISURE, AND WILDLANDS: A COMPLEX T"ITERAiTTON. 
DROiEFOINGS or: THE FTRST E'SENHOWER cnNSORTTUM RESEaoc~ SYMPOSTl1M, 
SE 13 TEMRr:R, 1975, VAIL• COLORAnO. ETSENHOWl"R cnN<:QRTTUI' 'IUI LFTIN 1, 
286 PP, 

ELDER. J.A. 1976. EELGRASS PROourTTON IN LONG ISLANn WATERS, 
TETRATECH, INC. REPORT FOR NASSAU-SUFFOLK REGIONAL PLANNING BOARD, 
HAIJPf>AGE, NEW YORK, 23 PP. 

fLLINGl"R, E., ANO SNYDER, G, 1975. AN ANNOTATED BTLIOGRAPMY OF THE 
EFFECTS OF DREDGING aNn DREDGE DISPQ<:AL rN AQUATI~ ORGANISMS IN THE 
PACI!=IC NORTHWEST WITH ~ELECTED RFFERFNCES nN BTOL~~TC~L ~TUDIES OF 
THE LOWER COLU~RIA RIVeR &ND ON QFLATED QQEDGE ANO DTSPO<:AL <:TUD!ES. 
u.s. lQ~V CORPS OF ENGINEERS CONTRACT ~ESRF 75-8~. u.~. NATinNAl 
MARINE FTSHERJFS SERV!CF1 SFATTLE, WASH!NGTnN. 51 PP. 

ELLIOTT, W.P,, FGAMI, R., AND ROSSKNECHT, G. 1971. RAINFALL AT SEA. 
NATURE ?29:108-lOQ. 

EMMINGHAM, W.H., AND WARING, R.H. 1977. AN INDEX OF PHOTOSYNTHESIS FOR COMPARING FOREST 
SITES IN WESTERN OREGON. CANADIAN JOURNAL OF FOREST RESEARCH. 7(1)165-174. 

ENGLERTH, G,M. 1947. DECAY OF THE STTKA SPRUCE IN SOUTHEAST ALASKA~ 
J. FORESTRY 45:dQ4-900. 

EPA--SEE ••••• u.s. ENVIRON~ENTAL PROTECTTON AGENCY. 

ESTES• J.A., ANO PALMISANO, J.~. 1974. seA 8TTERS: THEIR ROLE IN 
STRUCTURING NEARSHORE CO~MUNITIES. SC1ENCF 1~5:1058-1060. 

FABER, R.A,, RISEBROUGH, R.w., AND PRATT, H.M. 1972, ORGANOCHLORINES 
AND MERCURY IN COMMON EGRET<: ANO GRE.AT 13LUE HERONS. E'NV!Ro .DQLL• 
3:111-122. 

FAVORITE, F,, OOOTMEAD, A0 J., AND NflS'l' K. 1974. OCEANOGRAPHY ne THE 
SUBARCTIC PACIFIC REGION 1960-71. 370 PP. MIMEOGRAPH. NATIONAL 
MARINF FISHERIFS SERVICE, NOAA, SEATTLE, WASHINGTON. 

R-12 Region 

---



FERRY. ~.1~ •• 8AODELFY .... s •• AND HAWKSWnRTH, D.L. ci:rs.1. lQ73. AIR 
POLLUTION ANO LICHC~S. UNJVFRSJTY nF TORONTn PRFS<;. TnR~NTn. 
CANAD!\, 369 op• 

FEDERAL COMMITTEE ON ECOLOGICAL RESERVES. 1977. A DIR~CTORY OF 
RESEARCH NATURAL AREAS ON FEDERAL LANDS OF THE UNITED STATES. U.S. 
DEPARTMENT OF AGRICULTURc FOREST SERVICE, WASHINGTQ~, O.C. 280 PP. 
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SUPPLEMC:NTAL REPO~T. FISHERIES RESEARCH INSTTTIJTE, l".OLLf:r,E nc 
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FORBE<;, R.'l,, PAQUET, P,J., PE:RDy, C.<1., ANO ~!TLLIS.• R. 1976. 
oFVFTMENT CLE4RING: ITS lNFLUFNC~ ON ~IPADIAN WILDLIFE CO~MUNITIFS. 

DEP&OTMENT OF 9IOLOGY. PORTLANn STATE UNIVERSITY, PQDTLANn. OREG"'IN. 
77 °P. 

F'lD8T.S1 L.W. 1975. A HA91TllT MANAG!:MENT 01 AN l=QR THF '\ALO FAGLE 
(HALIAEET'!S L!=UCOCFPHALllS) 1"1N THI= KlA"llTH l\!ATIONAL Ff;RFST. srsnvou 
COUNTY• CALIFl"!RNIA, U.S. DJ:PARTMENT '1F AGDICUL TUDE t:()RE$T SERVICE• 
KL AMATI-! NATE1NAL F"'IRFST, VOi. • 76, 0 • "l. 

FOREST SOILS COMMITTFE nc THE DOUGLAS-t:IR REGTON. 1057. AN 
INTRODUCTION TO FnREST SOIL~ OF THE onUGLAS-FTR REGION oc THF 
PACIFIC NORTHWEST. WFSTFRN t:,.,RESTRY AND CONSERVhTI'1N &SSOCIATI'lNo 
PORTLAND, OREGON. 217 PP. 

FORSMAN• F. 197~. A PRt:LIMTNARY INVt:STIGhTTON oi: THE SPOTTED OWL TN 
OREGO~. M.s. THESIS. ORF~'lN STATE UNIVEASTTY, cnRVAILIS, OREGON. 
1'5 PP, 

FJSTER. w... 1968. STUDIES nN THE OTSTRIRVTinN ANO GROWTH OF JUNCUS 
RnEMFRIANUS JN SOJTHEASTERN ADUNSWICK COU~TY, NORTH CAROLI~A. M,S. 
TH=qs. NORTH CAROLINA SHH l'NT\IFRSITY. RALfTGH.t NnRTH CAROLIN&. 
167 PP• 

FOWELLS• H,A. <COMP>. 1965. S!LVICS OF CQHST TPEFS ,,~ THE UNITED 
STHES. u.s. nEPARTMENT oc AGRTClfLTUPE. lo.ASHTNGTON1 r.c. 76? PD. 

Fox. w.r •• ANO DAVIS .• R.h. JR. 1974. BEA.CH PROCE<"Si:'S riN THE !JREGON 
COAST JULY, 1973. WILLIAMS COLLFSE, WILLIAMSTOWN, MAS~ACHUSETTS. 
8 5 pp. 

FRAN~LtN, J,F., ANO DY~NESS, C.T, 1973. NATURAL VEGET&TJON nf ORFGON 
ANO WASHIN~TON. U.S. DEPARTMENT OF AGR'CULTURE GENERAL TECHNICAL 
REPORT PNW-8. WASHINGTON, o.r. 417 PP. 

FRANKLIN, J.F., HALL, F.C., DYRNESS, C.T., AND MASER, C. 1972. FEDERAL RESEARCH NATURAL 
AREAS IN OREGON AND WASHINGTON: A GUIDEBOOK FOR SCIENTISTS AND EDUCATORS. PACIFIC 
NORTHWEST FOREST AND RANGE EXPERIMENT STATION, FOREST SERVICE, U.S. DEPARTMENT OF 
AGRICULTURE, PORTLAND, OREGON. 498 PP. 

FRAZER, D.a •• LFSCHNFR, L.L., ANO MANUWAL• D.A. 1Q73. SURVEY OF 
SEABIRD COLONIES OF WASH!NGTnNS SAN JUAN, STRAIT "F JUAN OE FUCA, 
AN') 0 C EA NI C ! S l AN 0 S • UN P IJ <1 LI SHED M ~. NUS C P T PT• C 0 LL E G I=' 0 F F 0 R EST 
RESOURCES UNIVERSITY OF WASHINGTON, SEATTLE• WASHINGTON. 50 PP. 

FREOFRICK, L.C. 1067. DT~PERSION nF THE COLUMqJA RTVEP PLUME PASFD ON 
PAJIOACTIVITY ~EASUPt:MENTS. PH,O, THESIS. OREGON STATE 
UNIVERSITY, CORVALLIS• OREGON. 109 pP, 

FREORrKsrn. R.L. 1971. COMPARAT!VE CHEMICAl WAHR QUHITY - NATURAL 
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FREDRIKSEN· R.L. 197?. T~Parr QC cnQEST M8NAGEMENT ON STREft~ WATER 
QUALITY T"l wcSTf'R'I! ORt:GCN. IN: 0 ROC. cc A <;YMPOSIIJM--t.IHER 
POLLUTION ANO ABATEMENT. FOREST PR[lD. RES. "OCTETY. 

FREORIKSEN, R.L., MnORE. O.G., AND NODRTS, L.A. 1Q73. THE TMPACT nc 
TIMBEP HARVEST, FERTIL17ATinN, ANO HERqICIDF TREATMENT ON 
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CONFERENC~ PROCEEDI~Gs. AUG~ST 1Q7~. PP, ?B3-~13. LaVAL UNJVCR5TTY. 
QUFREC. 

FRENCH, N.R., !'.;RANT, W,E •• GRnD7INSKI. ,,,,, AN[l swri:T, 1),M, 197fo. 
SMALL MAMMAL FNERGETTCS IN GRA~SLAND F~OSYST~MS, ECOLOG. MONOrR. 
46:20]-?20. 

CREY. H.w. 1971. CALIFnRNIAS LIVING MADINE RFSOURCES AN" THEIR 
UTIL!ZhTION, STATE Of ChllCORNTA RFSOUPrF~ AGENCY, DFPhOTMFNT nc 
CISH ANn GAME, SACRAMENTO• CAlIFnRNTA. 148 oo. 

FRITZ1 E. lQZO. REn\JOOD THE EXTR~1RDINA~Y. 

30(7):38-39.77. 

CRlTZ, c. lo~o. !UMBER FOR TWENTY H1MES TN a SINGLF TREF, 
cnRESTS Ff")REST LICF 36111)1711. 

FRlT7. ~. 1034, THE STnoY TOLD BY A FALLEN RFownon. 
SAVE-THE-REOWOnDS LEAGUE. 7 PD, 

!'RITZ, E. 1Q40, REOWflOO FORE"T r'hNAGIOMENT fOR UTTI T7~TION. 
MECHANICAL EN~TNEERING !NEW Yf1RKl. PP. R59-R63, 

FRITZ1 E. 19'ilA. ~EhR AND SOlJIRRf'L DAMAGE TO Yllt'NG REfJWl"lnf), J, 
CORESTRY 49:651-652. 

FRITZ, E. 195lq, SQMC POTNCTPLES GnVEONING THE GRO~ING OF REnwnno 
CROPS. J, FORCSTRY 49:2~3-266, 

FRTTZ, E. 1Q57. THE Llf'E HABITS OF PEDWflOD THE EXTPAORDTNARY. wEST. 
CONSERV. J. 14(3):4-71 38. 

FRITZ, E. 1Q5P, STLVICU!TUDJ:'. (II= COAST Rr:QWOflDS. TIMRER 
2:10,•~.~3,59,fo. (SCHOOL OF FORESTRY. UNJVERSTTY nc CALIFORNIA, 
RERKELEYI. 

Foy, o.~. 1977. INFOR~hTinN ON raLIFORNIA SALMON FTSHERIES AND 
STOrKS. INTERNATIONAL NORTH PA~IFir FISHERIES COM~TSS!ON RULLFTIN 
NO. 361 PP. 15-23, 

FUJIMllRI, T. 1971. PRIMARY PRODUCTIVITY !"IF A YO!'NG TSllGA J-1FTCROPHYLLA 
STAND AND SOME SPEC!JLATJONS hBOUT ~IQMASS OF FOREST cnMMUN'~IES ON 
THE ODEGON COAST. U.S. DEPARTMENT OF AGRTCULTUOE FORFST SERVICE 
RESOURCE PAPER PNW-123. 0 AC!FJ~ NORTHWEST FOREST ANO ~ANGE 
EXPERJMENT STATinN, PORTLAND, OREGON. 11 po, 

FULTON, l·A· 196~. SPAWNINr. AREAS ANO ARUNDANCE nF CHINOOK SALMON 
(O~CORNYNCHUS TSHAWYTSCHAI IN THE COLUMRTA RIVER RASTN - PAST ANn 
PRESENT. U.S. FISH ANO WllOlIFF SERVICE• S0 ECIAL SCIENTTFJC RFPORT 
NO. 5711 wASHINGTON• D,C. 26 PP, 

FULTON, L.A. 1970. SPhWNING AREAS AND ARUNDANCE OF STEELHEAn TROUT 
AND CHUM SAtMnN IK THE COLUMRlb RIVER 8ASIN -

U.S. QFPARTMIONT OF CnMMFRCEo NATIONAL MARINE 
SPECIAL SCIENTIFTC REPORT ~n. 61R• WASHINGTON• 

ANJ CGHO, SOCKEYE, 
PAST ANO PRESENT, 
FISHERIES SERVTCE, 
O.C, 37 PP. 

FURNISS, R.t. 1941. !=!RE ANO TNSFCTS IN THE DnUGLAS-FTR REGION. 
FIRE CONTROL NOTES 5(4)!211-213, 

FURNISS• R.L., AND CAROLIN, V,M, 1977, WESTERN FQRCST INSECTS. U.~. 
DEPARTMENT OF AGRICULTURE FOREST SERVICE MISC, PURL. 133Q. 654 PP. 

FWS--SEE ••••• u.s. FISH AND WILDLIFE ~ERV1CE. 
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GARCTA, J.r:. 1074. THF INC!.IJ'Tf1N r11: wILDL!FE CON'TDERATiiJNS IN 
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~EST-CENTRAL ODFGON, 

PLf,f\IT ANO MAM'lAl CHANGr:c; ON A Ct.r=ARCIJT IN 
ECOl rsy 51.llOH'-1026. 

GAUME?, T •• DEMORY, o .. ANf) oc;rc;, L. 1073/\, 1071 r:ins BAY RESCURrF 
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RESOL'RCE USE STl!OY. FT'H CfJM"I'q'lN flF ORFG\J"I, PnRTLHiJ• OREGnN. 
2 7 pp. 
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GALP''ER, T,, l)l:MQpY, n •• AN(' osri::, 
i::srUARY i;>>:SnURCE 11sE STUDY. 
CJRtGUN. 27 pp, 
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ATMOSPHERIC ADMINT~TRATION, NnRT~WF~T FISHl=RJE~ rcNTcR, MARINE 
MAMMAL OlJISTON• SFATTLE• WASHINGTON. 5PD, 

GEOMtT• rnr. 1978, JMCIACT nc fnO>EST '\URNING LJPf)N ATR CUALITY· [);(Af'T 
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MASSOGLIA, M,F. 1Q77. RFCOMMENOATinNS FOR DASELINE RESEARCH IN 
WASHINGTON 'ND QRFGnN RELATIVE TO OFFSHORF RESOURCE 
JfVELOPMENT--CONFERENCE/WORKSHOP PROCEEDINGS, DECF~RER, 1Q76• 
0 o~TLAND. OREGON. THl RESEARCH TRIANGLE INSTJTUTE. P.O. onx 12194, 
RESEARCH TRIANGLE PARK~ NORTH CAROLINA 2770Q. CONTRA~T NO. 
AA5';;0-CT6-54• FOR THF BLIREHI OF LAND MANMEMENT, !J.<:;. DEDARTMENT oi: 
THE INTFRIOR• WASHINGTON• D.C. 308 po. 

MCARDLE, R.E., AND MEYER, W.H. 1930. THE YIELD OF DOUGLAS-FIR IN THE PACIFIC 
NORTHWEST. U.S. DEPARTMENT OF AGRICULTURE TECHNICAL BULL. NO. 201. WASHINGTON, 
D.C. 64 PP. 

MCCONNAUGHEY, E.A. 1973. COOS RAY STUDY: AN lNTFROTSTPl !NARY STUDY 
OF M&N ANO THE E~TUARY. THESJ5. NSF STUDENT-ORT~INATED PROJECT• 
UN[VERSITY OF OREGON, EUGENE, OREGON, 205 PP, 

MCGARY, N.8. 1c111. AN ATLA5 (1E TYE COLUMRIA RIVFR t:FFt UfNT AND ITS 
DISTRJDLJTTON AT s~a. SPE~I•t REPORT ND. 47, u.s. ATOMIC CNERGY 
CO~MISSION CONTRACT (AT945-ll-2225. DEPARTMENT or: ncEANOGRADHY. 
UNIVERSITY QF WASYTNGTON• SEATTLE• WASHINGTON. 57 po. 

MCHARG, I .L. 1969. DESIGN WITH NATURE. DOUBLEDAY/NATURAL HISTORY PRESS, DOUBLEDAY 
AND CO., INC., GARDEN CITY, NEW YORK. 198 PP. 

~CMANUS. O.A. 1964. MAJnR PITHYMETRIC F~ATURES NEAP TMF coa~T OF 
OR~GON, WASHINGTON, ANn VANCOUVCR ISLAND, NnRTHWEST SCIENCE 
18:65-82, 

MCMINN, R,G, 1960, WATER RfLATION AND FORFST DISTR!PUTION IN 
DOUGLAS-FIR REGION ON VANCOUVER ISLA~D. f"REST BIOLOGTCAL 
OlVI<::ION• CANADA ~EPARTMENT OF A~R!CULTURE PUBLICATinN 1091, 
nTTAWA• CANIDA. 71 PP. 

MCROY. c.o. 1966. THF STANDTNG STOCK AND ECOLOGY re EELGRASS, 7n~TERA 

MARINA, IZEMBEK LAGOON, ALASKA. M.S, THESIS. UNIV. WASHINGTON, 
SEATTLE. ]3R PP. 

MCROY, C.P. 1974. SEAGRA5S DPODUCTIVTTY: rARBnN UPTAKE EX 0 ERIMENTS 
IN EELGRA5So 70STERA MARINA. AnUA~ULTURE 4(~):111-137. 

~CROY. C.P, AND PHTLLlPSt R,C. 19AR. SUPPLEMENTARY BIBLIOGRAPHY ON 
EELGRASS• ?OSTER~ MARINA. 
WILDL, NO. 114. 14 PP. 

U.S. FTSH WlLDL. SEDV. ~PEC. SCI. REP., 

MCROY, C.P,, AND GOERING, J,J. 1974. NUTRIFNT TRAN<:;t:ER PFTWFFN 
SFAG~ASS 70STFRA MARINA ANn TTS EPTPHYTE~. NATURc ILDNDONI 
?4'3:173-174. 

MCRuY. c.o •• GOERING· J.J., AND r.HANFY• ~. 1973. NTTDnr,fN FIXATinN 
\SSOCTATcD WTTM SE&GRAS~ES. LIMNnL. OCEANOGR. 18!99~-1002. 

MEADE, E. 1971. INDIAN ROCK CARVINGS OF THE PACICT~ NORTHWE5T. 
GRAYS PURLISYING LTD., SYDNFY, B,C., CANADA. 96 PP, 

MENARD. M,W. 1Q64. MARINF GEr[O\,Y nF THE DACIFIC. MCGRAW-HILL POOK 
co~PANY, SAN FRANCISCO, CALIFORNIA. 271 PP. 
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LUMRFR en., SAMOA· CALlFORNTI). 

MESLow, E.c., AND WIGHT, H.M. 1975. AVIFIUNI ANO sucr.ESSION iN 
DO"GLAS-F!R FOR!=ST<\ OF THE PACIFIC NORTHWE'ST. U.S. Dt=PARTMENT OF 
AGRTCULTUREJ GFNERAL TECHNICAL REPORT wo-1 !SllllJTH. R.o., ED.). 
PRESENTED AT THE SYMPOSIUM ON MANAGEMENT OF FOREST AND RANGE 
YA~lTATS, TUCSON, ARIZONA, MAY, 1975. PP. 26~-270. 

METCALF• W. 1924. ARTIFICIAL REPRODUCTION Of REDWOOD (SfOUO!A 
J, FORESTRY 22:873-~93. SEMPE'RVIRENSI • 
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MEURISSE, R.T. 1972. THE QUALITY OF WESTERN HEMLOC~ AND CHEMICAL 
CHARACTERISTICS OF SOME WESTERN OREGON ANOIC SOILS. PH.Do THESIS. 
OREGON STATE UNIVERSITY~ CORVALLIS, OREGON. 

MEURISSE, R.T., AND YOUNGBERG, C.T. 1971. SOIL - VEGFTATION SURVEY 
AND SITE CLASSIFICATIO" REPORT FOR TILLAMOO~ AND ~UNSO~ FALLS TPEE 
FARMS. OREGON STATE UNIVERSITY DEPARTMENT OF SOILS, REPORT TO 
PUBLISHERS PAPER CO. <CORVALLIS, OREGON), 116 PP. 
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MOEN, A.N. 1973. WILDLIFE ECOLOGY, AN ANALYTICAL APPROACH. W.H. FREEMAN AND COMPANY, 
SAN FRANCISCO, CAL I FORNI A. 458 PP. 

MONROE, G.M. 1973. THE NATURAL RF"nURCES OF HUMRnLOT PAV. cnASTAL 
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WASHINGTON. 273 PP. 

MOOERS, C.N.K., BOGERT, L.M., ~MITH, R.L., AND PATTULLO, J.G. 1968. A COMPILATION OF 
OBSERVATIONS FROM MOORED CURRENT METERS AND THERMOGRAPHS (AND OF COMPLEMENTARY 
OCEANOGRAPHIC AND ATMOSPHERIC DATA). VOL. I I., AUG-SEPT., 1966. OREGON STATE 
UNIVERSITY, DEPARTMENT OF OCEANOGRAPHY DATA REPORT 30, REF. 68-5. 98 PP. 

MOOPE, a.w. 1949. FORE~T TRFF-SEED-FATERS AND MFTHOOS USFD TO MEASURE 
THEIR POPULATinNS IN THE PACIFIC NnPTHWEST DOUGLAS-FJQ PEGION. 
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OREGON. 204 PP. 
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AQUATIC RESOURCES OF THREE HEADWATER STREAMS OF THE ALSEA RTVER1 
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MUDD, D.R., AND SMITH, J.L. 1976. IMPACT OF DREDGING ON THE MAMMALIAN FAUNA IN GRAYS 
HARBOR. IN: MAINTENANCE DREDGING AND THE ENVIRONMENT OF GRAYS HARBOR, WASHINGTON 
(ACOE, 1976-1977), APPENDIX I, 47 PP. U.S. ARMY CORPS OF ENGIN~ERS, SEATTLE 
DISTRICT. 
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NATURE CONSERVANCY, THE. 1977. 
NATURAL H~RITAGE 0 ROGRAM. 
PORTLAND, OREGON. UNPAGFD. 
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OREGON STATE NATURAL HERITAGE DRQGRAM, 

NATIJRF CON~ERVANCY--SEE ••••• NATURE CGNSCRVftNCY• THE. 

NEAL. V.T. 1012. DHYSICAL ASPErTS nF THE rnLUMRJA RIVER ANO ITS 
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NEIL• P,H,, HOFFMAN, R.w., A~D GILL• R,B. 1975. FFFECTS OF MARASS~ENT 

ON WILD ANIMALS - AN ANNOTATED BIBLIOGRAPHY nc SFLErTED REFERENCFS. 
COLORADO DIVISTON OF WILDLIFE, BOllLDER. COLORAno. ?l PD, 

NfWELL, R, 1~64, THE RO(f OF DETRTTUS IN THE NUTRITION OF TWO MARINE 
OFDJSIT FEEDERS, THE DROSOBPANCH HYDROBIA ULVAE AND THE BTVALVE 
MACOMA BALTHICA. DROC, ZOOL. SOC. 144:25-46. 

NEWTON, M., ELHASSEN, B.A., AND ZAVITKOUSKY, J. 1968. ROLE OF RED ALDER 
IN WESTERN OREGON FOREST SUCCESSION. P. 73-84 IN: BIOLOGY OF ALDER 
(TRAPP, J.M., ET AL., EDS.). U.S. DEPARTMENT OF AGRICULTURE FOREST 
SERVICE, PACIFIC NORTHWEST FOREST AND RANGE EXPERIMENT STATION, PORTLAND, 
OREGON. 

NEWTnN, M,, ANO NORGREN, J.A. 1977. SILVTCULTURAL CHEMICAL5 ANO 
PROTECTION OF WATER QUALITY. U.S. ENVIRONMENTAL PROTECTTON AGENCY, 
REGION io. SEATTLE, WASHINGTON. 224 po. 

NIXON, s.w., AND OVIATT, C.A. 1973. ECOLOGY Of A NEW ENGLAND SALT 
MARSH. ECOL, MONOGR. 43:463-4Q8, 
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NOA~--SCf ••••• u.s. DEPARTMENT OF COMMERCE. NATinNAL OCCANOGRA~HIC ANO 
AT~OSPHFRIC ADMJNTSTRATI~N.l 

NORTH PACIFIC FUR SEAL C~MMJ$SION. 1Q75. NORTH PACIFIC FUR SEAL 
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Pt.CIFIC FUR SEhl COM"lISSION, WAS4I'JGTDN• D.C. 212 PP. 
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JEFFERSON CDttNTY, WASHTNGH1N. JEFFEP<;Q~! COUNTY PLANNING 
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NOWAK• R.M. 1976. THE COUGAR IN THE UNITED STATES AND CANADA. U•"• 
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CULTIVATION. COMM. BUREhll SOILS HCHNIOL CIJMMUNTCATTON NO. 51. 

DCCOC--SEE ••• ,,OREGON COASTAL CnNSERVATION 4ND DEVELOPMENT rOMMJS~IQN. 

OCtANOGRAPHIC INSTITllTf' OF WASHINGTON. 1974. OFFSHORE PETROLEUM 
TRANSFER SYSTEM<; FOR WASHINGTON STATE, SURMJTTEn TO THE 44TH 
LEGISLATURE BY THE OCEANOGR6P4Ir COMMISSTON OF WASHINGTON, SEATTLE, 
WASHINGTON. 45P op. 
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CO., PHTLADFLPHTA, LONDON• TORONTQ. 574 PP. 

ODUM, E. 0 • 1974. HALQPHYTES. ENERGETICS, AND ECrSY"TEMS. TN: 
EC 0 L !1 G V 0 F HA L 0 PHY TES ( R EI M 0 L D, R • J • , A ND Ql! f EN, lol • H • , E 0 S • l , PP • 
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ENERGY FLOW 0F THREE PRIMARY CON<::UMER COMP!1NENT<; oi: OLr-F!ELD 
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ODUM, E.P., ANO OF LA CRUZ, A. 1967. PARTICULATE ORGANIC DETRITUS IN 
A GEORGTA SALT MARSH-ESTUARINE ECn.SYSTEM. IN: CONCEPENCE ON 
ESTUARIES, JEKYLL ISLAND, 1964 (LAUFF, G., ED.I, PP 0 383-388. 
AMERICAN ASSOCIATION FOR TYE ADVANCEMENT OF S~JENCE, PUBLICATION NO. 
A3. WASHINGTON• D.C. 

ODUM, E.P., AND SMALLEY, A.E. 1959. COMPARISON OF POPULATION ENERGY FLOW OF A 
HERBIVOROUS AND A DEPOSIT FEEDING INVE·RTEBRATE IN A SALT MARSH ECOSYSTEM. PROC. 
NAT. ACAD. SCI. (U.S.)45:617-622. 

ODUM• H.T. 19710 ENVIRONMENT, DQWFR, AND SOCTETY. JOHN WILEY AND 
SONS, IN~., NEW YORK. 331 PP. 

ODUM, H.T. 1972. AN ENERGY CIRCUIT LANGUAGF FOR ECOLOGICAL AND SOCIAL 
SYSTEMS: ITS PHYSICAL BASIS. IN: SYSTEMS ANALYSIS AND SIMULATION 
IN ECOLOGY (PATEN, B.c., Eo.1. PP, ACADEMIC 0 REss. NEW YORK,, NEW 
YORK. 

OOUM, H,T., SILER• w.,, 8FYERS, R.J., AND ARMSTRONG• N. 1963. 
EXPERIMENTS WITH ENGINEFRS OF MARINE ECOSYSTEMS. U. TEXAS INST. 
MAR. SCI. PUBL. 9:343-403. 

Region . R-29 



ODUM. w.E. 1Q70. TNSIDTOUS ALTEPATION OF THE ~\TUAQINE ENV!RnNMENT. 
TRAN':', AMER. FISH. "cc. NO. 4. WASHINGTON, o.r. 

Ql=FTCER, C,q, 
19:~-9. 

197A, 
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nREGON cnaSTAL CONSEPVATION1 AND DEVELOPMENT COMMIS"TON, 1975. 
REOORT OF THE OREGON crASTAl CONSERVATION AND D~VELOPMENT 
CO~MI~STON. ODtGON COASTAL CONSFRVATION ANO DEVEL0°MENT 
COMMISSION, CLORENCE, OREGON. 438 PP. ANO APPENDTCF"• 

OREGON COOPERATIVE WILDLIFE RESEARCH UNIT. 1976. TNVENTORY oi: 

Fl NAL 

RIPARIAN HA3ITATS &ND ASSOCIATEn WTLDLIFE ALONG THE COlUM8IA RIVER. 
U.S. ARMY CORPS OF ENGINl=EQS, WALLA WAL1 A 01'\TRil'.'T, WALtA WALLA 
..JASHINGTOt-.i. 4 VOLS., VAR. PP. 

OREGON LCDC--SEE ••••• OPEGON STATE LAN" CONSERVATION ANO OEVELOPMENT 
C0:-1MISSION, 

OREGON STATE DEPARTMENT OF FISH AND WILDLIFE. 1975. 1975 ANNUAL REPORT, WILDLIFE DIVISION. 
PORTLAND, OREGON. 178 PP. 

OREGON STATE DEPARTMtNT OF FISH AND WTLDLIFEo 1976A. 
AN&DROMOUS i:rsH IN COASTAL WATFRSHEOS OF OREGON. 
DROGRFSS REPORTS FTSHFRIFS. 27 Po. 
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LlREGON STATE nEPftPT~ENT o~ FISH AND WILDLIFE. 1976~. lQ75-lQ76 
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ORcf.ON. 56 PP. 
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OR FNOANGERED WILDLIFE. ORFGON l=ISH AND WILDLIFE COMMISSION, 
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OREGON STATE DEPAQTM2NT OF FTSYERIES. ocosoNAL cnMMUNICATioN. 

OREGON STATE DEPARTMENT nF LANO CONSERVATION ANO DEVE!OPMENTo 1Q74. A 
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~EVElbPMENT, SALEM, OREGnN. 46 PP. 

OREGON STATE EMPLOYMENT DIVISION. 1974. RESIDENT LABOR FORCE, UNEMPLOYMENT AND NON
AGRICULTURAL WAGE AND SALARY EMPLOYMENT BY SECTOR. OREGOM DEPARTMENT OF HUMAN RESOURCES, 
EMPLOYMENT DIVISION, RESEARCH AND STATISTICS, SALEM, OREGON, 

OREGO~ STATE EMPLOYM~NT DIVISinN. 1977. RESIDENT LAqo~ FORCE, 
UNEMPLnYMENT ANO NON~AGRTCULTURAL WAGE ANO SALARY EMPLOYMENT qy 
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SALEM, OREGON. 

OREGON STATE FISH COMMISSION. 1973-1974. RESOURCE USF INVENTORIES OF 
OREGON ESTUARIES. OREGnN FISH COMMISSION, PORTLAND• OREGON. 

OREGON STATE LAND CON':'ERVATION ANO DEVELOPMENT COMMISSION. 1076 0 
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MANUAL. A GUIDF FOR REVIEW OF CNVIRONMENTAL TMDACT ST~TEMENTS. 
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OREGON STATE UNIVFRSTTY. 10770. SEE NtWTON AND NOR~RFN, 1977, 
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LAVENDER• D.P., EDS. l1 PP, 59-A4. flPEGON ~TATE f!NlVERSITYo 
CJRVALL!St OREGON. 

TABER, R.D., AND DASMANN,R.F. 1957. THE DYNAMICS Of THRFE NATURAL 
POPULATIONS nF THE DfER ODOCOILEUS HEMTONUS COLUM~1ANUS. ECOLOGY 
38:233-246. 

TARRANT, P.F. 1961. STAND DEVELOPMENT AND SOTL FERTILITY IN A DOUGLAS 
FIR--RtD ALDER PLANTATirN. FnREST SCT. 7~238-246. 

TAYLOR, R,F 0 1934. YI~LD OF SECON~ GROWTH WE~TFRN HEMLOCK - SITKA 
SPRUCE STANDS IN SOUTHEAST ALASKA. U.S. DEPARTMENT OF AGRICULTURE 
TECH. BULL. 412. WASHINGTIJN1 O.C. 299 PP. 

TEAL1 J,M. 1958. nISTRIBUTION QF F!~DLER CRAP IN GEORGIA ~ALT 
MA~SHES. ECOLOGY 39:185-193. 
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TEAL• J.M. ]Of2. ENERGY FLn~ TN THE "ALT ~ARSH ECOSYSTEM OF GE~DGTA, 

ECOLGGY 41:614-624, 

TFSEL'IE'lG, H, 1970, A NEw PACIFTC PAZOR CtAM SPFCTFS. STATE OF 
~ASHINGTON. DEPARTMENT nf FTSHFRJFS, MINAGEMENT AND pc<;EsRrH 
DJVI"lON, OLYMPIA• WASHINGTnN. 

TEGEL'IF~G• H,, MAGOON, Do• LFROKI• M., AND WE'.'JRY, J, 1071. THE 1960 
ANfl 1970 RA7rR CLAM FTSHERTtS ANn ~AMPLING PROGRAMS. PRnGRESS 
~FDQRT, STATE OF WASHTNGTnN ncPARTMENT OF FTSH MANAGEMENT, RESEARCH 
')!VISION. nLYMPH, WA~tilNGTflN, 

TENnRE, K.R., TE:ITJEN1 J,H,. AND LEE• J,,J, 1077. Fl=FECT OF MFIOFAIJNA 
ON INCORPORATION OF FfLGRASS1 70~TFRA MARINA, DETRITUS RY THE 
0 0LYCH&ETE NEPHTYS !NCJsa. J. FTSH. RES. RnARD raNAOA 34:563-567. 

TERPELl• T.T. 1077. INTFRJM HIEPAQCHIIL QEGIONAL CLA~SIFTC~TION 

SCHEME FOR COASTAL FCOSYSTEMS OF THF UNTTFD STATES AND ITS 
TERRITORIES. RIOLOGICAL SERVICES PRf'JGRAM, FWS/DBS-77/4P• FISH AND 
i;JILDlIFE SERVICE, U.S, DEPi\RTN!ENT f'JF THE lNTERlnR. 3CJ PP. 

THAYFR, G.w •• AOLFE• D.A,, 
ON SEAGRASS SYSTEMS. 

AN~ WTLLlAMS, R.~. 1CJ75, TME IMPACT OF MAN 
AMCR. SCIENTIST 63:2P8-?CJ6. 

THO~as. J •• MASCR. c •• AND RODIEK• J. 1076. RJPARI&N 70NES - THEIR 
IMPOPTAN~E Tf'J ~ILOLIFE AND THEIR MANAGEMENT. UNPURL!SHEO 
MANUSCRIPT, PACIFJC NORTµWEST EXPERIM~NT STATION, LE GRANDE• 
Ol:l.tGON, 14 PP, 

THOMPSON, K •• AND SNOW• D. 1974. FJSH AND WILDLIFE RESOURCES, OREGON 
COASTAL ?ONE. OREGON Cl"1ASTAL CONSERVATION AND ocVELUPMENT 
CO~MIS5TON, PORTLaND, OREGON. 114 PP + MAPS. 

THOMPSON, ~.t.• SMTTH, A.K., AND LAUMAN, J.E. 107z, FlSH AND WILDLIFE 
MESOURCES OF THE SOUTH COAST RASIN, OREGON, AND THEIO WATER 
REQUIPEMCNTS (OEVI"EDl. <ENVIRONMENTAL INVE"TIGATinNs, SOUTH COAST 
qASINl. A REPORT WITH RECrMMENOATIDNS Tr THE OREGON STATE WATEO 
RESOURCES AOARD. OREGON STATE GAME COMMlSSlON. FEOEOAl ~ID TO FISH 
RESTORATI'JN COMPLETTON REPORT, FlSHERlE'\ STRCAM FLOlll REQIJTRFMENTS• 
PRlJECT F-69-R-7• JOB NO. 11. PORTLAND, OREGON. 

THOONTHWAITE. C.W. 1944. REPORT OF THE COM~ITTEE ON TRANSPIRATION AND 
EVA PORA Tl ON. TRANS. AM. GEO~HYS. UNlnN 25:683-~9~. 

TILLMAN• 0 09 ARNER, D.H.• AND GILL, J. 1976, PROCEEDINGS OF THE FIRST 
NATIONAL SYMPOSIUM ON ENVIRONMENTAL CONCERNS IN RTGHT-Of-WAY 
MANAGEMENT. MISSISSIPPI STATE UNTVERSTTY, OXcnRO, MISSISSIPPI. 
33;i PP. 

TOBTNo D.G.~ ANO SYKES, L.R. 1968. <::FI"MICITY AND TECTON!CS OF THE 
NORTHEASTERN PACIFIC OCEAN. J. GEOPHYS. RES. 73:3821-3846. 

TOKSoz. M.N. 1973-74. CONSUMPTION OF THE LITHOSPHERE. OCEANUS 
19:14-lii. 

TRAPPt9 J.M., ANO STRAND• o.F. l06Q. MYCORRHlZAL QFFICIFNCY IN A 
DOUGLAS-FIR REGION NURSERY. FOR. SCI. 15141:381-380. 

TRAPPE, J.M •• FRANKLIN, J.F.1 TERRANT• R.T., AND HANSl=N• r..M. CFDS.l. 
19~7. BIOLOGY OE ALDER. PROC. OF SYMPOSIUM: N~RTHWEST 
SCIENTIFIC h5SOC. 40TH ANNUAL MF~TING, PULLMAN, WASHTNGTON. 292 op. 

TYLER. G. 1971. DISTRIRUTION ANO TURNOVER OF ORGANIC MATTER AND 
MlNERALS IN A SHORE MEADOW ECO"YSTEM. OIKOS 22:265-29]. 

U.S. ARMY CORPS OF ENGINEERS. 1971. NATIONAL SHORELINE STUDY. 
INVENTORY REPORT, COLUMAIA-NORTH PACIFIC REGION, WASHINGTON AND 
OREGON. u.s. ARMY CORPS OF ENGINEERS, NORTH PACIFIC DTVISION. ~O 
PP, + 50 PLATES. 
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u.s. AR~Y CnQPS nF FNGTNFERS. 1G73C. NATIONAL STUDY RFGinNIL 
INVENT1RY REPORT. CALIFOPNJA REGT1NAL INVENTORY. 93RD CnNGRFSS, 
FIRST SFSSlrJN1 HUUSF DOCUMi=NT NO. Q~-121. ''.'~. GnVl:'.PNr-"ENT 0 RINTI"IG 
1FFJCE, WASHINGTON, o.c. 

U,S, ARMY CORPS oc FNGINEERS. 1974. COLU~BI• ANn LOWCR WllLAMCTTc 
RTVFR MAINTl:'.NANCE ANO rnMPLFTTnN OF THF crRTY FOOT NAVIGATION 
CHANNEL 01WNSTPEAM oc VANrOVVEP, WASHINGTON ANO PnRTLAND. nREGON. 
DRAFT ENVIRONMENTAL IMPACT STATEVENT~ u.s. ARMY COPPS nF 
FNGTNEERS, PORTLAND DlSTRtrT, PRGTLAND, ORlGrJN, 114 °P •• 
APPENDICES, MAPS. 

U.S. ARMY (ORPS 'JF ENGINEERS. l975A. rnr1s °'AY• IJRFSO~l, !'EEP DRAFT 
NAVIGATION CHANNEL· FNVIRONMENTAL 1~ 0 acT STATE~ENT. nRAFT 
SUP PL c Mn T .• V 0 l , I , ~ ~ CK GR 'l UN 0 I NF') o ~ A T F'l ~' • ti • <: , t. P M v C n P P 5 'l c 
ENGINFEP', POPTLAND ntSTRICT, PORTLANn. QPEG'lN. APDROX. ?48 PP. 

u.s. ARMY COPPS OF ENGINFERS, l975q. cons PAY· OPE~ON• nEcD DRAFT 
NAVIGATION CHANNEL, FNV!RONMENTAL IMPACT STATEMFNT, FINAL 
SUPPLEMENT. u.s. ARMY rQoPS nF ENGIN~ERS, PORTLAND DISTRJCT. 
PORTLAND• OREGON• APPROX• 32~ op. + MADS, 

u.s. ARMY COPPS OF FNGINFFRS, 1975C. coos DAY. Qpc~nN. DEED nQAFT 
NAVIGATION CHANNEL• ENVIRONMENTAL IMPACT STATEMENT, DRAFT 
SUPPLEMENT. VOL. II. qACKGPOUND TNCQRMATION. u.s. ARMY CORDS OF 
ENGINEERS, POPTLAND DISTRICT• PORTLAND• OREGON, 181 oo. 

U,S. &RMY CORP' OF C~GTNCERS. l075D CHETCO• COQUILLE ANn ROGUE RIVEP 
ESTUARIES &Nn PORT ORCroo~ OREGON. FINAL E~VIPO~MENT&I TMP&CT 
STATEMENT. u.s. ARMY CORPS nF FNGTNFERS. PORTLAND nTSTPICT. 
PORTLAND, OREGON, 287 PP. 

U.S. ARMY CORPS OF FNGINFER'• 1975F. CORPS OF ENGINEERS ACTIVITIES IN 
THE CHETCO AND ROGUE RTVER ESTUARIES AND 0 0RT ORFORD, OREGON, 
TECHNICAl APPENDICES TO DRAFT ENVIRONMENTAL IMPACT STATEMENT. U.S. 
ARMY CORPS OF ENGINEERS, PQRTLAND ~TSTRICT, PORTLAND• OREGnN. 200 
PP. 

!!•'• ARMY CORPS OF t:NGINEERS. 1975F. WASHINGTON FNVIRONMENTAL ATLAS. 
U.S. GOVERNMENT PR!NTTNG OFFICE. WASHlNGTON1 D.C. 114 PP. 

U.S. ARMY CORD) OF FNGINEERS. 1975G. FINAL ENVIRnNMENTAL IMPACT 
STATEMENT. OPERATION ANO MAINTENANCE OF THE CHANNEL<: AND 
qREAKWATERS !N YAQUJNA 8AY ANO RTVFR. U.S. ARMY CORPS nF 
ENGINFERS. PORTLAND DTSTR!CT1 PORTLAND, ORFGnN. APDRnx. 1?5 PP. 

U.S. ARMY CORPS OF ENGINEERS. 1976-1977. MAJNTFNANCE nRFDG!NG AND THE 
ENVJRf1NMENT OF GRAYS HARAOR, WASµl"IGTON. <:lJMMARY REPORT AND 
APPENDICES A-N, U.S. ARMY CORPS OF ENGINEERS SEATTLE DlSTRICT, 
SEATTLE• ~ASHINGTDN. 1611 PP. IN 5 DOCUMENTS. 

U.S. ARMY CORPS OF ENGINEERS. 1976B. NEHALEM WETLANDS RFV!EWt SUMMARY 
REPORT (DRAFT). U.S. ARMY CORPS OF ENGINEERS, PORTL&NO OTSTRICT, 
0 0RTLAND, OREGON, , 132 PP,, APPENDICFS. 

U.S. ARMY CORPS OF ENGINEERS. 1976C. PORT OF GRAYS HARBOR/KATSER 
STEEL CORPORATION. FINAL ENVIRONMFNTAL IMPACT STATFMENT. U.S. 
ARMY CORPS OF ENGINEERS, SEATfLE DISTRICT, SEATTLE• WASHINGTON. 334 
PP. 

u.s. ARMY CORPS OF ENGTNEERS. 1976G. WETL~NOS RFVIEW, ALSEA ~av, 
OREGON. U.S. ARMY CORPS OF ENGINEERS1 PORTLAND nISTRICT, PORTLAND, 
OREGON. 344 Pp, wITH APPENDICES. 

U.S. ARMY CORPS OF ENGINEER~. 1976H. WilLAPA RTVER ANO HAR~nR 
NAVIGATION PROJECT~ WASHINGTON. ~INAL ENVTR'lNMENTAl IMPACT 
STATEMENT. U.S. ARMY CnRo~ OF ENGINEERS, SEATTLE DISTRICT, 
SEATTLE• WASHINGTON. 464 PP. 

Region R-43 



U.S. AR"Y COr<PS OF ENGTNf.'t:RS. 197(.I. Wt=TLANn<:: RCVHl,J, ';TLFTZ f\AY, 
QRl'.'.GQN. u.~. ARMY cnRPS nF ENGINEERS. PORTLAND r\lSTqirT. PORTLAND. 
OREGON. 273 PP,, APPENnTCF<::, 

u.s. AR'1Y cnRPS nF FNGINEERS. 
CGLU~f\IA RIVER PRnJECTS, 
AND WALLA WALLA DTSTRICTS. 

1976J. ANNUAL FISH PASSAGE REPORT. 
11.s. ~f.'.MY i:niHs oi: t:NGINFfR<:, POl;ITLH'O 

UNPAGED• 

U.S. aR~Y COPPS OF ENGTNEERS, 1977A, ~AINTENANCi= 1RFDGING AND THF 
ENVIRONMFNT OF GRAYS HARf\OR WASHTNGTON, SU"MARY REPORT AND APPENOIX 
n--SPFCTES LTST5. U,S, ARMY rnop5 OF ENGINc~~<:: SEATTLE DISTRICT, 
SFATTLE· ~aSHINGTnN. 105 po, 

U.S. tlUREAU OF UNr\ "A'lAGEMf=NT. 1974, THE WESTERN GUU OF ALA'iKA. A 
Stl'1MARY ["1F AVATLAflLE KNCWLEDGE'. U,S, DFPARTMFNT Of' Tl-It INTEQ.TORo 
3U~EAU Qc LAND MANAGEMENT• WASHINGTON, D.C, ~99 op, 

U.S. [)CPAPTM(1'1T r:JF AGRICULTllRF. 1QOR, RFDWO(lfl, U.S. OfPARTMENT QC 
A;RICULTU~F FOREST SERVJCE SILVICAL LEAFLET 18. WASHTNGTON• D.r. ~~ 
oo. 

U.S, DEPARTMENT OF AGRICULTURE. 1060 AND 1Q67 SU?PL. SOIL 
CLASSiFICATlON, A COMPRFHENSIV~ SYSTEM. u.s. DEPARTMENT nF 
AGQTCULTURE, WASHINGTON, n.r. 265 PP, 

u,S. l)E::>ARTr'ENT f)f' AGRICULTURE. 1063, ANNll~l REPORT 1'162. U.S. 
OF 0 ARTMENT aF A~RICULTURE FORFST SERVICE1 PACIFIC SQUTHWCST FOREST 
ANO PANSE tXPERJMENT STATION, q[~KELEY1 C~LIFr:lPN1A, ~o oo, 

U.S. DEPARTMENT OF AGRICULTURE. 1974B. HABITAT MAPS FOR SPECIES OF CONCERN. UNPUBLISHED. 
ON FILE, SINSLAW NATIONAL FOREST, OREGON. 

U.S. DFPARTMENT OF A~RICULTURE, 1Q7~ft, qEACHES ANO DUNFS fJF TME 
ORtGON COAST. U.S. OEPARTMENT r]l'.' AGRICUI TliRE Snll CONSERVATION 
SERVICE, PORTL6ND• ORFGON, 161 po. 

u.S. DEPARTMENT OF AGRICULTUkE. 10758, SOIL SURVEY QC JEFFERSON 
COUNTY .APt:Ao WASHINGTON. u.s. DEPARTMEn l'JF AGRIC\.JLTl'RE SfJIL 
CONSERVATION SFRVICE, PORTLAND, rREGON, 100 pn, + MAPS, 

U.S. DEPARTMENT OF AGRICULTURE. 1976A. ENVIRONMENTAL STATEMENT, LAND USE PLAN FOR THE 
MT. BUTLER DRY CREEK PLANNING UNIT. U.S. FOREST SERVICE SISKIYOU NATIONAL FOREST, 
GRANTS PASS, OREGON. 

ll,S. !)E?ARTMEt\IT OF &GRir"IJLTLIRE, 1976!'\, 11,S. DFPART"lENT OF AGRTCULTURE 

LI. S. 

FQRfq Sl"RVI<:E (;NVIRl"JNMENTAL STATEf"PH. LANC usi:: PLAN FOR T4F 

ROGUE-ILLINOIS PLANNING UNIT !ROGUE-ILLINOIS PLANNING UNITl. U.S. 
FO~FST SERVICE, SISKTYOU NATIONAL FOREST, GRANTS PASS, ORFGON. 

I 
DEPARTMENT OF AGRICULTURE. 1977A, THE NATirNS RENcwJqLc 
RESOURCES - AN ASSES<::MFNT1 1075. U.S. DFPARTMENT OF AGRICULTIJRF 
D~PARTMENT OF AGRICULTURE FORFST SERVICE, FfJREST RES"UPCf' REPORT NO. 
21. U.S. DEPARTMENT OF AGRJCllLTURE GOVERl'<MFNT PRiNTTNG OFf'ICE• 
~ASHTNGTON, D.C. 243 PP, 

U.S. DEPARTMENT OF AGRICULTURE. 1Q73A. RARE Ile DRAFT FNVIRl"JNMENTAL 
5TATEMCNTo ROADLESS AREA RCVIEW AND EVALUATION. U.<::. DEPARTMENT OF 
AGRICULTURE FOREST SERVICE, WASHINGTnN. D.C. 112 PP, 

U.S. DEPARTMENT fJF AGRICULTURF, 1Q7~B. RARE ll• WASHINGTON, 
SUPPLFMENT rn DRACT ENVIRl"JNMENTAL STATEME~T, ROADLESS AREA REVIEW 
ANO EVALUaTION. u.s. FOREST ~ERVICE, WA5HINGTnN. o.c. 104 PP. 

U.S. DEPARTMENT OF AGRICULTURE. 1Q7~C. RARE It, OREGQN, ~UPPLEMENT TO 

u.s. 
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DRAFT ENVIRONMENTAL STATEMENT, ROADLESS ARFA RFVIE~ AN~ EVALUATION. 
U.S. FOREST SERVICF, WASHINGTON, D.C. 154 PP, 

DEPARTMENT OF AGRICULTURE. i978D 0 RARE JI, CAL!f'ORNIA, 
SU 0 PLE~ENT Tn DRAFT FNVIRONMENTAL STATEMENT. qo•nLESS AREA REVIEW 
ANO FVALU•TION. U.S. FOREST SERVICE, WASHINGTON, D.C. 1D5 PP. 
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U.S. DFPARTMENT 'lF AGRlrULTURE• STATISTICAL RED'JRTING SFRVICE. 1976 
{AND VARI'lUS YEAPSJ • AGRICULTURAL STHISTICS. u.s. OtPARTMENT (lF 
AGRICULTURE STATISTICAL RFPORTJNG SFPVTCF, wasµJN~TON. ~.c. 

u.s. DE~ARTMENT OF COMMERCE. 1Q6q. CLIMATIC ATLAS OF THF UNTTED 
STATFS. ENVIRONMENTAL SCIENCE SERVICES AnMINISTRATinN, 
ENVIRONMENTAL nATA SERVICE· NAT!nNAL CLIMAlIC CENTER. FEDERAL 
qu11 DlNG, ASHEVILLE. NORT~ CAROLINA. 2Ai:;Ol. 

U.S. oc?ART'1ENT QF COM~ERCE. l06a,1974 (AND VARI'lUS YFARSl. U.S. 
DFPAQTMf:NT oi: C(1M'1Ei:>Cf• BllRFAtl OF THE CENSUS, WASHINr,TnN, D.C. 

U.S. DEPARTMC~T OF CnMMERCE. 1970 (AND VARIOUS YEARS), CENSUS OJ: 
POPULATION (nECFNNlALI. U,S, DEPARTMENT OF C0'1MERCE, RUREAU OF THE 
CF~sus. WA"HTNGTON. n.c. 

U.S. DEPARTMENT OF cnMMERCF. l974A. CLIMATES OF THC STATFS. VOLUME 
11--WESTERN STATES. WATE~ INCORMATION CFNTER, INC., PORT 
WA"Hl"JGTfJNJ "JEw YfJRK. 2 VOLS., aPPROX. 690 PP. 

U.S. DEPARTMENT OF COMMERCE. 1974B. RULES AND REGULATIONS PROMULGATED UNDER SECTION 312 
OF THE COASTAL ZONE MANAGEMENT ACT OF 1972. ESTUARINE SANCTUARY GUIDELINES. FED. REG. 
39(108)19922-19927. 

U.S. DEPARTMENT OF COMMERCE. 1076. u.s. COAST PllnT 7. PACJC!C 
COAST, CALIFf"lRNTA, OREGON, \.'ASHINGTON, AND HAWAII. l?TH ro. 11.s. 
DEPARTMENT oc COMMFRCF, NATIONAL ~CEANIC ANO ATMOSPHERTC 
ADMINISTRATIONINATIONAL OCEAN SURVEY. 400 PP. 

U.S. DEPARTMENT ni: \OMMFRCE, 1Q77A. 
CO~ST OF Nf"lRTH AM=RICA AND ASIA. 
AGENCY. WASHINGTnN, D.C. 

TIDAL CURRENT TA~lES• PACIFIC 
DLJALISHED ANNUALLY BY THE AUTHOR 

u.s. DEPARTMENT fJF COMMERCE. 19770. TIDE TABLES, HIGH AND tnw WATER 
PREDICTIONS, WEST COAST OF NnRTH AMERICA, JNCLUDING THE HAWATTAN 
ISLANDS. PUALJSHED ANNUALLY 8Y THE AUTHOR AGENCY. W~SHINGTON D.C. 

U.S. DEPARTMENT OF COMMERCE. 1977\. LOCAL CLIMATOLOGICAL DATA, ANNUAL 
SUMMARY WITH C0'1P!\RATIVE DATA, F'JREKA, CALIFORNIA. U.S. '"IEPARTMENT 
OF crMMERCE, NATIONAL OCFANIC ANO AT~USPHERIC AD~TNISTRATION. 

FNVIRONMFNT~L oiTA SERVTCE• NATIONAL CLIMATIC CFNTER· ASHEVILLE. 
NnRTH CAROLINA. 4 PP. 

U.S. DEPARTMENT OF COMMERCE. 19770. FINAL rNVIRONMENTAL IMPACT 
STATFMENT. STATE OF OREGON coaSTAL MANAGEMENT PROGRAM AND APPENDIX. 
nFCICE OF cnASTAL ZONE MANAr.EMENT, NATIONAL OCEANIC AND ATMOSPHERTC 
ADMlNSTRAT!ONo wASHINGTON, D.C. 106 PP. 

U.S. DEPARTMEMT OF COMMERCE, BUREAU OF THE CENSUS. 1977E. COUNTY BUSINESS PATTERNS, 1975. 
U.S. GOVERNMENT PRINTING OFFICE, WASHINGTON, D.C. 

U.S. DEPARTMENT OF COMMERCE• ~UREAU OF THE CENSUS. 1Q74C. rFNSUS OF 
MA"llJFACTURERS, 1972. U.S. GOVERNMENT PRINTING OF>'ICf, WASHINGTON• 
D • C. 

U.S. DEPARTMENT OF ~OMMERCE• BUREAU nc THE CENSUS. 1Q77D. COUNTY 
3US1NESS PATTERNS• 1975, U.S. GOVERNMENT PRINTING OFFTCE, 
WASHINGTON• O.C, 1977. 

u.s. DEPARTMfNT nF THE INTERIOR. 1970. THE NATIONAL ATLAS oi: THE 
UNITED STATES nF AMERICA. U.S. DFPARTMENT OF THF TNTFRIIJR, 
GEOLOGICAL SURVEY, WASHINGTON , ~.c. 417 PP. 

U.S. OEOARTMENT DI= THf INTERIOR. 1970. NATIONAL ESTUARY STUDY. U.S. 
GOVERNMfNT PRINTING OFFICE. 7 VOLS. 

U.S. DEPARTMENT OF THE INTERIOR. 1073. THREATFNED WILDLIFE OF THE 
UNITED STATES. qUREAU OF SPORT FISHERIES AND WILDLIFE RESOURCE 
PUBLICATION 114. WASHINGTON• O.C. 
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U.S. ocu'RT~FNT OF THE INTERIOR. 1Q7?. PERSONAL COMMUNICATION. 
NATIONAL PARK SERVTCE PPFSS RELEASE. 

U.S. OFPARTMENT OF THF NAVY. 1958. MARINE CLIMATIC ATLAS OF THE 
WOQLD. VOL. z. N"RTH PACIFIC OCEAN. NAVAER 50-lC-5?9, 1 V. U.S. 
~EPARTMENT nF THE NAVY, WASHINGTON, D.C. 

U,S, ENVIRONMENTAL PROTECTION AGENCY. l975A. LOGGING R1ADS AND 
PROTECTIOM 1F WITER QUALITY. U,S, ENVIRONMENTAL PROTECTION AGFNCY, 
REGION X WATER DIVISION, SEATTLF• WASHINGTON. 312 PD, 

U,S, ENVIRONMENTAL PROTECTION AGENCY. 1Q7~A. fnREST HARVEST, RESIDUE 
TO~ATMENT, ~EFORESTAT!ON, AND PROTFCTION OF WATCR OOUALITY, U.~. 

EPA RF~!ON 10, EPA 010/9-76-020. 273 PP, 

U,S. ENVIRONMENTAL PROTECTION AGENCY. 1Q76R. QUALITY r,RITERTA FOR 
WATER. U.S. ENVIRONMENTAL PROTECTION ~GFNCY. WhSHTNGTON, O,C,, 
EPA-440/9-76-023. 501 PP, 

U.S, ENVIRnNMFNTAL PROTECTION AGENCY. 1978. WATER QUALITY STANDARDS 
FOR MARtNE WATCRSo U.S. ENVIPONMENTAL PROTECTION AGENCY, 
WViHTl\IGTn"lt D.C, 

U.S. F!"H AND WlLDlJFE SERVICE. 1Q7AA. RlRPS AND M&MMAtS OBSERVED ON 
1RFGrN COASTAL TSLANDS. UNPURLISHED DATA FILE• FTSH ANn W1LDLIFE 
SERVICE• CORVALLIS, OREGON. 

U.S. FISH ANO WILDLI~E SERVJCE. 197AC. ENDANGERED AND THREATENED 
WILDLIFE AND PLANTS, REPURLTCATION OF THE LIST nF soccIES. FEDERAL 
RESl~TER, VOL, 41• NO, 2081 PP. 471Ql-4719Q, 

11.c;. FISH AND Wilf1LIFE 'FRVICE, lQ77A, PROPOSED Ef\JDANl:l=RF;O STATUS FOR 
4 u.s. SPECIES OF FAUNA. CEOERAL REGISTER. vnL. 42, NO. g, PP. 
2507-2515. 

u.s. FTSH AND WILnLTFE SFRVTCF. 1Q77D. STATUS OF 1n SPECIE~ QF 
AMPHIDtANS. u.s. FFOERAL REGISTER vnL 42, NO. 14Q. 

U.S. FISH AN~ WILDLIFI= SERVICE, 1077C. RALD EAGLE MANAGFMENT 
GUIDELINES, ORF.GOT\! - WASHINGT1'1N, ll, S, DEPARTMENT OF THE INTERIOR, 
FISH AND WILDLIFE SERVICE, PORTLAND, OREGON, 7 PD, 

U.S. FISH ANO WILDLIFE SERVICE. 197B. CHECKLIST OF ENDANGERED AND 
TH~fATENEO SPErTES~ l'NlTED 'TAJr=S FTSH ANO WIUllIFF SERVICE REGION 
ONE• BY STATES, U.S. FTSH ANO WILDLIFE SERVICE, PORTLAND, OREGnN. 
15 PP 0 

u.s. NATIONAL CnMMTTTEE FOR THE INTEONATIONAL AJOLnGICAL PROGRAM. 1974. 
U.S. PARTICIPATION IN THE INTFRNATIONAL AIOLOGICAL POOGRAM, U,S. 
NATIONAL COMMTTTEF FOR THE INTERNATIONAL RTOLOGICAL PROGRAM, BULL. 
NO. 61 NATIONAL ACADEMY OF SCIFNCES, WA5HI~GTnN. D.c. 166 PP. 

U.S. NATIONAL MARINE FISHERIES SERVICE. 1977A. FINAL ENVIRONMENTAt 
IMPACT STATEMENT/PRELIMINARY FISHERY MA!ll,AGFMENT PLAN, TROll SAl"'QN 
FISHERY OF TH~ PACIFIC COAST, NATIONAL OCEANIC ANO ATMOSPHERIC 
ADMINISTRATION, u.s. DEPARTMFNT OF COMMERCE. WASHINGTON, n.c. 12A 
jll p. 

U.S. NATIONAL MARINE FISHERIES SERVICE. 1977B. FIN~l ENVIRONMENTAL 
IMPACT STATEMENT/PREL!"'INARY FISHE~Y MANAGEMENT PLAN, TRAWL FISHERY 
oc THE WASHINGTONo OREGON AND CALIFORNIA REGION, NATIONAL OCEANIC 
AND ATMOSPHERIC AOMINISTRATION, U.S. OEPAPTMENT Of COM"'EPCf, 
~>IASHINGTON, D.C. 115 PP. 

u.s. NAVY--SEE ••••• u.s. DEPARTMENT OF THE NAVY. 
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IN')IJSTRIFS. U.S. OEPARTMf~'T OF AGQICIJL HIRE F1"1REST S!=RVIC" RFS. 
PAPER PNW-l~Q. PACIFTr NnRTHWEST FOREST ANn RANGF EXPERIMFNT 
STATION, POKTLANI'), OREGON. 49 P0 • 

wARIN~• R.H. 1969. FORF'T PLANTS OF THF EASTFRN STSKIYOUS: THEIR 
ENVIRrJN~E~TAL ANI') VEGFTATirJNAL nISTRI'IUTTON. NrJRTHWE'T SCIENCE 
43:?-17. 

WARRtN• r.E. 1971. 'ITOLOGY AND WATER POLLuT!QN CnNTROlo W.B. 
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~ILSON1 B.w., AND TORUM, A. 196P, THE T'UNAMI OF THE ALASKA 
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DEPARTMENT OF THE INTERIOR 
U.S. FISH AND WILDLIFE SERVICE 

As the Nation's principal conservation agency, the Department of the Interior has respon
sibility for most of our .nationally owned public lands and natural resources. This includes 
fostering the wisest use of our land and water resources, protecting our fish and wildlife, 
preserving the.. environmental and cultural values of our national parks and historical places, 
and providing for the enjoyment of life through outdoor recreation. The Department as
sesses our energy and mineral resources and works to assure that their development is in 
the best interests of all our people. The Department also has a major responsibility for 
American Indian reservation communities and for people who live in island territories under 
U.S. administration .. --~ -~ .. 




