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ALASKA MARINE FNVIRONMFNTAL ASSESSMENT PROGRAM
WORK STATEMENT (Research Unit #S/BOB)Lﬂ’“ﬂwwﬂ””ﬂw

Title:

The distribution, abundance, diversity, and productivity of benthic
organisms in the Bering Sea.

Principal Investigator: Howard M. Feder, Professor
Institute of Marine Science
University of Alaska
Fairbanks, Alaska 99701
- 8S#:  548-38-8943
Geographic Area and Inclusive Dates:

Bering Sea April 1, 1975 - September 30, 1976

Cost Summary:

FY1975 FY1976
through June 30, 1975 July 1, 1975 - Sept 30, 1976
: $13,571 - $142,707

Proposed Research:
A, Background and objectives
This proposal addresses itself to Task A-18.

The benthic macrofauna of the Bering Sea is relatively well-known
toxonomically, and some data on distribution, abundance and feeding
mechanisms are reported in the literature. The relationship of
specific infaunal feeding types to certain substrate conditions has
a limited documentation as well. However, detailed information

on the temporal and spatial variability of the benthic fauna is
sparse, and the relationship of benthic Species to the overlying
seasonal ice cover is not known.

The objectives of this study are:

1) A qualitative and quantitative inventory census of dominant
benthic species within the identified oil-lease sites.

2) A description of spatial and seasonal distribution patterns
of selected species in the designated study areas, with

emphasis on assessing patchiness and correlation with
microhabitat.

3) A preliminary comparison of the distribution of dominant

species with physical, chemical and geological features with
emphasis on the latter parameter.
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4) Preliminary observations of biological interrelationships
between selected segments of the benthic biota in the
designated study areas. '

Methods

As many stations as possible will be occupled over the entire
southern Bering shelf in the early summer cruises. All of the
stations occupied in the early cruises will be reoccupied on sub-
sequent cruises whenever time and ship position makes this possible.
Additional stations will be chosen, as necessary, to provide

better spatial coverage within the entire study area and also to
examine specific details of distribution of particular species
relative to environmental parameters (e.g. sediment distribution

or bathymetric irregularities). Fifty to sixty stations will be
occupied over the Lime period of the project. Five van Veen

grab samples (0.1lm”) are planned for each station occupied, with at
least 5 stations planned for statistical testing by way of
approximately 10 grabs. The results from these stations will be
used to determine the optimum numbers of grabs needed per station
in further studies in the area. Appropriate analyses of variance
will be used to test the validity of the numbers of replicates
taken. '

Data collected by the Trawl Survey team of the National Marine
Fisheries Service will be used to relate to the grab-sample
program. The stomach data analyzed by Dr. Smith will be used

to initiate basic understanding of the food webs involved on the
shelf, and will point to the importance of certain bottom in-
vertebrates as key food organisms. Widely distributed benthic
invertebrate data of Mr, Stoker will be used extensively to further
comprehend distributions over the shelf.

In the first two years of the survey it will be possible to
identify, count and weigh all species taken by way of the quan-
titative grab program, In addition, 1t is hoped that the most
abundant species will be examined from the trawls taken by the
National Marine Fishery Service cruises; this will be primarily the
result of time and space constraints on the vessels used in the
survey -~ i.e. not all species can be examined. Biologically
important species will be chosen for examination in detail (see
Feder and Mueller, 1972 for criteria of Biologically Important
Species). Important invertebrate food species will be selected

for special treatment. Evidence from work of Stoker and others

in the Bering Sea indicates that Annelida, Mollusca and Echinodermata
will be of prime interest.

An evaluation of the information obtained in grab and trawl samples
will provide a continuing and expanding list of infaunal and
epifaunal species, the distribution of these species in space and



VI,

VIT.

VIII.

IX.

time, diversity indices for the stations in the grid, and a pre-
liminary statistical analysis of the gpecies taken in the
quantitative samples (e.g. a multivariate analysis and other
appropriate types of analysis of assemblapes of species in

selected stations). The data will also result in an understanding
of various aspects of the general biology of selected, biologically
important specles (criteria to be selected according to Feder and
Mueller, 1972); features to be examined will be recuitment, feeding
biology and food-web interactions, growth and reproductive biology.
Candidates for continued monitoring will be selected on the basis
of a preliminary screening at the end of the second year, and will
be based on the biological information obtained in laboratory results.

Information Products:
1. Data representing the seasonal density, distribution and ecology
of benthos life history stages. Data to be gained from sampling

by trawl and bottom grab. Data where possible will be provided
on magnetic tape.

2. Narrative, tables and figures describing the ecology, growth and
life history of the principal benthos.

3. Conclusions and recommendations regarding research gaps and
recommendations for corrective research.

Data or Sample Exchange Interfaces:

1. Data from Dr. Smith on food habits of demersal fishes will be
needed to initiate basic understanding of the food webs.

2, Sediment data from Dr. Hoskin will be necessary to make correlations
between distribution of species and substrate characteristics.

3. Data collected by the trawl survey of the National Marine Fisheries
Service will be required to supplement the grab-sample program.

Sample Archival Requirements:

Samples will be stored in the Marine Sorting Center. No provisions have
been made in the work statement for long term storage of the samples.

Schedule:

Cruises are required three times per year, mid-summer, late fall, mid-
spring. Four months will be required to work up samples.

Equipment Requirements:

Replacement grabs.
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XI.

Logistics Requirements: '

Vessel capable of working in Bering Sea.

Require three cruises per

year as per above, X. Schedule. Ship must be capable of sampling
with van Veen grab. Laboratory space with fume hood aboard vessel

is required.
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WORK STATFMENT (Research Unit #6) (mmmm— "

I. TITLE: The distribution, abundance, diversity, and productivity of the
western Beaufort Sea benthos.

""\'
/

I1. PRINCIPAL INVESTIGATOR: Andrew G. Carey, Jr. 1 ST
: Associate Professor Py £/ e
/; ] L i . : -~
School of Qceanography ,%(QH_LJ o (,.d'ix.u N
Oregon State University /v “{
Corvallis, Oregon 97331 Vv
(503)754-2525
IT. GEOGRAPHIC AREA AND INCLUSIVE DATES
Western Beaufort Sea
through 30 September 1976
IV. COST SUMMARY
FY 1975 ~ FY 1976
through 30 June 1975 1 July 1975-30 Sept. 1976
Salaries and Wages -0- 42,710
Benefits -0- 6,410
Equipnmant 47,617 -0-
Materiais ana Services -0- 14,590
Travel ~0= 6,500
Indirect Costs =0~ 19,310
TOTAL 47,617 89,920

V. PRCPOSED RESEARCH
A. Background and objJectives

(1) rield studies will be conducted throughout the vear to estimate the
distribution, abundance, diversity and productivity of benthic organisms.
(Task A-18)

(2) Very little research has been accomplished on the benthic fauna of
the Beaufort Sea. Extensive sampling was undertaken off Point Barrow
(G.E. MacGinitile, 1955 and N. MacGinitie, 1959) and recently on the continental
shelf and slope of the western Beaufort Sea (Carey, et al., 1974; Carey and
Ruff, in press). Research on shallow water benthos is being undertaken in
Canadian waters near the Mackenzie River. Broad outlines of faunal composition
and abundances are known, only for the central portion of the Alaskan shelf,
details of variability in space and time are much less well known.

(3) The information needed to complete the task objectives include
extensive surveys by quantitative grab, otter trawl, and bottom camera during
the summer seascn, and quantitative grab, trapping and camera work at selected
standard seasonal stations during the f£all, winter and spring (initially 4
field trips on the ice per year).
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Extensive and time—consuming laboratory research will then be necessary
to pick and sort the samples, identify and enumerate the fauna.

(4) By 30 September 1976 reports detailing dominant species distribu~
tions and abundance on the continental shelf in regions of prime interest
will be produced.

Field work should include summer survey sampling of infauna and epifauna
in regions of prime interest, and winter sampling of infauna at a small
series of standard seasonal stations arranged on 3 north-south transects
across the continental shelf.

(5) Related research in the Beaufort Sea include all environmental
studies that pertain to the Beaufort Sea ecosystem as well as studies concerned
specifically with biota. Planned geological and physical oceanographic
research are of particular interest. Primary production, nutrient chemistry,
and zooplankton are areas of prime Interest which should be included for an
understanding of the marine ecosystem.

B. Methods
Sampling

(1) A broad range of sizes and ecological types of the benthic fauna
will be sampled by 0.1 m2 Smith-McIntyre grab, 0.1 m2 and or 0.25 m2 box corer,
3.5 em? multiple~cotrer, and bottom traps. and when ice conditions permit by
a 3-meter beam trawl and/or 4-meter otter trawl, The visible mega-epifauna
will also be quantitatively studied by stereo bottom photography particularly
when sea ice or bottom topography may prevent trawling.

(2) (a) Summer survey stations will be located on north-south transects
from the 10-meter contour te the shelf edge and down to the upper slope
where feasible and important for the interpretation of faunal patterns
and relationships. In regions of particular interest, e.g., oil lease
areas, the sampling station pattern will be increased to a more detailled
grid pattern. The data derived from earlier studies (Carey, et al.,
1974; Carey and Ruff, in press) will be utilized to locate many of the
stations.

Approximately 20 stations will be sampled for benthos on the outer
continental shelf from a U.S. Coast Guard icebreaker during the summer
of 1976 (weather, equipment, ice conditions, and logistics permitting).

Five grab samples will be taken at each statlon during summer cruises.
Twenty grab samples will be obtained from a selected characteristic
station to determine sampling variability and efficiency. Box core
samples (5-10) will be obtained when pessible to determine the depth

of fauna within the sediments. Otter trawls will be taken when summer
ice conditions are exceptionally open to provide specimens for identifi-
cation and for distributional studies. Bottom photographs will be

taken at each appropriate station to determine trends in distribution
and abundance of the larger epifauna across the Alaskan. continental
shelf,
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These estimates of the number of samples to be obtained are tentative
because of the necessary dependence on weather, ice conditions, equip-
ment, and logistics.

(b) Seasonal stations on three north-south transects across the
continental shelf will be re-occupied four times per year, logistics
and weather permitting. Three to five stations are planned on each
transect with five 0.1 m? grab samples to be taken at each station.
Field expeditions supported logistically by helicopter and ship will
be undertaken during fall, spring, early summer, and late summer.
months to obtain data on life histories and perhaps growth, of domin-
ant benthic invertebrates.

Sampling Summary (through September 1976):

(1) Smith-McIntyre Grab

(a) Summer survey Stations Samples
(5/station)
10-20 m 20 100
20-100 m 20 100
(b) Seasonal stations (4 times/year) _
Barrow Transect 3-5 60-100
Prudhoe Bay Transect 3-5 60~100
Barter TIsland Transect 3~5 60-100
TOTALS 49--55 380~-500

(2) Otter Trawl (4 meter) .

(a) Summer Survey

10-100 m 10-20 10-20
(3) Bottom Photography
10-100 m : 10-20 2000-4000
photos

Samples to be studied by Oregon State University will be picked and
sorted and the fauna identified as far as possible in the Benthos Laboratory
at OSU. It should be noted that this is a particularly long and laborous
process for the very specious fauna living within and associated with the
sediments. Picking the fauna from the larger sediment particles and debris
and sorting them into major taxonomic categories for counting and weighing
is a major task in itself. Assistance from taxonomic specialists and taxon-—
omic collections will be utilized when necessary. Dominant species will be
evaluated for feasibility for study of life histories. Quantitative estimates
of the numerical density and biomass will be undertaken.

Research undertaken on later contracts will include appropriate statisti-
cal analyses to define communities, variability, diversity, and other bio-
indices and to determine the degree of rcorrelation of the ecological patterns

-wlth features of the environment.
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(3) A wide range of appropriate taxonomic forms will be included in
the infaunal and epifaunal analyses. Particular emphasis will be pldreq on
the abundant groups ~ molluses, polychaetes, and crustaceans for the infauna,
and echinoderms for the mega-epifauna (>1.3 cm). Animal groups will be
included that are abundant, are quantitatively collec¢ted by the sampling gear,
and for which there 1s appropriate taxonomic expertise, Dominant species
that can effectively be sized willl be used in the year-~round studies on
growth and life history.

(4) Samples collected by grab or box-corer will be processed on board
ship, or at the ice tramsect base station by washing through 1.0 and 0.42 mm
screens (Carey et al., 1974; Holme and McIntyre, 1971). In the laboratory,
organisms will be picked from the samples with the aid of Rose Bengal vital
stain and will be sorted into major groups for counting and weighing. Identifi-
cations will be undertaken as far as possible in the QSU Benthos laboratory
and the aid of gpecialists will be sought when necessary and when possible.

Analysis of data will include appropriate summarization of bioindices
with analyses of sample variability. Appropriate statistical techniques for
delineation of benthic communities will be undertaken when enough data have
been accumulated.

VI. INFORMATION PRODUCTS
A. Final report Including:
1 - digitized data on occurrences of beuthic iavertebrates on the

Alaskan Beaufort Sea continental shelf, and when appropriate and
availlable, numerical densities and biomass.

2 - digitized data on seasonal occurrences and abundance of the benthic
invertebrate fauna at selected stations across the continental shelf.

3 - narrative including tables and figures on the ecology, life histories,
and growth of selected benthic specles when appropriate data are avail-
able,

4 - tentative conclusions and recommendations for further research with
comments on critical benthic environmental areas and on critical aspects
of the ecology of the benthos.

B. Quarterly reports and periodic data reports, including transfer of
data in appropriate ADP format (digitized data on appropriate Fortran
Coding Forms}).
VII. DATA OR SAMPLE EXCHANGE INTERFACES
A. Data required from other programs include seasqnal_information on:
1 - sediment characteristics

particle size
organic carbon
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2 - hydrography
water mass positioﬁs
temperature
salinity
02

3 - currents and mass transport

4 — plankton
primary production
zooplankton abundance and distribution

5 =~ coastal benthos
species composition
abundance

6 — demersal fish
abundance
distribution

7 - other biological aspects
food web

B. Benthic data and samples required by other research efforts.

1 - Benthic species composition and abuudance witliin aid adjéceni tu
ice scours. Repopulation rates of ice scours by benthos. (Geology-
USGS) .

2 ~ Distribution and abundance of inner shelf benthos (Marine Mammal
group; Marine Birds).

3 - Life history and spawning activity of Benthos (Zooplankton).
4 - Large, abundant benthic specimens (Chemical Baselines).

Note — Biological data cannot be made available within 120 days of collec-
tion because of logistics and the time lag caused by sample processing, identif-
ication, and enumeration. Basic sampling data and certain other data can be
made available within the prescribed time, but detailed benthic biological
information will be more difficult to transmit promptly. Every effort willi
be made, however, to communicate data as rapidly as possible as they become
available. Data will be transmitted 120 days after identification and final
work-up of the fauna.

We request that the Envirommental Data Service (¥DS) provide bibliographic,
computer card key punching, data printout, correlative retrieval, and plotting
(histograms,x-y, and contouring). It is requested that these services be
supplied at no cost to the coniractor.

Data will be codified (species in the VIMS format) and logged onto
appropriate computer compatable data sheets (Fortran Coding Forms) from which
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EDS can punch IBM computer cards. A duplicate set of punched cards is requested
to be returned to OSU Benthos. Approximately 7.1 x 104 IBM cards will be
generated from this project during the first 13 months of operation (we prefer
to have each species on a single card). In terms of the number of 80 column

lines, approximately 150,000 lines wotuld be necessary for the total accumulated
data.

Each grab station would require: 1 card - general collection data
1 card -~ environmental parameters
1 card - substrate (sediment)
100 cards - Bio deck - 1 card/sp
103 cards

200 existing grab samples
380-500 potential grab samples (year No. 1)
(580~700 samples) (103 cards) = 59,740

Otter Trawl Stations

25 existing trawls x 103 cards/trawl = 2,575 cards

Deep Sea Stereo Camera Statilons

1 card - general collection data
1 card/frame - Bio deck

2500 existing frames
2100 potential frames
4600 x 2(stereo) = 9,200 cards.

VIIT. SAMPLE ARCHIVAL REQUIREMENTS

Samples will be archived at Oregon State University with appropriate
preservation and labelling until identification of specimens, reproductive
and growth analvses of dominant species, and quantification of the sample are
complete. A well-labelled and well-indexed reference collection will be
stored in the OSU Benthos Invertebrate Reference Museum.

IX, SCHEDULE

A. Sampling

July-August 1975 - Sampling across Alaskan shelf including standard
seasonal stations.
(a) ice breaker (20~500 m)
(b) coastal vessel (10-20 m)
(c) helicopter _

October 1975 - Sampling across Alaskan shelf on thrze seasonal

, transects.

(a) through-th-ice sampling with helicopter support.

1 logistics doubtful
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March 1976 - Sampling aéross Alaskan shelf on three seasonal
transects.
(a) through-the-ice sampling with helicopter support.
June 1976 - Sampling across Alaskan shelf on three seasonal
transects. '

(a) through-the—ice sampling with helicopter support.
August—September 1976 — Sampling across Alaskan shelf, including standard

seasonal stations

(a) icebreaker (20-500 m), 6 weeks

(b) coastal vessel (10-20 m), 2-4 weeks.

B, Sample processing and data analysis

. October 1975 - Reporting of sampling and initial benthic data.
December 1975 - Reporting of sampling and initial benthic data.
May 1976 - Reporting of sampling and initial benthic data.
August 1976 - Reporting of sampling and initial benthilc data.
September 1976 ~ Reporting of sampling and initial benthic data.

C. Interfaces
1. Seasonal through-the-ice sampling
2. Summer coastal and ice breaker sampling operations.

3. Exchange of preliminary and final data directly with geologyv,
phytoplankton, and zooplankton research groups.

X. EQUIPMENT REQUIREMENTS
A. Precision navigation system (Del Norte) for all field expeditions
and cruises. Essentlal for seasonal studies and 1ce scour studies
(complementary NSF research).
B. Ice sampling, support equipment, and hydrographic winch capable of
1ifting 0.1 m? Smith-McIntyre grab, small corer, small underwater camera

system, and a one meter net.

Smith-McIntyre grab welght information

Basic grab with lead weights and cocking bar 135 1bs
Sample weight (15 liters sand) 70
Pull-out tension (max) 1000
Wire weight (3/16" hydro wire) for 200 meters wire. 50
Winch lifting cépacity. 1255 1bs.
Sample weight/transect flight (25 samples) 1750 1bs.
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XI. LOGISTIC REQUIREMENTS

A. logistics support to be requested from NOAA

1. Large vessel (with boat for inshore work)

U.S. Coast Guard icebreaker for 6 weeks August-September 197 7
for offshore sampling

2. Coastal vessel (offshore of barrier islands, 10-20 m depth)

Ice-strengthened vessel to operate under light ice conditions with
power, slze, and winches capable of handling trawls, box-corers,
cameras and grabs.

3. Helicopter support for Oct., Mar., and June fiecld expeditions on
the ice. Needed to move personnel, gear, and samples on ice
across continental shelf. Should include all support gear plus
ice hole cutting equipment (4 foot square hole)

4, Per diem at shore facilitiles (Naval Arctic Research Lab, Point

Barrow, Alaska and Prudhoe Bay, Alaska) for 3 people.

5. Per diem on ships'and ice field trips for 3 people.

B. Oregon State University will only pxovide travpl from Corvallis,
Oregon to ship or shore facildey,

12




II.

ITI.

Iv.

WORK STATEMENT

(Research Unit #7)

TITLE:

Summarization of existing Titerature and unpublished data on

the distribution, abundance, and life histories of benthic

organisms of the Beaufort Sea.

PRINCIPAL INVESTIGATOR: Andrew

"~

3. Carey, Jr.

Associate Professor
School of Oceanography
Oregon State University

Corvallis, OR
(503) 754-2525

GEOGRAPHIC AREA AND INCLUSIVE DATES:

97331

Beaufort Sea Continental Shelf
Through 30 September 1976

COST SUMMARY _ FY1975 FY1976
through 30 June 1975 1 July 1975 - 30 September 1976

Salaries and Wages $ 590 $26,210
Benefits 90 3,930
Equipment 6,750 -0~
Travel 500 1,250
Other Direct Costs 613 7,480
Indirect Costs 267 11,850

Total $8,810 $50,720

PROPOSED RESEARCH
A. Background and Objectives
1. Task A-17

(a) Objectives

I propose to define the present state of our know-
ledge of the systematics and ecology of Beaufort Sea
benthos on the outer continental shelf by summarizing
and statistically analyzing published and unpublished
data including those to be obtained from samples,
collections, and bottom photographs already in hand.
These data will then be evaluated to determine the
type and degree of information that is needed for
describing benthic biotic baselines in the western

Beaufort Sea.
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(b) Specific Objectives

1. The available data will be utilized to deter-
mine species 1ists and distributional patterns
of species.

2. Patterns and natural variability of distribu-
tion and abundance of benthic species, recurrent
species groups (and communities), and ecological
types will be defined as far as possible from
published data.

3. These patterns will be analyzed for possible
correlations with features of the benthic
environment to determine those features of
potential ecological importance in this sub-
arctic environment.

4. These ecological data will be evaluated to
determine the type and degree of information
that is needed for describing benthic biotic
baselines in the Beaufort Sea.

There are few published data available on the benthos of
the Beaufort Sea. Extensive sampling has been accom-
plished off Pt. Barrow on the west (MacGinitie, 1955),
the Alaskan shelf (Carey et al., 1974), and in the east-
ern Beaufort Sea near the Mackenzie River (Canadian
Beaufort Sea Project progress reports).’

The information needed will be derived from samples,
photographs, and data already on hand at Oregon State
University plus published and unpublished data collected
by other organizations.

The objectivés as stated in VAl should be accomplished by
30 September 1976.

A11 past biological research and much of the environ-
mental research will be of interest for interpretation of
these benthic data summaries and analyses. Exchange of
data will be undertaken with individual scientists in the
various research areas.
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VI.

B.

Methods

1.

Processing of samples on hand and analysis of derived
data

Identification of the macro-infauna ( 1.0mm) will be
continued with emphasis placed on the polychaete worms.
Analysis of large meiofaunal samples (0.42-1.0mm) also
collected on WEBSEC-71 will be initiated. Organisms will
be identified as far as possible. Stereo photographs
taken on the western Beaufort Sea continental shelf will
be analyzed for the the abundance and distribution of
common, large epifaunal benthos. Visible fauna in one
hundred stereo pairs of high quality photographic prints
will be carefully quantified.

The distribution and abundance of the organisms will be
summarized and correlated with fedtures of the physical
environment that are known to a certain extent to deter-
mine the most important controlling features of the
environment. :

The presence of communities will be analyzed by several
statistical grouping techniques, e.g. recurrent group,
clustering, and factor analyses.

Summarization and analysis of published and unpublished
data

Literature searches will be undertaken, by use of biblio-
graphic searches including the use of NOAA's computerized
bibliographic service (EDS), library searches, and corres-
pondence. Data reports, unpublished data and benthic
faunal collections will be sought in particular.

Appropriate data will be included in analyses of benthic
community presence, distribution, and structure.

INFORMATION PRODUCTS

The following reports and papers detailing and critically evalu-
ating as far as possible the status of our current knowledge of the
of fshore Beaufort Sea benthos will result from these studies:

1.

Species list for the Beaufort Sea and a catalogue of existing
collections at other institutions.

An annotated bibliography of research and data on the Beaufort
Sea benthos. '
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VII.

VIII.

IX.

3. Digitized occurrences ane ecological trends of bio-indices and
possible correlations of these with various features of the
environment with data reported in the appropriate Automatic
Data Processing format (codified data entered on appropriate
Fortran Coding Forms). These data will be derived from OSU's
studies and published and unpublished data from other re-
search.

4. A narrative describing an analysis of benthic community ecol-
ogy and structure in the western Beaufort Sea including tables
and figures.

5. An evaluation of the status of our knowledge of the benthos in
the Beaufort Sea with recommendations for research needed to
fulfill the BLM requirements for a meaningful environmental
assessment program on the outer continental shelf.

DATA OR SAMPLE EXCHANGE

A1l past appropriate environmental data will be utilized in these
analyses. Newly acquired environmental data will be utilized as
they are acquired.

Appropriate data from the Titerature will be summarized and will be
transferred to EDS in appropriate ADP format. The species will be
codified in the VIMS format and the data transferred to EDS on
computer sheets to be card punched and entered into the data base.
A duplicate set of punched IBM cards is requested by 0SU benthos.

We request that the Environmental Data Service (EDS) provide bibiio-
graphic, computer card key punching, data printout, correlative
retrieval, and plotting (histograms, xy, and contouring) at no

extra cost to the contractor.

SAMPLE ARCHIVAL REQUIREMENTS

Samples will be archived at Oregon State University appropriately
labelled and stored in 70% buffered ethanol. An appropriately
identified, labelled, and indexed museum reference collection will
be accumulated.

SCHEDULE

The final report will be submitted by 30 September 1976.

EQUIPMENT REQUIREMENTS |

The EDS computerized bibliographic search service and EDS data
processing services will be required.
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XI. LOGISTIC REQUIREMENTS

None (except standard travel and shipping).
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1.

1.

Iv.

RESEARCH UNIT 419\ "

Work Statement
Tille: lerring Spawning Surveys - Southern Bering Sea.

Principal Investigator: Ronald Regnart, Regional Supervisor, Alaska
Department of FFish and Game, Division of Cowmmercial Fisheriecs,
333 Raspberry Rd., Anchorage, Alaska 99503, Phone (807) 344- 0541,

Geographic Area and Inclusive Dates: Southern Bering Sea coastal waters
from Unimak Jsland to the Yukon River delta; May 1, 1875 - September
30, 1976. ‘ ‘

FY1975 FY1976
Cost Summary: Research .5 gE & J['g_g.a'l
' Logistics 3.6 _ 37°9 s
8.1 133.4 a5

Proposed Research:

A. Background and Objectives

1. Background: Herring in the study area are known to play an im-
portunt role in subsistence utilization by coastal residents, but
the magnitude and importance of this harvest has not been documented.
Herring also represent a latent commercially exploitable resource
of polential benefit to Alaskan coastal residents. In addition,
herring and herring eggs constitute one of the fundamental sources
of food for many species of fish, mammals and birds.

Herring are known to spawn on open, exposed beaches in the tidal
and sub-tidal zones., Therefore, the developing eggs and larvae are
highly susceptible to surface-borne pollution.

Very little information exists regarding the range, distribution,
seasonal occurrence,relative abundance and life history in addition
to the location of spuwning areas. This information is necessary to
provide information for predicting and mitigating impacis of poten-
tial 0il and gas exploration and development on the coastal herring
resource. Resulls from this study will also indicate the degree of
subsistence dependence upon the herring resource.

2. Objectives (Tasks A-10 and A-25a):

a. Primary objectives:

1)  determine the seasonal occurrence, distribution and relative
abundance of spawning herring and herring spawn in the inter-
tidal and shallow subtidal zones.

2) determine the dependence uponand utilization of herring
and herring spawn by coastal resideuts.

b. Secondary objectives:

1) determine the important life history characteristics (age,
sex and size composition) of selected spawning populations.
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2) determine the kinds of mineral and plant substrates used
for spawning.

¢. Cooperative studies:
1) field sumpling and data exchange would be accomplished
where appropriate with studies carried out under tasks -
_f}:Z__}a and A-21b,

I3. Methods

o

Meetings will be held in coastal villages to explain the scope and purpose

of the study in order to obtain the fullest cooperation from local residents.
Residents will be systematically interviewed to obtain information regarding
utilization, seasonal occurrence and location of spawning grounds. Acquisi-
tion of subsistence catch information on an annual basis will be facilitated

by distribution and collection of specially prepared catch calendars. Catch
calendars will remain in the fishermen's possession for twelve consecutive
months with monthly forms either being collected in person by Department
biologists or mailed in to the nearest Department office.

Aerial surveys utilizing single engine aircraft will be conducted of all

known and potential spawning areas to determine the distribution and relative
abundance of spawning fish. The location and estimated surface arca (sguare
feet) of each school will be entered on USGS topographic maps. Surface area
estimates will be facilitated by aerial photographs and specially designed hand-
held glass grids. Existing sattelite photographs will be examined for possible
information relative fo the occurrence of major spawning populations .

Intensive beach surveys of selected major spawning areas will further de-
lincate spawning grounds and spawn densities and the type of substrate
utilized for spawning. The lineal and depth distribution in addition to
deposition of spawn will be determined in selected areas through boat, foot
and SCUBA surveys,

A minimum of two aerial surveys, spaced approximately one week apart, will
be made during the anticipated spawning period. The time and extent of
beach surveys will be greatly dependent upon logistical concerns and
herring distributions.

Herring obtained from commercial and subsistence catches and {rom fishing

gear operated by Department personnel will be sampled for age, sex and

size information. Depending on available facilities, herring will either be
samplecd in: the field or whole specimens will be frozen for later sampling.
Lengths (snout to hypural plate), weights and sex will be recorded and

scales and otoliths recovered for age determination. A minimum of 500 herr-
ing should be sampled from each selected major spawning population.

01y

st
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6. Information regarding smelt and cuapelin utilization and spawning distii-
bution will be obtained incidentally during the study.

VI. Information Products: Annual progress reports will contain complete documenta-
tion of study objectives, methods and results. Final report of the first years
activity will be prepared by August 1, 1976. Maps depicting spawning distribution.
timing, relative abundance and spawning habitat will be produced. Data will be
provided on the above parameters plus commercial and subsistence utilization. It

is anticipated that an ADF&G Informational Leaflet will be published on the results
of this study.

VII. Data or Sample Exchange Interfacoc, Various oceanographic and climatological
-conditions in both ¢ffshore and near shore marine walers of the southern Ber ing
Sea can be expected to influence temporal and spatial distribution of spawning
herring. Information regarding water temperatures, currents,wind direction and
velocity, ice pack features, ete., will be required from other agencies., Obser-
'vations on herring spawning and littoral hubitat composition will be exchanged
with investigators of Tasks A-21a and A-21b. Cooperative sampling of Jittoral
zones may be possible,

All collected dala originating from this study will be entered into a common data
base maintained by the Environment Data Service, National Oceanographic Datu
Center, in & standard format within 120 days of acquisition. Data will be submitted
on magnetic tape or punch cards. '

VIII. Sample Archival Requirements: None

IX. Schedule: Field studies will be conducted during May - October with major
effort during the anticipated spawning period, May - July. Data exchange and
analysis, in addition to report preparation and project planning, will be under-
taken during the interim months, I"ull coverage of this area allowing for annual
variation in spawner abundance, distribution and timing will require a minimum
of {iwo fiscal years work. For further scheduling details see attachment 1.

X. Equipr.ent Requirements: No special equipment is required other than the
purchase of Boston Whalers and outboard motors that will be used in selected
areas to provide access to spawning beaches and SCUBA gear,

X1. Logistic Requirements: Single engine fixed-wing aircraft (130 hours) May -
October, 1875 and May - August, 1976 - Unimak to lower Yukon. Approxi-
mately 30 hours of fixed wing required in FY 75, (May and June). Helicopter

. (25 hours) May ~ July 1976 -- Bristol Bay - lower Yukon. 30 days vessel charter
May - June, 1976 -~ Unimak - Bristol Bay with helicopter and small boat capability .
Charters for aerial surveys of spawning areas and transportation of survey crews.

Alaska Department of Fish and Game field facilities at several locations including
Cold Bay, Dillingham and Bethel will be utilized. Field facilities consisting of
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portable tent camps and housing rentals in coastal communities will also be
utilized.
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Aiftachment 1.

IX Schedule of Operations - Herring Spawning Surveys - Southern Bering Sea

Pianning X X ' X X

Purchasing X X X

Aerial spawning surveys X X X X X X
Ccastal village surveys X X |
Intensivé beach surveys : X X X
Herring Sampling : _ X X
Data compilation other sources ' | X X -
Data analysis ' X X X

Report preparation X X X
Progress report : X

Final Report ¥/ - X

Aionths May June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June July Aug S‘ép’t

Year ‘ 1975 1876

0

1/ Final report would actually not be completed prior to Dec 1976 to allow analysis of data collected May - July.



FINAL WORK STATEMENT
' RU # 23

I. Title: Yakutat Bay Benthos Study (Rescarch unit ZF) "

(vakutat Bay IDemersal Fish and Shellfish Study)

II. Principal Investigator: Jerry McCrary, Region Research Supervisor,

Alaska Department of Fish and Game, Division of Commercial Fisheries,
Box 686, Kodiak, Alaska 99615. Phone (907) 486-4166,

III. Geographic Area and Inclusive Dates: Gulf of Alaska, Yakutat Bay.

FY 1976

IV. Cost Summary: Research 75,000
: Logistics 52,500

127,000

V. Proposed Research:

A.

Background and Objectives:

The primary emphasis of this proposed research is outlined in Tasks
A~14 and A-18. Of secondary importance are Tasks A-15 and A-20.

The fish and shellfish resources of Yakutat Bay are quite limited.
With the exception of salmon, most studies to date have been con-
cerned with determining whether a commercial potential for certain
shellfish (primarily shrimp and scallops) exists. Exploratory fishing
has shown commercial potential for scallops and to a lesser extent
shrimp. The Alaska Department of Fish and Game has recorded the
statistics on this region's commercial fisheries for Dungeness crab,
Tanner crab, king crab, scallops and shrimp. These fisheries,
except those for shrimp and Dungeness crab, largely occur in the
adjacent offshore ocean waters to Yakutat Bay and near its mouth,
Additionally , demersal fish resources of the region, including halibut
are utilized by both foreign and domestic fleets. A domestic fishery
for halibut exists within Yakutat Bay and it is a known halibut rearing
area. It is quite probable that Yakutat Bay contains halibut which
significantly contributes to the overall productivity of the region's
demersal fish and shellfish resources.

Petroleum related activities in the eastern Gulf of Alaska will probably
be staged out of Yakutat Bay. It is thereforc imperative to define the
distribution and relative magnitude of the demersal fish and shellfish
resources that might be impacted by the development of petroleum
resources or related activities in this region.

The proposed study will concentrate primarily on the following objec-
tives:

1. Describe the spatial and temporal distribution and abundance of
demersal fish and shellfish excluding larval and/or earliest
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juvenile stages.

2. Define major molting, breeding, and egg hatching periods and
important areas for selected shellfish specics.

3. Determine the food habits of selected demersal fish,

4, Determine the length, weight, and agce distributions of selected
demersal fish and shellfish to develop growth models.

Extensive bi-monthly sampling with trawls and/or pots will be
required to meet the primary task objectives. Additionally this
study will provide some data to other investigators regarding the
spatial and temporal distribution of ichthyoplankton and zooplankton
(research unit 349) and benthic epifauna (research unit 281).

To whatever degree necessary, this study could provide some data
to all of the above projects since bi~monthly sampling is anticipated
whereas most of the above projects anticipate only annual or semi-
annual sampling schedules.

The data for this study would be ohtained in a manner that would
allow a general summary of results by September 30, 1976, Some

of this work will of necessity be carried out through August 1976

and only general results would be available by September. Detailed
seasonal distribution and density charts by species, size classes,
etc. for demersal fish, shellfish, and epibenthic invertebrates prob-
ably could not be accomplished until the end of 1976.

B. Methods:

This project at the outset will review published and unpublished
exploratory fishing records primarily to delineate known trawlable
and untrawlable areas and to generate a preliminary check list of
major species encountered.

Bi~monthly trawl surveys will be conducted with a standard NMFS
61-foot shrimp trawl modified so that the groundrope tends bottom
closely, and a standard (NMI'S) East Coast type bottomfish trawl,
Standard 30 minute or one-mile tows would be made randomly with

a sampling intensity of not less than one trawl] per two square miles
of trawlable area. Population estimates (area-swept method) will
be made at the 80 percent confidence limit. The'desired level of
precision will be + 25 percent of the mean estimate. The number

of tows per unit area will be adjusted in the field until the allotted
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time for a survey arca, or strata, has been exceeded, or the
desired precision level of the population estimatle is attained.

It is not known at this time whether or not there is enough trawl~
able habitat to allow assessment of shellfish resources exclusively
with trawls. It is antecipated some pot fishing will be required if
only in non-trawlable shellfish habitats. Should extensive pot
sampling be required, a standardized systematic sampling plan

for Dungeness, Tanner and king crab which has been developed

by the Alaska Department of Fish and Game would be employed.
This plan calls for four small-mesh pots to be fished per each
one-mile station with stations spaced two miles apart perpendi-
cularly and one mile apart laterally.

Demersal fish and shellfish species of commercial significance

in the Gulf of Alaska will be identified and appropriate weighted
bioclogical observations made as the opportunity presents. All
species will be identificd at least to family and composition by
weight estimated. Biological samples of shellfish for length, age,
sex determinations will include [amilies Pandalidae, Lithodidae,
Parathenopidae, Cancridae, and Pectinodie with identifications to
genus.

Demersal fish biclogical samples will include the following specics
when they occur: flathead sole, Hippoglossoides elassodon; yellow-
fin sole, Limanda aspera; rock sole, Lepidopsetta bilineata; arrow-
tooth flounder, Atheresthes stomias; Alaska plaice, Pleuronecetes
guladrituberculatué; longhead dab, Limands proboscidea; walleye
pollock, Thercagra chalcogramma; Pacific cod, Gadus macrocephalus;
sablefish, Anoplopoma f{imbria; Pacific ocean perch, Sebastes alulus;
Greenland turbot, Reinhardtius hippoglossoides; and halibut, Hippo-
glossus stenolepsis.

Sampling procedures for king crab, Tanner crab, Dungeness crab,
scallops, and commercial pandalid shrimp species will follow
standard procedures that have becn developed by the Alaska Depart-
ment of Fish and Came, Those for demersal fish will follow standard
procedures developed by NMFS.

VI. Information Products: The research will provide the following bi-monthly
and seasonal information:

1. Standing stock estimates for major species.
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VII.

- VIII.

IX.

2. Density distributions for major species by habitat type and/or
depth zones.

3. Representative size frequency distributions for major species.

4. Scale and/or otolith readings and length frequencies for age
determinations of selected species.

5. Descriptions of important stages in life histories of selected
species.

6. Identification of shellfish molting and breeding, hatch sites.

7. A1l digital data will be submitted on magnetic tape or punch
cards in format suitable for EDS processing and storage.

Data or Sample Exchange Interfaces: This study will likely require
no data or samples from other investigators but will furnish data
for research units 281 and 349.

Study coverage at or off mouth of bay will be coordinated with the
trawl studies of the NWFC so that serious gaps or duplications of
data may be avoided,

Sample Archival Requirements: AT1 archiving of materials will be
handled by ADF&G.

Schedule: Sampling would be conducted bi-monthly beginning no later
than September 1975. Quarterly progress reports would summarize in
general the results of all sampiing and project progress. For further
scheduling details see attachment 1.

Equipment Requirements: Much of the equipment required by this project
can temporarily be furnished by the Alaska Department of Fish and Game
on an interim basis prior to receiving ordered project equipment. This
would allow sampling to be conducted early in FY76. At present delivery
dates on trawls and accessories cannot be guaranteed. The following
equipment would be required:

1. Standard 400-mesh Eastern otter trawl constructed of 3% inch web
throughout with a 1% inch cod end liner.

Standard 61 foot high opening NMFS shrimp net.

. Standard 6 x 9 foot Astoria "V" type trawl doors.

10,000 pound capacity digital readout scale.

. Miscellaneous sampling equipment including calipers, measuring
boards, and various sampling containers.

Plankton sampling gear to be furnished by other investigators.

OB W N
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XI.

Logistics Requirements: Seventy days of vessel charter is the only
logistics support required, but can be arranged by the state.

State rescarch vessels may be able to assist in conducting a portion
of this study although charter funds for a 60-foot range vessel with
trawl and pot fishing capabilitics would be required. About $52,500
($750 per day for 70 days) in vessel charter funding would be required.
Ten days of charter per bi-monthly sampling period is required, not
including 10 days of charter for gear tests and down time for weather.
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Attachment 1.

IX. Schedule - Yakutat Bay Benthos Study

Field Sampling | X X X X X X X
Sémple Analysis X X X X X X X
Purchase of Equipment X X |
Planning - Sampling Schemes X X X
Coordination other Investigators X X | X
Quarterly Reports X | ' X X X
Completion Report ' X
Final Report 14 | x X
Month July Aug Sept Oct Nov Dec JTan Feb Mar Apr May June Jul Aug Sept Dec
- Year & FY 1976 > & FY 1977 =
<
=

l/ It is anticipated that final report preparation will not be completed pricr to December 1976.



b+ ‘Title: Razor Clam Distribution and Population Asscssment Study (Research unit 243')
. l‘r'mmuel Investigrator: Rod Kaiser, Alaska Department of FMish and Game,

Division of Commercial Fisheries, Box 686, Kodiak, Alaska 99615, Phone

(907) 4B6-41606 :

Hl.  Geographic Area and Dates of Study: Razor clam assessment studies will be
conducted in the Gulf of Alaska from the Copper River Delta near Cordova to
Unimak Pass in the Alcutians, including off-shore islands. The initial phase of
the investigation will be conducted from July 1, 1875 to September 30, 1976 (15
months) .

IV,  Cost Summary: FY 76: Research 43.5
Logistics 9.0
52.5

A. Background and Objectives

1. At the present time, knowledge of razor clamn distribution and density
is limited in the Gulf of Alaska arca. Previous investigations have been
Jocalized in nature, most notably in the lower Cook Inlet area, Orca
Inlet near Cordova, and Swikshek Beach on the Alaska Peninsula near
Kodiak Island. Information on distribution and abundance of razor clams
is virtually unknown for Kodiak Island and ocean beaches west of
Swikshak Beach to Unimak Pass on the Alaska Peninsula.

This study will coordinate its research activities with current investi-
gations being carried on by the Division of Sports Fisheries and
Division of Commercial Fisheries of the Alacka Dennartmert of Fish and
Game in the Gulf of Alas%a region.and with Tittoral zone studies of the
NWFC Auke Fisheries Laboratory.

4. Specific study objectives arc as follows:

a. Primary
1) Investigate and map areas of significant razor clam abundance
for beaches of the Gulf of Alaska from Copper River to Unimak
Pass, includivg off-shore islands.
2) Estimate relutive densities, population size and total habitat
for selected study areas where extensive razor clam popula-

tions occur,

3) Collect razoxr clam samples for size frequency, weight and
age analysis from all beaches studied.
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4) Prepare data for appropriate publications.
b. Seconddry

1) Collect toxicity samples from all beaches, as pussible, for
analysis of paralytic shellfish poisoning (PSP) .

2) Compile existing published and unpublished razor clam
information from ADF&G for the study arca.

3) Collect, identify, and record incidentally captured mollusks
to provide general baseline data.

4) Establish spawning periods, time of sexual maturity and
periods of larval setting for razor clams on selected beaches.,

5) Combine past and current razor clam data for Gulf of Alaska
areas 1o study sinilar and dissimilar biological parameters
in conjunction with this baseline study.

6) Study the pre-recruitment and success of year class selling.

The initial fifteen months of the study should define mujor razor clam
distributions for all important beaches within the study area. Initial
samples will be collected and analysed. Population studies will also be
conducted as established by the initial surveys.

B. Methods

1. Present information on razor clam populations will be collected from
departmental and public sources. From this information a list of
beaches within the study area believed to support razor clam popu-
lations will be established.

In the first survey, each beach will be mapped and a systematic
sample of razor clams will be collected o obtain a general indication of
distribution by habitat type, abundance, size, and toxicity (PSP).

As soon as feasible, beach transects will be cstablished encompassing
the entire lidal range of the razor clam distributlion on those beaches
determined to be important from the first survey. Each beach will
contain a minimum of two transects, with larger beaches having a
minimum- of two per mile whenever possible. Clams will be marked and
replaced in each transect. After a minimum of thirty days, each
transect will be redug and the population estimated for each transect
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and expanded to the entire beach,

Determinatic s of population abundance will follow mark-recapturc
formula established by Ricker (1858).

Razor clam samples will be measvod for size frequency . Age of clams
will be determined by counting lhie annual rings. Measurements to
each annuli will be made and mean length to each annulus calculated.
The degree of sexual maturity will be determined from samples o
establish spawning time.

All other mollusks encountered will be identified in the field or
preserved for laboratory identification.

At cach beach surveyed, water, air and beach temperatures (in «ona)
will be obtained, as well us « general delermination of heach composi

tion.

V1. Information Products:

A. Progress reports will be prepared as required. A general summary repert
will be completled by September 1876 and final project completion report by
December 1976, Additionally it is anticipated to produce an ADIPEG informa-
tional or technical scries leaflet on the results of this study . Specific
segments may also be published in appropriate scientific journals.

Products of this study will include

1. Maps indicating major and minor razor clam beaches with estimates of
the size of areas inhabited by razor clams.

2. Estimates of relative densilics and/or population size for selected
beaches.

3. Age, growth, weight, size {requencies, spawning periods, time of
sexual maturity, and periods of lurval setting will be summarized Jor
selecled beaches. ‘

4. A compilation of all available data on razor clams, including the data
from this study, over the entire range of the study area.

5. A1l digital data to be reported on magnetic tape or
punch cards in format suitable for EDS processing and
storage.

VII. Data or Sample Exchange Interfaces:

It is not anticipated that data or samples will be needed from other
investigators.
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This project will coordinate sampling activities with research units 21A and
21b so that supplemental litloral zone studies, encompassing razor clam
habitat types, can be conducted sunultaneously .

Samples of razor clams will also be provided to research unit C-4 for hydro
carbon analysis,

Vi, Sample Archival Reqﬂi);ements:

No archiving of materiols is anticipated other thian shell samples for age
analysis which would be handled by ADIF&G, or samples supplicd to otlier
Investigutors., ' :

IN.  Schedule:

Detailed ssmpling schedules cannot be established until basic assessmant
and cataloging of beaches is completed in the 1975 field scason. For further
scheduling details see attachment 1.

X. [Equipment Requirements:

Expenditures for equipment will be minimal but may include:
1. All terrain vehicle with {railer $1,200

2. Metal stakes, steel chains, clam shovels,
sampling frame, gas containers, camping

equipment, raft, outboard, and packboards 800
Total ' $2,000
XI.  Logistics Reguirements:

A minimum of sixly hours of fixed - wing amphibious aircraft and/or heli-
copler time will be needed to provide access to razor clam beaches to conduct
this study. ‘Ten hours of aircraft charter per sampling period is required
(see attached schedule) .

Estimated cost: 60 hours at $150 per hour = $9,000.



N Scoedule of Cperations - Razor Clam Study - Prince Willlam Sound to Unimak Pass

. ' . ay . .
initial assessment & catalogingz/ X X
Selection of sampling sites X X

Liata compilation other socurces X ¥ X X X X X X X

Dszta analysis X X X X X X . X x X X X X
Selected beéch surveys 2/ _ ‘ >X X X X X X
Quarterly Progress Reports X X X X

Sampling of selected sites : X X X X
.Preparation of completion report / _ X X
Months July Aug Sept Oct Nov Dec Jan Feb Mar Apr lMay June July Aug Sept
Year ' &————— FY 78 ? &—FY 77 —

1,/ It 1s anticipated that final report preparation will not be completed prior to December, 1976.

2/ Ten hours per month sampled of amphibious fixed-wing and/or helicopter time rcquired.



WORK STATEMENT (Research Unit #27) L”fﬂ,-

TITLE: An Ecological Assessment of the Littoral Zone Along the OQuter
Coast of the Kenai Peninsula

PRINCIPAL INVESTIGATORS: Loren B. Flagg
Alaska Dept. of Fish & Game
Homer, Alaska

R. J. Rosenthal
Senior Biologist
Dames and Moore

GEOGRAPHIC AREA AND INCLUSIVE DATES: Outer Coast of Kenai Peninsula
Between Point Adam and Core Point
(Figure 1) Inclusive dates: July 1,
1975 to September 30, 1976.

COST SUMMARY FY 1976:

A. Personnel

Alaska Department of Fish & Game Supervision1 -0-
Two Marine Bio]ogi_sts2 18.0
Temporary Support 3.0
B. Travel and Subsistence 2.0
C. Commodities 1.0
D. Equipment 4.0
E. Logistics ' 12.2
$40.2

1salary provided by State
2With diving capabilities

PROPOSED RESEARCH:

A. Background and Objectives

1. Task A-20 "Provide a general description of the distribution and
abundance of the dominant intertidal and subtidal organisms."
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There is presently no baseline in formation on the inshore 1ittoral
communities in this portion of the Gulf of Alaska. The present
state of knowledge in this area is limited to distribution, timing,
and abundance of salmon stocks.

An inventory of the plants and animals inhabiting the intertidal and
subtidal zones within the study area will be required to meet the
task objective. Species diversity, distribution, and relative
abundance will be measured within study sites using standard sampling
techniques. Sampling techniques to be coordinated with methods used
in concurrent littoral surveys conducted by the NWFC.

The baseline information required to meet the task objective can be
acquired by September 30, 1976, under full funding of the study.
Seasonal variation may be identified within this time frame, however,
Tong term ecosystem variation would require monitoring of selected
stations on a regular basis for several years. '

There is no other research being conducted in this area at the present
time. NMFS has selected a potential study site for baseline
characterization approximately 20 miles east of the boundary of the
Alaska Department of Fish and Game proposed study area. Under the
NMFS proposal (Research Unit 78) there would not be any intensive
Tittoral research in this area unless it is selected as one of their
final three sites (out of 11 in the Gulf of Alaska). The adjacent
offshore area will be included in the proposed benthic study by the
University of Alaska (Research Unit 281). Research activities will

be coordinated with both NWFS #78 and UAK #281.

B. Methods

1.

Unpublished data, mainly salmon catch and escapement records for the
various embayments within the study area, will be compiled and
reported on as part of the study. Published data from various
exploratory fishing cruises within the bounds of the study area will
also be compiled.

The first-year study (July, 1975 - August, 1976) would be based upon
three seasons of observation: summer, fall, and spring. During the
summer (1975) we would make a series of reconnaissance dives and
intertidal surveys on the southern end of the Kenai Peninsula, from
Gore Point to Koyutilik Bay. Our initial plan would be to map and
describe objectively the marine biota encountered in this section of
the Gulf. Most of the sampling would be done from MLLW to 30 m below
the sea surface. The intertidal areas would be studied at low tide;
subTittoral areas would be examined while scuba diving. Quantitative
information on species abundance, freguency of occurrence and
distribution would be obtained with aid of transect 1ines, quadrats,
and still photography: A species inventory would be made of the
biota in each location.




After this information has been gathered, we would establish fixed
stations (approximately 28) in representative habitats of the
intertidal and shalldw subtidal zone. A stratified - systematic
sampling plan will be developed. Fixed quadrats or transects would
be examined at seasonal intervals by the same observers; these would
be used in recording temporal population change in this part of the
littoral zone. Ecdlogical studies in the nearby Kachemak Bay area
have indicdted dramatic seasonal changes in distribution and abundance
of organisms in the intertidal and nearshore subtidal areas. We will
concnetrate our studies on this nearshore, productive zone and on the
characteristic macroscopic organisms which demonstrate a high _
frequency of occurrence or high density within this zone. Both belt
transects, where all organisms are studies along a measured strip,
and random quatrat sampling will be utilized.

3. Representative marine habitats will be chosen for further study with
special attention on characteristic biota. Characteristic organisms
will be considered to be those species that are seen and that dominate
the habitat both numerically and in terms of their demand and impact
on the habitat. Herbivores utilizing the Macrophyte zone for food
and/or cover and preditors feeding on these herbivores will be
selected for more detailed study involving interrelationships. Biomass
estimates will be made on the clam resources (phylum Mollusca, class
PeTecypoda) and other studies involving food habits and reproductive
development will focus on phyum Arthropoda.

4. The marine consultant biologist to be employed on this program is an
accomplished Pacific Coast taxonomist who has been involved in a
comprehensive ecological study of the nearby Kachemak Bay area.
Because of this expertise it will be possible to identify most of
the plants and animals in the field and thus few specimen will be
removed from the area for identification. In other words this study
will rely heavily on non-destructive techniques.

5. The sampling techniques and data analysis that will be used in this
project have been used by plant ecologists (Creig - Smith, 1964) for
the past two decades. Techniques developed for subtidal sampling by
Fager in 1968 will also be employed in the study. Crebs (1972) book
dealing with on ecological relationships, along with the investigators
personal background experience will be used in determining sampling
adequacy and in measuring variance. Transformations will be within the
metric system. For statistical analysis Tate and Clellends "Non-
parametric and Short-Cut Statistics" (1957) will be used by the
investigators.

INFORMATION PRODUCTS:

Interim progress reports will be completed within two months following each
seasonal sampling period. A summary report will be completed by September 1976.
The summary report will include. a complete listing of plant and animal species .




found within the study zone and will reference them as to their frequency

of occurrence or relative abundance. Maps will be used in the report to

depict species distribution and "c¢critical or sensitive" habitat areas. The
final report will include a detailed plan for continued baseline monitoring
within the selected study sites. A1l digital data will be submitted on magnetic
tape or punch cards in format suitable for EDS processsing and storage.

DATA OR SAMPLE EXCHANGE INTERFACES:

Samples and data from other investigators may not be needed for this study.
This will depend on: the final selection of sample sites by other investigators
such as NMFS (Littoral study - Research Unit 78) and the University of Alaska
(Benthic study - Research Unit 281). If these other investigators select sites
within or immediately adjacent to our study area then a data exchange should

be arranged. Sampling plans, techniques and methods of analysis will be
reviewed with other littoral investigators.

SAMPLE ARCHIVAL REQUIREMENTS

Archiving of materials will take place in Homer and will be the responsibility
of the Alaska Department of Fish and Game. In addition, to select plant and
animal specimens a photographic inventory will be maintained at the Homer office
of the Alaska Department of Fish and Game. '
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Year

1875

1976

IX.

Month
July

August
Sept. - October
Cctober

November

March
April
May
June
July
August

September

Schedule of Operations - Kenai Peninsula Littoral Zone Study

Operation

Final planning; purchasing of equipment. -‘Aerial and ground
reconnaisance surveys

Selection of study sites - surveying and photographing
10 day fall field sampling period
Labaratory sample analysis - draft fall report

Fall report submission

planning; purchasing of equipment

10 day spring field sampling period

Laboratorf sample analysis - draft spring report
Spring report submission

10 day summer field sample period

Laboratory sample analysis - draft final report

% Final Report Submission

* G crfension oy ol repca f dade A ecerrber , /578 wwoerd do s febl .
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IZ. Schedule of Operations - Kenai Peninsula Littoral Zone Study

Planning X X

Purchasing : X '_ x

Initial Survey X

Site Selection X

Survey study plots X

?hotogréph Study plots X

10 day seasonal survey X X X X
Laboratory analysis | X X _ X
Report preparation 7 X X 7 X
Progress reports ' . X : X

Final report

Months July Aug, Sept. Oct. Nov. Mar. Apr, May June July -Aug.

Year 1975 1976



XI.

Equipment Requirements,

Equipment needed consists of a skiff and outboard motor, an inflatable
rubber raft, diving gear (scuba), specialized sampling gear, and an
air compressor. All of these items will be ordered and deployed out
of the Homer office of the Alaska Department of Fish and Game in time
for the initial survey work in August, 1975.

Logistic Requirements.

1. Aircraft requireménts - Alaska Department of Fish and Game will
arrange.

a. 5 hours fixed wing initial surveillance and photographing of
study area. 6 hours fixed wing for supervisor, inspection
and transport during field operations,

b. 10 hours helicopter time for ground field reconnaissance to
select study sites. 6 hours helicopter time for supervision,
inspection, and transport during field sampling operations.

2. Vessel requirements - Alaska Department of Fish and Game will arrange.

a. 35 - 50 vessel with accomodations for 3 scientists - charter
for 30 days (tliree 10 day surveys).
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9 May 1975

Work Statement (Research Unit #58)

o

A/‘/
I. Title:

A Description and Numerical Analysis of the Factors Affecting
the Processes of Production in the Gulf of Alaska

II. Co-Principal Investigators:

Dr. George C. Anderson, Research Professor - (206) 543-5087
Dr. Ronald K., Lam, Research Associate - (206) 543-0147

ITI. Geographic Area and Inclusive Dates:

Gulf of Alaska - 1 July 1975 to 30 September 1976

IV. Cost BSummary:
FY 1976: July 1, 1975-Sept. 30, 1976 - $63,818

V. Proposed Research:

A study of the potential impact of modifications to an ecological system
nust determine both the quantity and distribution of organisms and the relation-
ship between these various organisms. Baseline studies are necessary in order
to assess the average stocks in an area and the natural varjations within these
stocks. Knowledge about the energetics which relate the different organisms is
also necessary in order to estimate changes which might be expected from modifi-
cations of the system. Even more important, a general understanding of the gross
processes controlling the ecological system, when applied to a simple model, is
an invaluable tool in designing and implementing the baseline studies.

Within the marine pelagic community, phytoplankton are important because
of their role in the conversion of solar energy to biomass. In this proposed
study we will:

1) Conduct a scarch and present a compilation of available baseline data
for the Gulf of Alaska. These data, including measurements of phyto-
plankton distributions, nutrient supply and hydrography, will be taken
from the published literature, technical and data reports, and from
data available at the University of Washington. A synthesis of the
data will result in-a description of the seasonal and geographic dis-
tribution of phytoplankton standing stock, production and related physi-
cal and chemical factors.

2) Adapt a numerical model, presently under development for waters off
the Washington coast, for use in the Gulf of Alaska. Utilizing this
model and the available data we will identify the major fac~-
tors involved in phytoplankton dynamics, knowledge which would be
necessary for the design and implementation of further field studies.
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Some of the readily available informition on the physical oceanography of
the subarctic Pacific Ocean has been described by a number of authors (e.g.,
Tully and Barber, 1960; Uda, 1963; Dodimead, Favorite and Hirano, 1963; Tully,
1964; Tabata, 1965, and references cited therein). Likewise, some of the major
publications with biological data for the same area include the works of McAllister,
Parsons and Strickland, 1960; Anderson, Parsons and Stephens, 1969; Parsons and .
LeBrasseur, 1969; Parsons and Anderson, 1970; Larrance, 1971; and Anderson and
Munson, 1972. In addition to the more readily available data mentioned above,
other relevant biological information from the area are contained in the north-
south sections made through the Gulf in past years, e.g., Ursa major and Zetes
expeditions in 1964 and 1965 (Scripps Institution of Oceanography, 1967), the
HAKUHO MARU in 1970 (Matvumo, 1970), and the R/V T. G. THOMPSON in 1972. Also,
a winter cruise in February, 1967 by the R/V THOMPSON which covered a large area
of the Gulf of Alaska has produced a unique set of data on primary production,
plant gutricnts and hydrography -at a time when observations are most difficult
to obtain.

One of the largest blocks of existing data was obtained through several
decades of study carried out at Ocean Weather Station "P" by Canadian oceanographers,
the results of which are reported in various papers and technical reports. A
second very large block of data was obtained during a five-year study (January-
June, 1968-1972) made from commercial vessels crossing from North America to
Japan via the Gulf of Alaska and near to the Aleutian Islands (Anderson and Munson,
1972; Munson, in preparation). 1In these studies, enumeration of phytoplankton
species, and measurements of surface chlorophyll and nutrient concentrations,
productivity, zooplankton volume, mixed layer depth, temperature, and insolation
were made at frequent intervals during the period of the spring bloom. 1In
addition to the mcasurcments made from the commercial vessels, more sophisti-
cated sampling from research vessels including measurements of the vertical
distribution of parameters was carried out from a number of oceanographic
cruises taken over similar cruise tracks. In March and April 1969, studies
were conducted by the Fisheries Research Board of Canada, Nanaimo (T. R. Parsons)
aboard the LENDEAVOUR; ipn June and July 1970, samples were collected by Hokkaido
University (S. Motoda) aboard the OSHORO MARU; and the University of Washington
(G. Anderson) made similar measurements from the T. G. THOMPSON in the spring
of 1971. Other biological cruises aboard the R/V THOMPSON were made during the
summers of 1973 and 1974. These data are available at the University of Washington
and will be incorporated into the proposed study.

The investigations show that there are high nutrient concentrations in
the waters of the Gulf of Alaska during the winter and that, in the summer, the
nutrients in the coastal waters are substantially reduced while the nutrients in
the oceanic waters, though reduced, remain in fairly high concentration. llowever,
surface concentrations of phytoplankton remain relatively uniform throughout the
year. Parsons and LeBrasseur (1969) have shown that the relationship between the
thermocline depth and the incident radiation lead to establishment of a spring
bloom which starts in March around the edge of the Gulf of Alaska but does not
begin until May in the central portion of the Gulf. This shorter period of plant
growth from the coast outward is offered as an explanation for the reduced level
of nutrient removal from offshore oceanic waters as compared with coastal waters.
It is further suggested (McAllister, Parsons and Strickland, 1960) that seccond-
ary production in the offshore waters also contribute to limiting the standing
stock of phytoplankton and to recycling nutrients. In the winter, high vertical
mixing ino combination with low light 1nten51ties result in higher nutrient con-
centrations in the surface waters.
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We are presently in the process of developing a model of phytoplankton pro-
duction for the waters off the Washington coast. This model treats the distribu-
tion of phytoplankton in depth and time (i.e., one-dimensional “in space) in re-
sponse to environmental factors. Our experience with the model and the experience
of Radach and Maier-Reimer (in press), with a similar model, have shown that the
phytoplankton dynamics are highly sensitive to changes in certain parameters.

It is very likely that the sen51tiv1ty of the model to parameter changes will de-
pend on the conditions chosen for the "standard" case. Because of the differ-
ences in the relative importance of various processes important in the production
of phytoplankton together with the differences in the level of solar radiation
and the amount of vertical mixing between Washington and Alaska, it would be un-
realistic to apply the results obtained from Washlngton directly to the Gulf of
Alaska.

The numerical model which we propose to apply to the Gulf of Alaska will
consist of coupled, time-dependent equations for chlorophyll concentration and
for nutrient concentration: The time rate of change of these dependent variables
will depend on turbulent mixing, phytoplankton sinking, gross productivity dnd
the related nutrient uptake, respiration, zooplankton grazing and nutrient re-
genceration,  Each of these processes is regarded as a submodel within the chloro-
phyll and nutricent model. We will be puided in our choice of these biolopical
and physgical submodels by the litLerature, by our continuing expericnce with the
model of Washington waters, and by biological experiments which are now in prog-
ress here at the University of Washington.

The proposed study will test the sensitivity of the chlorophyll and nu-
trient distributions to different formulations in the various process submodels
and to changes in the "measured" independent variables. These variables include
the diffusion coefficient, light intensity, nutrient concentration and zooplank-
ton density. We will impose reasonable initial distributions of phytoplankton
and nutrients from available data and then simulate the changes in the phyto-
plankton population and nutrient distribution over a season as the external con—
ditions (independent variables) evolve. Boundary conditions on the model will
include no flux of either phytoplankton or nutrients at the sea surface, a
vanishing normal derivative of chlorophyll concentration at depth and a known
nutrient councentration at the bottom boundary. Numerical integration of the
model equations will proceed from the prescribed initial states, using implicit,
finite-difference methods. By changing cach of the submodels individually and
by changing the evolution of the independent variables separately for different
runs, we expect to be able to discriminate between those processes and variables
which strongly influence the results and those which are less important. We also
expect to be able to identify those processes that need to be better studied and
measured.

Information on the variables and processes which strongly influence the
model results will be needed by investigators because these are the ones which
need careful study in the field and laboratory. ' These same variables and pro-
cesses 1f modified by external'environmental stress may be expected to strongly
influence the primary production and will therefore be of interest to planning
agencies. We will conduct some runs with hypothetical changes in the environ-
mental conditions. For instance, a layer of o0il on the sea surface may be ex-
pected to decrease the transmission of light and the transfer of turbulent energy
across the air-sea boundary. This will be modeled by decreasing the incident
radiation and by reducing the vertical mixing. As another example, one possible

result
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of toxic substances in the water column may be simulated in the model by decreas—
ing the maximum production rate and by increasing the respiration rate (an arti-
ficial means of increasing mortality). ‘'These demonstrations will allow us to
evaluate the value of this scientific model as a management tool.
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VI.

VII.

Information Products:

We will:

1)

2)

3)

4)

Search existing literature and unpublished data in order to compile
baseline jinformation on factors of importance to phytoplankton pro-
duction. Pertipent data will be provided in computer compatible
format on magnetic tapes.

Synthesize the baseline information into a description of the sea-
sonal and geographic distribution of phytoplankton standing stock,
production and related physical and chemical factors insofar as the
existing data are suitable. Results will be presented in graphic
form.

Use the data to initialize a numerical model and to determine the
combinations of process submodels which lead to distributions in the
dependent variables that are in agreement with observations. A writ-
ten description of the model and the results of this "standard" run
will be provided.

Test the sensitivity of the results of the "standard" run to changes
in the submodels and independent variables; identify those variables
and processes which strongly influence the results. The results of
these tests, along with recommendations for future work, will be made

. available in the form of an illustrated report.

Data or Sample Exchange Interfaces:

We would like the following information for the Gulf of Alaska ( as soon
as possible): :

1)

2)

Meteorological information with special emphasis on:

a) solar radiation reaching the sea surface, and
b) surface winds,

as a function of time and position. (Request this information also
be obtained on all planned cruises in the area.)
Oceanographic parameters such as:

a) density profiles,
b) vertical shear of horizontal currents, and
c¢) FNWC data on mixed layer depth, etc.,

as a function of time and position.
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VIII.

IX.

XI.

3) Biological and chemical information from EDS including all avail-
able data on nutrients, phytoplankton and zooplankton.

Sample Archival Requirements:

Not applicable.

Schedule:
The following information will be provided by September 30, 1976:
1) Baseline information - intensive assembly will begin immediately.

2) Seasonal and geographical distributions - will be initiated during
second half of study.

3) Standard run - will begin immediately.

4) Model report - will be undertaken during second half of study.

Equipment Requirements:

HP 65 calculator - needed immediately.

Logistics Requirements:

Not applicable.
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(Research Unit #64) (f
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I. TITLE '
Review and Evaluation of Historical Data Base on Nonsalmonid i
Pelagic Fishery Resources of the Gulf of Alaska Shelf and Slope ,/.”
iy [q"" /! .

II. PRINCIPAL, INVESTIGATORS 9,
Walter T. Pereyra and Martin O. Nelson, NMFS, Seattle :

III. GEOGRAPHIC AREA AND INCLUSIVE DATES
Gulf of Alaska 1 July 1975 to 30 September 1976

IV. COST SUMMARY

-0- FY 75 through June 30 1975
36.3 FY 76 July 1, 1975 - September 30, 1976

V. PROPOSED RESEARCH
Except for that concerned with the inshore herring fishery, no
U. S. research program has been aimed at assessing the status of
the nonsalmonid pelagic fishery resources of the Gulf of Alaska.
The primary U. S. fisheries in the area are for salmon, crab,
shrimp, and halibut. U.S. research efforts have been concentrated
on these species and other groundfish resources. Foreign com-
mercial fisheries and research efforts have been directed primarily
at groundfish resources. As a consequence of these circumstances,
information on the nonsalmonid pelagic fishery resources is very
fragmentary and unorganized.

5
|
!
|
|
b
!

This project will review and synthesize published and unpublished
literature, and incidentally collected data (from both research

surveys and the commercial fisheries) on the nonsalmonid pelagic
fishery resources of the study area. Emphasis will be on an ]
inventory and ana]ySTs of species composition, distribution, rela-
tive abundance and size composition, and identification of the [
principal gaps in the available data hase.

Data sources to0 be examined include:

(1) Publications and scientific literature, particularly Russian
and Japanese, including translations.

L
e

(2) Catch records of nonsalmonid pelagic fishes from offshore
fishing by NMFS and the Fisheries Research Institute, University
of Washington, collected incidental to data required for
International North Pacific Fisheries Commission (INPFC) purposes.

|
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(3) Unpublished data collected by Alaska Department of Fish and
Game (ADFXG).

(4) U.S. groundfish surveys (195L4-75).

(5) U.S. observer program on Russian vessels (1975).

(6) Canadian groundfish surveys (1962-1975).

(T) Japanese and Russian research surveys.

(8) Japanese and Russian fisheries statistics (1960-1975).

INFORMATION PRODUCTS

1. A narrative report and bibliography reviewing and summarizing
the literature ahd unpublished data on the distribution,
abundance and biology of nonsalmonid pelagic fishes.

2. A detailed data report (digital or analog data) on records of the dis-
tribution, abundance.and size composition of the subject species.

Both reports will be completed by September 30, 1976.
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TITLE: Baseline Characterization: Littoral Biota, Gu]f of N1aaka

PRINCIPAL INVESTIGATORS: Steven T. Zimmerman
Theodore R. Merrell
National Marine Fisheries Service
Auke Bay Fisheries Laboratory
Auke Bay, AK 99801
(907) 789~7231

GEOGRAPHIC AREA AND INCLUSIVE DATES: Gulf of Alaska
1 July 1975 - 30 September 1976

COST SUMMARY : FY1975 FY1976
$17,500 $352,500

PROPOSED RESEARCH

A20 -~ Provide a general description of the distribution and abun-
dance of the dominant intertidal and shallow subtidal organisms

A21b- Select sites representing dominant littoral habitats for in-
tensive study, and document the intertidal and shallow subtidal
biota and biotic composition of beach debris at these sites

A. Background and Objectives

The composition of Tittoral communities in the Gulf of Alaska
is largely unknown. To date, only two intertidal littoral
zone surveys in the Gulf of Alaska have been reported in the
Titerature - one on Kodiak Island (Nybakken), and the other on
Prince William Sound (Hubbard). Other studies have been
reported in the literature at Amchitka in the Western Aleutian
Islands and at Izembeck Lagoon in Southern Bristol Bay.

Unpublished reports on littoral communities contain infor-
mation in the littoral communities of Baranof Island and
Berner's Bay in Southeast Alaska, and Kachemak Bay and Orca
Inlet in Southcentral Alaska. A review of information on
Alaskan Tittoral communities has been published by the Univ-
ersity of Alaska (Feder and Mueller).
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In 1974, as part of first year NEGOA studies in the Gulf,
intertidal communities were sampled at 10 sites between
Yakutat Bay and Day Harbor near Seward, Alaska. The study
will be continued on an expanded scale in FY 1976, extending
westward from Day Harbor to the Shumagin Islands.

In order to complete this task, the following questions must

be answered: What is the distribution and percent occurrence
of the major intertidal habitat types? What are the seasonal
and spatial distributions of biota in areas representative of
these habitat types?

Methods

1.  Major habitat types - In order to determine the distri-
bution of major habitat types along Alaska's coastline in
the study area, several methods will be used.

Existing charts and photographic records collected by the
National Ocean Survey and other agencies will be studied
in habitat typing. In order to complement and expand
this information, many beach areas will be overflown by
NMFS personnel noting major physiographic zones and beach
types. We have also requested NASA to provide this
project with high resolution color and infra-red photo-
graphic records of much of the Gulf coastline. If
feasible, the photographic coverage will result from
flights made during low tide periods in the summer of
1976. These efforts will be coordinated with agencies
already involved in documenting the nature of the Alaskan
coastline, such as the Arctic Environmental Information
and Data Service and the Marine and Coastal Zone Manage-
ment Sections of the Alaska State Government,

2. Studies of biota at representative sites - Field work to
determine the seasonal and spatial distribution of dom-
inant species at representative sites was begun in 1974
at 10 sites in the Eastern Gulf. A total of three visi-
tations to these sites and to approximately 7-8 sites in
the Western Gulf are planned.

(a) General survey sampling - Adequate sampling will be
conducted to characterize the biota of each of the
major habitats to enable extrapolation of the data
to region-wide estimates of biotic distribution.
Rocky outer coastal habitat types will be emphasized
because they have the highest productivity, provide
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habitat for many commercial species, and their
highly-variable nature requires intensive sampling
to obtain statistically valid population estimates.
Sand-mud habitat types will be sampled near the
mouths of large river systems (such as the Copper
River). Razor clam beaches will be studied in
conjunction with studies by the Alaska Department of
Fish and Game.

At each site, one to three transect lines will be
laid from the highest level of marine habitation to
lTow tide levels. Samples will be collected at one
to five intervals along these lines for sorting and
analysis of communities.

A second procedure useful for randomizing sampling
in specific zones will also be utilized. This
involves viewing the beach through a clear plastic
sheet held out at arm's length wich contains ran-
domized arrays of dots. The dots are used to deter-
mine the placement of sampling frames when the beach
is viewed through the plastic sheet.

Elevations in relation to the tide will be measured
and photographs taken at each sampling point.
Nested quadrat samples will be collected to deter-
mine the degree of community heterogenity. Under-
water observations by biologist divers will be made
at several sites in order to extend and standardize
intertidal Tines into the subtidal area.

Sorting - Collection resulting from this sampling
program will be sorted by the University of Alaska
Marine Sorting Center. A1l dominant organisms will
be counted and wet weights will be reported. Wher-
ever appropriate, major species will be sorted into
different size categories to determine the contri-
bution made by different age-size groups. Dry
weight determinations of some dominant species will
also be made.

The resulting data will be included in a series of
reports. By 30 September 1976, all general survey
work on habitat types and biota will be completed in
the Eastern Gulf. A1l general survey work and
sorting of all but the last series of samples from
the Western Gulf should also be completed by this
time.
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Data report - A summary report will include a com-
prehensive atlas of intertidal habitat types. A
1ist will be prepared of all species encountered at
representative sites, as well as biotic measures of
commonness  or rarity and the relative contributions
of dominant species to the habitat types. These
measures will be related to tidal level and sub-
strate type. Statistical validity of these data
will be analyzed and discussed.

Eastern Gulf monitoring stations, 1975 - After the
general survey work in the Eastern Gulf has been
completed in summer, we shall move into a "moni-
toring-oriented" phase in that area.

Intensive studies of seasonal and spatial vari-
ability will be carried out at two or three key
sites. Research at these sites will begin in the
early spring of 1976. Repetitive estimates of
abundance will be made to obtain a better under-
standing of natural variabilities and statistical
precision when estimating population levels. The
spatial extent of the study areas will be broadened
and the seasonal frequency of sampling will also be
increased.

Intensive, subtidal observations and surveys at the
monitoring sites will be conducted by biologist
divers to extend and standardize the intertidal
data. This will provide better comparative data
between stations sampled on different tides as well
as more complete information on densities of deeper
intertidal forms. These studies will be conducted
by the Auke Bay Laboratory staff and by contract
with Dames and Moore, Inc.

Diving methods will be similar to intertidal methods
although few destructive samples will be collected.
Calibrated transect lines will be laid as extensions
of intertidal lines. Quadrat frames of varying
sizes will be laid along the lines and the popu-
lation densities within each frame will be deter-
mined. Surveys and estimates will be made of the
species composition of biota washed up on the beach
at the high tide zone (drift zone). These surveys
will be made at two or three open coast sites quar-
terly and following major storms. The resulting
data will be used to better assess the effects of
0il spills in this highly-visible area.
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VI.

VII.

VII.

IX.

This project also will utilize to the extent pos-
sible any additional remote sensing and photographic
technology which can be made available and which is
applicable and appropriate to littoral biota studies.

INFORMATION PRODUCTS

1. Data on distribution of littoral environments and on density
distribution of biota will be furnished on magnetic tape in
EDS -compatible format.

2. Narrative including figures, tables, and charts giving methods
and their rationale; summary of the findings; conclusions
regarding possible impacts of OCS oil and gas development on
the littoral biota and its ecosystem; and recommendations for
further research.

DATA OR SAMPLE EXCHANGE INTERFACES

We shall be participating with ADF&G personnel in their study of
razor clam beaches. After ADF&G has screened the clams for their
program, we will preserve the reamining organisms for sorting and
identification by the Marine Sorting Center. We shall also collect
intertidal plants and animals for chemical analysis by other 0CS
projects, and assist the National Bureau of Standards in collecting
water samples for hydrocarbon analysis.

Aerial surveys and photographs will be coordinated with the Coastal
Zone Management Section of the State of Alaska.

SAMPLE ARCHIVAL REQUIREMENTS

Storage of samples may be required and will be coordinated between
the University of Alaska Marine Sorting Center and the Auke Bay
Fisheries Laboratory.

SCHEDULE

A.  Aerial Survey and Reconnaissance

July 1975 - Begin aerial survey flights by ABFL personnel

July 1975 - Consummate contractual agreement with Arctic
Environmental and Data Center to develop coastal
habitat charts

July 1975 - NASA flights to provide sample imagery of coast-
line (tentative)

May 1976 - Aerial reconnaissance flights to fill in gaps in
Eastern Gulf

June 1976 - Aerial reconnaissance flights to fill in gaps in

Western Gulf




XI.

Field Sampling

July 1975 -~ Field sampling in Eastern Gulf

Aug. 1975 - Field sampling in Western Guif

Sep. 1975 - Field sampling at Yakutat and sites missed due
to weather

July 1975 - Drift zone studies begin

July 1975 - Diving studies begin

May 1976 - Final field trip in Western Guilf

Apr. 1976 - Monitoring studies, 2-3 sites

EQUIPMENT REQUIREMENTS

The need for special equipment is not anticipated.

LOGISTICS REQUIREMENTS

A.

Vessels

Vessel with a helicopter platform will be needed at the follow-
ing times:

July 6-14, 1975

August 4-12, 1975
May 10-20, 1976

Helicopter
A helicopter will be required during the following periods:

July 6-14, 1975
August 4-12, 1975
May 10-20, 1975

Two additional 10-day periods, one in the summer of 1975 and
one in the summer of 1976, may be needed to perform the aerial
survey work.

Fixed Wing Aircraft

Fixed wing aircraft will be needed for approximately 10 days
in the summer of 1975 and 30 days in the summer of 1976 to
complete aerial surveys.
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TITLE: Baseline Characterization: Littoral B1pta, Bering Sea -

PRINCIPAL INVESTIGATORS: Steven T. Zimmerman ~ éf”;/r ;‘ f
Theodore R. Merrel) & [/’ /
National Marine Fisheries Service® é/ /
Auke Bay Fisheries Laboratory &,'

Auke Bay, AK

(907) 789-7231

99801

Bering Sea

GEOGRAPHIC AREA AND INCLUSIVE DATES:
1 July 1975 - 30 September 1976
COST SUMMARY : FY1976
$370,000

PROPOSED RESEARCH

A20

A.

- Provide a general description of the distribution and abun-
dance of the dominant intertidal and subtidal organisms

Background and Objectives

The composition of Tittoral intertidal communities in the

Bering Sea is largely unknown.

Feder and Mueller have re-

viewed littoral community studies by the University of Alaska

which provides some background material concerning specific
organisms.

In order to provide a general description of the littoral
communities, the following questions must be answered: What
is the distribution and percent occurrence of the major inter-

tidal habitat types?

What are the seasonal and spatial

distributions of biota in areas representative of these hab-
itat types?

Methods
1.

Major habitat types - In order to determine the distri-
bution of major habitat types along the Bering Sea coast,
several methods will be used.
imagery for the Gulf of Alaska is satisfactory, we shall
request overflights in the Bering Sea using color and

color infra-red film.

U
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If the NASA photographic
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Existing photographic records, especially those of the
State of Alaska and National Ocean Survey, will be as-
sembled and studied. The assistance of the Arctic En-
vironmental Information and Data Center will be sought to
draw together existing records on coastal geomorphology
and habitat types.

In order to complement and expand this information, many
beach areas will be overflown using small planes and

helicopters at Tow tides. Landings will be made at some
locations to sample biota and make photographic records.

A1l of these efforts will be coordinated with State and
Federal agencies requiring similar information.

Studies of biota at representative sites - Field work on
representative intertidal sites will begin with a program
in August. During August, a team of eight scientists and
divers will carry out detailed intertidal studies at
approximately six sites in the Southern Bering Sea. Areas
of emphasis include Unimak Pass, Port Moller, Southern
Bristol Bay, and the Pribilof Islands.

Distance, logistics, and weather constraints mean that
fewer sites can be studied repetitively in the Bering Sea
than in the Gulf of Alaska. One or two sites will be
visited during each of the sampling periods in August
1975, June ‘1976, and August 1976. The rest of the sites
will be visited only once. This sampling scheme will
make it possible to sample a greater number of sites in
the Bering Sea than would be possible if effort were de-
voted to repetitive sampling of the same sites. Estimation
of seasonal variability will be extrapolated from those
sites which will have been visited repeatedly during each
trip.

(a) General survey sampling - each of the major habitat
types will be sampled. Effort will be concentrated
in areas where different habitat types occur adjacent
to each other in order to increase efficiency. It
is anticipated the rocky areas will be emphasized
in the Southwestern Bering Sea, while sediment areas
will predominate in the Eastern Bering Sea.

At each site, one to three transect lines will be laid

from the highest level of marine habitation to low tide
levels. Samples will be collected at one-to-five meter
intervals along these Tines unless the exposed area

is very extensive. Samples will vary in size depending
on the nature of the area and the height above tide.
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(c)

A second procedure, most useful for randomizing
samples in specific zones, will also be used. This
involves viewing the beach through a clear plastic
sheet. Tidal heights and photographs will be taken
at each sampling point. Wherever possible, nested
quadrat samples will be collected to determine the
degree of community heterogenity.

Tidal fluctuations are not as dramatic in the Bering
Sea as they are in the Gulf of Alaska. Subtidal
observations and sampling will be done by biologist
divers with scuba to extend the intertidal sample
transects into the subtidal area. At least three
divers will accompany the field party during each
sampling period.

Sorting - Collections resulting from che field sam-
pling program will be sorted by the University of
Alaska Marine Sorting Center. A1l dominant biota will
be counted and wet weights will be measured. When-
ever appropriate, major species will be sorted into
different size categories to determine the contribution
made by different age-size groups. Dry weight deter-
minations of some dominant species will also be made.

The resulting data will be included in a series of
reports. By 30 September 1976, all general survey work
on habitat types and representative biota will be com-
pleted. Sorting of samples from the third sampling trip
(and possibly part of the second trip) may not be com-
pleted by that time. General trends, especially thase
resulting from the first trip, will be evident and they,
at least, will be discussed in the report.

Data report - A summary report will be prepared which
will include a comprehensive atlas of intertidal
habitat types. A Tist of all species encountered

at representative sites, as well as biotic measures
of commonness and/or rarity and the relative contri-
bution of dominant species to the habitat types,

will also be prepared. These measures wWill be re-
lated to tidal level and substrate type. Statistical
validity of these data will also be analyzed and
discussed.

This project also will utilize to the extent pos-
sible any additional remote sensing and photographic
technology which can be made avajlable and which is
applicable and appropriate to littoral biota studies.
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VI.

VII.

VIII.

IX.

XI.

INFORMATION PRODUCTS

1. Data on distribution of littoral environments and on densjty
distribution of biota will be furnished on magnetic tape in
EDS - compatible format.

2. Narrative, including figures, tables, and charts, giving methods
and their rationale; summary of the findings; conclusions re-
garding possible impacts of OCS o0il and gas development on the
littoral biota and itx ecosystem; and recommendations for fur-
ther research.

DATA OR SAMPLE EXCHANGE INTERFACES

As part of our sampling schedule, we shall collect intertidal plants
and animals for chemical analysis by other OCS Project research
units. Aerial surveys will be coordinated with the Coastal Zone
Management sections of the State of Alaska.

SAMPLE ARCHIVAL REQUIREMENTS

Storage of samples may be required. This will be coordinated between
the University of Alaska Sorting Center and the Auke Bay Fisheries
Laboratory.

SCHEDULE

A. Aerial Survey and Reconnaissance

July 1975 - Begin aerial survey flights by ABFL personnel.
Flights during low tide periods in July, August, and September
1975, and June 1976.

B. Field Sampling

July 1975 - Reconnaissance of sampling sites in Bering Sea

Aug. 1975 - Field Sampling at approximately six sites in the
Bering Sea

June 1976 - Field sampling at approximately six sites in the
Bering Sea

Aug. 1976 - Field sampling at approximately six sites in the
Bering Sea

EQUIPMENT REQUIREMENTS

The need for special, costly equipment is not anticipated.
LOGISTICS REQUIREMENTS

A. Vessels

A vessel with a helicopter platform will be needed during
the following periods:

r
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July 15-24, 1975 (tentative)
August 13-20, 1975

June 6-16, 1976

August 1-10, 1976

Helicopter

A helicopter will be required during the following periods:
July 15-24, 1975 (tentative)

August 13-20, 1975

June 6-16, 1976

August 1-10, 1976

Two additional 10-day periods in the summer of 1976 will be
needed to finish the aerial survey work. '

Fixed Wing Aircraft

Fixed wing aircraft will be needed for approximately 30 days
in the summer of 1976, and 10 days in the summer of 1976 to
complete aerial survey requirements.
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FINAL

WORK STATEMENT (Research Unit #156/164a) -
-

I. TITLE: Plankton of the Gulf of Alaska - Ichthyoplankton
II. PRINCIPAL INVESTIGATOR: T. Saunders English
Department of Oceanography
University of Washington
Seattle, Washington 98195

IITI. GEOGRAPHIC AREA AND INCLUSIVE DATES: Gulf of Alaska
1 July 1975 - 30 September 1976

IV: COST SUMMARY: FY 1976

1 July 1975 ~ 30 September 1976

$150,000
V. PROPOSED RESEARCH
The task of primary emphasis is A-23 -~ determine the seasonal density

distributions and environmental requirements for principal species of
ichthyoplankton, in this case in the Gulf of Alaska. The present state

of knowledge is deficient in the area, especially for seasonal and geographic
coverage of a density necessary for decision-making or ecological models.
This program will also examine zooplankton larger than copepods.

The information required to meet this task objective will be gained
from a series of samples and environmental observations taken on joint
cruises in the Gulf of Alaska, Both the density in time and space will
be limited to what can be accomplished on those scheduled cruises,

By September 30, 1976, a report can be prepared on the results of
samples taken over three or four seasons by scheduled cruises.

Methods for the net sampling will include MARMAP-I type techniques,
using Bongo nets. The samples and observations will be collected by
NOS technicians. The acoustic observations will be made initially by
lowering a transducer into the sea at each station. Later the transducer
will be towed, hull-mounted, or affixed in an over-the-side mounting.
Five minutes of magnetic tape will be taken at each station.

VI. INFORMATION PRODUCTS / )

The information products will include quantitative assessments of
distributions and abundance of ichthyoplankton over space and time. The
information products will in‘clude magnetic tape records taken with the
sonic system. If resources become limiting, the research will emphasi:ze
species of commercial and ecogystem importance. Samples will be analyzed
from as many as four cruises, resulting in 42 sets of zooplankton samples,
with approximately 100 total samples for each cruise. There will be a
magnetic tape record for each station.
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Information products will;be summarized and transmitted in quarteriy reports
and a final report., All numerical data will be in ADP format as specified
by the 0CS project office. The final report will include a narrative summary
of the overall findings of the research, discussing species composition, key
species, and comments on the o0il related impacts as viewed from the perkpective
of this part of the total program.

VII. DATA OR SAMPLE EXCHANGE INTERFACES

The ichthyoplankton samples from the Bongo nets will be sorted and
provided by PMEL. The environmental observations of other parts of this
program will be needed before a final report can be completed.

VIII. SAMPLE ARCHIVAL REQUIREMENTS

The samples will be archived at the University of Washington until
this research is completed, when they will be offered to the U.S. Government.

IX. SCHEDULE

The sampling cruises are scheduled for October, April-May, of 1975, and
July and August of 1976. The sorting by PMEL will limit the time at which
we can begin, but the delay is not expected to be long. The time between
the first and second cruise will be used to examine the resulting samples
and magnetic tapes. . The final two cruises will be less completely described
in the final report.

X. . LOGISTIC REQUIREMENTS
Our logistic requirements are being made by PMEL. It would be

desirable to have a few days on the Acona in the Prince William Sound area
in August of both years.
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FINAL

WORK STATEMENT (Research Unit #156/164b)
ENVIRONMENTAL ASSESSMENT PROPOSAL BLM/NOAA

Plankton of the Gulf of Alaska - Initial Zooplankton Investigations

Dr. D. M. Damkaer (Principal Investigator)
PMEL /NOAA
3711 - 15th N.E.

‘Seattle, WA 98105 (206) 442-4580 or 442-4598

Gulf of Alaska, FY 1976 (1 July 75 - 30 September 76)
Total Budget $150,000.
Proposed Research
A. Background and Objectives

Zooplankton are important components of the environment in terms
of volume, in terms of their roles in the ecosystem, and in terms of
probable sensitivity to the kinds of development anticipated on the
Alaska OCS. Zooplankton are necessary for the maintenance of fish,
shellfish, and other living resources. Zooplankton are also important
in the movement and concentration of environmental contaminants. In
the northeastern Pacific, particularly its estuaries and coastal seas,
relatively Tlittle is known of the distribution and abundance, seasonal
cycles, or vertical distributions and migrations of zooplankton. o
Assessments of these factqrs are necéssary for the study of ecological
processes relevant to environmental problems. OCSEP Iggg_ﬁ:gg, to
determine the seasonal density distribution of principal species of
zooplankton, is addressed by the proposed study.

Some groups of zooplankton of the Gulf of Alaska are known fairly
well taxonomically, but not much is known of their horizontal and
vertical distributions within the Gulf. Even less is known of the

seasonal cycles of single species, species successions, or recruitment.
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Limits of variability in time and space should ?e outlined in such 4
way that we can specify subsequent sahp]ing efforts required to detect
given changes. This is the fundamental problem, and should be given
high priority. Almost notﬁing is known about the dynamics of communi-
ties, especially feeding patterns and rates, reproduction and growth,
migrations, metabolic processes, and relative sensitivities.

As the data base expands, enabling a quantification and under-
standing of the relationships of zooplankton communities to each other
and to higher and lower trophic levels, it will be possible to inter-
face with other disciplines using descriptive and predictive mathemati-
cal models. Eventually "key parameters" and "representative areas"
will be identified which can be monitored during OCS exploitation.

It will be necessary to begin by obtaining seasonal samples from
the areas of interest within GOA (NEGOA, western GOA; Prince William
Sound, etc.). The principal zooplankton species and most species of
copepods will be 1dentified: This will include the majority of the
net-zooplankton species. Samples from at least two cruises (two seasons)
should be analyzed by the end of FY 76, so that quantitative and quali-
tative comparisons of individual species and associations can be made.
Analyses of other cruises will be in progress.

These studies have been planned in conjunction with the chemical
studies and_other biological studies conducted by PMEL. The study areas,
seasonal coverage, on-station techniqueé and timing, and sharing of
certain equipment and technicians, are all compatible. In addition, it
will be valuable to have synoptic observations on the geographic and

seasonal distribution and concentration of phytoplankton, zooplankton,
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light hydrocarbons, and suspended matter, for these parameters are
conceptually related. Future monitoring correlations between these
parameters may prove to be more sensitivé than either independently.
B. Methods

Discrete depth layers will be sampled by vertically-towed closing
ring-nets (110 or 220 wm mesh), at noon and midnight regard]ess of the
ship's position. Replicates will be taken occasionally. A surface
sample will also be collected, towing a ring-net horizontally. About
1-1/2 hours station time will be required for the zooplankton sampling,
or about 3 hours each 24-hour day. The proposed cruise tracks for
NEGOA and western GOA are indicated in Figures 71 and 2. Most cruises
are expected to take ca. 21 days, according to the following schedules:

Vessel Schedule

1975 1976
Dates September October Apri1~May July August
Duration 15 d. 21 d. 21 d. 21 d. 21 d.
Area Pr.Wm.S. NEGOA NEGOA NEGOA West Gulf

Zooplankton samples will be co]]ected'by NOS Technicians, as specified
by OCSEP management. Initial cruises may require supervision.by a
project oceanographer. Thgre will be 42 sets of zooplankton samples
(21 each day and night), with approximately 200 total samples, for each
cruise

Analyses of the samples will be done at PMEL. Settled volumes
will give an indication of total "biomass." Large or otherwise con-
spicuous organisms will be removed, counted, and identified (at least

to major taxonomic group), from each whole sample. Subsamples will be



VI.

obtained using Folsom plankton splitters (McEwen, et al., 1954).
Selected subsamples will be sorted entirely, to major taxonomic groups.
Principal species (initially based on frequency of occurrence, sus-
pected activity, etc.) and copepods will be identified and counted.
Ichthyop]ankton from the cq]1ections wi]] be given to Dr. T. S. Engiish.
Within the time and‘fﬁnding constraints, the study intends to
consider selected GOA zooplankton samples from the IPHC 1926-1938
plankton collection. Some of these samples have already been analyzed
by the principal investigator and G. A. Heron (Heron and Damkaer, 1969;
Damkaer, 1975), but the full potential of the collection has yet to be
appreciated. We have identified over 100 species of copepods from this
collection. The Smithsonian Institution has agreed to sort (to major
taxonomic groups) ca. 100 samples at cost (or below) to increase the

interest in this collection.

Information Products

The immediate task products will include quantitétive assessments
of distributions and abundance of zooplankton total biomass and groups
over space and time (see Figures 1 and 2). Species composition, key
species, and characteristic communities or associations will be out-
Tined. A1l numerical data will be in ADP format as specified by 0CS
Program Office.

The Tong-term goals are to describe the biological baselines,
especially the distributions and abundance of zooplankton groups over
space and time. This work will lead to development of a monitoring
strategy. Also, it will ultimately contribute to an ecosystem model
by defining pathways and amounts of energy or material flow and indi-

cating the relative importance of the several populations.
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VII. Data Interface \

Temperature and salinity distributions will be routinely determined
during each cruise, These data are often essential in interpreting the
distribution of zooplankton., It will be useful to compare the zooplankton
distributions with the distfibution and abundance of phytoplankton (species
and chlorophyl1l). Sonic mapping of acoustic targets is essential to de-
lineate the vertical distributions as well as the detailed continuous
between-station distributions of the larger zooplankton and smaller
nekton.

It would be valuable to compare zooplankton distributions with the
seasonal cycles of primary productivity. An interesting comparison
could also be made of net zooplankton with the suspended matter distri-

bution (studies undertaken by other investigators at PMEL).

VIII. Archival Regquirements

A1l of the specimens collected during this study will be saved.
Each sample will be subdivided into various subsamples and taxonomic
units. The resulting collection will number many hundreds of lots,
Some subsamples and the %chthyop1ankton will not be examined during the
present study. .Other groups will be analyzed more or less completely.
Certain specimens could well form the nucleus of a museum-quality State
of Alaska Reference Collection. Other selected specimens may be de-
posited in the U.S. National Museum as types of new species or as
representatives of matekia] forming the bases of published reports.

The retained material will be the responsibility of PMEL/NOAA.
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Schedule

It is expected that samples will arrive at PMEL within 2 weeks
of the end of each cruise. ' It is difficu]t to bredicf the requiredi
analytical time, for this depends not only on the size of each sample,
but also on its consistency, mechanical tractibility, state of preserva-
tion, and complexity. Roughly 1 person-day is required to process
each whole sample and to sort a subsample into major components.
Probably a person-week will be needed to specifically identify the
major components and the copepods. Clearly, the specific identifica-
tions and enumerations will be the limiting factor.

Samples from the first two cruises (September-October 1975) will
be available for processing beginning about November '75. Assuming
that 50 samples merit immediate analysis, it will require about 5-6
months to identify and enumerate the major species, and to tabulate
the data. This stage would coincide with the arrivai of the samples
from the third cruise (April-May 1976). The data from the first two
cruises should be available by the end of FY 76. Only a cursory
examination can be made (perhaps also sample volumes) on the collec-
tion from the fourth cruise (July 1976), and there will be no time

to examine any samples from the western GOA (August 1976).

Equipment Requirements

The project will provide ring nets for surface samples. The
OCSEP office will supply fhe ships with vertical closing nets. A
large category of equipment includes microscopes. The principal
investigator will provide a set of research quality stereoscopic and

compound microscopes, but a second set is required, in addition to
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XI.

one compound and three-four stereoscopic microscopes. These, Tike

~all other equipment, should be made available at the onset of the

project.

Logistics Requirements

Plankton will be sampled during two or three joint 3-week cruises
in the northeastern Gulf of Alaska with the Light Hydrocarbon and
Suspended Matter programs proposed by PMEL. Data from the western Gulf
will be obtained as the opportunity arises on other cruises, e.g., |
physical oceanography. Discussions with Drs. Cline and Feely indicate
that shipboard activities by the chemical and plankton programs will
not conflict and joint field operations will maximize efficiency of
vessel usage. In addition, relationships between suspended matter and
plankton data may prove advantageous in future interpretations.
A. Vessel Facility Requirements

The vessel used must provide the following:

1. Laboratory space (phytoplankton) - ca. 110 sq. ft. including:

laboratory bench (6' x 2' min) with drawer and cupboard
storage below and 40" of clearance above bench.
- sink adjacent to bench supplied with hot and cold fresh
water and a continuous flow of seawater, preferably from
a hull tap other than the engine-room sea chest.
- Taboratory must be located on main deck near sampling area.
Water sampled by submersible pump over the side will be
routed to laboratory via flexible plastic tubing.

- cabinet for storing supplies and equipment.
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2. Laboratory space (zooplankton) -

Laboratory must bé located on sampling deck near winch area.
Minimum space is 10' x 10' and must include sink with hot and
cold fresh water; sink should have a drainboard on at least one
side. Laboratory hust be equipped with table, chair, cabinet or
shelf for some glassware, reagents, and sample boxes. Storage
below decks should include shelving (ca. 160 cu ft) for sample
Jjars in wooden sample boxes.

3. Deck space -

Space is needed on the open main deck, or deck immediately
above, to mount a portable winch (base 5' x 6') on pad eyes. The
winch will contain 250 m of semiflexible hose (ca. 2" 0D) with
electrical bonductors molded into the jacket, will have its own
hydraulic pump (to be supplied with electric power) and controls,
and should be placed to Tead through a suspended block and over
the side or stern.

4. Winch for towing plankton nets -

Open deck space should be available near water level so that
A-frame or crane can 1ift nets and end-weight (150 1bs) into and
out of the water. Winch should have continuously adjustable speed
to at least 60 m/min. The winch must have a meter-wheel and be
capable of towing large (61 cm) Bongo nets obliquely from 200 m,
and of towing 1-m ring nets vertically from at least 500 m.

5. Storage space -

- for gear: ca. 100 sq ft of deck space for nets.
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6. Electric power -
- in laboratories: three double receptacies in each laboratory
supplying 110V, 60 Hz current.
- on deck: the portable winch-submersible pumps system will
‘require approximately 10 kw of 440V, 3-phase power.
7. Scientific personnel -
One to three scientists will accompany theése cruises to conduct

plankton work.
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Figure 1. Proposed locations of the particulate matter stations (0) and the bottom mooring (O).
Zooplankton samples will be collected at 1200 and 2400 hrs.
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Figure 2. Proposed cruise grid'for chem/bio cruise in western GOA.
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FINAL
ENVIRONMENTAL ASSESSMENT - 0CS
WORK STATEMENT (Research Unit #156/164c)
I. Title: Phytoplankton and Primary Productivity of the Gu]f of
Alaska

II. Principal Investigator:

J. D. Larrance
Pacific Marine Environmental Laboratory, ERL
3711 - 15th Avenue N.E.
Seattle, Washington 98105
Phone: (206) 442-4580, -4598
III. Area: Gulf of Alaska, FY 1976 (1 June 1975 - 30 September 1976)

IV. Total Budget: $155,000

V. Proposed Research:

A. Background and objectives
1. Related tasks
This proposal addresses portions of tasks A-23, seasonal
density deistributions of principal phytoplankton species, and A-24,
seasonal indices of phytoplankton production.
2. Objectives and required information
The primary objectives are (1) to describe the distributions
of chlorophyll a and related pigments by season in the Gulf of Alaska,
(2) to describe the distributions of ;rincipa1 species of phytoplankton
occurring in the Gulf of Alaska by season and (3) to determine the seasonal
indices of primary production in the Guif of Alaska.
Measurements of incident and underwater ambient irradiance
will also be made. Data on Tight, temperature, salinity, nutrients)zooplankton
and suspended matter can subsequently be related to productivity and standing

stocks to gain insights into the major driving forces of primary production.
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The information required to meet the task objectives _
includes measurements of Ch]dfophyl] a within the upper 100 m, the several
dominant phytoplankton species present and their population densities,
and primary productivity %n the euphotic zone. ‘The information will be
obtained via the proposed sampling program. A]fhough logistic limitations
preclude determination of a complete seasonal pfctUre, data from rep}esenta-
tive months in spring, summer and fall will describe conditions at critical
periods. It will be possible to analyze only a selected portion of the
phytoplankton samples before FY 77 and to enumerate only the principal
species. The remainder of the samples will be archived for future analyses
as needed.

3. Related OCSEP research

This proposal is one of three concerning plankton in the
Gulf of Alaska which will be integrated for purposes of sampling and
ecological interpretation. The other two proposals are for zooplankton,
submitted by Dr. D. Damkaer, PMEL, and for ichthyoplankton and acbustic
detection of pelagic populations by Dr. T.S. English, University of
Washington.

In addition, the field efforts for plankton will be closely
coordinated with the PMEL efforts in 1ight hydrocarbons and suspénded
particulate matter. The simultaneity of data on suspended matter,
phytoplankton, primary production, chlorophyll and 200p1anktbn will result
in coherent data sets which will permit more meaningful ecological inter-
pretations in the future.

4, Existing Information

The information available in the literature on phytoplankton

standing stocks in the Gulf of Alaska is limited mainly to open waters of

2
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the southern portion of the Gulf. Studies conducted inshore include Iverson

et al. (1974) who reported successive summer blooms of the Thalassiosira

aestivalis and Skeletonema costatum in Auke Bay, Alaska; and Horner et al. (1973)

who found a major diatom bloom in March-April in the Valdez area fo]]owed by
a summer population composed principally of small f1age11ates\and dinof]aggﬁ]ates
in the fall. The major peaks of chlorophyll and primary prodﬁction coincided
with the spring diatom bloom (Goering et al., 1973).

Several Japanese workers have reported diatom species from
the southern Gulf of Alaska sampled by fine mesh nets. Karohji (1972) sum-

marized Alaskan Gyre populations as dominated by Nitzschia seriata,

Phaeoceros and Rhizosolenia hebatata f. spinifera. Ohwada and Kon (1963)

concentrated algae from water samples by centrifugation. Their results from

open water agree in general with Karohjii's (1972) and they found 3 x 106

cells/1 near Juneau of which 88 per cent were Skeletonema costatum.

Koblents-Mishke, 0.I. (1961) attempted to show the phytogeographical
regionalization of the northeastern Pacific. She characterized a boreal group

of phytoplankton including Thalassiothrix longissima, Denticula marina,

Chaetoceros decipiens, and Cef%gium pentagonum.

Larrance (1971) reported primary-productivity and chlorophyll a data
from the southwestern portion of the study Axa«,During and before the 1960's,
Canadian scientists of the Pacific Oceanographic Grbup at Nanaimo, B.C., measured
chlorophyll a at Ocean Station "P" (latitude 50°N, Tongitude 1450w)‘a1ong with
studies of primary production and zooplankton. The data from these measure-
ments can be found in several numbers of the Fisheries Research Board of Canada,
Manuscript Report Series (Oceanographic and Limnological). From the Canadian data,

McATlister (1969) estimated the mean annual primary production at Station "P" was
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48gCm™~ and Larrance (1971) estimated annual production between 80 and

2

100gCm © at the 176°W meridian. Koblents-Mishke (1965) estimated annual

2

production of 102gCm < in the Gulf of Alaska and Goering, et al. (1973)

estimate net annual primary production in the Prince William Sound area

at 185gCm™2. |
Although the referenced information given here is incomplete

three pertinent points are apparent. (1) The existing information describes

primarily the southern portion of the Gulf of Alaska and limited data

are available along the northern and western Gulf of Alaska cbntinenta]

shelf. (2) No sampling program has produced phytoplankton and primary

production data applicable to the OCSEP objectives in terms of spatial

and temporal continuity and frequency in the study region. (3) A coherent

picture of phytoplankton species distribution cannot be presented from

information in existing reports.

B. Methods

Phytoplankton, primary productivity and chlorophyll g_Wi]] be
sampled seasonally on grids of stations to be devised in conjunction with
the zooplankton, macrozooplankton, and other proposed studies. These
stations will be concentrated in-the northeastern Gulf with one cruise
in the western Gulf. At least three cruises in an area (northeastern
and western Gulf) are necessary to obtain seasonal conditions there.
Logistics do not permit coverage of both areas in sufficient detail during
FY 1976. The one cruise in the western Gulf can be considered the first
of a seduence in that area for the following year. In addition to the

sampling during the designated biology cruises, a limited number of

4
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surface phytoplankton samples will be collected during ships-of-opportunity
cruises to provide information on species successions.

Water samples will be collected by Niskin bottles on a Rosette
sampler or by submersible pump, preserved, and returned to Seattle for
microscopical analysis. The several dominant species will be identified
and counted, using the Utermohl (1931) inverted microscope technique, only
to the extent necessary to determine approximations of absolute quantities.
O0f more importance are the relative standing stocks of the most important
species, their temporal successibns; and areal distributions.

Chlorophyll-a and related water properties will be measured using
a submersible pump-sensor syétem‘for sampling in the upper water column. The
advantages of this method of sampling are: (1) measurement of continuous
vertical profiles, (2) simultaneous measurement of related variables, (3)
real-time data disp]ay, (4) cost effectiveness due to savings in technician
time, and (5) reduction of human errors. Rapid pump casts for chlorophyll
will be taken at stations where productivity is not measured to obtain more
detailed coverage of subsurface chlorophyll concentrations.

Chlorophyll a and phaeopigments will also be measured in discrete
samples from the Niskin bottles by fluorometric techniques described in
Strickland and Parsons (1968) and Yentsch and Menzel (1963). Fluorescence
of phytoplankton cells in a continuous sample stream pumped from a hull tap will
be measured and recorded on strip charts while the vessel is in transit between
stations (Lorenzen, 1966). Chlarophyll a in the Eontinuous flow will be
calculated using daily calibrations from the discrete sample measurements.
Thus, maps of near surface (about 5m) Chlorophyll a values can be provided

from continuous data along track lines.
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Primary productﬁvity will be measured by standard carbon-14
techniques (Strickland and Parsons, 1968). Two bottle casts will be taken
each day - predawn and prenoon. Half-day photosynthesis experiements will
be conducted using simulated in-situ incubations. Incubation periods will
be dawn to LAN (Tocal apparent noon) and LAN to dark. At Teast once during
each cruise simulitaneous in-situ and simulated in-situ experiments will be
attempted for calibration purposes. Nine depths at each station down to the
0.1% 1ight depth will be sampled according to Tight transmission ratings of
neutral density filters used in the.photosynthesis experiments. At noon
stations, geometric-samb1ing depths will be determined from measured subsurface
irradiances. Irradiance will be measured by an underwater irradiance meter
which gives quanta of light in the photosynthetically active spectrum. Sampling
depths for the morning stations will be determined from the previous day's
noon irradiance measurements.

Two 1ight and one dark bottle from each depth will be incubated.
The resulting filters will be immersed in scintillation-fluor solution
and returned to Seattle for liquid-scintillation analysis.

VI. Information Products

Phytoplankton species data will be numerically coded in formats to be

provided by OCSEP data management and punched onto standard Hollerith
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cards. Productivity and éh]orophy]] data will also be entered on
Hollerith cards fn standard formats and submitted to: OCSEP. Data in the
final report will be presented in narrative, tabular: and graphic %orm
including distributional maps. The narrative will include ecological
interpretations where possible.

VII. Data or Sample Exchange Interfaces

This program will require nutrient, zooplankton, salinity, temperature,
and sigma-t information for comparison and interpretation. Information
on the distribution and movement of water masses will also be needed for
correlations with areal phytoplankton and productivity distributions.
In addition, detailed ERTS multispectral scanner images in the red and green
bands during our sampling periods may be used for relating distributions
of chlorophyll concentrations to measured va1ues. Interchange of data
among p]ankton projects will be handled locally.

VIII. Archival Requirements

A11 phytoplankton samples collected will be saved. Aliquot portions
will be removed from selected samples for microscopical examination and
destroyed, but the remainder of these samples will be saved. The maintenance
of all samples will be the responsibility of PMEL/NOAA.

IX. Schedule *
The following diagram shows the projected cruise schedule for the

phytoplankton program in the Gulf of Alaska.
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1975 1976

Month October April-May July August
Duration 21 d. 21 d. 21 d. 21 d.
Area NEGOA NEGOA NEGOA ~ West Gulf

An estimation of the schedule of delivery of information after each
cruise is as follows: |
(1) Chlorophyll a and primary productivity 5 months
(2) Phytoplankton species 6-8 months
The initial submisgion of information may take longer until procedures
are well established. The OCSEP office will be kept informed of anticipated
serious departures from those times indicated.
Milestones
(1) July 1 - September 30, 1975
a) Set up phytopTénkton counting and primary productivity
laboratories.
b) Familiarize fechnicians with subarctic species
c) Acquire equipment and supplies
d) Prepare for first cruise
(2) October 1 - December 31, 1975
a) Conduct fall cruise
b) Begin analysis of phytoplankton samples from fall cruise
c) Modify hardware system as needed

d) Process productivity and chlorophyll a data



(3) January 1 - March 31, 1976
a) Report productivity and chlorophyll a data
b) Continue phytdp]ankton analyses
c) Prepare for spring cruise
(4) April 1 - June 30, 1976
a) Report phytoplankton species data from fall cruise
b

Conduct spring cruise

c¢) Begin ané]ysis of samples from spring cruise

=8

)
)
) Process productivity and chlorophyll data from spring crui;e
e) ‘PrEpare for summer cruises
(5) July 1 - September 30, 1976
a) Conduct 2 summer cruises
b) Process productivity and chlorophyll a data from July cruise
c) Continue analysis of samples from spring cruise

(6) By February 1, 1977 - Final report issued.

Equipment Requirements

Major equipment will include two inverted plankton microscopes with

one set of photographic attachments, a submersible pump system, a liquid

scintiliation spectrometer, and a fluorometer with recorder. These items

will be purchased from funds allocated according to the attached budget.

XI.

Logistics Requirements

Vessel requirements: The vessel must provide the following facilties:
1. Approximately 70 sq ft of laboratory space which includes
- work bench (10' x 2')-with drawers and cabinets for storing
supplies
- the work bench must have a sink with hot and cold fresh water

and a seawater tap to provide a modest but continuous flow

9
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(approximately 2 gpm) of seawater. An ideal system exists

on the Miller Freeman. Supply from an engine room sea chest

is undesirable but may have to be used if no other practical
modification can be made.

- laboratory musf be located on the main deck, easily accessible
to the sampling area. A hose or piping from the 1aboratory must
penetrate an outer bulkhead so that connections to pumping
system can be easjly made. The distance between laboratory
and pumping system should be as short as practicable.

Deck space

- an area (6' x 6') is needed to place the winch for the pumping
system so the gear can be conveniently deployed. A special
A-frame, boom, or crane may be needed to suspend the sheave.

For example, the M111er Freeman has a suitable arrangement for

this operation, but other ships may not.

Storage space

- for samples: 15 cu ft inside and 2 cu ft of freezer space

- for gear and supplies: 30 cu ft inside.

Rosette sampler with 10-1. Niskin bottles.

Electric power

- for winch: 440V AC and 110V AC, 3-phase to operate winch and
pump ‘

- laboratories: three double receptacles, 110V, 60 Hz

Scientific personnel
- three scientists will accompany these cruises to conduct the

phytoplankton prdgram.

10
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7. Sampling protacol (V)

NEGOA NWGOA
Sampling events Fall 1975 Summer 1976
Spring 1976
Summey 1976

Number of stations/cruise

Productivity 40 40

chlorophyll profiles (pump) 60 60
Number of standard depths 7-9 7-9
Surface chlorophyll | continuous. continuous
Phytoplankton samples/cruise (2) 250 210
Total phytoplankton samples (2) 750 210
Wire time/cruise 100 hrs 100 hrs
Personnel 3 3

(1)

(2)
Only a portion of the phytoplankton samples will be analyzed

A1l figures are estimates

8. Contingency Plans

In the event that opportunities arise to make observations of
other variables important to a future ecosystem analysis or to modify the
proposed sampling for purposes of providing more meaningful information,
we will seek approval from the program office to do so.

If the submersible pump system is unobtainable in the time frame
planned or if it malfunctions, discrete samples will be taken by bottle,
and chlorophyll samples analyzed individually. Therefore, the amount of

chlorophyl1l data will be reduced..

1
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June 30, 1975
FINAL

ALASKA MARINE ENVIRONMENTAL ASSESSMENT PROGRAM
WORK STATEMENT (Research Unit #156/164d)

I. Title

Zooplankton and Micronekton Studies in the Bering-Chukchi/Beaufort
Seas

IT1, Principal Investigator: Dr. R. Ted Cooney
’ Assistant Professor of Marine Science
and Fisheries Biology

Institute of Marine Science
University of Alaska
Fairbanks, Alaska 99701
(907) 479-7210
SS#: 516-44-6552

III. Geographic Area and Inclusive Dates

Bering Sea ~ April 1, 1975 - Sept 30, 1976

Bering~Chukchi/Beaufort seasonal ice-edge study

IV, Cost Summary

FY 1975 FY 1976
through June 30, 1975 July 1, 1975 through Sept 30, 1976
$62,752 $151,173
1
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V. Proposed Research

- e
A. Background and Objectives i
The following tasks will be addressed within the geographic areas
and time schedule specified in III. above.
"‘;,l-“.

l. A-9; describe the food dependenciles of commonly occuring ;;
species of pelagic fishes as this task applies to dielly
migrating bathypelogic species sampled with bongo nets and
NIO Tucker midwater trawls.

2., A-22; summarize the existing literature and unpublished data -
on the transfer of synthesized organic matter to zooplankton
micronekton, and ichthyoplankton.

N

3. A-23; determine seasonal density distributions and environ- g:
——————
mental requirements of principal specles of zooplankton, f
micronekton, and ichthyoplankton,

4, A-24; identify pathways of matter (energy) transfer between
synthesizers and consumers.

5. A~25a; identify and characterize critical regions and habitats
required by egg and larval stages of fish and shellfish species. *

-
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6. A-31; determine the relationships of zooplankton and micro-
——

nekton populations to the edge of the seasonal ilce pack as it

occurs in the Bering, Chukchi, and Beaufort Seas.

Huch of the present state of kno;}edge concerning seasonal distyibutions
of zooplankton and micronekton in the study areas as specified has been sum=
marized by Hood and Kelley (1974). Although U.S. workers have been active
in northern ocean studies., Most of the recent descriptive information con-
cerning the pelagic community is the result of Japanese efforts in conjunc—
tion with hydrographic and high~sea fishery surveys, 1956-1970. The bulk of
these data is now avallable as generalized distributional maps for dominant
species or composites occuring in the upper 150 m of the water column during
the summer season. Although year to year fluctuations in standing stock
biomass (wet weight; g/mz) are reported, the significance and cause of this
variability has not bheen considered.

A much more detailed information base will be required to address the
tasks outlined above. While the presently available observations are helpful
in the conceptualization and development of a field sampling program, and
may also serve as a preliminary model for summer distributional patterns,
they do not represent a definitive understanding of the components and dy-
namics of the Bering Sea pelagic ecosystem., The work proposed here will
involve not only measures of standing stocks but also extimates of the vari-

ance structure from which these data are to be obtained,

"
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Given appropriate field logistic support (i.e. vessels capable of con-—
ducting the rather routine sample collection to be described), and access to

adequate library facilities, all the tasks described can be expected to pro=-

duce significant results during the funding period specified; the literature
review should certainly be completed through most currently available publi-
cations., It must be understood that the resolution of the remaining tasks

is open-ended in the sense that patterns in nature become more clearly de-—

o
Bt i

fined only as the observational data base expands through time. Certainly

7
+

it is not unreasonable to expect a 3-5 year program to produce data of high
modeling quality. The efforts of the first funding period will be directed

toward this end.

A newly developed international study of resources and processes of the .

Bering Sea, PROBES, is slated for funding at levels permitting field work
this coming year 1975-76. Cooperative efforts between U.S. and Japanese
workers are planned, The food web supporting the immense pollack fishery in
the southeastern Bering Sea will act as in initial focal point for intex-
acting physical, chemlcal, and bilological studies. I expect to participate
in this program in the subject area of secondary prbductivity, and organic
matter transfer processes, This work should compliment the studies addres—
sing related OCS tasks.

In addition to PROBES, I will also follow closely the BLM/NOAA studies
continuing in the northern and western Gulf of Alaska. The distributions
of many pelagic species extend northward beyond the Aleutian passes into the
Bering Sea, so that local changes further north may reflect, to some extent,

fluctuation in recruitment of organisms from the western Gulf.




B, Methods

To the extent possible, archived samples and raw data from reports g&

(published or unpublished) which are deemed relevant to the tasks described -
above will be submitted according to acceptable format for OCS shorage and
retrieval, I do not intend to process or reprocess all the old plankton sam=
ples previously collected in the Bering Sea and now stored in various insti- b
tutions and laboratories around the country. In instances where I can deter- &%
mine that samples now on hand are appropriate to the understanding of the
tasks as listed, collections will be accepted for sorting and identification,

The field program described here, and the subsequent analysis of datq
has its basis in the powerful statistical proceedure of Analysis of Variance, &g
In the generalvsense I plan to randomly sample specified (fixed) spatial —

strata on a periodic basis. My sampling error will be estimated from a sub=
set of replicated (time and space) observations selected from all strata and

perlods; gear types will be treated seperately. Count data (numbers per m'j

or mz) will be transformed by base 10 logarithms; a technique commonly used
to stabilize the variance in cases where standard deviations and means tend
to be proportional rather than additive.

The specific design for the two major field studies ig as follows:

1) Zooplankton and micronekton studies in the southeastern Bering Sea;

Two regions of the area will be examlned: the St. Matthews Basin, and
Bristol Bay (Fig. l1). Four subareas have been selected on the basis of
depth within each of these region for detailed study (Fig. 2). These sub-

areas Include three nearshore or coastal regimes (depths less than 50 m,
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Figure 1. Proposed sampling areas in the southeastern Bering Sea.

6
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Figura 2., Major proposad subareas in the southeastern Bering Sea.




denoted as 6, 7, and 8), central Bristol Bay (subarea 5, 50-100 deep), on
ocaeanic regime (subarea 1; > 200_ n), two shelf break regions (subareas 2
and 3; 100 - 200 m) and a ce;tral shelf area north of the St. George Basin
(subarea 4; 50 - 100 m),

Within these eight subareas, sémples will be taken using an open bongo-
net fished obliquely through the wager column between the sea surface and 10
m above the bottom; the amount of water filtered will be measured by flow
meter. Catches will be preserved in 10 percent buffered formalin and re-
turned to the University of Alaska Marine Sorting Center for processing.
The collection of these samples will be the responsiblity of NOAA techniclans
and officers who will be instructed by me or my personnel in the operation,
maintenance, and use of the bongo system at sea. The number of samples per
subarea and the time of day of sampling will be specified in each cruise
plan. Early critiques of planned OCS zooplankton work suggested levels of
effort sufficient to detect real differences of one-half order of magnitude
or more, On the basis of previous experience, between 6 and 10 observations
per subarea will likely be necessary to approach this precision on each
crﬁise. Once a sulte of witﬁin—subarea data are on hand, statistical analy-
sis will be used to evaluate the sufficiency of this design and appropriate
changes made. No fewer than four cruises (spring, summer, fall, and winter)
will be attempted,

Dielly migrating bathypelagic fishes will be sampled in the upper 75 m
of the water column by fishing a 2 m MIO Tucker trawl after dark at specified
locations. The trawl will be lowered closed to depths of interest (using

acoustic-link telemetry when possible) as determined by a portable high-
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frequency (100 kliz) echosounder, Once at depth, the net will be opened, and
then closed by messenger from éhe surface; the amount of water filter durihg
each tow will be measured by flow meter,

Sample processing will be conducted according to accepted procedures.
Since quite large volumes of water Qi;l be filtered at sea (thousands of m3)
individual catches are expected to éontain many rore organisms than can be
directly counted. These collections will first be examined in their entitety
for the obvious and usually rarer organisms (i.e. bathypelagic fishes, large
shriwps, squids, etc). Following this screening, a portion of the sample
(one=half, one-fourth, etc) will be archived for future reference., The re-
maining fraction will be sorted to remove all zooplankters except copepods
and perhaps chaetognaths. These latter taxa will be enumerated and identi-
fied in even smaller subsamples of 100 - 200 organsisums.

This techniqe provides estimates of numbers of animals per sample for
numerically dominant species, and direct counts for the larger, rarer organ=-
isms, Identification of specimens will be taken to genus and species when-
ever possible. Taxonomic verification will be coordinated with workers sam-
pling the northern Gulf of Alaska for plankton and micronekton.

2) Zooplankton and micronekrton studiesknear the edge of the seasonal
ice pack as it may occur in the Bering, Chukechi, or Beaufort Seas.

Zooplankton and micronekton will be samples directly at the ice-edge
using nets and trawls, and indirectly with a portable high-~frequency acoustic
system. Aniwals in the size range 0.3-10.0 mm will be censused with closing
1-m nets fished through selected strata between the sea bed and the surface.

The larger organisms, 10.0 - 100 mm, will be taken in opening - closing
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horizontal tows utilizing a 2 m NIO Tucker trawl positioned at depths with
acoustic~link telemetry and activated from the surface by messenger.
Levels of precision and methods for evaluating samping variability and

the adaquacy of the field and labo*atory'effort will be the same as those

v
L]

described for the bongo-net surveyiin’the southeastexn Bering Sea.

A high~frequency (100 klz) ref&rding {precision echogram; magnetic tape)

echosounder will be operated to qﬁtain quantitative sonic data for correla-

/
tion with observed animal plankéﬁn and micronekton standing stocks. Measure—
ments of acoustic volume-scabgering intensity, corrected for distance from
the transducer and gated for specific depth intervals will be the pérameter
of initial interest. Additional signal processing will be undertaken using
computer software when it becomes desirable to reduce large numbers of obser-
vations to discrete estimates ofvstanding stocks measured along continuous
traanscect adjacent to, and along the ice edge.

Organic matter pathway information describing exchange between primary
producers (phytoplankton) and pelagic grazers will be obtained from shipboard
culture experiments. Representative samples of naturally occuring plant
cells (composites from several depths or discrete portions of the water col~
unn based on chlorophyll profiles) will be incubated with subsamples of the
grazing community (from net tows) and the relative change in cell abundance

by species used as a measure of selective feeding (manual counting, or colter

counter system augmented with direct identification and enumeration).

We anticipate that between 100 and 200 stations will be occupied
during each of the four cruises each year. In addition, we expect to

take 20-50 samples in the ice.
10
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VI. Information Products

On the basis of the £2§E§ listed in section V, the following will
constitute the information content and format:

1. iﬁfﬁ species lists and désér%ptions of seasonal variations in the
diet of the principal bathypelégic fishes taken in the bongo~net survey, and
with the NIO Tucker trawl.

2. l&jﬁé; a bibliography of existing literature and availlable unpub-
lished reports concerning the transfer of primarily synthesized organic mat-
ter to pelagic grazers (this information can be listed on computer cards if
desired).

3. 5:3;; abundance per sample of all categories sorted from individual

catches. Counts to be submitted according to the VIMS code for species on

the EDS format. Analysis of variance tables describing levels of variability

for factors considered in the field and laboratory design will be available.
Correlations with environmental parameters will appear as statistical state-
ments auguéented by appropriate verbal descriptions.
4 é:%ﬁ; lists of species and size~class data for dominate phytoplank-
ters removed by specific grazers or zooplankton composites will be reported.
5. é:iaa; the locations and major envirommental factors describing egg

and larvae abundance will appear as a written statement supplemented by ap-

propriate statistical analyses.
6. A-31l; abundance per sample of all categories sorted from individual
gt

catches. Counts to be submitted according to the VIMS code for species on

the EDS format., Analysis of variance tables describing levels of variability

1
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encountered within the sampling design and the 1mportance.of selected factors
will appear in support of a written report of ihterpretation. Correlation
with measured environmental and acoustic parameters will be provided as sta-
tistical statements supplemented wi;h written descriptions.

It is understood that no later than 120 days after aquisition of the
data (defined in this project as the results of laboratory processing for
the most part) they will be entered by appropriate format on magnetic

tape;

VII, Data or Sample Exchange Interfaces

The major outside data requirement will be in the field of physical
oceanography. Charts depicting lafgeuscale current patns and seasonal ver-
tical distributions of temperature and salinity within the subareas or re-
gimes considered by this project will be required, The physiology group may
request species composition data and seasonal abundance to predict possible

influences of hydrocarbons on the pelagic community.

VIII, Sample Archiving

It 1s expected that subsamples of several hundred zooplankton and
micronekton catches will be archived by the marine sorting center or Institute
of Marine Science. Approximately 100 ftz of dry space will be requested. I
will assﬁme the responsibility for this collection during the fundiﬁg period

specified.
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IX. Schedule

No fewer than four observational periods at sea will be necessary to
meet the data requirements addreséing the tasks outlined above (section V).
I suggest that ice-edge crulses be écﬁeduled during the following periods:
l. August =~ September 1975; 2. November - December 1975; 3. March - April
1976; and 4. May = June 1976, Since the vessel must cross all, or some
portion (depending on season) of the proposed southeastern Bering Sea study
area, bongo-net samples could also be taken from accessible subareas on
these cruises. The remaining samples for the bongo-net survey will be aq-
uired on NOAA cruises of opportunity throughout the year. NOAA personnel on
each vessel operating in the study area will be instructed in the use of the
bongo-net system at sea and respénsible for obtaining samples as specified
by the cruise plan, and for shipping these samples to the University of
Alaska Marine Sorting Center, No samples will be accepted for processing
after 1 July 1976.

Data submission to EDS/NODC will follow aquisition by no later than 120
days; milestone will be identified as successfully completed cruises, and
the completion of laboratory processing of samples.

Interaction with other workers, and data bases will be through direct
correspondence or contact with the Project Data Base, EDS/NODC.

As of this date, formating of data to the necessary EDS requirement
will be handled by the Institute of Marine Science data analysls section.

The preparation of a final report will begin on 1 July 1975 and be

finalized before 30 September 1976.
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X, Equipment Requirements

The major equipment items include the acoustic-link depth telemetry

for use with the NIO Tucker Trawl, and the portable sonic data aquisition

system. Both these field support items should be available for the first
crulse in August - September and definately on line by November - December,

subject of course to the date of the final contract agreement with the

University of Alaska.

XI. Logistic Requirements

Tc successfully complete the tasks defined above (section V), the

i

following minimal logistic support must be provided by NOAA:

pre—
1. An ice-strengthened vessél capable of working in the pack-ice adja-
cent to the edge of the seasonal ice in the Bering, Chukchi, or Beaufort
Seas, This ship must be able to routiﬁely set and retrieve vertical plankton e
nets (metered wire; 1 m/sec retrieval speed; A-frame or boom lift of 15 feet %i;
above any working deck) and NIO Tucker trawls and bﬁngOMnets. The latter T
two types of gear must be lowered with the vessel underway (3-4 knts), fished .
horizontally or obliquely, and then retrieved with way on. o
2., A filtered and regulated 110 V-ac power supply available for opera-
tion of acoustic equipment.
3. A seawater hose to rinse nets after towing and to cool incubation
facilities for on-deck experiments.
14 —
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4, Approximately 100 ftz of storage space for samples and gear used
during cruises.
5. Approximately 10 ft2 of dry bench space to setup and o} _.:2 the

acoustic system.

| TRIG

6. Permissioﬁ to tow underwﬁy, or lower on station, sonic transducers,
7. Appropriate winches and boomé or A-frames on other vessels operating

in the southeastern Bering Sea capable of handling the bong~net survey

throughout the funding period. s
The Institute of Marine Science will arrange travel, shipping and other

logistic support. ) '

e e
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ALASKA MARINE ENVIRONMENTAL ASSESSMENT PROGRAM b////,
WORK STATEMENT (Research Unit #156/164e)

Title:

Phytoplankton Studies

'Principa1 Investigator: Dr. Vera Alexander

Professor of Marine Science
Institute of Marine science
University of Alaska
Fairbanks, Alaska 99701
(907) 479-7210

SS#: 099-26-1788

Geographic Area and Inclusive Dates:
Bering Sea April 1, 1975 - Sept 30, 1976

Cost Summary:

FY 1975 FY 1976
through June 30, 1975 - July 1, 1975 through Sept 30, 1976
$27,214 $225,501

Proposed Research:
A. Background and objectives

The proposed study satisfies the needs, in part, of A-22 and A-23,

and addresses specifically Task A-24. It also relates closely to
Task A-31. —

The Bering Sea is well known as an area of high biological
production that supports extensive commercial fisheries as

well as large populations of marine birds and animals. Certain
aspects of the oceanography and production of the Bering Sea have

been studied thoroughly, principally physical and geological areas.

On the other hand, primary productivity and biological cycling
studies have been meager, and in all aspects, the ice-free season

of the year has been studied most intensively. What little is known

of the Bering Sea in winter and early spring suggests that it is
extremely important in the annual cycle of biological production
(McRoy, et al, 1972; Irving et al. 1970; Burns 1970). Studies of
phytoplankton productivity have been surprisingly sparse, such

that to date no comprehensive data exists. Available.productivity

information for both ice and water communities has been reviewed
by McRoy et al. (1972). An aspect which will be also considered
because of its importance to primary production is nutrient dis-
tribution, especially near the ice edge, but also including the

role of sediment in supplying nutrients during the summer season.
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This appears to be of major importance to primary production in
the shelf area. Dr. William Reeburgh has agreed to cooperate in
the latter aspect.

In order to meet the task objectives, seascnally distributed
cruises must be manned which will investigate distribution of
phytoplankton species in the ice-edge region, both in the water
column and within the ice itself, to determine the photosynthetic
rates and efficiencies of these populations, and their role in the
food chain through studies of transfer of the newly-produced
organic matter to the next trophic level. Nutrient distribution
and release from sediment is as essential component. Some bioassay
work is also to be involved. These cruises must concentrate on
intensive sampling and experimentation with sufficient areal scope
to allow estimation of patchiness and overall regional significance.

By 30 September 1976, the resuits of a complete year-round study
should be available. This will approach fulfillment of the study
needs, but will not allow estimation of year-to-year variations in
regime. Such estimations are essential if potential impact becomes

a problem, so that normal variation can be separated from the

effects of stress. However, five cruises should have been completed,
and the results finalized by that date.

Research closely related to the phytoplankton work is not being carried
on at present, with the exception of the study carried out by Drs.
Alexander, Cooney, and Barsdate on Bering Sea primary production
processes under the sponsorship of the national Science Foundation.
This is a fundamental process study of zooplankton-phytoplankton
dynamics. The methodology, of course, is closely correlated with
some of the techniques to be used in this present study. Some of
the methodology was developed in a recently completed study on ice
production in the Chukchi Sea (Clasby et al. 1973). Other research
on ice-related production has recently been carried out in Antarctic
waters by Bunt and his coworkers.

In one of the earliest studies of primary production in the Bering
Sea, Holmes (1958) reported that the highest values for the North
Pacific Ocean occur in the eastern Aleutian Islands in what we now
know to be an upwelling area. In more recent work near the central
Aleutian Islands McA11is§er et al. (1968) found the expected low
winter rate of 38 mg C/m“-day. Taniguchi (1969) has completed the
only widespread study. He found that the highest rates in summer
occurred in the south central baséns; productivity in the Bering

Sea ranged from 160 to 630 mg C/m"-day depending on the region,

(Fig. 4). Dawson (1965) presented data obtained on five cruises

from 1959 to 1962 in the northern Bering and Chukchi seas. Physical
and chemical data are included along with measurements of chlorophyll a
values were for stations located in, and just south of, Bering Strait.
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In previous studies condycted by the University we have found
rates as high as 4 g C/m~-day in Bering Strait in summer; this
rate compares with the highest values ever reported for the world
ocean.

Based on our current understanding of the region, production
apparently begins with a spring bloom of non-planktonic algae that
develop in the sea ice sometime in February or March. The few
centimeters of sea ice can have a standing stock equal to the
entire water column in summer. The bloom in the ice is followed by
a phytoplankton bloom in the water column which occurs in March in
the Aleutians but not until late May or early June in the northern
sea. The bloom appears to move north with the receding ice edge.
Throughout the shallow Bering Sea, moderate rates of production
apparently persist during the summer (the one cruise of Taniguchi
provides the only available published data). However, during a
cruise of the R/V ALPHA HELIX in June and early July 1974, we found
very lTow primary productivity rates over large areas of the Bering
Sea shelf.

The phytoplankton community in the Bering Sea has not been
adequately described in terms of species composition or standing
stock. Mann (1925) reported on the diatoms found in four samples
collected at Cape Romanzof, Teller, and Port Clarence. Many of the
species he Tisted were not planktonic forms, but were collected
from the bottom during dredging operations. More recently, Motoda
and Minoda (in press) have listed the phytoplankton species they
fou?d in material collected on cruises of the Oshoro Maru from 1956
to 1970.

The species composition of the ice community in the Bering Sea .

has received 1little attention, although the assemblage of organisms
that Tive in the sea ice has been described in detail from the
Antarctic (Bunt and wood 1963) and from Point Barrow, Alaska (Meguro
et al. 1966, 1967; Horner and Alexander 1972 and unpublished
observations). In addition, the Barrow ice community has been studied
in detail in terms of primary productivity, nutrient and salinity
regimes, seasonal distribution and cholorophyll a concentrations
(Clasby et al. 1972, 1973, and unpublished observations).

Methods

Currently available data will be incorporated into the analysis

of the results of the field work to be undertaken. This includes
data currently in the files of the principal investigator which

has previously not been synthesized, and also some unpublished

data in the possession of Dr. J. J. Goering. The initial portion

of the project was intended to devote some time to the synthesis of
available published and unpublished primary productivity data for
the Bering Sea, but involvement in the May DISCOVERER cruise has

not allowed time to initiate this work at this time, and. it may not
be practical to approach this aspect until Tater in the fall of 1975.
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The sampling scheme will involve quarterly cruises in the Bering
Sea, emphasizing the ice edge at suitable times of year, but
especially in the spring and early summer. Sampling at the ice
edge will be in zig-zag transects to and away from the ice edge,
as well as sampling of the under ice community during the ice-
covered period. The methods of sampling are well established, and
involve simple hydrocasts at each station. A1l phytoplankton
organisms will be counted and identified, and the total complement
of phytoplankton will be included in all the experimental work.

Phytoplankton will be preserved in Lugol's solution for counting

by the inverted microscope method of Utermohl (1958) following
sedimentation. Primary productivity will be measured by the

Carbon-14 method using tecques similar to those described in
Vollenweider (1969). Chlorophyll a will be measured using the
spectrophotometric method as described in Strickland and Parsons
(1968). C, H, and N will be dtermined by filtering aliquots of

sea water through precombusted glass filters and drying the filters,
and analyzing them upon return to the laboratory. Samples for

these determinations will be taken as aliquots of single Niskin

bottle casts taken at discrete intervals through the water column.
Nutrient samples will be taken from selected stations, filtered

and frozen for subsequent analysis using out automated techniques.
Nutrient analysis will be carried out using standard automated

methods currently in use in our laboratory. Dissolved oxygen will
also be determined at selected stations using the Chesapeake

Bay titration method. For routine stations in most cruises, fluorometric
methods will be used for pigment analyses on shipboard, and samples
will be returned to the laboratory (frozen on glass filters) for
pigment analysis using aceton extraction and scanning spectrophotometry.
For studies of ice algae populations, either SIPRE cores will be
taken, the cores returned to shipboard and carbon-14 incubations
carried out under low light conditions, on deck, or alternatively

and ideally, divers would collect cores on a transect under the ice
away from the edge, and these cores would be handled in a similar
manner. Pigment concentration determinations will be done on the core
material also.

For studies of nutrient-sediment relationships, rates of nutrient
uptake near the water-sediment interface will be measured using

tracer techniques and the utilization rate determined, which must be

of the same order of magnitude of the total supply rate. Cores will

be taken using a Benthos gravity corer, the interstitial water
extracted by core squeezing and nutrient determinations carried out

on the water recovered. From this, along with estimates of

diffusion rates, the potential for the sediment to satisfy the

nutrient requirements can be estimated. This is an approach to
understanding why mid-summer plankton activity seems to be confined

to the area immediately above the sediment, where active photosynethesis
is carried on under extremely Tow Tight conditions. Since the nutrient
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levels in the water column are extremely low at this time, it is
reasonable to assume that a source of nutrient exists near the
bottom and is responsible for this regime. This is relevant since
such exchange of nutrients would be subject to perturbation by
pollutants and dredging activity.

Grazing experiments will use labeled phytoplankton (14C or ]SN) to
determine assimilation rates by selected size classes of zooplankton
in the water column (see work plan submitted by Cooney).

Bioassay work will involve long-term incubation (greater 