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ABSTRACT

The Pacific walrus population probably was not greatly affected by the
i ncursions of the Russian nerchant conpanies in the 18th and early 19th
centuries, because their catches were nostly small and mainly of adult
mal es. But it was severely depleted at least three tines after the pur-
chase of Alaska from Russia, first by the Yankee whal ers between 1868 and
1880, when they tookat |east 130,000 aninmals, nmainly adult fenales. The
second depletion was by the American ‘*arctic traders” in the beginning of
the 20th century, when they extirpated nost of the herds summering in the
Bering Sea and greatly reduced those in the Chukchi, as well. The third
depl etion was by Soviet sealers in the 1930's to 50's, when they took at
| east 140,000 animals and again brought the population to a low level. The
depl eti onby the Yankee whal ers was perhaps the nost devastating of the
three, because it struck quickly and intensivelyat a stationary popul a-
tion, made up mainly of old, unproductive aninals. It had recovered only
partially by the time the traders began their taking, but by then it was
broadly based in young, productive animals, hence nore adaptive and resil-
ient than before. Following the traders, it probably nearly recovered to
its 18th century size before the Soviets began their intensive catching
Al though they renoved nearly as large a nunber of animals as the whalers
had, the youthful, resilient population was better able to w thstand and
conpensate for the increased nortality. Recovery fromthat third depletion
t ook about 25 years, and the popul ation apparently reached its new maximm
inthe late 1970's. It now contains a large proportion of old aninals,

whose productivity is low and has been lowered still further by a high rate
of fetal abortion, possibly attributable to malnutrition, an infectious
agent, or a conbination of those factors. Its recruitnent has been very

poor in recent years, due to high postnatal nortality of calves. Wth such
low recruitnment and with steeply rising catches in both Al aska and Chukot-
ka, the population probably is in a decline again at present.

Pacific walruses currently inhabit nearly all of their pre-19th centu-
ry range. Apparently, nearly all of the adult nales now sumer in the
Bering Sea, while all of the females and young summer in the Chukchi. In
autum, the males and females evidently nmeet in the Bering Strait region
before noving into their wintering-breeding areas in the Bering Sea. |In
the breeding areas, the adult nales evidently eat little or no food during
the rut. The adult fermales apparently eat little during the sumer, possi-
ble associated with their annual nmolt. Animals in the western Chukchi Sea
in summer appear to be as dependent on polychaetes and ringed seals as they
are on ol | usks.

Wal ruses are nore easily disturbed by odors than by sight or sound of
man and his machinery. Herds of fenales and young in the eastern Chukchi
Sea in sumer are likely to be affected by man-nmade di sturbance, mainly
through separation of calves fromtheir nothers
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| NTRODUCTI ON
CGeneral Nature and Scope of Study

The Pacific walrus population inhabits the waters over the entire
continental shelf of the Bering and Chukchi seas. That population is a
natural resource of paranmount economic inportance to coastal people of both
Chukotka and Al aska, and for that reason, it has been under intensive study
by management biol ogists of the Soviet Union and the United States for nore
than 50 years. Mich has been |earned about walruses in that time, but nany
i mportant problens still remain unsol ved

The goal of this project has been to contribute further information on
the subjects of (1) dynamics of the Pacific walrus population, especially
from an historical aspect, (2) the current seasonal distribution and nove-
ments of the various parts of that population, (3) the principal kinds of
foods eaten by the animals in different parts of their range and in differ-
ent seasons of the year, and (4) the reactions of walruses to man-made
di st urbances. Those topics were selected as nost relevant and nost |ikely
to yield information that would nmeet the needs of agencies and organiza-
tions concerned with potential effects of offshore oil and gas devel opnent
on the wal ruses of the Bering-Chukchi region. Qur general approach to each
of those topics was as foll ows:

Popul ati on Dynanics

The Pacific walrus population has a long history of fluctuations in
nunbers at the hands of man. That history is noderately well docunented
but in a widely scattered scientific and semipopular literature, as well as
in unpublished reports, governnent files, private journals, and field
notes. W contributed some new information to that and undertook a conpi -
lation and synthesis of the earlier information, feeling that a better
under st andi ng of the status of the population in the past would help to
devel op a clearer perspective of the present and future. The | essons of
history appeared to be particularly valuable as contributions to the basis
for predicting the course ahead and for identifying convenient neans for
monitoring the population along that course.

Distribution and Mvenents

The overall distribution of the Pacific walrus, as currently under-
stood (Fay, 1982; Fedoseev, 1982), indicates that virtually the entire
popul ation resides in the Bering Sea in winter  principally in a large ice-
generating area to the south of the Chukchi Peninsula and St. Law ence
Island, and in another such area that extends from south of Nunivak Island
into Bristol Bay. In spring, all of the females and young mgrate north-
ward, into the Chukchi Sea, |eaving nost of the adult males behind in the
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Bering Sea, where they spend the sumer. The locations of npbst of the
maj or concentrations of walruses in each nmonth from March to Septenber have
been delineated, but the distribution during Novenber and Decenber, when
the nost intensive feeding may take place, and in January and February,
during the mating season, have not been docunented adequately. The fal
mgration corridors are virtually unknown; even the spring migration corri-
dors are poorly known except in the Bering Strait region, and for that
reason, the principal calving areas have not been defined. Qur thrust has
been to contribute to filling as many of those gaps as possible and to
encourage the governmental agencies on both sides of the International Date
Line to contribute, as well.

Conpl enentary to description of the distribution and main mgration
routes is the need to determne the sex and age conmposition of the animls
i nhabiting each area in each season. That information will indicate which
segnents of the population are likely to be inpacted the nmost. It also
could be useful in contributing to know edge of the conposition of the
popul ation at large and its natural nortality and productivity.

Feedi ng

The feeding habits of walruses in the Bering—Chukchi region had been
docunented principally from stomach contents of aninals taken in the spring
in the area from St. Lawence Island to Bering Strait (Fay et al., 1977
Lowy and Frost, 1981). Only fragmentary data, nost of them qualitative,
were available from other seasons and other areas (Nikulin, 1941; Brooks,
1954; Ti khomirov, 1964b; Krylov, 1971). The inplication of those quali -
tative reports was that the diet varies greatly in relation to season,
region, sex, and age (Fay, 1982).

In general, walruses appear to feed mainly on nollusks, some of which
could be severely inpacted by environnental pollution (Kelly, 1980). A
growi ng body of evidence suggests that other kinds of invertebrates may be
at least equally inportant as food in some parts of the walrus' range or
important as alternate prey when nollusks are unavail abl e. W sought to
obtain nore substantive infornmation on those points by investigating the
feeding habits of Pacific walruses in as many seasons and different parts
of their range as feasible. The risk of inpact of offshore oil devel opnent
on their food supply will remain inadequately known until such information
is available.

Response to Disturbance
The reaction of walruses to man and his nmachines can be descri bed
general ly as “escape response”’ and attributed to visual, auditory, and

ol factory cues (Loughrey, 1959). The severity of the effects, as we per-
ceive them range fromno reaction at all, to fright, flight, or at worst,

13



death, depending on the circunstances. Al walruses do not respond in the
same way, and the responses of an individual nmay vary in different tines
and places. In sone instances, the aninmals may even be attracted, rather
than repelled by human presence. Many factors appear to play a part in the
severity of the response, including sex and age of the aninals, the size
and location of the group (on ice, in water, on land), their distance from
the disturbance, and the kind and intensity of the disturbing factor. The
reactions of walruses to disturbance by man have not been well docunented,;
even uncritical anecdotal accounts are scarce. W strove to obtain a
better understanding of the imediate effects of disturbance and to search
for evidence to confirm or deny the suspicions of potential |ong-term
i mpacts from chronic disturbance

Rel evance to Problens of Petrol eum Devel opment

Al of the proposed OCS oil |ease areas on the Bering-Chukchi shelf
lie within the known range of the Pacific walrus population (Fig. 1).
Devel opnent of sone of those may inpinge on major mating areas in wnter
mgration corridors and calving areas in spring, nursery areas in sunmmer,
and migration and feeding areas in autum. GO transport routes could
impinge on all of those habitats, year-round. Because the population is
large at present, concern for its preservation is mniml, even though the
animals are practically confined to the shelf and wholly dependent on its
benthic resources. W expect that some inpact on the population by oil
devel opment is inevitable. To judge the probability and potential for that
i mpact and devise the means to mitigate it, better understanding of the
popul ation and its habitat requirements is needed

(bj ecti ves

Qur specific objectives in this project have been to contribute to
better understanding of:

1) the history of the population, especially as regards its fluctuations
in size and structure and the attendant circunstances at the tine of those
fluctuations,

2) the current seasonal distribution of the population, ideally in terns
of sex/age conposition, wth enphasis on identifying the principal tines
and places in which mating, birth, and feeding take place,

3) the seasonal and regional feeding habits of the aninals, and

4) the effects on walruses of disturbance by nman.

For various reasons, we could not address all of those objectives as
fully as we desired in this project, but we did obtain much of the inforna-

14
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tion that we sought, through it and a series of conplimentary projects that
were funded by other agencies and organizations. This report is a synopsis
of the current state of know edge, based on the results fromall of those,
as well as on previous work by us and others.

STUDY AREA

The study area was the entire range of the Pacific walrus popul ation
on the continental shelf of the Bering and Chukchi seas, within the 100-m
i sobath (Fay, 1982). In this and associated projects, we sanpled in the
pack ice of the Bering and Chukchi seas (Navarin, St. Matthew, Norton, and
Hope basins) in May and June 1980 via the CGC POLAR STAR, in the southeast-
ern Bering Sea (St. Ceorge and North Aleutian Shelf |ease areas) in Februa-
ry and March of 1981 via the Soviet vessel ZRS ZVYAG NO, in Bristol Bay
(North Aleutian Shelf) in April to November 1980 and January to May 1981
via chartered aircraft and the State of Alaska’'s R/'V RESOLUTION, in the
eastern Chukchi Sea (Barrow Arch |lease area) in July and Septenber of 1981
via the ¢GC POLAR STAR and N S OCEANOGRAPHER, respectively, and in the
eastern and western Chukchi Sea in July and August of 1982 via the Soviet
vessel K/'S ENTUZIAST. W also sanmpled on the Punuk I|slands, Bering Sea
(Norton | ease area) during the autumm of 1981 and summer of 1982, and in
the central and western Chukchi Sea, adjacent to the Barrow Arch | ease
area, in the sumrer of 1983 via the Soviet vessel ZRS ZYKOVO. W also
obtained information for this project fromstudy of walruses in captivity
at Marineland, California, during 1981 and 1982, and in conjunction with
the Al askan Eskinm Walrus Conmi ssion’s and U S Fish and Wldlife Ser-
vice's joint program of harvest nonitoring in 1980 and 1982.

SOURCES, METHODS, AND RATI ONALE OF DATA COLLECTI ON
H story of the Population

Hi storical information fromthe 18th, 19th, and first half of the 20th
century was extracted mainly from published sources in both Russian and
Arerican literature and from sone unpublished reviews of those sources. In
addition, distributional data fromthe ships’ logs of the 19th-century
Yankee whal ers were provided by J. R Bockstoce and D. B. Botkin. Much of
the nore recent information, from 1950 to 1983, also was extracted from
publications and unpublished reports; a large part of it was derived from
files of the Al aska Departnent of Fish and Gane (ADF&G) and the P.I.'s
files fromprevious work for the Arctic Institute of North America, the U
S. Public Health Service, the Alaska Sea Grant Program the U S. Fish and
WIldlife Service (Usrws), the U. S. Marine Manmal Commi ssion, and Universi -
ty of Al aska-Fairbanks. Results from aerial censuses of the walrus popu-
[ation from 1960 to 1980 were from unpublished reports provided by the
USFWS and from published and unpublished accounts from the Magadan Secti on,
Pacific Research Institute of Fisheries and Cceanography (MoTINRO), in the
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Sovi et Uni on. The methods enployed in the harvest sanpling and censuses
al ready have been described in detail by Fay (1955, 1958), Kenyon (1960a,
1972), Harbo (1961), Fedoseev (1962), Burns (1965), Gol'tsev (1972, 1975a)
Fay et al. (1977), Estes and Glbert (1978), Fay and Lowy (1981), Fedoseev
(1981), Fayand Stoker (1982a,b), and Johnson et al. (1982).

Distribution amd Conposition

Distributional information, new since Fay's (1982) conpilation, was
acquired partly from other OCSEAP and MVE investigators and partly by
personnel of this and related projects during observation from ships and
aircraft. For the nost part, that information consisted of sightings along
the flight or cruise tracks, with notation of time (for estimation of
position), group size and location (i.e., on ice, on shore, in water), and
when feasible, conposition of the group by sex and approxi mate age. Ani-
mal s were regarded as being in a “group” when they were separated from
others by at |east one body length (after Estes and G lbert, 1978). Behav-
ioral information about mating, calving, feeding, and responses to distur-
bance often was obtained in conjunction with those sightings. Since we
operated in this project mainly from ships of opportunity, we usually had
no control over timng and little control over location of the cruise
tracks.

Specific efforts to obtain conpositional data from the present popul a-
tion were conducted during five cruises in the Chukchi Sea in 1981 to 1983
The first conpositional survey, in July 1981 via the icebreaker cecc POLAR
STAR, was designed to cover a 65-kmw de band al ong the southern part of
the pack ice between Point Barrow, Al aska and 169°W |ongitude. That cover-
age included about 90 percent of the walrus habitat in the eastern Chukchi
Sea identified by Estes and G lbert (1978) and by Johnson et al. (1982)
from aerial surveys of the region. In the first week of the 2-week cruise
we explored as nuch of that band as possible fromeast to west, via ship
and helicopter, to locate the main concentrations of walruses and to deter-
m ne whether there was any geographical segregation by sex. On our return
eastward in the second week of the cruise, we allocated nobst of our tine to
conpositional sanpling in the areas where the aninals had been found to be
concentrated. This was followed 2 nonths later by the second conpositiona
survey in the sane area, via the NS OCEANOGRAPHER  That survey was done
as an adjunct to other projects and only in the ice edge, since the ship is
not an icebreaker.

The third and fourth conpositional surveys were conducted in July and
August 1982 via the Soviet vessel K/'S ENTUZIAST. Again, because the ship
was not an icebreaker, it was limted to working in the edge of the pack.
The ship’s nmission was prinarily to search for whales, but we were permit-
ted to survey for walruses, as well , along the entire ice edge from Cape
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Schm dt, Chukotka to Barrow, Al aska. W did that twice, each tine with a
different set of observers. The fifth survey was conducted in August 1983
via the Soviet ship ZRS ZYKOVO. This also was in the edge of the pack but
covered only a small part of the distributional area in the western Chukchi
Sea, near Cape Schmidt.

On each of those surveys, nobst of the groups of wal ruses were observed
fromthe ship; during the first survey, a few were observed from small
boats. Once located, each group of walruses generally was approached by
the ship upwind at speeds of 2 to 3 kt, to a minimal distance of about 100
to 200 m During the approach, one observer using a 16-36x “zooni spotting
scope identified the sex and age of each of the animals in the group. A
second observer, who was the recorder, counted the nunber of animals in the
group and, when possible, assisted the first observer with the classifica-
tions. In some instances, a third observer took photographs of each group,
using a 35-nm SLR canera, equipped usually with a 70- to 200-nm zoom tel es-
copic lens. Qur rationale in conbining visual and photographic nethods was
that the photos woul d provide back-up docunentation and would allow us to
examne the feasibility of using photography alone for future conpositiona
surveys

Qur classification of individuals to age was based on size and shape
of the tusks, relative to breadth and depth of the snout. The classes were
defined by a set of outline drawings that were traced from photographs
depicting front and side views of the head. The scal e of those sketches
was based on the tusk |length data obtained by Fay (1982) and on data
gat hered nore recently by us concerning the length of the tusks and the
width and depth of the snout (Table 1). For the classes that |acked data
on snout dinensions, we sinply estinmated by extrapolation fromthe avail a-
ble data in the other classes, as well as by conparing di nensions anpng
animals shown in the photos. Cbviously, the data base of snout dinensions
for nost of the age classes still is deficient.

The outline drawings (Fig. 2) show nmales and femal es of average dinen-
sions at O (calf of the year), 1, 2, 3, 4to 5 61to 9, 10 to 15 and >15
years of age. Recognizing that the variation in size anong nenbers of each
class is wide (about + 20 to 50%, and that the overlap between classes is
extensive (e.g., see Fay, 1982, fig. 81), we accepted the fact that sone
subjectivity would enter into the classification of “borderline” cases, and
that sone of the individuals placed in each class actually would belong in
the preceding and some in the succeeding class. W believe those kinds of
errors will tend to be uniformy present in all sanples and will not affect
the validity of conparisons anong sanples. Accuracy in aging is not a
requirement in this sanpling scheme; the requirenment is for precision in
classifying the aninals into groups that are norphologically alike
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Table 1. Average dinensions of tusks®

in each age cl ass.

and snout2 of Pacific walruses

Mal es Femal es
Age  Tusk Snout  di nensi ons Tusk Snout  di nensi ons
class length L | ength
(yrs) (cm N W dt h Dept h (cm N Wdth Depth -
M+ SD M + 5D M + SD M + SD
0 0 2 17.0+1.41 7.8+1.06 0 1 16.0 11.0
1 2 2 20.0+2.83 11.5+0.71 2 0
2 7 0 5 0
3 11 3 25.2+41.23 13.5+1.80 8.5 1 24.0 11.0
4-5 16 2 24.540.71 14.5+2.12 12.5 4 22.5+0. 58 12.4+2. 75
6-9 24 4 31.2+3.20 17.0+1.41 20 5 25.3+2.59  14.741.92
10- 15 36 4  31.8+1.50 17.8+1.50 33 8 26. 6+3. 07 14.9+2. 40
>15 52 12 35.6+2.64 18.7+2.20 44 15 27.2+3.76 16.0+2.09

‘Length of tusk along anterior surface, from edge of gingiva to distal tip.
Rounded estimate of wean, based onFay (1982, fig. 81) and data gathered
during this project. This is the length visible in anterior view only; in
side view, about 2 to i c¢a of the base of the tusk is hidden by the upper

[ip.

‘Mean + one standard deviation of N neasurenments of greatest w dth and
depth of snout on non-distorted, dead speci nens.

19



AGE

MALES FEMALES
0 (calf) /55\ Qﬁf\\ =) égﬁ\
-
- B AR
3 grs (;;;;&) <;Z;;) !

4-5 yrs

6-9 yrs

10-15 yrs

Figure 2. Facial outlines used for classification
of walruses by age, during visual surveys of
group conposition. Age classification is based
primarily on tusk size and shape, relative to
depth and breadth of the snout.
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For animals in the first five age classes, identification to sex was
regarded as uninportant, since nearly all of those are sexually imature.
Only the aninals 6 years and older were identified to sex, based in part on
facial and tusk characters and in part on shape and coloration of the body,
texture of the skin, presence of urogenital apertures, and SUCh indicators
as attendance of suckling young. Adult fenales often were classified only
as “6+ years”, since they usually were too nunmerous to classify further in
the short tine spent with each group. About two-thirds of the 6-yr-old
femal es are sexually mature; nearly all of the older females are mature
(Fay, 1982). For the males, which were |ess numerous, hence nore easily
consi dered individually, we classified the animals 6 yrs and ol der as 6-9
10-15, and >15 years. Males 6 to about 15 years old are subadults; nearly
all of the males nore than 15 years old are sexually and socially mature
adults (Fay, 1982).

Feeding Habits

W obtai ned new i nformati on about the kinds of food eaten by wal ruses
in their natural environment by examining the stomach contents of specinens
collected at sea. Some of those specinens were from scientific sanples
taken during two Soviet-Anerican research cruises; nmpst of the rest were
fromthe Eskinos' spring harvests in the eastern Bering Sea in 1980 and
1982.

For each specinen, the sex, date, and location, were recorded. Stom
ach contents were washed in sea water to remove the fine, particulate
digesta and to separate the organic matter from the heavier inorganic
sediments. Prey were identified by visual conparison of itens in the
stomachs with expertly identified whole specinmens in the reference collec-
tions of the Institute of Marine Science, University of Al aska, Fairbanks.
The identifiable prey were sorted into taxonomie groups to the |owest rank
possible. Each group was wei ghed to the nearest gram and the nunber of
i ndi vidual s counted. Fragnents not assignable to Genus or Species often
were assignable to Class, Oder, or Famly. For those, the nunber of
i ndividuals could not be determ ned, but the weight was recorded. The
wei ght of inorganic sediments was recorded separately.

The feeding habits from a tenporal aspect, in relation to age, sex,
and season of the year, were investigated on the basis of daily records of
the food intake by two breeding pairs of walruses and their offspring that
were reared in captivity at the Marineland aquariumin California (Gehn-
rich, 1984). Those records consisted of the weights of foods consuned per
day by each walrus from 1974 to 1982, as recorded by their keepers. The
recorded intakes in pounds per day were converted to Kkilocalories (kcal)
per day, based on their nutrient conposition as given by Gerasi (1975) and
the gross energy val ues provided by Pike and Brown (1975). Although the
anmount of food eaten by captive animals may not be precisely the sane as
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that eaten under natural conditions, the relative amunts should vary in a

simlar way with body size and with seasonal biol ogical events, such as
breeding, pregnancy, lactation, and the nolt.

Effects of Disturbance

As opportunity pernmitted in the course of other field work in this and
the related projects, we gathered data on the effects of man-made distur-
bance on walruses. This was entirely a passive effort; we did not attenpt
to experinent with or intentionally disturb the animals.

In many instances, we were able to record the flight-distance in
relation to wind direction and source of disturbance. W also obtained
sonme data on who (sex/age class) was last to |eave the ice, and how often
cal ves were abandoned by the adults when disturbed

Thus , this study had many facets, nost of which were strongly reliant
on specialized logistic support and exceptionally favorable weather. Be-
cause those two conditions coincided only once in while, and because we had
only parts of 3 years in which to achieve our 4- or 5-year objectives, we
did not solve all of the problens by any nmeans, but we did contribute
significantly to the solution of some of them The following are the
results of our work.

RESULTS
H storical Review

The recorded history of walruses in the Bering-Chukchi region begins
with their first appearance there in the fossil record in |ate Sanganon
(Pelukian) tinme, nore than 52,000 but probably not nmore than 101, 000 years
ago. Skeletal remains known or presuned to be of that age have been
recorded from marine deposits in the eastern Chukchi Sea near Barrow, Point
Lay, Noorvik, and Cape Espenberg, Alaska, as well as in the northern Bering
Sea near Nonme, on St. Lawence Island, and in the Dease Inlet-Dan Lake
area of southeastern Bering Sea (Hopkins, 1967; Repenning and Tedford,
1977; C. A Repenning, J. J. Burns, and F. H Fay, unpublished). The
inplication of those records is that the distribution of walruses in the
region, presumably not long after their arrival fromthe North Atlantic
Ccean, may have been about as great in latitude as it is now

Wth the subsequent climtic cooling, |lowering of sea level, and

exposure of the Bering “land-bridge,’” during the |last (Wisconsin-Wiirm)
gl aci al advance (Hopkins, 1972), the range of walruses apparently expanded
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markedly to the south, along both sides of the North Pacific Ccean. A
skul | and skel eton found recently near Qualicum Beach, Vancouver Island
wer e radi ocarbon dated at 40,000 years B.P. (C. R Harington, pers. com-
mun.). Part of another skull (not dated) was dredged up froma subnerged
Pleistoce beach off central California, not far froma 19,000 year B.P.
Steller sea cow (Harington, 1978; C. A Repenning, pers. commun.). A
fragnent of a walrus tusk found on the Queen Charlotte Islands, British
Columbia also may be of Wsconsin age (Harington, 1975).

Al though wal ruses appear to have been widely distributed along the
North Anmerican coast during the Wsconsin glaciation, they probably were
not numerous there, even in the Bering Sea, for the narrow continental
shel f woul d have offered themlittle area for feeding. They probably were
more abundant on the Asian coast, where they had access to a nmuch broader
shelf in the oOkhotsk Sea. Late Pleistocene finds from Sakhalin (Matsumoto,
1926) and from the adjacent Siberian mainland (Borisiak, 1930) attest to
the former presence of walruses there at that time. In the Chukchi Sea,
north of the land bridge, walruses probably were scarce or absent, for the
continental shelf was dry land, and the adjacent Arctic Ccean was deep and
at least as perpetually ice-bound as it is now (Herman et al., 1971;
Her man, 1974).

For several thousand years in the end of the Pleistocene Epoch, as
climatic warming and inundation of the Bering land bridge took place,
wal ruses evidently re-occupied the Bering-Chukchi region and withdrew from
nost of their southern areas of expansion. They evidently continued to
i nhabit the Okhotsk Sea until rather recent time, however, as indicated by
the presence of "blackened" (?semi-fossil) tusks at Kin'kil and Nagaev Bay
on the coast of northwestern Kaachatka (Arsen'ev, 1927; Nikulin, 1941) and
by renmins associated with human habitation in several |ocations on south-
ern Sakhalin (Voronov and Voronov, 1981). Bl ackened, semni-fossilized ivory
and bones have been found also in several locations along the present
Bering Sea coast of Alaska, for exanple on Cape Constantine (Bristol Bay),
at St. Paul Island (Pribilofs), and on St. Lawrence and the Punuk islands,
near Bering Strait (F. H Fay, unpublished).

For the past two or three nillennia, walruses probably were distri-
buted about as widely in the Bering-Chukchi region as they are itoday, to
judge from the occurrence of their ivory in Aleut and Eskinmo archaeol ogi cal
sites.  Although inplements made from walrus ivory are common in Al askan
coastal sites from Bristol Bay to Barrow, they are scarce to absent in the
Aleutian Islands and the Gulf of Alaska (De Laguna, 1934, 1956; Geist and
Rai ney, 1936; Collins, 1937, Oswalt, 1955; Heizer, 1956; Ford, 1959). oOn
the Asian coast, walruses are said to have occurred in the Bering Sea as
far south as eastern Kancthatka and the Commander I|slands (Tikhomirov,
1964a; Chugunkov, 1970), and they apparently were present also about the
Kuril Islands and throughout the Okhotsk Sea, as well (Voromov and Voronov,
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1981). Far to the north, their limts in the pre-contact (by Russians)
peri od have not been defined authoritatively in the literature but presuna-
bly were about the same as they are now. Their greatest concentration,
apparently, was in the Bering Strait region, nmuch as it is today (Rudenko,
1961; Arutiunov and Sergeev, 1968). They were abundant enough there to
have had a nmajor influence on the foundation and devel opnent of the marine-
oriented Eskino culture

The Russian Expansion Period, 1648-1867

Quantities of walrus ivory were discovered at the nmouth of the Anadyr
Ri ver by Russian cossacks about 1648-49, when they first reached that area
ostensibly fromthe north, via the Kolyma River and Bering Strait (Ray
1975). The news of that discovery, however, did not reach the rest of the
world until a century later, and in the neantinme, Kanthatka was di scovered
and had been subjugated (Collins, 1937). By the tine of Bering' s second
voyage in 1741, the walruses of the Okhotsk Sea no |onger existed, but the
Bering~Chukchi wal rus popul ation probably was in virtually primeval condi-
tion. Although it already had been cropped by aborigines for severa
t housand years, their catches probably were not |arge enough to have had
any significant effect on the size or conposition of the popul ation. At
that tine, the 5,000 or so walrus-hunting natives of the region were cen-
tered principally in the northern Bering and southern Chukchi seas, as they
are now. Wth their primtive weapons, they nmight have been able to take
as nmany as 2 to 3 thousand wal ruses per year (but probably not nore) to
meet their material and nutritional needs. Hence, when the first boatl oads
of Russian hunters arrived in Alaska in the nid-18th century, they probably
found wal ruses about as nunerous and wi despread as the carrying capacity of
the environment would allow. Over the next 126 years, however, they consi-
derably changed that status.

In the first 40 years of Russian expansion into the Bering Sea, the
hunters ranged nainly along the Conmander and Al eutian islands, from which
t hey brought back ample cargos of skins fromsea otters, fur seals, and
foxes but very little walrus ivory (Table 2). Certainly, they were not
unaware of the value of the ivory, for it had been an inportant conmodity
intheir trade with the orient and mddl e-east for at |east the previous 8
or 9 hundred years (Cammann, 1954). Apparently, the scarcity of ivory in
the cargoes of vessels returning from the Commander and Al eutian islands
was due to the walruses being as scarce there in the 18th century as they
are today.

By the 1760's, the hunters were pressing farther eastward for their
game, as the stocks of furbearers became depleted in the islands (Berkh,
1974). Wen they reached into Bristol Bay and northward to the Pribilof
Islands in the 1780's and 90's, their cargos of ivory increased dramatical-
ly. An extrenme exanple was recorded in the late 1780's, when a team of 20
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Russian and 20 Aleut hunters at the Pribilef |slands took nore than 16, 500
kg of tusks in two years (Tikhnenev, 1979). Since the Pribilofs were used
as a haulout area alnost entirely by mal e wal ruses (Tikhmenev, 1978), and
one tusk froman adult male averages about 2.54 kg (S.D. = 0.565, N = 83 :
U S Fish and Widlife Service data by A Thayer, unpublished), that catch
probably was of about 3,250 animals. Those aninmals probably were taken
principally from the Northeast Point on St. Paul Island, since that appar-
ently was the largest hauling ground. The hunters were so effective that,
by 1805, walruses were “’all gone” from St. Paul and St. George islands,
according to Agent Sarichev (True, 1899), but they still “covered” nearby
Walrus Island, and the hunters were sent there to harvest them about that
time (Tikhmenev, 1979).

Table 2. Amounts of walrus ivory acquired by the Russian
hunting conpanies in the Bering Sea, 1743 to 1860.

Valrus ivory (kg)

Year s Tot al Aver age/ year
1743 - 62' 1,015 51
1763 - 82l 6, 186 309
1783 - 98l 22, 434 1,496
1798 - 1822" 32, 570 1,303
1821 - 42 106, 456 4,839
1842 - 603 47,972 2,525

lprom Berkh (1974).
*From Ti khnenev (1978).

°Fr om Golovin (1979).
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The expansion of Russian influence in the Bering Sea took place in a
di sorderly fashion by individual fur-trading conpanies until 1797, but
those conpanies were merged in that year into one conpany under governnent
franchi se (Tikhmenev, 1978). Thus, the Russian-American Conmpany fromits
birth was well established in North Anerica, and by 1820 it commanded 15
settlements that reached from the Pribilof Islands to central California.
About that tine, the Conmpany was exporting nearly 5,000 kg of walrus ivory
annually from Alaska, mainly to Turkey and Persia (Okun, 1951). That
amount of ivory is equivalent to at least 1,000 nale wal ruses or about
twice as many fenmales and young per year. Probably about half of those
wal ruses were taken by the Russians; the other half were taken by the
native inhabitants of the region. The catch of walruses by the Russian
hunters was entirely for the ivory, as the Conpany had no markets for the
thick, tough hides or for the neat or oil at that tine. The natives*
catch, conversely, was primarily for the neat, oil, and skins, so they
usually had a surplus of ivory available for trade.

Acqui sitions of walrus ivory by the Russian-American Company continued
to rise for at least another 20 years, principally in connection wth
further expansion into the northern Bering Sea. Apparently, much of that
increase in acquisitions was from trade with the Eskimps. In June 1830
for exanple, Captain Etholen sailed from Sitka to Norton Sound, where he
found wal ruses present in *’ enornous nunber” around the shores of Sledge
Island, near the present city of Nome. Presumably, his crew caught sone of
those, but he also found walrus ivory available in sone quantities for
trade at St. Lawrence Bay and in the five villages on St. Lawence Island
whose primary industry was walrus hunting. He evidently stopped as well at
St. Matthew and Hall islands, where he found wal ruses present (Tikhmenev,
1978) and may have taken some. Three years later, Captain Teben'kov ac-
quired over 7,000 kg of walrus ivory in trade fromthe natives at Mechigmen
Bay, Chukotka (lbid.).

From 1842 to 1860, the Conpany’s average annual export of walrus ivory
was down nearly 50% to about 2,500 kg per year. At |east one-third of
that was frombarter with the natives, especially at the Conpanyts station
in Port Moller, Bristol Bay (Tikhmenev, 1978; Golovin, 1979), and ever
greater reliance for ivory was being placed on the native catch in the
northern Bering Sea. The decline in weight of ivory exported may have been
caused in part by inclusion of nmore tusks from femal es and young, which are
much smaller than those from adult males. The decreasing export also was
caused in part by depletion of some of the npst accessible herds, such as
those on the Pribilof Isl ands.

Thus, fromthe tine of Vitus Bering' s historic voyage of discovery to
sout heastern Al aska, until the purchase of Alaska frominperial Russia by
the United States, the record of the Pacific walrus population is mainly a
record of human events. Fromit, we can surmise that the great herds of
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bull wal ruses, which summered in Bristol Bay and about the Pribiloef Islands
were nearly extirpated by the mid-19th century, and we can guess that the
sane kind of damage probably was done on the other side, in the Koryak-
Kancthat ka region. Apparently, the herds in the pack ice to the north were
little affected. Although there nay have been some indirect inpact, caused
by devel opnent of ivory trade with the Eskinos, the amount of that inpact
probably was insignificant, conpared with that of the Yankee whal ers, who
were next on the scene.

The Yankee \Wal er Period, 1848-1914

Wil e the Russian-American Conmpany was still expanding its sphere of
influence in western North America, the Yankee whalers entered the Bering-
Chukchi region. At first, they conducted their whale-catching only in the
vicinity of the A eutian Islands, but by 1848 they reached northward to
Bering Strait (Bockstoce, 1980). Their primary objective there was the
t aki ng of bowhead whal es (Balaena mysticetus). They al so began al nost at
once to take a few walruses, as well. At first, the walruses may have been
taken “nore out of curiosity than...for economc gain.” By the late
1860's, however, when the bowhead popul ati on had been severely reduced and
a strong market for walrus products devel oped, the “deliberate walrus hunt’”
was underway (Bockstoce and Botkim, 1982, p. 183).

The wal rus popul ation of the region evidently was still very large
when the whal ers began their harvesting. Even after the heavy toll taken
earlier by the Russians, sone aninals still could be found in Karaginski

Qulf and Bristol Bay, as well as on the Pribilof and St. Matthew islands
(Dan, 1870; Scammon, 1874; Elliott, 1875; Townsend, 1887; Arsen ev, 1927

Chugunkov, 1970; Pinigin and Prianishnikov, 1975). Farther north, in the
ice, the animals were abundant, having been hunted only by the natives,
whose catches were mainly for their own subsistence. W have not been able
to determne the size of those catches, for they apparently were not recor-
ded and have never been estimated. W suspect that, even with a bit of
excess for trading, the total native catch was no nore than 2-3,000 wal -
ruses per year.

The whal ers took only insignificant nunbers of walruses up to the md-
1860's.  And because they killed the animals by means of harpoon and | ance,
the nunber that escaped nortally wounded and the nunber killed and |ost due
to sinking probably were negligible. By 1869, however, their catch had
risen steeply (Fig. 3), and their hunting nethods had changed markedly, for
they began to kill the animals by neans of firearms. Wth that conversion
to firearms, the number of animals wounded and the nunber |ost due to
sinking rose markedly. According to Nye (1879 in Allen, 1880) and Arsen’ev
(1927), only about one-third of the aninmals shot was retrieved. Although
those may have been overly pessimistic views, there are few data with which
to confirmor deny them The only recorded statistics known to us are
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Figure 3. Estimated annual catch of Pacific walruses by the
Yankee whal ers in the Bering-Chukchi region, 1849-1910
(after Bockstoce and Botkin, 1982).
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those extracted by Bockstoce fromthe whalers’ |ogbooks (Bockstoce and
Botkin, 1982). Expressed as nunber retrieved/ nunber shot, those statistics
were as follows: 59/82, 0/24, 118/130, and 18/ 40 or 50. Thus, the propor-
tion retrieved ranged fromO to 90% and, as a whol e, suggested that the
average proportion retrieved may have been about two-thirds of the nunber
shot, as it has been in recent years (Buckley, 1958; Krylov, 1968)

The Yankee whalers directed their hunting mainly toward the wal ruses
in the pack ice, north of Bering Strait. Mre than 90% of their catches
were taken in the ice of the Chukchi Sea in late June, July, and August
(Bockstoce and Botkin, 1982). The distribution of those catches and of
their additional sightings of walruses corresponds well to present distri-
bution of the animals in those months (Fig. 4). For that reason, we assune
that the sex/age conposition of the herds that they hunted al so was compar-
able to the conposition of herds found there at present. The walruses that
sumer in that region nowadays are mainly adult fermales with their young.
Wereas the Russian-American Conpany’s hunters had been taking nostly adult
mal e walruses in the south, the Yankee whalers apparently were taking
nmostly fenales and young in the north. The latter was confirmed by Nye
(1879 in Allen, 1880). Hence, the whalers’ inpact on the walrus population
was much nore depletive, for not only were they [owering the nunbers, they
were |lowering the reproductive capacity of the population, as well. Addi-
tional nortality probably was caused by the whalers setting free the young
calves, after their mothers were shot (Cark, 1887). Although a few cal ves
may have been “adopted” by other fenales (e.g., see Burns, 1965; Eley,
1978; Fay, 1982), the rest of them probably died from starvation.

In the 12 years from 1869 to 1880, the catch of walruses by the Yankee
whal ers amobunted to an estinmated 130,000 wal ruses (Bockstoce and Botkin,
1982). More than half of those were taken within a 4-year period, from
1875 to 1878. The average annual catch by the whal ers alone over the 12-
year period was on the order of 11,000 walruses per year, and the |osses
from woundi ng, sinking, and abandoned cal ves probably were at |east an
additional 6-8,000 per vyear. Sone additional nunber was taken by vessels
of other nations, as well as by the native inhabitants of the region, who
by this tine also were using firearns (Ray, 1975, Fitzhugh and Kapl an,
1982). The overall result by 1880, according to Nelson and True (1887),
was that the walrus popul ation had been reduced to about half of its forner
size, and the native population that was dependent on it underwent a33%
reduction, due to starvation (Allen, 1895). In those villages where the
dependence on wal ruses was greatest, because the econom ¢ base was narrow
(i.e., on the Bering Sea islands), about half to two-thirds of the native
residents died (Nelson and True, 1887; Mir, 1917).

The catching of walruses by the whalers continued at a reduced rate

for about 35 years longer. By 1890 it was down to a few score per year,
and from 1890 onward, it dw ndled to insignificance. It ceased altogether
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at the beginning of Wrld War |, when, according to Madsen and Dougl as
(1957) and Bockstoce and Botkin (1982), the world market for walrus pro-
ducts collapsed. The size of the take by natives at that time is not
conpl etely known. Krupnik's (1977) resumé for 1895 (based on "Patkanov,
1912”) indicates that at least 1,300 animals were taken per year in Chukot-
ka. W assume that several hundred nore were taken in Al aska.

From Depletion to Partial Recovery, 1900-1935

In the declining years of the Yankee whaling fleet, a new group of
users of the Pacific walrus population arose. These were the “arctic
traders,” who dealt primarily in barter with the natives of the region for
ivory and furs, and who partook in walrus hunting as a profitable sideline.
Americans were the primary participants in that enterprise, according to
Arsen'ev (1927) and Nechi porenko (1927), but they were not the only ones
i nvol ved. Vessels of Canadian and Norwegi an registries, at least, also
participated in the venture

WAl ruses apparently had reoccupi ed the eastern coast of Kanthatka,
where they had been left virtually untouched by the whalers. They haul ed
out regularly on Karaginskii and Verkhoturov islands (Fig. 5), where they
were hunted by the Koryak natives, and not infrequently, they occurred as
far south as Avacha Bay (Arsen’ ev, 1927; N kulin, 1941; cChugunkov, 1970
Pinigin and Prianishnikov, 1975). In the end of the 19th century, however,
three American schooners came to Karaginskii and Verkhoturov islands annu-
ally, and they quickly reduced the nunmber of walruses there to zero (Ar-
sen'ev, 1927). A governnent official at Karaga reported to Niedieck (1909)
that the last walrus on Karagi nskii I|sland was shot there about 1899 or
1900, and that none had been seen since. The skull of another, obtained in
Avacha Bay in June 1900 by the U S. Fish Conmm ssion vessel ALBATROSS, is in
the Museum of Conparative Zoology at Harvard University (MCZ-10108). Ap-
parently, only two other individuals were sighted in the entire region over
the next two decades: one in Morzhovei Bay in 1909 and one in Shlyupochnoi
Bay in 1920 (Arsen'ev, 1927; Nikulin, 1941). Simlarly, on the Alaskan
side walruses were reported to have been numerous along the north side of
Unimak Island until 1898 or 99, when a group of non-native hunters arrived
and killed or drove away all of them (Murie, 1959). Only single aninals
and groups of “very limted nunber” were sighted in the Bristol Bay region
for more than three decades thereafter, and even those were heavily hunted
(Csgood, 1904; Madsen and Dougl as, 1957; Mirie 1959).

Thus , the traders apparently were responsible for extirpating walruses
from the Koryak-Kanchatka region, and they probably had a simlar effect
along the north side of the Al aska Peninsula and in Bristol Bay by the
early 1900's. The U S. governnent placed a prohibition on the taking of
wal ruses in Al askan waters by non-natives in 1909 (Madsen and Dougl as,
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1957), and on the taking of walruses for ivory alone by 1915 (Chandl er
1943). Having already depleted the nore accessible herds on the Al askan
side anyway, the traders apparently were encouraged by those regulations to
relocate all of their hunting to nore northwestern waters. Their catches
began to have a noticeably depleting effect in Chukotka by 1912, according
t o Nechi porenko (1927), and although they stopped for a tine during Wrld
War 1, they evidently resuned inmediately after the war. Brooks (1954)
stated that the hunting was *' heavy” at that time, and Burns (1965) speaks
of one vessel in 1917 taking nore than 1,300 animals near Wrangel Island

Nechi porenko (1927) reported that the hunting by “foreign *predators’”
declined along the Soviet coast after 1920. Nonethel ess, Bernard (1925)
indicated that it was still heavy on the Al askan side, however, at |east
until 1923, when nore than 1,000 carcasses washed ashore between Cape
Lisburne and Barrow. During the 1920's, the Eskinps and coastal Chukchi of
the Soviet Far East took between 1,300 and 3,000 wal ruses per year (Nechi-
porenko, 1927; Krupnik, 1980). The catches by Al askan Eskinobs in that
period were not recorded, but a decade later they were estimated at 1,000
to 1,500 per year (Collins, 1940).

The conbination of the continuing harvests by the natives and the
additional take by the traders apparently was sufficient not only to pre-
vent the recovery of the walrus population (after the whalers wthdrew) but
to reduce it even further. The elder Eskinos at Little Dionede |sland whom
Brooks (1954) queried in 1952-53, felt that the | owest ebb of the walrus
population in the present century took place about 1920. On the Sovi et
coast, Nechiporenko (1927) reported that walruses were “very rare” south of
Kresta Bay at that tinme. Arsen' ev (1927), citing “"Suvarov,” i ndicated that
they occurred no farther south than Cape Geka, at the entrance to the
Anadyr estuary.

A few groups of walruses began to reappear in the Kanthatka district
in the late 1920°s. In the winter of 1928-29, a group was seen near the
village of Wka, southwest of Karaginskii Island, and in 1931, another group
appeared farther north, in Korf Bay (Nikulin, 1941). Then, in 1935, about
500 were sighted in Natalia Bay, on the Koryak coast, and nore than 1,000
were reported south of Cape Navarin. By 1939, individuals and small groups

were reappearing at Verkhoturov and Karagi nskii I|slands, as well, where
they had not been seen for 40 years (Nikulin, 1941; Kosygin and Sobolev-
skii, 1971; Pinigin and Prianishni kov, 1975). One wanderer even reached

Honshu, Japan in 1937 (Scheffer, 1958).

To the north, herds were absent from former haulouts on parts of St.
Law ence and the Punuk islands in the 1920's, but they reappeared there in
substantial nunbers by the early to mid-1930's (Murie, 1936). A year or
two of unusually high natural nortality of walruses on their autumm haul ing
grounds on the Punuk |slands also was reported at that tine (L. Kulukhom in
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Fay and Kelly, 1980). Simlarly, on the Soviet side they had been absent
in the 1920's from such major hauling grounds as Arakanchechen, Naukan, and
Big Dionede (Fig. 6), but they reoccupied those haulouts in the 1930's (Ar-
sen'ev, 1927; (gnev, 1935); Zenkovich, 1938; Belopol'skii, 1939). O 38
haul i ng grounds recorded on the Soviet coast, the nunber in use rose from
17 in the 1920's to 19 in the 1930’s, and the number in regular, annual use
rose from4 to 6 (Table 3). One of the forner haulouts (Cape Geka),
however, apparently was abandoned during the 1930's and has not been re-
occupi ed since then. According to Soviet biologists queried by us, that
abandonment was due to frequent disturbance by increased shipping and other
traEfic in the Anadyr estuary (G A Fedoseev, V. N Gol'tsev, pers. com-
mun.).

In the 1930's, F. A. Zeusler, captain of the U S. Coast Guard ship
that brought legal, medical, and dental aid to the Al aska coast each year,
circulated 100 questionnaires to missionaries, teachers, and native resi-
dents of the villages from Mekoryuk to Barrow. He asked for their opinion
about the current status of the walrus population. The response fromthe
natives and missionaries, whose long termresidence should have given the
best perspective, was that the population was increasing. The response
from the teachers, uost of whom stayed in a village no nore than 2 years
and often found the wal rus hunt repugnant, was that the popul ati on was
decreasing. Thus , the real status of the population during this period is
somewhat enigmatic. Qur interpretation is that the traders’ incursions
virtually extirpated again the southern herds of sumrering males in the
Bering Sea, and that their work in the pack ice continued to suppress but
probably did not cause any major decrease in nunbers there. We judge that
because the popul ation apparently began its recovery rather quickly, after
the traders reduced their inmpact on it in the 1920's. But recovery was
never conpleted, because another intensive harvesting program arose on the
Soviet side very soon after the traders wthdrew.

The Soviet Exploitation Period, 1931-1962

Up to the 1920's, the revolutionary governnent of the newy estab-
l'ished Union of Soviet Socialist Republics paid little heed to its distant
eastern border. The inhabitants of coastal Chukotka had nore frequent and
closer contact with Anerican traders at that time than they did with their
own officials. They even conducted their financial nmatters with American
noney and were reliant on goods brought to themfrom North America (Ar-
sen'ev, 1927; Rozanov, 1931)). In an effort to bring those natives back
into the Soviet sphere ot intfluence and to dissolve their relationship with
the Americans, the Soviet government sent its representatives into Chukotka
in the 1920's to review the situation and nmake recommendations for inprove-
ment.  Arsen’ev (1927), ©Nechiporenko (1927), and Rozanov (1931) were anong
t hose dispatched to Chukotka to review the neans, anounts, and industrial
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Table 3. Use by wal ruses of haul out areas on the coast of Chukotka per
decade, 1920-1980, as reported in Soviet literature.

Haulout? 1920' s 1930’ s 1950' s 1960’ s 1970’ s
Cape Geka Regul ar None None None None
Meechken Regul ar Regul ar None Regul ar Regul ar
Cape Erulen None Irreg. None None None
Cape Maska None Irreg. None None None
Rudder Regul ar Regul ar Regul ar Regul ar Regul ar
Cape Bering None Regul ar None None None
Cape Chaplin None None None None None
Nunyangan None None None None lrreg.
Arakamchechen None Regul ar Irreg. Irreg. Regul ar
C. Nygchigen lrreg. None None None None
Mechi gnen Irreg. None None None None
Law ence Bay None lrreg. None None None
Nunyagmo~Chini None lrreg. None None Irreg.
Tunitlen None Irreg. None None None
Pout en None None None Irreg. None
Naukan-Dezhnev  None lrreg. None lrreg. Irreg.
Bi g Di onmede None lrreg. None lrreg. Regul ar
Uelen lrreg. lrreg. None lrreg. None
Inchoun Irreg. Regul ar Irreg. Irreg. Regul ar
Ut an lrreg. None None None None
Chegitun Irreg. Irreg. None None None
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Table 3. Continued

Haulout? 1920's  1030's  1950's 1960's  1970's
Chechan None Irreg. None None Irreg.
Ser dt se- Kamen lrreg. Regul ar None Irreg. Regul ar
Enurmino None None None lrreg. None
Idlydlya None lrreg. None lrreg. lrreg.
Pil'kai lrreg. None None None None
Kolyuchin Regul ar lrreg. None lrreg. None
Vankar em Irreg. lrreg. None None None
Karpkarpka None None None Irreg. None
Ippat Irreg. None None None None
Ryr—-karpii lrreg. None None None None

Bl ossom None None None Irreg. lrreg.
Davi dov None None None Irreg. lrreg.
Mushtakov None None None Irreg. Irreg.
C. Waring None None None Irreg. None
Herald 1. None None None Irreg. Irreg.
Shelagskii Irrez. None None None None
Prykadt agn lrreg. None None None None

IData for 1920's from Arsen'ev (1927), Nechi porenko (1927), and Rozanov
(1931); for 1930's from Qgnev (1935), Zenkovich (1938), Belopol'skii
(1939), and Nikulin (1941); for 1950's from Rass et al. (1955) and Geller
(1957); for 1960's from Fedoseev (1966) and Gol'tsev (1968); and for 1970’s
from Gel'tsev (1975a), Fedoseev (1981, 1982), and Somov et al. (1982).

2"Regul ar” indicates annual use by one or nore herds of 100 or nore

animals; "Irreg.” indicates intermttent use by such herds; “None' * neans
that the haulout was not used at all by such herds.
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yields fromthe hunting of walruses, for the trade in walrus products was
one of the strongest links with foreign sources. Finding the nmethods crude
and the returns poor, they recommended that the productivity of the natives
be increased by better mechanization of the hunting and rendering process-
es. They also recommended that the Soviet governnent offer higher prices
and provide trade goods sufficient to replace those brought by the Ameri-
cans. In response, the governnent began subsidizing their far-eastern
natives, providing small vessels and new whal eboats to some communities and
rendering plants to others (Rozanov, 1931; Krypton, 1956). At the sane
time, although the recomrendations included prohibition of walrus hunting
for “comrercial gain'” (Arsen’ev, 1927), the econom cs of the situation
evidently required that the catch on the Soviet side be increased substan-
tially by an additional take from government vessels, manned by non-native
crews. The task of those crews was to harvest walruses nainly for ivory
and hides, much as the American so-called “predators” had done before
(Zenkovich, 1938). The American traders, neanwhile, also continued to take
some wal ruses on the high seas (nunbers unknown), and the Al askan Eski nos
continued to hunt for their own subsistence and to sone extent for trade

The wal rus popul ation, depressed for so long by the whalers’ and
traders’ excessive catches, has been estinmated to have recovered to nore
than 250,000 aninmals by 1931 (Kibal'chich and Borodin, 1982), based on a
conmputer nodel using recent vital statistics and the record of catches
since that time. A population of that size would have been sufficient to
sustain a nodest, well regulated fishery. But the Soviets evidently acted
w thout sufficient time for reasoned judgenent, for their catches of wal-
ruses rose markedly froma norm of 2-3,000 per year in the late 1920's to a
high of at |east 8,000 per year in the 1930's (Fig. 7). The general trend
of the Soviet catch afrer 1938 was gradually downward until the early years
of World War 11; then it leveled off about 3-6,000 aninals per year, during
the 1940's and 1950's. That recorded catch apparently was the anmount taken
fromthe sealing vessels only, for the data presented by Krylov (1968),
ostensibly for the total, do not jibe well with those compiled for the
native catches by Krupnik (1980). That is, some additional anount appar-
ently was taken by shore-based boats

The average catch by Eskinobs in Al askan waters during the 1930's was
estimated to have been between 1,000 and 1,500 aninmals per year (Collins,
1940; Brooks, 1954; Fay, 1955, 1958), but it evidently fluctuated w dely.
M ssionaries B. LaFortune, T. Cunningham and G Carroll (unpubl. data)
who resided on Little Diomede and King islands from 1929 to 1958, recorded
wide variations in hunting success at those two |ocalities; increase or
decrease of the walrus popul ation was not nmentioned. Both Fay (1957, 1982)
and Hughes (1960) reported sone extrenely |ow catches (30 to 70/vil-
lage/year) at St. Lawence Island in the 1940's and 50's, and A Heinrich
(in litt.) reported a low catch of only 20 at Little Diomede Island in
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1946, whereas catches of about 250 were not uncommon there about that tinme
(Collins, 1939 in Brooks, 1954). The occurrence of those poor catches
probably can be attributed in part to unfavorable ice conditions (Fay,
1982), but it also indicates extreme scarcity of walruses in areas where
they usually had been nost readily available. That is, the very large
comer cial catches by the Soviet Union apparently were having a telling
effect. Commercial hunting of walruses by Anerican traders was no |longer a
maj or factor in this decline, for the taking of walruses for any but
subsi stence purposes had been slowed by American federal regulation in the
late 1930's and virtually stopped by the U. S. Walrus Act of 1941 (Ch. 368,
55 Stat. 632, 48 U.Ss.C. 248)

In both Chukotka and Al aska, the catches in this period were taken
with high-powered rifles, but the rate of success in retrieval of the shot
animals was not high. The catches anounted to about 60% of the nunbers of
ani mal s shot; the remaining 40% were killed and | ost due to sinking, or
they escaped with nortal wounds (Zenkovich, 1938; Brooks, 1954; Buckl ey,
1958; Krylov, 1968). Thus, the overall kill in Chukotka and Al aska, inclu-
ding | osses, probably went as high as 15-16,000 aninals per year at the
hei ght of the Soviet harvests of the 1930’s and probably did not dip bel ow
7-8,000 per year in the rest of this 30-year period. The inpact evidently
was conparable to that of the Yankee whalers, 50-60 years earlier, although
it was spread over a much longer period of time. During that period
(1930's to 50's), Soviet reports of the walruses’ use of traditional haul-
out sites in Chukotka indicated a decline in the nunber of sites occupied
from19 in the 1930's to only 3 in the 1950's, and only one of those three
was used on a regular, annual basis (Table 3). Large herds that had been
haul i ng out on Bi g Di omede (Ratmanov) |sland during the autumm nigration
were absent or very small and irregular in occurrence after 1939 (N Whita-
ker, A Heinrich, J. J. Burns, pers. comm.). South of Anadyr Qulf, wal-
ruses becane absent once again, except for one wanderer in the Okhotsk Sea
in 1940 and another in 1957 (Rass et al., 1955; Kosygin and Sobol evski i
1971). V. A Arsen’ev (1976) has suggested that those two animals m ght
have been brought southward fromthe Chukchi Sea by Soviet sealers and
rel eased in the Okhotsk area.

On the Anerican side, as well, a great reduction in the use of coastal
haul i ng grounds was evident. The small herds seen intermttently at Cape
Lisburne in the 1930's and early 40's (L. S. Vincent, K M Kimble, unpubl.
data) apparently were absent during the 1940's to 60’s, judging fromthe
lack of reports of their occurrence there; they reappeared there in the
1970's (A Springer, D. Roseneau, pers. comm.). | n Bristol Bay, the use of
Amak |sland by wal rus herds was discontinued in the 1930's (F. A Zeusler
unpubl. data) and apparently not resuned until the 1950's (K. . Kenyon,
pers. comm.).

Concern for the welfare of the walrus population and of the native
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peopl e who were dependent on it was expressed on the Soviet side by Geller
(1957), Kleinenberg (1957), and Sleptsov (1961) and, sinultaneously, on the
Anerican side by Fay (1957) and Kenyon (1960b). The awareness of the de-
pleted state of the walruses had been derived independently on each side of
the, then, “iron curtain”, and the reactions that followed on each side
al so were unilateral, wthout any cross-comrunication. On the basis of
recommendations from its scientists, the Soviet government in 1956 enacted
a decree for “security of the aninals of the Arctic” (Kleinenberg et al.
1964) and conducted a considerable national campaign thereafter to make the
need for protection wdely known and understood (Kosygin, 1975). Gradual -
ly, the conposition of the Soviet harvests was shifted from nmixed sexes to
mal es alone, killing of animals in the water and on the coastal hauling
grounds was prohibited, and the vessel- and shore-based catches of walruses
in the Bering-Chukchi region were reduced (Tikhomirov, 1964a). Finally, the
gover nment - operated catching from vessels was termnated in 1962 (Cel’tsev,
1975a), and a small quota of 1000 to 1500 animals was distributed anong the
native kol khozes (Tikhomirov, 1964a). In Alaska, the walrus hunting had
been limted earlier (1941) to that by natives for their own subsistence,
and the newWwy forned State of Al aska inplenented further protective nea-
sures to reduce the catch of adult females and prohibit taking on the
principal hauling ground in Bristol Bay. These neasures, on both sides
were intended to give the walrus popul ati on unprecedented protection and
help it to restore itself.

The Protective Period, 1952-1982

The Soviet state walrus hunting industry, ostensibly based on sound
bi ol ogi cal data and internationally accepted wildlife management princi-
ples, had failed abysmally as a controlled cropping schenme by the md-
1950’ s, having depleted the very resource on which it was dependent. By
then, the managers realized that not enough was known about the biology and
ecol ogy of walruses to manage them effectively on a sustained yield basis.
The results also should have nade clear the fact that neither country was
capabl e of nmanaging this conmon resource unilaterally, wthout even consul -
ting the other.

In retrospect, the protective reactions that foll owed appear to have
been over-reactions, but the informati on needed for conservation with a
better foundation sinply was not available. The greatest imrediate val ue
of the responses on both sides was that they drew attention to and support
for further biological research. Those programs of research were justified
on the grounds of dependence of the coastal natives of Chukotka and Al aska
on the walrus as a ngjor natural resource.

The inportance of walruses to rural Alaskans had been made clear by
the work of Brooks (1953, 1954), Kenyon (1960b), and others and was a nmmj or
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point in the foundation of the research and managenment program of the new
State of Alaska's Department of Fish and Gane (ADF&G) in 1959. That pro-
gram was devel oped at once and suppl enented by occasional contributions
fromthe research program of the U S. Fish and Wldlife Service. Over the
next two decades, it made significant advancements in know edge about the
wal rus popul ati on.

Exchanges of infornation between Anerican and Sovi et biol ogi sts about
wal ruses and hair seals also were begun in the late 1950's, at first
through the North Pacific fur seal neetings, then through the Marine Mammal
Project of the US USSR Environnmental Protection Agreement of 1972 (Mller
and Zemskii, 1984). Since then, the information acquired by both sides
jointly and separately, concerning the Pacific walrus has provided one of
the best documented records available of the natural and nan-nade dynamcs
of a pianiped popul ation.

The following is a resumk of sone of the principal findings fromthat
work. In nmany instances, the data sets are not large, and the results
derived from them individually, are of little significance. Taken as a
whol e, however, they at least indicate the direction of change, if not the
exact amount. Included is information on geographical distribution, size of
the popul ation, age conposition, reproductive perfornmance, feeding habits,
physical condition, and natural nmortality of the Pacific walrus popul ation
over the past 30 years

Di stribution--- Soviet records of the use by wal ruses of sumering
areas along the Koryak-Kamchatkan shores of southwestern Bering Sea indi-
cate that the animals began to re-appear there in the 1960's, after a 25-
to 30-year absence, and that they subsequently becane conparatively common
again in all parts of the region (Chugunkov, 1970; Kosygin and Sobolevskii,
1971; Gol'tsev, 1975a; Pinigin and Priani shni kov, 1975). Since 1969-70,
herds of 500 to 1,500 have been seen repeatedly in summer al ong the Koryak
coast in the vicinity of Anastasia and Natalia bays. In the same period,
herds at first of 25 to 200 and now of up to 1000 (G A Fedoseev, pers
commun.) have appeared in summer at Verkhoturov and Karaginskii |slands, as
well. Nearly all of those have been males, as before; the record of one
female with a calf in Lavrov Bay in the sumrer of 1970 was an unusual
occurrence (Kosygin and Sobolevskii, 1971). More recently, herds of nales
have been seen along the Koryak coast , as far south as Olyutorskii Bay in
late winter and spring (Kibal'chich, 1981; Calkins et al., 1981), and a few
femal es with young have been sighted as far south as Khatyrka (G A
Fedoseev, pers. comm., 1980).

On the Al askan side of the Bering Sea, south of the Yukon estuary
there are eight localities in which major hauling grounds are now or were
formerly used on a regular, annual basis by large herds of walruses. Those
are Amak Island, Port Moller, Cape Seniavin, Round Island, Big Twin Island,
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Cape Newenham, Pribilof Islands, and St. Matthew Islands. More than 15
other sites have been used one or nore times by herds of 20 or nore ani-
mal s, but not on a regular basis (Frost et al., 1982). The sunmmering
aggregation of bulls that hauls out on the Walrus Islands in northern
Bristol Bay has grown from about 3000 in the late 1950's to about 12,000 in
recent years (Kenyon, 1958, Taggart and Zabel, 1980; Frost et al., 1982).
VWl ruses, probably from that sane group, reappeared on Amak Island in 1962,
after about a 30-year absence, and they seemto have reappeared in Port
Moller about the same time. They recently have established thenselves on
anot her hauling ground at Cape Seniavin, but the history of that one is
unknown (L. F. Lowy, C Smith, pers. commn.).

Wl ruses apparently re-occupied the St. Mtthew Islands in the fall of
1980 (R D. Jones, pers. commun.), and they evidently began to reside there
in sumer, as well, by the following year (Frost et al., 1982; D. Irons,
pers. commun.). To the best of our know edge, the only previous records of
their presence there were those by Etholin in 1830 (Tikhmenev, 1978) and by
Hanna (1920) nearly a century later. W and several other observers have
searched for walruses in that area nunerous tinmes in the 1960's and 7Q's,
usual Iy without sighting any or, at nost, only one or two individuals. (D.
R Klein, R L. Rausch, A. L. Sowls, A DeGange, S. W Stoker, and F. H
Fay, unpubl. data). That is, the recent re-occupation of the St. Matthew
I sl ands appears to have been en nmsse, rather than by gradual increase.
The hauling grounds on the Pribilof |slands, however, still remain unoccu-
pied by any nore than occasional individuals (Fay, 1982; Frost et _al.,
1982; F. H Fay, K W Kenyon, and R S. Peterson, unpubl. data). The
recent use of Capes Pierce and Newenham probably also is not new but a re-
occupation, though we have found no definite record of use of those sites
before.

In the northern Bering and Chukchi seas, the walruses’ use of haulouts
on Chukotka showed a marked increase froma low of 3 sites in the 1950's to
a high of 18 in use in the 1960's and 14 in the 1970's (Table 3). In those
three decades, the nunmber of hauling grounds in regular, annual use in-
creased from1l to 2 to 6, respectively. O the latter, the Meechken and
Rudder sites always were occupied principally in sunmer; the Arakanthechen,
Big Diomede, and Inchoun sites at first were occupied only during the
auturm migration, then during the summer as well; the Serdtse-Kamen sSite
al ways was used during only the autum migration (Nikulin, 1947; Kleinen-
berg et al., 1964; Gol'tsev, 1.968; Fedoseev, 1982). The Cape Chaplin
haulout, which ostensibly was used often in the 19th century and earlier
(Arsen'ev, 1927), has not yet been re-occupied in this century, for rea-
sons unknown. Ohers, |ike those at Capes Geka in the Anadyr estuary,
Erulen and Maska in Kresta Bay, Uelen at Bering Strait, and Vankarem and
Ryr-karpi (Cape Schmidt) on the northern coast of Chukotka are now regarded
as “*extinct,” inasmuch as wal ruses apparently are prevented or discouraged
from hauling out there by continual human disturbances (construction,
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shipping, etc. ) (Fedoseev, 1982 and pers. commun. )  None of the hauling
grounds west of Cape Serdse-Kanmen and on Wrangell and Heral d |slands can be
used on a regular basis, because they often are inaccessible due to heavy
ice (Krylov et al., 1964; Gol'tsev, 1968; Tomilin and Kibal'chich, 1975).

On the Alaskan side north of the Yukon estuary, the nunber of regular’
Iy used haul outs apparently never was as |arge as on Chukotka (Table 4).
Wl ruses began hauling out regularly in |arge nunbers on the northwestern
cape of St. Lawrence |sland, near Gambell, in the fall of 1962, having been
absent fromthat area for sonme 25 years (V. K Slwooko, pers. commun.).
Since then, the nunbers hauling out and the duration of their stay have
increased steadily (at least to 1978: T. Antoghame, pers. comm.). They
al so haul ed out in abundance on the northeastern end of that island in the
fall of 1978, for the first time in at |east 40 years (Murie, 1936; Fay and
Kel ly, 1980). At Kialegak Cape, on the southeastern part of the island
they reappeared in the fall of 1970, having been absent for several decades
(V. K Slwooko, pers. commun.), they hauled out there by the thousands in
1978 (Fay and Kelly, 1980).

On the Punuk Islands, just east of St. Lawrence I|sland, walruses have
haul ed out regularly during the fall migration for at |east the past cen-
tury, and the presence of a few there nearly every sumrer also was regarded
as normal from about 1914 to 1945 (L. Kulukhon, pers. commun.). They were
virtual |y absent there in sumer for the next 25 years, with only one known
exception (in 1956), but they have re-appeared there in sumrer on a regular
basis since the 1970's (A. Akeya, T. Antoghame, F. H Fay, and B. P. Kelly,
unpubl. data).

Farther north, in Bering Strait, walruses re-occupied Big Dionede
Island in the fall of 1965, after about 30 years of absence or scarcity (J.
J. Burns, pers. comm.). The nunbers and duration of their stay there have
increased steadily since that tine (Frost et al., 1982). Nowadays, they
occur not only during the fall migration but all suamer, as well. Since
the mid-1970's, some al so have used Little Dionede and King islands inter-
mttently, despite frequent harassnent (E. Muktoyuk, J. J. Burns, pers.
commun. ).

In the eastern Chukchi Sea, the two haulouts at Cape Thonpson and
Poi nt Hope saw irregular use in the past, during the fall mgration. To
the best of our know edge, they have not been re-occupied. The haulout at
Cape Lisburne, however, w13 re-2stablished at | east by 1975 (D. Roseneau,
A. Springer, pers. comu.), after about 30 years of disuse. Farther north
and east , wal ruses had not been seen in the Beaufort Sea for nmany years,
but they began to reappear there in small nunbers in the 1960's (Burns,
1965), and they now occur there nore frequently.
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Tabl e 4.

Use by wal ruses of haulout areas on Al askan shores of the

and M
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L. Kulukhon, E. Miktoyuk,
V. K Slwooko, T. Snith, A Sowles, A Springer,

Wldlife Service and Al aska Department of Fish and Game files,
fromA Akeya, T. Antoghame, R Baxter,
T. Gologergan, Jr.

Kelly, K W Kenyon,
D. Roseneau,
R Tremai ne,

northern Bering Sea and Chukchi Sea in the present cent:ury.1

Haulout 1920's 1930's 1940’s 1950's 1960's 1970-80's
Egg |. UNK UNK UNK None None Irreg.
Besboro |. UNK UNK UNK None lrreg. Irreg.
Cape Dar by UN-K UNK UNK UNK None Irreg.
Sl edge I. Irreg. Irreg. None None None Irreg.
Punuk |s.

(summrer) Irreg. 1Irreg. Irreg? Irreg. None Reglr.

(fall) None Irreg. Irreg? Reglr. Reglr. Reglr.
St. Lawrence |

Ki al egak Pt. None None None None None lrreg.

N. E. Cape None None None None None Irreg.

Salghat Irreg. lrreg. None None None Irreg.

C. Chibukak Irreg. Irreg. None Irreg. Reglr. Reglr.
King I. UNK UNK UNK None None lrreg.
Littl e Di onede UNK Irreg. None None Reglr. Reglr.
C. Thonpson UNK Irreg. UNK None None None
Pt. Hope UNK Irreg. UNK None None None
C. Lisburne UNK Irreg. Irreg. None None lrreg.
“From Hanna (1920, 1923), Murie (1936), Collins (1940), Brooks (1954),

Frost et al. (1982, 1983), and unpublished notes from U s. Fish and

as well as

J. Burns, A DeGange,F.H.Fay,
w. James, R D. Jones, B. p.
R. L. Rausch,

S. W Stoker,
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Anot her indicator of change in the population is the frequency of
occurrence of individual wanderers outside the usual limts of the range.
In the 1950's, there were only three records of such wandering -- an anim
sighted on Kodiak Island in 1954, one in Cook Inlet in 1955 (R A Ryder
and L. Tenple in Fay, 1982), and another in the Okhotsk Sea in 1957 (Kosy-
gin and Sobolevskii, 1971). In the 1960's, four nmore were recorded: an
i ndi vidual was sighted in upper Cook Inlet in 1964 (Fay, 1982), and three
were seen on the southeastern coast of Xamchatka in 1966 —one individua
at Listvenichnyi Bay, one in Russkii Bay, and the third was found dead at
Cape Nalychevo in that year (Chugunkov, 1970).

On the Commander Islands, where only a few beach-cast carcasses had
appeared in the 1950's and 60’s (Chugunkov, 1970), two |iving wal ruses were
seen in the early 1970's (Pinigin and Prianishmikov, 1975). Fart her east,
at least one aninmal was reported to have reached Atka Island in the centra
Aleutians in 1976 (K. W Kenyon, pers. comm.), and two others were killed
there about 1979 (Fay, unpubl. data). These were the first occurrences at
Atka in 30 to 40 years, according to local residents. Still farther to the
east, a group of about 20 made its way out through Unimak Pass and up al ong
the southern coast of the Alaska Peninsula in the spring of 1979 (C. Smith,
K. Pitcher, D. Calkins, pers. comm.). That group was gradually reduced in
nunber as it noved eastward, through the Shumagin Islands, Chignik Bay,
Shelikof Strait, and Cook Inlet; the last known survivor reached Yakutat
Bay by m d-summer. In the 1980's, so far, the only report known to us has
been of one walrus found dead in the northern Kuril Islands in 1983 (Yu. A
Bukhtiyarov, pers. comm.), the first known to have nmade its way that far
south in about 45 years.

Popul ation Size.—Estination of the size of the Pacific walrus popul a-
tion by direct censuses began in the 1950’ s. Previ ous estinmates were
educated guesses, not based on actual census data. The first census esti-
mat e was based on counts along the cruise track of the American icebreaker
NORTHW ND, whi ch travelled widely in the pack ice of the Bering and Chukchi
seas in My and June 1954. Assunming that the cruise track was nmade up of a
series of random transects and that the observed nunber of animals per unit
area could be extrapolated to the total range of the walrus population in
that month, Fay (1957) estimated that the Pacific wal rus popul ati on was
made up of about 40 to 50 thousand animals.  Although the nmethod of census
was primtive and the assunptions were not necessarily correct, the result,
by chance, was very simlar to some of those that followed.

An aerial survey conducted by P. G Nikulin (in Fedoseev, 1962) on the
Soviet side in the sumer of 1958 yielded an estimate of about 40, 000
animals there; the nunber on the Anerican side at that tine was unknown but

believed to be very snall. Anot her Soviet aerial census, this tinme using
aerial photography of the herds on the coastal hauling grounds and visua
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estimates of those on the ice, was conducted on the Soviet side in the
autumof 1960 by Fedoseev (1962). Fromit he estinmated that there were
about 46,000 aninmals west of the Date Line at that tinme, and he guessed
that there were perhaps 4,000 nmore on the Alaskan side. In that same year,
however, Kenyon (1960a) and co-workers had conducted two aerial censuses
over the Bering Sea Pack ice, the first in |late February to early March and
the second in md-April. The results from both of their surveys were very
simlar, with highest and |owest estimates ranging from 70 to 113 thousand
ani mal s and medi ans of about 85 to 95 thousand, respectively. These were
nearly double the Soviet estimates, but the fact that they were different
is not surprising, for they were based on surveys of nearly the entire
popul ation on its wintering range in the Bering Sea, whereas the Soviet
survey had covered an unknown proportion of the population on the summering
range in the western Chukchi Sea. In retrospect, we can see why the
Soviets’ results underestimted the whole popul ation, because, as the
| at est censuses have shown, nearly half of the popul ation probably was on
the Anerican side, out of range of the Soviets at the time.

Kenyon (unpublished data) conducted another census over the Bering Sea
pack ice in March 1961 and, again, estimated the popul ati on between about
70 and 110 thousand (nedian, 85,000) animals. A third Soviet census in the
autum of 1964 by Gol'tsev (1968) yielded estinmates of about 47 to 71
t housand (median, 59,000) aninmals for the portion of the population on the
Sovi et side. Gol'tsev did not make an estimate for Al askan waters, appar-
ently because he assuned that there was only an insignificant nunber of
animals there. A fourth census by Kenyon and co-workers (unpublished data)
in April 1968 again covered nost of the population in the Bering Sea and
yiel ded estimates ranging from 73 to 110 thousand ani nal s.

The fourth Soviet census was conducted by Gol'tsev (1972) in the
autum of 1970, and fromit he estimated about 101,000 animals in the whole
popul ation, apparently including a guess at the nunber in Al askan waters.
A fifth census by Kenyon (1972), conducted in April of 1972, yielded a
simlar median estimate of 123,000 for the whol e population, with upper and
lower limts of 85 to 162 thousand. This survey covered nearly the whole
geogr aphi ¢ range of the population in that nmonth, hence was the best over-
all estimate to date.

Each of those censuses was done wi thout benefit of conmunication
bet ween the Soviet and American biologists who conducted the surveys. Not
until 1973 was that conmmunication established, and it quickly led to dis-
cussion of past findings and plans for the future. The first cooperative
census was conducted nore or |ess concurrently on both sides of the Inter-
nati onal Date Line in Septermber and COctober of 1975 (Gel’tsev, 1975a; Estes
and G lbert 1978), and it was followed by another in the same tinme period
in 1980 (Fedoseev, 1981; Johnson et al., 1982). In each of those, the
Anericans used strip sanpling nethods, involving visual counts along north-
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south transects over the Chukchi pack ice, east of 174°W; the Soviets made
visual estimates from transects over the pack ice in the western Chukchi
Sea, west of 174°wW, and used direct counts from aerial photos of |arge
herds on the ice and of all herds on the coastal hauling grounds. The
results in 1975 indicated that there were about 120,000 animals in Soviet
wat ers and about 112,000 in Al aska (Table 5). In 1980, the median esti-
mates were again about 130,000 for Soviet waters and about 115,000 for
Alaska. The estimates for the total population in those years, as we
interpret them were about 232,000 and 245,000, respectively, but these are
not significantly different, because of the w de confidence limts.

The popul ation estimtes derived from all of those surveys probably
were very conservative, because they could not take into account the ef-
fects of such factors as activity rhythns and animals out of sight underwa-
ter, which could exert very large influences on both the collection and the
interpretation of the data. W assume that such errors tend to be relativ-
ely constant, and that the trend in numbers estimted, at |east, was real
That trend was clearly upward in both the Soviet and the Anerican results
(Fig. 8), even though the timng and nmethods were quite different on each
side, during nost of that tine. Because the Soviet census nethod remained
basically the same from 1960 to 1980, the increase in population size
indicated by their estimates cannot be ascribed to increased sophistication
of nethods or equi pnent. In each of their surveys, about 60% of the
estimate was based on actual counts from photographs of the |large herds on
the ice as well as on each of the coastal hauling grounds; the rest of
their estinmate was based on strip sanmpling over the ice. The confidence
l[imts on the results fromthe strip sampling are unknown to us but pre-
suned to be w de, because the sanples were small. Because the Anmerican
estimates were based entirely on strip sanpling and the confidence limts
on the results are known to be extrenmely wide, we regard the American
medi an estimtes as less reliable than those from the Soviet side. Fur-
thernore, the Anerican surveys were done in different areas, at different
times, with different equipnent, and the analyses of the data were done by
different nethods, among years. Those conditions probably contributed
further to making the Anerican results inconparable from year to year.

The Soviets' results indicate that the proportion of the popul ation
that summers on their side tripled from 1958 to 1975 but leveled off in the
late 1970's. Essentially the sanme is indicated by the estinates of the
total population, as we interpret them Al though the inplied nmagnitude of
that change is questionable, because of the wi de confidence limts on the
estimates, we feel that the direction is believable because increase has
been indicated al so by the other indices of the populations status. Using
a nunerical nodel, DeMaster (1984) has shown that doubling of popul ation
m ght have been possible in the 20 years between 1955 and 1975, if (1) the
initial population was at |east 96,000 animals, (2) the adult survival rate
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Tabl e 5.

Estinmated size of the Pacific walrus popul ation based on Sovi et -

Anerican cooperative censuses in 1975 and 1980. '

Date and |ocation Estimate

1975 Sovi et side 5-6 Ot W Chukehi ice 26, 600
18-21 Sep Chukotka haul outs 94, 139

4 Ot Koryak haulouts 220

Anerican side

8 Sep E. Chukchi ice - est.

I 100, 600 +_ 57,700

- est. |l 90, 800 + 63,600
Bristol Bay’ 6, 500
1980 Soviet side 8 Gt W Chukehi ice 55, 000
9 Ot Chukotka haulouts 69, 400
17 0t Koryak haulouts 4,000
27 Sep Kanthatka haulouts 1,500

Anerican side 15-20 Sep

Jul-Sep

E. Chukchi ice — est.
- est.

Bristol Bay’

I 101,200 + 22,600
Il 96,200 + 19,200

15, 000

lsoviet estimates based on data from Gol'tsev (1975a) and Fedoseev (1981),
excludi ng any possible duplicate counts of the sane aninmals. Anerican
estimates for 1975 based on Estes and G lbert (1978), but only for North-
South strips, conparable with the 1980 estinmates by Johnson et al. (1982).
The Anerican estimates for both years were derived by two met hods: | - from
average numbers of individuals per unit area and Il - from average groups
per unit area. For each estimate, the nean and standard error are given.

2prom an estimte of “5-8,000" on Round Island on 29 June to 4 July 1977

(Arneson and McDonald in Frost et al., 1982).

$From Taggart and Zabel (in Johnson et al., 1982).
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Figure 8. Estimates of the size of the Pacific walrus
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1978; Johnson et _al., 1982).
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was at |east 0.95, (3) the sex ratio of adults was 1 male to 3 or nore
females, and (4) the productivity was at its maxinum W think that all of
those provisions were net, hence that the population at |east doubled
bet ween 1955 and 1975, and that it probably did not increase significantly
since then

Age Conposition of Native Catch---Sanples for analysis of the age/sex
conmposition of the annual catch by Al askan Eskinos were obtained intermt-
tently over the past 30 years by Fay in 1952-59, by the A aska Depart nent
of Fish and Gane in 1960-79, and by the U S. Fish and WIldlife Service and
Eski m Wl rus Commi ssion in 1980-84. Those sanples were obtained princi-
pally in spring at the villages of Gambell and Savoonga on St. Law ence
Island and at Ignaluk on Little Diomede Island. They represent about two-
thirds of the annual catch in Alaska in those years (Fay, 1958; Burns,
1965, 1973).

The sanples consisted of one or two cheek-teeth from nearly every
ani mal taken (other than calves), during the spring hunt. Each tooth was
sectioned longitudinally, and the age of the animal was determ ned by
counting the annual |ayers of cementum (Burns, 1965; Fay, 1982). All of
the age determnations reported here were done by J. J. Burns (Al aska
Department of Fish and Game) and F. H Fay (University of Al aska), who
cross-checked their determnations repeatedly and found them conparable.

The sanples were not collected every year or in any pre-arranged
schedul e but were obtained mainly as opportunity and funds pernitted. The
data fromthem have been treated as age-frequency tables, with sexes sepa-
rated. Because the natives’ catch tends to be biased toward adult animals,
the immuature age classes are very poorly represented. Hence, the age-class
frequencies tend to be normally distributed on the x-axis (Fig. 9). This
allows themto be conpared by means of statistics of central tendency. The
results of those conparisons are as follows:

Mal es: The nean age of males taken in the spring harvests at all three
villages tended to be relatively constant at 13 to 15 years during the
1950's and early 1960's (Fig. 10). After the early 1960's, however, the
mean age of males rose steadily in each village' s annual catch and was
approaching 19 to 22 years in the nost recent sanples. This is a very
significant increase. It was a gradual increase, and it took place w thout
any change in the selective bias, according to the hunters that we have
interviewed (A Akeya, T. Antoghame, M Iya, L. Kulukhon, ¢. Pungowiyi,
pers. commun.). In all three villages, the hunters consistently selected
for males with large tusks. In male walruses, tusk size increases wth
age, alrmost indefinitely (Fay, 1982).

The trend of increasing nean age of males in the catches since the
early 1960’s has been produced by the taking of nore old animals and fewer
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young ones. The inplication of this is that the old males have become nore
avai |l abl e and/or that the young nmal es have becone |ess avail able, over the
past 20 years. Those conditions mght be correlated withan increase in
size of the walrus population, a shift in age conposition to nore old
ani mal s (brought on by either |owered recruitnent or increased juvenile
mortality), or a combination of those causes

Femal es:  The selective bias affecting the catch of fenales by the
hunters at Little Dionmede is essentially the same as it is for the males
The hunters take primarily the larger, older animals, though about as nuch
for the quality of the nmeat and hides as for the tusks. The meat of adult
females is desired for human consunption, and the hides of the |argest
females are required for building and maintaining their “skin-boats”
(umiaks). The tusks of adult ferales also are preferred for carving
because the ivory is of a finer, nmore uniform quality than in the males
The ivory of the females is of optimal size and quality at ages between 15
and 25 years; after about 25 years, it tends to check increasingly and to
diminish in length due to fracture and abrasi on (Fay, 1982). Hence, where
there is such selective bias and the availability is unlinmted, the nean
age of fenales in the catch should approach and |evel off about 17 to 20
years. The mean age of the females in the catches at Little Diomede, |ike
that of the males, was relatively stable during the population’s recovery
to rapid growth, in the late 1950's and early 1960's. Thereafter, it
tended to rise steadily and was up to about 17 years by 1982 (Fig. 11).

At Gambell and Savoonga, the selective bias for fenmales is different
than it is for nmales and different than it is at Diomede. Here, the
hunters’ search primarily for females with newborn calves, which are sought
for their meat (dried for human consunption) and their skins (used for
maki ng rawhi de ropes). G ven the opportunity to choose from several fe-
males with calves, the hunters secondarily select for large body size and
| arge tusks (Fay, 1958). As at Diomede, the neat of the adult fermmles is
preferred over that of the males for human consunption, the female hides
are needed for the umiaks, and the ivory of females is preferred for
carving

In the 1950's and 60’s, the nean age of fenales taken at both Gambell
and Savoonga tended to be constantly about the n-year level. This is a
reflection of the fact that the age class of fermales with the highest
probability of producing a calf was 11 years at that time (Fay, 1982).
Then, in the 1970's and early 1980's, the nean age of females taken at both
villages rose significantly. That increase mi ght have been due in part to
a change in age-relative fecundity and/or to an increase in average age of
the femal es available. It apparently was not due to any change in the
hunters’ selection, for the hunters in both Gambell and Savoonga at that
time were conplaining about the scarcity of females with calves. That is,
they still were seeking them preferentially but were having |ess success in
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Figure 11. Change in mean age of the catches of female walruses, 1950-80's.
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finding them Some of the hunters also remarked (to Fay) about an unusua
abundance of females with stout, short, heavily abraded tusks. Such tusks
are characteristic of very old aninals, and fecundity decreases markedly in
ol d age (Fay, 1982 and unpublished)

Anot her indication of increasing age of the fenales was the change in
nunber of corpora counted in the ovaries (Fay and Stoker, 1982a,b). Be-
cause the corpora albicantia in the ovaries persist for many years, the
nunber in each animal tends to increase with age (Mansfield, 1958; Burns,
1965; Krylov, 1966). The nunbers of corpora per female in the catch sam
pl es at Di omede appeared to increase continually fromthe 1950's to the
1980's. At Gambell, conversely, the nunber per female did not appear to
change significantly up to the 1970's, but it did increase by the 1980's
(Fig. 12). By conparing the curul ative relative frequencies of those
sanpl es, using the Kol mbgorov-Smrnov Two Sanple Test, the increases were
found to be highly significant (P<0.001). Those increases at both villages
are directly attributable to increasing nean age of the animals in the
cat ch.

Natural Mrtality on the Punuk |slands.—Buring the southward m gra-
tion each autumm, |arge nunbers of walruses haul out on the Punuk I|slands,
apparently to rest briefly before continuing on their way to the wntering
areas. During that pause, some of the animals die from natural causes (Fay
and Kelly, 1980). The numbers of carcasses renaining in the followng
spring, after the autum storns and wi nter ice have rearranged them have
varied from O to 466 per year over the past 35 years (Fig. 13). The trend
in nunbers per year, fromthe late 1940's to contenporary tinmes was upward,
possibly to a peak in 1978. That increase was highly significant, even
when the unusually high nortality of 1978 was excluded (1948-65, n = 8 yrs,
mean + se. = 35.3 %.6 carcasses/yr; 1968-81, n = 6 yrs, 87.8+ 13.7/yr;
t = 3.36, P<0.01). The nortality in the fall of 1982 apparently-was very
low, for only 18 carcasses remained in the spring (A Akeya, pers. comm.).

A series of sanples of the age conposition of walruses that died on
the Punuk Islands in several years was obtained by the P.I. and co-workers.
Those sanpl es consisted of one cheek tooth for age determination from each
carcass. As in the foregoing, age was determ ned from counts of cenmentum
layers in thin |longitudinal sections of the teeth. Nearly all of the
sanmples are very small, hence their variances are |arge. Nonetheless, they
show an upward trend in both sexes, just as in the catch samples (Fig. 14).
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Figure 12. Conparative frequency of occurrence of nunbers of corpora
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from the spring catches at Gambell and Little Dionede, 1952-82.
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Reproduction.--Walruses give birth in the spring, mainly between md-
April and mid-June, during the northward nigration fromthe Bering to the
Chukchi Sea (Fay, 1982). Hence, the females taken at that tine, in the
spring catch, are readily classified as:

(1) immture, if they are not and never have been in estrus (i.e., have
no corpora or ripe follicles in their ovaries),

(2) newly pregnant, if they show anew corpus luteum of pregnancy,
whet her or not an enbryo can be seen in the uterus,

(3) parturient, if they are pregnant with a full-term fetus or have
recently given birth to a new calf,

(4) barren, if they are none of the above but have experienced at |east
one estrus.

Al though the sanples from the catch are non-random as noted above,
hence not necessarily representative of a cross-section of the female
popul ation, those from any given locality are conparable from year to year
because they are affected by the sanme selective biases each year. The
| argest sets of those sanples have been obtained at Gambell and Little
Di omede, beginning in 1952. Fromthat tine until the present, the nost
mar ked change indicated by them has been in the birth rate, as follows:

From the 1950’s to the late 1970's, the frequency of occurrence of
parturient females in the catches at both Gambell and Di omede varied some-
what but appeared to be conparatively stable, year after year. In seven
smal | sanples from Little Diomede in that period, the percentage of par-
turient animals per sanple ranged from about 40 to 50% which did not
differ significantly from the expected values (Table 6). In 1980, however,
the frequency was much |ower than expected, and in 1982, it was somewhat
hi gher than expected. At Gambell, in the 1950's to nid-60's, the observed
frequency of occurrence tended to be higher than expected, because of the
selection for cows with calves. That was followed by a period of little or
no deviation from expected values in the late 1960's to late 70's, then by
an extrenely low frequency in 1980, and back to the higher than expected
| evel again in 1982.

Because the age conposition of the catches also changed significantly
at both villages in that same 30-year period, we presumed that some of the
devi ations coul d have been attributable to age of the animals. To test for
that, we conpared the observed frequencies with expected val ues derived
from nean ages of the catches and the age-relative fecundity as described
by Fay (1982, tables 34, 35) and Fay and Stoker (1982b, table 4). The
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Table 6. Chi-square goodness of fit test, conparing observed with expec-
ted frequencies of occurrence of parturient animals in sanples
of adult females fromthe spring catches of walruses at Little
Diomede and Gambell, 1952-82. (Extracted from Appendi x A)

DIOMEDE Year of catch

1952-58 1962- 64 1965 1966- 68 1979 1980 1982

N 47 61 39 35 40 102 110
Ohs. f 22 31 16 17 16 15 57
Exp. f 19. 33 25.09 16. 04 14. 40 16. 45 41.55 41. 14
Chi-Sq . 0.37 1.39 0.00 0. 47 0.01 16. 96 6.12
GAMBELL Year of catch

1952-61 1962-64 1965 1966- 68 1975 1979 1980 1982

N 93 109 114 11 43 29 163 87
Ohs. f 7 87 101 7 33 16 36 64
Exp. f 60. 33 70.71 73.95 7.14 27.89 18.81 105.74 56.44
Chi-Sq . 4.61 3.75 9.89 0.00 0.94 0.42 45.99 1.01

61



results are shown in Table 7. For Dionede, the frequency of occurrence of
parturient fenales in the catches did not differ greatly fromthe expected
frequencies, during 1952 to 1979, but in 1982, the frequency was nuch
hi gher than expected. At Gambell, where there is strong selective bias for
parturient females, the observed frequencies in the 1950's to nmd-60's were
consi stently much higher than those predicted from age conposition of the
catches. But fromthe late 1960's to late 70’s, at |least, there was a

tendency away from that pattern, wth observed frequencies approaching the
expect ed.

Table 7. Goodness of fit conparison of observed with expected frequencies
of occurrence of parturient animals in sanples of adult fenales
fromthe spring catches of walruses at Little Diomede and Gambell,
1952- 58, using mean age of the catch and age-relative fecundity to
generate expected val ues.

DIOMEDE Year of catch

1952- 58 1962- 64 1965 1966- 68 1979 1982
N 47 61 39 35 40 100
Chs. f 22 31 16 17 16 57
Exp. f 22. 86 26. 40 15.58 10. 36 13. 36 23.79
Chi - Sq. 0.03 0. 80 0.01 4.26 0.52 46. 37
GAMBELL Year of catch

1952-61 1962-64 1965 1966- 68 1975 1979 1982

N 93 109 114 11 43 29 87
Cns. f 77 87 101 7 33 16 64
Exp. f 38.79 50. 78 52.13 3.32 18. 36 9.40 21.21
Chi-Sq . 37.64 25. 84 45, 82 4.08 11. 68 4.63 86.30

LAfter Fay and Stoker (1982b, table 4).
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Al t hough the observed values at each village fluctuated fromyear to
year during the 1950's and 60’s, those fluctuations were not synchronous
between the two vill ages. This indicated that the variation within each
village’'s catches was not reflecting any popul ati on-w de changes but was
attributable sinply to variation in local hunting conditions and avail abil -
ity of animals, together with the normal variation anong snall sanpl es.
The coincidence of mnor deviations, however, beginning in 1966-68, and of
subsequent nmajor deviations in 1980 and 82, suggested that the catches in
both villages were being affected by changes in the population as a whole

The ostensibly random sanpl es takenby Soviet biologists in 1972-3
(Gel'tsev, 1975b) and during subsequent joint Soviet-American research
cruises also suggested a trend of decrease in fecundity (Table 8). Some of
that decrease may have been due to change in age; unfortunately, we do not
yet have the age data fromall of those sanples, so cannot conpare them
with expected val ues. Certainly, the maximal decrease indicated in 1983
was not due to age alone, since that sanple showed other, unique characters
not related to age. In addition to having one of the | owest proportions of
parturient femal es ever observed, it had the highest proportion of ovul a-
tions (72/120 =60%) on record. Furthernore, nearly half of those ovula-

Table 8. Frequency of occurrence of parturient, pregnant, and barren
females in non-sel ected sanpl es of adult wal ruses taken during
Soviet and joint Soviet-Anerican research cruises, 1972-83.°

1972-3 1976 1981 1983

Sample N 201 34 73 120

Parturient n 91 14 27 25
(% (45.3) (41.2) (37.0) (20.8)

Pregnant n 87 15 26 33
(% (43.3) (44.1) (35.6) (27.5)

Barren n 23 5 20 62
(%) (11.4) (14.7) (27.4) (51.7)

lprom Gol'tsev (1975b), Fay (1982), and F. H. Fay and A A Kibal'chich,
unpubl i shed.
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ting femal es had either rejected the blastocyst or failed to conceive
(inplant).  That was the highest proportion of failures (44% ever found in
any sanple. O the fenmales that had conceived successfully (N=40), 6
already in August had aborted their fetuses, and 1 other had a defective
fetus that probably would have been aborted or born dead. That proportion
of fetuses aborted al so was extrenely high (17.5%, simlar to the propor-
tion indicated in recent sanples fromthe A askan Eskinos’ catch (Fay and
St oker, 1982a,b). Thus, only 33 (27.5% of the 120 animals in the sanple
were newly pregnant with an apparently healthy fetus, and that, too, is a
| ower proportion of pregnancies than in any previous Soviet sanples

The proportion of newWy pregnant animals in those non-selective sam
pl es al so showed decline from 1972 to 1983 (Table 8). The frequency of
occurrence of pregnancies in the catch sanmples, however, has been nore
difficult to trace, mainly because of snall sanples and sel ective bias,
particularly at Gambell. The proportion of newy pregnant aninals in the
sampl es from both Diomede and Gambell in the 1950's, 60’s, and 70's were
consi stent with expected values (Table 9). But by the early 1980’ s,

Tabl e 9. Frequency of occurrence of new pregnancies in the catch sanples
from Di omede and Gambell, in relation to expected val ues, 1952-82.
(Extracted from Appendi x A)

DIOMEDE 1952-58 1962- 64 1965 1966- 68 1979 1980 1982
Sanmple N 47 61 39 35 40 102 100

Ohs. f 18 19 16 9 16 63 26

Exp. f 18. 56 24.08 15. 40 13. 82 15.79 39. 88 39.48
Chi-Sq. 0.02 1.07 0.02 1.68 0. 00 13. 41 4.60
GAMBELL 1952-61 1962-64 1965 1966-68 1975 1979 1980 1982
Sample N 93 109 114 11 43 29 163 87
Ohs. f 10 16 8 3 8 6 68 9
Exp. f 18. 34 21.50 22.48 2.17 8.48 5.72 32.15 17.16
Chi-Sq. 3.79 1.41 9*33 0.32 0.03 0.01 39.98 3.88
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the frequencies at both villages deviated significantly upward in 1980 and
downward in 1982.

The proportion of pregnancies that resulted in successful births
decreased significantly in the interval between 1952-68 and 1980-82
(200/203:192/230; X’=28. 47, p<0.001). Mbst of that decrease apparently was
the result of an order of nagnitude increase in abortions and premature
births, which rose from about 1.5% of the fetuses per year in the 1950’s
and 60’s to about 16.5%in 1980 and 1982 (Fay and Stoker, 1982a,b).

As a whole, each of the data sets indicates a trend of decrease in
productivity in recent years and increased irregularity, with intermttent
years of very high and very low production. The overall trend of decrease
in productivity, if gradual could have been entirely a function of age
conposition of the sanples. As shown earlier, the older females reproduce
less often and are |ess successful than the younger ones in carrying out a
full pregnancy (Fay, 1982). The increased irregularity in the productivity
of the sanples, however, does not appear to be attributable to increased
age; it seens to be due to synchronization of breeding, with a high propor-
tion of females in estrus one year, a low proportion in the next, etc. W
suggest that the synchrony may have been brought about by a very high rate
of reproductive faiulures in one year, resulting in a very high proportion
of the females coming into estrus the followi ng year.

Recrui tnent.--Walruses reproduce very slowy, relative to other pinni-
peds, and for that reason they are presuned to have very high survivorship
and recruitnent rates (Mansfield, 1958). Those rates are inpossible to
estimate from catch sanples, Dbecause of the biases of selective hunting,
but as Chapskii (1936) recognized they can be estimated from visual sam
pling of the sex/age composition of the population at |arge. Because the
harvesting of walruses usually is not aimed at the cohorts of inmature
animals from1 to about 5 years old, that part of the population is practi-
cally unaffected by man and is influenced only by natural nortality. The
rel ati ve abundance of those young cohorts in the popul ation, therefore,
shoul d be indicative of their natural survival rate and should reflect also
t he general magnitude of recruitment to breeding age, at least for the
femal es, nost of which mature at 6 to 7 years of age

Using visual nethods, we conducted conpositional surveys of summering
wal ruses in the Chukchi Sea, during five research cruises there. W also
obt ai ned a conpositional sanple by observation of the autumal mgrants on
the Punuk Islands. In each of those sanples, the young animals were clas-
sified visually as O, 1-, 2-, 3-, and 4 to 5-year-olds, without regard for
sex. Fenmales 6 years old and ol der were regarded as adults. The data
gat hered during shipboard surveys were of groups on the ice, and in each
case we included only the counts from groups that were conpletely classi-
fied. The inmportance of including only the completely classified groups to
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avoid sanpling bias is discussed el sewhere in this report. Wth inconplete
classification, there is a tendency for bias in favor of overrepresenting
the younger age classes. The only non-shipboard sanple, which was from the
Punuk |slands, was made up of ten different subsamples of animals on the
periphery of very large herds that were Iying on shore. Because those were
not complete classifications of whole herds, and because there is a tenden-
cy for immature animals to be nost nunmerous on the edges of the herd and
for females with calves to be nobst nunerous there, as well (Popov, 1960;
Mller, 1975; MIller and Boness, 1983), the Punuk sanple probably was
bi ased toward higher than random proportions of females with young.

Before conducting the first survey in 1981, we assuned that we would
find at least 25% of the females with calves of the year, at |east 20% with
l-year-olds. That assunption was based on the know edge that the pregnancy
rate was at |east 35% per year during the late 1970’s and at |east 30% per
year early in the 1980's (Fay and Stoker, 1982a,b), and that the survivor-
ship of the first and second year young had been estimated to be at |east
80% (Chapskii, 1936). Thus, our findings in the first survey (July 1981)
of only 5 to 6% of the females with calves of the year and only about 3%
W th l-year-olds were conpletely unexpected (Table 10). Because they dif-
fered significantly fromthe expected findings, we sanpled at every subse-
quent opportunity, to obtain further data and seek clarification of the
situation. Al of the results from the additional surveys were very simlar
to those fromthe first survey; even our nost optimstically biased sample
fromthe Punuk |slands suggested that, in recent years, either the prenatal
nortality has been higher than Fay and Stoker’s (1982a,b) data indicated,
or the early postnatal survival of calves has been extremely low (or both).

The relative size of the successive cohorts in a given year and of the
same cohorts in successive years indicates that the birth and/or surviva
rates of the calves had been declining at |east since 1976, had reached
their nadir in 1980, and have been rising slowy ever since then. The
cohort with the poorest representation (1980) was produced in the same year
in which the catch sanples indicated the lowest birth rate on record

Change in Diet---Large sanples of stomach contents were obtained from
wal ruses taken in the vicinity of Gambell, Savoonga, and Little Diomede in
1975, 1979, 1980, and 1982. Each year in each locality, 60 to 90% by
wei ght of the food iteams in the stomachs were bivalve nollusks; the rest
were mai nly polychaetes, sipunculids, echiurids, gastropod, crustaceans,
and holothureans (Fay et al., 1977; Lowy and Frost, 1981; Lowy et al.,
1982; Fay and Stoker, 1982a,b).

In general, the relative amounts of bivalves in the stomachs tended to
decrease and the anounts of non-bivalves tended to increase in each suc-
cessive sanple. Fishes were found in the stomach contents for the first
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Table 10. Relative abundance of the younger cohorts of walruses in visually
classified samples from the Bering and Chukchi seas, 1981-83.

Nunber of young per cohort
No. of (and expressed as % of adult females)
Date and adul t
| ocation femal es 1976 1977 1978 1979 1980 1981 1982 1983

July 1981,
E. Chukchi 1208 167 77 56 39 66
—(13.8)— (6.4) (4.6) (3.2) (5.5)
Sept 1981,
E. Chukchi 278 22 14 6 4 8
--( 7.9)— (5.0) (2.2) (1.4) (2.9
Nov 1981,
Punuk Is. 374 69 44 36 16 53
—£18.4)-- (11.8) (9.6) (4.3) (14.2)
July 1982,
E&W Chukchi 456 15 8 32 108 -
—( ;?6)-- (3.3) (2.8) (7.0) (23.7) -
Aug 1982,
E&W Chukchi 881 52 31 14 63 94 -
—-( 5.9)— (3.5 (1.6) (7.2) (10.7) -
Aug 1983,
W Chukchi 326 27 9 8 24 36
--( 8.3)-- (2.8)(2.4) (7.4) (11.0)

time in 1980, but only in trace anobunts. By 1982, however, they were
present in significant amunts (3.4% by weight) at Gambell, where they were
present in 9 of 31 stomachs. Further evidence of their grow ng inportance
in the diet was shown also by the rising frequency of infection of the
wal ruses by anasaki d nemat odes (Table 11), parasites that reside in the
wal rus’ stomach and can be acquired only by eating fishes, the intermediate
host s. In addition to the fishes, such apparently unusual prey as antho-
zoans were present frequently and in |arge amounts in the 1980 and 1982
sanmpl es, whereas they had been found only once before. Also, jellyfish
(Scyphozoa) appeared for the first time and in |arge anounts in the 1982
sanple. At the same tine, holothureans occurred nore often and in |arger
quantities by weight than before.

67



Table 11. Conparative frequency of occurrence and numbers of anasakid
nemat odes parasitizing the stomach of Pacific walruses in
spring harvest sanples, 1964-1982.

Anasakids in stonach

No. of Frequency Nunmber per walrus

Year wal ruses (% Range Mean Sour ce

1964- 66 95 1.0 5 Yur akhno and
Treschev (1972)

1975 107 6.5 1-20 6.0 L. M Shults,
(unpubli shed dat a)

1980- 81 114 14.0 1-61 14.3 Fay & Stoker
(19821b)

1982 76 14.5 1-37 15.8 Fay & Stoker
(1982b)

From 1975 to 1982, an apparent trend of decreasing average size of all
types of prey in the stomachs al so was reported by (Fay and Stoker (1982b).
Concurrently, the diets of males and femal es appeared to be convergent on
the sane types and sizes of prey, whereas they evidently had been quite
divergent earlier (Fay et al., 1977). A peculiar increase in the frequency
of occurrence of seal-eating walruses also took place in the late 1970’ s
and early 80's (Lowy and Fay, 1984), but we are not yet sure how nuch of
that can be attributed to use of “alternate’” prey. That is, much of it
m ght have been due to unusual environmental conditions that brought the
wal ruses and seal s together.

The full significance of the findings concerning feeding habits, as
regards their relationship to population status, wll not be known unti
the data have been re-analyzed in nore appropriate ways. That task is
underway (J. L. Sease, in prep.). In the neantine, we suggest only that
they do indicate change, and that the change may have been associated with
the rapid growh of the walrus population and its increased pressure on
existing food supplies, as suggested also by Lowy et al. (1980).
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Bl ubber Thi ckness. -- The bl ubber or hypodermic of the skin of pinnipeds
serves the conbined functions of (1) storage depot for fats, (2) thermnal
insulating layer, and (3) snoothing of body contours for hydrodynanic
efficiency. In the adult nales, the fat tends to be thickest in the
begi nning of the breeding season. At that tine, it may also serve a social
function, since dominance is partly a correlate of body size (Mller,
1975). For the breeding bulls, it also serves as a nutrient supply while
they fast during the rut. In addition, it nmay be useful to them as pad-
di ng, danpening and distributing some of the shock of tusk strikes by their
opponents. In fenales, the blubber tends to be thickest at the tine of
parturition, when its main function presumably is as a nutritive reserve
for both mother and calf in the first weeks of lactation.

As in other wild mammal s, the anount of fat on the body is an indica-
tor of the general health of the individual and of the quality and quantity
of the food supply. For that reason, we and others have routinely measured
bl ubber thickness mid-ventrally over the sternum on nmany of the specinmens
that we have exami ned. W conpared those neasurenents from wal ruses taken
during the 1950's to early 1970's with those from animals taken nore re-
cently. The results (Table 12), when tested by a Kruskal-Wallis non-

Table 12. Conparative sternal blubber thickness of Pacific walruses

1958- 1983.
1958- 72 1980 1981 1983
(Jan-Sept) (May—-Jun) 1 (Feb—Mar) (Jul-Aug)
MALES N 8 22 85 56
Range 25-76 4-60 15-54 10-37
Mean 49.6 27. 4 32.6 24. 4
S.D. 14.08 11.73 7.70 5.76
FEMALES N 18 122 87 321
Range 30- 102 12-75 24- 68 13-59
Mean 57.3 38.9 39.6 29.5
S.D. 21.61 10. 81 8.98 7.83

1 Unpublished U. S Fish and Wldlife Service data by T. E Snmith.
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paranetric ANOVA, indicated that the aninmals taken in recent years have
been significantly (P<0.02) | eaner than those taken earlier. Al though sone
of the difference anmong sanples can be attributed to seasonal change (Fay,
1982), even the recent w nter specinmens (which should have been the fat-
test) were nuch leaner than the earlier ones. The inplication is that the
wal ruses are not as well fed as they were before, possibly because food is
scarcer, lower in nutrients, or requires nore effort to obtain. We inter-
pret the greater |eanness as a correlate of increase in size of the popul a-
tion.

Distribution and Conposition
Monthly Distribution

The following is a resumé of distributional information obtained by us
in this and related projects and of some contributed by other observers.
This information is new since Fay's (1982) conpilation, which included all
of the data available to himup to 1979. W use that conpilation as a
background for our description here, because it was done on a nonthly
basis. Consideration of the distribution per nonth is nost useful for
identification of major concentrations and mgration routes.

Januar y.--The details of distribution of the Pacific walrus popul ation
in this month still are unknown. The few sightings reported up to 1979
were nainly frominterviews with Eskinbps at Diomede, St. Lawence, and
Nunivak islands. The lack of data elsewhere is nainly due to |ack of
effort (Fig. 15, JAN). Most of the reports near the islands were of
subadult and adult nale walruses. The location of the females and young is
not known for this nmonth. Because the height of the mating season appears
to be in January and February (Fay, 1982; Fay et al., 1984), we assume that
the distribution in this nonth is simlar to that in the follow ng one.

The only new information that we have for this nmonth is from an aerial
survey of the Bristol “Bay area, which was done for a conplenentary project
(Fay and Lowy, 1981). The northern half of the Bay was ice-covered at the
time, and the only walruses sighted in the entire area were three on the
ice, just east of Hagemeister Island. Their sex and relative age were not
det er m ned.

February. --A substantially greater amount of data was available up to
1979 for the nmonth of February, nost of it from Kenyon's (1960a) first
aerial survey and fromthree icebreaker cruises on which walrus sightings
had been recorded (F. #. Fay, B. P. Kelly, R A Ryder, unpubl.). Each of
those data sets suggested a regularity to the pattern of distribution, in
which the aninmals were clunped in two areas: (1) fromthe St. Lawence
polynya southward and (2) in the area south of Nunivak |sland and Kuskokwim
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Figure 15. Distribution of the Pacific walrus population, January
to June. Qpen circles are from Fay (1982); black dots are new
data from various sources. Size of symbols is proportional to
nunber of animals sighted.
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Bay (Fig. 15, FEB). A clear preponderance of adult females and young had
been seen in the first area; the animals in the second area at first were
assunmed to have been males from the Bristol Bay summering herds. Through
aerial photography in 1972, however, they were found to include females and
young, as well (Fay, 1982).

Fay and Lowy’s (1981) aerial survey of Bristol Bay in this nonth
agai n showed only one snall group on the ice in the northwestern part of
the Bay. A few days later in that same year, however, we found (via the
ZRS ZVYAGINQ) a clunp of sone thousands farther to the northwest, just off
the Kuskokwi m estuary. These were nostly herds of females and young,
acconpanied by a few adult nales, and the sex ratio of adults was like that
in the St. Lawence wintering area (i.e., about 1 nmale/10 fenmales). These
were breeding herds; many of the nales were engaged in courtship displays
in the water, alongside the herds of fenales.

March. --The distribution was better known up to 1979 for the nonth of
March than for the previous month. |t appeared to be essentially the sane
or very simlar to that in February, wth the principal clunps of walruses
inthe St. Lawence Island and Nuni vak- Kuskokwi m Bri stol Bay regions (Fig.
15, MAR). CQur observations during an icebreaker survey of the St. Lawence
area in 1972 had confirmed that the animals there were nostly femal es and
young, with a nunber of males still conducting courtship displays (Fay et
al., 1984). In sone years, the beginning of northward novenment was evident
from the increase in number of animals north of St. Lawence Island, usual-
Iy by the endof thenonth(Fay, 1982).

On the Soviet side, Kibal'chich (1981) and co-workers found numnerous
smal | groups (nostly 5 to 15) of males in the ice along the Koryak coast
fromjust south of Cape Navarin to the vicinity of Natalia Bay. Fay and
Lowy (1981) also found about 700 males in Bristol Bay in this nonth, which
was a large increase over the nunber present in January and February. At
the same tine, however, sone breeding herds still were in place, south of
Kuskokwim Bay, and many males still were displaying there. Nearer the
sout hern edge of the pack ice were snmall groups of subadult mal es.

April.--The docunentation of distribution up to 1979 was better in
this month than in the previous three conbined (Fig. 15, APR), principally
due to Kenyon's aerial surveys. Again, it indicated essentially the sane
two clusters, one to the south of St. Lawrence Island and the other in
Bristol and Kuskokwi m Bays, but the clusters appeared to be spreading and
linking together, to a greater extent than before.

The northward migration clearly is underway by the mddle of this

month in all years. |t is npbst evident in the north, for the aninals
Wi ntering near St. Lawrence Island begin to nove by the thousands through
Anadyr Strait, between Gambell and Cape Chaplin. The herds of females and
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young from the Bristol-Kuskokwimw ntering area also begin to nove north-

ward in the first half of this month, sone passing through Etolin Strait
and others around the western end of Nunivak |sland.

Qur additions to the distributional data in this nmonth were only in
Bristol Bay, where two aerial and one shipboard surveys in 1980-81 showed
the nunbers of males to be greater than in the previous nmonth. A total of
about 15,000 animals were congregated at Round Island, on Cape Seniavin,
and in the nearshore waters along the northern coast of the A aska Peninsu-
| a (Fay and Lowy, 1981). We presune that those males had moved there from
the breeding aggregations south of Kuskokwim Bay.

May.--The distribution in the eastern Bering and eastern Chukchi seas
was wel |l docunented in this nonth by Fay's (1982) conpilation, but there
was little information from Soviet waters. That continues to be the sta-
tus, today. The apparent concentration of aninmals along the A askan coast
(Fig. 15, MAY) probably does not fully portray the location of the whole
popul ation, for some must also be in the Anadyr area at that time; others
are said to penetrate into the western Chukchi Sea as far as Cape Serdtse-
Kamen (Krylov et al., 1964). Mst of the aninmals passing through Bering
Strait inthis nonth are fenmales and young fromthe St. Lawence wintering
area. Those fromthe Bristol-Kuskokwimw ntering area are still noving up
the eastern side of the Bering Sea, into the vicinity of eastern St.
Law ence Island and Norton Sound. Any of the males that have migrated north
with either group seemto nove only as far as Anadyr @Qulf and the Chirikof
Basin, where they congregate on the remaining ice, long after the fenales
and young have passed by.

Fay and Lowy’'s (1981) aerial surveys of Bristol Bay in this nonth, in
both 1980 and 1981, confirned again the presence only of the sumering
cluster of adult and subadult males. The nunbers appeared to be approxi-
mately the same as in April. To the west, another, smaller summering group
of males has recently re-occupied the St. Matthew - Hall Island area (D
Irons, pers. comm.), apparently for the first time in nore than 30 years.

June. --Practically all of the females and young and a few of the
subadult and adult males have passed through Bering Strait by the end of
this nonth. Those remaining behind in the Bering Sea are mainly adult
mal es, who sunmer principally in Anadyr Qulf, Bristol Bay, western Chirikof
Basin, and Bering Strait. Again, the concentration of sightings on the
Al askan side (Fig. 15, JUN) is due principally to shortage of data from
Soviet waters. According to Krylov et al. (1964), about 8,000 males begin
to use the Rudder Spit hauling ground in Anadyr Qulf by the end of this
nmonth, and many of the migrants into the Chukchi Sea have noved as far as
Long Strait by this tine.
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In an aerial survey of Bristol Bay, Fay and Lowy (1981) found the
mal es still abundant and clustered mainly in the northern part of the Bay,
near the Walrus Islands. To the west, D. Irons (pers. comm.) Oobserved
about 400 nmales in the St. MatthewHall Island area, and we saw a few nore
in the vicinity of the Punuk Islands, just east of St. Lawence Island.

July- Sept enber--- Both Soviet and American data have indicated that
practically all of the females and young are in the Chukchi Sea by July,
and that they remain there at |east through September (Fig. 16, JUL, AUG
SEP). They appear to congregate there in two large areas, (1) from about
170°% to the vicinityof Point Barrow and (2) along the northern coast of
Chukotka to Long Strait and Wrangell |sland. Mny of those along northern
Chukotka, at |east as far as Inchoun and Kolyuchin Bay, are males; farther
to the west and north in the pack ice they are nostly femal es and young.
The animals remaining in the Bering Sea at that tine are virtually all
mal es (Brooks, 1954; Fedoseev, 1962; Burns, 1965; Gol’'tsev, 1968).

The results fromaerial surveys in Bristol Bay in 1980 indicated that
the nunmber of males there still was about 15,000 during these three nonths
(Fay and Lowy, 1981). At least 400 males al so have been present on St
Matthew and Hall islands (D. Irons, R D. Jones, pers. comm.), and we saw a
few near the Punuk |slands, as well. At Arakanthechen and Nunyangan is-
| ands, off the Soviet coast, at least 4,000 males and four adult females
were present in 1983 (Fay et al., 1983).

Oct ober. —Sout hward migration of the animals usually begins in this
month (Krylov et al., 1964). The data available up to 1979 suggested that
practically all of the animals that had sumrered in the eastern and western
Chukchi Sea converged on the northern coast of Chukotka before noving
sout heastward toward Bering Strait (Fig. 16, 0CT). That same pattern is
inferred al so by newer data fromthe Soviet side (Fedoseev, 1981).

Fay and Lowy’'s (1981) aerial survey for this nonth in Bristol Bay
i ndi cated a substantial decline in nunber of animals (nales) there. Con-
currently, the nunmber at the Punuk |slands grewto nearly 1,000 (Fig. 17).

Novenber. --The data on walrus distribution for Novenber still are
sparse (Fig. 16, NOV). Up to 1979, nearly all of the information for that
nmonth had been obtained by interview with A askan Eskinos, for there had
been none fromeither aerial or shipboard surveys and none fromthe Soviet
side. W have added to this the observations from an aerial survey of
Bristol Bay (Fay and Lowy, 1981), and from our nonitoring of the autuma
mgration at the Punuk Islands. A high proportion of the 10,000 or nore
animal s arriving on the Punuk haul out were adult fenales, which presumably
swamthere via Bering Strait fromtheir summering areas in the Chukchi Sea.
We know, however, that some of the adult males that arrived there had
mgrated northward, rather than southward, for at |east three of them had
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Figure 16. Distribution of the Pacific walrus population, July
to Decenber. Open circles are from Fay (1982); black dots
are new data from various sources. Size of symbols is
proportional to number of animals sighted.
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been radio-tagged at Round Island, Bristol Bay, a few nonths earlier (J.
Taggart and C. Zabel, pers. commun.). The last of the animals left the
Punuk | sl ands on Novenber 23rd, and the haul out there becane ice-bound the
foll owi ng day.

Decenber. --The distribution in Decenber is practically unknown (Fig.

16, DEC), and we were not able to contribute anything positive to inprove
on that situation.

Time of Mating

The time of mating of walruses is in nmid-winter, rather than in the
spring. This was discovered about 30 years ago, partly as a result of
Fay's (1955) observation that the testes of the mature nales were already
showi ng seasonal retrogression by May, and of Mansfield s (1958) finding
that some adult nales were becomng fertile as early as Novenber. By
tracing the histological stages in the annual spermiogenetic cycle of the
nmal es from Novenber to August, Fay (1982) observed that the adults reached
their peak of fertility about the end of Decenber, apparently were in rut
during January and February, and generally were showing signs of retrogres-
sion as early as March. The adol escent males, conversely, appeared to
reach their peak of testicular devel opnent about two nonths later than the
adults. Thus, assuning that the breeding season nust coincide with the
rut, Fay concluded that the fenal es probably were in estrus in January-
February, rather than in May and June as presuned by nobst previous investi-
gators

The data from fenal es were fewer and | ess conplete, but they were
supportive of the schedule inplied by the males. The ovaries of sone of
the potentially estrous females (i.e., the adults that were not already
pregnant with an advanced fetus) that were obtained by Fay (1982) in Novem
ber, Decenber, and the first days of January contained sone slightly en-
| arged vesicular follicles, which were suggestive of the beginning of
estrus, but none was clearly near ovulation. One of two potentially es-
trous fenmales taken by E. Muktoyuk (Al aska Departnent of Fish and Gane) in
m d- February, however, already had ovul ated approximately 2 weeks earlier;
the other apparently was barren. Three nore taken in late March and early
April by Fay (1982) and co-workers had fully forned new corpora |utes of
pregnancy fromovul ations that had taken place at |east one nonth earlier
That is, these few specinens indicated that ovul ation was taking place
mainly in late January to early February.

Al'though a few fermales taken in April, My, and June had sonme very
large vesicular follicles, suggestive of estrus, they were a distinct
mnority. Practically all of the potentially estrous females taken at that
time already had very large, fully devel oped corpora lutes of pregnancy,
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and in sone cases their enbryos already were beginning to inplant. None
showed any evidence of having ovulated any later than early March. The
results from the females, therefore, also indicated that the breeding
season of the Pacific walrus began in January and ended not later than
early March. Even though a few femal es had cone into estrus after that
tinme, apparently none of them had been bred (Fay, 1982).

The concept of a breeding season in winter was novel and contradicted
all previous reports, notably by Allen (1880), Belopol'skii (1939), Collins
(1940), Nikulin (1941), Freiman (1941), Brooks (1954), Tikhomirov (1964a),
Krylov et al. (1964), Krylov (1969), and Fedoseev (1976). Soviet biolo-
gists were skeptical of the new findings as late as 1976, and they remained
skeptical, even after Gol'tsev (1978) reported that the series of specinens
taken on the first Soviet-American walrus research cruise in Mrch-April
1976 confirmed the existence of an earlier (than March-April) mating sea-
son.

For various reasons, mainly logistic, the investigation of the breed-
i ng season of the Pacific walrus still is inconplete, but the weight of
confirm ng evidence is now nuch heavier and nore wi dely accepted. The
Soviet biologists finally confirmed to their own satisfaction that walruses
breed in winter, not spring, and that they are polygynous, not nonoganous.
That took place during another Soviet-Anerican cruise, in |ate February-
early March 1981. Nearly all of the potentially estrous fenales that were
taken (between 25 February and 10 March) had well-devel oped corpora |utes,
and the advanced devel opnent of those corpora indicated that ovul ati on had
taken place at least 2 weeks to a nonth earlier. A few other females still
had large vesicular follicles in their ovaries, indicating that they were
still in estrus; a few nore were reproductively inactive (barren). During
that sane cruise, additional confirmng evidence was obtained also fromthe
males. Nearly all of the adol escent and adult males taken had spermatozoa
in their epididynides, but the sperns in many of the older adults were non-
motile, indicating that they were no longer fertile. Hgh nmotility of the
sperns in the younger males, however, showed that they still were in an
active state of rut, again confirmng that the adol escent nales come into
rut later than the adults.

Location of the Breeding Areas

We suspect that the males, nost of whom sunmer in the Bering Sea, neet
up with the females, all of whom sumer in the Chukehi Sea, in COctober-
Novernber. That neeting seems to take place primarily in the Bering Strait
region, from St. Lawence, Punuk, and Arakanthechen islands to the East
Cape and Inchoumn hauling grounds. Apparently, it takes place as a result
of the males’ coming northward fromtheir sumrering areas and the femal es
comng southward from theirs. The northward novenent of males on the
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Sovi et side was reported earlier by Soviet biologists, who observed mgjor
shifts of male herds in late sumrer and autumm between the Rudder, Arakam-
chechen, and Inchoun areas (Nikulin, 1947; Krylov et al., 1964; Gol'tsev,
1968). On the Alaskan side, it was detected for the first time during this
study, when nmales radio-tagged in Bristol Bay in summer were sighted at the
Punuk hauling ground in Novernber. About that sane time, a large proportion
of the Bristol Bay males apparently left that area, and they did not return
until March and April (Fay and Lowy, 1981; Fay, 1982).

Their further progress into the wintering areas and in establishing
organi zed breeding groups is unknown, but we presume that the animals are
i nfluenced greatly in both of those events by the devel opnent of the sea-
sonal pack ice. Depending on the tinming and extent of ice formation, the
entire population may be in the Bering Sea and distributed in their wnter-
ing areas as early as the end of Novenber, in some years; im other years,
they nmay not settle into the wintering/breeding pattern until January. To
describe that pattern precisely, however,is not possible at present. Wth-
out fuller information on the nmeans and extrenes of distribution of the
animal s during Novenber, Decenber, and January, we can only guess at their
location in a very general way.

As noted above, practically all of the mating that results in pregnan-
cy seens to take place during January and February and may extend into the
first days of March. W know the general distribution in March with sone
precision and know that it can be related to ice conditions in a predicta-
ble way (Burns et al., 1980; Fay, 1982). Hence, we assume that the north-
south extent of the distribution will tend to increase from January to
March, because of the gradual increase in extent of the pack ice. Because
the variation anmbng years in extent of ice is even greater than that anong
months in this period (Brewer et al., 1977; Burns et al., 1980, 1981), the
estimation of location of the mating herds is nore appropriately |inked
with extent of the ice than with time.

Qur best estimates of the location of the breeding herds under mni-
mal , nmean, and maxinmal extents of winter ice (Fig. 18) are based on distri-
bution in relation to ice conditions, as reported by Wartzok and Ray (1980)
and Braham et al. (1984), as observed and photographically documented
during Kenyon's (1960a, 1972) aerial surveys, and as observed by us and by
J. J. Burns, G C. Ray, R A Ryder, and S. W Stoker (pers. comm.) during
seven different cruises via American icebreakers and Soviet sealers in the
winter ice of the Bering Sea.

The estimate of breeding areas during the miniml extent of winter ice
has nonenpirical basis, for there have been no surveys of breeding herds

under that condition. W have guessed at the |ocation, based on our belief
that the aninmals choose areas that are well within the pack, on the |eeward

side of ice-formng zones. There, divergence of the ice continually per-

79



]

Q

! 00 Mt
00 200 Mites

150 300 km
—

< . E
- o 100 '
. oﬂ 200 Mites
0 130 300&m el
iR o ¢ 11, 50

160°W

\

asKA

100 200 M
it}

130 300km 50"’
M et |

Fi gure 18.

January- Mar ch,
maxi mal
| ocation of

Estimated |ocation of
during mninal

ice edge.

80

(top),
extent of the pack ice.

mating herds (cross-hatched),
medi an (center), and
Dotted line is approximte




mts |leads and polynyas to form and the floes are thick enough to be
supportive and dry. Presence of food in sone abundance nmamy be anot her
factor in selection of an area, but we feel that it is secondary to choice
of the ice habitat.

Apparently, all of the adult females and nost of the adult males are
concentrated in those mating areas, during at least January to early March
There, the females and young tend to stay together in groups of about 10 to
50 individuals, and each of those groups is attended by one or nore large
mature males. Wen the herd hauls out onto the ice to rest, the bulls
station thenselves in the water alongside the floe. There they perform
their courtship displays (Fay et al., 1984). Each display lasts 2 to 3
rein, and consists of an underwater, acoustical portion,in which a series
of pulses (“clicks” or "knocks”) and bell-1ike sounds are nade (Ray and
Watkins 1975), followed by a surface portion, in which the bull raises his
head above the water and enits one or nore single pul ses, then a short,
harsh whistle, before diving again. Each such male displays continuously
for as long as the females remain at rest. Presumably, the displays serve
as advertisement to the fenmales of the males’s sexual readiness and as a
warning to other males in the vicinity to stay awnay. W saw fenal es | eave
the herd and join a displaying nmale in the water. After sone prelimnary
play (nuzzling, nounting), they dove beneath the surface, where copul ation
probably took place (Fay et al., 1984).

When nore than one bull was displaying before a herd of females, each
bul | maintained a distance of about 7 to 10 m from the other(s) and each
performed his displays in a fixed location. Invasion of one male's display
site by another nmale resulted in agonistic interaction, with each nale
visually threatening the other by posturing, showing its tusks. That was
followed by violent fighting and, finally, withdrawal of the “loser”. We
frequently saw bulls with bleeding wounds, which suggested that the fights
between bulls often result in physical injury to one or both of the conbat-
ants (Fay et al., 1984).

The observed ratios of adult nales to potentially available mates in
the breeding areas, fromlate February to early April, have ranged from
about 1 male:5 females to 1:15 (average, about 1:10). Adol escent males were
absent within the mating areas but were abundant outside the mating areas.
Juvenile males up to 6 or 7 years old were nunmerous within the herds of
femal es and young, but they were too immature to function as breeders or to
interact with the adult males.

The adult nales evidently begin to | eave the breeding areas in March,
for they start to re-appear then in large nunbers in Bristol Bay (Fay and
Lowy, 1981). By late April, practically all of the nales that sumer in
Bristol Bay have returned there, presumably from the Bristol-Kuskokwi m
wi ntering/breeding area. The females, by that tinme, have begun their
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northward nigration, and apparently many of the adol escent males, which by
then are in rut, migrate with them

Time and Place of Birth

For a long time, the birth of walruses has been known in a general way
to take place in spring, principally in My, but that know edge was based
nore on inference than on observation (Chapskii, 1936; Nikulin, 1941,
Mansfiel d, 1958; Burns, 1965; Krylov, 1969). Drawing on all available
data, Fay (1982) estimated that nearly all births take place between m d-
April and mid-June, with a probable peak just before the niddl e of Muy. At
that tine, females of the Pacific walrus population are in migration from
the Bering to the Chukchi Sea.

Most of the recorded instancesof births and of newborn (<12 hr old)
calves in the Bering-Chukchi regi on have been fromthe vicinity of St.
Lawr ence |sland, probably because of nore concentrated effort there. A
much broader survey of possible calving areas is needed for further docu-
mentation of both the tine and the place of birth. Qur best estinmate of
the place of birth (Fig. 19), is based on the know edge of distribution in
that period. Because of varying ice conditions, the actual area occupied
in any given year will be |less extensive but will be within the area shown.

Wthin that area, the parturient females are not stationary but are in
motion, slowy migrating fromsouth to north. Their progress is made
principally by swiming, and they haul out frequently on ice floes to rest.
Apparently, birth of the young usually takes place on the ice, not in the
wat er (Fay, 1982). Oten, the fermales giving birth to calves haul out
individually, in isolation fromall other walruses. Qhers may give birth
within herds. Apparently, within a day or two after the birth, the nother
and calf generally join up with large “nursery herds” of other females and
newborn young (Burns, 1965, 1970).

For the first few days or weeks after parturition, the fenale tends
the calf very closely, defending it vigorously, carrying it on her back or
under her armin the water, pushing it into the water ahead of her when
danger threatens, and calling it back or following when it strays. The new
calf probably is tended by its nmother nost closely in the first few days or
weeks after birth. By md-sumer, the calf seens to assune the primary
responsibility for maintaining the maternal bond, by following its nother
closely and calling loudly to her when unable to follow (Gehnrich, 1984).
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Sex/ Age Conposition

Most of our efforts in this part of the study were directed at gaining
under standi ng of the sex/age conposition of walruses sunmering in the
eastern Chukchi Sea. There, they congregate in the transportation corridor
used by vessels traveling to and from the Canadian and Anerican Beaufort
Sea oil fields. There, also, they may eventually be affected by oil explo-
rati on and devel opment activities in the Barrow Arch |ease area

Earlier, both Collins (1940) and Brooks (1954) had indicated that nost
of the walruses taken by Eskinbs in the vicinity of Barrow in July and
August were adult males, though fenales and young were said to linger to
the south, near Point Franklin. Farther south near Wainwight, Burns (1965
and unpublished) found femal es and young abundant in July, and G C Ray
(pers. comm.) found them common also in the ice northwest of there in July.
The inplication of those reports was that sexual segregation prevail ed,
with the males clunmped near Barrow and the females farther south and west,
but this needed clarification. Fromthe herds of ferales and young, we
hoped also to obtain information on survivorship of the young cohorts and
of the recruitment to the breeding population, as explained earlier in this
report.

During our first conpositional survey, via the CGC POLAR STAR on 16 to
28 July 1981, we began by searching the pack ice fromBarrow to 169°w,
using both the ship and its helicopters to probe into the ice up to 75 km
north of its edge. W found a few walruses deep within the pack, but npst
of the aninmals were less than 20 km from the southern edge (Fig. 20).
Sexual segregation within that area was apparent (Table 13). Ml es occur-
red nore often than expected in the groups nearest Barrow (east of 159°W)
and very significantly less often than expected in the farthest west sector
(west of 163°W) (x¥=22.629, 2 d. f., P< 0.001). Throughout the whole area,
nearly all of the groups that we nmet were nmade up only of adult females and
their dependent young

During that survey, we sighted a total of 516 groups of walruses,
containing nore than 5,000 animals. The majority of animals sighted in the
water were in groups of only one or two individuals, whereas nmost of those
on the ice were in larger groups (Table 14). W were able to classify to
sex and age 2,179 of the animals in 324 groups. These included 216 groups
from which every nenber was classified (i.e., “conplete groups”) and 108
for which only partial classification was possible ("incomplete groups”).

We had greater success in classifying groups that were on the ice than
in classifying those in the water. Qur level of success in conpletely
classifying groups on the ice was inversely related to group size; for
in-water groups, the success was disproportionately high for group size 2,
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Table 13. Conparative conposition of walrus groups in five sectors of
the pack ice of eastern Chukchi Sea in late July 1981.°
Tot al Percentage per sex/age class
no. of
Longi t ude ani mal s Fenmal es & young : Subadult & adult males
No. A No. A
156-159% 1235 1136 91.98 99 8.02
159-161°W 177 162 91.53 15 8. 47
163-166°% 313 311 99. 36 2 0. 64

‘Limited to conpletely classified groups on ice. Sanple sizes

were too small in sectors 161-163°W (n=2) and 166-~169°W

(n=3) to be tested by the chi-square nethod, since expected values
for males were <1,

Table 14. Percentage frequency of occurrence of group sizes of walruses on
ice versus in the water, eastern Chukchi Sea, 16-28 July 1981.
G oup size (no. aninals/group)
Location No. of
of group  groups 2 3-4 5-9 10-20 21-50 51-200
On ice 285 10.2 14.4 16.5 22.8 17.5 12.3 6.3
In wat er 231 25.5 38.5 20.8 10.8 3.0 0.8 0.4
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in which cowcalf pairs (which are the nost easily identified) predom nated
(Fig. 21). Apparentlyas a result of that bias, the proportion of calves
in both the completely and the inconpletely classified in-water groups was
five times that fromthe conpletely classified groups on ice (Table 15).
Since we regard the completely classified groups on ice as our most relia-
ble sanple, we rejected the in-water sanple as entirely biased and unrelia-
ble and turned to conparison of the on-ice sanples.

Table 15. Percentages of walruses in each sex/age class per conpositional
sanmpl e, eastern Chukchi Sea, July 1981.

Sex/ age cl ass (yrs)

Type of No. of
sanpl e ani mal s Both sexes Fenal es Mal es
6 and 6 and
0 1 2 3 4-5 ol der ol der
On-i ce:
Conpl etely
classified 1691 3.8 2.3 3.3 4.5 9.8 69. 3 6.9
I nconmpl etely
classified 348 9.2 4.0 3.2 6.0 11.2 55.2 11.2
I n-wat er:
Conpl etely
classified 104 19.2 5.8 2.9 1.9 10. 6 57.7 1.9
I nconmpl etely
classified 36 44.4 16. 7 2.8 5.7 8.3 22.2 0.0

The conposition of the inconpletely classified groups on ice was
simlar to that shown by the conpletely classified groups, but it indicated
a much lower proportion of adult fenales and higher proportions of males
and young animals than did the conpletely classified sanple. This was not
due to disparate sanple sizes but to the field nethod. In nost instances,
we routinely classified the youngest animals first, then the subadult and
adult males, and lastly, the adult females. In doing so, we frequently
were able to classify all or nmpst of the young and the nales but did not
have tine to confirmthat all the rest were adult females, before the group
di spersed. For that reason, we rejected the inconplete sanple as unreliable
and accepted only the conpletely classified groups on ice as being repre-
sentative of the population in the area surveyed.
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The conposition of groups on ice that were conmpletely classified
tended to vary somewhat with group size (Table 16). Animals in the three
youngest age classes did not occur singly, but they were about equally
represented in groups of two or more individuals. Independent juveniles 3
to 5 years old tended to be nost nunerous in groups of 1 to 4 aninals,
usual 'y not including any older or younger individuals. Subadult and adult
mal es were found mainly in the smallest (1-2) and | argest (>50) groups;
adult females were mpst nunerous in groups of 10 or nore. Had our sanpling
of groups of different sizes been very unequal, those variations mght have
bi ased the results of our survey, but we think they did not in this case.
Hence, our findings suggested that the early postnatal survivorship of the
young had fallen toa very low level and that it had been that way for at
least 6 years. Only about 5.5% of the adult fenmles were acconpani ed by
cal ves of the year, instead of the expected 30-35% (Fay, 1982), and the
successively ol der cohorts were even snaller

Table 16. Percentage representation of sex/age classes of walruses in
compl etely classified groups on ice, in relation to group size
eastern Chukchi Sea, 16-28 July 1981

Goup No. of Sex/ age cl asses
si ze ani mal s
0 1 2 3 4-5 M6+ F 6+
1 27 0.0 0.0 0.0 7.4 40.7 14.8 37.0
2 58 1.7 5.2 1.7 8.6 19.0 12.6 51.7
3-4 105 3.8 1.0 4.8 11. 4 13.3 5.7 60.0
5-9 254 3.1 4.3 5.5 6.3 10.6 9.4 60.6
10-15 149 3.4 2.7 2.7 2.0 11.4 6.7 71.1
16- 30 456 3.3 2.0 3.9 4.4 9.2 0.9 76.3
31-50 136 7.4 2.2 2.9 2.9 9.6 3.7 71.3
>50 506 4.4 1.6 1.8 3.0 6.1 11.3 71.9

89



We considered that those results might have been incorrect, perhaps
because our sanple was not representative of the whole popul ation. That
is, we had no basis for assunming that aninmals sumering in the eastern
Chukchi Sea were typical of the entire population. The possibility of
their being a unique group with | ower productivity than the rest of the
femal e popul ation could not be discounted. W clearly needed to survey in
other areas to determine whether the |ow survivorship was popul ation-w de
or peculiar to just the eastern Chukchi group

W sanpled again in the eastern Chukchi Sea in Septenber 1981, via the
N S OCEANOGRAPHER, and during the southward migration in Novenber 1981 from
our field canp on the Punuk Islands. The results were simlar to those
fromthe first survey, except that the proportion of cows with calves
(14.29% at Punuk was higher than in either of the Chukchi surveys. At the
time, we did not know whether that was attributable to its being nore
representative of the population or, perhaps, to its being biased by incom
plete classification and other circunstances, such as segregation. The
|atter seemed especially probable, because the Punuk sanple was nade up of
ten inconplete counts of animals in the periphery of |arge herds, where
femal es with young calves tend to cluster (Popov, 1960; M| |er and Boness,
1983).

The opportunity to sanple both the eastern and the western Chukchi Sea
came in the following sumer, when we were invited to participate in a
joint Soviet-American survey of marine mammals in the entire Chukchi ice
edge. The vessel, K/'S ENTUZI AST, was not an icebreaker but a whale catch-
er, so it was not able to go far into the ice. Nonetheless, with the w nds
fromthe south nost of the tine, the ice was conpacted and the aninals were
abundant in the edge, where they were easily reached. Not only were we
able to cover both the eastern and the western ice, we did so twice, two
weeks apart, and each time with a different group of observers. Qur re-
sults fromthe western part of the Chukchi Sea were very sinmlar to those

fromthe eastern part (Table 17), indicating that the herds in the eastern
Chukchi probably are representative of the whole female popul ation, hence
that the |ow survivorship of young probably was a popul ation-wi de pheno-
menon. As in each of the previous sanples, the 1980 cohort, then2 years
old, was by far the snallest.

Thus, by means of our compositional counts, we confirned that nale
wal ruses are nore common near Barrow than farther west, but we clearly
identified the walruses inhabiting the Barrow Arch | ease area as predom -
nantly adult fenales and dependent young. Judging from the 1975 and 1980
census results in that area, as described earlier, the eastern Chukchi
animals constitute about half of the total female population. W also have
docunented an extrenmely low survival rate of calves that has been taking
place at least since the early 1970's. That poor survival appears to have
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led to very low recruitnment into the breeding population, at |east since
the md-1970's. That |ow recruitnment probably has contributed to the
predom nance of elderly animals in the popul ation.

Table 17. Percentage conposition of walrus herds in the eastern and
west ern Chukchi Sea, July-August 1982.

Bot h sexes (yrs) Mal es Femal es
Area N 6 and 6 and
0 1 2 3 4-5 ol der ol der
East of 170° 1520 11. 2 53 1.1 2.8 5.0 1.1 73. 4
West of 170°w 315 8.5 4.7 1.6 1.3 4.7 9.5 69. 1

Feeding Habits

The information avail able on seasonal and regional feeding habits of
Pacific walruses up to 1978 was reviewed by Fay (1982). Mst of that
information was not very detailed, and nearly all of it was fromthe Bering
Strait region in spring. Some additional spring data from that region were
obtained in the neantine by Lowy and Frost (1981) and by Fay and Stoker
(1982a,b); some winter and spring data were obtained in the southern Bering
Sea by Kibal'chich (1981), by Fay and Lowy (1981), and by us. Lastly, we
recently obtained sone information on feeding habits in summer in the
western and central Chukchi Sea (Fig. 22).

Wnter, Southeastern Bering Sea

During the cruise of the ZRS ZVYAGINO i n February-March 1981, we
observed more than 5,000 walruses in the pack ice south of Nunivak Island
and Kuskokwim Bay. Mbdst of those were fenmales and young, which seened to
be rather synchronous in their feeding, though they did not follow a circa-
dian schedule. A tabulation of our sightings each day indicated that nearly
all of the animals tended to be in the water feeding for 24 to 36 hours,
then to spend 36 to 48 hours at rest on the ice (Table 18). The feeding
forays usually took place about the tinme of passage of a storm front
through the area; the periods of rest were mainly in the periods of fair
weat her between storns.
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Table 18. Daily compilation of sightings of walruses within 1 km of the
ship’s track, inrelation to activity. Animals on the ice were
most sleeping; those in the water were nostly feeding. ZRS
ZVYAGINO, sout heastern Bering Sea, winter 1981.

Wl ruses sighted

Dat e N %2 on ice % in water
25 February 272 98.5 1.5
26 February 169 83.4 16.6
27 February 599 2.0 98.0
28 February 15 100 .0 0.0

1 March 129 94.6 5.4
2 March 369 98.6 1.4
3 March 400 25.5 74.5
4 March 139 76.3 23.7
6 March 63 52. 4 47.6
7 March 13 53.8 46. 2
8 March 231 100.0 0.0
9 March 44 93.2 6*8
10 March 155 36.1 63.9
11 March 63 95.2 4.8
12 March 36 19.4 80.6
13 March 484 51.4 48.6
14 March 2,144 98. 4 1.6
15 March 94 73. 4 26.6
Total s 5,419 73.7 26.3
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From 180 speci nens taken during that cruise, about 120 km of fshore in
waters 25 to 45 mdeep (Fig. 22), we obtained 15 sanples of stomach con-
tents. Al previous winter and spring sanples in southeastern Bering Sea
had been obtained nuch farther south, in deeper water (Tikhomirov, 1964b;
Fay, 1982). About 95% by weight of the foods in the 15 stomachs consi sted
of four kinds of bivalve nollusks: the Al aska tellin (Tellinma lutea), surf
clam (Spisula polynyma), Greenl and cockle (Serripes groenlandicus), and
razor clam (8iliqua alta). The tellins predom nated by far, in both num
bers and weight (Table 19). O |esser inportance by weight but frequent in
occurrence were echiurids (Echiurus echiurus), polychaetes (mainly Nephthys

Table 19. Contents of the stomachs of 15 walruses taken in outer Kuskokwim
Bay, during February-Mrch 1981.

Frequency No. of Wi ght

Kind of prey of occurrence i ndi vi dual s (gm)
Anenones 1 4 13
Pol ychaet es 9 150 254
Echiurids 11 114 813
Snai | s 12 53 87
Tellins 15 4,839 20, 184
Surf clans 15 283 5, 352
Cockl es 12 162 2,221
Razor cl ans 13 229 985
Astarte borealis 2 3 <1
Crust aceans 9 30 52
Meat fragnents 15 3,182
Shel | fragnents 15 59
| norgani ¢ sedi nents 15 1,200
Total s 5, 867 34,402
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spp.), Whel ks (Neptunea spp., Buccinum spp.), and noon snails (Natica spp.,
Polinices spp. ). The stonachs of two 9-nonth-old cal ves contained only
m | K.

Three of the 15 aninmals with food in the stomach were nales; the rest
were fenales. The males that contained food ranged in age from1l to 16
years, and they made up 13.3% of the 24 animals in that age range; none of
the 66 ol der males contained any food. Conversely, the 12 females that had
food in the stomach were randomy distributed throughout the age range of
t he whol e sanpl e (N=90), of which-they made w 12.5% The inplication of
those findings is that the young males feed about as much as the fenal es
during the breeding season, but the adult nales eat very infrequently or
not at all. That inplication was supported further by the shrunken condi-
tion of the digestive tracts of the adult males. The tracts in the |argest
mal es were snaller than those in the adult fenmales and in any but the
youngest (1 to 3 yrs old) of the immture animals. Those shrunken organs
indicated that the adult nales had been fasting for a long tine, which was
indicated also by their Ieanness. The blubber on the adult males was signi-
ficantly thinner than on the adult fenales, even excluding those with a
near-term fetus, which are fattest (Table 20).

Table 20. Conparative thickness of sternal blubber in adult male and
adult fenmale walruses taken in southeastern Bering Sea,
February-March 1981.

Bl ubber thickness (nmm)

Sex N Range Mean S.D.
Mal es 65 15- 54 32.5 8. 25
Femalesl 27 31-54 41.0 6. 70

1 Excl udi ng the pregnant females with a nearly
full-termfetus.

Many of the snails and bivalves in the stonachs were conplete enough
to indicate that the walruses had eaten all of the fleshy parts, not just
the feet or siphons as Vibe (1950), Brooks (1954), Fay (1955), and Mans-
field (1958) had supposed earlier. That is, they had eaten everything but
the shells. Shells were absent , except for a few chips from the edges of
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the valves. Those chips made up only 0.2% of the weight of the ingesta,
whereas the entire shells of the bivalves would have nade up 50 to 75% of
the total weight, had they been eaten. That scarcity of shells was not due
to digestion, for the chips were in virtually undi gested condition. In-
deed, the shells are nore resistant to digestion than are the neats. Fre-
quently, we have found that the shells even of very tiny nollusks pass
through the digestive tract with little change, whereas the neats of even
the largest ones are fully digested.

Wnter, Southwestern Bering Sea

Stomach contents from an unknown nunber of walruses were collected
during the cruise of the ZRS ZAGORSKII in the pack ice of the Koryak-
Kamchatka region in March-April 1980. Those animals were all nales, the
majority of them subadults. Their principal foods were Geenland cockles,
soft-shelled clams (Mya spp.), and possibly razor clanms (Kibal'chich,
1981). Al though some small clans, such as Hiatella arctica and Macoma Spp.
have been reported as abundant in that area, they were not found in any of
t he stomachs.

Spring, Eastern Bering Sea

Bristol Bay.--During our aerial surveys of Bristol Bay in April 1980
and 81, as well as on the cruise of the R'V RESOLUTION there in April 1981,
we observed several thousand males in the water, and nmost of them appeared
to be feeding. Nearly all were adults in small groups of 1 to 7 individ-
uals (mean, 3). W obtained stomach contents from four of those males,
(Table 21).

Table 21. Contents of the stomachs of four male walruses taken in Bristol
Bay, April 1981 (after Fay and Lowy, 1981).

Frequency No. of Wi ght
Kind of prey of occurrence i ndi vi dual s (gin)
Anenones 1 16 1, 806
Polychaetes 3 5 4
Echiurids 1 1 6
Snail s 3 55 146
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Table 21. Continued

Frequency No. of Wi ght

Kind of prey of occurrence i ndi vi dual s (gm)
Tel l'ins 3 2,209 2,921
Surf clams 4 1,013 12,635
Cockl es 2 6 54
Razor cl ams 1 20 219
Mya truncata 2 15 368
Crust aceans 2 6 75
Holothureans 1 3 81
Meat fragments 4 2,177
Shel | fragnents 4 42
I norgani ¢ sedi nents 4 593
Total s 3,349 23,401

The foods in their stomachs were very simlar to those in the winter
sanpl e from Kuskokwi m Bay, except that the proportions differed. Here,
surf clams predom nated by weight, and tellins and hydrozoans nade up nost
of the rest of the identifiable prey. Because these walruses had been
feeding when they were taken, part of their stomach contents was not yet
affected by digestion. Again the fleshy parts of the bivalves were found
to be nearly conplete, but the shells were absent. That is, the walruses
had eaten practically all of the nmeats -- not just the feet and siphons,
but the mantles, gills, viscera, and even the adductor nuscles. Only the
shells were nissing, and their absence clearly was not due to digestion.

Nonet hel ess, digestion apparently had altered the condition of some of
the foods, for the larger neaty parts were nore nunerous in each stomach
than were the smaller ones fromthe sane clans. Noting that, Fay and Lowy
(1981) re-examined the Kuskokwi m Bay sanple and observed that the snaller
tellins were best represented in the freshest sanples, and the larger surf
clans predonminated in the nmore digested sanples, indicating that digestion
had affected the conposition of the stomach contents.
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Nuni vak |sland. —Stonach contents fromfive nale wal ruses taken in the
vicinity of Mekoryuk and Etolin Strait contained mainly tellins, soft-
shelled clans, and sone |arge anenobnes, possibly of the genus Metridi um
(Table 22). Next in order of abundance were razor clanms. In nuch smaller

Table 22. Contents of the stomachs of five male walruses taken in the
vicinity of Mekoryuk and Etolin Strait, Nunivak Island in My
and June 1982 (after Fay and Stoker, 1982b).

Frequency No. of Vi ght

Kind of prey of occurrence i ndi vidual s (gm)
Anenones 2 204 3,500
Polychaetes 2 25 31
Echi uri ds 1 2 25
Priapulids 1 1 2
Brachiopods 1 2 3
Snai | s 24 35
Tel lins 2,671 4,744
Surf clans 3 50
Cockl es 11 122
Razor cl ams 518 768
Mya spp. 176 2,904
Crust aceans 12 13
Holothureans 8 66
Meat fragnents 1,187
I norgani ¢ sedinents 876
Total s 3,657 12,978
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quantities were Geenland cockles, surf clans, holothureans (Cucumaria

spp.), hoon snails, polychaetes (especially_Nephthys spp., Phyllodoce sp.),
and echiurids.

St. Lawence Island.—Stomach contents from 108 wal ruses taken in the
vicinity of Gambell and Savoonga in May and June of 1980 and 1982 suggested
again that walruses in the St. Lawence Island region feed on a very w de
variety of prey (Table 23).

Table 23. Contents of stomachs of 108 walruses taken in the vicinity of
St. Lawence Island, April-June 1980 and 1982 (after Fay and
St oker, 1982a,b).

Frequency No. of Vi ght
Kind of prey of occurrence i ndi vi dual s (gm)
Anenones 10 68 401
Nenert ean 1 1 1
Polychaetes 30 955 1,814
Sipunculids 16 73 257
Echi urids 38 1,209 4,202
Priapulids 59 212 1,419
Snail s 98 1,624 4,146
Tellinids 35 2,696 838
Surf clans 14 551 3,496
Cockl es 91 1,494 24,602
Mya spp. 96 10,102 63,130
Hiatella 8 4,288 2,356
Yoldia 10 104 48
Nucula 1 1 1
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Table 23. Continued

Frequency No. of Vi ght

Kind of prey of occurrence i ndi vi dual s (gm)
Thyasira 1 1 1
Liocvma 3 7 10
oct opus 3 3 10
Anphi pods 7 14 17
Shri nps 35 785 2,641
Crabs 45 230 703
Holothureans 30 61 992
Tunicates 9 22 43
Fi shes 12 811 1,581
Meat fragments 89 8,298
Shell fragments 9 49
| norgani ¢ sedinents 79 17,871
Total s 25,312 138,927

In general, 68% by weight of this sanple was nade up of bivalve
mol | usks, especially of the genera Mya and Serripes. Mst of the other
prey were polychaetes, echiurids, snails, crustaceans, and fishes (sand
lance, Ammpdytes hexapterus). |norganic sedinents nade up nearly 13% of
the total weight.

Nome - King Island. --The stomachs of eight specinmens taken in 1980 and
1982, fromjust south of Cape Nome to the vicinity of King Island, con-
tai ned mainly Greenl and cockl es and soft-shelled clams (Table 24). Tel-

lins, echiurids, and holothureans ranked next; other kinds of prey were
present in trace amounts.
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Table 24. Stomach contents of eight walruses taken fromthe vicinity of
Nome to King Island, May 1980 and 82 (after Fay and Stoker,

1982a,b).

Frequency No. of Vi ght

Kind of prey of occurrence i ndi vi dual s (gm)
Polychaetes 2 7 7
Echi urids 2 40 320
Priapulids 2 5 13
Snai l s 4 21 43
Cockl es 3 1,635 4, 490
Ma 7 515 4,172
Tellinids 3 116 316
Hiatella 1 5 4
Yoldia 2 86 26
Shri mps 2 22 56
Crabs 2 2 6
Holothureans 3 78 850
Tunicates 1 7 12
Meat fragnents 2 125
| norgani ¢ sedi nents 3 1,940
Total s 2,539 12, 380

Bering Strait.--The stonmach contents of 50 walruses taken in Bering
Strait, between Cape Prince of \Wales and the Dionede Islands in My-June
1980 and 82, had the greatest variety of prey (Table 25). Again, clanms of
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the genus Mya predoninated by weight, making up 62.5% of the total; second
in inportance were cockles at 14.4% third were holothureans at 6.5%
Peculiar to this sample were jellyfish (Scyphozoa}, which were present in
consi derable quantities in four stomachs.

Table 25. Stomach contents of 50 wal ruses taken in Bering Strait, Muy-June
1980 and 82 (after Fay and Stoker, 1982a,b).

Frequency No. of Wi ght
Kind of prey of occurrence i ndi vi dual s (gm)
Anenones 6 18 122
Jel I yfish 4 102 510
Polychaetes 17 156 755
Sipunculids 17 356 1,172
Echiurids 12 200 1,179
Priapulids 18 34 478
Snail s 40 539 1,299
Tellinids 14 1,425 618
Surf clans 1 11 50
Cockl es 27 789 12,498
Mya Spp. 49 2,698 54,280
Hiatella 16 2,333 843
Yoldia 2 50 30
Thyasira 1 1 tr
oct opus 9 8 101
Amphipods 2 3 4
Shri nps 2 3 24
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Tabl e 25. Conti nued

Frequency No. of Vi ght

Kind of prey of occurrence i ndi vi dual s (gm)
Shrinps 2 3 24
Crabs 4 16 64
Holothureans 29 387 5,621
Tunicates 1 1 1
Meat fragments 44 2,628
Shel |l fragnents 8 22
I norgani ¢ sedi nents 44 4,525
Total s 9,130 86, 814

Sumer, Chukchi Sea

During the crui se of the ZRS ZYKOVO in Jul y-August 1983, we obtai ned
stomach contents from 40 walruses. Half of those walruses were taken in
the west-central part of the Chukchi Sea, fromjust east of Herald Shoal to
about 55 km east of Wrangell Island (Fig. 22). The other half were taken
along the northern coast of Chukotka, fromthe vicinity of Vankarem to the
eastern part of Long Strait.

The sanple fromthe west-central Chukchi was rmade up principally of
three food types: whole polychaetes (especially mal danids and terebellids),
fleshy parts of noon snails (nostly of the genus Polinices), and strips and
chunks of flesh fromringed seals (Phoca hispida) (Tabl e 26). Sipunculids,
priapulids, crustaceans, tunicates, and fleshy fragnents from pennatularian
pol yps (sea pens), each made up greater proportions of the ingesta than did
the bivalves, which were scarce and nostly of very small size. Mst of the
stomachs contained |arge amounts of inorganic solids (sedinents), but
unfortunately we were not able to nmeasure those amounts. The terebellids
and pennatularians had not been identified previously as walrus foods.
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Tabl e 26.

Stomach contents of 20 wal ruses taken in west-central Chukehi
Sea, July-August 1983.

Frequency No. of Wi ght
Kind of prey of occurrence i ndi vidual s (gm)
Sea- pens 10 unknown 661
Polychaetes 13 2,191 3,293
Sipunculids 7 135 462
Echiurids 4 4 25
Priapulids 4 25 474
Snail s 19 3,246 2,776
Tellinids 1 1 tr
Cockl es 9 61 191
Mya Spp . 1 1 17
Astarte borealis 8 105 18
Yoldia sp. 1 9 4
Nucula sp. 3 3 tr
Nuculana sp. 8 39 1
oct opus 9 8 172
Anphi pods 1 2 1
Shri mps 6 50 83
Crabs 16 243 277
Tunicates 3 112 562
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Tabl e 26. continued

Frequency No. of Vi ght

Kind of prey of occurrence i ndi vi dual s (gm)
Seal 3 3 2,345
Shel | fragnents 8 19
Total s 6, 238 11, 308

The nearshore sanple from northern Chukotka was made up about equal |y
of polychaetes, priapulids, snails, bivalves, tunicates, and seal flesh
(Table 27). As in the nore northern sanple, the polychaetes were nminly
maldanids and terebellids, the snails predonminately Polinices, and the
seals were ringed seals. Crustaceans were abundant but tiny.

Al t hough bival ves and snails were by far the nost abundant prey, they
were nostly of very small size. The nmean weight of the bivalves was |ess
than 0.2 g. Even so, the nmeats had been neatly separated fromthe shells,
with the exception of sone of the smallest clans of the genera Nucula and
Nuculana, whi ch had been swal | owed whol e.

Table 27. Stomach contents of 20 wal ruses taken along the northern coast
of Chukotka, from Vankaremto Long Strait, July-August 1983.

Frequency No. of Wi ght
Kind of prey of occurrence i ndi vi dual s (gm)
Polychaetes 14 495 1,334
Sipunculids 3 18 53
Echiurids 11 12 35
Priapulids 14 387 1,247
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Table 27. Continued

Frequency No. of Vi ght

Kind of prey of occurrence i ndi vi dual s (gm)
Snai | s 19 1,674 1, 489
Tellinids 16 2,096 386
Cockl es 12 249 245
Mya Spp. 6 65 157
Hiatella arctica 2 2 2
Astarte borealis 13 3,335 337
Yoldia sp. 6 379 52
Nucula sp. 2 2 tr
Nuculana sp. 1 1 tr
oct opus 1 2 4
Cunaceans 3 51 5
Amphipods 12 86 36
Shri nps T 31 82
Crabs 9 146 217
Holothureans 1 8 120
Tunicates 12 954 1,057
Seal s 2 2 2,344
Meat fragments T 42
Shel | fragnents 6 12
Total s 9,997 9,244
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The high proportion of seal-eating walruses in these summer sanples
fromthe western Chukchi Sea is remarkabl e but perhaps not unusual. The
only previous data from that area were collected by Krylov (1971) nearly 20
years ago, and in his sanple of 35 stomachs, he found 3 that contained sea
flesh. Although seal eating is regarded as unusual in the Bering Sea
(Lowy andFay, 1984), it maybe a very comon practice in sumrer in the
west ern Chukchi Sea, where the benthic prey appear to be nostly very tiny.
Seal eating generally has been regarded as a masculine habit in walruses,
but only three of our five seal eaters were males; the other two were
fenal es. Chapskii (1936) al so observed that both nmales and femal es were
feeding on seals in the Kara Sea in summer.

Amount Eaten in Relation to Age, Sex, and Season

The quantity of food consunmed by a single walrus per day or for a
| onger period of tine cannot be measured in the natural environment at
present. For that reason, we turned to the records of food intake by
wal ruses reared in captivity, for they at least provide a tangible basis
for estimating the intake by wild walruses (Fay, 1982). Many wal ruses have
been reared successfully in captivity in the present century, sone of them
to nmore than 20 years of age. Two pairs at Marineland in California also
have reproduced several tinmes, for the first tine in history. The daily
feeding records for those pairs and their surviving offspring, from 1974 to
1982, were nmde available to one of us (PHG) by the managenent of that
facility.

The kinds and quantities of foods eaten by each of the Marineland
wal ruses was recorded after each feeding bout. The animals were fed vary-
ing proportions of whole, oily fishes and shucked (shell-free) clans.
Converting those foods into gross caloric content, we estimated that the
wal ruses consunmed energy at nean annual rates rangi ng from about 25,120
kcal/day in a 2-year-old female to 70,310 kcal/day in an 18-year-old nale.
The annual nean of daily intakes increased with age at about the sane rate
in both sexes, up to 7 or 8 years. Fromthat point, their consunption
rates diverged, the females’ tending to level off, and the nales’ rising
again until about 15-16 years of age, before leveling off (Fig. 23). Fe-
mal es consumed nore when pregnant or |actating than when non-pregnant or
non-lactating. Even so, they usually ate less than the adult nales.

The body weights of walruses reared in captivity do not differ from
those of wild walruses (Fay, 1982), hence we assuned that the total body
wei ght (TBW) of each of the Marineland ani mals was about the sane as the
mean TBWfor wild walruses of the same age and sex. On that basis, we
estimated their daily intakes of energy per unit of body weight. Those
estimates ranged from about 240 to 470 kcal/kg’/‘TBW per day (Fig. 24).
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The highest intakes per unit weight were in the youngest, grow ng indivi-
duals; the lowest were in the mature adults

The young aninals’ daily intake of energy was conparatively uniform
t hroughout each year, at least up to 4 years of age; it becane nore varia-
ble after that time (Fig. 25). The variation in later years apparently was
correlated mainly with reproductive status. For exanple, the daily energy
intake of the adult fenmales usually dropped to zero for several days about
the time of estrus, then rose again to the previous level. The males also
fasted during those days of the females’ estrus (Gehnrich, 1984). Fol | ow
ing estrus and mating, the females’ consunption of energy increased steadi-
1y through the spring, summer, and fall, usually reaching its maxinumin
m d-term gestation (Novenber - Decenber). The nmean rate of intake during
that md-termnmaxinumfor the two females in five different pregnancies
ranged from about 52,500 to 69,300 kcal/day. For the next 4 or 5 nonths,
feeding rates decreased again somewhat erratically, then fell to zero for
several days about the tine of birth. It usually renmained very |ow and
very erratic for sone days or weeks thereafter. Oten there was a brief
period of fasting also in August, about the tinme of the post-partum estrus
(cf. Fay, 1982). After that, the trend was upward to a new | evel that
persisted with little change through the rest of lactation.

The mean daily energy intake during each of those five pregnancies,
fromthe tine when the intake began to increase in April or My, until it
fell off a year later at calving, ranged from 49,250 to 57,960 kcal/day
(Table 27). Those intakes anpunted to 40 to 50% i ncreases over the neans
for the sanme aninmals when they were non-pregnant and not |actating
(Gehnrich, 1984). The femal es al so consunmed about 50% nore energy when
lactating than they did when not pregnant or lactating. Their intakes
during the first year of lactation ranged from about 50,480 to 55, 500
kcal/day. |mmediately after separation fromthe calf, their intakes fel
to the nornmal non-pregnant, non-lactating |evel

The mal es’ energy intakes al so became very unstable and variable in
adulthood. Both of the nales as adults tended to eat very little during a
3- to 5-nmonth period in the winter (Fig. 26). On many days in that period
they ate nothing. That intermittent fasting took place from Decenber or
January to April or My, corresponding to the time of rut in the wild
males. It took place slightly earlier in the old than in the young nale.
The younger male was nearly 7 years old when he started this fasting, but
it was rather brief and unrenarkable until his 10th winter. At that tine,
he first bred the female successfully.

In both nales, the fasting has tended to increase in intensity and

duration each year, as they have grown older. Al though they have eaten
| ess each year during the breeding season, they have counterbal anced that
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Table 28. Mean daily energy intakes by pregnant and lactating fenale
wal ruses at Marineland. Intakes by the sane individuals when
not pregnant or l|actating are shown for conparison.

Mean energy intake (kcal/day)
Age of
femal e
(years) Non- pr egnant ,
non—-lacteal Pr egnant Lactating

Female A
7 43,011
8 40,995
9 33,685
10 50,787
11 50,477

13 49,250

Fermal e B
13 57,963
14 54, 764
16 50,873
17 55,498
19 36,834

20 52,385
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by steadily increasing their energy intake outside the breeding season
(Gehnrich, 1984). Like the females, their maximal intake during the year
has tended to be in Novenber-Decenber, which corresponds to the tinme of the
autumal migration of the wild walruses

Resﬁzﬁsgs to Man-nmade Disturbance

Man- made di sturbances apparently are perceived by walruses principally
through the senses of smell, sight, and hearing. That their sense of snel
i s keenest.is suggested by their quick response to odors at great distances
and in the absence of other stinuli (Loughrey, 1959). Their hearing also
is keen. “One needs only to step onto the ice and take several steps,
whereupon all of the resting aninals are awakened, as if by command” (Bel'-
kovi ch and Yablokow, 1961:55). But it is common know edge that vision is
poor and that they do not respond in the same way all of the tine.

On ice or on shore, males tend to be less shy than females and indi-
vidual s less shy than groups. Weather appears to play a part in affecting
the response. The aninmals appear to be nore alert in windy or storny
conditions than in fair weather. The length of tine that they have been
out of the water also seens to play a part; that is, they seemto be nore
easily frightened when they first haul out than after they have been out
for a few hours. In the water, where they usually are awake and alert,
they tend to be nore trusting, evidently feeling nore secure there than on
land or ice (Fay and Ray, 1968). Their responses to disturbance when in the
wat er appear to be nmuch nore predictable than on ice or land. Visually,
they appear to be influenced in their response not only by the distance of
the disturbing object fromthem but by its shape, size, and notion.

Femal es with cal ves appear to be the nost sensitive to disturbance
(Popov, 1960; Salter, 1979; MIller, 1982), and aninals lying on shore are
nmore sensitive than those lying on the ice (Loughrey, 1959). Di st urbance
of animals on ice or on shore usually leads to tenmporary abandonnent of the
haulout; i.e., the aninmals withdraw to the conparative safety of the water.
Chronic disturbance may |lead to pernmanent abandonnment of the haulout (True
1899; Bissett 1968 in Salter, 1978; Gol'tsev, 1968, 1975a). |n Chukotka,
several forner haulouts are no longer in use, apparently because of persis-
tent disturbance by ships and aircraft. St anpedes from a haulout can
result in trauma-induced abortions, injuries, and death (Tomilin and Ki-
bal'chich, 1975; Fay and Kelly, 1980).

In this project, we did not experinent with any of those conditions

but did make some effort to observe closely and record our observations, in
the course of our other work. Qur results were as foll ows:
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On Ilce, in Wnter

During the cruise of the ZRS ZVYAG NO (Feb-Mar 1981), we observed
that, when the ship was breaking ice and approaching the wal ruses upw nd,
t hey appeared to awaken when the ship was up to 2 km away. Evidently they
were awakened by the sound al one, since they could not have snelled it
upwi nd and coul d not have seen it when asleep. We also observed that the
animals were less easily awakened when the ship was operating in open water
than when it was breaking ice. That is, the walruses appeared to be
reacting nore to the sound of the ice than to the ship's engines. O her
pinnipeds of the pack ice al so appear to be alerted nore by the sound of
breaking ice than by the steady, |ow frequency sounds of diesel engines

When first awakened by the approaching ship, the adult males usually
just raised their head, |ooked at the ship briefly, then lay down again
until the ship was within about 100 to 300 m Then, they usually | ooked
again before going into the water, w thout hesitation. G oups of females
and young were nmore wary, usually watching the ship's approach to about 0.5
to 1 km whereupon they entered the water and swam away. A sinilar differ-
ence between sexes was evident when the hunters approached the aninals on
foot over the ice. By approaching upwi nd and taking cover behind ice
ridges, they frequently approached within 2 or 3 mof sleeping nales, but
they rarely cane closer than 20-30 m of fenmles and young

On Ice, in Spring and Summer

From the CGC POLAR STAR in the open pack ice south of St. Law ence
Island in May 1980 and in the Chukchi Sea in July 1981, we observed that
the herds of fermales and young could be approached upwind by the ship in
open water at very slow speeds (3-4 kt or less) usually to within about 200
m When approached faster (6-12 kt), the walruses left the ice at distan-
ces of 5-600 m ahead of the ship, indicating that the speed of the distur-
bi ng object was a factor in their response. Since we could hear the throb
of the ship’s engines up to 5km away, we assunmed that the animals could
hear it at least as well. Hence, the inescapable conclusion was that the
wal ruses were not frightened as nmuch by the sound of the ship as they were
by the nearness (sight) of it (or a conbination of those).

On downwi nd approach in open water, however, the animals left the ice
at distances of 1.5 to 2 km apparently irrespective of the ship' s speed
(Table 29). Several times, we also observed that herds at those distances
entered the water and swam away when the exhaust cloud fromthe ship's
stack crossed their position. That is, the inportance of odor as a stinu-
lus was comfirmed as forenost. \Where odor was the primary factor, the
animals fled at distances about ten times those from upw nd approaches,
where only sight and sound could have played a role.
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Table 29. Flight distances (neters) of walrus herds when disturbed by the

ship, its helicopters, and two types of small boats, during the
cruise of the CGC POLAR STAR in the open ice of the Chukchi Sea,

July 1981.
Direction of approach

Vehicl e N Upwi nd N  Downwi nd Remar ks
Ship 5 100-650 4  1500-2000 Speed <3 kt
Shi p >5 500 Speed >5 kt
Survey boat 4 40- 60 1 600 Al slow speed
Zodi ac 5 10- 20 2 200- 300 Wth engine
Zodi ac 2 1-3 Wth paddl es
Hel i copter 3  400-600 7 1000- 1800 Al titude 500 ft

W observed a simlar differentiation among their responses to odors,
sights, and sounds when we were working anong the herds with small boats.
Wth slow, upwi nd approach, the 30-ft Arctic Survey Boat could go within
about 60 m of the herds, without causing any apparent disturbance. But
with downwi nd approach, irrespective of speed or sound, the animals took
flight at distances of 5-600 mor nore. On several occasions, observers in
a Zodiac were able to paddle upwind to within 1-3 m of drowsy animals
without alerting them however, with the outboard engine running, 25 m was
the mniml distance upwi nd before the aninmals were aroused and began to
flee. Downwi nd, even the Zodiac caused sonme herds to flee at 300 m or
more, especially when the boat was noving at noderate to high speeds.

During the cruise of the K/'S ENTUZI AST in the Chukchi Sea in July-
August 1981, the herds again appeared to be aroused and to respond to the
approach of the ship at significantly greater distances downw nd than
upwi nd (Table 30). The distance at which they responded when the ship
approached them across the wind was virtually the sane as upwind. That is,
where the sense of snmell could not possibly have contributed to the ani-
mal s’ assessnent of the source of the disturbance, their flight distance
tended to be about half to a third as great as it was when odor was a
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factor. That difference was not as great as was neasured fromthe POLAR
STAR, possibly because the ENTUZIAST was a much smaller, less snoky ship.

Those findings suggest that the intensity of the aninals’ response
varies with the size of the vessel, as well as its direction and speed, and
that the response is least to sight and sound and greatest to the conbina-
tion of sight, sound, and odor. For audible cues, the quality of the sound
seens to be important. Lowfrequency, diesel engines appear to cause |ess
di sturbance than high-frequency outboard engines. The sound of aircraft
engi nes and the sight of an aircraft noving rapidly overhead appear to be
particularly disturbing.

Table 30. Flight distances (neters) of walruses when they were approached
upwi nd, crosswind, and downw nd by the K/'S ENTUZIAST in the ice
edge of the Chukehi Sea, Jul y-August 1982.

Direction of approach

Statistic Upwi nd Crosswi nd Downwi nd
N 39 49 21
Range 15- 300 7-400 8- 800
Mean 70.8 93.8 206. 6
Std. error 12. 06 12. 21 49. 29
95% conf. |lim 46.7-94.9 69. 4-118.2 108. 0- 305. 2

On Shore, in Spring, Summer, and Fall

At Cape Seniavin in Bristol Bay, we observed a herd of about 1,000
mal es at rest on the beach at 1000 hours on 8 April 1981. Wthin 8 hours,
that number was reduced to zero by the passage of three fixed-wing aircraft
and one helicopter, each at “sight-seeing” altitudes of 60 to 80 m By
0800 hrs on 9 April, about 100 animals were back on the haulout, but about
hal f of them left when another fixed-wing craft passed them at |ess than
100m. About 100 were present also at 1100 hrs on 10 April, but those were
stanpeded into the water about an hour later by another passing aircraft.
By evening, only 30 animals had returned, and they did not stay |ong.
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On the Punuk Islands in Cctober-Novenber 1981, we observed only one
man- made di sturbance of herds on the beach. That happened on 8 Novenber at
0845 hours, when a twin-engine aircraft made three passes over the wal ruses
at an altitude of about 60 m At that tine, there were about 4,500 animals
on the beach. About 1,000 of themraised their head when the aircraft
passed, but less than 100 of themwent into the water. That same day, two
other aircraft passed within hearing range but caused no apparent response
among the wal ruses.

nWater, All Seasons

Wal ruses in the open water , unlike the animals on the ice, usually
showed little concern about an approachi ng vessel, unless the ship was
about to run over them At that, they sinply dove and swam off to the
side. Oten whena ship was stationary, walruses swamto withia 20 m of
it. Frequently, they dove under it and enmerged on the other side, appar-
ently nmore curious than concerned.

Walruses in ice-covered waters, however, often scrambled rapidly onto
the ice, rather than diving under it, when a ship was breaking ice toward
them That kind of response appears to be comon anong pinnipeds i nhabit-
ing the pack ice, for we have seen it in neetings not only with walruses
but with both ringed and bearded seals, as well. The reason for it is
unknown, but we presume that it has survival value in the pack, when the
Ice is conpacting, breaking, and ridging under pressure

The Consequences of Disturbance

To estimate the consequences of man-made disturbances on walruses is
difficult. Certainly they range fromvery minor to najor, depending on the
circunstances. The nost obvious possibility of potentially major inpor-
tance in our experience was the abandonnent of dependent young, which
probably starve to death. O nore than 300 groups on the ice that were
frightened by the ships and put to flight, only three groups left a calf
behind and did not return to retrieve it while we had themin view Ear-
lier, Fay (1982) had observed during the spring walrus hunt at St. Lawence
Island that six calves were abandoned when some 50 herds of fenales and
young were driven off the ice by hunters. This is a nuch higher rate of
abandonnment per group, but it may not have been higher per individual, for
the herds tend to be larger in spring than in other seasons

If the shipping traffic is heavy enough through an area in which
wal rus herds are concentrated, the nurmber of calves abandoned presumably
will be a multiple of the nunber of ships passing. For exanple, in the
shipping lane fromlcy Cape to Barrow, where walruses can be abundant in
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July to Cctober (Fay, 1982), the effect could be significant. The numrber
of abandoned calves in that area has been unusually high over the past
three years, according to reports fromthe North Slope Borough and U S
Fish and Wldlife Service. Possibly, this can be attributed to that kind of
di sturbance, with increased shipping to and from the Beaufort oil fields.

W do not know whet her abandonnent is likely to take place nore often
or with greater effect in one season of the year than another. Not enough
is known yet about the possibility of seasonal changes in strength of the
cowcal f bond. From studies of walruses in captivity at Marineland and
fromour nore extensive but less rigorous observations of wild fenmales with
calves, we judge that the probability of the nother’'s abandoning a calf
increases with time after birth. That is, the bond appears to be strongest
in the beginning, when it is maintained primarily by the mother. Wth
passage of time, the calf apparently assumes increasing responsibility for
mai ntaining it by following closely and vocalizing when in need of assis-
tance. Thus , we think that the probability of abandonment is |ess during
the calving period than it is later in the year. This needs to be exanined
more thoroughly, however.

Anot her, related consequence of disturbance in the Chukechi ice is
predation by polar bears (Ursus maritimus). We observed one incident of
that type, when a calf was captured froma ship-disturbed herd by a bear
The bear apparently had been stalking the walruses and had lain in anbush
behind an ice ridge on an adjacent floe. At the instant when the disturbed
herd was entering the water, the bear |eaped to their floe, took the calf
inits mouth, and carried it away sone distance before killing it with a
bite to the head. Whether the bear could have caught the calf without the
*'aid* of the ship, of course, is not known. Apparently, the bears in their
own hunting for young wal ruses routinely rush the herds and stanpede them
into the water, relying on sonme calves being left behind (Nikulin, 1941,
pOpOV, 1958, 1960b). W observed that a calf was the last to enter the
water in 6 of 84 herds put off the ice by ships, and we assume that sone
bears would not fail to nmake use of that advantage. Sone of the bears in
t he Chukchi Sea are notoriously unconcerned by ships and tend to occur in
some nunbers in the vicinity of the shipping lanes and the walruses on both
the Soviet and Anerican sides.

Finally, the questionof interference of nan-nmade disturbance wth
mating activities in the wintering areas renmins unanswered. W assune
that some inhibition of communication through garbling or “drowning out” of
underwat er vocalizations could take place, as it does in harp seals (Ronald
and Dougan, 1982), if the noise |level were high enough. Mansfield (1983)
suggests that the noise alone may be sufficient to drive the aninmals out of
areas where oil and LNG devel opmental activities are intense
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DI SCUSSI ON° AND CONCLUSI ONS
Denographic History

Under st andi ng of the popul ation dynamics of large, wild manmals has
advanced greatly in recent years (e.g., see Fowler and Smth, 1981), and
the walrus can now be placed in that context. Like other K-selected spe-
cies, walruses are long-lived, slow to mature, and have |ow fecundity
whi ch must be coupled with very high survivorship. The social, reproduc-
tive, and denographic sinmlarities of Pacific walruses to African ele-
phants, for exanple, are striking (Table 31). Although the elephants have
a much longer life-span than the wal ruses and consequently nore prol onged
devel opnent, the sinmlarities between them otherwi se are nuch greater than
their thick skin and long tusks. Both require about 15 to 35%of their
potential longevity to reach maturity; both have long intervals between
single births, becomng longer with age; the calves of both are weaned at 2
or nore years, and whereas the young females remain with the adults, the
young males leave and form all-nale groups about the time of puberty. The
basi ¢ social groups of both walruses and el ephants are matriarchal, consis-
ting mainly of adult females and their young; small groups of males often
are bimodal in age, with one old male and thé rest much younger; single
femal es usually are very old, but single nales can be of any age; adult
survival in elephants is fixed at an extrenmely high rate, and we surnise
that the same is true also in walruses

Popul ations of large mammal s, when in equilibrium can weather minor
changes in their environment very well, because of their very high adult
survival rates (Goodrman, 1981). Their late maturity and very low recruit-
ment rates, however, place them at a distinct disadvantage when ngjor
environnmental changes take place suddenly, for they usually are unable to
respond quickly enough to adapt to them This is because their popul ations
in equilibriumtend to be made up mainly of old animals which reproduce
very infrequently. Such a population is very susceptible to over-harvest-
ing, especially of adult females, for it is incapable of reproducing rapid-
ly to conpensate for the nortality (DeMaster, 1981; Goodnan, 1981; Murphy
and Jarrell, 1983).

We surmise that the primtive, pre-exploitation popul ation of Pacific
wal ruses also was in equilibriumwith its environment, and that it mnust
have been doninated by elderly, conparatively unproductive aninmals. W
think that it was not greatly affected by the catches of the Russian
merchant conpanies in the 126 years before the sale of Alaska to the United
States, for they took only about 45,000 aninmals, or an average of about 360
animal s per year. That could not have had nuch inmpact on the size of the
primeval population, but at times it might have altered the sex ratio
sonewhat, because the catches were mainly of adult males. The succeeding
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Table 31. Conparative social, reproductive, and denographic characteristics
of Pacific walrus and African el ephant popul ations

Char act er El ephant s VMl ruses
1st breed 12-23 yrs 4-11 yrs
Calving interval 3-9 yrs 2-5 yrs
Gestation 22 nos 15 nos
Cal ves/birth 1 1

Weani ng 2 or nore yrs 2 or nmore yrs
Mal es | eave at age 8-10 yrs 5-7 yrs
Basic social group 2-29  $Rsyg 2-5 99%yg
Adult survi val 94-96 % ~95 0@
Longevity 60-70 yrs 30-40 yrs

Lrron Laws et _al. (1975), Laws (198la), Fay (1982 and unpubl. data).

catches by the Yankee whal ers, conversely, nust have had a catastrophic
effect, for they were directed principally at the npst sensitive part of
the population (the adult ferales), and they amounted to renoval of at
| east 130,000 in 12 years (average, 11,000/yr). By the time the whalers
stopped their catching, the walrus popul ation apparently had been brought
to extreme depletion, for even the strategically situated wal rus-hunting
Eskimos of the Bering Strait region starved to death in large nunbers.

The whal ers’ reduction of the population also changed its age conposi-
tion by renmoving principally the older adults (for their large tusks) and
| eaving the younger aninals. W think that, in doing so, they nade it nore
resilient and more responsive than it was before, for in its reduced state
it was broadly based in the younger, nost productive age classes. Hence,
it probably was on the increase again by the nmid-1880"s, when the whalers
had all but ceased their catching.
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The popul ati on was subjected to further pressure, however, about a
decade later, when the arctic traders began their work. And they continued
their taking, well into the present century, again mainly of the ol der
animals. During their 30+ years of commercial harvesting, the traders
certainly depressed the popul ation, but because of its youthful ness and
resiliency, they may not have depleted it to as great adegree as the
whal ers had, for the walrus-hunting natives at the sane tine were stil
getting their subsistence harvests, without registering any major com
plaints of the population's being depleted, at least until the 1920’s. The
traders, by directing much of their taking at first on the adult males in
the southern Bering Sea (whose ivory and hides were nost marketable),
actually may have contributed to the population’'s eventual recovery by
hel ping to restore its proper sex ratio. And when they |lowered their
pressure on the walruses in the early 1920's, the population nust have been

still broadly based, wth a high proportion of young, productive fenales.
We surmise this because it evidently recovered very rapidly and probably
was still in a steep clinb when the Soviets began their intensive harvest-
ing in 1931

Al though the harvests by the Soviets were nearly aslarge as those by
the Yankee whalers', they did not bring the popul ation down asrapidly,
probably because of itsyouthful resilience. That is, the aninals were
better able to withstand the excessive catches, because their productivity
was very high. Eventually, the population was depleted by those harvests,
perhaps to the lowest level in history, but in that depleted state it
evidently naintained its youthfulness and productivity, for it “expl oded”
when the Soviets lowered their pressure on it around 1960. That explosion
took about 20-25 years, which probably was prolonged somewhat, because the
animals still were being cropped at a low rate. The growh of the popul a-
tion during that tine was aided in part also by a reversal of the sex ratio
of the catches. On both sides of the Bering Sea, the earlier catches had
been mainly of fenales, but by the early 1960's they were changed by regu-
lationin both Alaska and Chukotka to about 75% males (Burns, 1965, 1973
Krylov, 1968). We and Lowy et al. (1980) think that the food supply also
played a part in helping the rapid response. For a long tine, the walrus
popul ati on had been too small to place much pressure on its food resources
and was not using themat all in sone areas. That the walruses were nuch
fatter in the 1950’s and 60’s than they are now speaks of a greater abun-
dance and/or better quality of food in those years.

By the mid- to late 1960's, wal ruses were re-appearing i n places where
they had not been seen for 25 to 40 years. That re—expansion into their
former range apparently continued well into the late 1970's and early 80's.
It may still be underway. At the same time, the results of both the Soviet
and American aerial surveys indicated a rapid increase in nunbers. The
rate of increase appeared to be nore rapid than was possible, according to
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Kosygin (1975), Estes and G lbert (1978), and De Master (1984), but we
think that the data were not interpreted correctly. Only the Soviet esti-
mates of nunbers on their side of the Bering and Chukchl seas appear to
have been conparable from year to year, and they suggested about a 7% rate
of increase in the 1950's and 60’s (which is plausible: cf. Mansfield,
1966) and a decelerating rate thereafter. The estimates of the total
popul ation, which were generated fromthe American surveys up to 1972 and
fromthe joint surveys in later years, suggested a nuch higher rate of
increase, but we feel that all or mobst of that “higher rate” was due to
changes in the American census nethods, equipnent, and anal ytical proce-
dures.

The expansion of range and Increase in size of the population were
acconpani ed by a gradual shift upward in average age and downward in physi-
cal condition, fromprincipally fat, young adults, to lean, old aninals.
The change in condition apparently was the result of gradually increasing
pressure on the food supply; the increase in average age is attributable to
declining recruitnent. The two causes probably are |inked, for reproduc-
tion of mammals is influenced by nutrition. Because female walruses becone
l ess and less productive as they grow older, this was a self-reinforcing
process, resulting in everlower productivity and recruitnent. W believe
that the population reached its maximal size in the late 1970's, being very
[ arge but nade up nostly of rather ol d-aged aninmals. By 1980, the recruit-
ment was extrenely |low and fecundity began to vary widely fromyear to
year. We think that for nost of the fenales to have becone synchronized
into a high production node in some years and unusually |ow production in
ot hers woul d have been extrenely inprobable, unless there had been sone
extraneous, synchronizing factor. W suggest that the factor was di sease
and that the newy discovered calicivirus of walruses (Smith et al., 1983)
was the agent. Neutralizing antibodies to that virus were detected at
titres of 1:10 to 1:20 in 3/40 animals (7.5% sanpled in 1976 and at 1:10
to 1:80 in 17/173 (9.8% in 1981 (lbid.; Smith, Fay, and Skilling, unpub-
lished). That increase probably was not significant but illustrates the
fact that the virus was w despread in the population. The virus is closely
related to the San M guel sea lion virus (SMSV) and vesicul ar exant hena of
sSwi ne virus (VESV), known or inplicated as a cause of abortion and other
pat hol ogi ¢ conditions. W suppose that it could have |owered reproductive
success enough in one year (19807?) to cause synchronous production by a
hi gh proportion of females in some subsequent years

The very low recruitment that we have detected in our conpositional
surveys also is difficult to rationalize as a function of age alone of the
mot hers. It appear to have been significantly below the predicted level, at
l east since the md-1970's. It seens to be a result of extremely poor
survivorship of calves, and about two-thirds of the calf nortality seens to
have been taking place in the first 2 nonths after birth. H gh infant
nortality is not unusual in sone other pinnipeds in the first few weeks
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after birth. Although it seems exceptional for walruses, the conparative
basis for that judgement was gained during the rapid growth of the popul a-
tion in the 1950's and 60’s, and it may have been representative only of
that growth phase. That is, high infant nortality may be perfectly norma
for a walrus population when it is at or near K.

The progress of the population into the future is difficult to pre
dict, without sone modelling. Since the late 1970’s, the wal ruses have
shown distinct signs of decreased fertility, highly variable fecundity,
poor recruitnment, declining physical condition, change in feeding habits,
increase in average age, and increased natural nortality, all of which are
characteristic of stabilizationor decline (Eberhardt and Siniff, 1977).
We think that the population already reached its peak in the late 1970's,
and that it is on the way down again at this tinme. That its decline
al ready has begun is suggested by the somewhat larger cohorts of young
since the nadir in 1980, by the Eskinos’ reports of increasing fatness, and
by an apparently declining annual nortality on the Punuk I|slands. W think
that the population will continue to decline for some years, because the

recruitnent still is very low, the catches on both sides of the Bering Sea
are still going up, and many of the adults are nearing the end of their
natural |ife-span. The fecundity rate probably will continue to decrease

for sone years yet, for the mgjority of fenales are well past their prine
and capabl e only of producing |ess, not nore each year. But calf surviva
probably will rise markedly and soon result in substantial increases in
recruitnent. Meanwhile, the population will continue in a dowward trend,
until the new recruits are abundant enough to produce cohorts sufficiently
large to counterbal ance the high nortality.

Distribution and Mvenents

In our efforts to fill the gaps in the distributional infornation for
the Pacific walrus population, we acconplished much | ess than we had hoped
for in the autum-winter period. That gap may renmin forever, if a speci-
fic effort is not made to fill it.

W were able to confirmthat the southeastern wi ntering-breeding area
lies well inside the pack, in the ice-generating zone of that region, and
that the sex ratio of adults in the breeding herds there is about 1 male:10
females, as it is in the north-central (St. Lawence) breeding area (Fay et
al., 1984). W assume that the breeding males in the southeastern winter-
ing/breeding area are those that summer in Bristol Bay, for Fay and Lowy
(1981) learned that they leave the Bay in autum and do not return until
after the breeding season has ended. W also |earned that some of those
mal es come at least as far north as the Punuk Islands in autumm, presunably
to meet up with the southbound females, before the beginning of the breed-
ing season. The Rudder and aArakamchechen males on the Soviet side appar-
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ently perform the same kind of reverse migration in autum (Nikulin, 1947,
Krylov et al., 1964; Gol'tsev,1968), andwe presune that they are mainly
the breeding males of the north-central (St. Law ence) w ntering/breeding
area.

The new distributional information obtained by us and by other OCSEAP
and MVB investigators (Leatherwood et al., 1983; Brueggeman et al., 1984,
etc) has not contributed further to understanding of the |ocation and
extent of calving areas in spring. The population is distributed somewhat
differently each year at calving tine, depending on ice conditions, and the
distributional information currently available is not sufficient to define
the full range of that variation. W feel that better definition can only
be obtained through a nmajor, dedicated effort.

Recent reports of calving in md-winter (Lukin, 1978; Brueggeman et
al., 1984) are not reliable, since they were based on aerial surveys in
whi ch the coincidence of young animals and bloody ice were assuned to have
been indicative of recent birth. Young walruses in their first winter (6-10
months ol d) can easily be msidentified fromthe air as newborn calves, and
bl oody ice in the wintering areas is not produced by births but by bulls
who have been wounded in battles for courtship sites.

In the Chukchi Sea in summer, we confirmed repeatedly that the main
concentrations of herds in July and August tend to be near the Al askan and
Chukotkan coasts, rather than in the center of the Chukchi Sea. W found
that nearly all of the animals in both the eastern and the western Chukchi
pack ice were fenales with dependent young, but nales were common near
shore, off Barrow, as reported earlier by Collins (1940) and Brooks (1954),
and near the coast of Chukotka.

Feedi ng

The walrus is a K-selected predator that feeds primarily on K-selected
prey (bivalve nollusks), nost of which (1) require about as nany years as
the walruses to reach maturity and (2) live nearly as long as the wal ruses
(Peterson, 1978; Fay and Stoker, 1982b). It is axi omatic that K-selected
species with K-selected prey nust inhabit stable environnents, and that
they are nore likely to be upset by nmajor changes in their environment than
are the nore responsive, opportunistic r-selected species with r-selected
preyor even K-selected species with r-selected prey (Laws, 1981b). Be-
cause of the long lag tine required by both the walruses and their prey to
recover from depletion, any significant change in one will have a great
influence on the other. We think that the depletion of the walruses in the
1930's to 1950's allowed their prey popul ations, especially in the Bering
Strait region, to increase greatly and attain a new equilibrium structure
made up mainly of large, old individuals. \Wen the first large sanples of
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wal rus stomach contents were collected for quantitative analysis at St
Lawence and Little Diomede islands in 1975, those animals had been feeding
in a region that had been used only during the spring and fall mgrations
for the previous 30 years. Since then, however, the area has been heavily
used throughout the summer, as well, by several thousand males (Lowy et
al., 1980). We estinmate that those males increased the inpact on the food
supply there by at least 50% and that, with the grow ng popul ation of
mgrants as well, the total inpact has nmore than doubled. The reported
changes in feeding habits of the spring mgrants from 1975 to 1982 presum
ably took place as a result of that greatly increased pressure on the
abundant but limted supplies (Fay and Stoker, 1982a,b).

In the western Chukchi Sea, however, no evidence of change was detec-
ted in a conparison of our recent findings with those of Krylov (1971) and
Tomilin and Kibal'chich (1975), from sanples collected 10 to 20 years
earlier. In each case, the anount of food per stomach was very snall and
the prey nostly very tiny. Bi val ves often were not the predom nant prey.
The fact that at least half of the femal es and young summer in the western
Chukchi suggests that the apparently meager food supply there may not be of
critical inportance to themin that season. Mdderate to |ow food intakes
in sumer have been suggested also by our studies of walruses in captivity,
but we are not sure how far those findings can be extrapolated to wild
wal r uses. Because wild wal ruses nolt during the sumrer (Mansfield, 1958;
Fay and Ray, 1968; Fay, 1982 and unpublished), however, they nmay tend to
eat less at that time, as other pinnipeds do (McLaren, 1958; Mansfield,
1967) .

From the records of daily food intake by captive walruses, we now know
that they do not feed at a constant rate per unit of body weight at al
ages, as clained by Fedoseev (1976). Like other mammal s, they reduce their
proportional intake with age. The anpunts consumed, relative to body
wei ght, are about the sane as those reported for domestic animals (Kleiber,
1961), being largest during early growth and smallest for maintenance in
adults. During pregnancy, the females increased their intake by 40-50%
over mai ntenance, and they also increased about 50% during lactation
This suggests that the wild walruses, which often are both pregnant and
lactating concurrently, nmy eat nearly twice as much food at that tine as
their non-pregnant, non-lactating peers (Gehnrich, 1984).

Response to Disturbance

The wal rus’ basic response to disturbance anobunts to escape, which
usually translates into diving into the water fromthe ice or shore, or if
already in the water, diving under the surface and swi nmng away. This
kind of reaction is easily docunented and, for that reason, would I end
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itself well to experinentation. By opportunistic observation, we obtained
enough data of that kind to confirm Loughrey's (1959) and Bel'kovich and
Yablokov's (1961) conclusion that scent is the strongest stimulus resulting
in disturbance, with or w thout acoustical and/or visual cues. W also
obtai ned strong indications that response to visual disturbance depends on
the size, speed, and direction of novenent of the disturbing object.
Sounds also seened to vary in effect, depending nmore on quality than quan-
tity.

The | ong-term consequences of disturbances are nuch nore difficult to
docunent. Soviet reports of permanent abandonment of haulouts due to
chroni ¢ disturbance seem pl ausi bl e enough, but they have not yet been
supported by any data. W think that separation of mother and calf could
be a very inportant result of disturbance by ships and aircraft, but we
have no real basis for estimating its total effect. Although our data
suggest that for every 100 wal rus groups disturbed only about 1 calf will
be abandoned, we think the real rate probably is higher, because our data
were from herds that withdrew in a conparatively orderly, peaceful manner,
rat her than being stanpeded. The nore usual situation is that the ship or
aircraft approaches themrapidly and noisily, with the result that the
animal s stanpede into the water. Stanpedes can result not only in abandon-
ment but in fatal injury to the young (Tomilin and Kibal'chich, 1975; Fay
and Kelly, 1980).

The ultimate effects of abandonment may be non-lethal and only slight-
Iy disruptive, if the separation is only tenporary or if the calf is
qui ckly adopted and fostered by another cow.  Separation can be |ethal (due
to starvation) for the calf if it is not adopted or is not fostered by the
adoptee. W suspect that nost separations |lead to death of the calf, but
we have no data to support that notion. To determ ne the outcone of
separation usually is not feasible.
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APPENDI X A

Chi -square contingency table analysis of parturient, newy pregnant,
femal e wal ruses harvested at Little Diomede and Gambell from 1952 to 1982

and barren

DIOMEDE Year of catch
1952- 58 1962- 64 1965 1966- 68 1979 1980 1982
N 47 61 39 35 40 102 100
Parturient
Observed 22 31 16 17 16 15 57
Expected 19.33 25.09 16. 04 14. 40 16. 45 41.55 41.14
Chi-sq. 0. 368 1.391 0. 000 0.471 0.013 16. 962 6.119
New.Preg.
Observed 18 19 16 9 16 63 26
Expected 18..56 24.08 15. 40 13. 82 15.79 39. 88 39. 48
Chi - sq. 0.017 1.073 0.024 1.680 0.003 13. 411 4,603
Barren
Observed 7 11 7 9 8 23 17
Expect ed 9.11 11. 83 7.56 6.79 7.75 19. 58 19. 39
Chi-sq . 0. 489 0. 058 0. 042 0.723 0. 008 0.598 0.294
Overal |l chi-square = 48.343 with 12 d.f.; P <. 001
GAMBELL Year of catch
1952-61 1962-64 1965 1966- 68 1975 1979 1980 1982
N 93 109 114 11 43 29 163 87
Partur.
Obser. 77 87 101 7 33 16 36 64
Expec. 60. 33 70.71 73.95 7.14 27.89 18. 81 105.7 56 .44
Chi-sq. 4. 607 3.754 9. 894 0.003 0.935 0. 420 45 393 1.014
N. Preg.
Obser. 10 16 8 3 8 6 68 9
Expec. 18. 34 21.50 22. 48 2.17 8. 48 5.72 32.15 17.16
Chi-sq. 3.794 1. 406 9.330 0.318 0.027 0.014 39.983 3. 879
Barren
Obser. 6 6 5 1 2 7 59 14
Expec. 14. 33 16. 80 17.57 1.70 6. 63 4. 47 25.12 13.41
Chi-sq. 4. 842 6.939 8. 989 0.285 3.229 1.434 45. 715 0.026
Overal |l chi-square = 196.831 with 14 d.f.; P <. 001
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