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Executive Summary

In summer 1991. BP Exploration (Alaska) Inc.
(BPX) and LGL Alaska Research Associates, Inc.
(LOL) initiated a study of secondary productivity in
impoundments in the Prudhoe Bay oil field. Benthic
invertebrates in impoundments and natural ponds were
compared to see if the two were similar in biomass and
species diversity. A literature review was conducted to
evaluate waterbird use of natural and artificial wet
lands on the Arctic Coastal Plain and elsewhere, and to
identify those wetland characteristics that most influ
ence invertebrate availability.

Five impoundments and five natural ponds were
chosen for invertebrate sampling. Impoundments and
ponds were less than 0.5 ha in size. Impoundments
ranged in age from 10 to 20 years. Invertebrates were
sampled in June. JUly, and August at each of these ten
water bodies. Within each water body. three micro
habitats were sampled: unvegetated margin, emergent
vegetation at the margin, and bollom substrate near the
center. Biomass analyses ultimately were conducted
on six water bodies (three pond and impoundment
pairs) and taxonomic analyses were conducted on two
water bodies (one pond and impoundment pair).
Analyses were conducted on samples collected during
June and August only.

Results of the study are as follows:

• Mean chironomid biomass declined and mean
oligochaete biomass increased between June
and August for all ponds and impoundments
combined. Changes in dry weight biomass were
not significant, however.

• In June and August, the mean biomass of both

chironomids and oligochaetes was significantly
greater in samples collected from impound
ments than natural ponds.

• Seventeen chironomid taxa were collected from
the GC-2 impoundment and 13 from the GC-2
pond'j Of the 23 total identified taxa, 10 (43%)
were found only in the GC-2 impoundment,
whereas 6 (26%) were found only in the GC-2
pond. Seven taxa were common to both water
bodies. Numbers of taxa declined markedly at
both the GC-2 pond and impoundment in
August compared with June.
At the GC-2 impoundment, Chironomus larvae
dominated in both abundance and biomass
during the June sampling period. Because of
their large size relative to other chironomid
larvae, larvae of the genus Chironomus may be
particularly important as a potential food for
waterbirds on the Arctic Coastal Plain. The
abundance of Chironol/lus larvae declined in
August relative to the larvae ofother chironomid
genera.
Collectors (chironomids feeding on fine organic
maller) comprised 60.8% and 78.5% of all
identifiable chironomids collected from the GC
2 pond and impoundment, respectively. during
June. Predators (chironomids feeding on living
animal tissue) were the most important feeding
group at the GC-2 pond in August. making up
55.2% of all chironomids. Collectors declined in
importance during August to 32.7% of total
larvae collected at the GC-2 pond. At the GC-2
impoundment in August. however, the pcrcenl-
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age distribution of chironomids within major
feeding categories was almost identical to that
observed in June.

• Impoundments had a greater amount of emer·

gent vegetation, but also had deeper water at the
center, steeper shoreline gradients, and less
exposed sediment at the periphery in late
summer than natural ponds.
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Secondary Productivity of Impounded Wetlands
in the Prudhoe Bay Oil Field:
Implications for Waterbirds

INTRODUCTION
Within oil fields in arctic Alaska, water im

pounded beside gravel roads and pads constitutes one
of the major human-induced landscape disturbances in
terms of acreage affected (Walker et al. 1987). Because
a major environmental protection goal of the U.S. Fish
and Wildlife Service is "to maintain overall wildlife
habitat productivity" (FWS 1989), scientislS and
agency personnel have voiced concern about the po
tential negative effeclS of impoundmenlS on wildlife
popUlations, and optiOns for mitigating negative ef
feclS are being considered.

One potential option for mitigation is to modify or
rehabilitate impoundmenlS rather than drain them. For
rehabilitation plans to be successful, they must be
based on a knowledge of how wildlife populations are
affected by impoundmenlS. At present, this knowledge
is inadequate for making effective decisions about re
habilitation. To meet the need for more information,
LGL, under contract to BPX, initiated, in June 1991, a
program to study secondary productivity in impound
menlS as one measure of their potential value as
waterbird habitat

Impoundments
Although jurisdictionally the entire North Slope is

considered "wetland," in this repon, weI/and refers to a
class or type of water body (e.g.. impoundment 01 natu
ral pond) unless stated otherwise. We define impound
ments as ponds created by anthropogenic alterations to
the landscape surface. Within the Prudhoe Bay oil
field, most instances of impounded water occur where
gravel roads and pads block drained thaw-lake basins
or other low-lying areas (Alexander and Miller 1978,

Brown et aI. 1984, Walker et aI. 1986, Walker et aI.
1987).

The amount of acreage flooded by impoundmenlS
usually peaks as snowmelt ends around mid-June. In
the Prudhoe Bay oil field, many of the flooded areas
drain by mid-summer after ice in road culvens thaws
and surface run-off rates subside (Alexander and
Miller 1978, Klinger et aI. 1983, Walker et aI. 1987).

In temporarily flooded areas and in shallow, per·
manent water bodies, enhanced primary production is
often the most noticeable effect during the growing
season (Klinger et aI. 1983, Walker et al. 1987). Coin
ciding with increased primary production is a deep
ened thaw in summer (Walker et aI. 1987). Increasing
depth of thaw in impoundmenlS often leads to some
level of thermokarst (i.e., subsidence caused by melt
ing of ice in soils).

Temporary and permanent impoundmenlS to
gether account for a major proponion of the acreage
disturbed in the Prudhoe Bay region. For example, in
an intensively developed part of the Prudhoe Bay oil
field, impoundmenlS covered nearly 20% of the land
scape, compared with II % covered by gravel roads
and pads and 35% covered by all kinds of disturbances
combined (Walker et al. 1986). In the Prudhoe Bay oil
field as a whole (total area = 300 kID' or 186 mi'), 2.8%
of the total area was reponedly covered by impound
ments (Walker et al. 1987), compared with about 2%
(Senner 1989) to 4% (Walker et al. 1987) covered by
gravel.

OBJECTIVES
This study addressed two major objectives:
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(f) Conduct preliminary sampling ofbenthic
Invertebrates In Impoundments and In natural
ponds that resemble Impoundments.
The purpose of invertebrate sampling was to deter

mine if the faunal groups of benthic invertebrates im
portant as food sources for birds are different in
biomass or diversity between natural ponds and im
poundments.

(2) Evaluate the literature on waterbird use of
Impoundments and natural ponds.
The purposes of the literature review were (l) to

summarize studies comparing invertebrate productiv
ity and waterbird use of natural and artificial water
bodies, and (2) describe waterbird food habits and use
of natural water bodies on the Arctic Coastal Plain of
Alaska. The review provided a framework for evaluat
ing those characteristics of water bodies that most in
fluence invertebrate productivity, and through an
understanding ofhow birds use natural water bodies on
the Arctic Coastal Plain, a basis for recommending fu
ture mitigation techniques for impoundments with
similar attributes.

BACKGROUND AND RATIONALE
Few investigators have studied the ecological ef

fects of impoundments. The relevant studies that have
beendOlle (Troy 1982, 1983, 1985; Pollard et at. 1990)
suggest that impoundments may have varying effects
on waterbird species, depending on the species and the
type of use in question (Table I). Some species appear
to avoid impoundments; a few others apparently are
allracted to them, and others may be affected very little
by their presence.

An accurate determination of the value of wet
lands to waterbirds by direct measurement of levels of
bird use is often difficult because of methodological
problems. These plOblems are particularly apparent in
arctic Alaska, whele levels of bird use may be both low
and highly variable in time and space (Troy 1982,
1983; Pollard et aI. 1990). Thus, researchers often re
sort to measures of primary (i.e.. plant) productivity
(Truett aud Kertell 1992) or secondary (i.e., inverte
brate) productivity as indicators of the value of a habi
tat (or wetland type) to waterbirds that consume plants
or invertebrates (Howard 1974, K10patek 1988, Truett
and Kertell 1989).

Existing data suggest that primary productivity in
arctic impoundments may be equal to or greater than
that in similar-sized natural ponds, but there are almost
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no comparable data with respect to invertebrates.
Aquatic invertebrates are particularly suited for use in
environmental impact assessment because of their high
species diversity, wide occurrence, and importance in
the functioning ofnatural ecosystems (Rosenberg et aI.
1986).

Invertebrate productivity may be particularly im
portant in arctic water bodies, because high levels of
animal protein are required by breeding waterbirds
(Weller 1988). Female waterfowl, for example, con
sume a high proportion of invertebrates. The highly di
gestible sources of protein and energy, and essential
amino acids, contained in invertebrates are thought to
be essential for egg laying and incubation (Serie and
Swanson 1976, Swanson et at. 1979). Invertebrates are
also important to ducklings, which depend on foods of
high energy and protein quality for rapid growth and
feather development early in life (Driver et at. 1974).
Few duck species are able to acquire substantial ener
getic or nutritional resources from consumption of
plant material alone during these nutritionally demand
ing periods (Fredrickson and Reid 1988).

Both the zooplankton and the benthic inverte
brates of arctic ponds are consumed by birds (Wetzel
1983, Hobbie 1984), but we measured only the latter.
Benthos populations tend to dominate the biomass
(Butler et at. 1980), and they are temporally and spa
tially less variable in abundance than the zooplankton
(Hobbie 1984). The abundance and stability of the
benthic populations insure a more dependable food
source for birds (Butler 1982a) and result in less effort
required for investigators to adequately sample the
benthos and to interpret the results.

Among arctic freshwater benthos, the larvae of
midges (Chironomidae) dominate the diversity as well
as the biomass (Butler et at. 1980, Hobbie 1984). They
are consumed in abundance by pond-feeding shore
birds (Holmes 1966) and waterfowl (Krapu and
Swanson 1975, Swanson et at. 1979, Taylor 1986). For
these reasons this project focused on chironomids.

Most large chilOnomid species in arctic ponds
have a seven-year life cycle (Butler et aI. 1980), which
is one reason their abundance is temporally stable.
Smaller chironomid species require about four years to
mature (Butler and Anderson 1990). The older life
stages of the larvae of large species undoubtedly plO
vide the majority of food for birds, because younger
larvae are too small for many of the bird species to feed
plOfitably upon them (Holmes 1966). Total annual
productivity of pond invertebrates is largely a conse-
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Tabla 1. Rasponses ofbirds to impoundmants in Arctic Alaska (adaptad from Pollard at a/. 1990).

Animal Group
or Species

All shorebirds tested
exceptSentipabnaWd
Sandpiper

Nalure and Timing or
Animal

Response

Sightings less numerous
on impounded side of
road

Location and Kind Inrormation
of Impoundment Source

Roadsides with and without Troy 1982
impoundments. West Dock
Road, Prudhoe Bay oil
field

How Documented

Paired plot censuses

All shorebird nests Total nests less numerous Temporary and pennanent Troy 1982 Paired plot censuses
in roadside areas with impoundments. near West
impoundments than Dock road, Prudhoe Bay
without oil field

All waterfowl species Sightings more numerous Roadsides with and without Troy 1982 Paired plot censuses
tesWd and on impoundment side of impoundments, West Dock
SernipalmaWd road Road, Prudhoe Bay oil
Sandpiper field

Lesser Golden-Plover. Avoided impoundments Temporary and pennanent Troy 1983 Seasonal abundance in
SernipalmaWd and Buff- impoundments beside West 50 x50 grid units;
breasWd Sandpiper. Dock gravel roads. Prudhoe statistical comparisons
Dunlin Bay oil field

Northern Pintail, King AttracWd to Troy 1983 SeasonaJ abundance in
Eider. Red-necked impoundments 50 x 50 grid units;
Phalarope statistical comparisons

Most shorebirds and Apparent avoidance for Impoundments (mostly Troy 1985 Plot censuses
waterfowl nestinJ:: permanent) along West

Dock Road. Prudhoe Bay
oil field

All waterfowl Sightings more numerous Impoundments (mostly Pollard et al. Seasonal abundance in
in impoundments than permanent) in Prudhoe 1990 study plots containing
natural ponds; sighlings Bay, Kuparuk, and entire waterbody or
more numerous in Endicott oil fields portion of waterbody;
impoundments with statistical comparisons
Arclophila than those
withoUl

quence of the sununertime growth of these older life
stages of chironomids (Butler et al. 1980).

Thee principal habitats for chironomids were
identified in tundra ponds: pond centers. pond margins,
and wnes of emergent vegetation (Butler et al. 1980).
Pond centers and margins usually are unvegetated
habitats consisting of fine. unconsolidated sediments
and irregularly spaced peaty sediments. respectively.
Sediments in stands of plants along the shore support a
fauna similar to that in sediments in pond centers, but
in addilion have a number of Orthocladiinae
(Psec/roc/adius, Cric%pus) (Butler et al. 1980). In
wnes with emergent plants in nalural ponds near Bar
row. midges of the genera CoryllOneura.

Para/any/arsus. and Tricho/anypus were common. as
were caddisOies of the genera Limnophilus and
Macrasemll and stoneOies of the genus Nemoura. In
the centers of the ponds, the dominant benthic animals
were midge larvae of the genera Chironomus.
Proc/adius. and Tany/arsus (Hobbie 1984). Different
bird species often feed in different combinations of
these chironomid habitats. These habitat types also oc
cur in impoundments at Prudhoe Bay (pers. obs).

STUDY AREA
Sites selected for study were located in the

Prudhoe Bay oil field (Figs. 1-4). These sites were of
two kinds: impoundments and natural ponds. Natural

3
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Table 2. Characteristics ofponds and impoundments used for invertebrate sampling at Prudh08 Bay, Alaska. Ponds and
impoundments used to determine invertebrate biomass are shaded.

Amt or EmergeDt Exposed SedimeDt Mean Shoreline MeaD Water
Water VegetatioD (% or oD 13 August Gradient Deptb at CeDter
Body Area (ba) Age (years) total sboreliDe) (% or total area) (D-3) OD 13 Aug. (D=5)
Pair Pood Imp. Pood Imp. PODd Imp. PODd Imp. PODd Imp.' PODd Imp.

50 29° 8cm 75em

4° 21· 16el11 • 43 em

4 0 2· 16em 10em

CC-2 0.21 0.15 18 10 40 10 0 6° 11" 22 em 56em

H-Pad 0.23 0.25 20 10 60 16 0 4° 18° 15em 40 em

*For impoundments., shoreline gradient was measured adjacent to gravel roads and pads only.

ponds were chosen because we wished to compare
their secondary productivity with thai of impound
ments. Characterislics of sludy locations are provided
in Table 2.

Ten impoundments were selected prior to the field
season using a 1984 map showing impoundmenlloca
tions and dates of frrst appearance in the oil field
(Lederer et aI. 1984). All sites were situated upslope
from roads where no water body existed prior to road
construction. Large-scale color infrared (CIR) photo
graphs taken in late summer of 1989 and 1990 were
used to delermine which of these impoundments were
likely to still be presenl in 1991.

Five impoundments were chosen for sampling
during a visit to the field on 19 June 1991. Sites were
chosen according 10 the following criteria: (I) water
permanence, (2) presence of an unvegetated center
with some emergent vegetation growing at the margin,
(3) lack ofresident fish (water bodies without fish have
a greater abundance and richness of iDvertebrates; at
Barrow, fish are present only in waters deeper than 1.7
m), and (4) availability for sampling in late June. To
eliminate potential differences in secondary productiv
ity that might result from differences in soil type, only
impoundments located in alkaline (versus acidic) soils
were selected for study. The distribution of alkaline
and acidic soil types was determined using a soils map
provided in Walker et aI. (1980). Only water bodies
less than 0.5 ha in size met the above criteria. Selected
impoundments ranged in age from 10 to 20 years
(Table 2).

A natural pond near to each of the five impound-
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ments and similar with respect to surface area and mi
crohabitat features (i.e., having an unvegetated center
and emergent vegetation at the margin) was then se
lected. Although natural ponds were used for compari
son with impoundments, they were sometimes slightly
different in size. These differences resulted from our
inability to accurately determine the boundaries of im
poundment basins in early summer when adjacent
roads and pads blocked the movement of spring runoff
and caused temporary flooding.

METHODS

Data Collection
Invertebrates were sampled in June, July, and Au

gust. The June period (21-23 June) was selected to
provide biomass estimates before emergence of adult
insects, the July sampling period (16-17 July) was in
cluded to provide mid-season biomass estimates, and
the August period (13-14 August) was selected to pro
vide biomass estimates after emergence and dispersal
of most adult insects and after peak of predation by
birds on remaining larvae.

Within each water body, three microhabitats were
sampled: unvegetated margin, emergent vegetation at
the margin, and bottom substrate near the center.
Macroinvertebrates were collected using a Wildco-Ek
man grab fitted with a custom-fabricated 18-inch-tall
sample chamber. The modified chamber enabled us to
sample emergent vegetation and unvegetated boltom
sediments using the same sampling device, thus staD
dardizing the volume of sediments collected at each
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habitat type.
During each sampling period, six grab samples

were collected from each habitat This resulted in an
overall total of 540 samples (10 water bodies x 3 sam
pling periods x 3 habitat types per water body x 6 grab
samples). Samples were washed in the field using a
Wildco wash bucket (Cat No. 190) with a brass wire
cloth bottom (No. 30 mesh). Remaining sediment and
organisms were placed in plastic bags and preserved
with 5-10% formalin. At the end of each sampling pe
riod, samples were packaged in 3.5- and 5-gallon plas
tic buckets and shipped to Bryan, Texas, where LGL
maintains laboratory facilities.

Additional information collected during each sam
pling period included water temperature (pocket ther
mometer)' conductivity (Hanna Model 0661-40
Dissolved Solids Tester), pH (Hanna Piccolo), and wa
ter and thaw depths (metal metric rule). Amount of
emergent vegetation, shoreline gradient, and the distri
bution and extent of exposed shoreline were recorded
at each water body during the final sampling period
only.

Surface area, amount of emergent vegetation, and
extent of exposed sediment were determined for each
water body using an electronic digital planimeter and
large-scale (1"=100') CIR photographs. These esti
mates were made from CIR photographs taken on 13
August 1991. Shoreline gradient was measured with a
metric rule.

Sample Analysis
tn the laboratory, samples were rinsed through a

O.5-mm mesh sieve to remove as much sediment as
possible. The remaining material was examined using
a binocular dissecting microscope, and all
macroinvenebrates were removed and counted. Of the
540 samples collected, 90 were scheduled to be used
for taxonomy and 450 were scheduled for use in the
biomass analysis.

After initial soning and weighing, it was deter
mined that only chironomids and oligochaetes were
abundant enough for biomass analyses. Thus, pond
productivity was based on biomass estimates for these
two groups. The cost of determining biomass values
for remaining taxa was too high considering their low
numbers. Numbers of invenebrates by major taxa col
lected from ponds and impoundments are provided in
Appendices A-F. To obtain biomass estimates. chi
ronomids and oligochaetes were oven-<lried overnight
at 60°C and weighed on an analytical balance to the

Me/hods

nearest 0.000I g. Biomass values are provided in Ap
pendices G and H.

For identification, chironomid larvae usually were
mounted on slides and examined through a microscope
at magnifications ranging from 100 to l000x. The slide
mount provided a permanent archive or'voucher speci
men for each identification. Larvae were identified to
the lowest practical taxonomic level using references
listed in Appendix t.

The following procedure was used to prepare per
manent slide mounts for chironomid identification:

I) Specimens preserved in 70% alcohol were
blotted dry and placed in a drop or two of
CMCP-IO high viscosity, colorless. mountant
(Catalog #16300, Polysciences tnc.,
Washington, PA) on a standard microscope
slide.

2) A small scalpel was used to cut off the head
capsule, if the entire larvae could not be
positioned vertical side up. The head capsule
and posterior end of the abdomen were most
imponant for identification.

3) The head capsule (positioned vertical side up)
and body were covered with a cover slip
(usually 15 or 18 mm in diameter), and the tips
of forceps were used to apply enough pressure
to the head capsule to spread mouthparts,
antennae, etc. so they would be visible.

4) Each slide was labelled, placed on a fiat surface
to dry overnight, and checked periodically to
remove air spaces.

Change in Scope of Sample Analysis
A common obstacle to including benthic

macroinvenebrates in monitoring and impact assess
ment studies is the high cost in labor associated with
separating specimens from collected substrate and then
identifying them (Jackson and Resh 1989). This
proved to be the case for this study. The time and cost
required for sample analysis far exceeded expectations
because I) samples were considerably richer in inver
tebrates than was anticipated based on published infor
mation and a conversation with M. Butler (pers. comm.
1991), and 2) the amount of substrate from which the
invertebrates were soned was much greater than ex
pected.

Consequently. a revised plan was submitted that
included the following recommended changes in
scope:
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Secondary Produclivity of Impounded Wetlands in lhe Prudhoe Bay Oil Field: Implicaliomfor Walerbirds

1) Analysis of invertebrate samples from six
water bodies instead of ten. The six water
bodies selected were P-Pad. GC-2. and E-Pad
ponds and impoundments. These pairs provide
good spatial representation of the study area.

2) Analysis of samples from only two sampling
periods (June and August).

3) Analysis of three samples per habitat for
biomass determinations. for a total of 108
samples (6 water bodies x 3 habitats per water
body x 3 samples per habitat x 2 sampling
periods).

4) Analysis of one sample at each of two water
bodies (GC-2 pond and impoundment pair) in
June and August for taxonomy, for a total of 12
samples (2 water bodies x 3 habitats x 2
sampling periods). This reduction was
necessary because of the high cost of
taxonomic analyses compared to biomass
analyses.

Data Analysis
One-way analysis of variance (ANOVA) and or

thogOllal contrasts were performed onchironomid and
oligochaete biomass data. Data were lraIlSformed
[In(x+l») based on results of Bartlett's test for homo
geneity of between-group variances which indicated
inequality oI"ariances aI1lOl'Ig ~ilQQics..Tbe w;.:.QI;
..11• .,,,a' COIllraSlS allowed one ClllllIast per degree
of freedom for group sources of variance (see
Pequegnat et at (1990) for a description and sample
calculation]. Each contrast was stated as an hypothesis
which could be tested statistically. Hypotheses are
listedbelow. Analyses were conducted using SYSTAT
SlaIi5lical software (SYSTAT. Inc.• Evanston. IL) in
sIaUcd on a Macintosh llcx computer.

HOI = There are no significant differences in
chironomid and oligochaete dry weight
biomass between early and late summer
for all water bodies combined.

Ha..r.-'"lbere are no significant djffermces in
, . 'H.mjd aDd flli&J. Is C'C dry weight

biomass between ponds ~ impomvL
ments in early or late summerfor all wafer

bodies combined.
Ho, = There are no significant differences in

chironomid and oligochaete dry weight
lJiomass between pond a:alCrs and pond
edges (margins aDd OIICigent ''''1:r'talioa

6

habitats) in early or late summer.
Ho. = There are no significant differences in

chironomid and oligochaete dry weight
biomass between impoundment centers
and impoundment edges (margins and
emergent vegetation habitats) in early or
late Summer.

Ho, = There are no significant differences in
chironomid and oligochaete dry weight
biomass between pond margins and pond
emergent vegetation habitats in early or
late summer.

Ho. = There are no significant differences in
chironomid and oligochaete dry weight
biomass between impoundment margins
and impoundment emergent vegetation
habitats in early or late SUmmer.

Chironomid genera were assigned to differenttro
phic groups according to a system described in Merritt
and Cummins (1984) and from information in Butler et
aI. (1980). In this system. organisms were classified as
collectors. predators. shredders. and scrapers accord
ing to tbeir method of feeding and their dominant food
(Table 3).

Waterbird Use of Wetlands
Qn t.b.ll. A&coW:. Caillital Plain

The importance of wetland diversity in satisfying
the annual needs of waterbirds is widely recognized
(Swanson et aI. 1979; Weller 1988. 1990). Water bod
ies of different sizes and depths are unique in tenns of
plantlife-forrns. composition of the invertebrate com
munity. and the seasonal succession of invertebrates
(Swanson et at 1919. Weller 1988). Birds are wide
ranging vertebrates that link different water bodies
spatially by responding to asynchronous changes in
levels of aquatic invertebrate abundance, biomass. and
perhaps nutritiOnal quality (Weller 1988. Kaminski
aDd Prince 1981).

We reviewl:d!be resu1ls of previous studies to bet
ter tmderS'and bow and when different natural water
bodies on !be Arctic Coastal Plain are used by
wau:dlirds.. For !his review we chose only studies that
used llcommon wetland Classification system. that de
veloped by Bergman et at (1977) for use at Storkersen
Point aDd subsequently used to evaluate water bodies
in the National Petroleum Reserve-Alaska (NPR-A)
by Derksen et al. (1979) and Taylor (1986). Common
use of this system provides a preliminary framework



Methods

Table 3. Dominant foods, feeding methods, and food sizes oftrophic feeding groups used to cfassify chironomids
at Prudhoe Bay, Alaska.

Feeding Group

Collcctors

Predators

Sluedders

Scrapers

Dominant Food

Decomposing fine
organi~ matter

Living animal tissue

Living plant tissue

Decomposing plant
tissue (coarse organic
matter)

Periphyton (algae
attached to a substrate)

Feeding Method

Filleren;
(water column feeders)

Gatherers
(sediment or water surface
feeders)

Carnivores

Herbivores

Detritivores

Herbivores

Size or Food
(microns)

for evaluating studies at several Arctic Coastal Plain
locations and extrapolating results to Prudhoe Bay.

The Bergman system describes eight wetland
classes based on size, water depth, emergent vegeta
tion, basin geomorphology, and water chemistry. Ii
does not include terrestrial habitats or areas with satu
rated soils. An important criterion in the system is the
presence or absence of Carex aquatilis or Arctophila
julva, the dominant emergent plants in these wetlands.
The eight wetland classes are described in Table 4.
Natural ponds selected for our study were Shallow
Carex (Class II) ponds according to criteria described
by Bergman et al. (1977). They are shallow (less than
30 cm in depth), have a gently sloping shoreline, and
contain emergent C. aquarilis around an open central
zone.

Several species of invertebrate-eating birds con
sidered common at Prudhoe Bay were chosen to evalu
ate use patterns relative to these wetland classes.
Patterns of use were based on information from
Bergman et aI. (1977), Derksen et aI. (1979). and Tay
lor (1986), but use summaries were sometimes supple
mented with information on food habits from other
sources when such information was important to the
discussion. Species were grouped into management
guilds. A guild is a group of species that exploit re
sources in a similar way (Root 1967); a management
guild is a group of species that respond in similar ways

to anthropogenic changes to the environment (Verner
1984). These guilds encompassed a range of foraging
patterns and simplified discussions of how different
waterbirds used wetland types in the breeding season.

Three management guilds were identified based
on similarities in food type and the way food is cap
tured: I) divers [Oldsquaw (Clangula hyema!is).Pa
cific Loon (Gavia pacifica), King Eider (Soma/eria
spec/abilis), and Spectacled Eider (Soma/eria
jischen1]. 2) surface-feeders [Northern Pintail (Anas
acuta)], and 3) waders (shorebirds). We recognize that
guild affiliations may not always be mutually exclu
sive; for example, divers frequently feed on inverte
brates at the water surface during summer. Sixteen
percent (n;70) and 17% (n;248) of the Oldsquaws ob
served feeding during summer at West Long Lake and
Storkersen Point, respectively, fed on or near the sur
face without diving (Taylor 1986). At Storkersen
Point. young King Eiders dived readily, but adults
were observed diving on only three occasions (n;131);
feeding by adults was almost entirely from the surface.
usually on invertebrates in bottom sediments
(Bergman et al. 1977). However. for purposes of
evaluating the potential impacts of deep-water im
poundments, the fact that eiders feed occasionally by
diving suggests that invertebrates in deep water sedi
ments remain accessible to them.
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Secondary Productivity a/Impounded Wellands in lhe Prudhoe Bay Oil Field: Impliealions/or Walerbirds

Table 4. Weilandclassification system used to describe patterns ofwaterbird use on the Arctic Coastal Plain. The system
was developed by Bergman et al. (1977).

Class

Class I

Class II

Class JJI

Class IV

Class V

Class VI

Class vn

Class VJJJ

Type

Flooded tundra

Shallow-Carex

Shallow-Ardophila

Deep-Ardophila

Deep-open lakes

Basin-complex

Beaded-sm:am

Coastal wetlands

Description

Temporary wetlands formed during Ihe spring when melt water overflows
stream basins or is trapped in vegetated tundra depressions. In June, water
depths rarely exceed 10 em and by August surface water is absent or only a
few em deep. Wetlandbasins are poorly defmed because Car"" aqualilis and
other plants tolerant of periodic flooding cover aU or most of the area.

Shallow ponds with a gently sloping shoreline surrounded by. and usuaUy
containing. emergent C. aquaJilis with an open central zone. In June. water
depths range from 10·30 cm but by August decrease due to evaporation and
drainage.

Ponds containing ArclophilajulvQ in the central zone andA.fulva andlorC.
aqualilis near shore. Water depths range from 20-50 em and pond margins
occasionally are exposed during August.

Large ponds or lakes with abrupt shorelines and flat or gently sloping
bottoms. Stands of A.fulva are found near shore, but no aquatic plants are
found in the central zone.

Large lakes with abrupt shorelines. sublittoral shelves. and a deep central
wue. Taylor (1986) divided this class into Deep-open"Fish" lakes and Deep
open uNonfIsh"lakes depending on whether or not they contained least cisco.
Thus. they were classified individually by Taylor (1986) to more accurately
evaluate habitat use by Oldsquaws.

Large, partially drained basins. Basin~complexwetlands may contain any of
the other wetland classes (Derksen et 81. 1979. Taylor 1986).

SmaU, often intermittent streams consisting ofa series ofchannels linked to
pools. Stream pools often correspond to ShalJow-Arctophiia or Deep
ArctophjJa wetlands. During the spring Ihaw. beaded streams may.f100d
sWTounding lowlands to create Flooded tundra wetlands.

Brackish or subsaline wetlands bordering the Beaufort Sea. and dominated
by Cara subspalluzeea and PuccindJia phryganodes at basin margins and
adjacent nats~

RESULTS

Physical Characteristics of
Ponds and Impoundmems

Ponds and impouodmcnlS wen: all k:ss than 0.5 ha
in size (Table 2). Ponds. however. differed from im
poundments in amount of emergent vegetation and in
physical characteristics such as water depth. shoreline
gradient. amount of exposed sediment. and nature of
bollom substrate. Impoundments had a much greater
amount of emergent vegetation (measured as percent
of total shoreline): averaging 50% versus 12% for
ponds (Table 2). With the exception of the E-Pad site.
which was effectively drained by a culvert. impound-

8

ments also averaged deeper at the center (45 cm versus
15 cm). had steeper shoreline gradients (16° versus 5°).
and had less exposed sediment at the periphery (8%
versus 10%) than natural ponds (Table 2). General ob
servations made during invertebrate sampling indi
cated that a large percentage of the bottom substrate of
impoundments was composed of peaty sediments and
drowned tundra vegetation. Natural ponds. on the other
hand. had bollom substrates of fine sand or silt.

Water Quality Characteristics of
Ponds and Impoundments

Table 5 shows pH and conductivity measurements
for all ponds and impoundments sampled for inverte-



ResulJs

Table 5. Water quality measurements for natural ponds and impoundments used for
invertebrate sampling at Prudhoe Bay, Alaska. Ponds and impoundments used to determine
invertebrate biomass Bre shaded.

Water
Body
Pair

pH
Pond Imp,

Conductivity
(ILS/cm)

Pond Imp.
Sampling

Period

CC-2

H-Pad

835 8.00 300 400 June
7.94 8.15 500 500 July
8.40 8.39 400 500 August

8.50 7.43 200 200 June
8.43 8.27 400 200 July
8.41 835 400 200 August

brales al Prudhoe Bay. With the exception of the H-Pad
pond, pH values increased from June 10 Augusl al all
water bodies. In June, mean pH was higher at nalural
ponds ()('=8.12, SD=0.43) than al impoundments
(X=7.75; SD=O.31). The difference was less in July,
and by August mean pH values were almost identical:
8.44 (SD=O.5) for natural ponds and 8.45 (SD=0.15)
for impoundments.

Mean conductivily readings were greater for im
poundments compared 10 nalural ponds during all peri
ods. For impoundments, mean conductivity was 240
(SD=89.4) in June, 400 (SD=14I.42) in July, and 440
(SD=18I.66) in August For natural ponds, mean con
ductivity was 220 (SD=83.7) in June, 380 (SD=83.67)
in July, and 340 (SD=54.77) in August.

Chironomid and Oligochaete Biomass

BelWeen Sampling Periods
Mean chironomid biomass declined from 20.8 mg

10 13.8 mg and mean oligochaete biomass increased
from 12.8 mg to 28.7 mg between June and August for
all ponds and impoundments combined (Fig. 5). How
ever, because of high variability between samples.

overall changes in dry weight biomass were not statis
tically significant.

Within Sampling Periods
In early summer (June), the mean biomass of both

chironomids and oligochaetes (Figs. 6, 7) was signifi
cantly greater (P<O.05) in samples collected from im
poundments (28.1 mg and 18.7 mg, respectively) than
natural ponds (13.5 mg and 6.8 mg, respectively). For
both chironomids and oligochaetes, this difference was
primarily the result of the much greater biomass in im
poundment edge habitats (29.1 mg and 25.3 mg, re
spectively) compared with the same habitats in natural
ponds (3.2 mg and 7.9 mg, respectively). Edge habitats
include both unvegetated margins and emergent veg
etation zones.

Within impoundments in June. edge habitats had a
significantly greater biomass of oligochaetes than cen
ters (25.3 mg versus 5.5 mg, P<O.OOOI), but chirono
mid biomass was not significantly different between
centers (26.1 mg) and edge habitats (29.1 mg). Within
natural ponds. habitat comparisons were significant
only for chironomids: centers had a significantly
greater biomass compared with edge habitats (34.2 mg

9
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Chlronomids Oligochaetes
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Flf}ure 5. Changes in chironomidandoligochaete dry weightbiomass betwoon June andAugust 1g91, Prudhoe Bay, Alaska.
Mean biomass values (or June and August are (or ponds and impoundments combined. Sample sizes (n) are based on
nine biomass samples (rom each o( three habitat types (center. margin, emergent) (or both chironomids and oligochaetes.

versus 3.2 mg, P<O.OOOI). In June. mean biomass of
chironomids was greater than mean oligochaete bio
mass in both ponds (135 mg versus 6.8 mg) and im
poundments (28.1 mg versus 18.7 mg).

In late summer (August). mean biomass values for
both chironomids and oligochaetes (Figs. 8. 9) again
were significantly greater (P<O.05) in samples col
lected from impoundments (21.1 mg and 52.5 mg. re
spectively) than natural ponds (6.5 mg and 4.9 mg.
respectively). As in June. greater oligochaete biomass
in impoundments (Fig. 9) was primarily the result of
the much greater biomass in impoundment edge habi
Iats (66.9 mg) compared with the same habitats in natu
ral ponds (5.8 mg). For chironomids (Fig. 8), the
difference resulted from greater biomass values in both
impoundment centers (28.5 mg) and edge habitats
(17.3 mg) compared with the same habitats (12.7 mg
and 3.4 mg. respectively) in natural ponds.

Within impoundments in August. edge habitats
had a significantly greater biomass of oligochaetes
than centers (66.9 mg versus 23.6 mg. P=O.0097) and
centers had a significantly greater biomass of chirono
mids than edges (28.5 mg versus 17.3 mg. P=O.OO83).
Within natural ponds. habilat comparisons again were
significant only for chironomids: centers had a signifi
cantly greater biomass than edges (12.7 mg versus 3.4
mg. P<O.OOOI). and emergents had a significantly
greater biomass than unvegetated margins (4.8 mg ver-

10

sus 1.9 mg, P=0.OO26). In August, mean biomass of
chironomids was slightly greater than mean biomass of
oligochaetes in natural ponds (6.5 mg versus 4.5 mg).
while mean biomass of oligochaetes was considerably
greater than mean biomass of chironomids in im
poundments (52.5 mg versus 21.1 mg).

Chironomid Taxa
The revised project scope resulted in taxonomic

examination of the GC-2 water bodies only. A total of
21 chironomid genera were identified from ponds and
impoundments at Prudhoe Bay during June and August
(Table 6). This is nearly identical to the number of chi
ronomid taxa identified by Butler et al. (1980) from
natural ponds at Barrow (Table 6). At Prudhoe Bay, a
total of 23 identified taxa (genera and species) were
counted from the GC-2 pond and impoundment alone
(Table 7). Of the 23 taxa, 17 were present in the GC-2
impoundment and 13 in the GC-2 pond (Table 7). Ten
taxa (43%) were found only in the GC-2 impound
ment. whereas 6 taxa (26%) were found only in the
GC-2 pond. Seven taxa were common to both water
bodies. There were more chironomid taxa collected
from impoundment versus natural pond habitats during
both June and August. In August, numbers of taxa de
clined markedly at both water bodies compared with
June (Table 7).

In June. prior to emergence of adult chironomids.
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combined (centers, margins, and emergents). Edges refer to margins and emergents combined.
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the genus Chironomus accounted for over 44% of all
individuals collected from the GC-2 impoundment. but
only about 16% of individuals collected from the GC-2
pond (Table 7). At the GC-2 pond. Tany/arsus was the
most important genus in terms of total individuals. In
August, Procladius and Orthocladiinae (sp C) were
the most important genera at the GC-2 pond and im-

Resulls

poundment. respectively. Chironomus larvae declined
dramatically in abundance at both water bodies during
the August sampling period (Table 7).

Chironomid Trophic Organization
Collectors comprised 60.8% (26.0% filterers and

34.8% gatherers) and 78.5% (24.2% filterers and

Tabla 6. Chironomid ganara raportad by Bul/ar at a/. (1980) for
natural ponds at Barrow and by this study for natural ponds and
impoundments at Prudhoa Bay.

Genus Butler eJ al. 1980 This study

Acricotopus x

Bryopl=nocladius x
Chironomus x x
Clado/any/arsus x x
ColUtempellina x
Corynoneura x x
CricOiopus x x
Derotanypus x x
Dicrotendipes x
Endochironomus x
Eudcu:/ylocladius x
EuJ:jefferiella x
Lapposmillia x
Limnophytes x
Mesosmillia x
Metrionemus x
Or/hodadiinae x
Or/hoc/adius x
Parachironomus x
Parakiefferiella x x
Paratanytarsus x x
P~nopsec'ra x
Procladius x x
Props;locerus x
Psectroc/adius x x
Pseudosm;ll;a x x
Stictochironcmus x x
Tanytarsus x x
Thienenuznnimyia x
Tribe/os x
Trichotanypus x

Number or genera 22 21

15



~
[
~.

~

~
~
"~

J
t
.;j'
.g,
3'

I
~

[
~

s·
~

J
~
a
'"
~

'lI;

Aug

Total
Imp.

'lI; No.

June

No.

Aug

Total
Pond

'lI; No. 'lI;

June
No.

Center

9

3

39

II

37
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3

6
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1
4
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12

Emrl"£tnt vqdaUon
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June Aug June Aug

I

2

3

2

2

2

26
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35

213

Margin

2

poiid---Imp.

June Aug June Aue

14 5.6 0 0 0

21 5 39 16 0 62 20.9 9 8.3

14 0 0 70 23.6 8 7.4

83.20 20.70

o 0 2 0.7 I 0.9

114.40 31.00

I 0.4 0 0 0

3 0 0 4 1.3 0

I 0 0 10.30

13 9 3.6 0 2 0.7 16 15

3 31 0 0 6 2.0 31 29

1 0 0 I 0.3 0

o 0 0 1 0.9
I 0.4 0 0 0

9 I 8 3.2 I 1.7 64 21.5 22 20

I 0.4 0 0 0

21 8 13 39 16 31 53.5 30 10.1 14 13

8 0 0 9 3.0 0

13 5.2 0 0 0

2 0 0 2 0.7 0

3 0 0 31.00
6 4 3 I 53 15 I 3 57 23 18 31.0 8 2.7 3 2.8

• II I 1 16 6.4 1 1.7 0 0
I 2 15 I I II I 31 4 2 2 33 13 7 12.1 28 9.4 3 2.8

~al-I-I--6~--9~~~-3-1~~~~~~~~~~~~
Number of identifiable taxa 6 2 8 6 9 3 13 4 7 2 II 6 13 4 16 9

Den,ity (number per "I.m.) 489 267 6133 400 2444 533 3867 1378 8178 1778 3200 3022 3704 859 4400 1600

Tuo

Table 7. Counts of chironomids (by habitat type) col/ectad from the GC·2 pond and impoundment in June andAugust 1991, Prudhoe Bay. Alaska.

Acricoropw

Chironomw sp A

ChirOl1omw sp B

Chricotopw laricomalir group

Cladotanytamu

CorynotUura

CricoloptU inrtrsutru group

Daotan)'pus

Diprocladius

EuJJ~ffuidla

Orthodadjjna~ sp C

Orr1ux:lad;;na~ sp D

Parachironorruu

Paraki~u;~lla

Paratan.vtarsus

Pha~nopuclra

Proctad;us

Propsi/ocaus

PsutrodadiJu

psulrocladius sp E

PsutToe/adius sp F
Tan)'tarsus

rhi~ntmanniltl)';a

unidenlified (pupae illaNU)

-'"



Resuus

Table 8. Numbers and percentages of chironomids in different feeding groups col/ected from the GC-2 pond and
impoundment in June and August 1991, Prudhoe Bay, Alaska.

Water Body
GC-2 Pond GC-2 Pond

June August June August
Feeding Group No. % No. % No. % No. %

Collectors 152 60.8 19 32.7 233 78.5 90 83.3

Filterers (65) (26.0) (19) (32.7) (72) (242) (25) (23.1)

Gatherers (87) (34.8) (l61) (542) (65) (602)

Predators 55 22 32 552 34 11.4 14 13

Shredders (Herbivores) 9 3.6 2 0.7

Senlpers I 0.4 0.9

Unidentified 33 132 7 12.1 28 9.4 3 2.8

TOTAL 250 100 58 100 297 100 108 100

54.2% galherers) of all chironomids collected from lhe
GC-2 pond and impoundment, respectively, during
June (fable 8). Predators were next in abundance,
making up 22.0% of identifiable chironomids from the
GC-2 pond and 11.4% from the GC-2 impoundment.
Shredders (herbivores) were uncommon at both water
bodies (3.6% at GC-2 pond and 0.7% at GC-2 im
poundment), and scrapers were represented only at the
GC-2 pond (0.4%).

Predators were the most important feeding group
at the GC-2 pond in August, making up 55.2% of lotal
chironomids (Table 8). Collectors, on !he other hand,
declined in importance to 32.7% of total larvae. At
GC-2 impoundment, however, the percentage distribu
tion of collectors and predators was almost identical to
that observed in June. Scrapers were represented only
at the GC-2 impoundment (0.9%). Shredders (herbi
vores) were absent from August samples. Number of
chironomid taxa in different feeding groups in June
and August is provided in Appendix J.

The importance of the differences between the
GC-2 pond and impoundment is unclear. The feeding
categories are broad and our knowledge of the ecologi
cal significance of these categories to the overall func
tioning of the invertebrate community is incomplete
(Merrill and Cummins 1984), as is our knowledge of
their significance to waterbirds.

Chironomid Size
Tables 9 and 10 show relative weights of indi-

vidual chironomids collected from different habitats at
the GC-2, P-Pad, and E-Pad ponds and impoundments
during June and August. Weights were derived by di
viding mean biomass by mean number of individuals
(all taxa combined) and not by weighing individual
chironomids; thus, they are useful only as a general in
dex for water body comparison.

In June (fable 9), mean weights of individual chi
ronomids were similar at the P-Pad and E-Pad ponds
and impoundments, but mean weights of individuals
from the GC-2 impoundment were much greater (0.74
mg) than those at the GC-2 pond (0.16 mg). The differ
ence between the GC-2 pond and impoundment appar
ently resulted from the large number of Chironomus
larvae present in the laller (Table 7). A random sample
of Chironomus larvae collected in June from the GC-2
impoundment ranged in body length from 5-15 mm
(n=8). The dominant genera at the GC-2 pond in June,
on lhe other hand, were Tanytarsus, AcricolOpus, and
Thienemannimyia, which average smaller in size.

In August (Table 10), mean larval weights were
considerably greater at the GC-2 and E-Pad impound
ments (0.46 mg and 0.51 mg, respectively) compared
to the GC-2 andE-Pad ponds (0.16 mg and 0.18 mg,
respectively). However, weight differences between
the GC-2 pond and impoundment were less in August
(0.46 mg versus 0.16 mg) than in June (0.74 mg versus
0.t6 mg), possibly due to the decline in numbers of
large Chironolllus larvae (less than 16% of total indi
viduals) in the GC·2 impoundment during the August
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;; Tabla 9. Mun biomass, mean numbsr, and re/alive mean wslgh/ of chlronomlds co/l8Clsd In different habitats at the GC·2, P·Pad, and £·Pad ponds and
Impoundments In June 1991, Prudhoe Bay, Alaska.

Mu" Mean Mean Dominant
Chlronomld Chlronomld Individual Genus

810mass (mg) Count Weight (mg) In Sample
Wa'er Pond Imp. Pond Imp. Pond Imp.
8od, Hablta' (n=3) (n=3) (n=3) In=3) In=3) In=3) Pond Imp.

GC2 Cenler 32.70 43.27 166.33 99.67 0.20 0.43 Tonytarsus Chironomus
Emergent 2.00 74.77 9.33 87.67 0.21 0.88 Acr;cotopus Chironomus
Margin 1.13 53.27 16.33 58.67 M1 2..2.l Thj~nt!man";myia Chironomus

All Habi.... 0.16 0.74

PPad Cenler 63.77 33.03 193.67 342.33 0.33 0.10
Emergent 3.30 18.43 44.00 116.00 0.08 0.16
Margin 2.60 26.90 27.33 152.67 Q..lll ll..ll

AU Habitats 0.17 0.15

EPa<! Cenler 3.03 1.93 86.00 24.33 0.04 0.08
Emergent 2.90 0.07 38.67 2.33 0.08 0.03
Margin 7.23 1.20 103.00 6.67 M1 ll..ll

All Habi.... 0.06 0.09

Table 10. Mean biomass, mean number, and relative mean welghl 0/ chlronomids col/ected in dilfel'8nt habitats at the GC.2, P'Pad, and E.Pad ponds and
impoundments in AU9ust 1991, Prudhoe Bay. Alaska.

Meln Mean Mean Dominant
Chlronomld Chlronomld Individual Genus

8loma.. Img) Count Weight (mg) In Sample
Wa'er Pond Imp. Pond Imp. Pond Imp.
Bod1 Habitat In=3) (n=3) In:3) (n=3) (n=3) (n=3) Pond Imp.

GC2 Center 12.27 61.67 61.S0 90.30 0.20 0.68 Procladiu$ Orthocladiinot!Emergent 2.57 23.37 18.00 118.25 0.14 0.20 Procladius ParatanytarsusMargin 1.67 45.30 10.80 88.50 ll..U lL.ll Thit!nemannimyia EIlJo'efferiellaAll Habita.. 0.16 0.46
P Pad Cenler 21.37 11.23 199.30 120.70 0.11 0.09Emergent 4.63 10.40 51.70 127.30 0.09 0.08Margin 3.73 13.93 17.30 96.00 ll..U ll..U

All Habitat. 0.14 0.11
EPad Center 4.40 12.67 40.00 21.30 0.11 0.59Emergent 7.27 9.03 57.70 13.00 0.13 0.69Margin 0.40 2.00 1.30 8.30 1Ul Q.ll

All Habilat. 0.18 0.51
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sampling period (Table 7). Nevertheless, a random
sample of Chironomus larvae from the GC-2 impound
ment center ranged from 11 to 17 nun (n=5) in body
length. Proc1adius larvae from the GC-2 impoundment
center also averaged large in size (6-18 nun body
length; 0=13).

DISCUSSION

Invertebrates In Natural and
Artificial Wetlands

Few studies have been conducted comparing in
vertebrate populations in natural and artificial water
bodies. In North Dakota, natural water bodies had a
significantly higher invertebrate density and a higher
diversity of invertebrate taxa than did artificial water
bodies (Rossiter and Crawford 1983. KreiI1986). Dur
ing a study of wetlands in New Brunswick and Nova
Scotia, however. Whitman (1976) reported signifi
cantly more invertebrates important as spring foods of
breeding waterfowl in impoundments than in natural
ponds. Kadlec (1962) also noted high invertebrate
populations in impoundments in Michigan.

Studies comparing waterbird use at ponds and im
poundments showed mixed results. For example, al
though invertebrate density and diversity were higher
in natural versus artificial ponds in North Dakota
(Rossiter and Crawford 1983, Krei!1986), Krei! found
a higher mean waterfowl density in artificial ponds,
and Rossiter and Crawford found no significant corre
lation between brood use and macroinvertebrate densi
ties. In New Brunswick and Nova Scotia, however,
numbers of broods were higher on impoundments than
natural marshes (Whitman 1976). and in southern Que
bec use of impoundments by duck broods was greater
on those impoundments with higher densities of
aquatic invertebrates (Belanger and Couture 1988).

Wetland Characteristics
Important to Waterbirds

Productivity and availability of invertebrates for
waterbirds are strongly governed by I) the amount of
emergent vegetation, 2) water quality, 3) water body
age, 4) water body size, and 5) water depth, shoreline
gradient, and bottom substrate. Age has been shown to
be particularly important in determining invertebrate
productivity in impoundments.

Emergent Vegetation
The greater amount of emergent vegetation in im-

ResulJs

poundments at Prudhoe Bay may be important to wa
terfowl production. Emergent vegetation provides
habitat for aquatic invertebrates, nesting and brood
cover, and visual isolation from other nesting pairs
(Rumble 1989. Weller 1990). Kadlec (1962) deter
mined that amount of plant cover was more important
than the kind and amount of invertebrate food available
in determining the number of broods produced in a
given area, and Hudson (1983) concluded that the posi
tive correlation between brood production and pond
age was probably a result of more and denser vegeta
tion in older ponds. In North Dakota. constructed water
bodies had more plant taxa, families. and species than
natural ponds (Krei! 1986).

Water bodies with an interspersed pattern ofemer
gent vegetation and open water are considered the most
suitable for breeding waterfowl (Nelson and Kadlec
1984). Belanger and Couture (1988) found that brood
use was greatest on impoundments with emergent veg
etation covering at least 30% of the surface area and on
those with more than 30 stems per m' of emergent
plants. Kaminski and Prince (1981) found that the
greatest density and species diversity of dabbling duck
pairs occurred on water bodies with a 50:50 (compared
with 30:70 or 70:30) ratio of emergent vegetation to
open water.

Water Quality
The pH values for ponds and impoundments at

Prudhoe Bay appear to fall within a range considered
normal for invertebrate growth. According to Pinder
(1986). many species of invertebrates are tolerant of
pH values ranging from 6.0 to 9.0. However, within
this range, some species have a relatively narrow range
of favorable pH, and outside of this range, decreasing
pH results in the occurrence of fewer species (Pinder
1986). Optimum pH values for different invertebrate
taxa at Prudhoe Bay are unknown.

For natural ponds at Prudhoe Bay, pH values fol
lowed the same general trend as those reported by
Prentki' et a!. (1980) for natural ponds at Barrow: pH
was low early in the sununer, but then rose to a plateau
in early July. However. pH values in impoundments
were higher in August than in July.

Water temperature measurements were collected
too infrequently to be useful for assessing potential dif
ferences between natural ponds and impoundments.
On the Arctic Coastal Plain, water temperature
changes rapidly in response to changes in air tempera
ture and solar radiation (Miller et a!. 1980).lt is reason-
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able 10 assume. however. that secondary productivity
is greater in wanner years. At Barrow. chironomid lar
val growth was more rapid at water temperatures of
10°C and 15°C than at 5°C (Butler et al. 1980).

Water Body Age
Several researchers have noted declines in num

bers of waterfowl using impoundments some years af
ter impoundment creation (Kadlec 1962. Whitman
1976. Danell and Sjoberg 1982). This has been attrib
uted 10 a decline in invertebrate populations resulting
from exhaustion of soil nutrients (Lokemoen 1973.
Whitman 1976, Uresk and Severson 1988). particu
larly nitrogen and phosphorus. In newly formed natu
ral ponds at Barrow. phosphorus concentration and
algal photosynthesis were 20 times and 200 times
higher, respectively, than in old ponds (Hobbie 1984).
However, Hobbie did not provide specific age ranges
for newly formed and old ponds.

Impoundments used to determine invertebrate bio
mass for this study ranged in age from 10 10 20 years.
and biomass productivity was still high compared with
natural ponds. Whitman (1976) found that the most
notable decline in nutrients and total numbers of inver
tebrates in impoundments in eastern Canada occurred
between three and four years after initial flooding.
However. impoundments more than seven years old
continued to have larger invertebrate populations than
natural marshes (Whitman 1976). The size of the de
cline in invertebrate numbers was largely attributable
10 a decline in chironomids. which are early colonizers
of newly created impoundments. Danell and Sjoberg
(1982) found that chironomid larval biomass de
creased from 55 glm'to less than 10 glm' between the
third and the eighth years in an artificial lake in north
ern Sweden. They also noted a decrease in mean indi
vidual larval weight during this period. In Manitoba.
Kaminski and Prince (1981) found that abundance and
biomass of invertebrates were much reduced in older
impoundments.

Water Body Size
Wetland size has been considered important to

waterfowl; as size increases, the numbers of species.
individuals, and broods also increase in some pattern
(Rumble and Flake 1983, Weller 1988). Thus. size has
been considered an important feature in the design of
impoundments for waterbirds. Brown and Dinsmore
(1986) found that 10 of25 species did not use wetland
types smaller than 5 ha in Iowa. Belanger and Couture
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(1988) examined a variety of habitat parameters for 29
man-made ponds in southern Quebec and found that
brood use was greatest on ponds equal to or exceeding
0.5 ha in size. Based on studies in the Northern Great
Plains. Lokemoen (1973) and Uresk and Severson
(1988) recommended that 0.6 ha be the minimum size
for conslmcted wetlands.

Impoundments chosen for the present study repre
sent the lower extreme of the size range considered
optimal for attracting large numbers of birds. Although
large water bodies are more likely 10 attract a greater
number of both individuals and species. Weller (1988)
suggested that small ponds may be crucial for some
species and tend to be seriously undervalued in many
assessments of bird habitats. Based on a study of 18
artificial wetlands of different sizes in North Dakota,
Rossiter and Crawford (1983) concluded that because
wetlands vary in their seasonal importance to birds. all
wetlands are important regardless of size. Ruwaldt et
al. (1979) found that small stock ponds (X=O.lO hal in
North Dakota received heavy use by surface-feeding
ducks.

For waterfowl on the Arctic Coastal Plain. small
ponds apparenUy satisfy special food and social re
quirements. Compared with large (deep) water bodies,
small (shallow) ponds contain a high diversity of
aquatic invertebrates (Derksen et al. 1979). Breeding
females that select a diversity of foods in such ponds
increase the probability that they will obtain a balance
of essential nutrients not provided by a single food type
(Sugden 1973). Further. the importance of small, shal
low ponds as feeding sites increases during the summer
as decreasing water levels concentrate free swimming
organisms and provide access to benthic organisms in
the pond bottom (Bergman et al. 1977).

Small ponds also may provide territorial pairs with
partial isolation from other pairs during the nesting
season (Patterson 1976), thereby decreasing interac
tions that might disrupt nesting (Dzubin 1969). If. as
Dzubin suggested. the Ime measure ofcarrying capac
ity is the proportion of adults that breed (as opposed to
the total numbers of adults a particular habitat sup
ports), then the availability of small ponds may be im
portant in regulating the size of breeding populations
for some waterfowl species. Managers have success
fully created artificial wetlands with complex configu
rations to provide isolation for breeding pairs (Weller
1990).

The potential value of an individual water body is
often a function not only of its size. but also of its prox-



imity to neamy water bodies. Rumble and Flake (1983)
found that, although the size of a given pond was im
portant, the number of wetland basins within a 1.6-lan
radius of the pond was also important in determining
levels of use by waterfowl broods. Similarly. Brown
and Dinsmore (1986) and Klopatek (1988) suggested
that wetland complexes increase species richness over
solitary wetlands of similar size. Lokemoen et aI.
(1984) suggested that the best waterfowl habitats con
tain between 12 and 40 wetland units per lan' occur
ring in various sizes and shapes.

Because roads and pads concentrate impound
ments in specific areas. small permanent impound
ments at Prudhoe Bay often occur in close association
wilh olher impounded wetlands. Thus, Ihey may attract
a greater variety of waterbirds Ihan similarly sized but
more isolated natural ponds. Such was Ihe case at Ihe
GC-2 impoundment. which was isolated from a much
larger impoundment by Ihe construction of a new
gravel road. Apair ofPacific Loons nesting in Ihe large
impoundment on several occasions were observed
feeding in this small, adjacent impoundment.

Water Depth, Shoreline Gradient,
and Bottom Substrate

Processes affected by water deplh and bank gradi
ent include water permanence. invasion and survival of
aquatic vegetation. and habitat selection and feeding
by birds. What constitutes ideal water deplh depends
on Ihe management objective; consequently. manage
ment and design features may not be compatible for all
waterbird guilds. Weller (1990) suggested Ihat main
taining water deplhs of 15 to 45 cm benefits surface
feeding ducks like Norlhem Pintails because such
conditions allow Ihem to swim but still tip up for food.
Lokemoen (1973) recommended Ihat. for dabbling
ducks. impoundments should be less Ihan 60 cm deep
over 30% to 70% of Ihe pond area. For diving ducks,
Uresk and Severson (1988) and Hudson (1983) recom
mended Ihat maximum impoundment deplh should not
exceed 1 m. Rundle and Fredrickson (1981) reported
Ihat managing water deplh solely for waterfowl at
tracted less Ihan 50% of available shorebird species in
Missouri. They suggested Ihat shorebirds are attracted
to shallow water (0-5 cm) interspersed with exposed,
saturated soil.

Midge larvae are more accessible to shorebirds
and waterfowl, and Ihus more heavily used, in ponds
and lakes wilh gently contoured shorelines than in
steep-banked ponds and lakes (Holmes and Pitelka

Discussion

1968. Bergman et aI. 1977, Derksen et aI. 1979, Martin
1983). Uresk and Severson (1988) found Ihat im
poundments wilh gently sloping shorelines received
greater use by waterfowl in the Norlhem Great Plains.
and Ihey considered shoreline gradient Ihe most impor
tant variable for estimating bird use. Kreil (1986)
found that constructed wetlands with steep shoreline
gradients had lower total invertebrate densities than
Ihose wilh more gentle shoreline gradients. Rossiter
and Crawford (1983) recommended Ihat, for maximum
use by waterbirds. bank gradients not exceed a 10:1 to
20:1 slope (5°_10°).

Impoundments may undergo large changes in wa
ter level due to spring flooding and/or subsequent
drainage. Thus. nesting near or in impoundments could
have adverse effects on some species. Impoundments
could attract nesting birds during Ihe pre-flooding pe
riod in late spring; later. rising water levels could flood
Ihe nest. or falling water levels could expose Ihe nest to
arctic fox predation. Murphy et al. (1989) reported two
Canada Goose nests Ihat were flooded by rising water
in an impoundment at Prudhoe Bay; and Belant and
Anderson (1991) reported four Common Loon nests
Ihat were abandoned due to a water level increase in a
Wisconsin impoundment. Whelher Ihis is a widespread
problem for invertebrate-eating waterbirds is not
known.

. The peat content of pond sediments varies among
ponds and often is greater at pond centers Ihan at edges
(Butler et aI. 1980). Presumably, benthic habitats in
impoundments usually contain higher levels of peat
and drowned vegetation Ihan Ihose in ponds. because
impoundments are'younger and their sediments less
well decomposed. In natural ponds. faunal differences
caused by differences in sediment peat content are
slight (Butler et aI., 1980). However, Ihe effects of im
poundment substrate type on benlhic organisms and
waterfowl feeding efficiency are unknown.

Invertebrate Size and Abundance
Size and abundance of chironomids and oli

gochaetes are important in determining Ihe potential
profitability to waterbirds of foraging in a particular
water body. The two may not always be positively cor
related, however. Butler (1982b) showed, for example.
that Tanytarsini (Tanylarsus was the most abundant
genus in the GC-2 pond center) sometimes equaled or
exceeded Chironomlls larvae in abundance at Barrow
ponds. However, because of their large size, the
Chirono/lllls larvae always dominated in biomass: av-
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Table II. Protein content of selected fresh
water pond invertebrates important 10
waterbirds. Values ara from Sugden (1973),
DrivaralaL (1974), andKrapu andSwanson
(1975).

Seasonal Changes In Chlronomid Biomass
Identifying temporal changes in secondary pro

ductivity is important for assessing the role of inverte
brates in aquatic systems. As suggested earlier, stable
production and standing stock ofsome species of arctic
chironomids may be important to invertebrate-eating
waterbirds that depend on a reliable food source. At

(Table II), they are subject to large seasonal fluctua
tions in abundance and are therefore eaten opportunis
tically according to their availability. The seasonal and
year-to-year stability of chironomid biomass, on the
other hand, may provide ducks (and shorebirds) with a
reliable food resource (Butler 1982a), which is also
highly proteinaceous (Table 11).

Chironomid size and density may also explain
greater use of water bodies (versus terrestrial habitats)
in late sununer by shorebirds. At Barrow, shorebirds
feed on midge larvae from mid-July through the end of
sununer (Holmes and Pitelka 1968). Adult tipulids
emerge during a three-week period beginning about
mid-July (Maclean and Pitelka 1971, Custer and
Pitelka 1978, Martin 1983), the time when most shore
birds move to ponds, lakes, and coastal habitats. Chi
ronomid larvae in ponds were preferred by Dunlin over
those occurring in terrestrial habitats, because only in
pond sediments did chironomid larvae exceed the
minimum acceptable size for predation (more than 5
nun in length; Holmes 1966). Furthermore, [mal inslar
Chironomus larvae are approximately equal in size to
the crane fly, Pedicia honnai, but are present in much
greater densities on the Arctic Coastal Plain (Martin
1983). When pond water levels are low, high prey den
sity may outweigh the disadvantage of feeding on
smaller prey than would otherwise be available in ler
restrial habitats (Martin 1983).

Fairy shrimp

Chironomid larvae

71.9

66.4

60.2

58.9

31.8

Protein
(% 01 dry weight)Item

Oligoch"etes

G<lstropods

CJ.:I.doc.c?r<lns

erage annual production of Tanylarsus was only 8%
that of Chironomus.

At the GC-2 impoundment in June, Chironomus
larvae dominated in both abundance and biomass. Be
cause of their large size relative to other chironomid
larvae, larvae of the genus Chironomus may be par
ticularly important as a potential food for waterbirds on
the Arctic Coastal Plain (Butler and Anderson 1990).
At Barrow, Butler (l982a) observed Steller's Eiders
and Oldsquaws frequently feeding in pond centers
where Chironomus larvae dominated macroinverte
brate biomass.

Some waterfowl show a strong preference for the
largest size classes ofchironomid larvae. In Alaska, for
example, over 88% (by number) of larvae in the
esophagi of Oldsquaws collected from small natural
ponds in early sununer at West Long Lake (NPR-A)
were over 5 nun in length, despite !be fact that larvae
over 5 nun represented only 6.4% of total larvae avail
able in the habitat at that time (Taylor 1986). A similar
pauem of selection for large larvae waS observed for
deep lakes (Taylor 1986).

Chironomids and oligochaetes dominate the
macroinvertebrate faunas of most arctic freshwater
ponds and lakes (Butler 1982a). At West Long Lake
(NPR-A), for example, chironomids and oligochaetes
were the most abundant invertebrates collected from
ponds and lakes by Taylor (1986). Although chirono
mids and oligochaetes are important to waterfowl, the
degree to which they are imponant may not always be
apparent from studies comparing food use with food
availability in the habitat. For example, in small ponds
[i.e., Shallow-Carex (Class II)] at West Long Lake
(NPR-A), chironomids made up almost 80% of the ag
gregate percent volume of invertebrates sampled in
early sununer, but they comprised only about 30% of
the diet ofOldsquaws collected from these ponds (Tay
lor 1986). One might conclude, in this case, that
Oldsquaws "avoided" chironomids and oligochaetes
(see Taylor 1986:75), and that their abundance was not
a good indicator of the functional value of these waIl:f
bodies. However, this may not be true.

A particular food item is often much more impor
tant to an animal than its occurrence in the diel may
suggest. According to Jolmson (1980), an animal may
choose a specific habitat or site because a food item is
abundant there-so abundant, in fact, that the con
sumer need only use small amounts of it to satisfy its
nutritional requirements. While sloneflies and fairy
shrimp provide a nutritious food source for Oldsquaws
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Barrow. Chironomus larvae showed low seasonal
variation in biomass (Butler 1982b).

The decline in chironomid biomass between June
and August at Prudhoe Bay may have resulted from the
emergence of fmal instar larvae and from predation
prior to the August sampling period. All pond chirono
mid species on the Arctic Coastal Plain apparently be
gin their emergence within six weeks after the spring
thaw (Butler et al. 1980); in the Arctic. emergence is
timed to coincide with rising or pealc water temperature
(Pinder 1986). A major loss of biomass occurs when
fmal instar cohorts emerge (Butler 1982b). The magni
tude of the loss depends on the abundance and average
weight of individual larvae within each of these co
horts (Butler 1982b). Armstrong and Nudds (1985)
suggested that the seasonally variable nature of inver
tebrate abundance in small water bodies may result
from size-dependent predation by predators like ducks.

Waterbird Use of Natural Wetlands
on the Arctic Coastal Plain

Here we summarize the use patterns and food hab
its of Arctic Coastal Plain waterbirds according to their
guild membership. Figures showing use by species (all
age and sex classes combined) accompany discussions
of use by different age and sex classes. when such in
formation is provided. Studies in the NPR-A were con
ducted at Island Lake. Teshekpuk Lake. Square Lake.
Meade River. and Singiluk by Derksen et al. (1979)
and at West Long Lake by Taylor (1986). To simplify
the discussion, sites studied by Derksen et al. (1979)
are referred to as "NPR-A study sites". West Long
Lake is referred to separately.

Impoundments of different sizes and depths may
be unique in their ability to satisfy the seasonal needs
of waterbirds. and should perhaps be classified and
evaluated separately according to those criteria used to
classify natural water bodies. lnthe Prudhoe Bay oil
field, two important impoundment types-small per
manent impoundments and large seasonal impound
ments-are analogous to naturally occurring
Shallow-Carex (Class II) ponds and Flooded tundra
(Class I) wetlands, respectively. We treat the small per
manent impoundments selected for this study as being
analogous to Shallow-Carex ponds.

Information on wetland availability at Storkersen
Point. Teshekpuk Lake, Island Lake. and Square Lake
is included to show how waterbird use pallerns are to
some degree related to the abundance of different wa
ter body types at these locations (Fig. 10). However.

Discussion

we avoid absolute statements of water body value in
favor of an approach that emphasizes the importance of
a diversity of water body types. Many current habitat
evaluation models rely heavily on habitat use/avail
ability data and assume that greater use occurs in
higher-{)uality habitat (Hobbs and Hartley 1990). How
ever, recent literature shows that this assumption is not
always valid because factors other than habitat charac
teristics (e.g.• social behavior during the breeding sea
son, population density. and changes in food supply)
may affect an animal's use of a site and our perception
of that use (Johnson 1980. VanHorne 1983. Hobbs and
Hartley 1990).

Divers
Principal diving waterbirds at Prudhoe Bay in

clude Pacific Loon, Oldsquaw. and King Eider. The
Spectacled Eider is uncommon in the oil field but is
included in the discussion because of concern by the
U.S. Fish and Wildlife Service for recent population
declines on the Yukon-Kuskokwim Delta in western
Alaska (Kertell 1991. 1992) and because it may soon
be included on the federal List of Threatened and En
dangered Species (USFWS pers. comrn. 1991).

In early summer (June). Oldsquaws (Fig. II) often
congregated on Deep-open (V) lakes at NPR-A study
areas (Derksen et al. 1979). According to Taylor
(1986), nonbreeding and subadult Oldsquaws re
mained on Deep-open (V) "nonfish" lakes throughout
the summer at West Long Lake. At Storkersen (Fig.
II), Oldsquaws were observed most commonly on
Shallow-Carex (II) and Shallow-Arclophi/a (ill) ponds
during the pre-nest period in early summer (Bergman
et al. 1977).

At Storkersen and NPR-A study sites. breeding
pairs dispersed in early summer to Shallow-Carex (II)
and Deep-Arclophi/a (IV) ponds (Bergman et al. 1977.
Derksen et al. 1979). At West Long Lake, incubating
females continued to feed primarily in Shallow-Carex
(II) ponds, but nonbreeding females or failed breeders
often used Shallow-Arclophi/a (ill) ponds (Taylor
1986). At Storkersen Point, single females (including
at least one nesting female) were observed feeding in
Shallow-Carex (II) ponds throughout the season
(Bergman et al. 1977).

During mid-summer at Storkersen and NPR-A
study sites (Fig. II). Oldsquaws showed a preference
for those water bodies used in early summer (Bergman
et al. 1977. Derksen et al. 1979). The majority of late
season observations (Fig. II) at Storkersen and NPR-
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Agure 10. ComposiUon of we/land habitat at Storkersen Point (Bergman et al. 1977) and at three NPR·A study areas
(Teshekpuk Lake, Island Lake, and Square Lake) (Derksen et al. 1979). At NPR·A, Derksen et al. (1979) did not include
Coastal (VIII) we/lands in their classification system, and excluded Basin·complex (VI) wel/ands from overall we/land
composition.

24



Discussion

Storkersen Point
100

..
c
o

1..
8

80

80

40

20

~~
MOl

III IV V

o Pre-nesl period (n.223)

III Nest period (n=261)

rn Posl-nest period (n.345)

Flooded IlJnd,a (I)
Shallow-C8rox (II)
Shallow-Awlophila (III)
Deep-Awtophila (IV)
Deep-open (V)
Sasin-complex (VI)
Seaded-stream (VII)
Coastal watland (VIII)

VI VII VIII

Wetland Clas.

NPR·A
100 'I'-

M.,
'I'-
~

0"
80 j.. :::;

C
-t~0

1.i ~1
e 60

j~'....
~~

8 .;;

'ii 40 :~- }
~ :;~- :~~0 'I'-
.... 20 .. 'I'- ::;:- ;! t

}
~ :~:

0
V

Wetlend Clas.

o June (n=1568)

ra July (n.628)

El Augusl (n o 437)

Figuro 11. Obsorvalions olOldsquaws (by wotland class) during po'iods 01 Iha summar al Storka,.an Poinl in 1g71-1973
(Bargman al al. 1977) and al fiva NPR-A sludy araas (Island Laka, rashakpuk Laka, Squara Laka, Maada Rivor, and
Singiluk) in 1978 (Darksan al a/. 1979). AI NPR-A, Darksan at al. (1979) did not includa Coaslal (VfIf) watlands in Ihair
classification systam, andaxcludedBasin-eomplax (VI) watlands lrom watland usa by Oldsquaws. Use pariods alSiorkarsen
ara comparabla to thosa used at tha NPR-A.

25



Secondary Productivity ofImpounded Wetlands in the Prudhoe Bay Oil Field: Implieotions for Woterbirds

A study sites were from Deep-open (V) lakes, which
were important moiling areas (Bergman et a1. 1977,
Derksen et aI. 1979). Taylor (1986) observed the same
trend at West Long Lake. Broods were observed most
commonly on Deep-Arclophila (IV) lakes, Deep-open
(V) lakes, and Shallow-Carex (II) ponds (Fig. 12) at
NPR-A study sites (Derksen et aI. 1979).

At West Long Lake, Oldsquaws collected from
Shallow-Carex (II) ponds (Fig. 13) had eaten primarily
stonel1y nymphs (plecOplerans) in early summer
(51%) and fairy shrimp (Anostracans) in mid-summer
(71.5%), while those collected from Shallow
Aretophila (III) ponds (Fig. 13) had eaten mostly
cladocerans (45.9%) during mid-summer (Taylor
1986). Chironomids (larvae and pupae) comprised
about 20% of the diet in both wetland classes (Figure
13, Table 12). In Deep-open "nonfish" lakes (V), chi
ronomid larvae comprised over 95% of the diet in early
summer (Fig. 14, Table 12), but the diet shifted to
cladocerans (29.3% and 57.1% in mid- and late sum
mer, respectively) and anostracans (20.4% and 14.3%
in mid- and late summer, respectively) as the summer
progressed (Taylor 1986). Chironomid larvae were the
dominant food (78.1 %) of Oldsquaws (Fig. 14, Table
12) in Deep-open "fish" lakes (V) in late summer (Tay-

lor 1986). Although two Oldsquaws collected at
Storkersen Point contained "noticeable volumes" of
stonel1y nymphs, chironomid larvae were considered
dominant in the overall diet ofadults there (Bergman et
aI. 1977).

Chironomids and oligochaetes were eaten in much
lower proportions than expected (Table 12) based on
their occurrence in Shallow-Carex (II) ponds (early
summer), Shallow-Arclophila (Ill) ponds (mid-sum
mer), and Deep-open (V) "nonfish" lakes (mid- and
late summer) at West Long Lake (Taylor 1986). In
Deep-open (V) "nonfish" lakes (early summer) and
Deep-open (V) "fish" lakes (late summer), on the other
hand, chironomid larvae were selected in virtually the
same proportion (Table 12) as their occurrence (Taylor
1986). Plecopterans (Nemouridae nymphs) were eaten
by Oldsquaws in much greater proportions than ex
pected (Table 12) during early summer in Shallow
Carex (II) ponds (Taylor 1986).

Upon arrival at SIDrkersen Point, King Eiders con
centrated feeding activity in Basin-<:omplex (VI) wet
lands (Fig. 15) before dispersing to nesting sites near
Shallow-Carex (II) and Deep-Arclophila (IV) ponds,
where single females were observed feeding through
out the nesting season (Bergman et a1. 1977). Spec-

Figure 12. ObservaUons 01 Oldsquaw and Northern Pintail broods (by wetland class) at live NPR·A study areas (Island
Lake, Teshekpuk Lake. Square Lake. Meade River. andSingiluk) in 1977and 1978 (Derksen et aI. 1979). Class VIII wetlands
refers in Ihis case 10 Rivers and Upland tundra pools, two wetland types created by Derksen et al. (1979).
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Tabla 12. Aggregala paresnl voluma' of Invarlooralaa 6atan by, and avallabl6 to, Oldsquaws In Shaflow.carax (ft) ponds, Shal/ow-Arctophlla (fII) ponds, and Deep·
opan "nonfish" (V) and "fish" (V) fakes al Wasl Long Lake, Alaska (Taylor 1986). TR. <0.1%.

Shallo..-
Arelophlla Deep-open

Sh.llo..-Car.... (II) (III) Deep-open "nonflsh" (V) "fish" (V)
Early (%) Mid (%) Mid (%) Earl' (%) Mid (%) Late (%) Late (%)

TIXI Eaten Avail Eaten Avail Eaten Avall Eaten Avail Ealen Avail Ealen Av.1I E.len Avail

Chironomids (larvae) 5.4 32.5 9.1 no info 8.7 37.9 96.6 97.8 28.3 85.7 13.1 33.3 78.1 87.0

Chironomid, (pup.e) 14.9 8.8 14.2 no info 8.4 2.5 0.3 5.9 1.3

Olizochaeles 10.2 37.5 1.1 no info 15.8 44.6 1.9 36.4

Plecop'er.n, (nymph,) 51.0 2.5 1R no info 3.3

Anostrac!"s 71.5 no info 8.4 20.4 1.0 14.3 1R

Tricopterans 1.8 2.7 no info 0.8 1.3
Gastropods 8.6 3.5 1R no info 5.9 2.5

Tipulid, (I......e) 7.0 15.1 no info 0.7

Chyorid, 1R no info 4.5

Cladocerans 1R no info 45.9 11.0 29.3 1.2 57.1 27.1
Copepod' 1R no info 3.8 1R 1R 14.3 2.1 1R
Pelecypod, no info

16.8 13.0
Misc. animal/plant 1.0 I.S no info 2.4 1R 7.2
TOTAL2

1.2 3.8
99.9 99.9 100.1 100.0 99.8 99.8 100.0 95.2 89.2 100.0 98.9 100.0 100.0

1ABgreB.~e percen' volume e.len i, from T.ble, 1-6 in T.ylor (1986:3743). Accordin to Ta 10 ( . . .
food h.b,ts th.n doe' information in Figure, 8-19 which are based on ,maUer sample :ize, (,~e ~a~~~ ~~~;,'6l.~~;~· thIS IOformatlon more .ccur.tely reflects Oldsquaw
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tacIed eiders (Fig. 15) used Deep-ArclOphiia (IV)
ponds extensively Ihroughout the season (Bergman et
aI.1977).

In late summer, female King and Spectacled eiders
with broods (Fig. 16) were observed most commonly
on Shallow-Care.r (II) and Deep-Arcrophila (IV)
ponds at both Storkersen and NPR-A study sites
(Bergman et aI. 1977, Derksen et aI. 1979). For ex
ample, 64% (n=19) of King Eider broods at Storkersen
Point (Fig. 16) were observed on Shallow-Care.r (II)
ponds (Bergman et aI. 1977). At NPR-A study sites
(Fig. 16),55% (n=18) ofSpectaeled Eider broods were
on Shallow-Care.r (II) ponds, and 78% (n=9) of King
Eider broods were on Deep-Arcrophila (IV) ponds
(Derksen et ai, 1979).

At Storkersen Point, adult King Eiders were seen
feeding most frequently on Shallow-Care.r (II) ponds
(46% of 107 observations) and Basino(;omplex (VI)
wetlands (40% of 107 observation) (Bergman et aI.
1977). Adult King Eiders fed regularly on chironomids
and Trichopterans (caddisfly larvae), while fairy
shrimp (Anostracans) and water fleas (Cladocerans)
were most important in the diet of young (Bergman et
aI. 1977). As did Oldsquaws, eiders took oligochaetes
in smaller proportions than their occurrence in the
habitat, while invertebrates associated with emergent
vegetation (in this case, caddisfly larvae) were taken in
greater proportions than expected (Bergman et aI.
1977). However, Bergman et aI. (1977) did not provide
detailed information on food use versus availability.

Pacific Loons were most frequently observed in
Deep-Arcrophila (IV) lakes or in Basino(;omplex (VI)
wetlands (Fig. 17) containing Arcrophila at Storkersen
Point during the pre-nest period (Bergman et al. 1977).
Deep-Arcrophila (IV) lakes continued to be important
during the nesting and post-nest perinds at Storkersen
(Fig. 17); however, use of Basino(;omplex (VI) wet
lands declined during these perinds. At Square Lake
and Teshekpuk Lake (NPR-A), Pacific Loons were
observed most commonly in Deep-Arcrophila (IV)
lakes, while at Island Lake they were seen mostly on
Deep-open (V) lakes (Derksen et al. 1979). Shallow
Carer (II) and Shallow-Arcrophila (Ill) ponds (Fig.
17) were also important at Square Lake and Teshekpuk
Lake (Derksen et aI. 1979). Red-Ihroated Loons were
observed most commonly in wetlands with ArclOphiia
at both Storkersen and NPR-A study sites (Bergman
and Derksen 1977, Derksen et al. 1979).

Nests of Pacific Loons at Storkersen Point (Fig.
18) were located most commonly in Deep-ArclOphila

Discussion

(IV) ponds (Bergman and Derksen 1977), and broods
were frequently observed in the same wetlands as were
used for nesting or in nearby wetlands of the same type
[i.e., Deep-Arcrophila (IV)]. Shallow-Care.r (II) ponds
were used to a much greater extent by Pacific Loons
for brood-rearing at NPR-A study sites (Fig. 18) than at
Storkersen Point (Derksen et al. 1979). Although Red
Ihroated Loons preferred Shallow-Arcrophila ponds
(Ill) for brood-rearing at NPR-A study sites (Fig. 18),
they also used Shallow-Care.r (II) ponds (Derksen et
aI.1979).

Unlike Red-throated Loons, which feed on fish in
nearby marine waters, Pacific Loons eat invertebrate
prey, and patterns of brood movement between wet
lands reflect the need to provide young with an ad
equate invertebrate supply. Consequently, Pacific
Loons may move their broods from the nest pond to
nearby wetlands in response to changes in availability
of such preferred invertebrate prey as Tricopterans
(caddisflies) and Anostracans (tadpole shrimp)
(Bergman and Derksen 1977). Pacific Loons have
nested in impoundments with Arcrophila in the
Prudhoe Bay oil field (pers obs.).

SUrface-feeders
The Northern Pintail is the most common surface

feeding duck occurring at Prudhoe Bay. The large ma
jority (up to 80%) of the Northern Pintails observed at
Prudhoe Bay (pers obs.), Storkersen Point (Bergman et
aI. 1977), and NPR-A study sites (Derksen et al. 1979)
were males. Thus, wetland use patterns reported for
these areas may reflect summer requirements of males
as compared to females.

During the early summer (Fig. 19), Northern Pin
tails preferred Shallow-ArclOphiia (Ill) and Flooded
tundra (I) wetlands at NPR-A study sites (Derksen et
aI. 1979) and Shailow-ArClOphiia (Ill) and Basino(;om
plex (VI) wetlands containing Arcrophila-rimmed
ponds and areas of flooded tundra at Starkersen Point
(Bergman et al. 1977). Basin-complex (VI) wetlands
accounted for 81 % of 423 feeding observations at
Storkersen Point and were particularly important to
pintails during the molt in July (Bergman et aI. 1977).
At NPR-A study sites, Northern Pintails shifted in
creasingly to Deep-ArclOphila (IV) lakes and Beaded
streams (VII) in July, and Deep-open (V) lakes in
August. The majority of Northern Pintail brood
sightings at NPR-A study sites (Derksen et aI. 1979)
were from Deep-Arclophila (IV) ponds (Fig. 12).

Northern Pintails made limited use of Shallow-
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Rivar, andSingiluk) in 1977and 1978 (Darksan et al. 1979). At NPR-A, Class VIII watlands ralar in this casa to Rivers and
Upland tundra pools. two watland typas craatad by Derksen at al. (1979).
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Figure 17. Observations of Pacific Loons (by wetland class) at Storkersen Point in 1971-1973 (Bergman et al. 1977) and
at three NPR-A study areas (Square Lake, Teshekpuk Lake, and Island Lake) in 1977and 1978 (Derksen et al. 1979). At
NPR-A, Derksen et al. (1979) did not include Coastal (VIII) wetlands in their classification system, and excluded Basin
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Rgure 18. Observations of Pacific LDon nests (by wetland class) al Storkersen Poinl from 1971 10 1975 (Bergman and
Darksen 1977) and obswvaliCJIIS atPaciiic and R<Id-throaled loon broods (by wetland ciass) al five NPR-A study areas
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Carex (IT) ponds (Fig. 19). During late July and August
at Starkersen Point, however, there was increased use
of Shallow-Carex (IT) ponds where fairy and tadpole
shrimp were concenlrated (Bergman et aL 1977). Ac
cording to Derksen et al. (1979), concenlrations of
benthic invertebrates may have also allracted broods to
Shallow-Carex (IT) ponds at NPR-A study sites in late
summer.

Waders

Derksen et aI. (1979) combined observations for
several shorebird species to provide an overall impres
sion of wetland use at Teshekpuk Lake and Island
Lake. Species included were Lesser Golden-Plover
(PluYialis dominica), Black-bellied Plover (PluYialis
squalarola), Long-billed Dowitcher (Umnodromus
scolopaceus), Pectoral Sandpiper (Calidris
melonolos), Dunlin (Calidris alpina), Semipalmated
Sandpiper (Calidris pusi//a), Red Phalarope
(Phalaropus julicaria), and Red-necked Phalarope
(Phalaropus lobalus).

In June, Flooded tundra (1) and Shallow-Carex (IT)
wetlands were used most commonly (Fig. 20) at Island
Lake, and Flooded tundra (1) wetlands and Beaded
streams (VTI) were used most commonly at Teshekpuk
Lake (Derksen et aL 1979). As Flooded tundra (1) wet
lands dried in July, shorebirds switched increasingly to
Shallow-Carex (II) ponds and Deep-open (V) lakes at
Teshekpuk and to Deep-open (V) and Deep-ArClOphi/a
(IV) lakes at Island (Fig. 20), where they often fed
along exposed shorelines. Because results were
weighted heavily by the large number of phalarope ob
servations relative to observations of other shorebird
species, brief summaries of the ,use patterns of
phalaropes and three other common waders (Pectoral
Sandpiper, Semipalmated Sandpiper, and Dunlin) are
provided below. However, information on percent
wetland use by these species was nOlprovided.

The majority of Red Phalaropes at Teshekpuk
Lake were recorded on Flooded tundra (1) wetlands
during June; but during July and August, use of these
wetlands decreased markedly, and birds shifted to ex
posed shorelines of large water bodies. At Island Lake,
Red Phalaropes often used Deep-open (V) lakes in
June. Early in the season, Red-necked Phalaropes fre
quently used Beaded-streams (VTI) at both Teshekpuk
and Island lakes. In July and August. they used Shal
low-Carex (IT), Shallow- (III) and Deep-Arclophi/a
(IV) wetlands, and Beaded-streams (VTI). Generally.
Red Phalaropes used Deep-<Jpen (V) lakes more than
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Red-necked Phalaropes, whereas Red-necked Phala
ropes used Shallow- (III) and Deep-Arclophila (1V)
wetlands, and Beaded-streams (VII) more than Red
Phalaropes. Flooded tundra (1) and Shallow-Carex (IT)
wetlands were important to both. In the Prudhoe Bay
oil field, Red-necked phalaropes are more common
than Red Phalaropes.

At Teshekpuk Lake, 99% of Pectoral Sandpiper
observations in June and July were on Flooded tundra
(1) wetlands. In August, Shallow-Arclophila (III)
ponds were important at Teshekpuk, whereas shore
lines of Deep-open (V) lakes were heavily used at Is
land Lake just prior to migration.

At Teshekpuk and Island lakes, Dunlin commonly
used Flooded tundra (1) and Shallow-Carex (IT) ponds
in June. As Flooded tundra (1) wetland dried in July,
Dunlins shifted use to Shallow-Carex (II) ponds at
Teshekpuk and to Deep-open (V) lakes at Island.
Beaded-streams (VTI) were also used, particularly in
August.

Wetland use by Semipalmated Sandpipers was
concentrated on Flooded tundra (1) wetlands, Deep
open (V) lakes, and Beaded-slreams (VTI) in June_
Shallow-Carex (IT) ponds, Deep-open (V) lakes, and
Beaded-streams (VTI) were important later in the sea
son.

As mentioned earlier, the Bergman classification
system does not include terrestrial habitats. Although
phalaropes preyed heavily on invenebrates taken from
vegetation at the margins of shallow ponds at Barrow
(Connors 1983), larval invertebrates (principally
tipulids) found in terrestrial habitats are considered the
single most imponant food for the majority of shore
bird species during summer in arctic Alaska (MacLean
and Ayres 1982). (Semipalmated Sandpipers, how
ever, preyed heavily on chironomids throughout the
season at Barrow; MacLean and Ayres 1982.) The
heavy dependence on tipulid larvae by most shorebirds
is apparently related to prey size: terrestrial tipulid lar
vae are often more than 10 mg dry weight compared to
less than I mg dry weight for the larvae of aquatic chi
ronomids (Connors 1983).

Summary
Based on the concept of wildlife guilds, we pro

vide a simplified overview of waterbird use at Shal
low-Carex (II) ponds (Table 13) and Flooded tundra (I)
wetlands (Table 14). The information provides a basis
for discussing the potential value of small permanent
impoundments to different invertebrate-eating water-
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Tabla 14. Summary 01 use pattams on FIoodIJd tundra (Class I) wetlands by Arr:Uc CoMta! Plain waterbirds In relation 10 time 01 season, Based on Bergman
el.l. 1977, Daricsen aIel. 1979, and Taylor 1986. Sea leKllor details.
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Northern Pintail

Nonhem Pintail
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Dunlin
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Semipalmated Sandpiper

Ollhquaw
King Eider
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Dunlin
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birds. We suggest tbat small permanent impoundments
may be most important to breeding divers and tbeir
broods. They may also be important to breeding sur
face feeders, but too few breeding pintails were identi
fied at tbe study sites to accurately assess tbe
importance of small shallow ponds. For waders, small
permanent impoundments are important primarily to
juveniles during mid- and late sununer. However, for
tbe most part, shorebirds (witb tbe possible exception
of Red-necked Phalaropes) do not depend on small
permanent water bodies to as great an extent as do wa
terfowl. Large seasonal impoundments may be used
principally by surface-feeders and waders in early
sununer prior to breeding. whereas divers appear to
make limited use of tbis wetland type.

CONCLUSIONS

Results from tbis single-year study show tbat
small permanent impoundments contain a significantly
higher biomass of botb chironomids and oligochaetes
tban similarly sized natural ponds. Results also show
tbat large Chironomus larvae are partially responsible
for tbe high invertebrate biomass of some impound
ments. Since invertebrate abundance and size are
widely recognized as important measures of habitat
quality for waterbirds, tbe high productivity of im
poundments in the Prudhoe Bay oil field suggests that
tbey may benefit populations of some waterbird spe
cies. However, we do not know when, to what degree,

Conclusions

or if productivity declines over time. Furtber, altbough
we know tbat greater invertebrate biomass should be
beneficial to waterbirds. we do not know to what extent
tbey use it Until direct measures of bird use are col
lected, we can only hypotbesize about potential use of
impoundments.

Waterbird use patterns presented in Tables 13 and
14 are generalized. and there are exceptions to tbe esti
mates made. For example. tbe greater amount ofemer
gent vegetation in small permanent impoundments
compared witb analogous Shallow-Carex (II) ponds
probably benefits divers and surface-feeders, particu
larly females witb broods, by providing cover and a
substrate for important foods such as caddisfly and
stonefly larvae. By contrast, deeper water and steeper
shoreline gradients probably limit access by waders to
invertebrate-rich sediments. For waders, impound
ments may represent a net loss of habitat quality be
cause waders may benefit from terrestrial habitats
(moist or wet tundra) in tbeir unirnpounded state. AJ
tbough we suspect tbat large seasonal impoundments
(which can reach hundreds of hectares in size; Lederer
1984) and analogous Flooded tundra (Class I) wetlands
are similar in terms of invertebrate productivity, we
know very little about tbe hydrology of tbese impound
ments compared witb similar natural wetlands and how
potential differences in drying rates and water level
changes might affect waterbirds. Comparisons be
tween impoundments and natural wetland classes are
summarized in Table 15.

Tabla 15. Ganaralizad comparisans bafwoon fwo impoundmanl types and Ihair analogous natural watland classas.

Impoundment type

Impoundment analogous to
Shallow~Cora
(Ooss II) pond

Impoundment analogous
to Aooded tundra
(C1..s t) wetland I

Apparent differences
from analogous
wetland class

-Greater biomass of
chironomids and
oligochaetes

-More chironomid taxa
..More emergent vegetation
-Deeper water
-Steeper shoreline gradient
-Less exposed sediment

-No current information on
secondary productivity or
hydrology of large. shallow
impoundments

Guilds (age and sex
categories) hypotbesized
to benefiC (rom
impoundment

-Divers (breeding females and
broods)

-Surface-feeders (breeding
females and broods)

-Surface-feeders (pre-breeding
and non·breeding adults)

Guilds (age and sex
categories) hypothesized
to be adversely arreded
through loss of preferred
terrestrial habUat

-Waders (adults and young with
exception ofph<l.1aropes)

-Waders (adults and young with
exception of phalaropes)

'Divers appear 10 make limited use ofClass I wetlands; thus. evaluating imp<1Cts of analogous impoundments may require informalion
on types and densities of natural wetlands such impoundments rcp1:l.ce.
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The best use of this report is for designing new
impact-assessment research and planning effective
habitat mitigation, should such mitigatilJll be required.
Formitigation to be effective, however, habitat evalua
tion needs to be better related to some objective for
management (e.g., is habitat for divers more valuable
than habitat for waders, and is habitat for breeding
birds more valuable than habitat that supports large
numbers of non-breeding individuals?). If the mitiga
tion goal is to provide feeding habitat for waders, then
it may be necessary to modify impoundments to have
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more gradUal shoreline gradients and shallower water
depths than if the goal is to provide habitat for divers
and surface feeders. However, martipulating the shore
lines of impoundments may affect productivity. Al
though we have no assurances that modifying
impoundments around guidelines developed from the
study of natural wetlands will lead to greater use, we
suggest that greater use of these water bodies can best
be achieved by emphasizing design features that in
crease the availability of invertebrates.
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