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la Introduction

Unti! very recently the marine waters along the north coast of Alaska,
commonly called the Beaufort Sea, had received little scientific attention.
This region, which lies almost entirely north of 70° north latitude, is
-naracterized in winter by long periods of darkness, extensive sea ice
cover, and very few visible animals. Ouring this period of cold and
darkness ‘the Beaufort Sea indeed appears to be a biological desert.
However, as daylight lengthens, temperatures increase, and the ice cover
becomes less continuous, thousands of marine mammals and miliions of
birds appear in the area. The presence of these animals, most of which
have migrated to the Beaufort from more temperate reglons, suggests an
area of high summer productivity. Indeed, 11 was Yankee whalers pursuing
the bowhead whale (Balaena mysticetus) to its summer feeding grounds who
provided the first major influx of non-pative people to the region
{Baockstoce 1977). QObservations made by these whalers during the late
19th and early 20th centuries greatly increased the generally available
information on the geography, meteorology, and ice conditions of the
area but provided meager data on the biology of the Beaufort Sea region.
The excellent observations of explorer/naturalists such as Stefansson
{1913) and teffingwell (1919) dealt primarily with terrestrial fauna and
flora and the more obvious marine birds and mammals.

Subsequent fo the demise of commercial bowhead whaling in the early
1900's, activity in the Beaufort Sea declined markedly. The establishment
of the Naval Arctic Research Laboratory (NARL) at Barrow in 1947 provided
the first permanent research faciiity on the northern coast of Alaska.
Several major studies of the local fauna and flora were conducted from
NARL (e.g., MacGinitie 1955; Redburn 1974). In addition, NARL provided .
a support base for work conducted from icebreakers (e.g., Hufford 1974;
Watson and Divoky 1974) and drifting ice islands (e.g., Barnard 1959;

Mohr and Geiger 1968).

The discovery of oil in Prudhoe Bay in 1968 and the need to transport
materials and equipment to Prudhoe by sea initiated the second major
surge of inferest in the Beaufort Sea. A major study (Alexander et al.
1975) was conducted in the nearby Colville River system which provided
some of the first baseline data on the biclogy and ecology of nearshore
waters of the central Beaufort.

The planned extension of oil and gas exploration and development to
the nearshore marine waters of the Beaufort Sea provided impetus for a
major program of physical, biclogical, and oceanographic studies. For
the first time, a major commitment to legistics provided researchers with
the means to carry out their investigations in both nearshore and of fshore
areas throughout the year. These sfudies, sponsored by the Bureau of
Land Management (BLM) and planned and supervised by the Mational Oceanic
and Atmospheric Administration (NOAA) Outer Continental Shelf Environmental
Assessment Program (OCSEAP), greatly increased the available Information
on the biclogy and ecology of the Beaufort Sea (see NOAA/CCSEAP 1978). A
program of research conducted prior to development of oil and gas reserves




in the Mackenzie Delta area of Canada provided complementary information
for The Canadian portion of the Beaufort (e.g., Bicod 1977).

Concurrent with the development of the OCSEAP program, a concern for
the well-being of the bowhead whale population and its habitat arose.
lnitial studies focused on population assessment and harvest monitoring
{(Tillman 1980), but later work involved a broad array of topics dealing
with distribution, ecology, physiology, etc. (Braham et al. 1580a; NARL
1980). )

Studies of foods of bowhead whales in the Ajaskan Beaufort Sea began
on an opportunistic basis in 1976 with partial support provided by the
OCSEAP program and samples collected by National Marine Fisheries Service
(NMFS) personnel. Results of analysis of those samples (Lowry et al.
1978) indicated that euphausiids were The primary foods of bowheads taken
in September 1976 and also of ringed seals (Phoca hispida) harvested in
summer 1975 and 1976. lowry et al. (1978) briefly discussed the possibility
that changes in population levels of bowheads and ringed seals might be
interrelated and that competition for food might affect The recovery of
the bowhead population. Further studies of bowhead foods supported by
NMFS, OCSEAP, and Project Whales (BLM/NARL) indicated that copepods, in
addition fto euphausiids, are major prey in the Beaufort Sea (Marquette
1979; Lowry and Burns 1980). Copepods were also found To comprise a
major portion of the diet of arctic cod in that area (Lowry and Frost
1981a), suggesting the possibility for competition for food between
bowheads and arctic cod (Lowry and Burns 1980; Lowry and Frost 198ta).
Further studies of foods of ringed seals in the Beaufort indicated that
arctic cod were by far the major food during fall and winter (Lowry et
al. 1980; Frost and Lowry, in prep.), suggesting an abundance of arctic
cod In the area.

The above-mentioned studies, although sugyestive, did not provide a
thorough and adequate treatment of the foods and trophic relationships of
bowheads in The Alaskan Beaufort Sea. Such a Treatment appeared timely
for several reasons. First, due to the obvious siynificance of bowheads
to Alaskan Eskimos and other people, and suggestions that competition for
food might be delaying recovery of other baleen whale stocks (Mitchal|
1975), an assessment of possible trophic competitors of bowheads seemed
desirable. The apparent simplicity of the pelagic food web of the Beaufort
Sea (Frost 1978) made the system appear comparatively fractable. Secondly,
it was felt that much of the recently coiflected data had been inadequately
analyzed and synthesized, and synthesis and evaluation of the data were
needed in order tTo adequately plan future research. Third, some major
data gaps were svident which were of considerable impertance in determining
estimates of foocd consumption by the major consumers of the area. We
therefore designed and conducted a study, with funding provided by NMFS,

To address the following three primary objectives.

e Analyze and synthesize all available data on foods and feeding
of bowhead whales in the Alaskan Beaufort Sea.



2. Conduct field studies in the eastern portion of the Alaskan
Beaufort Sea in September 1980 to examine the foods used by ringed
seals and arctic cod in an area where bowheads were known fo feed.

3. Synthesize and analyze data from 1 and 2 above with ofher
information on major vertebrate consumers in the Alaskan Beaufort 1o
provide an assessment of the kinds and quantities of prey required
on an annual basis to support populations of howheads and their
potential trophic competitors. .

i« Methods
A. Literature Search

The primary purpose of the llterature survey we conducted was to
obtain estimates of productivity and availability of food, and food
habits and population biomasses of major vertebrate consumers in the
Alaskan Beaufort Sea. For our purposes the study area was defined as
the area bounded by a |ine north from Point Barrow (156°30'W) on the
west and the U.S.-Canada demarcation line on the east (141°W) and from
the outside of the nearshore barrier islands fto the 200-m depth contour
(Figure 1). The study area, thersfore, includes the entire continental
shelf of the Alaskan Beaufort Sea with The exception of the nearshore
fagoon systems. The size of the study area was calculated as approximately
50,000 kmZ.

Prior to surveying the literature and investigating trophic
inferactions among consumers we selected four groups of organisms which
we considered to be of greatest ecological importance to consumers in the
pelagic food web of the Beaufort Sea (Figure 2). The selection of these
organ isms--copepods, euphausiids, hyperiid amphipods, and arctic cod--
was based on resuits of previous studies of the ecology and trophic
relationships among Beaufort Sea vertebrate consumers (Frost 1978; Lowry
et al. 1978; Lowry and Burns 1980; Lowry and Frost 1981a).

The liferature survey was done by conventional means. Whenever
possible we tried To locate information specific to the study area.
Where such information was not available, relevant data from other areas
were compiled and used. Principal sources of information were reports of
the Alaska Quter Continental Shelf Environmental Assessment Program and
the Canadian Beaufort Sea Project. Direct contacts with investigators
were made when important information was available that had not yet been
published. |t should be noted, however, that results of some significant
studies were not completely analyzed and available Yo us when this report
was prepared.

B. Field Work

The primary field work associated with this project was conducted
in tThe vicinity of Beaufort Lagoon from 4-19 September 1980. Additional
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related work (funded by OCSEAP) wes conducted near Pingok island from
20 August through 1 September 1980. The primary base of operations at
Pingok was a small facility constructed and maintained by the NARL,
while at Beaufort Lagoon we operated from an abandoned DEW line site
which is presently maintained as a research facility by the U.S5. Fish
and Wildlife Service.

The selection of Beaufort Lagoon as a base of operations was based
on the sighting of numerous bowheads apparently feeding near there
(Ljungblad et al. 1980} and the occurrence of food in the stomachs of
bowheads taken near Kaktovik, the Eskimo village on Barter Island a
short distance to the west (Lowry and Burns 1980). Based on the dates
of the sightings reported by Ljungblad et al. (24 and 26 September) and
the usual timing of the bowhead harvest at Kaktovik, usually the latter
half of September (Marquette 1976, 1979), we planned fo commence field
work early in September and continue if possible until the end of the
month. Field work was begun on 3 September and terminated on 19 September
due to a rapid and early freeze-up.

A 20-foot (6.1 m}) long Boston Whaler was purchased and equipped as
a research vessel for this project. The boat was powered by twin 90~
horsepower Mercury engines and equipped with standard steering, controls,
and safety equipment. A stainless steel A-frame was designed, consfructed,
and instalied. The A-frame allowed nets to be handled either over the
stern or alongside the boat. A small gascline-powered capstan (Gowan
Nu-Way Hauler) was installed to facilitate retrieval of nets. A depth
sounder (Datamarine Model 52000) provided a digital read-out of depths
from 0-200 feeT (0-60 m) in 1-foot (0.3 m) intervals.

We attempted to do five types of sampling from the research vessel
(Figure 3) whenever weather and ice conditions permitted. These are
briefiy described as follows:

1. A record was kept of all marine mammals sighted., Number and
identity of marine mammals involved was noted along with time of
day, water depth, general location, ice conditions, and any other
relevant observations.

2. Ringed seals were collected for stomach contents analysis.

Seals were shot with a high-powered rifle and retrieved by harpooning.
They were then weighed, measured, and necropsied. Samples collected
included stomachs, reproductive tracts, and claws and lower jaws

which were used for aye determination. :

3. In areas where ringed seals were coliected, as well as at several
other locations, otter trawis were conducted. The net used was a
semi-palloon design with a 3.8-m headrope, with 3.6-cm stretch mesh
body, 3.2-cm stretch mesh cod end, and a 2.5-cm stretch mesh knotless
cod end liner. The net was rigged with 30.5-cm by 50.8-cm trawl
doors, four floats on the headrope, and galvanized chain on the
footrope. Bridles from the fraw| doors were attached by swivels
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to 185 m long, 1.0-cm diameter doub{e-braided nylon rope which was
used fo tow the net. The towline was marked at 5-m intervals for
the first 50 m and &t 50-m intervals thereatter, The towline was
run through a biock on the A-frame and enough towline was let out
{approximately 4-5 times the water depth) for the net to reach the
bottom. |+ was towed on the bottom at a speed of 2-4 km/hr for 20
minutes. The net was refrieved using the capstan. Contents of the
catch were washed and sorted, and the body cavities of all arctic
cod caught were injected with 10% formalin using a syringe. Organisms
were then placed in fine-mesh nylon bags, labeled, and immersed in
a 10% formalin-seawater solution.

4. VYertical plankton tows were done wheraver otter trawls were
conducted or bowhead whales were sighted, as well as at 5-m water
depth intervals along two selected transects (Figure 4). The net
used was 0.5 m in diameter with a 4:1 open area ratio, 505-micron
mesh net, quick-reiease sampling cup, and a crossbar with single-tow
bridle. A 5-kg weight was attached to the sampling cup. The fowline
was run through a block on the A-frame and attached to the tow

bridle. The net was allowed To sink To the desired depth, Then was
retrieved by hand at a speed of 30-40 m/minute. The net was washed

at the surface, then collected samples were poured into labeled
whirl-pac containers and preserved wiTh 10% formalin-seawater. At
iocations where otter ftrawls were conducted, one to three replicate
tows were made from fthe bottom to the surface. Near whale sightings
and along transects, vertically sftratified tows were sometimes done

in addition fo tows from the botfom to the surface. In those instances
The net was lowered To the first full 5-m depth increment above the
bottom (e.g., to 25 m in an area 28 m deep) and hauled to the surface,
washed, and the contents labeled and preserved. These were commonly
repeated at progressively shallower 5-m increments.

5. We attempted tTo design and construct ap Alternate Planktoen
Sampler of the type described by Brodie (1978). The purpose of

such a sampling device was to adesquately collect comparatively

large, mobile nektonic organisms such as euphausiids and hyperiid
amphipods. The device used by Brodie consisted of a 40-cm sheet-
metal cylinder on which was loaded a length of thin polyethylene
tubing. The tubing was tied shut at one end so that as the sheet-
metal cylinder moved through the water the polyethylene bag became
fiflede In principle such a sampler eliminates the "bow wave effect”
caused by nets and simutates the gulping action of baleen whales which
should allow the capture of motife corganisms. Using the design
suyggestions ot Brodie (1978), we designed and constructed a sampler
that could store up to 50 m of tubing wrapped around a filter apparatus
constructed of 5.0-cm diameter plastic pipe. Unfortunately, time

did not allow testing of the sampler before field work commenced.

The sampler proved deficient in several respects, particularly in

the rate of water filtration allowed by the plastic-pipe filtering
apparatus. We modified the filtering arrangement of the sampler,

but the modifications were not successful. Further development and
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testing are required before equipment of this type will be useful
on a routine basis. Some such testing has been planned (Brodie,
pers. comm.).

C. Laboratory and Analytical Procedures
1. Yertical plankton tows

. Qrganisms caught in the vertical plankton tows were sorted, identified,
and enumerated by Kenneth Coyle, University of Alaska, Institute of Marine
Sciences. Samples were washed from the whirl-pacs and the excess fluid
removed. " In most tows the entire catch was processed. For a few Tows
in which very large numbers of copepods were caught, large organisms
were removed from the sample and counted, the remainder was then diluted
and several (usually 3-4) subsamples were taken and examined until a
total of 100-200 of the most common species was counted. Organisms were
Identified to the lowest possible taxonomic level which, with the exception
of some larval forms, was usually to species. Copepods were identified
by age category and sex where possible and were enumerated separately by
age and sex class.

Computer programs were developed for entry and anaiysis of zooplankten
data. |In analysis programs a subsampliny factor was applied to subsample
counts (based on the ratio of the velume counted to total sample volume)
to derive for all species the estimated total number in the sample. This
was then expressed as the number of individuals of each species per
cubic meter of water by dividing by the amount of water filtered by the
tow (area of net opening x tow depth). For stations with replicate
tows, results were expressed as the mean and range in number of individuals
caught.

At stations where vertically stratified tows were made, abundance of
plankton was computed for each possible depth increment. We assumed that
each of the tows in a stratified series sampled a portion of an identical
water column., Therefore, in an area 1% m deep, the tow made from 10 m
depth to the surface contained all the organisms in the upper 10 m, while
the tow from bottom to surface contained those organisms plus those living
in The bottom 5 m. The number of organisms of each species caught in the
10-0 m tow would be subiracted fraom the 15-0 m tow and the resuit divided
by the difference in volume of water filtered. This process was repeated
using each progressively shallower pair of tows. |f more organisms of a
species were cauyght in a particular tow than were caughT in the next
deeper tow, the abundance of That species in the depth zones between The
tows was considered zero. '

2. Otter trawlis

Contents of oftter trawl catches were washed and sorted into major
taxonomic yroups which were then enumerated where appropriate and weighed
(wet weight to 0.1 g). Fishes were usually identified to species. Arctic
cod were individually measured (fork length to 1.0 mm)} and weighed (wet




1t

weight to 0.1 g), and the sex was noted and the stomach removed. Contents
of the stomach were examined under a binocular microscope, components of
the stomach contents were sorted to species, enumerated to the extent
possible, and weighed (wet weight to 0.01 g).

Computer programs were written for entry and analysis of arctic cod
data. One program calculated the mean length and length distribution of
cod caught in fows. Measured lengths of specimens were Increased by 2.1%
to compensate for shrinkage due to preservation (Lowry and Frost 1981a).

A second program analyzed the contents of stomachs in terms of mean weight
and number of individuals and frequency of occurrence (number of stomachs
in which an item occurred/total number of stomachs in sample) of each

item In the stomachs examined. Only stomachs containing recognizable

food were included in this analysis. '

3. Ringed seal stomach contents

Preserved stomach contents from ringed seals were gently washed on a
1.00-mm fine-mesh sieve, then sorted intoc major cateyories. Prey items
were identified to the lowest possible Taxonomic categoery, counted, and
the water displacement volume measured (to the nearest 0.1 mil}) in graduated
cylinders. Estimates of the number of individuals of each prey consumed
were based on counts of intact organisms and characteristic parts such as
otoliths of fishes. Otfollths from arctic cod eaten wers measured (to the
nearest 0.1 mm} with vernier calipers. All ofoliths were measured in
those stomachs containing fewer than 20. In those contalining more than
20 otoliths, a randomly selected subsample of 20 was measured.

Existing computer programs were used to analyze components of ringed
seal stomach contents. For each of the twe major collection argas the
percent of the ftotal stomach contents volume comprised of each category
and the freguency of occurrence was calculated. The percent of the
total number of fishes eaten which belonged to each faxon was aiso
calculated. The estimated lengths of arctic cod eaten were calculated
based on otolith measurements using the formula: Fish fork length (cm} =
2.198 otolith length (mm} + 1.588 (Frost and Lowry, in press a).

4, Bowhead whale stomach contents

Techniques used for examination of bowhead whale stomach contents
were generally similar fo those just described for ringed seals. Stomach
contents were washed on a fine-mesh (usually 0.355 mm) sjieve. Large
obvious organisms were removed and counted, and the remainder was examined
and sorted using a hinocular microscape. Prey were jdentified to the
lowest possible taxonomic level and enumerated, using subsamples to
estimate numbers of small, abundant organisms such as copepods. VYolume
of each prey category was determined by water displacement in ygraduated
cylinders. Percent of the fotal sample voliume and percent of the total
number of prey which were comprised of each prey category were calculateds
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l1i. Availability and Producticn of Food
A,  QOceanography and Sea lce

The Beaufort Sea forms a southern embayment of the Arctic Ocean
and is bounded by a line drawn from Point Barrow, Alaska, to the tip of
Prince Patrick Sound, Northwest Territories. The continental shelf in
the Beaufort Sea is narrow, generally less than 150 km wide, and shaliow,
averaging about 65 m in depth, with a well-defined shelf break at about
the 200-m iscbath (Hufford 1974).

The Beaufort Sea, [ike the remainder of the Arctic Ocean, can be
divided vertically into three water masses: arctic surface water,
Atlantic water, and arctic bottom water (O'Rourke 1974; Her!inveaux and
Boom 1975). Arctic surface water extends from the surface To about 200 m
and generally covers the continentat sheif. The upper 25-50 m originates
in the Arctic, mainiy as terrestrial runoff, and is generally characterized
by retatively tow salinities (28.5-33.5 ppt). The remainder of this
layer is a mixture of runoff, Atlantic water, and somewhat warmer Bering
Sea water (O'Rourke 1974). Circulation off the shelf is predominantly
clockwise in the form of the Beaufort Sea Gyre which moves westward off
the Alaskan coast at about 10 em/sec (0.4 km/hr) (Herlinveaux and Boom
1975). On the shelf surface currents are driven by the wind which in
summer is usually from the east with intermittent northwesterly winds
during storms which reverse the the flow. Subsurface currents are generally
to the east, althouygh reversais are common (Mountain 1974, Aagaard 1978).
Bering Sea water is offen present on the outer shelf at depths of 50 to
160 m. Penetration eastward is very variable but in some years Bering Sea
water is present aT least as far east as Barter Island {(Johnscn 1956).
Wind~-induced mixing of the water column occurs to about 25 m during
summer (O'Rourke 1974). Upwelling probably occurs mostly on The outer
shelf, east of 146%, when easterly winds move surface water off shore and
deeper, poorly oxygenated but nutrient-rich water comes up onto the
shelf to replace it (Hufford 1974). \lpwelling apparently does not occur
every year (Mountain 1974). :

Atlantic water, entering the Arctic through the passage between
Greenland and Spitsbergen, is found from about 20C to 900 m. Clirculation
of Atlantic water is counter-clockwise in the main Arctic Basin. This
water mass is relatively warm, usually above 0°C, and saline (O'Rourke
1974). Below 900 m, subzero temperatures and salinities of almost 35 ppt
characterize arctic bottom waters.

input into the Beaufort Sea from river runoff varies throughout the
year, with maximum flow in June (approximately 80% of the total discharge)
and minimum flow in December. The Mackenzie River in the eastern Beaufort
Sea contributes about half of the total runoff, with most of the remainder
from the Colville, Kuparuk, Sagavanirktok, and Canning (Hufford 1974).
The vertical effects of river runoff and spring ice melt are generally
iimited To the upper 30 m and usually to the upper 15 m (Hufford 1974).
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Nearshore waters of the Beaufort Sea are ice-covered for aimost
10 months of the year. Freeze~up usually begins In late September or
Octobar and the lce continues to grow throughout the winter until it
reaches maximum thickness in late April or May (Shapiro and Barry 1978)}.
During winter two major categories of lce are present: landfast ice
which 1s attached to the shore and extends for variable distances seaward,
and pack lce which occupies the remalnder of the Beaufort Sea and Arctic
Ocean, drifting with the winds and the clockwise Beaufort Sea Gyre.
Landfast ice and pack ice Interact In a zone of shear forces and pressure
ridges. The shear zone Is usually found at water depths of 15 to 20 m
where the moving pack Ice Impacts the stationary fast-ice edge (Shapiro
and Barry 1978). Large places of ice commonly ground In this zone,
protecting and providing added stability to the ice In shore.

In late May or early June melting begins, inltiated by increasing
sunllght and warming temperatures (Shaplro and Barry 1978; Burns et al.
1980). Rivers flood out onto the fast ice, ice melts along the shoreline,
and melt ponds form on top of the ice. Most years in late June~July the
partially melted, weakened fast ice either disintegrates In place or
breaks up and moves off shore under the Influence of winds and currents.
The pack ice also melts and decays, and the southern edge becomes a Zone
of broken, moving floces (Shaplro and Barry 1978).

The t+iming and progression of breakup and fall freeze-up, and thus
the duration of the open water perlod, are highly variable. In some:
years, as in 1975, the ice moved off shore very Iit+le and areas of open
water were extremely limited. in 1977 the lce moved far off shore,
creating vast areas of open water (Frost and Burns, unpubl. obser.), In
1980 freeze-up occured much earlier than "normal,™ reducing the open
water season by several weeks. Such annual varlation in the open water
period great!y affects the amount of light reaching the water column In
a summer and therefore the total annual primary production.

To bowhead whales and other summer visitors, the geographic as wel|
as temporal progresslion of breskup is important. Thelr spring migration
from the Bering Sea through the Chukchl and into the eastern Beaufort
depends on the opening of leads In northwest Alaska In March. In an
"average" year those leads gradually spread north and east in an arch
across the Beaufort Sea from Point Barrow to the northwest corner of
Banks |sland (Markec 1975; Burns et al. 1980). [+ is through these leads
that bowheads move. The first major areas of open water In spring ile
to the west of Banks Island, spreading south to outer Amundsen Gulf
(Marko 1975) and west to Tuktoyaktuk Peninsula by June. A persistent
lead, often referred to as the "termlnal lead," Is present at about the
30-m contour along the Tuktoyaktuk Penlinsula (Marko 1975). That lead
opens first In Amundsen Gulf and spreads west to Mackenzie Bay, widening
as spring progresses. Open water occurs off Herschel Isiand and the
Alaskan coast by July or August {Markham 1975). Although the extent of
open water varies annually, the terminal lead Is almost always present in
some form in the southern Amundsen Gulf-Tuktoyaktuk region. Consequently;
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it may be particularly important to bowheads as a reliably open water area
in severe ice years.

B, Primary Production

In the oceans, the photosynthetic organisms responsible for
converting inorganic carbon {(carbon dioxide} to organic carbons (simple
sugars) which are readily usable by the rest of the food web are small
one~-cel led plants known as phytoplankton. Although they survive and
flourish in a wide variety of circumstances these phytoplankton, |ike
all plants, have basic requirements for light and nutrients. {n the
Arctic, both light which provides the energy source for the photosynthetic
reactions and nutrients which provide needed buitding blocks may be
limiting.

The availability of light is highly variable on a seasonal basis.
From November until January the Beaufort Sea receives no direct sunlight.
In mid-March days and nights are of equal length, while from May through
July direct light is present for 24 hours a day. B8y late August light
levels have significantly decreased and in early October days and nights
are once again of equal length. For the phytoplankton, light levels are
generally adequate for photosynthesis and growftnh from March untii October
(Bursa 1961), Major factors affecting the avaitability of Iight include
the angle of the sun, cloud and fog cover, wave action, fTurbidity in the
water column caused by sediment or organic matter, and the presence of
ice, including its thickness and snow cover (Bursa 1961; Grainger 1975).
Most of those factors vary annually and in combination greatly affect
the magnitude of phytoplankton production in any particular year.

Although incident solar radiation is adequate for plant growth by
laTe March or eariy April, tittle of Tthat light reaches plankton in the
water column. Surface albedo (reflectivity) is high and light aftenuation
through one to several meters of snow-covered ics is great. As little as
1-2% of the incident radiation reaches the lce-water interface (English
and Horner 1977), and "drastic |ight atfenuation can be expected fo
persist almost as long as the ice cover lasts" (Schell 198Q). Solar
radiation is greatest in June, but maximum penetration into the water
column doss not occur until July when snow on the surface of the ice has
melted and much of the seasonal sea ice has melted, broken up, or moved
off shore. In the Arctic the depth of the euphotic zone (fhe zone where
light is adeguats for photosynthesis}) varies but is usually less than
50 m (Bursa 1961; Grainger 1975; Davis et al. 1980).

Phytoplankton productivity in arctic waters is considered to be
quite low in comparison to similarly cold antarctic waters, a fact which
is generally attributed to differences in the availability of nutrients.
Those autrients--primarily nitrates, phosphates, and, in the case of
diatoms, silicates--are required in various amounts for successful growth
and reproduction of the phytoplankton community. In the Beaufort Sea
the availability of nutrients fluctuates seasonally (Horner 1981).

During the summer nutrient levels (particutariy nitrogen} are {ow or
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undetectable and the system is nitrogen !imited (Grainger 1975; Horner
1981). This is due to a combination of rapid nutrient utilization by
phytoplankton populations and the extreme stability of the water column.
Stability is caused by decreased salinities due to melting ice and warming
by the sun which in combination result in a sfrong density gradieat or
pycnoc!ine (Horner 1981). Although a strong pycnocline tends fo keep
phytoplankton from sinking *through 1+ and out of the euphotic zone, it
also prevents the exchange of nufrients between deep nutrient-rich waters
and near-surface nutrient-depleted waters. Upwelling is responsibie

for nutrient replenishment and thus high productivity in many parts of

the worid such as the antarctic convergence and off the coasts of Peru

and California. However, throughouf much of the arctic upwelling probably
does not occur, which results in a generally nitrogen-depleted system

with relatively low productivity (Thordardottir 1977). Upwelling apparentiy
does occur in at least some years on the outer shelf of the Beaufort Sea
east of 146°W (Hufford 1974; Mountain 1974). Productivity values are
higher in that area. |t is possible that persistent nearshore ice in

the western portion of the Beaufort Sea reduces the amount of open water,
thus iimiting upwelling. In general, nitrates decrease from the shore

to the shelf break, whereas phosphates increase, largely because terrestriaf
runoff is high in nitrogen and low in phosphates (Horner 1981}.

Stratification of the water column breaks down in fall and winter

as a result of wind mixing caused by storms, declining water temperatures,
and formation of ice. Deep mixing occurs, bringing up nufrients from
deep waters to the surface layers. In situ regeneration of nutrients by
microbial populations alsc takes place at this time (Msiac 1976; Horner
1981). According to Schell {1980), "Nutrient concentrations rise steadily
in the under-ice waters of the nearshore Beaufort Sea following cessation
of plant uptake in the fall." |In spring, additional nutrients, especially

nitrates, are supplied by river runoff and desalfation of the ice, but
are rapidly depleted by the developing phy+0plankfon blooms (Meguro et al.
1967, Alexander 1974).

Temperafure and salinity are Important factors for the survival of
individual species and thus ygreatly affect the species composition of the
phytoplankton. They do not, however, regulate productivity since high
productivity can occur in cold as well as warm waters and at either high
or fow salinities. Thus, unlike The availability of light and nutfrients,
temperature and salinity are not strictly limiting factors to primary
production.

The species composition of the primary producers in arctic waters
chanyes seasonally with changing light, nutrient, temperature, and salinity
regimes. Earty in the year, from about April until June, most production
is attributable to "ice algae" which grow in brine pockets in the ice at
light levels considerably below the 1% level generally considered necessary
for phytoplankton in the water column. Primary productivity in the
water cofumn at that time is quite low (Hsiao 1980). The ice algal
community appears with ice formation in the fall, persists at low numbers
through the winter, then undergoes a rapid increase in spring as light
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and nufrient levels increase. Ice algae are dispersed throughout the ice
in winter, but by April or May are concentrated in a thin layer (2-3 cm)

at the bottom of the ice {(Horner and Alexander 1972; Hsiao 1980). That
layer is comprised almost entirely of pennate diatoms, particularly ot

the genus Nitzschia, although dinofiagellates, flagellates, and ciliates
are also present (Meguro et al. 1967, Horner and Alexander 1972; Hsiao
1980).,  The peak ice algae bloom usually occurs in late June, just before
breakup, as light penetration is greatest due to melting snow and decreased
surface albedo (Hsiac 1980). Production declines thereafter, in part

due to light inhibition and in part because the dark algal {ayer
differentially absorbs light and melts, releasing algae intc The water
column (Hsiao 1980). Nufrients are probably not limiting to the ice

algae since the ftop layer of ice acts as a reservoir, providing nutrients
to the plants below fthrough desaltation and drainage through brine channels
(Meguro et al. 1967; Hsiao 1980). Exchanye with seawater makes available
additional nutrients which are in abundant supply following a winter of
replenishment and low utilization.

The contribution of the ice algae to total annual primary production
is difficult to evaluate and undoubtedly varies from year to year in
relation to ice and snow conditions. The only available information for
The area outside the barrier istands in the centratl Beaufort Sea is from
Schell (1980) who estimated annual production of ice algae in that area
to be about 2 g/m?. Comparable estimates for the eastern Chukchi Sea
{Alexander 1974) and the Bering Sea (McRoy 1976) are 5 g C/m2/yr and
24 g C/mé/yr.

Although total ice algal production is not great, the ice algae
standing stock in early spring may be 40-500 times greater than that of
the water column, and thus may provide a refatively concentrated food
source for zooplankton well before the regular phytoplankton bloom occurs.
There is probably less annual variation in ice algal production than in
phytoplankton production since tactors atfecting ice algal growth are
annually less variable than those affecting the phytoplankton. Consequently,
in years of poor phytoplankton production the ice algae may account for
25% or more of the total annual production (Alexander 1974), whereas In
gocd years for phytoplankton it may comprise as little as 5-10%.

During April-June while ice atygal productivity is high, the water
column phytoplankton are just beyinning their seasonal increase. Throughout
the winter months, chiorophyll a is barely detectable in the water column.
Diatom numbers are low and small flagellates predominate. ODuring March-
early May flageilates are still most abundant, but diatom numbers (and
chiorophyl| a) are steadily increasing. In much of the Arctic there are
two major phytopiankton production peaks {(Bursa 196%1; English and Horner
1977; Horner 1981). The first usually occurs in late June-early July
JusT before or during breakup and is comprised primarily of pennate
diatoms, particularly the genus Nitzschia. Bain et al. (1977) reported
a 300-fold increase in Nitzschia numbers from the 1st to the 19th of
June in Weilington Channel, N.W.T. Pennate diatoms decrsase in number
after the June-July peak, and during most years there is a rapid increase
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of centric diatoms, particularly Chaetoceroes, during July with a pesk in
mid-August (Bursa 1961; Bain et al. 1977). In 1976, 1977, and 1978 the
major genera of diatoms in the central and western Beaufort Sea were
Chaetoceros, Thalassiosira, and Nitzschia (Horner 1980). At lgioolik

(69°N in the Canadian Arctic) Bursa (1961) found that the centric diatoms
peaked approximately 1 month after the pennates. There is a major decrease
in diatom numbers and production in late August-September as |ight decreases,
nutrients are depleted, and grazers reach maximum numbers. This decline
continues through October until the winter minimum is reached in about
November. During late summer-fall, as diatom numbers decrease, ofther
groups are numerous. Flagellates reach their annual maximum in fate
July-August, ciliates from late July-September, and dinofiagellates in
August-September. Flagellates are the most numercus group through the
winter (Bursa 1961; English and Horner 1977). In general, diatoms make

up over 90% of the phytoplankfon during summer, particularly in areas of
high productivity. Flayellates predominate off shore where nutrient

tevels are low and in surface waters where light intensity is greatest
(Hsiao 1976, English and Horner 1977}).

The timing and intensity of phytoplankton blooms vary annually
depending on a variety of factors such as ice conditions, weather patterns,
and nutrient availability. Bursa (1963) reported that development of
the phytoplankion bloom in leads was up to 2 months ahead of that in
completely ice-covered areas and suggested that fthe persistence of ice
may delay the spring blcom {-2 weeks. English and Horper {1977) found
That phytoplankton assimilation rates were consistently lower in water
under snow-covered ice than under melt ponds on the ice or in leads. In
1975, the most severe ice year on record since 1953 (Brower et al. 1977),
Horner (1978) reported a September phytoplankton bloom with the
characteristics of the spring bloom. Pennates were the most numercus
diatoms and nutrients were still high a full 2 months after the "usual"
time for the penpate bloom. This suggested that the centric bioom had
not yet occurred and, furthermore, that it probably did not occur before
winter conditions set in. The data of Hsiac et al. (1977) from the
Mackenzie Delta area in August indicated that production at ice-covered
stations was about 65% of that in open water. Horner (1978) estimated
that total annual production In 1976, which she termed a "heavy ice
year," was about 64% of production in 1977, a relatively light ice year.

Nutrient availability may vary substantially on an annual basis,
although this has not been quantified in the Beaufort Sea. Hufford
(1974} sugyested that upwelling occurs in the central Beaufort, but
Mountain (1974) was quite sure that it did not occur every year. Since
upwel linyg is often caused by wind acting across open water, it may occur
infrequently or not at all in heavy ice years or in gecgraphic areas
where ice is especially persistent. Years of unusualiy low river runoff
may also substantially reduce nutrient inpuft.

Estimates of total annual primary production in our study area are
difficult tfo make and are imprecise at best. Many of the estimates that
have been made are based on data from the western Beaufort Sea, betwean
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Prudhoe Bay and Point Barrow. Virtually all samples have been collected
in August-September, very probably after The peak of productivity.

Estimates of annual primary production for the Alaskan sector of
the Beaufort Sea range from 2 to 10-15 g C/mZ/yr (Table 1). In the
Canadian sector of the Beaufort, estimates are considerably greater,
ranging from about 18 g C/mz/yr at offshore stations to as much as
96 g C/mz/yr near shore. Comparable values for other locations in the
Canadian Arctic range from 9 g C/mé/yr at Alert, N.W.T., to 42 g C/me/yr
in Frobisher Bay, N.W.T. (Davis et al. 1980). Horner's (1981) data
indicate that, in The years she sampled, productivity and standing stock
were usually higher, often substantially so, east of Prudhoe Bay,
particularty east of 147°W, than between Prudhoe Bay and Barrow. In
1977 highest integrated productivity was at a station in 28 m of water
of f Demarcation Bay.

Based on the estimates of Alexander (1974) and Horner (1981) for
phytoplankton productivity and Alexander (1974) and Schell (1980) for
ice algae, the estimated total annual primary production in the study
area (50,000 km?) would be 2-10 X 107 metric tons (+) C/yr. |f estimates
from the Canadian Beaufort are used, total proauction would range from
10-26 X 10° + C/yr. It is probably reasonable to assume that annual
production is at least 2 X 10° + C/yr and possibly as great as
26 X 10° t C/yr, or 4-52 + C/km¢/yr. This compares favorably to a
similar estimate by Davis et al. (1980) for the Canadian Arctic of
4% 1 C/kmzfyr- Using a Carbon:wet weight conversion factor of 0.058
{Sheldon et al. 1977), our estimates Translate to 3-44 mitlion metric
tons of phytoplankton per year. Since the proportion of diatoms In
refation to other non-silicified groups in a sample greatly affects the
Carbon:wet weight ratio, the use of 0.058 as a conversion facter provides
only an approximation of the actua! biomass.

Estimates such as those in the previous paragraph are useful for
making gross generaljzations about the totail amount of food available to
secondary consumers in the Beaufort Sea. It is important to remember,
however, that these numbers are averages for a broad geographic area
over a wide time frame. The entire process of integrating and averaging
values removes the local, smali-scale patchiness which is so important to
consumers. As Brodie et al. (1978) pointed out, although average estimates
of prey density may fit satisfactorily into generalized food webs, they
may not be at all satisfactory in explaining specific predator-prey
reiationships. Thus, in our study area local differences in phytoplankton
productivity are probably far more important to copepods, and thus to
bowhead whales, than esTimates of ftotal tons of carbon per sguare
kilometer. Although the Alaskan sector of the Beaufort Sea is apparently
a relatively low productiviiy area in comparison with the Canadian Arctic,
it may be very productive in localized areas such as The region arcund
and east of Barter 1stand. In 1977 infegrated carbon values were 10-20
times greater off Uemarcation Bay than they were at most other Beaufort
Sea stations (Horner 1981). Herbivorous zooplankton may be correspondingly
more abundant there.



Table 1. Estimates of total annual phytoplankton productivity in the southern Beaufort Sea.

Source Location mg C/mz/hr‘ g C/m2/yr

Alexander 1974 Central Beaufor* ~ outside barrier islands 7 10-15

Horner 1981 Western Beaufort - 1976 4-150 9
Central and western Beaufort - 1977 9-170 14
Central and western Beaufort - 1978 1=-32 2

Hsiao 1976 Mackenzie R. Delta - inshore - 1975 45-49 (x 47) 961
Mackenzie R. Delta - offshore - 1975 4-18 (x 9) 181

Hsiao et al. 1977 Off Mackenzie R. Delta - ice covered 15 311
0ff Mackenzie R. Delta - open water 23 471

1

Calculated from mg C/m2/hr estimates, assuming 30 days/month and 24 hrs daylight in June and July,

20 hrs in August,

61
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C. Secondary Production

Herbivorous zooplankters such as copepods and euphausiids convert
plant tissue into animal tissue which can then be utilized by other
consumers. The efficiency of that conversion Is difficult to quantify
but has been estimated at about 15-20% for temperate oceans (Mullen
1969, cited in Davis et al. 1980). Raymont (1963) suggested that 25%
is probably the upper limit for gross ecological efficiency in natural
communities. Gulland (1974), in discussing the abundance of whales In
relation to productivity, assumed a 103 transfer efficiency from
phytoplankton to zooplankton. In the Arctic, net energy transfer from
phytoplankton to consumers may be somewhat {ess than in temperate waters
since animal life cycles are longer and more energy is required for
maintenance activities over the extended l|ife span. However, in northern
waters maintenance requirements and growth efficiency are not constant
year—-round; growth rates increase during summer when phytoplankton
productivity (s high and decrease during winter when |ittle food is
available,

Measured assimilation efficiencies {proporticn of ingested food
which is digested) range from 40 to S0% in copepods and euphausiids
(Raymont 1963; Lasker 1966; Pechen~Finenko 1977; Vyshkvartzeva 1977).

Of the assimitated proportion, most is used for respiration and the
remainder for growth and reproduction. Clutter and Theilacker (1971)
estimated that 19-29% of the calories ingested by Metamysidopsis over its
|1fe span are available for transfer to the rest of the treophic web, with
the remainder lost fTo maintenance activities. For Euphausia pacifica,
Lasker {1966) suggested that a somewhat higher proportion (32%, including
eggs, molts, and growth, with a range of 11-74%) was available for transfer.
In field studies he found that approximately 9% of assimilated calories
went to growth, 15% to molts, 9% fo eggs, and 66% to respiration. During
periods of rapid growth, growth efficiency was as high as 30%, while
during slow growth periods it was as low as 6%. Raymont (1963) suggested
that growth efficiency in copepods also varies greatly on a seasonal
basis.

There are many groups of animals which are not of direct importance
to fishes, birds, and marine mammals but which may greatly affect the
composition and abundance of both phytoplankton and zooplankton. Among
those ygroups in the arctic are the herbivorous larvaceans (Qlkopleura
and fritillaria) and ptercpods (Limacina), and the predominantly
carnivorous medusae (Aglantha, Aeginopsis, Rathhea, Obelia, and Cyanea),
chaetognaths (Sagitta), and ctenophores (Beroe) (Grainger 1959, 1952,
1975). In areas where medusae, ctencphores, or hydrozoans are abundant
they may greatly reduce The standing stock of copepods {(Raymont 1963;
Huntley and Hobson 1978).

The availability of zooplankton to consumers is frequent!ly discussed
in terms of productivity of prey populations. From a practical standpoint,
however, it is high standing stock, rather than productivity, that enables
animals such as whales to successfully feed (Gulland 1974). |In the Arctic,
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individuals grow reiatively slowly and generation times are two to severat
times longer than they are in warmer southern waters (Dunbar 1957; Grainger
1965; Berkes 1976). Consequently, productivity may be relatively low

but standing stock quite high since it represents several! years of
production. Furthermore, since many consumers, for example seabirds and
bowheads, are migratory and spend only summer in the Beaufort Sea,
exploitation of prey populations by Those species Is limited to a few
months of the year.

The actual caloric value of prey is obviously of great importance. to
consumer species. Caloric values of major prey species are discussed in
Section VI! and summarized in Table 2. |In comparing the differing prey,
it is apparent that caloric values of all groups are quite similar. The
exception is Calanus copepods, for which values are about 25-35% highers
Several sources confirm that Calanus copepods are higher in calories
than other copepods and other groups {Laurence 1966; Cummins and Wuycheck
1971). This is probably due to the substantial |ipid reserves (15-40%
of total body weight) which are accumulated in summer and fall (Brodskii
1950; Vyshkvartzeva 1977), Caloric value of fThose lipids is about 9,500
cal/g (Laurence 1976). The importance of lipids in accumulation of
whale blubber has been discussed by Ackman et al. (1975) and Brodie
{1975).

Although distributiconal records for zooplankton specles in the
Beaufort Sea are quite good, data on the standinyg sfocks of important
prey species are largely unavailable. Most extant zooplankton data
pertinent to our study area were collected on a series of icebreaker
cruises during August-September 1975-79 (English and Horner 1977; Horner
1980; Horner 1981). Those data do not include biomass estimates but are
presented instead as number of individuals/1,000 m>. Numbers are
averaged over the entire water column and therefore do not show differentia
depth distribution of species.

Horner (1981) found Calanus glacialls, C. hyperboreus, and Metridia
longa to be the most abundant copepods in the study area. In general,
copepods comprised a greater proportion of the zooplankton east of Prudhog
Bay than to the west, and C. hyperboreus and M. longa were more abundant
than C. glacialis in that region. Metridia was most abundant in deep
water. :

Hyperiid amphipods and euphausiids are not adequately sampled by
plankton nets. Nonetheless, hyperiids were caught at 75% of all stations
in all years except 1976 {Horner 1981). The greatest density reported
was off Harrison Bay in 1977 when 8/m3 were caught. Horner (1981)
caught Thysanoessa euphausiids in 542 of all samples. Thysanoessa raschil
was most abundant, with a maximum reported density of 0.5/m”, off
Demarcation Point in 1977. Euphausiids were generally most abundant
along the 20-m contour between Demarcation Point and Beaufort Lagoon,
alony the 40-m contour off Camden Bay, and at the 200-m contour off
Barrow. [t may be significant that the area where euphausiid numbers
were yreatest--Lemarcation Point to Beaufort Lagoon--is an area where




Table 2. Caloric values of major prey of ringed seals, bowhead whales, and arctic cod in the Beaufort
Sea.
Cal/g Ash-free
Prey Cal/g Wet Weight Cal/g Dry Weight Dry Weight Source
Copepod —- 5,252 5,626 Laurence 1976
Calanus sp. - 6,425 6,835 Laurence 1976
C. hyperboreus - -- 7,452 Cummins and
Wuycheck 1971
Pseudocalanus sp. - 5,0 5,542 Laurence 1976
Euphausiid
Thysanoessa sp. 1,173-1,204 - 5,414-5,554 Nishiyama 1977
T. raschii - 4,950 5,861 Nishiyama 1977
Hyperiid Amphipod
Parathemisto libellula 652 3,415 4,458 Nishiyama 1977
6,300 Griffiths and
Dillinger 1981
Mysid
Mysis litoralis - -- 5,470 Griffiths and

Dillinger 1981

Ze
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bowheads are Thought to feed on their fall migration. Euphausiids occurred
in stomachs of bowheads taken at Kaktovik in 1979 (Lowry and Burns 1980)
and ringed seals collected off Beaufort Lagoon in 1980 (see Section V).

We collected zooplankton samples during our September 1980 fleld
program in order to gather more information on distribution and abundance
of zooplankion species, particularly copepods, which are foods of arctic
cod. Since bowheads also eat copepods, our sampies yielded some informatics
about the disfribution and relative abundance of potential bowhead foodss
It was our original intention fo also sample nektonic species (hyperiid
amphipods and euphausiids), but since our alternate plankfon sampling
device did not work adequately we were unable to do so. Thus, we are
unable to comment on the distribution of the nektonic groups, except as
indicated by the stomach contents of ringed seals (see Section V).

Plankton tows were made at all locations where otter trawls were
done for direct comparison to arctic cod stomach contents (see Section V)«
Tows were also made where bowhead whales were sighted (W1-W3) and at 5-m
depth intervals along four onshore-offshore fransects (Figure 4 and
Appendix 1). Three of those transects (Stations A-l) were conducted off
the mouth of Beaufort Lagoon on 10, 14, and 17 September. The fourth
(Stations J=M) was made off lcy Reef on 12 September. ODuring the week
preceding the 10 September transect the weather was good, with light and
variable winds. Stormy weather and 20-30 knot winds preceded transects
conducted on 14 and 17 September.

Oniy four species (or species groups) of copepods were recurrently
present in our samples: Pseudocalanus sp., Calanus hyperboreus, C.
glacialis, and Derjuginia folli (Table 3). Metridia longa, which Horner
(1981) listed as one of the three most common copepod species, was not
cammon in our samples. Along all transects Pseudocalanus was the most
abundant species. Average densities of particular species on the four
transects varied by factors of up to 400. Abundance of the two Calanus
species was less varijable than Derjuginia or Pseudocalanus.

Calanus hyperboreus (stage ||l and larger) were absent from surface
waters on all days and at all depfhs except at the shallowest (5-m)
stations where densities were 1-2/m>. They were most abundant near the
bottom at statlons where wafer depth was 20 m or more. Densities were
never high, averag:ng {-2/m> for all stations combined and reaching a
maximum of 30/m> at 10-15 m depth at Station F (30 m water depth) on
14 September. There were no substantial differences in densities between
transects off lcy Reef and Beaufort Lagoon.

Calanus glacialis were somewhat more abundant than C. hyperboreus,
averaging about 10/m> for all stations combined and reaching a maximum
density of 70/m at 10-15 m depth at Station F on 14 September. They
were usually more abundant near the Dottom than near the surface, and.at
stations where water depth was 20 m or more. They were markedly more
abundant on 14 September, when The average density for all stations was
24/m>, than on 10 September (4/m3) and 17 September (6/m>).
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Table 3. Average abundance {(number individuals/m® in entire water column)

of copepods along Transects 1-3 off Beaufort Lagoon (Stations

A-1) and Transect 4 off lcy Reef (Stations J-M).

Water Depth (m)

Copepod Species 5 10 15 20 25. 30 35 40 45
Calanus hyperboreus
Transect 1 2 i} 2 <1 <1 <1 <1 <1 <1
Transect 2 1 2 1 <1 3 5
Transect 3 1 <1 <1 <1 <1 <1
Transect 4 ] 1 <1 10
Calanus qglacialis
Transect | 3 o) g <i 1 4 7 5 16
Transect 2 27 8 15 19 26 21
Transect 3 1 <1 <1 7 18
Transect 4 2 <1 3
Pseudocalanus sp.
Transect 1 42 4 4 13 117 3 <1 4 ]
Transect 2 5,909 537 13 12 8 4
Transect 3 889 1,722 517 20 7 4
Transect 4 78 304 10 12
Derjuginia tolli
Transect | J2i 1 < 255 25 2 2 i
Transect 2 7 <1l <1 <1 <1 <
Transect 3 1 <1 4 <1 <] <1
Transect 4 ] <1 2 10
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Derjuginia tolli were very abundant only on the 10 September transect
off Beaufort Lagoon. They were extremely numerous at Station E (25 m water
depth) near the bottom (Figure 5). Average density for the entire water
column was 225/m3 and in the bottom 5 m of water reached 1,277/m3.
Distribution was apparently quite patchy, since on the same dag samp les
at Stations D and F contained relatively few individuals (<1{/m” and
25/m3). On the other three transects, densities were low, usual ly less
than 1/m>, with a maximum of 43/m® at Station C on 17 September.

Pseudocalanus was The most abundant copepod species on all transects.
They were. least numerous off lcy Reef (10-303/m3), with maximum densities
there occurring at the 5- and 10-m stations (J and K). On fwo of the
three Beaufort Lagoon transects (14 and 17 September), maximum numbers
of Pseudocalanus were also found at the 5-m (5,909/m3) and 10-m (1,722/m3)
stations (A and B). On the 14th most individuals were near the bottom,
whereas on the {7th they were near the surface., On 10 September, before
the period of stormy weather, distribution was quife different (Figure 5).
Very few Pseudocalanus were caught at the 5-m and 10-m stations. Maximum
densities were found at Stations D (20 m) and £ (25 m), and vertical
layering was pronounced. _Almost all individuals were within 5 m of The
bottom where the number/m> was four to flve times higher than the average
density for the water column.

Estimates of copepod biomass in the western and central Beaufort Sea
are not availabie in the published literature. In a recent study in
Amundsen Gulf, Griffiths (1981) reported an average copepod biomass (for
the entire water column} in areas where whales were seen of (§.0999 g/m3.
We measured and weighed representative specimens of the major copepod
species caught in our samples (Table 4). Based on those data we
calculated a similar average water column biomass for copepods of
0.1005 g/m3 in the area where the first whale was sighted. In the
dense layer of copepods near the bottom, the calculated copepod biomass
was 0.8390 g/m7, or eight times that of the water column as a whole.
Constdering the variation in densities among replicate samples, where
the maximum number of copepods was fTwice the average number, copepod
biomass could be at least as high as 1.3 g/m3 in the dense bottom
layer.

As a result of our zooplankton sampling, two important facets of
copepod distribution were evident:

1. Copepods are not distributed uniformly throughout the water
column. Traditiona! data presented as number/m3 averaged for the
entire water column may underestimate densities in layers by a
factor of as much as 10. We observed dense layers of copepods near
the bottom, particularly in water depths of 20-30 m.

2. Copepod distribution and abundance, as well as being patchy on
a given day, are highly variable from one day to the next. Daily
fluctuations we observed involved changes in abundance of three
orders of magnitude.
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Figure 5. Vertical distribution of ccpepods (# individuals/cubic meter) along

transect 1 off Beaufort Lagoon, 10 September 1280, Tows at the 28m

staticn were done the previcus day in the immediate wicinity of the

first bowhead whale sighting.




Table 4. Average length, width, and weight of major copepod species. Length measurements are of the
prosome or cephalothorax as described in Pearre (13980).

Length (mm) Width (mm) Weight (mg)
Species n=10 . n=10 n=20

Calanus glacialls

stage |11 X = 1.96 (1.72-2.28) X = 0.55 (0.,48~0.72) 0.5

stage IV-adult X = 2.74 (2.40-3.32) X = 0.83 (0.64~1.04) 1.8
Pseudocalanus sp. X = 1.32 (1.12-1.56) X = 0.55 (0.48~0.64) 0.1
Derjuginia Tolli x = 1.64 (1.40-1.80) X = 0.60 (0.52~0.72) 0.2
Calanus hyperboreus1

stage |V 1.0

stage V 4.0

adult . 9.0

1 Taken from Bain et al. (1977)

Lz
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Bowheads were sighted off Beaufort Lagoon on 3 days: 9, 17, and
18 September. On only the first of those days were copepods extremely
abundant (Table 5). Both Derjuginia and Pseudocalanus were strongly
layered. There were 1,244 Pseudocalanus/m”> and 3,573 Der'uginia/m3 within
3 m of the bottom, whereas average densities for the water column were
165/m> and 420/m>, or 12-13% the density of the bottom layer. The first
whale sighting and Transect | occurred on consecutive days. Both were
preceded by a period of caim, stable weather which presumably did not
cause unusua! mixing of the water column or disruption of water column
stability. Plankton samples from simitar depths on the 2 days were
similar; Derjuginia and Pseudocalanus were very abundant near the bottom
at water depths of 20-30 m. Both species were two to Three times more
abundant in the immediate vicinity of the whale sighting than they were
the following day, sugdesting that the whale, and our plankton net, were
sampling a very concentrated "patch." The three replicate bottom-to-surface
tows made near the first whale provide further evidence for patchiness.
Both species of copepods were four to five times more abundant in the
last replicate than in the first. This whale appeared to he feeding.
We observed iT make four dives of 16-20 minutes each, surfacing after
each in The same general location.

The whale sighted on 17 September may also have been feeding. It
dove and surfaced several times in the same area, and while 1t could be
observed it swam in a variety of directions. Unlike the previous sighting,
this whale did not show its flukes when it dove; two dives were timed at 12
and 13 minutes. Copepods were not particularly abundant in tows taken
near this whale (Table 5). We speculate that the whale may have been
feeding on euphausiids since euphausiids occurred in ringed seals
(BLP-15-80 and BLP-16-80) collected very near where the whale was sighted.

The whale sighted on 18 September was seen only briefiy as it dove
and was not seen again. Copepods were not abundant in tows made near
this whale (Table 5). The sighting was near the location where a whale
was sighted and seals were collected on the previous day. This whale
may have been eating euphausiids or perhaps was not feeding at the time
it was sighted.

I¥. Population and Biomass of Major Vertebrate Consumers
A.  Marine Mammals

At lteast nine species of mammals regularly occur in the Beaufort Sea
during some part of most years (Eley and Lowry 1978). Seascnal abundance
and primary prey of those species are summarized in Table 6. 3Sea ice
distribution and characteristics seasonally limit the distribution of
all species except ringed seals and polar bears which are the only marine
mammal species common in the area throughout the year. Bowhead and
belukha whales are common during parts of the summer and early fall.
Three species, walrus, bearded seals, and grey whales, are primarily
benthic feeders (frost and Lowry 1931; Lowry and Frost 1981p), a!though
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Table 5. Average abundance (number individuals/m® in entire water column}
of copepods near whale sightings.

Whale Whale 2 Whale 3
9 September 17 September 18 September
28.0 m 23.0m 20.5 m
Calanus hyperboreus J} <1 <1
Calanus glacialis 2 13 7
Pseudocalanus spp. 165 20 36

Derjuginia tolli 420 9 <]




Table 6. Seasonal abundance and primary foods of mammals which regularly occur in the Alaskan Beaufort

Sea.

Abundance

Winter/ Summer/
Comman Name Scientific Name Spring Fall Primary Foods
Bowhead whale Balaena mysticetus absent common small - medium-sized zooplankton and nekton
Grey whale Eschrichtius robusfus absent rare apibenthos
Belukna whale Delphinapterus leucas absent common fishes, crustaceans, and cephalopods
Bearded seal Erignathus barbatus uncommon uncommon  epibenthos and infauna
Ringed seal Phoca hispida common COmmon fishes, medium-sized nekton, eplibenthos
Spotted seal Phoca largha absent uncommon  fishes, crustaceans, and cephalopods
Walrus Odobenus rosmarus absent UNCOommNon infauna and epibenthos
Polar bear Ursus maritimus common common ringed seals and carrion
Arctic fox Alopex lagopus common rare carrion and ringed seal pups

o¢
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bearded seals at times consume arctic cod, perhaps when in areas too deep
for efficient benthic feeding (Frost and Lowry, unpubl.). Although some
bearded seals occur in the Beaufort Sea throughout the year, the center

of the range of all three bottom feeding species is the Bering-Chukchi _
platform. Polar bears and arctic foxes while on The sea ice feed primarily
on ringed seals and carrion from dead marine mammals (Stirling and Smith
1975). Spotted seals feed on fishes, crustaceans, and cephalopods
(Bukhtiyarov et al., in prep.) and are therefore trophicaily connected

to the pelagic food web. However, with the exception of a hauling area
east of Barrow on Qarlock Island which Is regularly used by 100 to 200
spofted seals, they are not common along the Beaufort Sea coast (Frost,
Lowry, and Burns, unpubl. observations). Three species, belukha and
bowhead whales, and ringed seals, are at least seasonally abundant and

are directly linked to the pelagic food web. Populations of each are
discussed separately in the following sections.

Bowhead whales

General characteristics of the annual migration pattern of bowhead
whales are quite well known (Sergeant and Hoek 1974; Braham and Krogman
1977; Fraker et al. 1978). Recent studies (Braham et al. 1979; Ljungblad
et al. 1980, 1981} have greatly increased our knowledge of seasonal
distribution patterns.

Recent sightings of bowheads during winter and early spring are quite
limited. We made one sighting of a bowhead on 19 April 1976 in 4-5 ocfas
of ice, near the southern edge of the ice front 150 km west of the
Pribilof Jslands. The whale was swimming slowly in a large polynya just
south of the edge of consolidated B-octa pack ice.

Braham et al. (1979) reported numerous sightings of bowheads in the
ice front in March-April 1979. Whales were seen in the northwestern
sector of the Bering Sea, generally between 51. Matthew and St. Lawrence
islands and the Gulf of Anadyr, in close association with ice. None
were seen in open water, even large polynyi. Other reported sightings
during April have been in the same general area (Braham and Krogman
1977). All available information indicates a close association with the
ice front from at least January through early April. Characteristics of
the front provide an area where whales can reside amonyg the ice while
maintaining regular access to air between the generally dispersed and
mobile floes. Since the geoyraphical distribution of the ice front
zone varies seasonally as well as from year fo year (Burns et al. 1980},
the location of bowhead wintering areas would be expected to show similar
variations.

The northward migration of bowheads begins in early spring and has
been well| documented since the whales commonly pass near Eskimo settlements
where they are hunted {(Marquette 1977, Durham 1979). Since the migration
precedes the major period of ice degradation, the route taken and the
timing of arrival at various locations depend on features of the ice
pack, particularly recurrent and persistent leads and polynyi. Whales



32

generally fravel through the shore lead which extends north from Bering
Strait to Point Hope then northeastward near the Alaskan coast To Point
Barrow {Marquette 1977, Shapiro and Burns 1975). Whales pass Barrow

from late April to at least early June with a usual peak in numbers in
early to mid-May (Durham 1979). At the time bowheads pass Barrow, the
nearshore areas of the Beaufort Sea are covered with continuous, generaily
unbroken sea ice. Sateilite photos of spring sea ice conditions show
regularly occurring leads running west to east from north of Point Barrow
to the northwestern portion of Banks Island. Speculations that bowheads
migrated through these offshore leads (Braham and Krogman 1977) have

been confirmed by extensive survey efforts (Braham et al. 1980b; Ljungblad
et al. 1981). The earliest sightings of bowheads near Banks Island have
occurred in May (Braham et al. 1980b), with later sightings in the polynya
which forms at the mouth of Amundsen Guif betwean Cape Bathhurst and

Banks |sland (Fraker et al. 1978).

Recent and historical summer sightings of bowheads in the western
Canadian Arctic have been summarized by Fraker et al. (1978) and Fraker and
Bockstoce (15980). With very few exceptions, sightings in July and August
were in the southeastern Beaufort Sea and outer Amundsen Gulf west of
122°W longitude. The majority of recent sightings has been within 50 km
of the mainland coast between Cape Parry and the Alaska-Yukon border in
water ltess than 50 m deep. Bowheads were numerous along and northwest of
the Tuktoyaktuk Peninsula during August and Septembzr 1980 (Hobbs, pers.
comm.}. They were not regularly reported from other areas in spite of
extensive survey efforts.

The number of bowhsads summering in the Alaskan portion of the
Beaufort Sea is poorly known. A single bowhead was sighted on 8 August
1976 about 1 km offshore from the barrier islands just east of Peoint
Barrow (L. Lowry, unpubl. observation). No bowheads were seen by us
during icebreaker and small boat work in the Alaskan Beaufort Sea during
17 August-3 September 1976, 9 August-6 September 1977, 13-22 August 1978,
and 20 August-8 September 1980. Ljungblad et al. (1981) saw no live
howheads in the centfral Alaskan Beaufort during aerial surveys conducted
during July and August 1980.

Factors influencing the westward migration of bowheads from the
eastern Beaufort Sea are pooriy understood, but formation of sea ice is
undoubtedly important. Sightings of whales in recent years were most
common off the Mackenzie Delta and Tuktoyaktuk Peninsula in August and
west of there along the Yukon Territory coast in September (Fraker and
Bockstoce 1980)}. Ljungblad et al. (1980) reported sightings of groups of
bowheads along the Alaskan coast east of Barter Island near Demarcation
Bay on 24 and 26 September 1979. In that area in 1980 we sighted a bowhead
on 9 September and heard blows that were likely made by bowheads on the
previous day. Groups of bowheads have been sighted near and to the easty
of Barrow on 21 September 1972 (Fraker et al. 1978), 12-22 September
1974, and 16-2% September 1976 (8raham and Kroyman 1977). During August
throuyh October 1979, Ljungblad et al. (1580) made 134 sightings of
bowheads between Point Barrow and Demarcation Bay, primarily alcony the
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18-m depth contour. Behavior of whales seen between Demarcation Bay and.
Harrison Bay suggested possible feeding, while west of there whales were
predominantly swimming westward. |In 1980, probably due o an early and
rapid freeze-up, fewer sightings were made during the fall migration in
the Alaskan Beaufort and, with the exception of possibie feeding near
Demarcation Bay, most whales were swimming westward (Ljungblad et al.,
1981). The last sighting of a bowhead in the Alaskan Beaufort Sea in

. 1980 occurred on 9 October 1980 (Ljungblad et al. 1981}, while in 1977,

a year of very lafte freeze-up, a bowhead was seen near Barrow on 14 November
{(Lowry and Burns 1980). From 14-19 October 1979, Ljungblad et al. {(1980)
saw numerous bowheads in the area between Flaxman island and Harrison
Bay, mostly near the 18-m depth contour.

Although historical whaling records indicate cafches of bowhead
whales in the northern Chukchi Sea during July and August (Sergeant and
Hoek 1974), no whales were seen in the Chukchi Sea during shipboard work
there from 22-28 August 1976 and 31 July-7 August 1977 (Frost and Burns,
unpubl. observations), and during June and July 1978 (Dahlheim et al.
1980). However, during a joinT SovieT-American research cruise in September
and QOctober 1980, many bowheads were seen nearshore along the Siberian
coast northwest of Cape Vankarem in 17-23 m water depth (K. Coyle, pers.
comm.). An abundance of bowheads In the Chukchi Sea in September and
Qctober is confirmed by commercial whaling records (Seryeant and Hoek
1974; Dahiheim et al. 1980).

Observations of bowhead whales during the months of November through
February are virtually nonexistent. Presumably the whales move progressively
southward with the advancing sea ice, passing through Bering Strait
probably during late November.

The following general conclusions can be drawn from the available
data and the preceding discussion:

1. Wintering areas (December-March) occur in the Bering Sea,
generafly in the central and western portions of the ice front. The
geographical location of these areas varies with the position of the
front.

2. Spring migration (April-June) occurs through nearshore leads
of the Chukechi Sea. Lead systems utilized in the Beaufort Sea are
farther off shore, generally north of the continental shelf.

3. Bowheads appear in the Canadian Beaufort Sea off Banks Island
in mid-May although some whales are still passing Point Barrow at
this time. Whales move south along Banks {siand and are commonly
seen in the polynya in western Amundsen Gulf by late May.

4. Most bowheads spend June through early September feeding in
Canadian waters. The distribution of sightings shows a westward
trend through the summer, with sightings common in western Amundsen
Gulf in July, off the Mackenzie Delta and Tukftoyaktuk Peninsula in
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August, and off the Yukon coast in September. Bowheads are uncommon
in the Alaskan Beaufort Sea and the Chukchi Sea in July and August.
I+ seems reasonable to conclude that in most years virtually the
entire bowhead population feeds in the Canadian Beaufort Sea and
Amundsen Gulf from about 1 June-15 September, approximately 105 days.

5. The bowhead population migrates westward along the continental
shelf of the Alaskan Beaufort Sea during September and October. The
migration is greatly affected by treezeup but in most years extends
for about a month beginning in mid-September. Feeding occurs in

the Alaskan Beaufort during this period (see Section V). Since
bowheads alsc appear in the Chukchi Sea in early October, the average
bowhead may spend onily about 25 days foraging in the Alaskan Beaufort
Sea during most years.

6. Bowheads are common in the Chukchi Sea during October and
presumably feed in that area. The duration of this early fall feeding
Is poorly known byt it may extend for as much as 30 days.

The besT estimate of present bowhead whale abundance is based on
counts of animals made near Point Barrow during the spring northward
migration. The counts have yielded a mean population estimate of 2,264
bowheads (Braham et al. 1979). Based on analysis of satellite photos
and results of aerial surveys, it appears that all animals passing Point
Barrow head eastward to the Canadian Beaufort Sea. We will therefore
consider that 2,264 bowheads feed in the Canadian Beaufort Sea, then
migrate through and feed in the Alaskan Beaufort Sea. |t should be
noted that surveys conducted in the Alaskan and Canadian Beaufort (Hobbs,
pers. comm.) have accounted for fewer than the total estimated number of
whales, suggesting that some animals may summer on feeding grounds in
the Chukchi Sea or elsewhere in the Canadian Arctice.

The size of an average bowhead whale is not known. Based on the
average length of whales harvested by Eskimos in 1973-1977 (10.2 m,
Marquette 1977} and the length-weight relationship for black right whales,
Balaena glacialis, (weight (t) = 0.0132 X length {m)3'06, Lockyer
1976), Draper et al. (1979) calculated that the average whale harvested
weighed approximately 19.9 metric tons. Since the relationship between
the size distribution of harvested whales and the actual size distribution
of whales in The population is poorly known, no more refined estimate of
average Individual weight is possible. We therefore estimate the biomass
of the bowhead population as approximately 36,000 metric tons.

Belukha whales

Many of the general features of distribution and movements of belukha
whales are similar to those described for bowheads. Belukhas migrate
along the Alaskan coast in spring, generally in association with bowheads.
The belukha migration may begin slightly earlier than that of bowheads
and fthey may use offshore lead systems wiTh greater freguency (Braham and
Krogman 1977). Belukhas are also thouyht to move eastward from Point
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Sarrow through offshore lead systems, arriving in the eastern Beaufor+
Sea in late May and early June (Fraker et al. 1978), They appear in the
Mackenzie estuary In late June or esrly July. Many whales remain in the
estuary unti| early to mid-August, while others occur in the eastern
Beaufort and western Amundsen Gulf (Fraker et al. 1978). Few belukhas
occur In the Alaskan Beaufort Sea during July and August. We saw belukhas
only once during lcebreaker and smail boat work In that area from

17 August=3 September 1976, 9 August=6 September 1977; 13-22 August 1978,
and 20 August-23 September 1980. That sighting occurred on 21 August
1978 and included 15-25 belukhas in 7-octa heavy ice about 27 km north

of Prudhoe Bay (Frost, unpubl. observation). Belukha whales occurred
near Barter Is!and In mid-August 1980 (Frost and Lowry, unpubl.), Harrison
and Hal! (1978) made four sightings of belukhas (35 individuals) while
surveying 6,000 km of trackline in the western Beaufort Sea during July
and August. Those sightings occurred about 100 km offshore 'n water
depths of approximately 1,800 m.

Belukhas move westward through the Alaskan Beaufort Sea In the latter
hal f of August and September. With the exceptlion of occasional reports
from Barter Island residents, the only confirmed fall sightings known *a us
of belukhas in nearshore waters of the Alaskan Beaufort are those of
Johnson (1979), who sighted whales on 15 September 1977 and 23 September
1978 swimming westward close fo the shore of Pingok and nearby Thetls
Islands.

During September l!arge groups of belukhas have several times been
seen north of Point Barrow in pack lce (C. Ray, cited in Braham and
Krogman 1977, ADF&G, unpubl.). These sightings have general!y been In
deep water beyond the contlinenta! shelf. During extensive surveys of the
western Beaufort Sea during August-October 1979, L jungblad et al. (1980)
sighted belukha whales only once. That sighting of 15-20 animals occurrad
on 19 October, approximately 95 km north of Harrison Bay, In deep water
off the continenta! shelf. The reiative lack of sightings in nearshore
waters of the Alaskan Beaufort strongly suggests that offshore westward
migration s the usual pattern. Belukhas pass south through the Chukcht
Sea into the Bering Sea 'n November and December. During winter months
they occur in the Bering Sea ice wherever Ice characteristics provide
adequate access to open water (Seaman and Burns, in press).

Considering the above Information, we will assume that belukhas
summering In the Mackenzle estuary and eastern Beaufort Sea pass through
the Alaskan Beaufort Sea during a period of about 30 days In September.
They appear 1o usual!ly remain in deep water near the continental slope.

Fraker et al. (1978) have summarized estimates of white whale
abundance In the Mackenzie estuary. The maximum estimated number In
1976 was 5,500-6,000, while estimates for 1977 and 1978 were 5,500 and
6,600, respectively (Fraker 1978). We consider 6,000 as a reasonable
estimate of the number of belukhas which summer In the Mackenzie estuary
and migrate through the Beaufort Sea.
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There are no direct observations of weights of belukha whales in the
Beaufort Sea. Reported mean lengths of whales taken in the Mackenzie
region are 4.1 and 4.3 m for males and 3.6 and 3.9 m for females (Sergeant
and Brodie 1969, Fraker et al. 1978). Since most of the animals taken
are adults (Fraker et al. 1978), These measurements are undoubtedly
greater than the length of an average individua! in the population. We
will use 4.0 m and 3.5 m as the average length of male and female belukhas,
respectively. Based on the length-weight relationship determined for
belukhas in the St. Lawrence estuary (log weight (kg) = 2.605 X log length
(cm) - 3.807; Sergeant and Brodie 1969), the average weight for males
and females would be 940 and 660 kg. Assuming a 50:50 sex ratio, an
average belukha would weigh about 800 kg; therefore, the total belukha
bjomass would comprise about 4,800 metric tons.

Ringed seals

Unlike bowhead and belukha whales, ringed seals are present in the
Beaufort Sea throughout the year. Although they can and do occur in all
sea ice types, the seasonal cycle of sea ice has a great effect on ringed
seal distribution and regional abundance (Burns 1970; Burns et al. 1980;
Frost and Lowry, in press b).

With the onset of winter freeze-up, movements of ringed seals which
have ranged freely during the summer become increasingly restricted. It
is generally considered that many seais which have summered in the Beaufort
Sea move westT and south with the advancing ice and disperse throughout
the Chukchi and Bering Seas. Others remain in the Beaufort, probably
concentrating in areas of abundant prey (lLowry et al. 1980; Frost and
Lowry, in prep.). Ouring periods of ice formation, seals make and maintain
breathiny holes in the ice, usually in areas which were previocusly open
water or covered by thin ice (Smith et al. 1978). Ice movement which
creates new leads and pressure ridges provides additicnal access to alr.
By February most pregnant females are in areas covered with shorefast
ice, while males and subadults range more widely, making much use of
transient leads and polynyi (Lowry, Frost, and Burns, unpubl. observations).
Female seals enlarge their breathing holes and excavate lairs in the
snow above (Smith et al. 1978). Pups are born and nursed in these lairs
from late March through early June. Adult males, some of whom also
excavate lairs, breed with the females mostly in May (Burns 1970; frost
and Lowry, in press b).

As the snow cover melts in late spring and early summer, birth and
haul-out lairs col lapse and warmer temperatures cause leads and holes to
generally remain unfrozen. Increasing numbers of seals appear near
holes and leads (Burns and Harbo 1972). During this period of molt,
seals haul out for long periods of Time and are easily observed (Finley
1979). The peak of haul-out activity varies somewhat with locality but
generally occurs in mid-June (McLaren 1658; Burns and Harbo 1972; Finley
1979).  Frequency of hauling out diminishes in July, and ringad seals
are only rarely seen on the ice for the remainder of the year (Frost,
Lowry, and Burns, unpubl.).
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Distribution of ringed seals during summer months is more dynamic
and less well| understood. Seals spend virtually all of their time in the
water feeding, and their distribution is therefore probably greatly
influenced by that of their prey (Frost and Lowry, in prep.). During
shipboard observations in the Beaufort Sea in August and September 1976-77,
seals were very non-uniformly distributed, with high abundance areas off
Prudhoe Bay and very {ow abundance elsewhere (Frost and Lowry, unpubl.}.
Ljungblad et al. (1980) also noted an abundance of pinnipeds in this
same general area in mid-October 1979. During our work in the nearshore
ice in August and September 1980, seals appeared much more uniformly
distributed, at least off Harrison Bay and Beaufort Lagoon. Although
most ringed seals are thought to remain in association with pack ice and
ice remnants during summer, some at least occur in open water many miles
from the ice (M. Goebel, pers. comm.; Lowry, unpubl.).

The estimation of numbers and residence times of ringed seals in the
Alaskan Beaufort Sea is complicated by seasonal movements discussed above.
Standard visual survey methods for numerical assessment are useful only
during the molt period in June. Many factors complicate the design and
execution of reliable surveys. The effects of seasonal and diurnal haul-~
out patterns are well known (MclLaren 1958; Burns and Harbo 1972; Finley
1979), as are relationships fo sea ice conditions (Johnson et al. 1966;
Smith 1975; Burns et al. 1980) and the influence of weather (Burns and
Harbo 1972; Finley 1979). In regions where shorefast ice is adjoined by
moving pack ice, spring densities of basking seals are much greater on
the shorefast ice (e.g., MclLaren 1958; Johnson et al. 1966; Smith 1975).
Such conditions occur in The Chukchi Sea off Alaska (Burns and Harbo
1972; Burns et al. 1980). However, In the Beaufort Sea, ice conditions
are much more stable, particularly during spring months. Shorefast ice
is offen very extensive and the motion of the large fioces of the pack is
comparatively slight (Shapiro and Barry 1978). We believe that the
shorefast ice and much of the offshore pack of the Alaskan Beaufort are
similar with respect to their physical suitability for ringed seal habitat.
Data collected by Stirling et al. (1977), who flew extensive rigorous
surveys in the southeastern Beaufort Sea and Amundsen Gulf, show no
clear relationship between ringed seal abundance and water depth from O
to over 1,000 m depth. Burns and Harbo (1972) surveyed ringed seals on
the shorefast ice of the Alaskan Beaufort Sea. They tested the reilationshl
between ringed seal abundance and distance from shore and the edge of
shorefast ice and found an indication that density increased with distance
from shore, and no relationship between density and distance from the
seaward edge of the fast ice.

Results of aerial surveys conducted by Burns and Harbo (1972) and
Burns and Eley (1978) in the Alaskan Beaufort Sea and those of Stirling
et al. (1977) along the adjacent Yukon coast (Table 7) show considerable
variation both among sectors and years. Overall, the data suggest a
decline in the number of seals the scutheastern Beaufort in 1970-77.
Surveys conducted by Burns and Harbo (1972) in 1970 and Burns and Eley
(1978) In 1975 were comparable in intensity and coverage. However,
those flown in 1976 and 1977 were more limited and the densities derived
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Table 7. Ringed seal density estimates (number seals sighted/km?) along
various sectors of the Beaufort Sea coast.

Barrow- Lonely- Ol iktok- Flaxman |.- Yukon Average
Year Lonely! Oliktok! Flaxman 1.! Barter 1.1 Coast? of Means
1970 0.68 0.32 0.41 0.73 — 0.54
1974 R -— —- - - 0.52 -
1975 0.84 0.42 0.30 0.54 0.21 0.46
1976 0.42 0.33 0.42 0.12 - 0.32
1977 0.30 0.15 0.21 0.36 - 0.26
Average
of Means 0.56 0.30 0.34 0.44 0.36

! Burns and Harbo 1972; Burns and Eley 1978

2 stirling et al. 1977
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from tThem may therefore be more subject to variations caused by local
conditions such as sea ice topography.

Combining the results of surveys conducted in all years in each.
sector suggests highest densities of seals west of Lonely and |owest
densities between Lonely and Flaxman |stand. The significance, if any,
of this particular pattern cannot be assessed at present. The overall
average observed densiTy of ringed seals in the Bsaufort Sea, derived
from all survey years in all sectors including the Yukon coast, is 0.40
seals/km?. Given the above discussion we feel this figure is generally
applicable as an average observed density of ringed seals in the study
area.

In order to estimate the total number of ringed seals in an area
during the haul out, it is necessary to know what proportion of the
population is counted during surveys. Smith (1973, 1975) considered that:
504 of ringed seals were usually in the water at the times of his aerial
counts. Detailed observations by Fintey (1979) indicated that under ideal
circumstances 70% or more of the seals in an area may be hauled out.
Considering that not all surveys cover all areas during ideal conditions;
we will assume that observed densities in the Beaufort Sea are 50% of
actual den51T|es. Actual overall density will therefore be taken as
0.80 seal/kmZ, resulting in an estimate of 40,000 seals in the study -
area in winter.

Freeze-up in the Beaufort Sea is usuaily well underway by November.
By that time ringed seais appear in large numbers at coasta! locations in
the Bering Sea (ADF&G, unpubl.). AT breakup in many areas, a mass Influx
of seals has been seen in the latter part of June (Finley 1979). We
will assume that the overall spring density derived above is applicable
for the period 1 November-1 July. Although it has not been documented,
an influx of seals into the Beaufort probably occurs in late June or
ear |y July. The overall magnitude of the summer increase in ringed seal
abundance in the Beaufort Sea is unknown. Results of shipboard observation®
of swimming rinyged seals are not readily expressed as densities. However,
those observations show that in certain regions and years seals may be
very abundant in limited areas and scarce elsewhere, while in other
circumstances they are much more evenly distributed. Causes of these
variations are thought to be related to food availability. For the
basis of calculations we will assume that the number of ringed seals in
the Alaskan Beaufort Sea doubles during summer to about 80,000 individualsy
and those animals reside there from 1 July-30 Octoher.

Ringed seals show annual fluctuations in weight and blubber thickness
due to changes in levels of feeding (McLaren 1958; Johnson et al. 1966) »
In addition, weight at age varies greatly among individuais and areas o
(Frost and Lowry, in press b and unpubi.). Based on weights of 929 ringed
seals taken in the Bering, Chukchi, and Beaufort Seas, the average weight
of a seal in the population is about 34.3 kg (Frost, Lowry, and Burns,
unpubl.). The estimated winter and summer ringed seal biomasses in
the Alaskan Beaufort are therefore 1,372 T and 2,744 t, respectively.
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B. Seablirds

Birds are virtually absent from the Alaskan Beaufort Sea during
winter but are a common and conspicucus component of the summer fauna.
Although the summer avifauna comprises many species, few are common in
marine habitats of the Beaufort Sea (Watson and Divoky 1974, Schamel
1978). In addition, several of the most abundant species (e.g., oldsquaw
(Clangula hymenalis) and eiders (Somateria sp.)) feed almost entirely in
nearshore marine waters and lagoons on benthic and near-bottom organisms
{Divoky 1978; Schamel 1978; Johnson and Richardson 1981).

Approximately 11 species {(or species groups) of seabirds forage in
marine waters of the Beaufort Sea on organisms connected to the pelagic
food web (Table 8). Estimation of numbers of each species in marine
waters is complicated by several factors. Most species are migrants,
entering the area in June when open water areas form and leaving prior To
freeze-up. Some individuals breed in coastal and barrier island areas and
their feeding activities are somewhat restricted to the vicinity of the
nest site. Nonbreeders and adults after fledging of young are free to
move throughout the area. During migration large numbers of birds are
seen at certain localities, but in many instances they are not feeding.
Divoky {pers. comm.) provided us data on individual size of birds of eachs
specias as well as preliminary estimates of the number of individuals In
the study area based on several years of observation and data collection.
These population estimates and the average individual biomass values
were used to estimate total biomass values for each species in the study
area (Table 8).

For most species, estimated total biomasses were quite smali due to
either small population size (e.g., murres and guillemots) or small
individual size (e.g., terns and phalaropes). Loons comprised approximately
63% of the estimated seabird biomass due to their abundance and large
size. It should he noted that estimation of numbers of lcons is difficult
(Divoky, pers. comm.) and there are few data available on their
foods in the study area.

Most seabirds arrive in the Beaufort Sea by early June. For breeding
adults, nest building and courtship are primary initial activities.
Those species which forage in marine waters become more abundant in such
areas after fledging of young. Timing of migration west and south from
the Beaufort Sea is affected by freezeup but generally occurs in September
(Watson and Divoky 1974). For purposes of calculations we will assume
that, with The exception of Ross' and ivory gulis, birds in The abundance
indicated in Table 8 feed in The study area for an average of 90 days
per year (about mid-June to mid-September). Ross' and ivory gulls are
not known to breed in the Alaskan Beaufort Sea but migrate through the
area in fall (Watson and Divoky 1974). We will consider the average
residence times of these species To be about 30 days per vyear.
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Table 8. Summary of abundance and biomass of marine birds in the Alaskar

Beaufort Sea {from Divoky, pers. comm.).

Species

+

Estimated
Numbear of
Individuals

Average Estimated
Individual Total -
Size (kg) Blomass (1)

Black-legged kittiwake
(Rissa tridactyla)

Glaucous gul!
(Larus hyperboreus)

Ivory gull
(Paqophila eburnea)

Ross!' gull
(Rhodostethia rosea)

Sabline's gull
{Xema sabini)

Arctic tern
(Sterna paradisaea)

Jaegers
(Stercorarius spp.)

Black guil lemot
{Cepphus grylla)l

Thick-billed murre
(Urja lomvia) ~

l.oons
(Gavia sppe.)

Phalaropes
{Phalaropus fulicarius

and Lobipes lcbatus)

5,000

7,000

1,000

10,000

30,000

100,000

30,000

1,000

1,000

50,000

200,000

0.40 2.0
1.20 8.4
0.40 0.4
0.20 2.0
0.20 6.0
0.12 12.0
0.50 15.0
0.40 0.4
1.0 1.0
2.0 100.0
0.06 12,0
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C. Fishes

Studies of the fish fauna of the Alaskan Beaufort Sea have mostly
dealt with nearshore and anadromous species, some of which are of local
commercial or subsistence importance. Published studies of marine fishes
(Frost et al. 1978) indicate approximately 19 species in marine waters
less than 400 m deep (Table 9). Of those, only two, arctic cod and
leatherfin lumpsucker, were found to feed predominantly on planktonic
organisms, while all others fed mostly on benthos. Food habits data are
not available for polar cod but it is likely that they feed on similar
foods to arctic cod which are morphological ly almost identical. Arctic
cod was by far the most abundant species caught.

During field work conducted during August and September 1980, arctic
cod were again the most abundant fish we caught, both in terms of number
of individuals and biomass (Table 10). The only other common!y encountered
fishes, sea snails (Family Liparidae) and sculpins (Family Cottidae}, feed
on benthic organisms (Frost et ai. 1978; Frost and Lowry, unpubi.).
Based on The above information, we feel that arctic cod is the only fish
species which is regularly common in the study area and feeds to a large
extent on planktonic animals. Plankton-eating fishes such as capelin
(Mallotus villosus) and herring (Clupea harengus) do appear occasionally
in the Beaufort (e.g., McAllister 1962), but their numbers and distribution
are unknown and their occurrence seems irregular and infrequent.

General features of the biclogy of arctic cod are well known (e.g.,
Andriyashev 1954; Moskalenko 1964; Hognestad 1968; Ponomarenko 1968}.
They are found near the sea floor, in the water column, and in association
with sea ice. Their overall distribution is circumarctic, and they are
general ly associated with cold water and ice cover, although they sometimes
occur in open water far from the ice. Spawning occurs during winter in
nearshore waters under the ice at which Time they are thought to be
concentrated in dense shoals. During other months they appear to be more
dispersed in deeper water, although local large schools have been observed
(Craig and Haldorson 1981).

Few data are available on arctic cod distribution and abundance in
Alaskan waters. Available data for northern areas (Lowry and Frost 1981a,
Table 10} are not readily expressed in Terms of density of fishes.

Wolotira et al. (1977) estimated, based on bottom trawls, that the biomass
of arctic cod in the northern Bering and southeastern Chukchi Ssas was
about 1,234 t in September-Ccteber 1976. |1 should be noted that the
survey was conducted during the open water season when arctic cod abundance
would be expected to be |low. Gjosaeter (1973) estimated a biomass of 3-5
million metric Tons in the Barents Sea.

Available data do not allow a direct estimate of arctic cod biomass
in the study area, and it is unlikely that an adeguate stock assessment
will be done in the future. Based on data presented in Sections V and VI,
the total amount of arctic cod consumed annually by predators other than
arctic cod in the study area is approximately 28,630 metric tons. Arctic



Table 9,

Species of fishes caught by otter trawls In offshore waters of the northeastern Chukchi and
Alaskan Beaufort Seas during 1976 (n=2) and 1977 (n=33).
decreasing catch (from Frost et al. 1978; Frost and Lowry, unpubl.).

Species are ranked in order of

Scientific Name Common Name No. Individuals No. Stations Depth Range (m)
Boreogadus saida Arctic cod 227 30 40-400
Lycodes pelaris Canadian eelpout 121 16 40-150
icelus bicornis Twohorn sculpin 74 13 50-130
Artediellus scaber Hamecon 36 il 40-70
Aspidophoroides olriki Arctic ailigatorfish 36 6 40-400
Liparis spp. Snailfish 34 20 40-400
Eumicrotremus derjugini Leatherfin lumpsucker 29 11 50-110
Gymnelis viridis Fish doctor 27 12 40-130
lcelus spatula Spatulate sculpin 20 4 56-123
Lumpenus fabricii Slender eelblenny 1 2 40-123
Lycodes raridens Eelpout 10 3 64-123
Gymnocanthus tricuspis Arctic staghorn scuipin 5 3 40-58
Eumesoygrammus praecisus Fourline snakeblenny 4 4 40-64
Triglops pingeli Ribbed sculpin 3 3 40-110
Lycodes mucosus Eelpout 2 2 50-105
Lycodes rossi Eelpout 2 1 123
Arctogadus glacialis Polar cod i 1 150
Lumpenus medius Stout eelblenny 1 1 40
Lumpenus maculatus Daubed shanny 1 1 44

144



Table 10. Summary of abundance of arctic cod and other fishes caught by otter trawls in the Beaufort

Sea during August and September 1980.

Pingok Island 20 Aug.-1 Sept. 1980 Beaufort Lagoon 3-19 Sept. 1980

Fish Species 4 of 4 of 2 of % of

or Group Number  Total  Weight (g)  Total Number  Total Weight (g) Toftal
Arctic cod 169 78.2 1785.5 87.4 N 54,2 365.7 79.8
Sea snails 28 13.0 120.1 5.9 28 16.7 21.4 4,7
Sculpins 17 7.9 134.6 6.6 41 24.4 30.1 6.6
Other 2 0.9 2.8 0.1 8 4.8 41.2 9.0
Number of tows 9 14
Depth range (m) 5-19 3-40

44
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cod are in some instances cannibalistic (Baranenkova el al. 1966; Section
V, this report), usually involving large adults consuming larvae and fry.
We wil!l not consider consumption of cod by cod in our calculations since
there are few data on this relationship, and such consumption, even If a
very low rate is assumed, will greatly influence estimates of total cod
stock size (see Section V¥l). Qur estimates of total arctic cod biomass
in the area will be conservative and will largel!y not include biomass of
tarvae and young fry. A minimum estimate of stock size can be derived

By assuming that the total annual consumption by predators is equal Yo
the maximum sustainable yield of the arctic cod stock in the area. Data
on the relationship between total stock size and sustainable yleld are
sparse, particularly for arctic species. Sustained yield for fish stocks
in temperate regions should be 1/4 to 1/2 of standing stock (Sheldon et
al. 1977}); therefore, stock size shouid be two to four times the sustained
yield. For purposes of calculations we will assume the arctic cod stock
size to be three times the estimated tofal amount consumed by predators
or 85,890 metric fons.

Y. Feeding of Major Vertebrate Consumers
A. Marine Mammals

Bowhead whales

Foods utilized by bowhead whales are poorly known in comparison to
other baleen whales. Commercial whalers who took bowheads removed only
the baleen and blubber and Thus had !ittle opporfunity to observe their
stomach contents (J. Bockstoce, pers. comm.). Their observations were
therefore limited and general, as in the following from Scammon (1874):

When the Bowhead feeds, it moves through its native element, either
below or near the surface, with considerable velocity, 1ts jaws
being open, whereby a body of water enters Its capacious mouth, and
along with it the animalculae (termed by the whalemen "Right Whale
feed,”" or "prit"). The water escapes through the layers of baleen,
but the insect food is retained by the fine fringes on its inner
edges, and is afterward swallowed.

One might surmise from the reference to "Right Whale feed" that Scammon
considered copepods to be the main food of bowheads. More recently
Johnson et al. (1966) examined stomachs of three whales taken at Point
Hope in spring 1960 and 1961, Two stomachs were empty, while the third
contained fragmentary remains of benthic organisms. Durham (1972) reported
on examinations of stomachs of 17 whales of which six were empty or
contained only sand and the sample from a seventh was lost. Food items
found included copepods, euphausiids, mysids, and amphipods, as well as
tundra vegetation, silt, and benthic organisms such as isopods, tunicates,
and sculpins. Apparently, the only stomachs with appreciable quantities
of food contained mysids, euphausiids, and copepods. Other references

to bowhead foads (e.g., MacGinitie 1955; Mitchell 1975) state generally
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that bowheads eat copepods, euphausiids, and mysids as well as benthic
amphipods and perhaps pteropods. Based on the morphology of the baleen,
bowheads would be expected to feed primarily on copepods and to a lesser
extent on euphausiids and other zooplankters {Nemoto 1970). Tomilin
(1957), based on indirect evidence such as the types of organisms found
near bowheads and the ¢olor of the whales! feces, stated that the main
food "consists of minute (3-4 mm long) crustaceans Calanus finmarchicus
and 4-5 mm long pteropods Limacina helicina.®

Since 1976 we have received and examined samples of prey items from
the gasirointestinal tracts of 17 whales (Appendix I1). With three
probable exceptions, al! were collected from stomach contents. Eight of
the samplies were from whales taken near Point Barrow, six from whales
taken near Kaktovik, two from Point Hope, and one from Shaktoolik.

Depending on the stafte of digestion of the samples, it was more or
less difficult to determine the specific identity of the prey. Some prey
could be identified only To phylum, family, or genus when only fragments
were collected. Small, fragile organisms such as copepods were difficult
to identify to species except in comparatively fresn stomach content
samples. Larger, more durable organisms such as amphipods and molluscs
could generaily be identified in mostiy digested stomach or intestinal
samples. The presence of euphausiids was easy 1o detect due to the
persistent and characteristic nature of the eyes which detach from the
body during digestion. Entirely soft-bodied animals such as coelenterates,
salps, chaetognaths, and pteropods may not have been detected in some
samples examined, although they would have been readily observed in those
which were in fresh condition.

Eliminating those organisms which could not be identified to species
but which probably represented species found in other samples (e.g.,
Calanus sp., Gammarus sp., Family Lysianassidae, and Family Crangonidae),
a probable fotal of 46 prey species was found in the 17 whales containing
identifiable food remains (Table 11). With the exception of three species
each of moliuscs and fishes, all identified prey were crustaceans. The
distribution of prey species among the major groups of crustaceans was:
gammar id amphipods - 16; copepods - 10; hyperiid amphipods - 5; euphausiids,
mysids, and shrimps - 2 each; and isopods, cumaceans, and ostracods - |
each. The number of times each of the major prey groups occurred in the
samples was: euphausiids - 11; gammarid and hyperiid amphipods - 10
each; copepods - 9; mysids - 6; shrimps — 5; fishes - 4; molluscs -3; and
isopods, cumaceans, and osiracods - 1 each. 0Of the individual prey
species, the most frequently encountered were Thysancessa raschii (11
occurrences), Calanus hyperboreus (7 occurrencesl), and Farathemisto
libelluia (7 occurrences). All the remaining prey species occurred in
fewer than five stomachs, while 37 species occurred in only cona or fwo
samples. Pebbles, generally about 1 ¢m in size, occurred in five samples.

Copepoads or euphausiids were the dominant component of all except
four of the samples we examined (Table 11). Two of those four samples
were from colons; the remaining two contained a single amphipod and a



Tabte 11. Prey idontificd from samples collected from gastrointestinal tracts of bowhead whalas. Samples were collected from stomachs unless
atherwise indicated. UDominant prey spacies In each sample are indicated by XX.

KAKTOV 1K QTHER AREAS

=
3
(o]
=

.

PREY SPECIES

43881

May 1869
T6-B-6F

10 Sept 1975
76-8-7F

20 Sept 1576
77-8-5

5 May 1977
79-B-32

27 May 1979
80-8-3

25 May 1980
80-B-5

25 May 1950
80-B-9

27 May 1980
T9=KK=1

20 Sept 1979
To9-KK~2

& Oct 1979
79-KK-3

8 Oct 1979
79-KK~4

10 Oct 1979
79-KK-5

11 Ot 1979
80KK-13

14 Sept 1980
78=H-2
Point Hope
4 May 1978
19-H-3
Point Hope
6 May 1979
80-5H-12

Shaktoolik
9 May 1980

¥
1

%

COPEPODS
Calanus cristatus
Calanus tinmarchicus X
Calanus gylacialis X X
Calanus hyoerboreus XX
Calanus sp. X
Chiridius obtusifrons X X
Euchaata qlagialis X XX
Hetercrhabdus sp. X X
Ketridia lowia XX
Metridio lucens X X
Poeudogcalanus sp. X

>

EUMTIAUST TUS
Thysanocssa inermis XX
Thysancessa raschil X XX XX X

> =
% x

XX xX X X X

MY S 1S
Mysis litoralis X X X X
Heonysis rayl X X A

HYPERL IR AFHIPODS
Hyperia galba X X
Hypuria medusarum x X
Hyporia sp. X
tiyperoche medusarum X
Parothumisto ahyssorum X X
Parathemisto libellula X % X X X X X

GAMIARTD ALPUIEPOLS
Acanthostepheia bohringiensis X X X
Acanthostepheia incarinata X
Mapelisca mocrocephala X
Rocnx nujax X
Aphorusa nlacialis X
“Atylus corinatus . ¥ X
Gawmaraganthus toricstus X X

:,'w;-;ﬁgaucmsz X

iy
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Table 11. cont.

BARROW KAKTOV 1K ) OTHER AREAS

433}

May 1965

76-8-6F

10 Sepr 1975
7F

20 Sept 19786

77-B-5

5 May 1977

79-8-32

27 May 1979

80-8-3

25 May 1980

80-8-5

25 May 1980

50-8-9

27 May 1980

79-KK-1

20 Sept 1979

79-KK-2

6 Cect 1679

79-KK-3

8 Qct 1979

79-KK-4

10 Gct 1579

79-KK~-5

11 Oct 1979

80-KK-13

14 Sept 1980

78-H-2

Point Hope

4 May 1978

79-H-3

Point Hope

& May 1979

80-5H-12

PRLY SPECILS

Shakteo! ik
g May 1980

>

Monoculeides zernovi
tHansculoides c.t, M. schneider] X X
X

typlca

Kogininte trajilis X X ) X
‘-’n'u,'_nruclwia heulq ini X X
Vgypreentia pinyuis X
Fanily Lysianassidae ) X

| LUPCS
Saduria entomon X

Shildira? X X
Fualus gaimardii X
Sabiney sipfencaringta X
Faumily Cranqunidae X

CLUMACEANS
Diastylis sp.

USTHALOLS X

MULLULLS
Linasina helicing X
Hutlica claysa X
hucuiong sp. X

FISns X
burocugadus saida x
Fyuaoceptaluy quadricorais X

Pungitiue pungitius

M

PLLOLES X X X X X

1 Sumplo from Floyd Durham via F. H. Fay. Exact collectlon date and portion of yastrointestinal tract from which sample was callected are not
khown .

2 sanple from colon.

3 Sumple prubably from small intestine

8t
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single snail. In the other 13 samples, euphausiids were the major food
in seven and copepods were dominant in six. Ofher prey groups, although
they comprised many species and occurred quite frequently (e.g., gammarid
amphipods), were never a major component of those samples which contained
more than a few prey items in an identifiable state. in most of the
samples, either Thysanoessa raschii or Calanus hyperboreus was the dominant
prey species. AT Barrow, T. raschii was the dominant prey in both whales
taken in September, while in samples from spring T. raschii was dominant
in three while copepods (Calanus hyperboreus, Euchaeta glacialis, and
Metridia longa) predominated in two. {n samples from whales at Kaktovik,
all of which were taken in late September and eariy October, copepods
(principally C. hyperboreus) were dominant in four and T. raschil in

two.

Available records do not allow a conclusive examination of geographical
or temporal patterns of feeding activity. Whale stomachs examined at
Barrow and Kaktovik in the fa!l commonly contained substantial quantities
of food, while those taken at Point Hope and Barrow in spring were usually
empty or contained small amounts of food (Appendix []). We feel that
significant feeding does not occur until the spring migration is complete
and the whales have arrived in the eastern Beaufort Sea.

Quantitative data on the composition of bowhead whale stomach
contents samples (Lowry et al. 1978; Lowry and Burns 1980) indicate
that, as bowheads pass through and feed in the Alaskan Beaufort Sea (n
fall, copepods and euphausilids comprise the bulk of the food eaten. |In
stomachs of five whales taken at Kaktovik in fall 1979, copepods and
euphausiids comprised approximately 60 and 37% of the overal| contents,
respectively, while in the only two samples from whales Taken at Barrow
in the fall copepods did not occur and euphausiids comprised about 92%
of the samples (Table 12). Assuming that the food composition observed
at Barrow and Kaktovik 1s each representative of half of the total
foraging activity in the Alaskan Beaufort Sea, the overall proportions
of prey In the diet would be approximately: copepods - 30%; euphausiids -
65%; hyperiid amphipods = 1%; and other organisms including primariiy
gammarid amphipods - 4%. We will use those proportions for calculating
quantities of the various prey types consumed by bowheads in the study
area.

Food consumption rates of large whales are poorly known. Published
estimates of daily consumption range from 1 to 4% of total body weight
(Sergeant 1969; Brodie 1975, 1980)}. Brodie (1975) estimated that an
averade Antarctic fin whale (Balaenoptera physalus) which fed for 120
days and fasted for the remainder of the year would consume about 2.1% of
its total body weight per day during tThe feeding season. Since the
average fin whale considered by Brodie was much larger (48.0 t)} than
what we are assuming for bowheads (15.9 t}, we will assume the daily
food consumption rate of bowheads in the Alaskan Beaufort to be 3% of
the fotal body weight per day. Therefore, the total bowhead population
foraging in the area for 25 days would consume about 27,000 t of food.




Table 12. Quantitative composition of stomach contents from bowhead whales.

indicate percent of the sample volume comprised of each prey type.

For each whale, numbers

KAKTOVIK, FALL 1979 BARROW, FALL 1976
Whale
Whale Specimen Number Overail | Specimen Number  (Overall
mean % of mean % of

Prey Type 79-KK=1 79~KK-2 79-KK-3 79-KK-4 79-KK-5 contents! 76~B-6F 76-B~7F contentsZ
Copepod 99.7 99.0 23.4 88.3 <0.1 59.8 —_ - -
Euphausi id - 013 67-8 4-9 97-9 3702 9701 86-7 91-9
Mysid = 003 7.0 i 008 002 hakas - -
H\/Pel"i id amphipod (O-l OOI 005 0-4 _— 0-1 2.3 3-0 2-6
Gammar id amphipod 0.1 0.1 0.3 2.4 0.1 Jg.4 d.6 1G.3 5.4
Other invertebrate <0.1 <0.1 - 2.3 1.1 0.6 - <0.1 <0.1
FJSh <Ooj Oo’ ].O ,0? — 0-4 - -_— -
Sample volume (ml) 2406.2 545.2 399.7 131.3 357.9 17.5 33.0
Estimated total
volume of contents
{gallons) 12 5 6 5. 10 unknown 30

! Calculated based on the volume and percent composition of each sample and the estimated Total contents
of stomachs from which samples were taken.

2 Calculated as the average of the percent of total volume in each of the two samples.

0s
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Balukha whales

There are few direct observations of foods of belukha whales in the
Beaufort Sea. Seaman and Lowry (in prep.} report arctic cod as a major
food at Barrow and Point Hope during the spring migration, while other
tfishes such as saffron cod, herring, smelt, and sculpins were eaten during
summer at more southern locations. |In the Mackenzie Delta In summer
Fraker et al. (1978) reported that little feeding occurs within the delta.
They speculated that arctic cod is a major food off shore. Based on the
importance of arctic cod in the summer diet of belukhas in other areas of
the arctic (e.g., Kleinenburg et al. 1964), we agree with Fraker et al.
and will assume that 80% of the diet of belukhas in the Alaskan Beaufort
is comprised of arctic cod. The remaining 20% may be comprised of organisms
such as shrimps, cephalopods, and other fishes.

Sergeant (1969) calculated an estimate of the daily food consumption
of belukhas as 5.1% of the total body welght per day. Therefore, 6,000
belukhas feeding in the Alaskan Beaufort Sea for 30 days would consume
about 7,344 1 of food.

Ringed seals

Foods of ringed seals in the Alaskan Beaufort Sea are comparatively
well known from previous studies (Lowry et al. 1978, 1979, 1980). Resuits
of those studies, which involved the examination of stomach contents of
246 ringed seals collected from 1972 to 1979, indicate that arctic cod,
nektonic crustaceans (hyperiid amphipods and euphauslids), and benthic
crustaceans (gammarid amphipods, mysids, shrimps, and isopods) are the
major foods eaten. The primary prey type consumed varied seasonally as
follows: benthic crustaceans in April-June; nektonic crustaceans in
August-September; and arctic cod in November-March. Largest amounts of
food were found in seals which were feeding on nektonic crusfaceans or
arctic cod.

As parT of fleld studies conducted in summer 1980, we collected and
examined the stomach contents of an additlional 24 ringed seals (Appendix
f11Y. Eight seals were collected in the vicinity of Pingok Island between
21 August and 1 September in water 14-21 m deep. Arctic cod comprised
98¢ of +he stomach contents of those seals, and the remainder was primarily
benthic crustaceans. Of the 16 seals col lected near Beaufort Lagoon, six
had eaten primarily euphausiids and eight had eaten mostly arctic cod,
while the remaining two had eaten mostly benthic organisms (Tabie 13,
Figure 6), Arctic cod occurred in seals collected throughout the entire
depth range investigated (3-40 m), while euphausiids were found only in
seals collected in water 15-40 m deep.

Based on a comparison of the length of arctic cod caught in ofter
trawls and the length of cod eaten by ringed seals at Beaufort Lagoon
estimated from otoliths (Frost and Lowry in press a), large arctic cod
were either missed by the trawls or selected for by ringed seals (Figure
7}



Table 13. Ringed seal stomach contents, Beaufort Lagoon, September 1980.

Water Percent of Contents ' Total

Seal No. Depth (m) Arctic Cod Euphausi id Polychaete Gammarid Other  Volume (ml)
BLP-1-80 15 100.0 - -~ -- - 9.2
BLP-~-2-80 14 19.4 - 75.3 5.2 0.2 871.7
BLP=-3-80 19 106.0 - - -= - 20.0
BLP-4-80 13 89.7 - 0.9 - G.4 22.3
BLP-5-80 25 0.0 100.0 - - - 23.0
BLP-6~80 23 100.0 - - - —-= 165.0
BLP-7-80 27 95.0 - - - 5.0 66.3
BLP-8-80 29 100.0 -= - - - 55.0
BLP-9-80 40 12.3 87.7 - -- -- 57.0
BLP-1G-80 40 0.0 100.0 == - - 160.0
BLP-11-80 20 §2.2 -- 9.4 1.9 6.0 42.6
BLP-12-80 31 3.0 94.2 - 2.6 0.2 46.7
BLP-14-80 22 0.0 0.0 - 98.2 1:8 33.8
BLP-15-80 15 0.0 99.7 -- - 0.3 70.2
BLP-16-80 20 - 100.0 - - - 120.0
BLP-18-80 3 9G.2 - - 0.6 0.2 95.8

VA
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seasons {(MclLaren 1958; Johnson et al. 1966). |In addition, daily caloric
requirements vary greatly with age of the seal (Parsons 1977). Expressed as
a percent of body weight, the average daily food consumption for prey of
average caloric value ranges from about 9% in pups to 3% in adults (see
Lowry et al. 1980). We will assume 6% of the body weight per day as the
average daily consumption. This value can be adjusted to reflect monthly
changes in food consumption by considering the ratio of observed stomach
contents volume in a glven month to the average stomach volume for all
months combined. Such calculations suggest the following feeding rates
(expressed as percent of total body weight per day): November to March -
8.4%; April to June - 1.9%; July - 4.1%; August and September - 5.6%; and
October - 7.4%.

B. Seabirds

A considerable quantity of information exists with which o make an
approximation of the composition of the diet of seabirds in the study
area. Relevant published data will be discussed below. However, although
we will sstimate and use values for the average composition of the diet
for the entire Alaskan Beaufort Sea for the entire summer period,
significant regional and temporal differences in feeding may occur which
combinad with the distribution of collections of samples may greatly
Infliuence our estimates.

Data on diet of seabirds in the study area have been collected during
1976-79 by Divoky (1979 and in prep.) and summarized In qualitative
fashicn in Schamel (1978). We have used those sources where possible,
supp lemented with other relevant data from arctic and subarctic localities
(Uspenskiy 1959; Swartz 1966; Divoky 1976 and pers. comm.; Bradsfreet
1980; Hunt et al., in press) to derive the diet composition summarized
in Table 15. In general, arctic cod are a major food of most species,
comprising as much as 90 of the overal! dief. Primary consumers of
copepods are phalaropes and Sabine's gulis. Euphausiids are commonly
eaten by several species and when they wash up in abundance on beaches
they can dominate the diet of species such as terns and gulls (Divoky
1980). Hyperiid amphipods are on!y occasionally found in seabird stomachs,
which is perhaps an indication of their patchy distribution. |In areas
of high hyperiid abundance they probably comprise significant proportions
of the diet of some bird species; however, the low values indicated in
Table 15 may be realistic for the study area as a whole.

Estimates of daily food consumption of seabirds range from i5 to
40% of total body weight (Swartz 1966; Livingston 1980; Hunt et al., in
press). The value for a particular species will obviously vary with
individual size, activity, time of year, and availability of food. We
will use 25% of the total body weight as an estimate of daily food
consumption for all species in tThe study area.
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Table 15. Estimated composition of the diet of seabirds in the study area.

Percent of Prey Category in Diet

Bird Species/Group Copepod Euphauslid Azgﬁfggég Arctic Cod Other
Black-legged kittiwake —- 2 1 90 7
Glaucous gul | -- 9 1 50 40
Ivory gull - 10 - 80 10
- Ross! gqul | - 40 - 40 20
Sabine's gulf 13 10 -~ 10 67
Arctic tern - 18 2 40 40
Jaegers ~-- - - 40 60,
Black guillemot - - - 80 20
Thick-bil led murre - 2 2 S0 6
Loons - ~~ -- 50 50

Phalaropes 90 - - - 10
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C. Arctic Cod

Arctic cod are a very adaptable species whose diet includes many
types of prey, including benthic organisms, planktonic organisms, and
species associated with the under surface of ice. Lowry and Frost (1981a)
reported on the contents of 157 arctic cod stomachs collected in the
northeastern Chukchi and Beaufort Seas in August and September 1977 In
waters 40-400 m deep. Based on rank order of importance In stomachs and
frequency of occurrence, calanoid copepods (primarily Calanus hyperboreus
and C. glacialis) and Apherusa glacialis were the major foods, followed
by hyperiid amphipods, mysids, chaetognaths, euphausiids, and shrimps.
Similar ‘summer foods have been reported from the eastern Canadian Arctig
(Bohn and McElroy 1976), Barents Sea (Hognestad 1968), and the Siberian
Aretic (Moskalenko 1964). In very nearshore waters of the central
Beaufort, Craig and Haldorson (1981) found the principal summer foods to
be mysids, amphipods, and copepcds, while in winter samples mysids werse
The overwhelmingly dominant food.

During field work conducted at Beaufort Lagoon in September 1980 we
obtained and examined stomach contents from 91 arctic cod, 86 of which
contained recognizable food remains. Over 90% of the food was comprised
of crustaceans (Table 16). The contribution of the major prey items fo
the overall diet expressed as percent of total weight of stomach contents
was: copepod - 56%; gammarid amphipod (principally Apherusa glacialis) -
20%; euphausiids - 8%; mysids - 6%; larval fishes {principally arctic
cod} - 5%; polychastes - 4%; and hyperiid amphipods (Parathemisto
libellula) -~ 1%. Vertical plankton tows were done at each location where
cod were collected (Table 17). Rank order of abundance of crustacean
species eaten by cod and caught by plankton tows is compared in Table 18.
Apherusa glacialls, Mysis Jitoralis, and Thysanoessa raschii were much
more common in cod than in plankton tows. This is probably due tfo
selection of targe organisms by cod and the ability of large mobile
species fo avoid;the plankfton net. The rank order of abundance of copepod
species was generally similar In cod and tows, while the very small
barnacle larvae were caught more commonly by plankiton tows than by cod.

Unfortunately, no data are avallable on winter foods of arctic cod
in offshore waters. Composition of the diet during winter could change
in response to seasonality of prey populations, and feeding intensity may
be reduced in conjunction with spawning activities. Rather than speculate
on the possible winter diet of cod in the study area, we will assume that
the averall annual diet composition is [ike that we cbserved at Beaufort
Lagoon with one exception. Since it is unlikely that arctic cod could
support an overall 5% rate of cannibalism and since all cod found in
stomachs of other cod were very small juveniles which grow rapidly to a
size at which they may escape this cannibalism, we feel That the overatl
magnitude of cannibalism is exaggerated in The Beaufort Lagoon samples.
We will use the following values for tThe overall annual diet composition:
copepod - 56%; euphausild - 8%; hyperiid amphipod - 13; arctlic cod - 1%,
and other organisms - 34%. '



Table 16. Stomach contents of arctic cod collected near Beaufort Lagoon, September

Species or Taxw Code

Tat Wst ()
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Unid Harractocoid corerod «00
Limnocolanus gdrimalady 00
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Tacla 17. Organisms Idontitied In vortical plonkton Tos samples taken noar otter frawl sTatlons at which arctic cod
wore collected. For copapods, age class # indlcatos nauplius larvae, 1-5 indicata capepodite stages L-V,
and 9 tndicatas adults.

VERTICAL Z0O0OFLANKTORN TOW ANALYSTIS

Tow #: Date range?
UFT=-10A-60 800904-800708
VFT-11A-B0
VFT-12-80
VFT-13-80
VPT-14-80
VPT-15-80
VFT-154-80
VPT-17-50
VFPT-18-80
VFT-194-80
Ave water desth! 18.2m Avd tow derth! 18.2m Avd surf teme! — ded C
Ave net diameter! ,.500m Avd mesh size! 505 microns
Total ¥ touws selected? 1§ ¥ Rerlicates? &
Srecies or tax code Aste class Avd # fTound Avd #/cubic m Hin #/cubic m Max ¥/ cubic &
Periggnimis woldiarcticae all o3 070 0.000 +372
Rathkea octorunctata all 31.7 8.84% 0.000 24, 659
Boudainvillia surer. all el +018 0.000 «131
Dbelis longissima all o1 +035 9,000 +340
Adlantha digitali all vh «158 0.000 »784
Aedinopsis laurentii all 2.3 s 630 0.000 1,959
Cyanea carillata all %<1 «143 G.000 +821
Beroe se. all 8 «210 0.000 1.114
Paluschoete all .1 +025 0.000 261
Clione limacina . all 1l «018 0,000 +131
Calanus [+] 2.8 .788 0.000 5.877
Calanus 1 +2 +033 0.000 1372
Calanus 2 14.9 4,181 Q.000 16,062
Calanus hurerboreus 3 7.4 2,063 «318 4,791
Calarus hurerboreus 4 3.1 «B73 0.000 2,444
Catlarnus hurerboreus 5 2 +053 0.000 340
Calanus hurerboreus ? v 1 018 0,000 »131
Calanus dglacislis 3 10.2 2,834 0.000 14.784
Calanus slacialis 4 2.3 + 858 0.000 2,220
Calanus Hlaciaslis I 5.8 1.420 ©.000 10,316
Calanus dlacialis L4 2 +053 0.000 JB77
Pseudocal anus 2 o4 105 0.000 1.01%9
Pseudocaglanus 3 1 018 Q.000 340
Fseudocalanus =] 23.8 7.213 +392 25.4563
Fseudocalarus 14 -104.7 29,313 « 532 2604780
Derdjuginia talli 2 68.4 14.3%35 « 340 78.023
Metridia se. S 3 070 0,000 +372
timnecalanus grimaldi 2 16.2 4,538 + 241 10,8635
Acartia clausi ? 1.0 +280 0.000 3,034
Acartia longiremus S5 el 018 0,000 255
Acartia londiremus 7 el «Q35 0.000 1.019
Harractacoid corexod 9 o1 +.018 0.000 +340
Barnacle currid all 29.8 B.332 Q.000 27.554
Musis litoralis ell 2.1 +993 0.000 7.470
Cumacean . 2ll +4 110 0,000 »B21
Lamrrors se, . zll ok 018 0.000 » 349
Rhacheotropris sF. zll .1 018 0,000 131
Rozinante fradilis all +1 +018 ¢.000 » 340
Honoculoides sr. sl1 o1 L0153 Q.000 . 340
Huereria sp., all .1 018 0.000 340
Hureria medusarum 211 .1 035 Q.000 392
Hyreroche medusarum all o1 2018 0. 000 131
Parathemisto abussorum all 3} 018 3.000 131
Hirrolutid zoea all o1 035 0.000 159
Crongonidae zoea all .1 .018 0.000 «131
Fadgurid zoea all .7 £ 263 0,000 j1.019
Oredoninae zoes zll X »1232 0.000¢ 764
Sacitta eledans all 1.5 420 C.000 2.08%
Gitorleura se. all 11.9 3.343 0,000 14.343
Fritillaria boreslis all 1.4 + 438 0.000 1.959
Gadidae larvae all +3 « 083 0.000 522
Lirarsd all .2 . 033 T 1,173
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Table 18. Rank order of abundance of crustaceans in arctic cod stomachs
and vertical plankton tows.

In Cod In Tows
Pseudocalanus sp. 1 _ 1
Derjuginia tolli 2 2
Apherusa Qlacialis 3 not present
Mysis litoralis 4 8
Limnocalanus grimaldi 5 6
Thysanoessa raschii 6 not present
Calanus glacialis 7 4
Barnacle larvae 8 3
Calanus hyperboreus 9 7

Calanus sp. 10 5




63

Craig and Haldorson (1981) estimated based on feeding periodicity
and gastric clearance rate that arctic cod in summer consume about 6% of
their body weight per day. In our arctic cod samples collected at Beaufort
Lagoon, the weight of stomach contents exceeded 5% of the fotal weight of
the fish in only five instances. The maximum quantity of food in a
single stomach (2.03 g) was 9.8% of the weight of the fish. We consider
6% of the body weight per day to be a reasonable estimate of the average
daily food consumption of arctic cod.

Vl. Trophic Interactions Among Major Vertebrate Consumers

Using the data and assumptions presented in Sections IV and V, an
estimate of the amount of each major prey category eaten annually by each
major vertebrate consumer can be easily and directly calculated.

For the individual species or species groups of seabirds, quantities
of prey consumed were calculated based on the diet composition given in
Table 15, biomass values from Tabie 8, a feeding rate of 25% of tfotal
body weight per day, and a residence time of 90 days for all species
except ivory and Ross' gulls, far which a 30-day residence Time was
assumed. Results of calculations (Table 19) indicate that phalaropes
are the major consumers of copepods; gulls and terns are the major
consumers of euphausiids, and loons, jaegers, terns, and gulls are the
major consumers of arctic cod. In total the seabirds we considered are
estimated to consume about 3,546 t of food annually, comprised of about
74 copepods, 2% euphausiids, 44% arctic cod, and 46% other organisms.

Avallable data indicate seasonal fluctuations in abundance, diet
composition, and feeding rate of ringed seals. Therefore, we will
calcutate quantities of each prey type consumed each month using the
assumptions summarized in Table 20. Calculations indicate (Table 21)
that large quantities of arctic cod are consumed during the months of
August through March, while consumption of euphausiids and hyperiid
amphipods is greatest in July fo October. Overail, arctic cod comprise
about 55% of the ftotal food consumed by ringed seals annually, while
euphausiids and hyper!id amphipods comprise about 10% and 18%, respectively.

For bowhead and belukha whales and arctic cod, available data are
not adequate to describe seasonality of abundance or food habits.
Calculations for these consumers will be based on estimated average values
for the entire feeding season (Table 22}. Results of calcutations for
those species, ajong with total values for seabirds as a group and total
annual values for ringed seals are shown in Table 23. These vertebrate
species In aggregate consume an estimated 2 million metric fons of food
annually in the study area, comprised of approximately 34% copepod, 9%
euphausiid, 1% hyperiid, 2% arctic cod, and 343 other organisms. Arctic
cod are by far the major consumers of copepods and are estimated to eat
over 1 million metric tons annually. Bowhead whales are estimated to eat
less than 1% of the total amount of copepod biomass consumed annually by
these species of predators. Arctic cod and bowheads are the major
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Table 19. Estimated quantities of food (t) consumed by seabirds in tThe

study area.

Quantity of Prey Category Consumed

Hyperiid
Bird Species/Group Copepod Euphausiid Amphipod Arctic Cod Other
Black-legged kittiwake - 0.9 0.4 40.5 3.2
Glaucous gull -- 17.0 1.9 94.5 75.6
Ivory gult - 0.3 -- 2.4 0.3
Ross! qul | - 6.0 - 6.0 3.0
Sabine's gull 17.6 13.5 -- 13.5 90.4
Arctic tern - 48.6 5.4 108.0 108.0
Jaegers —-- - - 135.0 202.5
Black guillemot - - - 7.2 1.8
Thick-billed murre - 0.4 0.4 20.2 1.4
Loans -- -- - 1125.0 -1125.0
Phaiaropes 243.0 - -— — 27.0
Total 260.6 86.7 8.1 1552.3 1638.2




Table 20. Assumptions used in calculating foods consumed by ringed seals in the study area.

Sept

Nov Dec Jan Feb Mar Apr May June  July Aug Oct
Biomass (1) 1372 1372~ 1372 1372 1372 1372 1372 1372 2744 2744 2744 2744
Daily consumption rate
(% of body weight) 8.4 8.4 8.4 8.4 8.4 1.9 1.9 1.9 4.1 5.6 5.6 7.4
No. of days 30 31 31 28 31 30 31 30 3 31 30 31
Composition of diet (%)
Arctic cod 81 81 81 81 81 6 6 6 18 30 30 56
Euphausiid - - -- - - 20 20 20 20 21 21 10
Hyperiid amphipod 4 4 4 4 4 - - - 22 44 44 24
Other 14 14 14 14 14 74 74 74 490 5 5 10
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Table 21. Estimated quantities of food (t) consumed by ringed seals In the study area.

Prey Category Nov Dec Jan Feb Mar. Apr May Jupne July = Aug Sept Oct Total
Arctic cod 2800 2694 2894 2614 2894 47 48 47 628 1429 1383 3525 23,203
Euphausiid - - ~— - - 156 162 156 698 1000 968 629 3,769
Hyperiid amphipod 138 143 143 129 143 - - -~ 767 2096 2028 1511 7,098
Other 484 500 500 | 452 500 579 598 579 1395 238 230 629 6,684




Table 22. Assumptions used in computation of food consumption by bowhead and belukha whales and arctlc cod
in the study area.

Daily
Average Total Residence Feeding
No. individ- ECstimated Time In Rate (% Percent of Prey Category in Dlet
Individ- wual Wt. 7 Biomass Area of fTotal Hyperiid Arctic
Consumer Species uals {t) (t} {(days) -body wt.) Copepod Euphausiid Amphlpod Cod  Other
Bowhead whale 2264 15.9 36,000 25 3.0 30 65 1 -— 4
Belukha whale 6000 0.8 4,800 30 5.1 - - - 80 20
Arctic cod -- -— 85,890 365 6.0 56 8 1 1 >4

19



Table 23. Total quantities of prey (1) eaten annually by major vertebrate consumers in the study area.
The percent of the total for each prey eaten by each consumer is given in parentheses.
Prey Category

Consumer

Snecies/ Hyperiid

Croup Copepod Euphausiid Amphipod Arctic Cod Other Total
Bowhead 8,100 17,550 270 - 1,080 27,000
whale (0.8) (10.2) (1.0) (0.2)

Bie lukha -- - - 5,875 1,469 7,344
whale (12.3) (0.2)

Ringed - 3,769 7,098 21,203 6,684 38,754
SO(iI (2-2) (2702) (44-7) (1-0)

Seabirds 261 87 8 1,552 1,638 3,546

(<0.1) (0.1) (<0.1) (3.3 (0.3)

Arctic 1,053,355 150,479 18,810 18,810 639,537 1,880,991
cod {99.2) {(87.5) (71.8) (39.7) (98.3)

Total 1,061,716 171,885 26,186 47,440 650,408

8%
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consumers of euphauslids, with cod estimated to consume about eight times
the quantity eaten by bowheads. Largest amounts of hyperiid amphipods

are eaten by arctic cod and ringed seals. Major consumers of arctic cod,
in decreasing order of estimated amounts eaten annually, were ringed seals,
arctic cod, belukha whales, and seabirds.

Vit. Biology of Major Prey Species
A. Euphausilids

Euphausiids, pelagic shrimp-like crustaceans commonly referred to as
"krill," occur in large swarms in neritic oceanic waters of all oceans of
the world. They have been described as "second in Importance only tfo
the copepods as basic animal food in the sea" (Boden et al. 1955). Two
species, Thysanoessa raschii and T. inermis, predominate over the shelf
and slope of the Beaufort Sea and the Arctic Ocean, although few are
found 1n the eastern Beaufort Sea or at far northern latitudes (Geiger
et al. 1968).

Both species are present in the North Atlantic and the North
Pacific, and are most abundant over or near the shelf in relatively
shal| low nearshore waters. Thysanoessa raschii is usually found in slightfly
shal lower water (usualiy less than 200 m deep) than T. inermis (up to
300 m deep) and is the more abundant of the two in the Pacific sector
and at more northern latitudes (Einarsson 1945; Berkes 1976). Distribution
of both extends from the neritic waters of British Columbia and Alaska
north through the Bering and Chukchl Seas to the nearshore waters of the
Alaskan arctic coast (Boden et al. 1955). Geiger et al. (1968) suggested
a distribution discontinuity through the Canadian Archlpelago, as did
Dunbar (1964, cited in Geiger et al. 1968).

Information: on the vertical distribution of T. inermis and T. raschil
specific to the Beaufort Sea is upavailable. However, in the North o
Atlantic, where they have been studied in considerable detail, the vertical
distribution of the two species is similar. In the Barents Sea and the
Firth of Clyde, Scotland, eggs and larvae are present in near-surface
waters during summer and descend to lower levels during the fall as they
reach late larval stages (8-12 mm) (Macdonald 1928; Drobysheva 1957},

The adults are "denizens of the boftom strata" (Einarsson 1945), usually
occurring at depths greater than 100 m or in shallower waters within a

few meters of the bottom (Macdonald 1928; Einarsson 1945; Drobysheva

1957). Diurnal migrations from the boftom during the day to the surface
at night have been reported throughout the North Atlantic. In far northern
waters diurnal migrations occur only during spring and fall when a [ight-dark
regime occurs (Drobysheva 1957). In the Gulf of St. Lawrence T. inermis-
has a somewhat broader vertical distribution than T. raschii; it is

found from ¢ to 70 m at night and 100 to 300 m during the day, whereas T.
raschii is most abundant from 100 to 200 m during the day and in the upper
20 m at night (Berkes 1976). Animals within the layers become more
concentrated as they appreoach the surface (Sameoto 1976a).
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Seasonal differences in the vertical disfribution of adults vary
somewhat geographically. 1In the Barents Sea, Einarsson (1945) found
adult T. inermis near the surface in December-danuary, in the middle
and surface layers from February until Aprii, and near the bottom in
August. In the Firth of Clyde adults apparently move to deeper water in
winter, where densities are four to five times greater than in summer
(Mauchline 1966}. Macdonald (1928) believed that adults were more
concentrated after, rather than during, the spawning period.

Abundance of euphausiids is difficult fto quantify. Since they are
rapid swimmers and avoid nets, quantitative estimates produced by standard
zooplankton sampling techniques greatly underestimate total biomass. At
best, such estimates may indicate relative abundance. The use of sonar
in the North Atlantic has established that "aggregation, both vertical
and horizontal, on scales varying from meters to kilometers, is the rule
rather than the exception™ (Brodie et al. 1978). By standard techniques,
biomass esTtmaTes for euphausiids in northern wafers are well below
1.0 g/m . Brodie et al. (1978) cited 0.1 g/m for Nova Scotian waters.
Berkes (1977) found dens&TIes of 96 adults/1000 m3 in the Gulf of St.
Lawrence, or about 0.01 g/m + Horner (1981) reported maximum concenfraflons
of T. raschii off Demarcation Point of 510/1000 m3 (approximately 0 05 g/m>)
and of T. inermis off Barter Island of 100/1000 m3 (about G.01 g/m Yo
Redburn (1974) caught a maximum of 93 T. raschil (juveniles)/100 m3. In
contrast, estimates derived from echo sounding are several orders of
magnitude greater, in the range of 1 To 10 to 10 g/m? (Cushing and
Richardson 1956 and Barry 1966, both cited in Brodie et al. 1978).

Brodie et al. (1978) located layers of Meganyctiphanes norvegica 5-20 m
thick and extending horizonTaIIy 300-400 m in which they estimated a
biomass of 8-26 g/m .

The exact time of spawning for T. inermis and T. raschii in the
Beaufort Sea is unknown; however, throughout their range they are spring-
summer spawners. Eggs are released just before or during the spring
phytoplankton bloom in relatively shallow coastal waters (Drobysheva
1957; Berkes 1976). Spawning occurs later in cold northern waters, and
within the same geographical area may be delayed by several months in
cold-water years (Einarsson 1945; Drobysheva 1957). Thysanoessa raschili
is the only northern euphausiid known to spawn at temperatures below 0°C,
somet imes at the ice edge. In the Barents Sea and waters off Greenland
and lceland, spawning begins in early May and is over by June (Einarsson
1945; Drobysheva 1957). Redburn (i1974), working off Point Barrow, did
not catch spawning adults but reported abundant Thysancessa larvae in
late June and again in late July and early August, and suggested that
the two peaks correspond to the spawning paeriods of the two species.
Berkes (1976) indicated that 7. inermis spawned slightly earlier and over
a shorter time span than T. raschii, and suggested that relative survival
of the two species in a particular year is related to the nature of the
phytoplankton bleoms. In years following a weli-developed spring bloom,
T. inermis predominates; in years when the spring bloom fails to develcp
or is very late, T. raschii, which spawns over a prolonged period, is more
successful.
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The eggs develop through several [arval stages: nauplius larvae,
caltyptopis larvae, furcilia larvae, and cyrtopia larvae (Macdonald 1928).
Development to the adoliescent "fry" stage requires about 2 months in the
Firth of Clyde and probably somewhal {onger in more northern waters
(Mauchline 1966). Thysanoessa raschli grows somewhat slower and matures
slightly later than T. inermis.

individuals of T. inermis and T. raschii mature in 1 year in the
southern parts of their rangs (lceland, English Channel, Firth of Clyds, .
and Gulf of St. Lawrence), but require 2 years farther norfh in Greenland
and in the Barents Sea {(Einarrson 1945; Mauchline 1966; Berkes 1976).
Many adultfs probably {ive to spawn twice, the first time at 2 years
(about 22 mm Jong) and the second at 3 years (28 mm long). Berkes (1976)
suggested that T. _inermis is the more long-lived of the two, based on
the relative abundance of larger size classes.

Thysancessa euphausiids eat a variety of foods. They are not
strictly herbivorous, but also feed on crustaceans (especially copepodites},
dinof lagel lates, eggs, tintinnids, and detrital materials found in surface =
muds which are resuspended by beating plecpods (Mauchline 1966; Berkes .
1976). In the Gulf of St. Lawrence, Berkes (19376) found feeding intensity
to be greatest in August and least in winter. Food is obtalined by filtering
water through a "basket" formed by thoracic appendages which are covered
with long plumose setules spaced 6-9 microns apart (Berkes 1976). The
setules of T. raschil are spaced slightly closer Togefher than those of
T. inermis, suggesting that, although dietary overlap is considerable,
T. raschil can utilize somewhat smaller food particles than T. inermis.
Lasker (1966) found that in Euphausia pacifica filtering rate is dependent
on the density of prey down To a minimum concentration when filtering
ceases.

Euphausiids are major prey of many vertebrate consumers in the
Beaufort Sea. Thegy are eaten by seabirds, including phalaropes, arctic
terns, black-legged kittiwakes, Sabine's gulls, oldsquaws, glaucous gulls,
and Ross' gulls (Divoky 1979}. In offshore waters they are occasionally
eaten by arctic cod. During August-September they are eaten by ringed
seals and bowhead whales. They are an important intermediate link between
phytoplankton and microcrustaceans and higher trophic levels. Sameoto
{1976b) estimated that in regions of the Gulf of St. Lawrence with high
euphausiid biomass they could consume as much as 29% of the total primary
production in September and up to 60% in December. Lasker (1966) suggested
that in another northern euphausiid, Euphausia pacifica, almost 309 of
the total carbon ingested throughout its life span may be available to
other organisms in the food chain. Of that 30% about 9% is due to eggs,
6-11% To molts, and the remainder, about 107, to growth. Over the lifetime
of an adult Thysanoessa about seven times its body mass is returned to
the food chain as molts (Sameoto 1976b). Since marine mammals, birds,
and fishes eat the euphausiids themselvas, not eggs and molts, they have
available to them approximately 10% of the total carbon ingested by the
euphausiids.
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Energetic values for euphausiids vary somewhat by species and by
season. Lipid levels in T. raschii (and presumably T. inermis) are high
in the fall (up To 9~12% of wef weight) and decrease in winter, reaching
minimum levels in January to March (Mauchline 1966; Ackman et al. (1970}.
The lipids of euphausiids are not stored in lipid sacs or globules as
they are in copepods, and are mostly phospholiplids rather than friglycerides.
in general, triglycerides are storage products, whereas phospholipids
are characteristic of cellular organization. The predominance of
phospholipids suggests that Thysancessa makes It fthrough the winter by
reduced metabolism and/or utitization of body proteins and carbohydrates
{(Ackman et al. 1970).

Parsons (1977) estimated the caloric value of Thysanoessa to be
665 cal/g wet weight. Nishiyama (1977) presented considerably higher
values of 1,173-1,204 cal/g wet weight (5,414-5,554 cal/g ash-fres dry
weight), as did Sameoto (1976b) who reported 4,910 cal/g dry weight for T.
inermis and 4,950 cal/g dry weight for T. raSChll- Based on Sameoto's
data, an adulT Thysanoessa weighing 0.1 g (The average size of euphausiids
found in the seal and bowhead stomachs we examined) has an energy value
of about 88 cal.

B. Hyperiid Amphipods

Two species of pelagic hyperiid amphipods are abundant in the Beaufort
Sea: Parathemisto libellula and P. abyssorum. Parathemisto libellula is
a circumpoiar arctic species, indicative of cold arctic waters, although
it is alsc present in subarctic regions. 11 Is distributed from the
surface to 2,500 m but frequentliy swarms near the surface in very large
numbers (Dunbar 1942, 1946}). It is positively phototropic, and Dunbar
(1942) suggested that the deep purpie pigmenftation, similar Yo that of
the ptercpod Limacina which also swarms close to the surface, may be an
adaptation to bright light.

Parathemisto abyssorum, also circumpolar in distribution, is more
typically subarctic, but is also found in the Arctic Basin (Grainger
1962)«  In Mellington Channe! in the Canadian Arctic, Bain et al. (1977)
found P. abyssorum mostiy deeper than 50 m.

Informaticn on The abundance of Parathemisto in the Beaufort Sea is
very general. Like euphausiids, they are highly mobile and difficult to
sample with traditional plankton nets. MacGinitie (1955) noted that P.
libeltula was extremely abundant near Barrow, while Redburn (1974} found
them 1o be less common Than gammarid amphipods, reaching maximum
concentrations under the ice in spring and early summer. Herner (1981)
reported that P. litellula and P. abyssorum were present at about 75% of
the stations she sampled in The Seano"+ Sea in August- qb,f;mber 16777

Thay were most abundant (7,970/1,000 3) near Harrison Bay in Sepfumuer
1977, where Lowry et al. (1580; collacted ringaed seals agi|nJ fary
valuries of P. lizellula. Vl”‘uaily notning IS kKncan about The Tcmgbrafure

and salinivy reguirensats ol eltner species, except that both are found
in cotd arctic eand subarctic waters. Littie is known about seasonal
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changes in distribution and abundance. Griffiths and Diilinger (1981)
sampled in the Beaufort Sea in Simpson Lagoon and off shore from Pingok
Island in July-September, they caught no P. iibellula in July and smal}
numbers in August. In September this species made up 25-50% of all
amphipods caught inside the lagoon and more than 80% of those caught
outside the lagoon.

Female Parathemisto carry eggs and brood young in an abdominal
pouch. In southeastern Alaska, P. libellula carry the eggs and early
Juveniies for 3 to 8 weeks (Wing 1976). In the eastern Canadian Arctic,
Dunbar (1946, 1957) found mature females in late January through- April
and small juveniles until early August from which he concluded that
release of young from brood pouches started by February and continued
until June or July. Spawning occurs over a similar periocd in F. abyssorum,
from February until early August (Bowman 1960, Hoffer 1972). Peak release
of young in both species apparently occurs during the spring phyltoplankton
bloom. Young P. libellula are released at a length of 2-3 mm and spend
the first few months near the surface. Growth is slow in northern waiers
where individuals of both species require 18 months o 2 years to mature
(at about 25-45 mm length) (Dunbar 1957; Hoffer 1972). in Baffin Bay
during summer, the size distribution of the P. libellula population is
clearly bimodal, consisting of immatures (<20 mm) and adults (>20 m)
{Dunbar 1957).

Hyperiid amphipods are generally considered carnivorous, although
some vegetable matter is consumed by both young and adults. Dunbar (1946)
reported that in August P. libellula ate small crustaceans and plankfon,
including all stages of copepods, decapod larvae, ostraceds, and vegetable
material. Some cannibalism has been documented. Dunbar suggested that
young released during winter when phytoplankton is scarce probably consume
detritus.

Parathemistg is eaten by a variety of arctic fishes, birds, and
mammais. Dunbar (1957) considered that P. libellula "forms the most
important link in the food chain between the copepods and ather smaller
planktonic forms on the one hand, and the vertebrates on the other, and
in fact it takes the place, in cold water, of the euphausiids In this
respect." Mohr and Geiger (1968) stated that "Parathemisto apparentiy
serves as a "krill" for the bowhead and gray whales in the waters north
of Alaska." Although we cannot verify the statement of Mohr and Geiger,
large numbers of P. libellula are present in the Beaufort Sea in at
least September through November and are consumed in quantity by ringed
seals at that time (Lowry et al. 1980). Oldsquaws and glaucous gulls
feeding in Simpson Lagoon and seaward of Pingok Island in 1977 and 1978
had also eaten Parathemisto (Johnson and Richardseon 1981). Cralg and
Haldorson {1981) reported that Parathemisto was never a major food of
lagoon fishes, and Frost and Lowry {unpubi.) found that of 19 species or
species groups of offshore demersal fishes only leatherfin ilumpsuckers
(Eumicrotremis derjugini) ate these hyperiids. Johnson and Richardson
{1981) found large numbers of hyperiids washed up on the beaches near
Simpson Lagoon in September 1977.
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Nishiyama (1977} reported the caloric value of P. libellula collected
in the Bering Sea as 652 cal/g wel weight (4,458 cal/g ash-free dry
weight or 3,415 cal/g dry weight). Griffiths and Dillinger (1981) reported
a considerably higher value of 6,300 cal/g ash-free dry weight in the
Beaufort Sea. Parathemisto accumulates storage lipids; lipld levels are
higher in fall than in winter when food is scarce. Triglycerides are
the main storage product and comprise 12-56% of the total lipids (Lee
1975, '

C. Mysids

Several species of mysids occur in the Beaufort Sea, but only one,
Mysis litoralis, is an important prey species of birds and marine mammals.
{The Taxonomy of this and another species, M. oculata, is somewhat confused.
For the purposes of this report we refer to the M. litforalis - M. oculata
group as M. litoralis.) Mysis liforalis is a circumpolar arctic and
subarctic species ranging from 55-82°N latitude, including waters of the
west coast of Greenland, western North America, Baffin [sland, and the
Beaufort Sea (Banner 1954; Holmgquist 1958). 1t is euryhaline and most
abundant in shallow neritic waters where it is |ittoral-nektonic rather
than benthonic (Dunbar 1942; Geiger 1969). Along the Beaufort Sea coast,
Griffiths and Dillinger (1981) found juveniles to be abundant inside
lagoons and older, mature animals to be more common several Kilometers
outside the barrier islands. Crane (1974) also encountered high
concentrations of Mysis in samples from the Beaufort Sea off Simpson
Lagoon. He estimated a standing stock of 28 mg C/m2. Horner (1981)
caught M. litoralis at about 20% of all stations sampled in the Beaufort
Sea.

Life history information is avaiiable for the Alaska Beaufort Sea
coast (Griffiths and Diflinger 1981). Spawning occurs in late September
and October. The females brood an average of 50 young over the winter
and release them in spring at a length of 2-4 mm. Growth of juveniles
is rapid during July-August; by the end of the open water season first-year
individuals measure 10-12 mm. Individuals do not mature until fall of
the following year when they reach 16-18 mm; many live to produce a
second brood in the fall of their third year when they have grown to
25-35 mm. Geiger (1969) also reported a 2-year life cycle off the Siberian
coast, Wwith maturity occurring at about 20 mm.

The food habits of mysids have been |ittle studied. In Sanguenay
Fjord, Quebec, Mysis ate a variety of phytoplankton, zooplankton, and
detritus (Deladurantaye and Lacroix 1930). Mysids are eaten by many
fishes, birds, and marine mammals. Of the offshore demersal fishes,
scuipins especially feed on Mysis (Frost et al. 1978). Ross' gulls,
common eiders, Sabine's gulls, arctic terns, oldsquaws, phalaropes, and
glaucous gulls eat substantial quantities of mysids {(Civoky 1977; Johnson
and Kichardson 1G81).

Caloric value of mysids varies according to age and reproductive
status. Griffiths and Diilinger (1981) reported a value of 5,470 cal/yg
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ash-free dry weight for a sample of Mysis |iltoralis of unknown age and
sex. Clutter and Theilacker (1971} reported similar values for ancther
mysid, Metamysidopsis elongata: adulf males and non-gravid females were
5,100-5,200 cal/g ash-free dry weight, and gravid females were 5,700
cal/g ash-free dry weight. They found lipids fo comprise an average of
9-11% of dry weight, except In brooding females where |ipids were about
19¢9. In working out energy budgets for Metamysidopsis they determined
that about 19-29% of the calories ingested over the life of an individual
" is available for transfer to the rest of the frophic web.

D. . Copepods

In the Arctic, copepods as a group are the dominant component of fthe
zoop lankton throughout most of the year. -According 1o Hopkins (1969,
cited in Bain et al. 1977), copepods comprise over B0% of the zooplankton
biomass in arctic waters. |n the Canadian Archipelago near Resclute,
72-98% of the total zooplankton hiomass in the upper 25 m was copepods
{(Bain et al. 1977}. At Beaufort Ses stations east of Harrison Bay,
copepods made up more fthan 50% of the zooplankton at most stations and
sometimes as much as 90% (Horner 1981). They comprised a much larger
proportion of the zooplankton east of Harrison Bay than west of there to
Barrow. Diatom abundance was correspondingly higher at easternmost
stations, whereas flagellates were The dominant phyfoplankters to the
west. Grainger (1965) described what he considered a widespread, fTruly
arctic group of zooplankton species occurring throughout surface waters
of the Arctic Qcean, the eastern Canadian Archipelago, and Baffin Bay.
Eight species of copepods are included in that group: Calanus hyperboreus,
C. glacialis, Pseudocalanus minutus, Microcalanus pygmaeus, Pareuchaeta
glacialis, Metfridia longa, Qithona similis, and Oncaea borealis. Most
of those eight were reported as abundant in the central and western
Beaufort Sea (English and Horner 1977) and in the eastern Beaufort and
Amundsen Gulf (Grainger and Grohe 1975; Griffiths 1981). In Grainger's
(1965) samples those eight made up 99% of the total number of copepods
in the upper 50 m of water and 95% of those from depths of 50-300 m.
Johnson (1956) found C. hyperboreus, M. fonga, and P. minutus to be the
most abundant species in the Beaufort Sea. Horner (1981) reported that
C. hyperboreus, C. glacialis, and M. longa were generally most abundant,
with C. glacialis dominant in the western area and C. hyperboreus and M.
lenga most numerous to the east.

Copepod life cycles are generally similar to those of other pelagic
crustaceans. Females are usually more abundant than males, and immature
individuals are far more abundant than adults. Egys are released directly
into the water and hatch into nauplius larvae which develop, in a brief
period lasting only hours To days, through six stages to become copepodite
larvae. Llarvae then pass through five copepodite stages, each resulting
in the addition of abdominal segments and/or swimming legs, finally
reaching the adult stage which is reproductively fully developed (Brodskii
1950). The time required fo complete a generation varies from as little
as a few weeks in warm southern waters fto as much as 2 years in the high
Arctic.
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Most, though not all, copepods are herbivorous filter feeders.
They swim in a vertical position, anterior end up, creating a swimming
vortex by rapidly rotating mouth parts. Calanus copepods can probably
filter particles as small as 3-4 microns, but prefer those of larger
size (Vyshkvartzeva 1977). Foods frequently eaten include diatoms,
flagetlates, small crustaceans, radiolaria, infusoria, bacteria, and
crustacean {including other copepods) eggs and larvae (Brodskii 1950;
Vyshkvartzeva 1977). They can also utilize defritus, but with reduced
assimilation efficiency (Vyshkvartzeva 1977).

In the Arctic where primary production occurs for only a few months
of the year the primarily herbivorous copepods must be able to live for
long periods with little or no food. As an adaptation to such a life
style they store large quantifties of lipids as oil droplets or globules.
Fat reserves are greater in fall than in winter and make up 15-20% of
total body weight (Brodskii 1950), possibly as much as 20-42% (Vyshkvartzeva
1977). Caloric values vary accordingly, since the energy value of faf
is about 9,500 cai/g, considerably higher than that of whole organisms
{Laurence 1976). Laurence (1976) presented an average value for eight
copepod species of 5,252 + 182 cal/g dry weight (5,626 cal/g ash~free
dry weight). C. finmarchicus (closely related to C. glacialis) was
somewhat higher in calories (6,425 cal/g dry weight) than Pseudocalanus o
(5,071 cal/g dry weight}. Nishiyama (1977) reporfed similar values:
5,512 cal/g ash-free dry weight for copepods in general and 5,400-5,700
for two Calanus species.

Calanus hyperboreus is a dominant copepod of the Arctic Basin,
occurring from the surface to at least 400 m deep in all arctic seas
(Brodskii 1950; English and Horner 1977), including the waters off the
coast of lrefand, the east and west coasts of Greentand, Baffin Bay, the
American Atlantic coast south to Cape Cod, the Eurcpean Attantic Including
the French and Norwegian coasts, and the Bering, Chukchi, and Beaufort
Seas {Fontaine 1955). It is the mosT abundant species of copepod in
much of the Beaufort Sea, including Amundsen Gulif, waters north and east
of Banks Island, and the southern Beaufort Sea (Johnson 1956; Mcohammed
and Grainger 1974; Griffiths 1981). Off Barter Island in 1972, C.
hyperboreus, mostly adult females and stage V's, made up 603 of all
copepods (English and Horner 1977). In August-September 1976, English
and Horner (1977) ceught mostly stage 1-1V's but no V's and no adult
females. Griffiths (1981) caught mostly stage IV's in Amundsen Gulf.
fn the central Beaufort, C. hyperboreus was more abundant from 10-20 m
deep than in the upper 10 m of the water column and was most abundant
over depths greater than 100 m (English and Horner 1977).

Calanus hyperboreus breeds in the absence or scarcity of phytoplankton,
independent of the spring and summer blooms (Grainger 1963). In Ungava
Bay peak spawniny probably occurs in February-March (fonTaine 1935}.
Grainger (1%65) repcrted finding stage | copepodites in all months of
the year, with a peak in June, which suggests peak spawning in April or
May. Grainger (1959), worxing at Ijloolik caugh¥ nauptii in late May,
staye | copepedites in June, Il's in late June, [1l's at the end of
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July, 1¥'s in late August, and adults in early fall and winter. Some
overwinter as stage 11!'s and may become adults the following July.
Adult females are 7-10 mm in length and weigh about 3.7 mg; adult males
are 5-7 mm. Copepodite stage V's weight about 1.6 mg (Brodskii 1950;
Conover 196Q).

Calanus hyperboreus is mostly herbivorous, although when food is
scarce It will eat its own eggs (Conover 1960). Lipids are stored as wax
esters, rather than trigliycerides. The degree of saturation of those
lipids indicates fthat feeding takes place in summer but not In winter
(Lee 1975).

Calanus glacialis is characteristic of cold arctic surface waters,
with an overal!l distribution similar to that of C. hyperboreus. It
usvally occurs in the upper 300 m at salinities greater than 20 ppt
{Grainger 1975). |If is one of the three most abundant copepods throughout
much of the Arctic (Gralnger 1962; Bain et. al. 1977; English and Horner
1977; Griffiths 1981). Off northern Alaska, English and Horner (1977}
found C. glacialis to be more abundant west of Harrison Bay than to the
east. During August-September tThey caught C. glacialis throughout the
water column. Maclellan (1967) found none at depths less than 100 m
from October-February off west Greenland and suggested that stages IV,

V, and adults migrate to deep water in winter and to surface waters by
mid-March.

Spawning in C. glacialis is thought to coincide with peak phytop!ankton
abundance; if the phytoplankion bioom is prolonged, so is the spawning
period (Grainger 1965; Maclellan 1967). Grainger (1959) suggested that
C. glacialls spawn in June-July. Horner (1981) caught females with
eggs in August-September 1977. Most samplies collected in the Beaufort
Sea during August-September contained stages 11(-V, with some aduit
females (Griffiths 1981; Horner 1981). Grainger (1965) reported that
nauplii from eggs spawned in June-July reached stage ! by late July-
early August, |1 in early September, and overwintered as llI's or IV's.
He suggested that the many stage Ill's, IV's, and V's caught in June-July
are from the previous year's spawn, and probably don't reproduce until
the following year at age 2. In C. finmarchicus, the "Atlantic version"
of C. glacialis, nauplii produced ear!y in the season when phytoplankton
is most abundant reach greater size at corresponding stages than do

nauplii produced in fall. They require only 6 weeks To become copepodite
V!s and 7 or 8 months until they breed, whereas the later nauplil overwinter
as copgpodites Il or IV, do not reach aduithood until the following

winter, and breed at 19-20 months of age. Off west Greenland the life
cycle apparentiy requires only 1 year (Maclellfan 1967).

Calanus glacialis is primarily an herbivore; it eats mostly diatoms
(Bain et al. 1977).

in the Arctic the genus Pseudocalanus is represented by several
species. However, there is sufficient taxonomic confusion over the
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validity of those species that, for the purposes of this report, we have
grouped them as Pseudocalanus sp. Members of this group have wide
temperature and salinity tolerances. They are found in both oceanic
waters and near shore in the Arctic and sub-Arctic, including the Arctic
Ocean; the coasts of Greenland, lceland, Norway, and Alaska; the North
Sea; the American Atlantic; and Baffin Bay (Fontaine 1955). It is fhe
most abundant copepod group in much of the Canadian Arctic and at some
locations in the Beaufort Sea (Gralnger 1962 and 1965; Bain et al. 1977;
Tarbox et al. 1979).

Pseudocalanus spawns throughout the summer, with a peak during the
main phytoplankton bloom (Fontaine 1955; Grainger 1959, 1965). Af
Igloolik Grainger (1959) found ovigerous females from April to August.
Horner (1981) caught adult females near shore between Harrison Bay and
Demarcation Point In August and early September 1977-78. In Amundsen
Gulf during August 1980, Griffiths (1981) reported mostly adults and
stage V's.

AT lIgloolik copepodite stage |'s are present in mid-June; Il's,
Il's, and IV!'s In early, mid-, and late July; and V's in late August,
for a tota! development time of about 14 weeks (Grainger 1959). Development
is faster at higher temperatures and when phytopiankton is more abundant.
Hatching occurs In 10-11 days at 0°C and 2-3 days at 11°C (McLaren et
al. 1968). Depending on when they were spawned and local conditions,
some individuals reach maturity in less than a year while some require
longer. Size of adult males is 1-2 mm; females are slightiy larger
(Brodskii 1950; Tarbox et al. 1979).

Pseudocalanus is primarily an herbivore but can alsc utilize
detritus (Bain et al. 1977; Poulet 1977). Copepodites and adults can
utilize the same particles within the size range 1.5-144.0 microns;
however, copepcdites feed most efficliently on small particles (<10
microns), whereas adults prefer larger particles (Poulet 1977).

Copepods of the genus Acartia are found in neritic surface waters.
Grainger (1965} considered them coastal in the southern Beaufort Sea and
Amundsen Gulf. They are most common at depths of less than 20 m, usually
in the upper 5-10 m of the water column. They eat primarily diatoms
(Conover 1960). Adults are about 1 mm in length (Tarbox et al. 1979).

Metridia longa is characteristic of deep offshore waters. They are
found near the surface (upper 50 m) in November-March and deeper (175-300 m)
during the summer (Grainger 1959; English and Horner 1977). 11 is an
arctic form, widely distributed in the Arctic Ocean and its epicontinentai
seas, east and west Greenland, lceland, Norway, Spitzbergen, and the
eastern Chukchi Sea (Brodskii 1950; Fontaine 1955). Like C. hyperboreus,
the time of breeding for Metridia is not completely dependent on the
phyteplankfon bloom. Breeding occurs over an extended period and the
development of young apparently continues through winter. Most spawning
probably takes place from March-July in deep water (Grainger 1965).

Aduits are about 4 mm in length (Brodskii 1950).
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Derjuginia tolli! is a neritic species often associated with brackish
waters (Brodskii 1950). It is found in ail marginal seas of the Polar
Basin and is widely distributed in the southern Beaufort Sea (English and
Horner 1977; Tarbox et al. 1979; Griffiths 1981). No adult females were
caught by either Griffiths or English and Horner during August. Adults
are 2.0-2.5 mm in length (Brodskli 1950).

E. Gammarid Amphipods

Many species of gammarid amphipods are abundant in the Beaufort Sea
(Frost et al. 1978). We will discuss only one species, Apherusa glacialis,
which is a pelagic and ice~associated form of considerable Imporftance in
the diet of fishes and seabirds. Apherusa glacialis is a circumpolar
arctic and subarctic species usually found in the upper 200 or 300 m of
water (Shcemaker 1955; Grainger 1959; Tencati and Leung 1970},
often in association with sea ice surfaces. Juveniles are abundant in
the upper 50 m in areas where breeding occurs. Apherusa is probably
more abundant than indicated by plankton fows, since it is 3 common food
of seabirds and arctic cod (Divoky 1976; Bain et al. 1977; Frost and
towry, this report), even in areas where fewer or none are caught in
tows.

ln the Arctic Basin, spawning probably occurs during winter. Grainger
(1959) reported catching females in November that had recentiy [iberated
young. Tencati and Leung (1970) suggested that spawning occurs in January-
February in the Arctic Basin. By June juveniles are 6-8 mm; final adult
size is 7-11 mm (Shoemaker 1955; Grainger 1959).

Apherusa, like other arctic crustaceans, stores |ipids (primarily
trigiycerides) for the winter period of reduced food availability (Lee
1975}.

Vill. Discussion and Conclusions
A. Foods and Feeding of Bowhead Whales

Based on the examinations of bowhead stomach contents we have
conducted and other published observations, a reasonable assessment of -
the foods utilized by bowheads in the Alaskan Beaufort Sea can be made.
Cominant prey are euphausiids, principally Thysanoessa raschii, and _
calanoid copepods, primarily of the genus Calanus. Although a variety of
other planktonic and benthic organisms has been recorded from bowhead
gastrointestinal tracts (Table 11}, organisms other than copepods and
euphausi ids have not occurred in significant gquantities. This is
consistent with cbservations of the morphology of bowhead baleen, the

1A recent publication (Mapkhaceva 1980) has suggested that the
name of Derjuginia tolli be changed to Jaschnovia tolli.
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tong, fine nature of which suggests adaptation to feeding on small pelagic
crustaceans (Tomilin 1957; Nemoto 1970). The occasional occurrence of
benthic érganisms in bowhead stomachs has led some investigators (e.g.,
Mitchell 1975; Griffiths 1981) to consider benthos as an imporfant food
source. Observations of bowheads surfacing with mud streaming from

their mouths have also been considered evidance of feeding of benthos
(Wursig et al, 1981). We discount the presumed importance of benthos in
The bowhead diet for two reasons. First, the feeding apparatus of bowheads
shows no specializations for bottom feeding, and in fact the bowhead
appears to be the most specialized of all baleen whales tor straining
small zooplankton from the water column. Secondly, our observations
(Section 111} Indicate that in at least some circumstances copepods are
concentrated in dense layers within a few meters of the bottom. We

think that both the presence of epifaunal benthic species in stomachs

and the mud seen in the presence of feeding whales are adequately
explained by whales feeding close to the bottom, eating primarily copepods
and perhaps euphausiids which are also known to concentrate just off the
bottom (Elnarsson 1945; Mauchline 1966). Griffiths (1981) also speculated
that hyrodozoans, which are abundant in the Beaufort Sea, could be a

major food for bowheads. However, hydrozoans have not occurred in any

of the stomach samples we examined, and it seems unlikely to us that
baleen specialized to catch small hard-bodied crustaceans would also o
efficientiy capture large soft-bodied organisms. We therefore agree with
Tomillin (1957) that organisms such as ctenophores and hydrozoans are
consumed only incidentally.

Little is known of the feeding behavior of bowheads. Undoubtedly
sensory mechanisms are used to detect appropriate types and guantities of
prey. The excellent observations of Watkins and Schevill (1976, 1979)
indicate that right whales (Eubalaena glacialis) feed on patches and
bands of concentrated plankton, sometimes at the surface and sometimes at
greater depths. They stated that "These whales usually turned away from
sparse patches towards areas of denser material, turning within The patch
{(as much as 90° or more) to maintain courses that were wei!l within heavy
concentrations of plankfon." Wursig et al. (1981} observed and described
bowheads engayed in what they termed bottom feeding, water column feeding,
and skim feeding. These may correspond to feeding on plankton concentrations
which are near the bottom, in midwater, and near the surface, respectively,
although Wursig et al. {1981) did not see dense patches of plankton in
the vicinity of skim feeding whales. Griffiths (1981), however, as part
of the same study found that copepod bicmass was significantly higher
where whales were seen than at other stations.

Limital concentrations of prey for efficient feeding by bowheads
have not been determined. Experiments conducted by Braithwaite (1980 and
pers. comm.) indicate that bowhead baleen can filter Artemia at 96-98%
efficiency over a fairiy wide range of prey sizes and concentraticns.

The lower limit of prey abundance at which bowheads might seek mcre
favorable feeding grounds is not known. Qur observations (Section V,
Appendix 1) and those of Durham (1972) indicate that at times, perhaps
especial ly during the spring migration, bowheads ingest food when neither
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copepods nor euphausiids are present. Stomachs of such whales usually
contain only small amounts of benthos which are probabiy of littie Trophic
importance.

There are no direct observations of feeding of bowheads on the
wintering grounds. Bowheads are extremely "fat" whales and based on
comparisons wiTh other species (Brodie 1975, 1980) it would be expected
that they would feed extensively during a short summer season and fast
the remainder of the year. Since primary production is low during the
period when bowheads are on the wintering grounds in The Bering Sea and
since the species of copepods eaten by right whales descend to deep water
during that time (Nemoto 1970), we speculate that iiitle if any feeding
occurs during winter. Although small amounts of copepods, euphausiids,
and other oryganisms sometimes occur in the stomachs of whales taken during
spring, migrating and mating are the primary activities and foods consumed
during the spring migration are likely to be of litfle overall significance.
Bowheads probably derive the bulk of their annual nutrition during summer
and eariy fall in the Beaufort and Chukchi Seas. We estimated (Section
IV) that bowheads spend about 105 days feeding in the Canadian sector of
the Beaufort, 25 days in the Alaskan Beaufort, and 30 days in the Chukchi.
|f the rate of feeding in each of The three areas is simitar, they would
contribute 663, 16%, and 18%, respectively, of the annual foods eaten by
bowheads.

Based on available information three areas can be delimited as
regutarly important feeding grounds. These are: 1) the southeastern
Beaufort Sea and western Amundsen Gulf, particularly in the vicinity of
the Tuktoyaktuk and Bathurst Peninsulas (Fraker and Bockstoce 1980, Wursig
et al. 1981); 2) the area between Barter lIsland and the U.S.-Canada
demarcaticn line (Ljungblad et al, 1980, Lowry and Burns 1980); and 3)
the area between Point Barrow and Lonely (Braham and Krogman 1977; Lowry
et al. 1978). |t is possible that significant feeding occurs throughout
The Alaskan Beaufort Sea; however, it is very unlikely that stomach
contents samples will become available to confirm the possibiiity.

B. Trophic Interactions Among Major Vertebrate Consumers

We have assessed fThe guantities of food eaten annually by major
vertebrate consumers in the Alaskan Besaufort Sea based on the best
available estimates of population biomasses, residence times, diet
composition, and feeding rates. Four major prey groups--copepods,
euphausiids, hyperiid amphipods, and arctic cod--were considered as they
are of particular importance in The trophic structure of the pelagic
food web in the area (Frost 1978). Obviously, we have not medeled or
simulated the structure of the pelagic food web of the Beaufort Sea.

For example, we did not consider consumption of copepods by ctenophores,
hydrozoans, pteropods, and chaetognaths, or competition for phytoplankton
between copepods, larvaceans, euphausiids, and meroplankton. in addition,
intferactions such as predaticn on larval fishes by hyperiid amphipods and
consumption of copepod eggs and larvae by older copepods were not dealt
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with. Available data and theory do not, in our opinion, allow such a
model at the present time.

Nonetheless, it is possible in a very broad sense to estimate the
zooplankton biomass available to consumers as a fraction of phytoplankton
productivity. In Section Il we estimated fotal annual primary production
over the continental shelf of the Alaskan Beaufort Sea to be 3-44 miliion T
(wet weight) per year. At a conservative conversion efficiency of 10%
{Gulland 1974) that would produce 0.3-4.4 miliion t of zooplankton per
ysar. Of that amount about 50-90% is copepods (Horner 1981). In Section ¥
we estimated that vertebrate consumers eat approximately 1.3 million t
of zooplankton and nekton annuafiy. Thus, if fthe species we considered in
this report represent most of the annual zooplankton consumption, it would:
seem that in "good" years of high primary productivity food is probably
not limiting. However, in years of poor primary productivity due fo
heavy ice or a combination of other factors (for example, 1978, as discussed
in Horner 1981), it is poassible that focd may indeed be limiting. Our
estimate of vertebrate consumption exceeds the minimum zooplankton production
estimate by a factor of four.

Several studies have compared the measured abundance of prey with
the estimated food requirements of large whales {Brodie et al. 1978;
Brodie 1980; Griffiths 1981). All concluded that traditional methods for
esTimating zooplankton abundance do not give a true picture of the actual
availability of food. Brodie et at. (1978}, working off Nova Scotia,
found that the average euphausiid density as measured by plankton tows
was 200 Times tooc low to meet the food requlrements of fin whales. They
concluded that “"whales must feed on euphausiid densities far greater
than the average Indicated by net samples" and that "aggregation of
zoop lankton must, therefore, be ‘the general rule." Griffiths (1981)
sampled zooplankion in Amundsen Gulf and found that biomass estimates
were severai times too low for a bowhead to obtain an adequate daily
ration. He tToo concluded That "it would appear that bowheads must
concentrate thelr feeding in areas where zooplankfon biomass is somewhat
greater than average." Brodie et al. (1978) suggested that minlmum
densities in prey patches must be about 20 g/m3 for fin whales; Brodie
(1980) suggested a similar density of 30 g/m> for bowheads. The inadequacy
of existing data on prey availability and the evidence for concentrated
prey patches are further reinforced by the fact that whales are only one
of many consumers utilizing the zooplankton resource.

We estimate that the vertebrate consumers we considered eat about
2.0 mitlion t of food annually in the study area. The distribution of
the total among consumer groups was: seabirds - 0.2%, belukha whales -
0.4%, bowhead whales - 1.4%, ringed seals - 2.1%, and arctic cod ~ 96.0%.
1f oniy zoopiankton and nekfon (copepods, euphausiids, and hyperiid
amphipods} are cansidered, approximately 1.3 million t are consumed
annually, with the following distribution among consumers: seabirds ~
<0.1%, bowhead whales - 2.0%, ringed seals - 2.1%, and arctic cod - 95.8%.
The smal! amount consumed annually by seabirds is due to a combination of
their sma!l Total biomass and short residence time in the area. Belukha
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whales comprise a substantial biomass but were considered fto fesd in the
study area for a short pericd of Time. The estimated biomass of ringed
seals in the area was less than that of belukhas, even during the summer
period of maximum seal numbers. However, since they reside and feed in

the area throughout the year, their total estimated annual food consumption
was considerably greater than that of seabirds or belukhas. Bowheads

were estimated to comprise a biomass more than 13 times as great as the
maximum for ringed seals. The comparatively smali amount of food estimated
to be consumed annually by bowheads is due to the assumption of a short
feeding period in the study area and a comparatively small daily food
ration. Due to their year-round residence and large population size,
calculations indicate that arctic cod are the major vertebrate consumer

in The study area.

Based on our calculations, arctic cod are by far the major consumers
of copepods, euphausiids, and hyperiid amphipods (Figure 8). Ringed
scals caonsume a considerable amount of hyperiid amphipods, while both
bowheads and ringed seals consume a significant portion of the total
amount of euphausiids eaten by all vertebrate consumers. Arctic cod are
eaten in quantity by all consumers except howheads. 8ased on the
assumptions we used, most of the predation on arctic cod is by ringed
seals and arctic cod.

Qur study did not include Amundsen Gulf and the Canadian sector of
the Beaufort Sea, areas where bowheads feed for approximately 3-1/2
montThs. Based on data available on the fauna of that region (Galbraith
and Fraser 1974; Barry 1976; Blood 1977; Stirling et al. 1977), we suspect
that the situation in those areas is simllar to that in the Alaskan sector
of the Beaufort Sea. However, since bowheads feed there for a considerably
fonger Time than in the Alaskan Beaufort, their reiative importance as a
consumer would be correspendingly greater.

The possible significance of our results depends on the competitive
relationships among the consumer specias and the relationship between
total annual production and consumption. The latter question, that of
food timitation, cannot at present be answered directly due to the
complexity of even comparatively simple pelagic food webs and the lack
of rigorous data on inter-species infteractions. However, indirect evidence,
primarily from other areas, strongly suggests that food limitation may be
a common occurrence. This evidence takes two complementary forms. The
first inciudes cases where reduction in The population size of a consumer
species results in increased productivity of populations of that and/or
trophically competing species (Mitchell 1975; Laws 1977; Hempel 1978}).
The secand includes circumstances in which a reduction of prey popufations
has caused reductions in size or productivity of predator populations
(e.3., Schaesffer 1970). In the case of bowheads the reduction in abundance
caused Dy commercial whaling may have allowed an increase in populations
of ringed seals, belukhas, seabirds, or arctic cod. {f populations of
seals and arctic cod were affected in a similar manner, increasas in
their populations may have been comparatively slight since arctic cod are
the major prey of ringed seals. However, if ringed seal numbers in the
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Figure 8. Pie diagrams representing the proportion of the total amount of
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annually in the study area by each of the major groups of vertebrate
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Beaufort are limited by predation (from foxes, polar bears, or humans) or
some other non-trophic factor, arctic cod populations may have increased
greatly with the demise of bowheads. Belukhas obtain much of their

annual nutrition in areas other than the Beaufort Sea, and the effect of
an increase in arctic cod abundance there would probably have only a
slight impact on their population size or productivity. Seabirds may

have increased in numbers in response to an increase in arctic cod and
plankton; however, even at present their impact on the overall trophic
system of the Beaufort appears comparatively slight.. The magnitude of
annhular and longer term fluctuations in production of food in the Beaufort
is not known. Considering the effects of sea ice cover and characteristics
on primary productivity (see Section |Il) and the well-documented annual
variabllity In ice characteristics in the Beaufort, considerable variation
In annual levels of production seems likely. Stirling et al. (1977)
documented a substantial decline in numbers and productivity of ringed
seals in the eastern Beaufort Sea from 1974 to 1975 which they correlated
with heavy ice conditions which might have reduced primary productivity.
Of perhaps greater significance are long-ferm changes in ice conditions.
Results of compilations (summarized in Shapiro and Barry 1978) show more
open water in August and September since 1940 than between 1860 and 1919
but an increasing frequency of heavy ice seasons since about 1953,

if food is limiting in the Beaufort Sea then competition between
consumers must occur. However, the mechanisms by which such competition
is mediated and its possible effects on populations of the various
consumers can at present only be speculated upon. [T is critical to
realize that the greatest competition will occur among individuals of The
same species since they will have nearly identical requirements and
responses. Unfortunately, very few data are available on the functional
response of individual and population parameters to variations in food
availability, particularly for large marine vertebrate species. Increased
productivity of harp seals (Phoca groenlandica) and antarctic baleen
whales and seals has occurred in response to préesumed increases in food
availability (Sergeant 1973; Laws 1977). However, changes in food
availabitity in those circumstances have not been measured directly and
correlated with observed responses in consumer populations. Decreased
productivity of seabird populations has been recorded in years of presumed
{but incompletely documented) food |imitation {(Divoky 1980; Drury et al.
1980). Fishes, which can be maintained with comparative ease in captive
situations, are more suited for experiments on feeding ecology. However,
most studies (e.g., Brocksen et al. 1968) have dealt with the effects of
food ration on growth rates, although some have investigated the effects
on reproductive performance {(Scott 1962; Wootton 1973). The study of
Sealy (1980) measured reproductive responses of northern orioles (lcterus
gaibuia) to changes in food availability.

The results of two or more species feeding on shared prey resources
are probably divisible into two major categories. First, the combined
predation on prey populations may reduce overall standing stock, and, if
predation exceeds the sustainable yield, productivity may be reduced.
Overgrazing could result in decreased prey stocks in succeeding years.
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The probability of such occurring in the Beaufort Sea and the characteristics
of possible prey population declines and recoveries depend on the bioiogical
characteristics of the prey species. Secondiy, the proximate effect of

any predation is the removal of prey from the environment, making them
unavailable to other consumers. The effect on consumers relates to their
feeding mode, particularty the relationship between efficiency of food
procurement and abundance and distribution patterns of prey. In the
Beaufort Sea arctic cod and ringed seals probably feed mostly by selection
of individual prey, although when ringed seals consume euphausiids,

mysids, and hyperiid amphipods it Is likely that more than one is captured
with each "bite" (Lowry et al. 1980). Bowheads filter large volumes of
water, retaining those organisms which are caught by the balesn. Although
this process is not highly selective, the whales undoubtedly choose areas
where they feed based on a perception of prey in the water column. One
might speculate that bowheads would be the most effective consumer at low
prey densities, although they could easily take advantage of patches of
appropriate prey. Ringed seals may require greater densities of euphausiids
than bowheads for effective feeding, although they may be able to exploit
smaller, more local patches.

A predator has a number of opfions if prey species populations are
not available at appropriate densities. An obvious option is to feed on
something else, provided that an alternative appropriate prey is available.
Arctic cod are capable of feeding on benthic organisms as well as on
zoop lankton and nekton (Craig and Haldorson 1981; Lowry and Frost 1981a).
Although ringed seals also feed on benthos, it appears that they catch
less food when feeding on benthic organisms- as compared to nekton and
arctic cod (Lowry et al. 1980). The availability and suitability of
alternate prey for bowheads are pooriy known. Predators may also seek
better feeding areas if they encounter circumstances of inadequate
avai lable prey. Schools of arctic cod show great mobility (Craig and
Haldorson 1981), and ringed seals appear to localize in areas of abundant
prey (Frost and Lowry, in prep. and unpubl.). Based on commercial
whaling records (Dahlheim et al. 1980) the summer feeding grounds of the
bowhead once extended over much of the Bering, Chukchi, and Beaufart
Seas. )

If a predator does not locate and consume an adequate quantity of
pray during a particular year there are several possible effects., Most
drastic and least llkely, the animal could die from starvation. Reduced
vitality could, however, result in increased chances of mortality from
disease, predation, or physical stress. More likely, an immature predator
would experience a reduced growth rate, while mature individuals probably
sacrifice reproductive output. Arctic marine mammals carry a considerable
mass of blubber which, in addition to ifs insulative value, provides a
large, portable food reserve. Individuals would therefore be expected to
experience little stress from a single year of inadequate feeding.
However, since they usually give birth fto one large youny which is
nurtured at considerable energetic expense to the mother, reproductive
output in the following year would likely be lessenad. In addition, a
reduced growth rate of subadults would cause delayed maturation (Laws
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1959) and reduced population productivity. Being reproductively
conservative, seal and whale populations would respond slowly to an
increase in available forage.

In contrast, arctic cod, while they produce few eggs in comparison
with other cods {Svetovidov 1948), have a large reproductive potential
and might respond effectively to favorable feeding conditions. Growth
rates of arctic cod vary among areas and years (Lowry and Frost 1931a)
and since reproductive output in fishes is generally correlated with
size (Serobaba 1971) this may be a mechanism by which food availability
regulates arctic cod populations. Cannabalism and predation may also be
important factors regulating arctic cod numbers. Food |imitation causes
decreased nesting and fledging success In seabirds (Divoky 1980; Drury
et al. 1980). Since foraging of breeding birds is restricted to an area
surrounding the nest, very local conditions are |ikely To be of great
importance in regulating production.

Unfortunately, the results of this study and the information summarized
in this repert do not conclusively indicate whether competition for food
is affecting populations of consumers, particularly bowhead whales, in
the Beaufort Sea. Avalilable information does suggest that competition
and food limitation are very real possibilities. Further studies are
neaeded before the ecclogy of the Beaufort Sea and the quantitative
interactions among major vertebrate consumers are adequately understood.
We sugyest four major topics for future studies.

1. More refined estimates of total annual primary production are
needed. Of particular interest are the effects of variations in ice
conditions and other factors on production, as well as the magnitude
of annual and longer term variations in production.

2. Interactions between consumers and producers as wel! as among
the various consumer spacies nesd to be investigated. The proportion
of primary production which Is converted to prey usable by vertebrate
consumers s of major importance, as are the responses of herbivore
populations to fluctuations in their food supply.

3. Further studies of foods of major vertebrate consumers are
needed. Particularly needed are data on winter foods of arctic cod
and summer foods of ringed seals. Observations of foods of cod and
seals in the vicinity of feeding bowheads would be of great value.

4. Informaticen on the responses of vertebrate consumer populations
To fluctuations in fTheir food supply is urgently necded. Although it
is probabply impossible 1o obtain such informztion for bowhzad whales,
it may be possitle To gather such data for ringed seals and arctic
cod.
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[X. Summary

1. A three-part study was conducted to examine trophic Interactions
among major vertebrate consumers, particulariy bowhead whales,
in the Afaskan Beaufort Sea. Major parts of the study were:
1) a synthesis of al! available data on foods and feeding of
bowhead whales, 2) field studies in the eastern portion of the
Alaskan Beaufort Sea during September 1980 to examine foods
utilized by ringed seals and arctic cod in an area where bowheads
were known to feed, and 3) an assessment of the kinds and
quantities of prey required on an annual basis to support
populations of bowheads and their potential Trophlc competitors.

Z. The study area, which was defined as the continental shelf of
the Alaskan Beaufort Sea, is influenced primarily by arctic
surface waters which move east to west with the Beaufort Gyre.
Bering Sea water penetrates eastward from Point Barrow as a
relatively warm subsurface layer. \Upwelling, which occurs In
the eastern portion of the study area, brings nutrient-rich
waters on to the shelf. Primary productivity is limited by
low light levels during much of the year and by nutrient
availabllity during and after summer phytoplankton blooms.
fce covers nearshore areas completely for most of the year,
Areas of open water occur during July-September. The temporal
and geographic extent of open water varies greatly from year
to year which probably causes major variations in the total
annua!l primary production of the area.

3. Copepods and euphausiids convert primary production to a2 form
that can be utilized by vertebrate consumers. Few data are
available on the abundance of copepods and euphausiids in the
study area. Based on our sampling, copepods sometimes occur in
dense layers near The bottom, especially in water depths of 20
to 30 m. Abundance of copepods varied vertically in the water
column, geographicaliy both with depth and station location,
and from day to day at the same station.

4. Three marine mammal species were considered to be major consumers
in the study area. Bowhead whales were considered to feed in
tThe area for 25 days during their fali migration (September-
October). |t was estimated that the population of 2,264 whales:
comprised a biomass of 36,000 ¥. They were estimated to consume
3% of their body weight per day, consisting of 30% copepod, 65%
euphausiid, 1% hyperiid amphipod, and 4% other organisms. Belukha.
whales were estimated to feed in the area for 30 days in
September. The population of 6,000 was estimated to weigh 4,800 t.
They were estimated to consume 5.1% of their body weight per
day, consisting of 80% arctic cod and 20% other organisms. The
abundance, diet composition, and food consumption rate of ringed
seals vary seasonally. The population was estimated as 80,000
seals (2,744 t) during summer and 40,000 seals (1,372 t) during
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winter. Arctic cod are the primary ringed seal food in November-
March. |n April-June benthic crustaceans are the principal

prey. In Augusi-September, hyperiid amphipods, euphausiids,

and arctic cod are all significant food items. The feeding

rate (expressed as a percent of tota! body weight per day) was
estimated to vary from a low of 1.9% in April-June to 8.4% in
November-March.

Approximately 11 species (or species groups) of seabirds forage
in the study area on organisms connected to the pelagic food
web. In aggregate These seabird species were estimated fo

. number 435,000 individuals, weighing a total of 159.2 T. Arctic

cod comprise a major portion of the diet of gulls, terns,
guillemots, jaegers, murres, and loons. Copepods are principally
eaten by phalaropes and fo a lesser extent Sabine's gulls.
Euphausiids are eaten mostly by gulls and terns. Seabirds were
estimated to consume 25% of their body weight daily.

Arctic cod is the only species of fish which is abundant in the
study area and feeds primarily on organisms connected to the
pelagic food web. The biomass of arctic cod was estimated to
be 85,890 t. Arctic cod were considered to consume 6% of their
body weight per day, comprised of 56% copepod, 8% euphausiid,
1% hyperiid amphipod, 1% arctic cod, and 34% other organisms.

In aggregate the vertebrate consumers considered were estimated
to eat about 2 million metric tons of food annually in the
study area, comprised of about 54% copepod, 9% euphausiid, 1%
hyperiid amphipod, 2% arctic cod, and 34% other organisms. Of
the total amount of copepods eaten, arctic cod were estimated
to consume 99.2% and bowheads 0.8%. Of euphausiids, 87.5% was
estimated to be consumed by arctic cod, 10.2% by bowheads, 2.2%
by ringed seals, and 0.1% by seabirds. Of the estimated total
hyperiid amphipod biomass eaten, arctic cod were estimated to
consume 71.8%, ringed seals 27.2%, and bowheads 1.0%. Major
consumers of arctic cod were ringed seals (44.7%), arctic cod
{39.7%), belukha whales (12.3%), and seabirds (3.3%).

Some features of the biclogy of major prey spscies are discussed.
Most species are comparatively long-lived and require more than
one year to reach maturity and reproduce. Reproductive svents
for most species are linked in some manner to seascnal
phytoplankton availability. Energy is stored as lipids and

used to survive the winter period of reduced food availability.
Caltoric values of whole prey organisms are generally highest in
the fall after the period of summer feeding and lipid accumuiation.

in the Alaskan Beaufort Sea, and probably in other arsas as
well, the deminant prey of bowheads are euphausiids, principally
Thysanoessa raschii, and copegpods of the Jenus Calanus. [T is

speculated that little significant feeding occurs in wintering
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areas or during the spring migration. Three areas can presently
be identified as regularly important summer-fal! feeding grounds:
1) the southeastern Beaufort Sea and western Amundsen Guif, 2)
the area between Barter isfand and The U.S.~Canada demarcation
line, and 3} the area between Point Barrow and Lonely in the
western Beaufort Sea. '

IT is not possible at present to determine with certainty
whether competition for food is affecting The recovery of the
Bering-Chukchi-Beaufort stock of bowhead whales. Available
data indicate that In heavy ice years production may be only
one-fourth as great as the estimated quantity of food required
by vertebrate consumers. Most of the food consumed is eaten by
arctic cod whose numbers may be controlled by food limitation,
predation, or cannibalism. If foed is |imiting, the effect on
the population of each consumer species will depend on many
poor ly understood refationships and factors. Further studies
are needed in order to understand the magnitude and effects of
competition for food among vertebrate consumers in the Beaufort
Sea.
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Appendix |. Organisms idenfified in vertical plankton tows done near
Beaufort Lagoon, September 1980. For copepods, age class @
indicates nauplius larvae, 1-5 indicate copepodite stages

|-V, and 9 indicates adults. Statlion

locations are shown
in Figure 4.



VERTICAL ZOOFLANKTON TOW ANALYSIS
TRANSECT 1 ~ STATION A ~ 10 SEFTEMEER 1980

Tow #1 VFT-21-80 hate! 800910 = Time! 1355 Location! &75430N 1421612

Water derthi Sm Tow derth! Sm Surf temp! - ded C

Net diameter:? «300m Mesh size! 905 micrans

Totel # tows selected! 1 ¥ Rerlicates? 0

Srecies or tax code ~ Ade clasg Aved £ found dveg #/cubic m Min #/cubic m Max #/cubic m
Rathkea octorunctats all 2.0 2.16467 F.167 ?:167
fedinorsis laurentii all 1.0 1.019 1.019% 1.019
Calanus hurerboreus 3 2.0 2,037 2.037 2,037
Calanus dlacialis 3 2.0 2.037 2,037 2.037
Calamus glacialis 5 1.0 1.019 1.019 1.019
Peeudoczglanus 5 11.0 11,205 11,205 11.205
Fseudocal anus 9 30.0 30.5%8 30.558 30,558
Limnocalanus drimaldi ¢ 1.0 1.019 1.01%9 1.019%
Oredoninge roea all 2.0 2,037 | 2.037 ‘2.03?
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VERTICAL ZOOFLANRKTON TOW ANALY SIS

TRANSECT 1 - STATION C -~ 10 SEFTEMBER 1980

Tow #1% VFT-23-80 Latet: 800910 Timet 1421 Location! 499436N 1421?36”

Water desth? 15m Tow derthi | 15m Surf temert: ~ ded C

Net diameter! +300m Mesh sizel! 50% microns

Totzl # tows selected? 1 ¥ Rerlicates?! 0

Srecies or tax code . fge class Ave ¥ found Avdg $/cubic m Min #/cubic m Max *¥/cubic m
Rathkea octorunctata 211 11.0 3.735 3,735 3.735
Aeginorsis laurentii all 1.0 + 340 + 340 + 340
Cusnea carillata all 1.0 « 340 ‘ + 340 + 340
Calarnus 2 1.0 « 340 + 340 + 340
Calanus hyrerboreus X 2.0 1679 B9 679
Calanus huyrerboreus 9 3.0 1.019 1,019 1.019
Feeudocal anus 9 12.0 4.074 4.074 4.074
FPeeudocalanus o 1.0 + 340 + 340 + 340
Nlerdudginia tolli Q 5.0 1.498 1.4%8 1.698
Limnocalanus grimaldi 9 7+0 2:377 2.377 2377
Barnacle cuprid all 1.0 + 340 » 340 + 340
Muwsis litoralis 2ll 1.0 + 340 T 340 + 340
Fadurid zoes 311 1.0 + 340 + 340 + 340
Gredoninae soea all 1.0 + 340 + 340 + 340
Fish larvae all 1.0 + 340 » 340 + 340



VERTTIUOAL ZOOFLANKTONRN TO W ANAILY SIS

TRANSECT 1 - STATION It — 10 SEFTEMEER 1980
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Feridonimas voldiarcticese a#ll 5+0 1.273 1.273 1.273
Rathkes octorunctata all 25,0 &+ 366 be366 b+ 3466
Dibelia londissimas all 1.0 0 2O ] « 255
Aedinarsis laurentii all 4,0 1.01% 1.019 1.019
Calanus 2 1.0 o255 e 255 + 255
Calanus ; 2.0 + 509 + G509 + 309
Calanus hurerboreus 4 1.0 o« 265 + 255 205
Calanus hurerboreus ) 1.0 255 + 255 e 255
Calanus #lacialis 4 2.0 e 509 L5088 G079
Foseudocalanus 1 2.0 L5809 + 509 + 509
Fseudocalanus 2 2,0 509 « 3509 + 309
Fseudocal anius i &.0 1.5%28 1.528 1.528
Faeugdaocalanus G 278.0 70.792 70.283 70,792
Derdudinis tolli g 2.0 « 309 G0 L3509
Limnocalanus grimsldi 7 4.0 1.528 1.52 1.528
fcartis londiremus Q 1.0 25 55 255
Barnacle currid all 14.0 3.5865 _ 3+56%5 3,845
Musis litoralis all 25.0 b.3466 b6.3466 b.344
Monocnloides se., 7 all 1.0 + 255 ¢ 235 + 255
Hureria =#alia all 1.0 + 255 258 ¢ 295
Fasurid zoea all 340, + 764 + 764 . 7464

Oregoninse zoea all 2.0 + 509 + 509 + 509


http:Calan1.1s

VERTICAL Z00FLANRKTON TOW
TRANSECT 1 - STATION E - 10 SEFTEMBER 1980

Tow #3 VFT-25-80 latel 800910 Times

Water destht 25m Tow derth? 25m

Net diameter? «S300m Mesh sizet! 505 microns

 Total # tows selected! 1 % Rerlicates’ 0O

Srecies or tax code

Feridonimuis woldiarcticae all 1.0
Rathkeaz octorunctata sl1 267
Eeroe sF. all 1.0
Calanus 3 ?.0
Calanus dlacialis 9 6,0
FPseudocal anus 5 b7
Pseudocalanuys ? 506.7
Derdutdinis tolli ¥4 1253.3
Barnacle currid all 13.3
Arherusz Hlacialis all 1.0
Hureria dalba all 1.0
Fagurid zoea 8l1 2.0
Oredoninae zoea all 2.0

Saditta eledsns ' all . 2,

0
Fish larvae all 1.0

1600

ANALYGSISES

Surf temr! - ded [

Avse ¥/cubic m

Rinn Mt i St AT T vy SN mh drn g v s ey P ST et M Loy SO ST e ey T S8 R LN AL L1 44 e e S e A ik it sy mpr B Hm vk v v SAES amg maan apan == v - peew Fret S vy frer TYTY ST S P eas A A A Alin S0A By b Brpr P AL L8 b Ak MY T by rye M T e B ST M Bve P AU e Sam e e S5 FAL

+ 204
H.432

+ 204

1.833
1.222
13.581
103.217
205.327

2.714

Locationt

Min

GPEP30ON 14207364

#¥/cubiec m

1.833
1,232
13.581
100.501
255.3327

2.716

Max #/cubic m

1.833
1.222
13.581
103.217
QHT 327

2.716



VERTICAL ZOOPFPLANRKTAON TOW ANALY SIS

TRANGECT 1 —~ STATION F — 10 SEFTEMEER 1980

Tow 4 VFT-26A~80 Date: 800910 Time! 1608 Location?d &95930N 14207364
Water desth? 30m Tow derih? 30m Surf temr? - ded C

Netl dizmelers L500m Mosh size! 5095 microns

Total ¥ tows selected! 2 + Rerlicates? 1

Srpeies or Lex code fge class fAvd ¥ found Avg k/cubic m Hin #/cubic m Max ¥F/cubic m

S PT n ens b s o s sy e e MM PR Em e T - it M s SR S LA SHE YT il SR 1R beed SRR FEe i et e i SSLE AR S RV e L 4L aakh b B8 rpp ren TR B PR LM 14e4 B SV prre prm e mine BB e e TT e vt AL g B VI <hid LS e EAL EET Y oy 447 HHE LIS M g e T s $pes bt b SHE P e vt AL ke LA TR e Y

Feridgonimus voldiarolicae all 1.9 + 255 + 170 + 340
Rathles octoruncltata all 25.5 4,329 2,735 A4.923
Obelie londissima all »o 083 0.000 +170
Aeginorsis laurentii all 2.5 +424 +170 T 679
Cuasrnes casrillata all 1.0 +170 0.000 + 340
Calarnus 2 8.0 1.358 1.188 1.5%28
Calanus 3 g.0 1.3%8 2.715 2,716
Calanus hyrerbareus 3 2.5 424 + 340 + 909
Calanus hurerboresus 4 3.0 + 509 +170 849
Calanus dglacialis 0 2.0 + 340 Q0.000 679
Calanus dlacielis 3 1%.0 2044 ¢.000 5.093
Calanus dlacialis 4 b 1.103 + H79 1.528
Fspudocal enus = &G+ 1,103 + 340 1.867
Feseudocalanus 9 13.0 2207 + 340 4.074
lerdudginia tolli 9 146,5 24,871 17.82%5 31.216
Metridia s, 4 o +O8B5 0,000 170
Limnocalanus gdrimasldi ? 6.0 1.019 1679 1.358
Acartia longiremos 9 5 . 08% 0.000 «170
Barnacle currid all 19,5 3.310 2.207 4,244
Monoculoides s, zll ] 085 0+000 +170
Hureriid all .5 L 085 0. 000 + 170
Huyreria medusarum all P 085 +170 +170
F'BQ'JI"id 208 all 3.0 0509 0509 050?
Oredoninse zoesa all 2D + 085 0. 000 2170
SCadgitta eledans all 3.0 + 509 + 170 + 849

o e L1170 .XA0



ZOOFLANRKTORN TOW
TRANSECT 1 - STATION G -~ 10 SEPTEMEBER 1980

VERTICAL

Tow #*: VET-27-80 hate! 800?210 Time?

Water derthi 35m Tow derth! I5m

Net diameter! .500m Mesh size! 505 microns

Totsl # tows selected! 1 ¥ Replicatest 0O

Srecies or tax code Asie class Aved £ Found

146232

Surf tems!

ANALYSI

Locetion: 700324N 14201044

- ded

/cubic m

Min ¥#/cubie m

Max F/cubic m

e - ot Mt i e i s ook b ek ke ke 4 b S AU 1rve e PYEe TR TITE Ty e en e b it e . T s et IR T e onh M ELS S TP PR S48 WP MASR SS For BPEr TrPn bt aned need Ahth BARE pars MEE TP FrTY e vy Tie B A SAAR MMM MEE MME PR Eifp gty e S48 AACL L44F Bt S FE TR P et TS S aemy il ABLL OO BRR ST L ETAY ST YT s

Rathikes octorunctats all 77.0
Aedginorsis laurentii all 6.0
Cuanea carillata all 1.0
Heroe si. 811 4.0
Calanus 2 160
Calanus 3 43,0
Calanus hyrerboreus o 1.0
Calanus dlacialis 4 21.0
Colamnys dHlacialis 5 24,0
Fseudocalanus i 1.0
Fseudocalanus ) 1.0
Fseudocal anus 9 4.0
Derduginiz tolli o 10.0
Euchaeta dlaciazlis 5 1.0
Limnoecslarnus grimaldi 9 1.0
Eurglemora se. 5 1.0
Barnacle cwuprid all b2 0
FPagurid zoea all ' 4,0
Oregoninase zoes all 1.0
Saditta elestans all 1.0
Dihoﬁleura 55 4 gll 11.0
Gadidae larvae all 1.0

11,205
873
+146

+ 082

2,328
&« 297

+146
3.036
3,492
144
146
+ 382
1,455
+ 144
146
+144

7567

» 582
146

+144
1.601

+144

11.205
+873
+144

+ 582

2.328
6. 257
1146
3.006
3+492
+14&
+ 146
+982
1.455
+144
+146
146

74567

+ 582
146

144
1.401

144

11.205
873
+146

082

2.328
64257
+1446
3.056
3.492
+ 1464
146
982
1.435
+1464
+144
+144

7567

+282
1146

+146
1.601

+144


http:Calan1.Js

VERTICAL ZOOFLANKTON TOW ANALYSTIS

TERANSECT 1 — STATION H - 10 SEFTEMRER 1980

Tow #3 UFPT--28-80 HDate! 800910 Time! 1633 Locationt! 70053&6N 1415718

Water dertht 40m Tow derth? 40m Surt teme?! - ded C

Net dismeters »y 200m Mesh sizel S05 microns

Total # tows selected: 1 ¥ Rerlicates?: 0

Speeies or Lax code - Aze class Avg & found Avdg E/cubic m Min $#/cubic m Moy #/cubic m
Rathlea octarunctals all A2,0 5.348 T.348 5.348
Obelis londissima all 1.0 127 127 127
Acdinorasis laurentii all 2.0 + 255 L 255 « 255
Foluchaetle zll 1.0 +127 127 127
Calanus 1 2.0 255 $ 255 + 295
Calanus 2 104.0 i3.242 13,242 13.242
Calanus . 3 71,0 2.040 7,040 2.040
Calarnus hyrerboreus 3 1.0 127 +127 «127
Calanus hyrerboreus 4 a0 1637 637 + 637
Calanus dlacialis 4 22.0 2,801 2.801 2.801
Colanus dHlacialis Y 20,0 2.946 deH48 2.544
Faeudocalanus 5 14.0 1.783 1.783 1.783
Foeudocalanus g 2040 2.544 2:419 2.544
Derdustinia tolli v 19.0 2.419 24419 2.419
Barnacle cyrrid all 770 2,804 ?.804 9,804
Fadurid zoea all 1.0 L1327 ‘ «127 +127
Oredoninae zoes all 1.0 127 127 127
Saditts eledans _ all 7.0 «891 +871 891
Oikorleura se. all 146.0 2.037 2.037 2,037

Fritillaria borealis all 8.0 1,019 1.019 1.019
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VERTICAL ZOOPLANKTORN TOW ANALYSIS
TRANSECT 1 — STATION I - 10 SEFTEMERER 1980

Tow #3 VPT-29-80 Datel! BO0%1LO Timet 14645 Locationd 7007046N 14154420

Water derth! A5 m Tow darth? A5m Surf temer! - ded C

Net diameter! +« 500m Mesh size! %05 microns

Total ¥ tows selected! 1 ¥ Rerlicates! 0

Srecies or tax code ;“ Age clasy ﬁvs ¥ found Aveg ®/cubic m Min ¥/cubic m Max $/cubic m
Rathkeas octorunctata all 10.0 1.132 1.132 1.132
Adlantha digitali all 5.0 1Y) «S5h6 1.1
Aedinorsis laurentii all 3.0 + 340 + 340 + 340
Cusnea carillata 8l1 1.0 +113 +113 +113
Foluchaete all 5.0 T « 966 +T-T-)
Corerod ) %.0 T2 +DhE T
Cﬂl&iﬁu& . 2 S50 b 235 6225 &,22
Calanus 3 125,0 14.147 14,147 14,147
Calanus hurerboreus 4 5.0 T + 966 +DEE
Calanus dlaciaslis 4 5.0 10.752 10,752 10,752
Calaruws #lacialis 5 50.0 S.459 S.659 S.659
Feseudocal arus i 5.0 15466 Ty 566
Feeudocal anus ] 20,0 2.264 2.:2564 2264
Fseudocalanus 4 45,0 S.093 S.093 S5.093
Barnacle cwrrid a1l 75.0 8.488 8.488 8.488
lLusianassidae all 1.0 +113 +113 +113
Hureroche medusarum all 1.0 «113 113 +113
Thysanoesss raschii all 1.0 +113 +113 +113
Crangonidae zoesz all 1.0 «113 113 .1}3
Padgurid =2pesa all 10.90 1,132 1.132 1.132
Séﬂitta eledans all 16.0 1.811 _ 1.811 1,811
Dikorleura se.. al1 11440 13,128 13,128 13,128
Fritillaria borealis all 540 . v hb BTV 7YX



VERTICAL

ZOOFLANRKTON

TOW

TRANSECT 2 - STATION A - 14 SEFPTEMBER 1980

Tow &1
Yr1-39-80
YFT-40-80

Date rande!l
800914~-800914
Avd water desthd Sm
Avd net dismeterd .500m
Tolkal 4 tows selected! 2
Age class

Srecies or tax code

Avd tow desth?

Avg mesh sigpet

Em Aveg surf tems!

¥ Rerlicastes: O

Avs F Tound

ANALYGSIS

- od @

5005 mierons

Aveg d/cubic m

Min #/cubic m

Max d/cubic m

A e s A Lol e S e e ML A4 o e G B VS oaM Ll 4eae Sery YT W BV VP MOE e qma mpan g e (e PR PTUR RO BAGE ire Smls AL M ey S T 0% S S b Ao b brrd T TTTY gy YRS WS AP AL faae 400 B Py ey e e T A BeeE M Lo mim e S48 AL e i ey BT PP ruae M ekt M e ias RS Sot e ey RS SR MBS Ak Rk B

Fferidgoninus woldiarclticae all
Rathilbea octorunclats all
Adglantha diditali a1l
Calanus hurerboreus 4
Calarnus hyrerboreus ?
Calanus dlacialis 3
Czlanus glacialis S
Faepudocalanug 4
Foeudoralanus 5
Feseudocalanus ?
Derduginia tolli V4
Limnocalanus srimaldi ¥y
Acartia clausi e
Acartia londiremus &
Musis litoralis u#ll
Huyreria sHalba all
Faduricd zoea all
Saditta eledans all
Fisihh lavvae all

o
- - -
AN N 41

e

O =

1321
4472

P

~J
Fd

NN
MaNSNOENOWL R

P T T T T SR

-
H]

o5
1.0

1.0

+ 309
be7%1
+ 209

509
509
26.009
1.01%9
64791
1345.950
45%55.730
64791
741.202
2.4609
44791

09
+ 209
1.01%
1,019

+009

0.000
0.000
0,000

0.000
0.000
13.581
0.000
0.000
1154.400
19.219
0.000
271,625
Q.000
0,000

0.000

0.000
0.000
0.000

0.000

1.019
13.581
1,019

1.019
1,019
360437
2,037
13,581
1537500
5458,120
13,581
1210.780
19.219
13,581

1.019
1.01%
2.037
24037

1.019
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VERTICAL ZOOFPLANRKTON TOW ANALYSIS

TRANSECT 2 - STATION B - 14 SEFTEMBER 1980
Tow #1 VFT-38-80 Late! 800914 Time!: 1521 Locationt &9GH18N 14214544

Water derth: 10m Tow derthi 10m Surf temr! ~.5 ded C

Net diameter: «a00m Mesh size! 503 microns

Total % touws selected: 1 ¥ Rerlicatest 0

Srecies or tax code Age class Avd § found Avg F/cubic m Min #/cubic m Max #/cubic m
Feridonimus woldiarcticase all 1,0 509 +S09 « 509
Aglanths digitali all 1.0 + 309 + 509 .509
fedginorsis lsurentii all 1.0 + 509 + 509 509
Cuanea carillata all 1.0 + 09 + 509 + G09
Calanus hyserboreus 3 3.0 1.528 1,528 1.328
Calanus hurerboreus 5 1.0 + 509 + 509 « 509
Calanys glacialis 3 33,3 16.977 16.977 16,977
Calanus dlacialis 4 19,0 .H77 D h77 @.E?7
Celanus dlacialis 5 22,0 11,205 11.2058 11.205
Feeudocalanus 5 200.0 101.859 101.859 101.@59
Feepudocalanus 9 853.3 434,599 10.184 434,599
Limrnocalanus drimaldi Q 20,0 10.184 10.186 16.185%
Barnacle currid all 26,7 13,581 13.581 13.581
Thusanoessa londires all 1.0 009 + 509 ‘x509
Hirrolutid zoeas all 1.0 909 « 909 509
Fagurid zoes all 2.0 1.019 1.019 1.019
Sagittas eledans ‘ all 2.0 4,584 4.584 4,584
Oikorleura sp, all ' 5.0 2.%546 2.5464 2,544
Fritillariz borealis - all 13.3 b.791 &.791 H 791


http:Calaf"t1.Js

VERTICAL ZOOPLANKTON TOW ANALYSIS

TRANSECT 2.; STATION C - 14 SEFTEMEER 1980

Tow %3 UWFT~37-80 Date! 800914 Time: 1507 Location? &69%6346N 14212344

Hater dertht 15m Tow destht 15m Surf temet -.2 deag C

Net diamelter: +500m Mesh size! 505 microns

Total # tows selectedd 1 # Rerlicatest 0

Srecies or. tax c:or.ieij Ade class Ava ¥ Tound Avs #/cubic m Min #/cubric m May #/cubic m
Rathlkes octorunctata 8ll 4.0 1,358 1.358 1.3%8
Adlanthe digitali all 1.0 « 340 + 340 « 340
Aedinorsis laurentii all 1.0 + 340 + 340 + 340
Calarnus 2 9.0 1.498 1.498 1.498
Calanus hurerboreus 3 1.0 + 340 + 340 + 340
Calanus hererboreus 4 2.0 L 679 «&79 B7?
Calanus dglacislis 2 10.0 2,395 T39S 32399
Calanus dlacialis 4 10.0 3.395 3395 3.395
Calanus glacialis % 23,0 7.809 7809 7.809
Pgeudocal anus 5 28,0 P H807 ?.507 ?.507
Fseudocalanus ? 2.0 2,054 2.056 3.054
Daerjudginia tolli ? 2.0 s 679 +6H79 c&79
Metridia se. 9 1.0 ‘ « 340 + 340 0340
Limnocalanus grimaldi 4 1.0 + 340 + 340 340
Rarnacle cuerid all 18.0 6,112 4,112 4.112
Hirroletid =oea all 1.0 + 340 + 340 + 340
FPadurid zoea z2ll 1.0 + 340 + 340 + 340
Oresoninae -~oea all 1.0 +« 340 + 340 + 340
Saditta eledans all 12,0 4,074 4,074 4.074
Oikorleura SF e all 13,0 4,414 4.414 4,414
Fritillaris boreslis all 1.0

+ 340 + 340 + 340
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VERTICAL ZOOFPLAN

TRANSECT 2 - STATION I ~ 14 SEFTEMBER 1980

Tow #: VFT-36~80
Water derth? 20m
Net dismetert 500m
Total # tows selectedt

Srecies or tax code

Late!l
Tow derth?
Mesh size?
¥ Rerlicates!

Aste class

O uw

Time?
Surf tems?

%03 microns

Avd ¥ found

1452

ANALYSBSIS

Avd ¥/cubic m

Location?

~+5 ded

495812N 14200004

Min #/cubic m

Max

¥/cubic m

T TR S S T s L i e R L G S e e S v £ T P AL s G4 hhee miie LA Lt beus SR PP ot S et LA SLSS ek AEMR ALl R SRS hewr ParE P TG Fprd PP 408 $And M MR 4AER SEmS B8 drre $rd s roee +eed o ion waam mrm 7or s $97d P Aomt Bame e T e Sy Fe P S04 i Fogs e TP Yo Saf $SAL S A vy o PP et S A

Rathkea octorunciats
Adlantha diditali

Beroe sg,
Foluchaete
Gastrorod

Calanus

Calanus hurerboreus
Calanus huyrerboreus
Calanus dlacialis
Calanus dglacialis
Calanus d#lacialis
Fseudocalanus
Fseudocalanus
Derdudinia tolli
Fuchaeta sr.,
Metridia sg,
Limnocalanus grimaldi

Harmacle currid
Eurhsusiid larvae
Saditta eledans

Dikorleura sp,
Fritillarias borealis

a8l1
all

a8ll
all

o
MO0 Ad WSOk -
o

all
8ll
all

all
all

(IS
OF o0 0N = R

-> L] L) - - - - - L - -* -

o
- -

P
. o+ @

o O QOO oOCOoLOoo0 OO SO

+ 255

+ 255

+ 235
+ 255

«90%

+ 509

+ 255

+ 239
2.292
4,329

12,223
FeE77
2,292

+ 255

+ 255

+ 250
2,037

4.838
764
Z.565

10,950

+ 255

+ 2595
» 255

+ 250
+ 230

+ 509
¢ S0P

+ 255

+ 205
2,292
4,329
12,233
@677
2,292
258

+ 255

+ 20D

2.037
4,838

v 764
3,565

10,950

gt
255

« 255
+ 255

+ 293
+ 205

509

+ 509

+ 253
25005
2.292
4,329
12,223
Ps677
C24292
+ 285

+ 255

v 255
2.037
4,838

764
34560

10,950

T
v 2909
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VERTICAL LRO0OFLANKTEOHN TOW

TRANSGECT 2 - STATION E -

Tow #¢ VFT-35-80
Water derth? 25m
Net diameteri .800m
Total ¥ tows selected!

SFecies or tay codae

14 SEFTEMERER 19B0O

Late?

Tow derthi

Meah wize!l

8009714 Time?

25m surf

505 microng

¥ Rerlicatest O

Ade class

Avd ¥ found

e o o e o g T B o s i 4R i B e o A T o e Y A i e i e e e P P

Rathkea octorunctasta
Corumorrha lammea
Aglantha digitali
Aedginorsis laurentii

Eproe sp.
Faoluchasete

Calipus

Calonus hurerboreus
Calarnus hurerhoreus
Calanus hyrertoreus
Calanus hurerboreus
Calarygs shlacialis
Calamus glacialis
Calanus glaciplis
Calanut flacialis
Favudocalanus
Fseudocal anus
IerJudinia tolli
Limnocalarnus grimaldi

Barnacle cuprid
Unisimus glacialis
Hurpris dgalba
Eyrhausiid larvae
Thusanoessa londgires
Thysanoensa raschil
Fadurid coes
Orestoninas roea

Saditta eledans

Oikorleura sy,
Fritillaria borealis

5130010102

31l
all
all
all

all

11
MO0 B 00 s WS -
[

all
all
all
all
@ll
all
all
all
all

all
all

all

h [ -
[P I SR e R T - S 1. SR i
© COoO0OC O O 0O OO0

|
~0
-

<

12,0

[
-
f=3

ANALY SIS

1416 Locationi

temr! -1 deg (

Ave %/cubic

m

Hin

#/cubic m

S95930N 14207344

Hax #/cubic m

b L e s iy S L e A4 o PR AL L o s s R b o et g e e e e P B o 4] A e P

S.908
<204
1,933
B15

+204
<204

5.908
+204
1 0833
B15

+ 204
+ 204

4,889
+8135
+A07

1,222
407

4.273

4,482

16.705
+ 204

&.315

1.424
204

2.448

7+130

5.908
204
1.833
+815

+204
+ 204

4,889
+815%
+407

1,222

407
4,278
4,482

16,705

204
b.315
1,426

. .204
2,448

7.130

+204
P 204
+204
+204
+ 204

s e - By BTG

12,019
2,445

2204
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VERTICAL

TRANSECT 2 - STATION F -~ 14 SEFTEMBER 1980

Taw ¥ VFT-34-80

Water derth? J0m

Net diameter! .500m

Total # tows selected!

Srecies or tax code

ZOOPLANKTORN

late!
Tow dertih?
Mesh size
# Rerlicatest

class

0OW

Time?!
Surf temp?

305 microns

1320

ANALY SIS

Avd $/cubic m

-1 ded C

Locationt 700100N 1420506UW

Mirn #/cubic m

Max #/cubic m

B e i S0 ST AT M BT STV i A mih M e MAAL S0 B e S0 ik S04 Sy o ot P P PP L MM AT et Aa) SO P AMME Mive W ALK MR s AW it MY it ok g Tre P smte Ey e Tt IR fmw een il M P thdn S g e iy e b SHE frrh S MAL S TS Skt VY ek s M WA S TS SO e e R L ST prpe el apey S add M G S e e

Feridonimus woldiarcticse

Rathkes octorunctats
Adglanthe digitalil
apdinorsise Izurentii
Cuanes carillata

Foluchaete

Calanus

Calanus huperboreis
Calanus hurerhoreus
Calanus hurerboreus
Calanus hurerboreus
Caslanus dlacialis
Calanug dglacialis
Calarms dglacialis
Fuseudocalanus
Feeudocalanus
Nerdudinia tolli
Matridia se.

Barnacle cusrid

Hirrolutid roes
Fadurid zoes

Saditlta eledans

Qikorleura se.

Fritillaria bhorealis

polarvae

all
all
all
all
all

1]
)
[

MO UALE0UDd W

&
par
[

all
a1l

all

all

all

all

[y
[ RS I R g

04
- - * & ® »

COOooOQOOOoO0 < OOoOO

58]

Or OO

» - - L3 - L - -> L - L] -

b ol

g B RN

B -
-3
»>
o

ey
-
<

2.0
18,0

110.0
3.0

140

+170
2,884
1,019
£ 509
v 340

+ 309

3+565
1.358
2.207
1.188

+ 340
44384
4,753
12.053
30228
1.01%

+170
3395

7470

+170
+ 340

3.056

18.474
+509

=120

170
2.884
1.019

+ 509

+ 340

+ 309

3,565
1,358
2,207
1,188

.340
4,584
4,753

12,053
3,226
1,019

170
3,226

7.47¢

»170
+ 340

3,056

18.674
+ 509

120

170
2.886
1.019

« 509

« 340

+ 509

3+065
1.358
24207
1.188

+ 340
4.584
4,753
12,053
3.226
1.019

+170
3,395

7+470

+170
+ 340

3.036

18,674
(509

<120


http:Fritillar.ia
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VERTICAL ZOOFPLANKTON TOW ANALYGSTIS

TRANSECT 3 - STATION A - 17 SEFTEMRER 1980

Tow #§ UFT-47-80 Tiatet 800917 Time! 1810 .ocation! &89%9454N 14216420

Water derth? Sm Tow dewth! Sim Surf tems?t -2 deg €

Nat dismeter!? + 300m Mesh sizet 505 microns

Totzl ¥ tows selected? 1 1 Rerlicatest O

Srecies or tax code 1 Age class Ave ¥ Tound Ava d/cubic m Min #/cubic m Max F/cubic m
Cuanes carillata all 1.0 1.01% 1.019 1.019
Calarus 2 4,0 4,074 4,074 4,074
Calanus hyrerboreus 3 1.0 1.019 1.019 1.019
Caolanus glacizlis 4 1.0 1.019% 1.01% 1.¢19
Foeudocalaruss 2 2.0 2:.037 2.037 2.037
Feeudocalanus 3 1.0 1.019 1.019 1.019
Feseudocalanus 4 7+:0 7130 7.130 7.130
Fseudocal anus = 45.0 45,837 45,837 45.837
Feeudocalanus o 818.0 833.209 74130 B33,209
IerJudginia tolli 9 1.0 1.019 1,019 1.01%
Limnocaslanus drimaldi 9 9.0 Q147 D167 D147
Acartia clausi g 3.0 J.0848 3,054 2:086
Tarnascle currid all 1.0 1.019 1.01¢9 1.01¢9

Fritillarisa borealis all 2.0 2.037 1.019 2,037


http:Pse1udocalar.us
http:r0.\l.JS

VERTICAL ZOOFLANKTON TOU ANALYSIS

TRANSECT 3 - STATION B - 17 SEFTEMRER 1980

Tow %% VFT-446-B0 Iate! 800917 Time: 1801 Location? 49551BN 1421454

Water dertht 10m Tow derth? 10m Surf tems! - ded €

Net diameter? « S00m Mesh sizel! %0% microns

Total # tows selected! 1 ¥ Rerlicastes! ¢

Serecies or tawx code . Adge class  Avd # Tound Ave #/cubic m Hin #/cubic w  Max #/cubic m
Calanusg pe 14.1 74173 74173 74173
Calanus 3 14.1 7+173 7+173 7173
Fseudocslanus 3 14.1 7173 7173 74173
Fseudocalanus S 40B.5 208.022 208.022 208.022
Feeudocalanus Q 2957.8 - 18046.370 7:173 1506.370
Limnocalanus grimaldi e 70.4 35.844 35,866 35.866
Musis litoralis a1l 1.9 V509 +509 « 509

Oikorleurs se. all 1.0 509 509 ‘509



VERTICAL ZOODPLANKTON TOW ANALYSIS

TRANSECT 3 ~ STATIGN € - 17 SERFTEMBER 1980

Tow *: UFT-41-80 hate! BOOP17 Time! 1110 Locationd 699636N 1421236U

Water desth? 18m Tow desrth? 1Zm Surf teme: -1 desg C

Net dismeter! «I00m Mosh sizel! 505 microns

Totzl # tows selected! 1 ¥ Rerlicates: 0

Srecies or tay code - Age class Ave I Found Ave F/cubic m Min ¥/cubic m Mar #/cubic m
Feridomnimus zwoldiarcticae zll 1.0 + 340 + 340 + 340
Rathkes octoruncistsa 211 14.1 A.782 4,782 4,782
Calanus , 2 70.4 23.911 23.211 23,911
Faeudocalanus 5 70.:4 23,911 23.9211 23,911
Feerdocalarnus 9 14%0.7 492 JERY 4972, 559 493,959
Levduginia tolli o 42,3 14,344 14,346 14,344
Limpocalanus grimaldi Q 4243 14.344 14.346 14,346
Fastiurid zoes all 2.0 1579 o579 OB79
Oikorleura cr. all 240 s H&7P YA 479

Fritillaria borealisg &ll 70,4 23.911 23.911 23.911


http:Peri~oniTI�I.JS

VERTICAL ZOOPLANKTON TOW ANALYGSTIS

TRANSECT 3 - STATION I - 17 SEPTEMBER 1980

Tow #*3 VFT-42-80 lizte! BOOPL7 Timat! 1247 Locetiont &93812N 14200004

Water derth? 20m Touw derthi 20m Surt temr? ~2 deg C

Net diameter: 500w Mesh size! 505 microns

Total ¥ tows selected! 1 ¥ Rerlicatesi O

Species or tax code Ade class Avg ¥ found Ave ¥/cubic mw Min #/cubic m Max #/cubic m

M S s 4ty frad Sy ppon dppe S0k SAwy utm Ty b
A e e s Mon T Sk gy rme M P G e T Al b M G gt A S S Giat e i iy a0 e P beed e A aa vree ar et S Syl e a8 Peve Se Bams s WUPS Ware AL Y Lass G wee MEE STV LAM gt Sk FTET T ey pear M P 4oA8 eyt e e T SRy ool wyrs SO SV LS Mag it LA T S e AN e —

Feridonimus ynldiarcticae sll 2.0 +509 + 509 + 509
Rathkea octosunctats all HeQ 1.273 1.273 1.273
Adlanthe digitali all 2:+0 « 509 + 309 + 509
Calarus 2 ?.0 2.292 2.292 24292
Calanus hurerboreus 4 1.0 + 255 « 255 f 255
Calanug dlacialis 3 10.0 2:544 2.544 2,546
Calanus dglacialis 4 7.0 1.783 1.783% 1,783
Calanus dglacialis 5 2.0 2,292 2,292 2.292
Fseudocalarnus 2 .0 1.273 1.273 1.273
Fseudocal anus 5 41,9 10,441 10.441 10.441
Fseudaocalanus 9 32.0 8.149 » 764 g.149
Limnocalsnus greimaldi 9 3.0 + 744 1744 + 764
Acartia londiremus 9 1.0 + 255 L L2855 + 255
EBarnacle cuerid atl 4,0 1.019 1.019 1,019
Musis litoralis all 4,0 1,019 i.019 1.019
Padurid zoea all 2.0 L 509 « 309 « 509
Qikarleura sr. all 640 i1.528 1.528 < 1.528
Fritillarie borealis 21l 20.0 S.093 5.093 5.093

Gadidae larvae all 2.0 « 509 « 509 2+ 509
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VERTICAL Z00FLANKTAON TOW A NALYSIS

TRANSECT 3 ~ STATION E - 17 SEFTEMRER 1980

Tow #: VET-44~80 Dated 800917 Timet 1539 Locationt &495930N 1420734U

Water depth 25m Tow derth? 25m Sur? tems! ~ ded

Net dismetert .500m Mesh size! 505 microns

Totel # tows selected?! 1 # Rerlicatest: O

Seecies or tax code Adge class  Avd ¥ found  Avg #/cubic m  Min #/cubic m Max ¥#/cubic m
Rathkea octorunctata all 24.0 4.889 4,889 4,889
Aglantha digitasli all 4.0 815 +B1S +815
Eeroe s, a8ll 1.0 204 + 204 «204
Foluchaete all 1.0 e 204 + 204 « 204
Calanus 2 34.0 4.%26 6,926 &.926
Calanus hurerboreus X 1.0 « 204 « 204 + 204
Calanus hurerboreus 4 2,0 407 407 : + 407
Calanus dHlacialis 0 160 3.260 3,260 3.260
Calanus dlacialis 3 18.0 3.4647 3e6b67 3+8667
Calanus dglacialis 5 54.0 11.001 11.001 11.001
Calanus dlacislis ? 1.0 + 204 +204 +204
FPsepudocalanus 5 32.0 65.51% b6,:,519 6.519
Feeudocalanus ) 2.0 -3 611 +&11
Yerdudginia tolli 9 2.0 + 407 + 407 407
Limnocalanus grimaldi @ 3.0 o511 G111 611
Earnacle cuprid all 246.0 5.297 54297 9297
Arherusa dlacislis . all 1.0 + 204 + 204 ‘ + 204
Sagitta eledgans _ all 1.0 204 + 204 + 204
Qikorleura s&. all 28,0 5,704 5+704 S.704
Fritillaria borealis all g.0 1,630 1.4630 1,630

Gadidae larvae 211 1.0 o 204 + 204 + 204


http:ca~aroo.Js
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VERTICAL Z0O0OFLANKTON TO W ANALY SIS

TRANSECT 3 ~ STATION F ~ 17 SEPTEMRER 1980

Tow #: VFT-4%5-80 DIate: 800917 Time! 1603 Locationd 700100N 14205044

Water derth! 30m Tow desthi 30m Surf teme?! - des ©

Net diameter: ,.500m Mesh size! 505 microns

Total # tows selected?! 1 £ Rerlicates! 0

Srecies or tax code . Ade class aAvg # found Aveg #/cubic m Min #/cubic m May #/cubic m
Rathlkea octorunciata all 5.0 349 + 84T 1849
Calanus 2 13.0 2,207 2:207 2.207
Calanus 3 16,0 2.716 2.716 2:.716
Calanus dglacislis 4 18.0 3,054 3.006 3,084
Calanus dlacialis 5 35,0 FeP42 S:942 5.242
Foseudoeal anus bl 21.0 2,563 25460 3.365
Psaudacal arnus ? 3.0 » 509 170 + 309
Limnocalanus grimaldi 9 2,0 340 + 340 + 340
Barnaecle curridg all 14,0 2.377 2+377 2.377
Oregdoninae zoea 2ll 1.0 «170 +170 +170
Sagitta eledans all 2.0 + 340 « 340 + 340

Oikorleura sr. all 27.0 4,584 4,584 4,584


http:Calan�.Js
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VERTICAL ZOOFLANKTON TOW aNALYSIS

TRANSECT 4 ~ STATION J - 12 SEFTEMBRER 1980

Tow ¥t VFT~33~-80 Late! 800912 Time! 14%0 Locationd 694806N 141446424

Water desth!? Sim Tow dersth! Sm Surf tems} ~%1 dviedg C

Met diametert e 300m Mesh size! 90% microns

Totsl # tows selected: ¥ Rerlicatest O

Srecies or tax code Adgte class Aveg F Tound Ave F/cubic m Min f/cubic m Max #/cubic m
Rathkea oclosrunctats 211 1.0 C1.019 1,019 1.01%
fedinorsis Iaurentii all 1.0 1.01% 1.01%9 1.01%9
Cslanus o 2 S50 5093 5.093 5.093
Faseudacsl anus 5 7.+0 7130 7130 7+130
Fogaudacalanus 9 70.0 71.301 2.037 71.301
Limnocalasnus grimaldi 9 4.0 h.112 4.112 6112
Acartis cleusi ? 2.0 24037 2.Q37 2.037
Farnacle cuprid a1l 1.0 1.019 1,019 1,019
Fagurid zoea ' all 1.0 1.019 1.019 1.019
Oredoninse zoea all 1.0 1.019 L.019 1.019



VERTICAL ZOOPLANKTON T 0O W ANALY SIS

TRANSECT 4 - STATION K - 12 SEFTEMRER 1980

Tow #*i VET~-32-80 Hate: 800912 Timei 1440 Location! 694834N 14144001

Water derth? 10m Tow desrth? 10m Ssurf temr! ~.7 ded C

Net diameter? « 300m Mesh sizet 509% microns

Total # tows selected! 1 ¥ Reeplicstes! O

Srecies or tax vode Age class fAve F found Aveg E/cubdic m Min #/cubric mw Max #/cubic m
Rathkes octorunctata all 3.0 1,928 1.528 1.528
Acdinarsis laurentii all 1.0 + 509 + 509 » 309
Calanus 2 19,0 Q477 .677 P E7T
Calarnus hyrerborsus 3 1.0 <509 « 509 .209
Calarnus hgrerboreys 4 i.0n 509 3509 209
Calamug dlacialis 3 3.0 1.528 1.?28 1.328
Calanus dlacialis 4 1.9 + 09 + 509 .:09
Fseudocalanus 3 1.0 +509 e 509 + 309
Pgaudocalanus 5 20.0 10,186 10,184 10,184
Foeudocalanus 9 H575.0 292,845 %602 292,845
Derjudinis tolli Q 1.0 509 « 509 «509
Limnocalanus grimaldi 9 43.0 21.900 21.900 21.900
Acartia clausi K4 1.0 + 209 » G509 G0
Barnacle currid 21l 4,9 2,037 2.037 2.037
Fasurid zoea all 2.0 1.019 1.01¢9 1.019


http:Calana.1s
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VERTICAL ZOOFLANNKTION TOW ANALY SIG

TRANSELT 4 — STATION L ~ 12 SEPTEMRER 1980

Tow £ UPT-31-80 Date! HOOP12 Time! 1430 Location! &694906N 1414%12W

Water derth! 15m Tow degsth? 15m Surt teme: -} deg O

Net dismeter’ 9 00m Mesh size! S0% microns

Total ¥ tows selected! 1 i Rerlicates! ¢

Srecies or tax code fge class Aveg ¥ found Ave E/cubic m Mim &/cubic w Max #/cubic m
Rathkea octorunciats all 11.0 3,735 2.735 3.735
Quelisg londigssins all 1.0 + 340 + 340 + 340
foginorsis laurentii all 3.0 1.019 1.01%9 1.019
CE!].BI"I'JS o 17.0 50?72 5:??2 50?72
Calanus huyrerboreus 3 2.0 v H79 P OTP 679
Calarnus dlacialis 3 LG + 340 ¢ 340 + 340
Calanus dglacialis 4 1.0 + 340 + 340 + 340
Faeudocalanus 5 15.0 5,093 3.093 S.093
Faeudocal anus P 15.0 5.093 5.093 b 093
Derdudinia talli 9 &.+0 2037 2.037 2.037
Melridia se. ] 1.0 + 340 + 340 + 340
Limnocalanus dgrimaldi LY 740 2eRA77 2377 2377
feartia claugi 2 2.0 YA P O7Y 679
Barnacle currid al1 6.0 2,037 2,037 2,037
Hirrolutid zoea 2ll 1.0 + 340 + 340 + 340
Fagurid coea all 1.0 + 340 + 340 + 340
Fish larvae all 1.0

+340 . 340 .340
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VERTICAL ZOOCPLANKTORN TOW ANALYSTIS

TRANSEECT 4 - STATION M -~ 12 SEFTEMRER 1980
Tow #3 VFT-30-80 Datet 800912 Time! 1350 Location! &9?5030N 1414318W

Water depth! 20m Tow derth? 20m Surf temr! - ded C

Net diameter! cS00m Mesh size! B05 micraons
Total # tows selected! I ¥ Rerlicates: ©

Srecies or tax code

A Tm M T e T T M e i e e A ey S ShvE TaAr PR Pk Rt Brpe e Larw At Sit PPN Wt ks S Ay e e e i

Avg $/cubic m Mirm #/cubic m HMax $/cubic m

M VBT il 4802 i FOS mers bl me i re ok AT wre P TS AP T LN HWL LA 04 b Ay e anly Py A ey Pils B e P A TN ot FTRE LR PTE SHea PSR AL M Tk Sl P MY Tk 160 i A e A et R it ek TR S Pk

Rathkea octorunctata all 11.0 2,801 2,801 2.801
Aglantha digitali #ll 1.0 « 255 ¢ 255 + 255
deginorsis laurerntii all 2.0 + 309 + 509 +B09
Limzcina helicina &1l 1.0 255 255 v 255
Calanus i 1.6 ¢ 255 255 255
Calanus 2 JI72.+0 9,422 P.422 9.422
Calanus hurerboreus 3 240 + 3509 509 509
Calanus hyrerboreus 4 1.0 L 255 + 285 v 255
Calanus dlacialis 3 11.0 2,801 2.801 2.801
Feeudocalanus 5 42,0 10,695 10.4695 10,4695
Fsaeudocal arus 9 740 1.783 1.783 1.783
Derduginia tolli 9 38,0 CAY-Y i Q@ETT Peb77
Limnocalanus sgrimaldi 9? 7.0 1.783 1.783 1.783
Acartia clausi 9 1.0 « 255 .255 « 255
Barmacle cuprid all 7.0 1,783 1,783 1,783
Fritillaria borealis 21l 4.0 1.01¢% 1,019 1.019



VERTIGECAL ZOOFLANKTON TOW ANALYSIS

WHALE SIGHTING 1 - STATION Wi -~ @ SEFTEMERER 1980

Tow &3 YFT-20M~80 Date! 800909 Timaed 1221 Locationt 7000348N 14209484

Water dertht 28m Tow dertht 28m Sovrd temed - deg C

Net dismeler!? v S00m Heshr sizel 950% microns

Total §F tows selected: 3 ¥ Replicateast 2

Srocies or tax code hge claas Avg & fouwnd Avg F/oubico m Min $/cubic m Max F/cubic m
Rathkea octosrunctata all 42,3 7+.882 Q.000 12.732
Aedinorsis laurentiil 8ll + 3 + 063 0.000 + 1832
Beroe s, 211 3.3 +H0A 0,000 1.819
Calanus 2 4,7 1.213 0.000 I.6383
Calanus 3 3.3 + 506 ' 0.000 1.819
Feeuducalanus 5 16.7 3.032 0.000 S d4B7
Feeudocalsnus 9 85%0.90 161 .883 80,032 312.853
Derdudinia tolli 9 23046.7 419,543 152.789 807.598
Limmoecalandys drimaldi 9 20,0 3,438 0,000 7.276
Earnscle currid all 40.0 7.2758 Z.638 10,913
Musis litoralis all 3 +061 0.000 +182
Hirrolutid zoes all +3 + 061 0.000 182
Fagurid zoes all 5.3 + 270 G000 1.819

Oredoninas zoea all 1.0 182 0.000 H4é



VERTICAL L00FLANKTON

WHALE SIGHTING 2 - STATIDN W2

Tow #1§ VFT~43A-80
Water desrth: 23w
Net diameter! ,500m
Totzl ¥ tows selected:

Srecies or tax code

hate!

Tow derxth!

$ Rerlicatesi

fge class

TOW

Timesd

Surt temel

Mesh gize! 505 microns

fived ¥ found

1423

ANALYSIS

Avg F/cubic m

~2 des C

Logationl 695900N 122081BUW

Min ¥ cubic m

Mawx #/cubic m

o e e e St W, e e iy [ sl T Y Y (o i et i St i e e At b ey Prm ke S 1 e o i e SR i Y A, A . g P AL B e AP e R ALy ek L ot A et s S e By 4P B S S P R e M e S o £ o L e e e ot e Y i Y St

Rathkea ocitorunctata
Adlantha diditalil
paedinorsis laurentit
Cuanea carillats

Foluchaete
Gastrerod

Calanus

Calanus

Calanus

Calarus hweerboreus
Calanus hwrerboreus
Calanus glacislis
Calanug slacialis
Calanus dlacialis
Calanus glacialis
Fseuwdocalanus
Feeudocalantus
rerdudginia tolli
Limnpealanus srimaldi
Eurstenora herdmant

Rarnacle cusvid
Cumacean

Hirrolutid zoea
Fagurid zoea

Sagitts eledans

Dikorleura sfF.
Fritillaria horealis

Gadidae larvae

ail
all
all
a1l

o
Fairpna-y
i

OO0 OGO W NI~

11
211

all
all

al1

all
all

all

1.0
11.3
10,0
374

.'3
70.3
22.0
41.7

1.0

+ 3

3.543
+ 738
s 4473
+074

074
+ 074

+ 148
2.58%
1.633%

+ 295

<221
2,910
2.214
B.193

074

15.574
4.872
2.226

+ 221

+074

1.181
+ 074

074
644

2,362

Sield?7
2,288

2221

24657

+443
and

¥ fm L

0.000

0.000
0.000

0.000
1.993
0.000
0,000

+ 221
0000

886
5.757
0.000
11,072

B84

»443
0,000
0,000

1.107
0.000

G000
+ 221

1,271

4,429
1.350

4.450
1.771
LG4
« 223

+ 221
+221

443
3.321
3.100
» 8846
+ 443
4.207
3.7464
10.186
221
22,143
7.086
24,793
«A4T

221

1,329
» 221

o221
1,550

2,879

40422
3,100

+ 443
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VERTICAL L0gfFLANKTON TOW ANALY SIS

UHALE SIBHTING 3 ~ STATION W3

Tou:4: --_ Late range}
VET-4q8A-80 . 800718-800718
VFT~426-80

. Ave water derth! 20.5m Avd tow derthi 20.5m ave sur? teme! -2.5 ded G

Avd net diameter?d 500m Avd mesh sized 505 micrans

Tatal # tows selected! 4 ¥ Rerlicates: 2

Srpcies or tax code Ade ¢lass dvg ¥ found Avst ¥/cubic m Min #/cubic m Max #/cubic m
Rathkes octorunctata =11 g.8 2.174 1.455 2:.910
Ohelia longissima 8ll 3 +0462 Q000 + 243
Adglanths digitalil all 1.0 « 248 G.000 + 485
Aedinorsls laurentii 21l +8 186 ¢. 000 +483
Cwanea carillata all +3 0562 0.009 + 243
Fevoe sm. 311 +8 +1864 0.000 + 485,
Calanus 1 + 3 062 0. 000 +243
Calarnus 2 15,5 3.851 i.783 F.335
Calanus 3 5.8 1.42% 0.000 5.578
zlanus hurerboreus 3 1.0 248 8.000 « 728
Calanns hurervboreys 4 «+8 ¢« 185 c.000 509
Calanus glacialis 3 7.8 1.925 0.060 2.395
Calanus glacialis 4 4.8 1.180 « 728 2,183
Calarnus dlacialis & 145 3.602 « 744 &, 083
Pseudocalanrus 3 ' 3 2042 0,000 + 243
Feeudoralanus 5 42.3 10,497 5,821 14,008
Faeudocalanus g 101.5 25,216 . 728 &4, 036
DerJdudginia tolli 2 8 + 184 0.,.000 909
Metridia sr. S + 3 0o 0.040 P g3
Limnpealanus grimaldid 9 8.8 2.174 + 243 5.348
Acartia longiremus 9 8 +184 0,000 738
Barnacle cwrrid 311 10,0 2,484 1.528 Z.880
Musig litoralis all N 124 G000 + 485
Fadurid zoeas all WO 124 0. 000 » 509
Oredaninae zoea all 1.5 + 373 0,000 + 744
Sagitta eledans all 2.¢ + 497 + 243 £ 970
Bikorleuras sk, a1l 6.0 1,677 25 2,910
Fritillaria baorealis all 10.5 2.60% «970 4,329
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Appendix 1. Description of bowhead whale prey samples examined. Samples
were collected from the stomach unless noted otherwise.

Samples from Whales Taken at Barrow

4388 ~ Sample collected by Floyd Durham, spring 1969. Sex and exact
collection date not known. Sampie contained about 50 m! of mostly digested
material, incliuding numerous euphausiid fragments and no identifiable
remains of other organisms. Both Thysancessa inermis and T. raschii
appearad: to be present.

76-B-6F - female - 16.0 m long - taken 10 Sepfember 1976, about 10 miles
north of Point Barrow. Reported to be an Ingutuk. Sample consisted of
mostly T. raschil {17.0 m!), small amounts of Parathemisto libellula
(0.4 ml) and Rozinante fragiiis (0.1 ml), and a small pebble.

76~B-7F - Female - 14.3 m long - taken 20 September 1976, 15-20 miles
north of Point Barrow. Total vofume of contents estimated as 30 gallons.
Sample of 33.0 ml was comprised mostiy of T. raschil (28.6 ml). Remainder
of sample consisted of hyperiid and gammarid amphipods and a partial
shrimp carapace.

77-B-5 - Male - 10.6 m jong - taken 5 May 1977 at 1600 hrs locai time.
Sample of about 20 m! consisted mostly of copepods. Numbers of each
copepod species counfed were: Mefridia longa - 1,892; Calanus glacialis -
411; Euchaeta glacialis - 40, and Pseudocalanus sp. - 2. Also occurring
were cne T. raschii, one Parathemisto abyssorum, six ptercpod molluscs
(Limacina helicina), three ostracods, and a fish scale.

79-B-3 - Male - 8.3 m long ~ faken 27 May 1979, reported to be an Ingutuk.
Sample from colon consisted of one small clam, Nuculana sp., perhaps N.
radiata. Shell was 2.1 em long, empty, and had a hole indicating that it
had peen drilled by a predator and was probably empty when eaten. Two
ofher clams were reported to be in the gastreointestinal tract of this
whale.

80-B-3 - Male - 8.5 m long ~ taken 25 May 1980 at 0630 hrs local time.
Contents were noted as a few invertebrates in lining of stomach. Sampie
consisted of: euphausiids (T. raschii and T. inermis) ~ 1.6 ml; copepods -
0.8 m); Neomysis rayj - 0.5 ml; Hyperia galba - 0.1 mi{; and a pebbie,

0.6 cm in diameter - 0.3 ml. Numbers of each copepod species were: .C.
hyperboreus - 16, C. cristatus ~ 1, E. glacialis - 10, and Chiridius
obtusifrons - 2.

80-B-5 - Male ~ 10.4 m long ~ taken 25 May 1980 at 0616 hrs focal time.
Stomach contents estimated as 1 liter, mixed with partially congealed
blood. Sample was comprised of several thousand T. raschii (70.0.ml),
16 N. rayi (2.8 mt), and a pebble 1.5 cm in diameter (0.6 m!). Euphausiids
in sampie were small; abdomen and uropods combined mostly tess than 1.0 cm
long, some as long as 1.7 cm.



80-B-9 - Female - 13.7 m long ~ taken 27 May 1980 at 1800 hrs local time.
Stomach contents noted as about 10 gallons of water and 2 liters of
euphausiids. Sample consisted of euphausiids (mostly T. raschii, few T.
inermis) - 128.0 ml, mysids (44 N. rayi and a fragment “of Mysis litoralis) -
7.5 mi; copepods (30_§. glac:alls, 29 C. hyperboreus, 20 C. glacialis,

and 10 C. obtusifrons) - 2.0 ml, hyperiid amphipods (mostiy H. galba) -

1.4 ml; and six Anonyx nugax - 0.8 ml. An additional two A. nugax were
found in the baleen of this whale.

Samples from Whales Taken at Kaktovik

79-KK~1 - Male - 12.7 m long - killed 20 September 1979 at 1400 hrs local
time about 20 miles east of Kaktovik. Whale was recovered as a stinker

on 22 September 1979. Total stomach contents estimated as 12 galions.
Contents partially digested. Samplie consisted of: copepods {(all
identifiable were C. hyperboreus) - 2,400.0 ml, gammarid amphipods -

3.0 m!, a small (1.2 cm total length) crangonid shrimp ~ 0.2 ml; fragments
of two hyperiid amphipods ~ <0.1 ml; and two tiny (largest 4.8 mm) pebbles -
3.0 mt).

79-KK~2 -~ Female - 10.5 m long - taken 6 October 1979. Tota! contents
estimated as 5 gallons. Sample consisted of: copepods ~ 540.0 ml;
euphausiids (T. raschii) - 1.8 ml; M. litoralis - 1.6 ml; hyperiid
amphipods -~ 0.8 ml; gammarid amphipods - 0.6 mi; a vertebral fragment
from Boreogadus saida - 0.4 ml, and a fragment of a shrimp - <0.1 ml.
Numbers of each copepod species counted in a subsample were: C.
hyperboreus - 1,000; C. sp. - 200; Heterorhabdus sp. - 3; and Metridia
lucens - 2.

79-KK-3 ~ Male - 10.3 m long ~ taken 8 October 1979. Total contents
estimated as 5-7 gallons. Sample consisted of: T. raschii (estimated
2,955 individuals) - 271.0 m!; copepods {all identifiable were GC.
hyperboreus) ~ 93.5 mi; M. litoralis (estimated 296 individuais) - 28.0 ml;
hyperiid amphipods (estimated 140 P. abyssorum and 2 P. libeliula) - 2.0 ml;
gammarid amphipods (5 individuals, each of a different species) - 1.2 ml;
and one Myoxocephalus quadricornis {(estimated 8.0 cm total length) -~ 4.0 mi.

79-KK-4 ~ Male - 10.6 m long - taken 10 October 18979. Total contents
estimated as 5 gallons. Sample consisted of: copepods - 116.0 mi; T.
raschil - 6.5 ml,;, yammarid amphipods (5 indlviduals, 4 species) - 3.1 mi;
shrimps (2 Eualus gaimardii, 1 Sabinea septemcarinata) - 3.0 mil; P.
libellula - 0.5 m}; and unidentifiable fish flesh - 2.2 mi{. HNumbers of
each copepod species countad in a subsample were: C. hyperboreus {(mostly
copepodite stage IV) - 160; C. sp. - 6; C. finmarchicus (adult female) = 1;
C. obtusifrons ~ 1; Heferorhabdus SP. (COpepodsfe ¥, male) - 1; and M.
lucens (adult male) - 1.

719-KK-5 -~ Male - 10.6 m long - taken 11 October 1979 at 1740 hrs local
time. Total contents estimated as at least 10 gallons. Quantitative
sample consisted of: euphausiids (mostly T. raschii, at teast 1 T.



inermis} ~ 350.4 ml; copepods {all identifiable were C. hyperboreus) -

0.1 mi; Saduria entomon (! individual, 6.0 cm total length) - 4.0 ml; M.
{itoralis (30 individuals) - 3.0 cm; one Atylus carinatus - 0.2 ml; and
two pebbles (5.0 and 9.0 mm)} ~ G.2 mi. An additional qualitative sample
was taken, comprising primarily large, consplicuous items. In addition fo
items identical to those in the quantitative sampie, this sample contained
} P. libeliula, 10 gammarid amphipods belonging to three species, and 6
small fishes (1 B. saida, 2 M. quadricornis, and 3 Pungitius pungitius).

80~KK~1 = Male -~ 9.1-10.7 m fong ~ taken 14 September 1980 at about 2000
hrs local time several miles east of KakTovik. Sample was probably from
small intestine and was mostly digested. Contents were mostly copepod

(probabty Calanus) and several gammarid amphipods {(Weyprechtia pinguis).

Sampies from Whales Taken at Other Localifies

78-H~2 ~ Male ~ 9.7 m - taken 4 May (978 at Point Hope. Sample consisted
of one intact gammarid amphipod (Ampelisca macrocephala), 2.9 cm total
length, weighing 0.2 g.

79-H-3 ~ Male - 9.1 m long ~ taken & May 1979 at Point Hope. Contents
of stomach were one snail {Natica clausal), 3.4 cm high, 2.6 cm in basal
diameter, weighing 8.0 g.

80-5H-1 ~ Male - 10.1 m fong ~ taken 9 May 1980 at 1430 hrs local fime
near Shaktoolik. Stomach empty; intestine contained only green liquid.
Sampie from colon contalned crustacean fragments, including eyes and
antennal scale from a small shrimp.



inermis) ~ 350.4 m{; copepods (ail identifiable were C. hyperboreus) -

0.1 mi; Saduria entomon (1 individual, 6.0 cm Total length} - 4.0 mi; M.
{itoralis (30 individuals) - 3.0 cm; one Atylius carinatus - 0.2 mil; and
two pebbles (5.0 and 9.0 mm)} ~ 0.2 m!. An additionat qualitative sample
was taken, comprising primarily large, coaspicuous items. {n addition to
items identical to those in the quantitative sample, this sample contained
1 P. libellula, 10 gammarid amphipods belonging to three species, and 6
smali fisnes (1 B. saida, 2 M. quadricornis, and 3 Pungitius pungitius).

80-KK-1 - Male ~ 9.1-10.7 m long ~ taken 14 September 1980 at about 2000
hrs local time several miles east of Kaktovik. Sampie was probably from
small intestine and was mostiy digested. Contents were mostly copepod

{probably Calanus) and several gammarid amphipods {(Weyprechtia pinguisl.

Samples from Whales Taken at Other Localifies

78-H~2 - Male - 9.7 m ~ taken 4 May 1978 at Point Hope. Sample consisted
of one intact gammarid amphipod (Ampelisca macrocephalal), 2.9 cm total
length, weighing 0.2 g.

79-H-3 ~ Male - 9.1 m long - taken 6 May 1979 at Point Hope. Contents
of stomach were one snail (Natica clausa), 3.4 c¢m high, 2.6 c¢cm in basal
diameter, weighing 8.0 g.

80-SH-1 -~ Male - 10.1 m long - taken 9 May 1980 at 1430 hrs local time
near Shaktoolik. Stomach empty; intestine contained only green liquid.
Sample from colon contained crustacean fragments, including eyes and
antennal scale from a small shrimp.
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Appendix 1il. Stomach contents of ringed seals collected in the Afaskan
Beaufort Sea, August-September 1980.
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RINGED SEAL STDMACH CONTENTS = FINGOK ISLANDY AUGUST 1980
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