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Abstract 

A new approach for analyzing walrus (Odobenus rosmarus) diet was examined. Controlled gastric 

digestion experiments determined the relative rates at which different kinds of food items became 

unidentifiable. The ability to identify prey items varied within and among prey types. The laboratory 

experiments provided a new basis for examining diet data by characterizing the condition of stomach 

samples based on the rates at which different prey types were digested. Stomach content data acquired 

during 1952-1991 from 798 Pacific walruses were compiled, and interpretations about feeding habits were 

re-examined. Walruses regularly consumed a wider assortment ofbenthic prey than was previously 

thought. The diet of the Pacific walrus varied seasonally and regionally. Males and females consumed 

essentially the same food items when in the same location . 
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WALRUS FEEDING- A RE-EXAMINATION 

General Introduction 

Walruses (Odobenus rosmarus) are large pinnipeds with a northern circumpolar distribution. They eat a 

variety ofprey, ranging in size and classification from tiny crustaceans to adult seals (Vibe 1950; Krylov 

1971; Fay 1982; Lowry and Fay 1984; Fay et al. 1990). It has been suggested that walruses consume 

mainly clams, particularly Mya and Serripes (Chapskii 1936; Vibe 1950; Fay 1982; Fisher 1989), 

selectively consuming only the foot or siphon from each clam. 

Whereas walruses usually feed in water less than 100m deep (Fay 1982; Fay and Bums 1988) in bouts 

up to 36 hours (Vibe 1950; Loughrey 1959; Tomilin and Kibal'chich 1975; Nyholm 1975; Fay 1982; Irons 

1983; Fay et al. 1986), almost all diet data have been gathered from animals killed while resting on the ice, 

feeding having occurred earlier. Thus, digestion had likely influenced the quantity and quality of prey in 

the stomachs. 

There have been few studies of walrus diet. Typically, stomach samples were obtained 

opportunistically from hunters; consequently the sample sizes have been small. Additionally, the effects of 

digestion on the species composition and volume of stomach contents have never been taken into account 

in the interpretation of stomach contents. Prey that were rapidly digested have left no trace in the stomach, 

whereas the importance of digestion-resistant prey would have been exaggerated. Previous interpretations 

of feeding habits may have been influenced by the effects of digestion on diverse prey as much as by the 

actual prey ingested. A more accurate representation of diet would be possible if stomachs with contents 

least affected by digestion could be identified. 

Pacific walrus (0. r. divergens) diet data were collected from the Bering and Chukchi seas from 1952

1991. As the number of stomach samples increased, initial conclusions regarding feeding habits were 

called into question. The concern was that digestion had affected the composition of prey in stomachs 

thereby biasing interpretations of stomach contents (Fay and Lowry 1981; Fay and Stoker 1982a; Fay 

1989a). The objectives of this study were to 1) specify a criterion that identifies stomach data least 
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affected by digestion, 2) then, using that criterion, account for how the composition ofprey in stomachs 

has been affected by digestion, and 3) using the most accurate diet data availabk, re-examine 

interpretations of walrus diet. 

tJ 
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Chapter 1: LABORATORY DIGESTION OF PREY AND THE INTERPRETATION OF WALRUS 
STOMACH CONTENTS 

Introduction 

The diet of walruses has been described almost solely from examination of stomachs collected from 

animals killed while resting on sea ice or land. These stomach contents had been subjected to varying 

amounts of digestion. Walruses feed on a broad array of prey (Appendix 1), primarily benthic 

invertebrates, usually at depths less than 100m (Fay 1982; Fay and Burns 1988). They consume items 

representing over 12 phyla, many of which are composed solely of soft tissues (e.g. anemones and worms). 

Invertebrate prey items are consumed whole by oral suction without substantial mastication during feeding 

bouts lasting up to 36 hours (Tsalkin 1937; Vibe 1950; Loughrey 1959; Tomilin and Kibal'chich 1975; 

Nyholm 1975; Fay 1982; Irons 1983; Fay et al. 1986). Walruses excavate infaunal prey buried as deep as 

30 em by propelling streams ofwater from their mouths (Oliver et al. 1983). Only clams and snails are 

manipulated in order to (1) excavate clams from the deep sediments and (2) extract the flesh from the 

shells, which are then discarded (Fay 1982; Oliver et al. 1983). Less often, walruses consume large non-

benthic organisms (e.g., fishes, birds, and seals) (Freuchen 1935; Vibe 1950; Fay et al. 1977; Fay 1982; 

Lowry and Fay 1984; Gjertz 1990; Donaldson et al. 1995). 

The diets of many pinnipeds have been reconstructed from undigested diagnostic hard parts such as 

bones, otoliths, opercula, and cephalopod beaks found in stomachs or feces. Walrus prey also have been 

identified from solid diagnostic fragments such as echiurid worm setae, clam periostraca and shell 

fragments, snail opercula, crustacean carapaces, bird feathers, fish bones, and seal hide or hair. Prey items 

composed of softer tissues (e.g., anemone, worm, clam, snail, sea cucumber, or tunicate) were identified in 

stomachs as fragments. Such physically diverse organisms should withstand the effects of digestion and 

remain identifiable for varying lengths of time. Differing rates with which prey types were rendered 

unidentifiable in the stomach by digestion biased diet analyses ofpiscivorous pinnipeds (Bigg and Fawcett 
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1985; Murie and Lavigne 1985; Murie 1987) and fishes (Scholz eta!. 1991). In both cases, the relative 

importance of prey items with the most persistent and identifiable diagnostic parts was exaggerated. Our 

understanding of walrus diet has been based on two assumptions: (I) identifiabk food in a stomach is an 

unbiased representation of prey consumed, and (2) when clams and snails are eaten, only the large, 

muscular, exposed siphon and/or foot is ingested (Vibe 1950; Brooks 1954; Mansfield 1958; Fay et al. 

1977; Fay 1982). 

While prey representing over 100 genera from 12 phyla were found in walrus stomachs (Appendix 1), 

only four clam genera were considered to be the principal prey (Fay 1982). Two main lines of evidence 

supported this assumption. Molluscs comprised 66-99% of walrus stomach contt~nts by volume and/or 

numbers (Vibe 1950; Mansfield 1958; Fay et al. 1977; Fay and Lowry 1981; Fay and Stoker 1982a; Fay et 

al. 1984; Fisher 1989), and many large infaunal clams have been found in walrus stomachs collected in 

regions where these molluscs were scarce (Vibe 1950; Fay eta!. 1977). Non-mollluscan prey were 

believed to be: (I) consumed in "less suitable" foraging areas not dominated by clams (Mansfield 1958), 

(2) energetically inferior to molluscs (Fay et al. 1977), (3) used to supplement the diet with trace elements 

or other nutrients not present in molluscs (Fay 1982), or, in the case of vertebrate prey, (4) hunted when 

benthic invertebrates were "unavailable" (Chapskii 1936; Fay et al. 1984). 

The dominance of the siphons and feet of clams in walrus stomachs was thought to accurately reflect 

thewalrus' diet(Vibe I950;Brooks 1954;Fay I955;Mansfield 1958;Fayetal. 1977;Fay 1982). Fayet 

a/. (1977) estimated that walruses ingest only 114 of the wet mass of a clam. Removal ofthe siphon is fatal 

to clams (Welch and Martin-Bergmann 1990). Thus, it was reasoned, walruses destroy four times the 

number of clams needed to support their metabolic demands (Fay eta!. 1977). The increase of the Pacific 

walrus population to or beyond the carrying capacity of their habitat in the early 1980's was thought to 

have been hastened by walruses removing clams at a rate nearly equal to the annual net clam production 

(Fay eta!. 1977; Fay and Stoker 1982a; Fay and Stoker 1982b). fW·· 

L
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Some investigations demonstrated, however, that walruses ingest more than just the feet and siphons of 

clams (Malmgren 1863; Lydekker 1916; Chapskii 1936; Tsalkin 1937; Vibe 1950). Tsalkin (1937) 

suggested that softer clam tissues were digested rapidly, with the more muscular foot or siphon remaining 

in the stomach longer. Fay and Lowry (1981) and Fay and Stoker (1982a) described stomachs that 

contained mantles, gills, viscera, and adductor muscles, as well as feet and siphons of clams. A Bering Sea 

walrus hunter observed intact whole clams (without shells) apparently still alive in the stomach of a walrus 

(C. Ozeva pers. comm.). Walruses excavate entire infaunal clams from as deep as 30 em in sediment 

(Oliver eta/. 1983). The extra effort required to remove an infaunal clam completely from deep sediments 

(instead of ingesting only the meaty siphon that protruded to the sediment surface) suggests the siphon is 

not consumed alone. Oliver et al. (1985) found adductor muscle and mantle tissue attached to recently 

discarded clam shells on the seafloor, suggesting that most of the clam flesh was consumed. 

If different organisms are digested at different rates, then the species composition of prey in a stomach 

would vary between the time of the last meal and examination of stomach contents. Thus, organisms more 

resistant to digestion would be overemphasized in diet analyses. In this study, digestion trials were 

conducted in the laboratory to determine the relative rates at which walrus prey are rendered unidentifiable. 

Two hypotheses were tested: (1) All prey types are equally identifiable over time; and (2) within a prey 

type, individuals remain equally identifiable regardless of their initial mass. 

Methods 

Six groups of live walrus prey were used in digestion experiments (Table 1). Annelids were represented 

by the Class Polychaeta (polychaetes), echiurid and sipunculid worms were represented at the phylum 

level, and molluscs were represented by the Classes Gastropoda (snails) and Bivalvia (clams). Crustaceans 

were represented by the Class Malacostraca (hermit crabs, true crabs). 

A Pyrex vessel, containing approximately 500 ml water, was heated on a stirrer/hotplate. A magnetic 

stirrer mixed the waterbath maintaining a constant temperature (60 rpm; 35-40° C). In order to 

approximate the digestive fluid of a walrus, a second Pyrex vessel containing a digestive solution of 1% 
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hydrochloric acid (HCl) and 2% pepsin in physiological saline (5 ml solution/g tissue) and a magnetic 

stirrer was placed in the heated waterbath. The digestive solution was a modifie:d version of one used by 

Zimmermann eta!. (1961) to digest samples of mammalian striated muscle over a period of 18 hours. The 

rate of passage of food through the digestive system of a captive walrus, howev~~r, is about 8-10 hours 

(Fisher 1989), more rapid than in most other pinnipeds and terrestrial carnivores (King 1983). Presumably, 

not more than half of that passage time is involved in gastric digestion. Therefore, the proportions of HCl 
L. 

and pepsin were increased to intensify the digestive action, while still maintaining an optimal pH of 

between 1 and 2 (Raven and Johnson 1992). Additionally, physiological saline (7.5 g NaCllliter distilled 

water) was substituted for distilled water as the digestive fluid ofwalruses probably is somewhat salty from 

intake of small amounts of seawater along with prey. Furthermore, there was concern that fresh water 
r 

might have some adverse effects on the isohaline tissues of the marine invertebrates, perhaps causing them 

to break down prematurely. 

L__,Prior to laboratory digestion, all organisms were maintained in a 90 liter tank of circulating seawater at 

4°C. The selected test organism was removed from the tank, blotted on paper toweling to remove excess 

water, and weighed, before being placed whole into the digestive solution. Shells were removed from 

snails and clams. The mantle and soft parts were gently peeled "whole" from the valves. Snail shells were 
lc._ 

separated from the bodies with scissors. Care was taken to not cut through the mantle, although in some 

instances the digestive gland and/or testis were exposed. Opercula were left attached to the flesh of all 

snails. 

At one hour intervals, for up to six hours, the digestive solution was removed from the waterbath and 

poured through a 1 mm sieve. Filtered solids were weighed to the nearest 0.1 g. The organism was 

inspected to determine if it was still identifiable based on the presence or absence of diagnostic tissues 

(Table 2). If diagnostic tissues were present, the organism scored a 1, and it was immediately returned to 

the digestive fluid and the waterbath. If diagnostic tissues were absent, the organism scored a 0 and 

digestion was halted. Because the identification tests were recorded hourly, the duration of"identifiability" 

L_ 
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of a sample organism is to the nearest hour and not an exact measure of its duration. Photographs of each 

food item were taken hourly during the digestion trials. For all clams, the nearest hour when the viscera 

and mantle tissues dissolved and were no longer identifiable also was recorded. 

Statistical analyses 

The sample size needed to detect a significant difference in the identifiability of several prey taxa at 

each hour was calculated from Sokal and Rohlf's (1969) formula based on the arcsin transformation: 

N*= C
82 

(} = (arcsin (the square root of PI) - arcsin (the square root of p2)) 
2 

PI = proportion 1: the proportion ofpopulation 1 exhibiting a specific characteristic 
p2 = proportion 2: the proportion ofpopulation 2 exhibiting a specific characteristic 
Coefficient C = f(a., 1-!)) from table in Box 16.11 (Sokal and Rohlf 1969) 
N =sample size needed from each population to detect an absolute difference ofpi- p2 

* when the resulting N < 20, the estimated sample size should be increased by 1. 

A sample size of nine from each "population" ofprey provided 90% power (1-!)) for detecting a 50% 

difference (a.= 0.05) in the proportion of each population that remained identifiable. A sample size of nine 

was too small for Chi-square approximations. 

The hypothesis that walrus prey remain equally identifiable over time was tested using a Monte Carlo 

randomization (Fisher 1966). Kapplan-Meier survival estimates (Pollock et al. 1989) were used to 

calculate the probability of an organism remaining identifiable through each hour of digestion. Binomial 

confidence intervals were calculated for each survival estimate. Based on these calculations, a model was 

created that simulated the effect of digestion on the prey composition of a hypothetical walrus stomach in 

which equal numbers of selected prey taxa began to be digested simultaneously. 

Spearman Rank Association tests (Siegel1992) were used to determine whether there was a significant 

(a.= 0.05) association between mass of the organism and the last hour at which it was identifiable. 
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Results 

The Monte Carlo randomization test indicated that the survival ofprey taxa was not equal over time 

(P = O.OOOI). Some prey types were rendered unidentifiable within one hour, and other types remained 

identifiable for six hours (Appendix 2). Sipunculid worms remained identifiabl(~ for shortest time with 

only I4% of the organisms identifiable after hour I and none identifiable after hour 2. Although 57% of 

the polychaetes maintained diagnostic tissues after the first hour of the experiment, none were identifiable 

after hour 3 of digestion. Echiurid worms maintained diagnostic tissues through hour 2, but these 

characteristics rapidly declined so that by hour 5 none were identifiable. All clams maintained their 

identifying tissues through hour 2 of the experiments, and more than 50% of the clams remained 

identifiable through hour 6. Snails and crustaceans were the most persistent; all :;pecimens remained 
L_ 

identifiable throughout the six-hour trials. 

Only I2% of the clams maintained their viscera (in contrast to siphons and/or feet) through hour I of 
r-· 

each experiment. In no instance did the viscera survive hour 2 of a trial. Seventy-one percent ofthe clams L_, 

maintained a portion of their mantle, usually attached to the siphon, through hour I of digestion. Less than 

5% of the clams maintained identifiable mantle through hour 2, and in only one case did identifiable i_. 

mantle tissue persist through hour 3. The effects of digestion on the non-muscular structures of a deep 

dwelling clam (Mya) are shown in Figure I. Typically, the soft tissues of a clam dissolved after only one 

hour of digestion, leaving the siphon and portions of the mantle for identification. After six hours of 

controlled digestion, the clam siphon was still easily identifiable. 

The survival of diagnostic tissues differed within, as well as between, taxa. All snails and crustaceans 

were still identifiable at the end ofthe experiments while all sipunculid worms became unidentifiable 
F-

almost immediately regardless of their mass. The larger the polychaete worm, echiurid worm, or clam, the 

longer it remained identifiable (Figure 2). 

Kapplan-Meier survival estimates and confidence intervals were calculated (Appendix 3), and a model 

simulated the effect of digestion on the composition of a walrus stomach initially ~~ontaining equal numbers 

L_ 
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of six prey types (Figure 3 ). Although prey were evenly distributed at the beginning ofthe model, by hour 

3 sipunculid and polychaete worms were no longer represented. By hour 5, echiurid worms were no longer 

represented, leaving clams, snails, and crustaceans to dominate until the end of the six hour period. 

Discussion 

Previous studies of diet did not account for the effects of digestion on the identifiability of a variety of 

prey types. As a result, three biases were introduced: (1) the importance of prey with digestion-resistant 

!~ tissues was exaggerated (both in frequency and volume); (2) the presence of larger polychaete worms, 
I 

echiurid worms, and clams was exaggerated; and (3) entire clams (not including shells) may have been 

consumed more often than previously thought. 

'···"" The diagnostic tissues among the walrus prey representatives varied greatly in physical composition. 

Some prey items consisted of more digestion-resistant material and larger structures than others (e.g., the 

large clam foot or siphon). Consequently, volumetric ranking of prey in walrus stomachs inadequately 

represented the relative importance of prey types in the diet. For example, if a polychaete worm and a 

crustacean of similar mass were consumed simultaneously, the crustacean carapace would be identifiable 

longer than the worm tissue. The crustacean would not only be identifiable longer, but its heavier carapace 

would be more dominant in volumetric rankings. 

Larger polychaetes, echiurids, and clams were identifiable longer than smaller individuals ofthese prey 

groups. Over 20 clam genera ranging in size from the tiny Nucula (10 mm) up to the large Mactromeris 

(140 mm) were recorded from walrus stomachs (Fay et al. 1977). If representatives of clam genera of 

varying sizes were consumed during a feeding bout, the differential rates at which prey are digested would 

exaggerate the relative importance of the genus comprised of larger individuals. The different rates with 

which prey groups become unidentifiable in a walrus stomach do not allow an accurate determination of 

the species composition and size of prey consumed. 

The assumption that walruses are highly selective for clams stems partly from the resistance of the 

clam's muscular foot and siphon to digestion. Clams and snails were thought to be nutritionally superior to 
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other prey and selectively consumed (Fay eta/. 1977). Wacasey and Atkinson (1987), however, found no 

significant difference in the caloric values of polychaete worm, sipunculid wonn, snail, clam, amphipod, 

decapod, and sea cucumber genera reported as walrus prey. The digestion expe:riments demonstrated that 

if a polychaete worm (e.g., Nephtys) and a clam (e.g., Mya) ofsimilar mass were consumed, the worm 

would be digested faster than the clam. Thus, the worm would be more valuable to the walrus than an 

entire clam, because the worm's caloric energy would be more readily and completely accessible. 

It is difficult to determine the foraging strategy of walruses without knowing the distribution, density, 

and availability of prey, or the handling times and energy values ofdifferent prey (Pyke et al. 1977). 

Additionally, the gregarious nature of feeding bouts (Tomilin and Kibal'chich 1'975; Irons 1983; Taggart 

1987) suggests foraging may not be independent of other activities (e.g., predator avoidance) and, 

therefore, foraging decisions may be made within a broader realm of concerns (Zach and Smith 1981 ). 

Since the caloric value of clams and other prey are similar (Wacasey and Atkinson 1987), no apparent 

energy loss occurs in consuming non-clam prey. Non-clam and non-snail prey often are consumed whole 

(Fay 1982) with presumably less handling time than for clams or snails. Non-clam organisms which are 

easily ingested, rapidly digested, and ofhigh caloric value would be energetically valuable to walruses. 

Thus, the optimal walrus foraging strategy might be to consume any potential prey item, including non

clam taxa, encountered while rooting along the seafloor during a feeding bout. 

Clams contain a large proportion of digestion-resistant tissues (i.e., the siphon and/or foot) which would 

seem to result in extra energy costs to a feeding walrus (e.g., removal of clam from sediments and 

extraction of flesh from shell). Nevertheless, clams may be highly abundant and physically larger in 

certain areas than other potential food items, so that the additional energy benefit would outweigh 

additional handling costs. Whether the abundance of clams in stomachs examined in previous studies 

(Vibe 1950; Brooks 1954; Fay et al. 1977; Fay and Lowry 1981; Fay and Stoker ll982a; Fay and Stoker 

1982b; Fisher 1989) reflected I) a foraging preference for clams, 2) the proportion of prey types available 

on the seafloor, or 3) the persistence ofthe identifiable portion of a clam during digestion, is unknown. 

L_
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Contrary to previous reports (e.g., Fay 1982), it appears that walruses regularly consume all of the soft 

tissues of clams, not solely the foot and siphon. The weight loss exhibited by adult captive walruses when 

j 	 fed a diet of clam feet (Fisher 1989) suggests that more than the foot of the clam is commonly consumed. 

Welch and Martin-Bergmann (1990) reported that the consumption of only the siphon would deprive a 

walrus of more than 60% of a clam's nutritional value. The experiments described in this paper 

demonstrated that even if clam mantle and viscera were regularly consumed, they would be 

underrepresented in stomach contents due to the rapid rate at which they are digested. Previously, 

estimates of the annual impact of walruses on clam stocks were calculated under the assumption that a 

walrus only uses 1/4 of the clam, destroying four times as many clams as it needs to support its metabolic 

demands. As a result of consuming the entire clam (except the shell), Pacific walruses might be expected 

to annually consume only 5% of the Bering and Chukchi sea clam stocks rather than the 20% calculated by 

Fay et al. (1977). 

From the time a walrus feeds to the time its stomach is collected, many prey types can become 

unidentifiable. Laboratory results indicated that the ability to identify prey items varied among and within 

prey groups. Because the effects of digestion were not taken into account, previous diet studies did not 

accurately reflect the diet ofwalruses. 

The laboratory experiments demonstrated relative rates at which diagnostic tissues ofprey became 

unidentifiable due to digestion. Classifying stomach contents as to their relative digestive state should 

allow a more accurate representation of walrus diet to be developed. In future studies of walrus diet, 

stomach contents should be classified according to their relative state of digestion. Stomach contents that 

include sipunculid worms, polychaete worms, or clam mantle and viscera should be least affected by 

digestion and should considered most representative of the actual diet. Existing diet data and theories 

regarding foraging behavior of walruses need to be re-examined in light of the influence of digestion on 

different prey types. 
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Table 1. Walrus prey items used for digestion experiments. 


Taxa N 
Annelida - Polychaete worms 

Nereis 

Nephtys 


Sipuncula - Sipunculid worms 
Golfingia 

Echiura - Echiurid worms 
Echiurus 

Mollusca - Snails 
Fusitriton 

Mollusca - Clams 
Clinocardium 


My a 

Tellina 


Arthropoda - Crustaceans 
Pagurus 

Cancer 

Hyas 


Telmessus 
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14 
14 
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10 
3 
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Table 2. Diagnostic tissues ofwalrus prey digested in the laboratory. 

Taxa Diagnostic tissue 
Polychaete worm Distinct pharynx or a segmented section of the body containing setae or parapodia. 
Sipunculid worm Body intact, held together by the retractor muscles. 
Echiurid worm Proboscis or the conical anterior and posterior ends. 
Snails Foot present. 
Clams Foot or siphon intact. 
Crustacean Cuticle from claw or carapace present. 

L , 
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L_
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Figure 1. The effects of controlled laboratory digestion upon the identifiable structures of a clam (Mya), 
(a) before digestion, (b) after one hour of digestion, and (c) after six hours of digestion. 
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Figure 2. Relationship between initial mass of walrus prey and the last hour at which the prey were 
identifiable. A significant association (a= 0.05) is indicated by*. Rs = Speannan Rank correlation 
coefficient. N/ A = not available 
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Figure 2. (continued) 
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Figure 2. (continued) 
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Figure 3. The effects of digestion on the contents of a hypothetical walrus stomach initially containing 
equal numbers of six prey taxa. The proportions of prey identified at hourly intervals after ingestion have 
been estimated using Kapplan-Meier estimates based upon laboratory digestion trials. 
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Chapter Two: A RE-EXAMINATION OF PACIFIC WALRUS FEEDING HABITS 

Introduction 

Pacific walruses (Odobenus rosmarus divergens) are large migratory pinnipeds found seasonally 

throughout the continental shelf of the Bering and Chukchi seas. As recently as 1990, the population was 

thought to be at or near the historic maximum, with not less than 200,000 animalls (Gilbert et al. 1992). 

Walruses are gregarious and forage in large groups (Tomilin and Kibal'chich 1975; Fay 1982; Irons 1983; 

Taggart 1987) during feeding bouts lasting up to 36 hours (Vibe 1950; Loughrey 1959; Tomilin and ~-

Kibal'chich 1975; Nyholm 1975; Fay 1982; Irons 1983; Fay et al. 1986), usually at depths less than 100m 

(Fay 1982; Fay and Burns 1988). 
L~ 

Food habits ofwalruses have been described on the basis of stomach contents collected from different 

time periods and areas with an emphasis on volumetric ranking of food items (Ch.apskii 1936; Tsalkin 

1937; Fay et al. 1977; Fay 1982; Fay and Stoker 1982a; Fay and Stoker 1982b; Fay et al. 1984; Fay et al. 

1989a). The data have not been compiled or analyzed as a whole. Variation in the rates with which 

different prey were rendered unidentifiable have not been considered in the interpretation of stomach data. L 

The ability to identify prey items varies among and within prey types (Chapter One). Thus, prey 

composition in a stomach can change between the time an animal fed and the coUection and examination of 

its stomach. Therefore, many conclusions in the literature regarding walrus diet need to be re-examined. 

Stomachs collected from animals that had fed shortly before death would contain prey less affected by 

digestion. The data from such stomach samples should provide a more accurate re:presentation ofwalrus L~-

diet and insights into foraging behavior. This chapter (I) compiles stomach data collected from Pacific 

walruses between 1952 and I991 in the Bering and Chukchi seas, (2) examines how digestion may have 

biased previous stomach content analyses and (3) re-examines previous interpretations regarding diet. 
L 
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Original interpretations of walrus food habits 

The large number and volume of clams frequently found in walrus stomachs led to the conclusion that 

walruses are highly selective for clams (Fay eta/. 1977; Fay and Lowry 1981; Fay and Stoker 1982a; Fay 

and Stoker 1982b). Fay et a/. (1977) postulated that walruses forage by locating and feeding selectively 

upon clam patches until the clam supply is exhausted or the animal satiated. Non-clam prey were 

considered of minor importance and assumed to be eaten when 1) clams were scarce, or 2) nutrients were 

lacking in clam tissues, or 3) ingested accidentally while feeding on clams (Chapskii 1936; Nikulin 1941; 

Krylov 1971; Fay 1982; Fay et al. 1984). 

Males and females were presumed to prefer different sizes of clams. Males were thought to consume 

large clams such as Mya and Clinocardium (Brooks 1954; Fay eta/. 1977), whereas, females were thought 

to consume small-sized clams such as Astarte and Macoma. Subsequently, Fay and Stoker ( 1982a) found 

that males and females ate clams of similar genera and sizes in the northern Bering Sea. They suggested 

that males and females were competing for the same types and sizes of prey as the increasing walrus 

population reduced overall prey availability (Fay and Stoker 1982a, b). 

: Walruses were reported to be at or near the carrying capacity of their habitat in the 1980's based on an 

estimated increase from 50,000 animals to over 200,000 between 1960 and 1985 (Fedoseev 1962; Gilbert 

1985) as well as on density-dependent population responses including leanness (Fay and Kelly 1980), 

decreased productivity (Lowry eta/. 1980c; Fay eta/. 1989b; Fay eta/. 1997), and an age composition 

skewed toward older animals (Fay eta/. 1989b). Additionally, reports of an increased frequency of non-

molluscan prey items in stomachs collected in the northern Bering Sea between 1975-1985 were thought to 

reflect a food limited walrus population compelled to consume more "alternate" prey (Fay eta/. 1977; Fay 

and Stoker 1982a; Fay and Stoker 1982b; Fay eta/. 1989b ). 

Clams were not the predominant prey and stomachs did not contain large quantities of food in the 

western Chukchi Sea Fay et al. (1986) suggested that this region was not a critical feeding area. They 

'1 
1 
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concluded that walruses occupied the Chukchi Sea primarily in summer during the annual molt when 

energy demands and feeding were likely to be low. 

I re-examined available stomach content data to determine if the different rates at which prey are 

rendered unidentifiable by digestion affected the reported prey composition in stomachs. Using the 

historical records ofwalrus stomachs least affected by digestion, four hypotheses were tested: (I) the 

frequency ofprey types consumed is not different between the Bering Sea and the Chukchi Sea, (2) the 

frequency ofprey types consumed is not different regionally within the Bering Sea or the Chukchi Sea, (3) 

the frequency of clam genera consumed is not different between males and females, and (4) the frequency 

ofnon-molluscan prey use did not change between 1975 and 1985 in the northern Bering Sea. 

Methods 

Stomach content data were collected in the Bering and Chukchi seas by Native subsistence hunters, 

Russian professional hunters, and staff from the University of Alaska Fairbanks, the Alaska Department of 

Fish and Game, the Eskimo Walrus Commission, and the U.S. Fish and Wildlife Service. Data were L_ 

entered into a computerized database (Foxpro 2.5b). Included in the database were the age and sex of the 

animal, date, and location of collection. Walrus ages were determined previously (Fay unpublished; Hills 

unpublished; Frost and Lowry unpublished; Fay and Lowry 1981; Lowry and Fay 1984; Fay eta!. 1989a; 

Fay 1993). Walruses were classified as calves (0-2 yr.), juveniles (3-7 yr.), and adults ~8 yr.). Reported 

collection locations were considered exact for walruses harvested from Russian and American research 

vessels. Walruses collected by Native subsistence hunters were assumed to be within 75 km of a hunter's 

village. 

Records of stomach samples from individual animals were used in the analyses. Diet data reported as 

summary statistics from groups of samples (Nikulin 1941; Brooks 1954; Krylov 1971; Tomilin and 

Kibal' chich 1975) were not used. Data were taken from the original data sheets, when possible. If an L 

original stomach record was not available, then data from unpublished reports or published literature were 

entered. No records of food remains in intestines or feces were used. A food item was identified either by 
L 

IF
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the description of a whole organism, or by the description of a diagnostic fragment of soft tissue 

(i.e., molluscan foot or siphon) or mud tube, operculum, shell fragment, beak, seta, carapace, feather, bone, 

_j 	 or hair sample. Macroalgae were not considered food items in this study as suggested by some previous 

investigators (Allen 1880). Prey data were entered into the database at generic or higher taxonomic levels. 
i 

j 

Current taxonomic nomenclature was used in the database regardless of the nomenclature in the original 

records. The nomenclature is that of Anonymous (1984) and Kozloff(1990). 

Seven groups identified and categorized only at the phylum level were Cnidaria (cnidarians), 

Rhynchocoela (ribbon worms), Priapula (priapulid worms), Echiura (echiurid worms), Sipuncula 

(sipunculid worms), Brachiopoda (brachiopods), and Bryozoa (bryozoans). Annelids were represented by 

the Class Polychaeta (polychaete worms). Molluscs were represented by three classes: Gastropoda (snails), 

Bivalvia (clams), and Cephalopoda (octopus). Five crustacean orders were categorized including: 

Thoracica (barnacles), Cumacea (cumaceans), Amphipoda (amphipods), Isopoda (isopods), and Decapoda 

(crabs/shrimp). Echinoderms categorized at the class level were the Holothuroidea (sea cucumbers) and 

Ophiuroidea (brittle stars). Urochordates and vertebrates were represented by the Classes Asciidiacea 

(tunicates), Osteichthyes (bony fishes), Aves (birds), and Mammalia (mammals). 

Records of stomach data were separated into Bering Sea or Chukchi Sea data sets. Stomach records 

were sorted as to their relative digestive state. If a sipunculid worm or a polychaete worm, or the soft 

viscera and mantle tissues of clams were present in a stomach, the stomach record was labeled "fresh" as 

these prey tissues were digested beyond recognition in 1-3 hours (Chapter 1). It was assumed that the 

animal had fed recently prior to collection. Stomach records that did not contain these prey types or tissues 

were considered to be of an unknown digestive state. Furthermore, sipunculid or polychaete worms, or 

clams with mantle or viscera were excluded in all subsequent analyses because these taxa were present in 

all stomachs labeled as "fresh". 

The frequencies with which different prey types were represented in stomach records labeled "fresh" 

and "unknown" were calculated for both the Bering and Chukchi seas. The frequencies ofprey types 
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consumed by at least 10 animals were compared between stomach record types using 2 by 2 contingency 

tables with an experiment wise error rate< 0.05 (using Bonferroni's procedure) .. The mean number of prey 

types present in stomach records labeled "fresh" and "unknown" were compared using a t-test. 

Using fresh stomach records only, the frequencies of prey types were compared between stomach 

records ofthe Bering Sea and the Chukchi Sea, from each region of the Bering and Chukchi seas, and 

between males and females. Additionally, the four most frequently identified snail, clam, amphipod, and 

decapod genera were compared between the Bering and Chukchi seas. The frequency ofnon-molluscan 

prey use in the northern Bering Sea was examined with records collected between I975-1985. Fresh 

stomach records from this region were sorted into two subsets: "molluscan" (only clams or snails occurred) 

and "non-molluscan". One non-molluscan prey type was allowed to occur in "molluscan" stomachs. 

Stomachs in which two or more non-clam or non-snail prey types occurred were classified "non

molluscan" regardless of the possible presence of clams or snails. The frequenci1es of molluscan and non

molluscan stomachs from 1975 to 1985 were compared in a 4x2 Chi-square test. 

Results 

Compilation of stomach content data: 1952-1991. 

Records from the stomachs of798 walruses were obtained from the Alaskan coastal villages of Barrow, 

Nome, Shishmaref, Wainwright, and Wales, from villages on Diomede, King, Nunivak, and St. Lawrence 

islands, and from eight oceanographic cruises in the Bering and Chukchi seas between 1952-199I (Table 

3). Previously, no standard protocol was used in the collection or recording of walrus stomach contents. 

Methods for handling stomach samples often were not described, and criteria for prey identification were 

not detailed. Over 100 types of organisms from II phyla were identified as walrus prey including I1 

genera from 4 phyla not previously recorded in the literature (Appendix 1). Brooks (1954) and Krylov 

{197I) identified additional prey including the polychaete genus Onuphis, the crustacean Order Mysidacea, 

the decapod Genus Panda/us, and fishes from the Lumpenidae and Blennidae families, but these data were 

not used in the following analyses because information regarding the individual animals was unavailable. 
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Contents of fresh and unknown stomachs. 

Stomachs from 224 walruses collected in the Bering Sea, mainly from March-June 1952-1991, were 

classified as fresh based on the presence of either a polychaete worm, a sipunculid worm, or clams for 

which the mantle and viscera tissues had been noted (Table 4). In the same period 387 stomachs taken 

from the Bering Sea were classified as being in an unknown digestive state. 

The percent occurrence of each taxon was typically higher in fresh stomachs than in stomachs in 

unknown stages of digestion (Table 5). The mean number oftaxa present was significantly higher in fresh 

(3.83, SD = 1.45) than in unknown stomachs (2.73, SD = 1.37) (t= 9.23; P < 0.00001). Twelve percent of 

fresh stomachs contained more than 5 prey types each. Only 4% of the unknown stomachs contained more 

than 5 prey types each. The soft coral Gersemia, the snail Velutina, three clam genera (Musculus, Cardita, 

Mactra), brachiopods, the King crab (Paralithodes), the tunicate Halocynthia, a bird (Cepphus), two 

species of seals (Erignathus barbatus, Phoca largha), and one unidentified seal, were found only in 

"unknown" stomachs. 

Stomach records from 92 walruses collected in the Chukchi Sea, mainly between July and October 

1966-1987, were classified as fresh (Table 4). The stage of digestion was unknown for 95 stomachs. 

Typically, the percent occurrence of each prey type was higher in fresh stomachs than in stomachs in 

unknown stages of digestion (Table 5). The mean number of prey types present in fresh (5.30, SD = 1.78) 

and in unknown stomachs (2.34, SD = 1.75) was significantly different (t =11.46; P < 0.00001). Thirty

eight percent of the fresh stomachs contained more than 5 prey types each. Thirteen percent of the 

unknown stomachs contained representatives of more than 5 prey types each. The clam Tel/ina, the brittle 

star Ophiura, and unidentified fishes occurred in "unknown" stomachs but were not present in fresh 

stomachs from the Chukchi Sea. 
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Re-examination of walrus diet. 
L 

Bering Sea vs. Chukchi Sea 

A higher percentage of cnidarians, priapulid worms, snails, octopus, amphipods, decapods, and L_ 

tunicates occurred in the Chukchi Sea stomachs, while more echiurid worms, clams, sea cucumbers, and 

fishes were identified in Bering Sea stomachs (P < 0.05) (Table 5). Large-sized clam genera such as 

Serripes, Mya, and Mactromeris were recorded more often in the Bering Sea stomachs, while small-sized 

clam genera, such as Yoldia and Astarte, were recorded more often in stomachs from the Chukchi Sea 

(Table 6). Clams and snails were the most frequently identified prey in fresh stomachs from the Bering 

and Chukchi seas. 
L 

Regional diets 

Stomachs were collected from four regions of the Bering Sea and four regions of the Chukchi Sea 

(Figure 4). The stomach contents from all Bering Sea regions were dominated by clams and snails (Table 

7). Priapulid and echiurid worms, snails, and decapods were rare in records from the western Bering Sea. 

Sea cucumbers were observed most frequently in the western region. The sampl1e from the central Bering 

.Sea was too small for meaningful comparisons. 

Stomach records from the Chukchi Sea were dominated by snails, clams, pria]pulid worms, decapods, 

amphipods, and tunicates (Table 8). Priapulid worms, octopus, and amphipods occurred more often in 

records from the northeastern Chukchi Sea, while tunicates were most frequent in records from the 

northwestern Chukchi Sea. The sample from the southeastern Chukchi Sea was too small for any 

meaningful comparisons. 

Diet of males vs. females 

Echiurid worms and the clam genus Mya were more common in the stomachs of males than females 

(Table 9) from the Bering Sea. The frequencies of occurrence of all other clam genera were not 

significantly different between males and females of the Bering Sea. No differences were detected 
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between the frequency of occurrence of prey types, including clam genera, identified in the stomachs of 

males and females of the Chukchi Sea (Table 9). 

Consumption of molluscan and non-molluscan prey 

One hundred and seventy-seven fresh stomachs from the northern Bering Sea were collected between 

1975 and 1985. One hundred and eight of these records were classified as molluscan stomachs and 69 

were classified as non-molluscan. Due to small sample sizes, records from 1979 were combined with those 

collected in 1980. No difference (X2 =2.00; P =0.5720) was detected between the ratio of molluscan and 

non-molluscan stomachs for each sampling year between 1975 and 1985 (Figure 5). 

Discussion 

For over 20 years, information regarding walrus diet was based on data from only a small number of 

individuals: 29 from the Bering Sea, 12 from the Chukchi Sea, and a small, undisclosed number from the 

Bering Strait/Chukchi Peninsula region (Fay unpublished; Bums unpublished; Nikulin 1941; Brooks 1954; 

Kenyon 1958). Initial interpretations from these data became the basis for prevailing theories regarding 

walrus feeding habits. When large numbers of stomach samples were collected between 1975 and 1991, 

-however, many previously unrecorded non-clam taxa were identified as prey. Nonetheless, non-clam 

organisms were still considered less preferred prey as well as an inferior energy source (Fay et al. 1977; 

Fay and Stoker 1982a; Fay and Stoker 1982b; Fay et al. 1986; Fay et al. 1989b). Furthermore, western 

scientists did not have the benefit of stomach data collected by Russians, primarily from animals of the 

western Chukchi Sea where many non-clam prey were consumed (Nikulin 1941; Krylov 1971; Tomilin 

and Kibal'chich 1975), until the late 1970's and 1980's (Fay 1989b). 

Much of the data concerning the diet of walruses were collected opportunistically and, therefore, 

temporally, geographically, and seasonally fragmented. As a result of selective harvesting of females by 

hunters, the sex composition of walruses in the database was not random (Merrick and Hills 1988; Fay and 

Stoker 1982b; Fay 1982; Fay eta/. 1989b; Fay et al. 1997). Any seasonal change in prey availability 
J 

during the collection years is unknown. There are almost no data concerning temporal changes in prey 

.. _j 
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L 
availability. One exception is a reported decline in 1993 of two shallow-dwelli.Jng, small-sized clam 

species, Macoma calcarea and Nucula be/loti, southwest of St. Lawrence Island (Grebmeier and Cooper 

1995). 

Polychaete worms, sipunculid worms, and clam soft tissues are digested rapidly, and their presence in a 

stomach indicates that a walrus had fed shortly before collection (Chapter One) .. The rapid digestion of 

polychaete and clam soft tissues combined with their ubiquitous distribution in the Bering and Chukchi 

seas (Fay eta/. 1977; Stoker 1981; Feder et al. 1994), make worms and clams ideal for characterizing the 

condition of stomach samples throughout the range of the Pacific walrus. l. 

Quantifying the condition of stomach samples, based on the rates at which different prey types were 

digested, enables investigators to more accurately describe the diet of walruses. I recommend that future 

analyses of diet use stomachs containing indicators of recent feeding. The diet of walruses is more diverse 

than previously thought, and the importance ofnon-clam prey in the diet was underestimated. Fresh 

stomachs contained more occurrences of each prey type identified and more prey types per stomach than 

did stomachs labeled "unknown", indicating less discriminating prey selection than previously thought. 

The frequent occurrence of clams in stomachs from the Bering and Chukchi seas is consistent with 

estimates that clams make up half the benthic biomass on the continental shelf of the Bering and Chukchi 

seas (Zenkevitch 1963; Stoker 1978). Clams were present in most fresh stomachs, yet clams represented 

only one of at least four prey types present in each fresh stomach. The widespread occurrence of non-clam 

prey in fresh stomachs suggests that, although walruses frequently consume clants, they also commonly eat 

many other benthic organisms. The frequent occurrence ofnon-clam taxa in the walrus diet suggests that 

the impact ofwalruses on the standing stock of clams is far less than the 20% estimated by Fay et al. 

(1977). 

The walrus population has recovered rapidly from severe exploitation by commercial hunters on three 

occasions during the last 150 years (Fay eta!. 1986; Fay eta!. 1989b). The impact walruses have on 

benthic community structure is unknown, but the rapid recoveries of the walrus population have been 

L. 
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attributed to large stocks ofclams that accumulated in the absence of walruses (Fay et al. 1989b). Yet, 

clams are the most frequently consumed benthic organisms in the Bering Sea (Feder and Jewett 1981) and 

have many predators in addition to walruses including crabs, sea stars, bottom fishes, and bearded seals 

(Erignathus barbatus) (Burns 1967; Feder and Jewett 1981; Lowry et al. 1980c; Fukuyama and Oliver 
j 

1985). It is possible that populations of other clam predators expanded when the walrus population was 

depleted. Thus, when the walrus population recovered from over-exploitation, large clams may not have 

been unusually abundant. The repeated, rapid recoveries of the walrus population from severe exploitation 

without an apparent "warehouse" of accumulated clams suggests that walruses are not dependent solely 

upon clam populations. Instead, they also eat a variety of other foods. 

Fay et al. (1989b; 1997) suggested that the Pacific walrus population became food limited in the early 

1980's. Reports of an increased frequency of prey items other than clams and snails (e.g., sea cucumbers, 

bottom fishes) in stomachs were thought to reflect a food limited walrus population that was compelled to 

consume "alternate" prey (Fay and Stoker 1982b). The presence of non-molluscan prey in stomachs, 

however, is not necessarily an indicator of reduced prey availability. The analysis of fresh stomachs 

indicated that non-molluscan prey were a common and important part of the walrus diet. The reported 

increased occurrence of non-molluscan prey in the northern Bering Sea between 1975-1985 likely reflected 

the greater number of stomachs collected rather than changes in prey availability. Ten times the number of 

stomachs containing food were collected between 1975-1985 than had been collected during the previous 

20 years. The additional data provided an opportunity to examine stomachs in varying degrees of digestion 

from regions containing diverse benthic communities (Stoker 1981) . 
... , 

Sea stars, brittle stars, and sea urchins are found throughout the Bering and Chukchi seas (Jewett and 

Feder 1981), but they apparently are a poor food for walruses. Walruses rarely eat these echinoderms, 

presumably because too much effort is required to separate soft tissue from the substantial skeletal parts. 

An increase in the occurrence of sea stars, brittle stars, and sea urchins in the stomachs of walruses may 

indicate a food-limited walrus population. 

j 
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The suggestions by Brooks (1954) and Fay et al. (1977) that males and females typically select for 

different types and sizes of clams and that "convergent predation" among sexes for similar clam types 

occurred as the walrus population increased (Fay and Stoker I982a; Fay and Stoker 1982b) were not 

supported by this study. The more frequent consumption of echiurid worms and the clam, Mya, by males 

than females may be due to a bias in sampling location rather than differences b1etween male and female 

diet. Many stomachs from males were taken from the western Bering Sea, a region used predominately by 

summering adult males. Whether echiurid worms or the clam Mya were more common in the western 

Bering than in other Bering Sea regions, or selected for more often by males than females is not known. 

Results from the present study supported Fay's (1989a) later hypothesis that male and female walruses eat 

essentially the same food items when in the same location. 

The western Chukchi Sea is an important feeding area for walruses, especially females, between April 

and October. Females occupy the Chukchi Sea primarily in summer when many females are pregnant, 

lactating, or both and have increased energy demands (Gehnrich 1984). The scarcity of clams reported in 

stomachs from the western Chukchi Sea probably mirrors low clam densities in that region; other benthic 

prey apparently are abundant (Nerini 1984). Typically, non-clam prey consumed in the Chukchi Sea were 

soft bodied and small (e.g., priapulid worms). The rapid digestion ofthose prey, combined with longer 

haulout times associated with the walrus' annual molt, may account for the small amounts of food found in 

stomachs from the Chukchi sea. Some prey in the western Chukchi Sea, however, are large. Up to II% of 

stomach samples collected there contained seal remains (Chapskii 1936, Krylov 1971; Fay et al. 1983; 

Lowry and Fay 1984), further indicating the importance of the Chukchi Sea as a feeding area. 

Deep-dwelling clams frequently were found in walrus stomachs but not in sediment grabs, leading Fay 

et al. (1977) and Stoker (1981) to conclude that walruses prey selectively on the large deep-dwelling 

clams. The benthic samples were collected, however, with shallow sediment sampling equipment 

inadequate to capture many species ofwalrus prey. Thus, prey availability was not accurately addressed. 
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Walrus diet varied seasonally. Although males and females shared a common diet when in the same 

location, they spent much of the year in different areas, and energy needs varied between the sexes and 

.J 
with reproductive status (Fay 1982; Gehnrich 1984). The composition of prey in a stomach reflects local 

benthic communities probably more than selection for a particular prey type. Overall, the wide shelf of the 

Bering and Chukchi seas is a shallow, highly productive, detritus based ecosystem with little or no apparent 

seasonal fluctuation in benthic biomass or standing stock, but the benthic communities are regionally 

diverse (Zenkevitch 1963; Stoker 1978; Stoker 1981; Feder et al. 1994; Grebmeier eta/. 1995; Grebmeier 

and Cooper 1995). Benthic faunal composition and biomass vary regionally due to heterogeneous food 

availability, depth, and substrate types and because of physical disturbances such as ice gouging or 

predation (Stoker 1978; Stoker 1981; Grebmeier et al. 1995). Consequently, the diet of walruses varies 

with their annual movements. 

The central Bering Sea is an area inhabited by walruses of both sexes throughout the winter in most 

years (Fay 1982). Large concentrations ofwalruses overwinter in polynyas and the unstable pack ice 

southwest of St. Lawrence Island and in Kuskokwim Bay, as well as near the leading edge ofthe pack ice 

(Fay 1982; Fay et a/. 1986). Females feed throughout the winter, but adult males mostly fast while rutting 

in December-March (Gehnrich 1984). Snails and crabs were important in the diet of female walruses 

feeding in deep offshore water (80-117 m) in winter (Tikhomirov 1964; Fay et al. 1984; Fay and Burns 

1988). Whether the importance of crabs and snails reflected the proportion of benthic fauna available in 

deeper water or the selectivity of female walruses for decapods and gastopods during the winter is 

unknown. 

The northern Bering Sea is an area inhabited by walruses of both sexes during the spring and fall in 

most years (Fay 1982). The diet of walruses during the spring and fall comprised a wide assortment of 

prey. Clams and snails were the two most frequently consumed organisms in the northern Bering Sea. 

Priapulid worms, echiurid worms, decapods, and sea cucumbers also commonly occurred in stomachs from 
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the northern Bering Sea. The most varied assortment of prey genera, and the greatest number of prey 

unique to one region, were found in stomachs taken from this region. 

Most females and young occupy the Chukchi Sea during May-October, while most adult males summer 

along the ice-free coasts of the southeastern and western Bering Sea (Fay 1982). The females in the 

Chukchi Sea frequently consumed an assortment of snails, small-sized clam genera, decapods, priapulid 

worms, amphipods, and tunicates. Conversely, relatively fewer non-clam prey were ingested by males 

summering in the southern Bering Sea, with the exception of echiurids in the wc~stern Bering Sea and sea 

cucumbers in the southeastern Bering Sea. These regional differences probably reflected differences in the 

composition ofbenthic communities. 

All available stomach data were used to investigate the suggestions by Fay and Lowry (1981), Fay and 

Stoker (1982b), Fay et a/.(1984) and Fay et al. (1989a) that walrus diet analyses should consider the effects 

of digestion on the prey composition of a stomach sample and variation in the composition of benthic 

communities. Walruses regularly consumed a wider assortment ofbenthic prey items than was previously 

thought, and the importance of non-clam prey in the walrus diet had been under,estimated. The diet of 
b,. 

walruses is now known to vary regionally. Therefore, diet varies seasonally as walruses move through 

different regions. Males and females eat essentially the same food items when in the same location. Sex

specific diets nonetheless are observed, because adult males and females inhabit different regions 

seasonally. Regional differences most likely result from patchy distributions of diverse prey items and 

benthic communities within both the Bering and Chukchi seas. 
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Table 5. Percent occurrence of prey identified in "fresh" walrus stomachs and stomachs in unknown stages 
of digestion from the Bering Sea ("fresh": n = 224; unknown: n = 387) and Chukchi Sea ("fresh": n = 92, 
unknown: n = 95). A significant (a.= 0.05) difference in the frequency of occurrence is indicated by*. 

Bering Sea Chukchi Sea 

fresh unknown fresh unknown 

Clams 98 96 Snails* 99 94 

Snails* 83 62 Clams 89 38 

Echiurid worms * 44 15 Decapods * 67 20 

Priapulid worms* 40 22 Priapulid worms * 61 31 

Decapods * 38 28 Amphipods * 52 15 

Sea Cucumbers 36 33 Tunicates * 50 8 

Amphipods * 15 5 Cnidarians * 35 7 

Cnidarians * 11 4 Echiurid worms * 26 2 

Tunicates 7 5 Octopus* 23 7 

Fish* 7 2 Sea Cucumbers 12 4 

Octopus* 6 3 

Table 6. Percent occurrences of snail, clam, amphipod, and decapod genera in "fresh" walrus stomachs 
from the Bering Sea (n = 224) and the Chukchi Sea (n = 92). A significant (a.= 0.05) difference in the 
frequency of occurrence is indicated by *. 

Bering Sea Chukchi Sea 
Snails 

Polinices * 55 96 
Natica * 42 96 

Neptunea * 48 90 
Buccinum * 4 33 

Clams 
Serripes * 80 64 

Mya* 80 37 
Hiatella * 28 6 

Mactromeris * 20 1 
Yoldia * 15 31 
Astarte* 4 40 

Amphipods 

Ampelisca * <1 37 

Anonyx 9 17 

Decapods 

Hyas 14 25 

Argis * 4 20 

Sabinea * <1 16 

Pagurus 13 13 

·~, 
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Table 7. Percent occurrence ofprey identified in "fresh" walrus stomachs in the northern (n = 169), 
western (n = 21), southeastern (n = 29), and central (n = 5) regions of the Bering Sea. A significant 
(a.= 0.05) difference in the frequency of occurrence is indicated by*. Central region not included in 
statistical testing. 

Bering Sea N w SE c 
Cnidarians 10 10 14 0 

Priapulid worms * 50 10 3 40 

Echiurid worms * 45 0 72 60 

Snails* 88 38 79 100 

Clams 99 100 97 60 

Octopus 8 0 0 40 

Amphipods 14 5 24 0 

Decapods * 41 5 41 100 

Sea cucumbers * 42 57 7 0 

Tunicates 5 5 17 0 

Fish 5 14 3 0 

Table 8. Percent occurrence of prey identified in "fresh" walrus stomachs from the northeastern (n = 23), 
northwestern (n = 37), southwestern (n = 31), and southeastern (n = 1) regions of the Chukchi Sea. A 
significant (a:= 0.05) difference in the frequency of occurrence is indicated by *. The southeastern region 
is not included in statistical testing. 

Chukchi Sea NE NW sw SE 

Cnidarians 39 46 19 0 

Priapulid worms * 91 35 71 0 

Echiurid worms 17 19 42 0 

Snails 100 100 100 100 

Clams 87 89 90 100 

Octopus* 48 22 6 0 

Amphipods * 78 27 65 0 

Decapods 48 76 71 100 

Sea cucumbers 22 11 6 0 

Tunicates * 26 65 52 0 

___-] 
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Table 9. Percent occurrence of major prey taxa identified in "fresh" walrus stomachs ofmales and females 

collected in the Bering Sea (males n = 130; females n = 91) and the Chukchi Sea (males n = 15; 

females n = 74). A significant (a= 0.05) difference in the frequency ofoccun·ence of prey between males 

and females is indicated by *. 


Bering Sea Chukchi Sea 

Major Taxa Males Females Major Taxa Males Females 

Clams 98 97 Snails 100 100 

Snails 79 89 Clams 87 89 

Priapulid worms 45 33 Dec a pods 67 69 

Sea cucumber 45 27 Amp hi pods 67 51 

Decapods 42 36 Tunicates 60 50 ,,~ 

Echiurid worms * 35 60 Priapulid worms 47 62 

Amphipods 13 16 Cnidarians 20 39 

Cnidarians 10 2 Echiurid worms 20 27 r:

Fish 9 2 Octopus 13 26 L_ 

Tunicates 5 10 Sea cucumber 7 12 

Octopus 3 12 p-, 

Clam Genera Clam Genera L_ 

Mya* 89 70 Serripes 73 64 

Serripes 84 76 Unid. Tellinidae 60 50 F" 

Unid. Tellinidae 30 47 Astarte 40 42 l_~ 

Hiatel/a 28 26 Mya 47 35 

Mactromeris 16 23 Yoldia 33 31 

L' 
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Figure 5. Numbers of"molluscan" and "non-molluscan" walrus stomachs recorded between 1975 and 1985 
in the northern Bering Sea. 
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Recommendations 

The following recommendations are intended for future investigators of walrus diet. Recommendations 

are listed in 3 separate categories: data collection, management, and feeding habit studies. 

Data collection: 

1) 	 Undertake future studies of food habits based on clearly established hypotheses and objectives. 

2) 	 Standardize the collection, handling, and recording methods of stomachs and their contents. 

3) 	 Enclose an individual stomach content sample in a fme meshed bag {i.e., paint strainer bag), and 

gently rinse the sample in a manner that will not destroy delicate diagnostic tissues. 

4) 	 Record exact kill locations in order to assess the benthic conditions at sampling locations. 

5) 	 Record whether a walrus was killed while hauled out on ice or land, or while in the water. 

6) 	 Record the proportion of stomach contents removed for each sample. 

7) Document the criteria used to identify prey items (e.g., clam foot, siphon, vh;ceral mass, periostracum, 

or shell fragment). 

8) Identify food items to the lowest taxonomic level possible. 

9) Note the state of digestion of the stomach contents. Though contents from all stomachs should be 

examined for qualitative data, classify stomachs based upon the relative condition of the contents. Use 

the presence of either a sipunculid worm, a polychaete worm, or a clam with mantle and viscera 

present to determine which samples are least affected by digestion. Previous stomach data were 

sampled opportunistically, with the sampling secondary to subsistence or commercial harvesting 

purposes. Future walrus harvests inevitably will be carried out under similar 'conditions, and it is 

important that the relative state ofdigestion of the stomach contents be identified and taken into 

account during analyses. 

10) Document the presence, quantity, and condition ofnon-food items (e.g., sedin1ent, mollusc shells). 

1!1 
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Management: 

11) 	Re-establish stomach collecting programs in villages where walruses are frequently hunted (ex. 

Diomede, Gambell, Nome, Savoonga, Shishmaref, Wainwright, Wales), and monitor for local trends 

and/or apparent shifts in regional prey consumption. Interview hunters for historical and present-day 

trends in walrus diet and for feeding observations. Collect walrus morphological, reproductive, and 
. ·~ 

I productivity data in order to further enhance the interpretation of diet data.j 

12) 	Report diet study results to Native subsistence hunters, especially in villages where walrus stomachs 

were collected. The study ofwalrus diet has regularly involved cooperative efforts. Biological 

samples usually are provided by subsistence hunters, and the analysis of these samples is done by 

biologists. Both parties are equally interested in the condition and status of the walrus population. 

13) 	Determine important feeding locations for walruses. 

Feeding habits studies: 

14) 	Determine relationships between the frequency and duration offeeding bouts and the distance from 

haulout sites for the different sex and age class of walruses. 

15) 	Investigate walrus prey selection. Obtain data on the composition, age classes, and densities of benthic 

prey taxa, including deep-dwelling clams, in locations where Pacific walrus diet data will be collected. 

Determine if the prey composition consumed in the western Bering Sea during the 1970's, a period of 

re-colonization by walruses (J. Bums pers. comm.), has changed with time or reflect local benthic 

community populations. 

16) 	Determine if the community structure of benthic prey is driven by the local physical oceanographic 

conditions or by predation. Investigate the effect bioturbation by feeding walruses and gray whales 

(Eschrichtius robustus) has on benthic communities. Estimate the potential impact of walruses feeding 

on certain regional benthic communities during their annual migrations. Estimate the potential impact 

of walruses feeding throughout the winter in concentrated areas. 
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17) Investigate the degree to which the diets of bearded seals and walruses overlap. Investigate the impact 
t.__ 

other benthic competitors, such as brittle stars and bearded seals, have upon walrus prey. r 

18) Investigate whether it is local oceanographic conditions, nutritional needs, or a behavioral preference L-

that motivates predation on seals by walruses. 

l_ 

f8-

b___l 

L_ 



41 

Literature Cited 

Allen, J. A. 1880. History ofNorth American pinnipeds: a monograph of the walruses, sea-lions, sea

bears, and seals ofNorth America. Miscellaneous Publications No. 12. U.S. Geological and 


_:j 
Geographical Survey of the Territories, Government Printing Office, Washington. 785 pp. 


Anonymous. 1984. National oceanographic data center taxonomic code. Volume 1: Numerical (Code 
Order) listing. Key to oceanographic records documentation no. 15, 4th ed. National Oceanic 
Atmospheric Administration, Washington, DC. 365 pp. 

Bidenkap, 0. 1904. Spitsbergens lwiere dyreliv. [Vertebrates of Spitsbergen.] Naturen 28:33-42 in I. 
Gjertz and 0. Wiig. 1992. Feeding of walrus Odobenus rosmarus in Svalbard. Polar Record 
28:57-59. (in Norwegian) (original not seen) 

Bigg, M.A., and I. Fawcett. 1985. Two biases in diet determination of northern fur seals (Callorhinus 
ursinus). Pages 284-291 in Marine mammals and fisheries, J. R. Beddington, R. J. H. Beverton, 
and D. M. Lavigne, eds. George Allen & Unwin Ltd, London. 

L_~ 

Breshin, A. 1958. [The bloodthirsty walrus.] Ogonek 41:30. (Translation from Russian by B. A. Fay, 
1984. Available from CTC Enterprises, Box 84631, Fairbanks, AK 99701) 

Brooks, J. W. 1954. A contribution to the life history and ecology ofthe Pacific walrus. Alaska 
Cooperative Wildlife Research Unit, University of Alaska, Fairbanks, Special Report 1. 103 pp. 

Brown, R 1868. Notes on the history and geographical relations of the pinnipedia frequenting the 
Spitzbergen and Greenland seas. Pages 405-440 in Proceedings of the Scientific Meetings of the 
Zoological Society of London for the Year 1868. Longmans, Green, Reader, and Dyer, London. 

Buckland, F. 1886. Notes and jottings from animal life. Smith, Elder, & Co., London. 414 pp. 

Burns, J. J. 1967. The Pacific bearded seal. Alaska Department ofFish and Game. Federal Aid in 
Wildlife Restoration Project Report. Volume VIII: Projects W-6-R and W-14-R. Juneau, AK. 
66pp. 

Burns, J. J., F. H. Fay., K. J. Frost, and R. V. Miller. 1985. Soviet- American marine mammal research 
cruise on the ZRS ZAKHARovo, Bering Sea, 15 March- 26 April1985. Proj. V. 6: Marine 
Mammals, US-USSR Environmental Protection Agreement. 8 pp. (Available from G. Sheffield) 

Chapskii, K. K. 1936. [The walrus of the Kara Sea.] Trudy Arkticheskogo Instituta. (Transactions of the 
Arctic Institute (Leningrad)) 67:1-124. (Translation from Russian by F. H. Fay and B. A. Fay 
1993. Available from CTC Enterprises, Box 84631, Fairbanks, AK 99701) 

Donaldson, G. M., G. Chapdelaine, and J.D. Andrews. 1995. Predation of thick-billed murres, Uria 
lomvia, at two breeding colonies by polar bears, Ursus maritimus, and walruses, Odobenus 
rosmarus. The Canadian Field-Naturalist 109:112-114. 

Fay, F. H. 1955. The Pacific walrus (Odobenus rosmarus divergens): spatial ecology, life history, and 
population. Ph.D. Dissertation, University of British Columbia, Vancouver, B.C. 171 pp. 

Fay, F. H. 1982. Ecology and biology of the Pacific walrus, Odobenus rosmarus divergens Illiger. North 
American Fauna 74:1-279. 



42 

Fay, F. H. 1993. Ages ofwalruses taken during the Soviet-American research cruise aboard the ZRS 
ZAKHAROVO, 16 September - 22 October 1987. Final report to Alaska Fish and Wildlife Research 
Unit, U. S. Fish and Wildlife Service, Anchorage, Alaska. 28 pp. 

Fay, F. H., and J. J. Burns. 1988. Maximal feeding depth ofwalruses. Arctic 41:239-240. 

Fay, F. H., and B. P. Kelly. 1980. Mass natural mortality of walruses (Odobenus rosmarus) at St. 
Lawrence Island, Bering Sea, autumn 1978. Arctic 33:226-245. 

Fay, F. H., and L. F. Lowry. 1981. Seasonal use and feeding habits ofwalruses in the proposed Bristol 
Bay clam fishery area. Council Document 18, North Pacific Fishery Management Council, 
Anchorage, Alaska. 61 pp. 

Fay, F. H., and S. W. Stoker. 1982a. Analysis of reproductive organs and stomach contents from walruses 
taken in the Alaskan native harvest, spring 1980. Final report, contract 14-16-007-81-5216. U.S. 
Fish and Wildlife Service, Anchorage, Alaska. 86 pp. 

Fay, F. H., and S. W. Stoker. 1982b. Reproductive success and feeding habits of walruses taken in the 
1982 spring harvest, with comparisons from previous years. Final report. Eskimo Walrus 
Commission, Nome, Alaska. 91 pp. 

Fay, F. H., H. M. Feder, and S. W. Stoker. 1977. An estimation of the impact of the Pacific walrus 
population on its food resources in the Bering Sea. Final report. US Marine Mammal Commission, 
PB-272-505, National Technical Information Service, Springfield, VA. 38 pp. 

Fay, F. H., S. Hills, and L. T. Quakenbush. 1989a. Determination of the age of walruses taken in the 
Alaskan subsistence catch, 1985-1987, together with the analysis of reproductive organs and 
stomach contents from the 1985 sample. Final report, contract 70181-13097-87. U.S. Fish and 
Wildlife Service, Anchorage, AK. 81 pp. 

Fay, F. H., B. P. Kelly, and J. L. Sease. 1989b. Managing the exploitation ofPacific walruses: a tragedy 
of delayed response and poor communication. Marine Mammal Science~ 5:1-16. 

Fay, F. H., R. R. Nelson, and J. L. Sease. 1983. Trip report: walrus research cruise of the ZRS ZYKOVO, 
Chukchi Sea, 24 July- 22 August 1983. Proj. V. 6: Marine Mammals, US-USSR Environmental 
Protection Agreement. 14 pp. (Available from G. Sheffield) 

Fay, F. H., J. L. Sease, and R. L. Merrick. 1990. Predation on a ringed seal, Phoca hispida, and a black 
guillemont, Cepphus grille, by a Pacific walrus, Odobenus rosmarus divergens. Marine Mammal 
Science 6:348-350. 

Fay, F. H., Y. A. Bukhtiyarov, S. W. Stoker, and L. M. Shults. 1984. Foods of the Pacific walrus in winter 
and spring in the Bering Sea. Pages 81-88 in Soviet-American cooperative research on marine 
mammals. Volume 1-Pinnipeds. National Oceanic Atmospheric Administration, Technical 
Report NMFS 12. 

Fay, F., R. Nelson, A. Akeya, and K. Lourie. 1981. Preliminary report of the walrus research cruise of the 
ZRS ZVYAGINO. Proj. V. 6: Marine Mammals, US-USSR Environmental Protection Agreement. 
14 pp. (Available from G. Sheffield) 

L_ 

L __ 

L 

L_ 

~' 

IfF 



43 

J 

!.,] 

I~ 

Fay, F. H., L. L. Eberhardt, B. P. Kelly, J. J. Burns, and L. T. Quakenbush. (1997) Status of the Pacific 
walrus population. Marine Mammal Science, 13(4): in press. 

Fay, F. H., B. P. Kelly, P. H. Gehnrich, J. L. Sease, and A. A. Hoover. 1986. Modern populations, 
migrations, demography, trophies, and historical status of the Pacific walrus. Pages 231-376 in 
Outer Continental Shelf Assessment Program, Vol. 37, Final reports of principal investigators, 
National Oceanic Atmospheric Administration, Juneau, Alaska. 

Feder, H. M., and S.C. Jewett. 1981. Feeding interactions in the eastern Bering Sea with emphasis on the 
benthos. Pages 1229-1261 in D. W. Hood and J. A. Calder, eds. The Eastern Bering Sea Shelf: 
Oceanography and Resources, Volume 2. University of Washington Press, Seattle. 

Feder, H. M., A. S. Naidu, J .M. Hameedi, S.C. Jewett, and W. R. Johnson. 1991. The Chukchi Sea 
continental shelf: benthos-environmental interactions. Institute of Marine Science report 91-1, 
University of Alaska-Fairbanks, Alaska. 250 pp. 

Feder, H. M., A. S. Naidu, S.C. Jewett, J. M. Hameedi, W. R. Johnson, and T. E. Whitledge. 1994. The 
northeastern Chukchi Sea: benthos-environmental interactions. Marine Ecology Progress Series 
111:171-190. 

Fedoseev, G. A. 1962. [On the status of the stocks and the distribution ofthe Pacific walrus.] 
Zoologicheskii Zhurnal41:1083-1089. (Translation from Russian by F. H. Fay, 1962. Available 
from CTC Enterprises, Box 84631, Fairbanks, AK 99701) 

Fisher, K. I. 1989. Food habits and digestive efficiency in walrus, Odobenus rosmarus. MS Thesis, 
University of Manitoba. 88 pp. 

Fisher, R. A. 1966. Design ofExperiments. 8th edition. Hafuer. 248 pp. 

Freuchen, P. 1935. Mammals, Part II. Field notes and biological observations. Report of the Fifth Thule 
Expedition. 1921-24. 2:68-278. 

Fukuyama, A. K., and J. S. Oliver. 1985. Sea star and walrus predation on bivalves in Norton Sound, 
Bering Sea, Alaska. Ophelia24:17-36. 

Gapanovitch, I. I. 1923. Fish and fur wealth of the Far East. in V. K. Arsen'ev. 1927. [The Pacific 
walrus.] Knizhnoe, Khabarovsk-Vladivostock. (Translation from Russian by F. H. Fay and B. A. 
Fay 1980. Available from CTC Enterprises, Box 84631, Fairbanks, AK 99701). 

Gehnrich, P. H. 1984. Nutritional and behavioral aspects of reproduction in walruses. M.S. thesis. 
University of Alaska-Fairbanks. Fairbanks, Alaska. 147 pp. 

Gilbert, J. 1985. Aerial census of Pacific walruses in the Chukchi Sea. Marine Mammal Science 5:17-28. 

Gilbert, J., G. Fedoseev, D. Seagars, E. Razlivalov, and A. Lachugin. 1992. Aerial census ofPacific 
walrus. U.S. Fish and Wildlife Service, Administrative report R7/MMM 92-1, Anchorage, 
Alaska. 33 pp. 

Gjertz, I. 1990. Walrus predation of seabirds. Polar Record 26:317. 

Gjertz I. and 0. Wiig. 1992. Feeding of walrus Odobenus rosmarus in Svalbard. Polar Record 28:57-59. 



-----

44 

"··'--'~''·""""-' 

Gray, R. 1889. Notes on a voyage to the Greenland Sea in 1888. Zoologist 13:1-104. 

Grebmeier, J. M., and L. W. Cooper. 1995. Influence of the St. Lawrence Island polynya upon the Bering 
Sea benthos. Journal of Geophysical Research 100:4439-4460. 

Grebmeier, J. M., W. 0. Smith, Jr., and R. J. Conover. 1995. Biological processes on Arctic continental 
shelves: Ice-ocean-biota interactions. Pages 231-261 in W. 0. Smith, Jr., and J. M. Grebmeier, 
eds. Arctic Oceanography: Marginal Ice Zones and Continental Shelves. American Geophysical 
Union, Coastal and Estuarine Studies #49. 

Hills, S., B. W. Robson, and D. J. Seagars. 1991. Cruise report. Proj. V. 6: Marine Mammals, US-USSR 
Environmental Protection Agreement. 28 pp. (Available from G. Sheffield) 

Irons, D. B. 1983. Hauling out and foraging behavior ofwalruses at St. Matthew Island, Alaska. U.S. 
Fish and Wildlife Service, Anchorage, Alaska. 29 pp. 

Jewett, S.C. and H. M. Feder. 1981. Epifaunal invertebrates of the continental shelf of the eastern Bering 
and Chukchi Seas. Pages 1131-1154 in D. W. Hood and J. A. Calder, eds. The Eastern Bering 
Sea Shelf: Oceanography and Resources, Volume 2. University of Washington Press, Seattle. 
1339 pp. 

Johansen, F. 1912. Observations on seals (Pinnipedia) and whales (Cetaceae) made on the Danmark
Expedition, 1906-08. Meddelelser om Gmnland 45:201-224. 

Kenyon, K. W. 1958. Walrus and other marine mammal studies at Little Diomede Island, Alaska. Bureau 
of Sport Fisheries and Wildlife. Sand Point Naval Air Station. Seattle, Washington. 130 pp. 

King, J. E. 1983. Seals of the world. British Museum (Natural History), London. 240 pp. 

Kolthoff, K. 1901. Till Spetsbergen och Nordostra Gronland ar 1900. [A journey to Spitsbergen and 
northeastern Greenland in 1900.] Fr. Skoglunds Forlag, Stockholm. 227 pp. (in Swedish) 

Kozloff, E. N. 1990. Invertebrates. Saunders College Publishing, New York. 866 pp. 

Krylov, V.I. 1971. [On the food ofthe Pacific walrus (Odobenus rosmarus diver.gens Ill.).] Trudy 
Atlanticheskii Nauchno-Issledovatel'skogo Instituta Rybnogo Khoziaistva i Okeanografi, 
(Kalingrad) 39:110-116. (Translation from Russian by F. H. Fay, 1973. Available from CTC 
Enterprises, Box 84631, Fairbanks, AK 99701 ). 

Lamont, J. 1861. Seasons with sea-horses; or, sporting adventures in the northern seas. Harper and 
Brothers, New York 281 pp. 

Loughrey, A. G. 1959. Preliminary investigation of the Atlantic walrus Odobenus rosmarus rosmarus 
(Linnaeus). Canadian Wildlife Service, Ottawa. 123 pp. 

Lowry, L. F., and F. H. Fay. 1984. Seal eating by walruses in the Bering and Chukchi Seas. Polar 
Biology3:11-18. 

1~. 

L. 

L 

L_ 

L ' 



45 

Lowry, L. F., K. F. Frost, and J. J. Burns. 1980a. Trophic relationships among ice-inhabiting Phocid seals 
and functionally related marine mammals in the Chukchi Sea. Pages 37-95 in Environmental 
assessment of the Alaskan Continental Shelf. Volume 11 -biological studies. National Oceanic 
and Atmospheric Administration Office of Marine Pollution Assessment, Boulder, CO. 

:_j 

Lowry, L. F., K. J. Frost, and J. J. Burns. 1980b. Trophic relationships among ice-inhabiting Phocid seals 
and functionally related marine mammals in the Chukchi Sea. Pages 97-173 in Environmental 
assessment of the Alaskan Continental Shelf. Volume 11 -biological studies. National Oceanic 
and Atmospheric Administration Office of Marine Pollution Assessment, Boulder, CO. 

Lowry, L. F, K. J. Frost, and J. J. Bums. 1980c. Feeding of bearded seals in the Bering and Chukchi seas 
and trophic interactions with Pacific walruses. Arctic 31:330-342. 

Lowry, L. F., K. J. Frost, and J. J. Burns. 1986. Assessment of marine mammal-fishery interactions in the 
Western Gulf of Alaska and Bering Sea: consumption of commercially important fishes by Bering 
Sea pinnipeds. Final report, National Marine Fisheries Service, Contract No. NA-85-ABH-00029. 
26pp. 

Lydekker, R. 1916. Wild life of the world. Vol. 2. Frederick Warne and Co. Ltd., New York. 440 pp. 

Malmgren, N. 1863. lakttagelser och anteckningar till Finmarkens och Spetsbergens Diiggdjursfauna. 
:_11!! 

[Observations and notes of mammalian fauna ofFinmarkens and Spitzbergen.] Archiv fur 
Naturgeschichte 30:63-97. (in German) 

Mansfield, A. W. 1958. The biology of the Atlantic walrus Odobenus rosmarus rosmarus (Linnaeus) in 
the eastern Canadian Arctic. Ph.D. Dissertation. McGill University. 150 pp. 

Merrick, R. L., and S. Hills. 1988. Cruise report for 1987 US-USSR joint pinniped research in the 
Chukchi Sea, 16 September- 23 October 1987. Proj. V. 6: Marine Mammals, US-USSR 
Environmental Protection Agreement. 30 pp. (Available from G. Sheffield) 

Murie, D. J. 1987. Experimental approaches to stomach content analyses ofpiscivorous marine mammals. 
Pages 147-163 in A. C. Huntley, D.P. Costa, G. A. J. Worthy, M.A. Castellini, eds. Approaches 
to marine mammal energetics. Society for Marine Mammology Special Publication No. 1. 

Murie, D. J., and D. M. Lavigne. 1985. Digestion and retention of Atlantic herring otoliths in the 
stomachs of grey seals. Pages 292-299 in Marine mammals and fisheries, J. R. Beddington, R. J. 
H. Beverton, and D. M. Lavigne, eds. George Allen & Unwin Ltd, London. 

Nelson, R. K. 1969. Hunters ofthe northern ice. The University of Chicago Press. Chicago. 429 pp. 

Nerini, M. 1984. A review of gray whale feeding ecology. Pages 423-450 in M. L. Jones, S. L. Swartz, 
and S. Leatherwood, eds. The gray whale (Eschrichtius robustus). Academic Press, Inc. San 
Diego. 

Nikulin, P. G. 1941. [The Chukchi walrus.] Izvestiia Tikhookeanskogo Nauchno-Issledovatel'skogo 
Instituta Rybnogo Khoziaistva i Okeanografi 20:21-59. (Translation from Russian by D. 
Wakhroucheff, 1953. Available from CTC Enterprises, Box 84631, Fairbanks, AK 99701) 

Nyholm, E. S. 1975. Observations on the walrus (Odobenus rosmarus L.) in Spitzbergen in 1971-1972. 
Annates de Zoologici Fennici 12:193-196. 

_j 



46 \__ 

Oliver, J. S., R. G. Kvitek, and P. N. Slattery. 1985. Walrus feeding disturbanc1~: scavenging habits and 
recolonization of the Bering Sea benthos. Journal of Experimental Marine Biology and Ecology 
91:233-246. 

Oliver, J. S., P. N. Slattery, E. F. O'Conner, and L. F. Lowry. 1983. Walrus, Odobenus rosmarus, feeding 
in the Bering Sea: a benthic perspective. Fishery Bulletin 81:501-512. 

Orleans, S. A. K. Le due d'. 1907. Crisiere oceanographique accomplie a bord de la Belgica dans le mer 
du Gronland. [Oceanographic cruise onboard the BELGICA in the Greenland Sea.] Bruxelles. 
Imprimerie Scientifique, Charles Bulen. 573 pp. (in French) 

Pedersen, A. 1962. Polar animals. George G. Harrap & Co. Ltd, London. 188 pp. 

Pike, A. 1897. A winter in the eightieth degree (Spitsbergen). Pages 343-351 in A. Chapman, ed. Wild 
Norway. Edward Arnold, London. 

Pollock, K. H., S. R. Winterstein, C. M. Bunck, and P. D. Curtis. 1989. Survival analysis in telemetry 
studies: the staggered entry design. Journal of Wildlife Management 53:7-15. 

Pyke, G. H., H. R. Pulliman, and E. L. Chamov. 1977. Optimal foraging: a selective review of theory and 
tests. The Quarterly Review ofBiology 52:137-154. 

Raven, P. H., and G. B. Johnson. 1992. Biology. Mosby-YearBook, Inc. 1217 pp. 

Romer, F., and Schaudinn, F. 1900. Einleitung, plane des werkes und reiserbericht. [Introduction, 
planning the project and travel report.] in F. Rt>mer and F. Schaudinn eds. Eine 
Zusammennstellung der arktischen tierformen, mit besonder BerUcksichtigung des Spitsbergen
Gebietes auf Grund der Ergebnisse der Deutschen Expedition in das N6Jrdliche Eismeer im Jahre 
1898. Fauna Arctica 1: 1-84. (in German) 

Scholz, D. S., L. L. Matthews, and R. J. Feller. 1991. Detecting selective digestion ofmeiobenthic prey by 
juvenile spot Leiostomus xanthurus (Pisces) using immunoassays. Marine Ecology Progress 
Series 72:59-67. 

Sease, J. L. 1984. Cruise report of the Soviet-American walrus research cruise on the ZRS ZAKHAROVO 
Bering Sea, 14 November to 17 December, 1984. Proj. V. 6: Marine Mammals, US-USSR 
Environmental Protection Agreement. 11 pp. (Available from G. Sheffi,eld) 

Shustov, A. P. 1969. Bozmoshni prechiny gibely krilatky. [Relative indices and possible causes of 
mortality of Bering Sea ribbon seals.] Pages 83-92 in V. A. Arsen'ev, B. A. Zenkovich, and K. K. 
Chapskii, eds. Morskie mlekopitaiuschie. Nauka, Moscow. (in Russian) 

Sokal, R. R., and F. J. Rohlf. 1969. Biometry. W. H. Freeman and Company, San Francisco. 776 pp. 

Siegel, J. 1992. Statistix analytical software- 4.0 version. Box 130204, St. Paul, Minnesota. 320 pp. 

Stoker, S. W. 1978. Benthic invertebrate macrofauna of the eastern continental shelf of the Bering and 
Chukchi Seas. Ph.D. Dissertation. University of Alaska-Fairbanks. Fairbanks, Alaska. 259 pp. 

L__ 

l_ 

r 

k:__ 

L 

L 



47 

IJ:j 

Stoker, S. W. 1981. Benthic invertebrate macrofauna of the eastern Bering/Chukchi continental shelf. 
Pages 1069-1090 in D. W. Hood and J. A. Calder, eds. The Eastern Bering Sea Shelf: 
Oceanography and Resources, Volume 2. University of Washington Press, Seattle. 

Taggart, S. J., 1987. Grouping behavior ofPacific walruses (Odobenus rosmarus divergens Illiger), an 
evolutionary perspective. Ph.D. Dissertation. Institute of Marine Science, University of 
California, Santa Cruz, CA. 169 pp. 

Tikhomirov, E. A. 1964. 0 racpredelni i beology lastonogi Beringova Morya. [On the distribution and 
biology ofpinnipeds ofthe Bering Sea.] Pages 277-285 in P. A. Moiseev, A. G. Kaganovskii, and 
I. V. Kisevetter, eds. Sovietskiw rybnie issledovanie na severnovostochnoi chasti Tikhogo 
Okeana. Pischevaia Promyshlennost', Moscow. (in Russian) 

Timoshenko Y. and L.A. Popov. 1990. On predatory habits of the Atlantic walrus. Pages 177-178 in F. 
H. Fay, Kelly, B. P., and Fay, B. A., eds. The ecology and management of walrus populations. 
Marine Mammal Commission ReportPB91-100479, Washington DC. 

Tomilin, A. G., and A. A. Kibal'chich. 1975. [The walruses in the vicinity ofWrangel Island.] 
Zoologicheskii Zhurnal54:266-272. (Translation from Russian by F. H. Fay and B. A. Fay, 1975. 
Available from CTC Enterprises, Box 84631, Fairbanks, AK 99701). 

Tsalkin, V.I. 1937. [Materials on the biology of the walrus ofthe Franz Josef Archipelago.] Byulletin 
Moskovskogo Obschschestva Ispytatelei Prirody (Bulletin Moscow Society Nature (sec. bioi.)) 
46:43-51. (Translation from Russian by F. H. Fay 1983. Available from CTC Enterprises, Box 
84631, Fairbanks, AK 99701). 

Vibe, C. 1950. The marine mammals and the marine fauna in the Thule district (northwest Greenland) 
with observations on ice conditions in 1939-41. Meddelelser om Gmnland 150:1-115. 

Von Baer, K. E. 1838. Anatomische und zoologische Untersuchungen Uber das Wallross (Trichechus 
rosmarus) und Vergleichung dieses Thieres mit andern See-S~ugethieren. [Anatomical and 
zoological inquiries about the walrus (Trichechus rosmarus) and comparison of these animals 
with other sea-mammals.] Kaiserliche Akademie der Wissenschaften in Wien. 139 pp. (in 
Gennan) 

Wacasey, J. W. and E. G. Atkinson. 1987. Energy values of marine benthic invertebrates from the 
Canadian Arctic. Marine Ecology Progress Series 39:243-250. 

Welch, H. E. and K. Martin-Bergmann. 1990. Does the clam Mya truncata regenerate its siphon after 
predation by walrus? An experimental approach. Arctic 43:157-158. 

Zach, R., and J. N. M. Smith. 1981. Optimal foraging in wild birds? Pages 95-109 in A. C. Kamil, T. D. 
Sargent, eds. Foraging behavior: ecological, ethological, and psychological approaches. Garland 
STPM Press. New York. 

Zenkevitch, L. 1963. Biology of the Seas of the U.S.S.R. Allen and Unwin, London. 995 pp. 

Zimmermann, W. J., L. H. Schwarte, and H. E. Biester. 1961. On the occurrence of Trichinella spiral is in 
pork sausage available in Iowa (1953-1960). Journal ofParisitology 47:429-432. 



.,.,
A

pp
en

di
x 

I.
 S

um
m

ar
y 

o
f p

re
y 

an
d 

ot
he

r 
ite

m
s 

co
ns

um
ed

 b
y 

w
al

ru
se

s.
 

A
tl

an
ti

c 
w

al
ru

s 
(O

do
be

nu
s 

ro
sm

ar
us

 r
os

m
ar

us
) 

re
fe

re
nc

es
 d

en
ot

ed
 in

 b
ol

d 
0

0
 

ty
pe

. 
A

ll
 o

th
er

 r
ef

er
en

ce
s 

re
fe

r 
to

 P
ac

if
ic

 w
al

ru
se

s.
 T

ax
on

om
ic

 n
am

es
 u

pd
at

ed
 f

ro
m

 o
ri

gi
na

l 
no

ta
ti

on
 i

nd
ic

at
ed

 b
y 

.Y.
 (

A
no

ny
m

ou
s 

19
94

).
 

C
N

ID
A

R
IA

 
S

cy
ph

oz
oa

 37
Je

ll
yf

is
h 

32
• 

A
nt

ho
zo

a 
A

ne
m

on
e 

28
, 

J 
'·

 3
2,

 3
7 

G
er

se
m

ia
 30

4o
 

S
ea

 P
en

 35
 

H
yd

ro
zo

a 
29

 

R
H

Y
N

C
H

O
C

O
E

L
A

 32
 "

' 

P
R

IA
P

U
L

A
 35

 

P
ri

ap
ul

us
 1

6,
 1

1.
 1

8.
 1

9,
 2

1.
 2

6,
 

27
, 

28
, 

31
. 3

2,
 3

3,
 3

6,
 3

7,
 3

8
,4

2
 

A
N

N
E

L
ID

A
 

P
ol

yc
ha

et
a 

z, 
21

, 
29

, 
34

, 3
5,

 3
6 

E
rm

oe
 38

 

31
 

32
P

hy
ll

od
oc

e 
16

 • 
• 

N
er

ei
s 

38
 

N
ep

ht
ys

 1
7,

 1
9.

 2
8,

 3
1,

 3
2

,3
7

 

O
m

tp
hi

s 
26

 

31
 

32
 

37
L

um
br

in
er

is
 28

 • 
• 

' 
38

 4
2

F
la

be
lli

r_
er

a 
37

 ' 
' 

32
B

ra
da

 3 
• 

A
ph

ro
di

te
 45

 32
 

37
A

re
ni

co
la

 31
 • 

• 

U
ni

d.
 M

al
da

ni
da

e 
37

 

M
al

da
ne

 17
 

U
ni

d.
 T

er
eb

el
li

da
e 

45
 

T
er

eb
e!

la
 45

 

31
P

ec
ti

na
ri

a 
28

 • 

T
lt

el
ep

us
 3

8
 

0l
l'

en
ia

 45
 

19
 

35
 

37
S

IP
U

N
C

U
L

A
 

• 
• 

G
o(

fi
ng

ia
 28

, 3
1,

 3
2 

E
C

H
IU

R
A

 29
, 

3;
 

E
ch

iu
ru

s 
11

• 2
6,

 2
8,

 3
1,

 3
2,

 3
3,

 3
6

,3
7

 

M
O

L
L

U
S

C
A

 23
 

G
as

tr
o

p
o

d
a 

16
·2

9,
 3

4,
 3

S 

M
ar

ga
ri

te
s 

26
, 

28
, 3

1,
 3

2
,3

7
 

11
 3

1
So

/a
ri

el
/a

 
· 

T
ur

ri
te

/l
a 

32
 

B
or

eo
sc

al
a 

31
 4o

 
31

 
37

O
nc

hi
dl

o£
si

s 
• 

V
e/

ut
in

a 
0 

U
ni

d.
 N

at
ic

id
ae

 37
•4

2 
N

at
ic

a 
17

, 1
1,

 2
8,

 3
1,

 3
2,

 3
3,

 3
6,

 3
J,

 3
8 

P
ol

in
ic

es
 2

8,
 3

1,
 3

2,
 n

, 3
6,

 3
7 

U
ni

d.
 B

uc
ci

ni
da

e 
37

 

B
uc

ci
nu

m
 1

3,
 1

6, 
11

.1
1,

 2
8,

 3
1,

 3
2,

 3
3,

 3
6 ,

 

3
7

,3
8

,4
3

 

U
ni

d.
 N

ep
tu

ni
da

e 
33

 

N
ep

tu
ne

a 
l1

of
o,

 1
9,

 2
8.

 3
1,

 3
2,

 3
3,

 3
6

,3
7 

11
C

o/
us

 
"
' 

C
li

no
pe

gm
a 

36
 

N
ud

ib
ra

nc
h 

28
 

B
iv

al
vi

a 
I,

 1
6,

 3
3,

 3
~ 

35
"C

oc
kl

es
" 

1 · 
N

uc
ul

a 
17

, 
26

, 2
8,

 3
2,

 3
3,

 3
5 

N
uc

ul
an

a 
35

 

Y
o/

di
a 

26
, 

28
, 

31
, 
n

, 3
5,

 3
6 ,

 3
7 

M
yt

il
us

 45
 

M
us

cu
lu

s 
30

 

C
hl

am
ys

 43
 

P
at

in
op

ec
te

n 
21

 4o
 

T
hy

as
ir

a 
2

6
,3

1
 

U
ni

d.
 C

ar
id

ea
n 

28
 

C
yc

lo
ca

rd
ia

 30
 

A
st

ar
te

 1
7

,1
8

, 
1

9
,1

1
,2

8
,2

9
,3

1
,3

5
,3

7
,3

8 

28
3

C
/i

no
ca

rd
iu

m
 19

· 
• 

1,
 3

6 
Se

rr
ip

es
 1

1 4
o· 

16
of

o.
 1

7,
 2

8,
 2

9,
 3

1,
 3

1,
 3

3,
 

36
, 

3
7

,3
8

 

M
ac

tr
om

er
is

 28
 4o

· 29
4o

· 3
1

.f
,,

 l
l,

fo
 

M
ac

tr
a 

26
 

Si
li

qu
a 

29
, 3

2 

U
ni

d.
 T

el
li

ni
da

e 
31

, 
32

, 
3s

, 
36

, 
3

7
,4

2
 

M
ac

om
a 

17
, 

18
, 

19
, 

2
6

,3
0

 

B
iv

al
vi

a 
(c

on
t.)

 
T

el
/i

na
 2

8,
 2

9 31
L

io
cy

m
a 

30
 • 

11
C

ar
di

w
n 

18
 •


 
M

ya
 3

, 
4,

 1
1.

 1
3,

 1
6,

 1
7,

 1
8,

 1
9,

 1
1,

 2
6,

 2
1,

 2
8,

 2
9,

 


ll
, 

32
, 

33
, 

35
, 

37
, 3

8,
 3

9
,4

3
 

H
ia

te
lla

3,
fo

, 1
3

..
,,

1
6

..
,,

 1
8,

fo
, 

19
, 

ll
..

..
 2

8,
 3

1,
 3

2,
 3

S,
 3

7
,3

8
 

P
an

om
ya

 36
 

C
ep

ha
lo

po
da

 
R

os
si

a 
18

 

S
qu

id
 11

 

O
ct

op
us

 28
, 3

1,
 3

2,
 3

4,
 3

5,
 3

6,
 3

7 

17
B

en
th

oc
to

fu
s 

"
' 

O
ct

op
us

 2 

B
R

A
C

H
IO

P
O

D
A

 32
 

H
em

it
hy

ri
s 

38
 

31
B

R
Y

O
Z

O
A

 28
 • 

C
R

U
S

T
A

C
E

A
 29

 

T
ho

ra
ci

ca
 

B
al

an
us

 28
 

M
ys

id
ae

ea
 2

6
 

C
u

m
ac

ea
 35

 

D
ia

st
yl

is
 45

 

35
 4

2
A

m
p

h
ip

o
d

a 
34

• 
• 

A
m

pe
li

sc
a 

27
, 

28
. 

32
, 

37
 

32
B

yb
li

s 
31

 ' 

L
em

bo
s 

23
 

U
ni

d.
 G

am
m

ar
id

ae
 26

 

G
am

m
an

ts
 11

 

M
ae

ra
 33

 

P
ro

/o
m

ed
ei

a 
31

 

A
no

ny
x 

28
, 

11
, 1

2,
 3

3,
 3

7
,3

8
 

45
O

ni
ss

im
us

 
45

A
ca

nt
ho

st
ep

hi
a 

B
oe

ck
os

im
us

 38
 31

H
ip

po
m

ed
on

 28
 • 

ls
o

p
o

d
a 

15
 

A
rc

tu
ru

s 
38

 

21
Sa

du
ri

a 
"
' 

D
ec

ap
od

a 
1,

 1
6, 

34
, 3

5,
 3

8
 26

U
ni

d.
 H

ip
po

ly
ti

da
e 

21
 ' 

Sp
ir

on
to

ca
ri

s 
21

 

E
ua

lu
s 

21
 

P
an

da
lu

s 
26

 

U
ni

d.
 C

ra
ng

on
id

ae
 31

 

45
C

ra
ng

on
 

12
 

19
 2

1 
28

 3
7

Sc
le

ro
cr

an
fi

on
 

' 
• 

• 
• 

A
rg

is
 2

6
.f

,,
 2

 ,
 3

1,
 1

2,
 3

3,
 3

7 

Sa
bi

ne
a 

31
 

37
U

ni
d.

 P
ag

ur
id

ae
 21

 • 
P

ag
ur

us
 2

1
.f

,,
 2

8,
 3

1,
 3

2
, 3

4
, 3

6 

L
ab

id
oc

hi
ru

s 
45

 

U
ni

d.
 B

ra
ch

yu
ra

n 
28

 

P
ar

al
it

ho
de

s 
23

 

H
ya

s 
19

, 2
6,

 2
8,

 3
1,

 3
2,

 3
3,

 3
7 

C
hi

on
oe

ce
te

s 
17

, 2
6,

 2
8,

 3
3,

 3
6,

 3
7 

E
C

H
IN

O
D

E
R

M
A

T
A

 
34

 3
5 

3
8

H
o

lo
th

u
ro

id
ea

 2
9

 ' 
• 

• 
P

so
lu

s 
18

, 2
8,

 3
7 

45
St

ol
us

 
C

uc
um

ar
ia

 1
1,

 1
8,

 2
1,

 2
6,

 2
8,

 3
1,

 3
1,

 3
7

 

M
ol

pa
di

a 
19

 

21
 

28
 

31
 

D
ua

sm
od

ac
ty

/a
 

"
'·

 
"
''
 

"
' 

E
ch

in
oi

de
a 

4
3

 

St
ro

ng
yl

oc
en

tr
o!

!l
s 

3
8

 

O
p

h
iu

ro
id

ea
 2 

O
ph

iu
ra

 45
 

U
R

O
C

H
O

R
D

A
T

A
 

33
 

35
A

se
id

ia
ce

a 
11

 • 
• 

P
e/

on
ai

a 
11

, 2
6,

 2
8,

 1
1,

 3
2,

 3
3

,4
2

 

B
ol

te
ni

a 
30

 


H
al

oc
yn

th
ia

 2
6

.f
,,

 2
8

.f
,,

 Jo
..,

, 3
3

.f
, 




V
E

R
T

E
B

R
A

T
A

 
11

 
32

O
st

ei
ch

th
ye

s 
4 

' 
' 

B
or

eo
ga

du
s8 1.

 32
A

m
m

od
yt

es
 3

U
ni

d.
 L

um
pe

ni
da

e 
26

 

U
ni

d.
 B

le
nn

ii
da

e 
26

 

A
ve

s 
8 

10
F

ul
m

ar
us

 
• 

"
' 

So
m

at
er

ia
 4

0
 

U
ri

a2
4,

44
 39

C
ep

ph
us

 
M

am
m

al
ia

 (
C

et
ac

ea
) 

4 14
M

on
od

on
 m

on
oc

er
os

 5 • 

M
am

m
al

ia
 (

P
in

ni
pe

di
a)

 
O

do
be

nu
s 

ro
sm

ar
us

 14
 

U
ni

d.
 P

ho
ci

da
e 

s. 
6,

 I
O

, 1
2,

 1
4,

 3
5 

34
P

ho
ca

 la
rg

ha
 25

• 
6 

7 
12

 
15

 
16

 
17

P
ho

ca
 h

is
pi

da
 •

 
• 

"
'·

 
• 

' 
• 

18
, 

19
, 2

1,
 3

4,
 3

9,
 4

3 

P
ho

ca
 g

ro
en

la
nd

ic
a 

41
 19

 
20

 2
8

34
E

ri
gn

at
hu

s 
ha

rb
at

us
 9 • 

• 
• 

• 

16
 

17
P

H
A

E
O

P
H

Y
C

E
A

E
 

"
'·

 
"
' 

L
am

in
ar

/a
 28

 

F
uc

us
 1 

O
T

H
E

R
 

P
ha

la
cr

oc
or

ax
 f

ea
th

er
s 

45
 

ga
st

ro
po

d 
eg

gs
 37

 

31
cr

ab
 e
~g
 c

iu
si

er
s 

11
 • 

1
w

oo
d 

sh
el

ls
1

, 3
, 

16
, 

19
, 1

1,
 2

8,
 2

9,
 3

1,
 3

2,
 3

5,
 

3
7

,3
8

, 4
3 

se
di

m
en

ts
 1.

 4
, 

12
,1

4,
 1

5,
 1

8,
 2

1,
 2

8,
 3

1,
 

32
, 3

3,
 3

5,
 3

7,
 4

3 

gl
as

s 
28

 

ny
lo

n 
li

ne
 37

 

en
gi

ne
 g

as
ke

t m
at

er
ia

1 
28

 

i 
~ I 

F"
 

--
, 

I 
---

-,
{?

 
r 

c 
r

: 
1 

"'!
 

l 
I 

I 
r 

, 
r 

" I 
I 

l
I 



. 49 

Appendix 1 (continued) 

1 Von Baer (1838) 24 Nelson (1969) 

2 Lamont (1861) 25 Shustov (1969) 

3 Malmgren (1863) 26 Krylov (1971) 

4 Brown (1868) 27 Tomilin and Kibal'chich (1975) 

5 Buckland (1886) 28 Fay et al. (1977)


J 
6 Gray (1889) 29 Fay and Lowry (1981) 
7 Pike (1897) 30 Fay (1982) 

·~ 8 Romer and Schaudinn (1900) 31 Fay and Stoker (1982a) 
·~ 9 Kolthoff (1901) 32 Fay and Stoker (1982b) 

10 Bidenkap (1904) 33 Fay et al. (1984) 
~~ 11 Orleans (1907) 34 Lowry and Fay ( 1984) 

12 Johansen (1912) 35 Fay et al. (1986) 
13 Gapanovitch (1923) 36 Fay and Burns (1988) 
14 Freuchen (1935) 37 Fay et al. (1989a)"1 
15 Chapskii (1936) 38 Fisher (1989) 

16 Tsalkin (1937) 39 Fay et al. (1990) 

17 Nikulin ( 1941) 40 Gjertz (1990) 

18 Vibe (1950) 41 Timoshenko and Popov (1990) 

19 Brooks (1954) 42 Feder eta!. (1991) 

20 Breshin (1958) 43 Gjertz and Wiig (1992) 

21 Mansfield (1958) 44 Donaldson et aL (1995) 

22 Pedersen (1962) 45 Fay (unpublished) 

23 Tikhomirov (1964) 


_:J 
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Appendix 2. Hourly identification scores (1 =identifiable, 0 =unidentifiable) fior walrus prey during 
laboratory digestion. Flesh weight of each specimen at the start of each digestion trial in grams. 

c~ 

Polychaete worms 
(n = 2I) weight (g) hri hr2 hr3 hr4 hr5 hr6 

r-
Nephtys 1.3 0 0 0 0 0 0 
Nephtys 2.0 0 0 0 0 0 0 
Nereis 2.3 0 0 0 0 0 0 
Nereis 2.7 0 0 0 0 0 0 

Nephtys 3.3 1 I 0 0 0 0 
Nereis 3.6 0 0 0 0 0 0 
Nereis 3.8 1 0 0 0 0 0 
Nereis 4.3 0 0 0 0 0 0 
Nereis 4.3 I 0 0 0 0 0 l~" 

Nereis 4.4 0 0 0 0 0 0 
Nereis 4.7 0 0 0 0 0 0 

rr:-

Nereis 5.5 I 0 0 0 0 0 L_ 

Nereis 6.0 1 I 0 0 0 0 
Nephtys 6.9 I I 0 0 0 0 
Nereis 8.0 0 0 0 0 0 0 

Nephtys 8.7 0 0 0 0 0 
L.-

Nephtys I2.0 0 0 0 0 r-
Nephtys 12.I 0 0 0 0 
Nephtys I2.4 0 0 0 0 I~ 

Nephtys 
Nephtys 

22.5 
23.0 

0 
0 

0 
0 

0 
0 

0 
0 rc:-·' 

Echiurid worms 
(n= 9) weight(g) hrl hr2 hr3 hr4 hr5 hr6 

Echiurus 8.9 1 I 0 0 0 0 
Echiurus 13.7 I I 0 0 0 0 l.c_~ 

Echiurus 18.1 1 0 0 0 0 
Echiurus 19.3 1 0 0 0 0 

pc-

Echiurus 21.2 1 I 0 0 0 0 l._ 

Echiurus 36.9 1 1 1 0 0 0 
Echiurus 56.0 I I 0 0 0 0 r 

Echiurus 56.5 1 0 0 0 
Echiurus 73.6 I 0 0 

F~ 

b_ 

~-

L 
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Appendix 2. (continued) 

Sipunculid worms ''I 
(n,;, 14) weight (g) hrl hr2 hr3 hr4 hr 5 hr6 

Golflngia 1.4 0 0 0 0 0 0 
Golflngia 2.0 0 0 0 0 0 0 
Golflngia 2.1 0 0 0 0 0 0 
Golflngia 2.7 0 0 0 0 0 0 
Golflngia 3.0 0 0 0 0 0 0 
Golflngia 3.3 0 0 0 0 0 0 

j~ Golflngia 3.5 0 0 0 0 0 0 
Golflngia 4.0 0 0 0 0 0 0 , Golflngia 4.3 1 0 0 0 0 0 

! Golflngia 6.2 0 0 0 0 0 0 
Golflngia 9.6 1 0 0 0 0 0 
Golflngia 10.0 0 0 0 0 0 0 
Golflngia 13.0 0 0 0 0 0 0 
Golflngia 15.0 0 0 0 0 0 0 

Snails 
(n = 14) weight (g) hrl hr2 hr3 hr4 hr 5 hr6 

Fusitriton 7.7 1 1 1 1 1 
Fusitriton 8.9 1 1 1 1 1 
Fusitriton 11.2 1 I I 1 1 I 
Fusitriton 11.4 I I I 1 1 I 
Fusitriton 11.8 1 1 1 1 1 1 
Fusitriton I2.5 1 I I 1 1 1 

;,,~ Fusitriton 12.6 I 1 I 1 1 1 
Fusitriton 12.6 1 1 1 I I 1 
Fusitriton 12.8 1 I 1 1 I I 
Fusitriton I4.0 I 1 1 I 1 1 
Fusitriton I6.5 I 1 1 1 1 
Fusitriton I7.9 1 1 1 1 1 
Fusitriton 18.9 1 1 1 

-~ Fusitriton 25.2 1 1 1 

..~ 
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Appendix 2. (continued) 

Clams 
(n = 23) weight (g) hr1 hr2 hr3 hr4 hr5 hr6 

Clinocardium 2.9 I 1 1 I 0 0 
C/inocardium 4.7 I 1 1 0 0 0 

Mya 5.3 1 1 1 1 1 
Mya 5.4 I I 1 1 0 

Clinocardium 7.5 1 1 0 0 0 
My a 7.6 1 1 1 1 0 0 
Mya 10.7 1 1 0 0 0 0 

Tellina 10.7 1 1 1 1 1 1 
Mya 18.5 1 1 1 1 1 0 
Mya 18.6 1 1 0 0 0 0 

Clinocardium 19.4 1 1 1 1 1 
Mya 22.1 1 1 1 1 
Mya 26.2 1 1 I 0 0 L 

Mya 38.4 1 I 1 I 1 
Clinocardium 40.2 I I I I I 0 r~ 

Tellina 40.4 1 I I 1 I 0 
Tellina 42.1 1 I 1 

Clinocardium 43.4 I I I I 
Tellina 51.8 1 1 1 1 
Tellina 60.8 I I I 
Tellina 61.5 1 I 1 

Clinocardium 79.8 I I I 
e~ 

Tellina 80.9 I I 1 L-' 

L 

Crustaceans !'"

(n = 10) weight (g) hr I hr2 hr3 hr4 hr5 hr6 
Pagurus 1.4 I 1 I I 

~' 

Pagurus 3.5 I I 
Telmessus 6.I I I I 

Cancer 6.5 I I I I 
Pagurus 7.0 I 1 I 1 
Cancer 7.2 I 1 I I 1 lr' 

Hyas 8.6 1 1 1 I 1 k 

Cancer 11.9 1 I 1 I 1 
Cancer 13.7 1 I 1 1 
Cancer 19.5 I I 1 I 

L__ ~~ 
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Appendix 3. Kapplan-Meier survival estimates (KME), expressed as percentages, with lower 95% (LCL) 
and upper 95% (UCL) binomial confidence limits, based on hourly examination of specimens digested in 
the laboratory. 

Polychaete worms KME LCL UCL Snails KME LCL UCL 
j n=21 n= 11 

Hour 1 57 34 78 Hour 1 100 72 100 
Hour2 38 18 62 Hour2 100 72 100 
Hour3 0 0 16 Hour3 100 72 100 
Hour4 0 0 0 Hour4 100 72 100 
HourS 0 0 0 HourS 100 72 100 
Hour6 0 0 0 Hour6 100 72 100 

··Ml 

Sipunculid worms KME LCL UCL Clams KME LCL UCL 
n= 14 n=23 

Hour 1 14 02 42 Hour 1 100 85 100 
Hour2 0 0 23 Hour2 100 85 100 
Hour3 0 0 0 Hour3 91 72 99 
Hour4 0 0 0 Hour4 83 61 95 
HourS 0 0 0 Hour 5 70 47 87 

"ll!! 
Hour6 0 0 0 Hour6 52 31 73 

J 

Echiurid worms K.ME LCL UCL Crustaceans KME LCL UCL 
n=9 n= 10 

Hour 1 100 66 100 Hour 1 100 
Hour2 100 66 100 Hour2 100 
Hour3 33 07 70 Hour3 100 
Hour4 11 03 48 Hour4 100 
HourS 0 0 34 HourS 100 
Hour6 0 0 0 Hour6 100 
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