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F'isher, Kathy Irene. M.Sc. , The Univers jty of Man'itoba,

and Diqestive Effìciency in Walrus (Odobenus rosmarus).

Professor; Dr. R.t.A. Stewart.

Stomach contents of 107 Atlantjc walrus (Odobenus rosmarus rosmarus)

from northern Foxe Bas'in, Northwest Territories, were examìned during

Juìy 1987 and 1988. 0n1y ?0% of stomachs of adults (19/93) conta'ined

food items (t5 g). Seventeen taxa were'ident'ified'in these stomachs,

'includjng bivalves, gastropods, holothurians, polychaetes and

brach'iopods. Total abundance ranged from 9 to 1508 individuals per

stomach and weight ranged from 113 to t447 g per stomach. The bivalve

Se truncata contributed over 86% of the total energy to the d'iet, whjle

the bivalve Hiatella arct'ica, holothurians and the poìychaete Nereis sp.

contributed 8.0%, 1.9% and 1.5% respectively. The diet of males and

females was simjlar except that females consumed more of the small

bivalve H. arctica (P<0.05) than males and also tended to consume smal'ler

'ind'ivjduals of a prey type. |rlalrus calves (0 to 2 years, n=12) depended

.largely 
on milk for energet'ic reqirements aìthough some benthic

invertebrates were found in stomachs.

The digest'ive efficiency in 4 captive walrus (2 males,2 fema'les) fed

diets of heming (Clupea harengus) and clams (Spisula sp.) was

determined. Energy digestion was the same on both diets (I=92.7%, n=6)

but females had a sign'if icant'ly (P=0.02) higher d'igestive eff ic'iency
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(x=94.4%, n=3) than males (x=91.0%, n=3). Protein digestibir'ity was

93.8% (n=6) and did not vary (P>0.05) between d'iets or animals. Lìpid

digest'ibjlity was lower on the clam djet (Ì=73.2, n=z\ than the hening

diet (x=94.4/", n=4) but this is likley an artifact due to 1ow r'ipid

content (5.8x0.7%) and the'influence of endogenous lipid loss on the clam

diet.

Maintenance requirements for adult walrus ìn captiv'ity were estimated

to be 155 kcal /Xg'75/¿. Using this estimate as minimum requirements for
free-ranging walrus, an 810 kg non-pregnant, non-lactating aduit would

requìre 2000 to 4500 bivalves per day to meet energetic demands.
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Manuscript I and II were formatted for submission to the Canad'ian

Journal of Zoology. Both manuscripts wì'll be submitted to thìs journal.

Authorship will be Fisher, K.I., and stewart, R.E.A. for Manuscr.ipt I

and Fjsher, K.I., Stewart, R.E.A., and Kasteleìn, R.A. for Manuscript II.
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Atlantic walrus (Odobenus rosmarus rosmarus) 'inhabit the waters of the

North Atlantic and Arct'ic Oceans and the adjacent arct'ic seas (Fay 1982).

Major concentrations occur in the Canadian eastern arctjc'in the regìons

of northern Hudson Bay and northern Foxe Basin and to a lesser extent'in

Davis strait, Baffin Bay, and the hìgh Arct'ic Islands, east of 100ow

(Fig. 1) (Davis et al. 1980).

l^lalrus have been hunted by Inuit for centuries for food for themselves

and their dogs and for the raw materials for tools and implements (Vibe

1950, Mansfield 1958). commercial hunting in the 1800s and ear'ly and

mid-1900s drast'ically reduced the walrus popuìations and in 1928,

regulat'ions were passed under the Fisherjes Act whjch banned all

commercial activit'ies (Richard and Campbeìì 1988).

Very little research has been conducted on the walrus stocks in Canada

(Mansfield 1973). Prelìminary investjgations in the late 1950s and earìy

1960s were broad in nature and examjned methods for ageing animals,

growth, reproduct'ion and nutrition (Mansfield 1958, Loughrey 1959). The

population size in Canada is unknown. Aerial surveys have been

conducted at several of the major haul-out sites over the last 30 years,

but these are minimum counts and do not include the number of walrus in

the water or those hauled out on ice floes (Richard and Campbeì1 1988).

Mansfield (1966) estimated that a popuìation of 25,000 wa'lrus would be

I NTRODUCTION
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FIG. 1. Distribution of walrus in the Canadìan eastern arctjc (from
Davis et al. 1980).



required to support the annual harvest by Inuit. Unfortunate'ly, this

number has been quoted in innumerable papers as a population estimate for

Canadian stocks.

The age and sex structure of herds is also poorly understood (Reeves

L978). Female walrus reach maturity at 6 to 7 years of age (Mansfieìd

1958) and a single calf is produced every second or third year. Male

walrus reach sexual maturity between 6 and 10 years but likely do not

reproduce until they are 15 years or older when they are physically

mature and able to successfully compete for females (Mansfield 1958, Fay

1982). The weight of adult male and female Atlantic walrus range from

720 to 1530 kg and 482 to 1025 kg respect'ively (Mansfield 1958, Fay

1e85).

Hab'itat encroachment from non-renewable resource development projects,

such as m'ining and oil and gas exp'loration, has the potential to

serìousìy affect the walrus herds and their food resources. t^lalrus feed

primari 1y on b'ivalve mol luscs (Vibe 1950, Mansf ield 1958, Fay 1982).

Molluscs concentrate heavy metals such as mercury and arsenìc, so walrus

may be susceptible to the accumulat'ion of pollutants (Rìchard and

Campbeìl 19BB). 0i1 spìlls could be detrimental to mollusc beds aithough

the major impact of a spjll would occur in the ice-scoured inter-tidal

zones which are devoid of benth'ic life. Oil spjlls would be mosr

damaging in over-w'intering polynyas (Davis et al. 1980, Stir'ling et al.

1981) sìnce walrus would not be able to leave the area.

l^lalrus are sensitive to human d'isturbance. Noi se f rom airpl ane and

boat traffic causes animals to flee jnto the water and swim away (Sa'lter

1979) somet'imes causing stampedes, which may k'iìl smaller animals.



Human actjvity has also been reported to be the cause for abandonment of

many of the haul-out sites'in western Foxe Basjn (Beaubier 1970).

t,lalrus'inhab'it several areas near existing or proposed'industrial s'ites

or shìpping routes 'in the high arctic. The long-term effect of vessel

noise and human activity on the movement of these stocks is unknown.

Fisheries for scallops, shrimp and groundfish have recent'ly taken place

ìn several locations 'in the eastern arct'ic (Anonymous 1987). |^lh'ile not

in d'irect conflict with walrus, these types of activjties have the

potential to disturb benthic fauna and alter the commun'ity structure. A

commercjal fishery for molluscs has recently been proposed in Arctic Bay,

N.l^l.T. (Anonymous 1989).

Because walrus distribution'is limited part'ìy by the availability of

benthic resources, any perurbation of benthic stocks could have a

serious ímpact on the walrus population. Therefore, the main objective

of this study was to examine the food hab'its of walrus and ident'ify the

major prey consumed. Th'is information can be used for the eventual

identification and protection of critical feeding areas to minim'ize the

impact of resource development projects and commercial fishery ventures

on the walrus stocks.

Studies on the food habits of Atlant'ic walrus are few. vibe (1950)

examined the stomachs of 5 walrus from the Thule D'istrict of Greenland

and Loughrey (1959) collected 20 stomachs from northern Hudson Bay,

a'lthough he djd not report the composition of prey. Mansfield (1958)

exam'ined 111 stomachs from walrus in the Canadian eastern arctìc; all but

6 of these were collected during the summer. Examination of the diet

during the winter months is d'ifficult because the drìft'ing pack ice can



easily crush a boat and the reduced daylight hours and extreme

temperatures make travelling d'ifficult and dangerous. The summer and

fall diet of Atlant'ic walrus consists largely of the s'iphons of the

bivalve molluscs l'lye truncata and Hiatella arct'ica and the feet of

Semipes qroenlandica/Clinocardium cil jatum (=Cardium sp.) although many

other invertebrates jnclud'ing gastropods, polychaetes, priapul'ids,

echì noderms , and tuni cates have been i dent'if i ed (vi be l-950, Mansf i el d

1958). Ringed (Phoca hispida) and bearded seal (Eriqnathus barbatus)

remains have been found'in several walrus stomachs in the Canad'ian arctic

(Mansfìeld 1958, Loughrey 1959), Greenland (Vibe 1959), the Kara Sea

(Chapskii 1936) and Franz Josef Land (Tsaìkin 1937). Fjsh otoliths

(chapsk'ii 1936, Mansf ield 1958) and squ'id beaks (Mansf ield 1958) have

been identified in a smali number of stomachs.

The food habits of Pacific walrus (Odobenus rosmarus divergens) have

been studied more extensjve'ly because of the 'impact the estimated

200,000 animals (Fay 1982) exert on the benthic resources and the

potent'ial conflìcts wjth other marine mammals and fisheries (Lowry and

Frost 1981). The diet of Pac.ific walrus is s'imilar to the Atlant'ic

walrus and cons'ists largely of bivalves, although over 60 genera in 10

phyla have been identified 'in stomachs. The bivalves Mya, Hiatella

Sp'isula, Clinocard'ium and Semipes are the major prey consumed (Nikulin

l-941, Brooks 1954, Fay et a1. 1977, 1984).

Stomach content analysis can provide useful jnformation on the types of

prey consuned but provides no'indication of the daily quantity consumed.

An estìmate of food intake is necessary to determine how large a benthic

populatjon is required to support the walrus populatjon. Food intake is



most useful when expressed in terms of energy'intake because jt accounts

for differences in energy density within and between prey types (Lavigne

et al. 1982).

An alternate approach to determ'ine the energy requirements of the

walrus populatjon is to look at the requirements of an individual walrus

and apply this to the populatÍon, g'iven knowledge of the populat'ion size,

age structure and sex rat'io. There have been very few attempts to

construct an energy budget for p'innipeds, primarily because of major gaps

in knowledge regarding 'individual and population parameters. No

components of the energy budget of walrus have yet been experìmentally

determined. Est'imates of gross energy (GE) intake for maintenance range

from 238 to 472 kcal/kg'75¡d (Fay 1982, Gehnrich 1984). These estjmates

are based on the food intake levels fed to the walrus and proximate

composition and energy density values from the literature. Values at the

lower end of the range have been equated to maintenance requirements for

non-lactatjng, non-pregnant females, even though changes in body weight

at these feeding ìevels were not taken. The second objective'in this

study was therefore to beg'in to exam'ine the energy partit'ionìng (Fig. 2)

in walrus by determining the apparent d'igestib'le energy (ADE) of a

capt'ive wal rus. Metabol'izabl e energy (ME) cou I d not be determ'ined

because urine could not be collected.

Energy losses through feces (FE), urìne (UE) and heat increment of

feeding (HIF) have recently been measured ìn pìnn'ipeds. Digestìbìe

energy (DE) 'in seals ranged from 90 to 98% of GE jntake (Parsons 1977,

Keiver 1982, Kejver et al. 1984, Ronald et al. 1984). Urinary losses

ranged from 7 to B% of DE and ME varied from 85 to 90% of GE (Keiver

6
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198?, Ke'iver et al. l-984, Ronald et al. 1984). Heat jncrement of feeding

(HIF) for seals was calculated as 5.5 to 17% of GE (Ashwetl-trickson and

Elsner 1981, Galljvan and Ronald 1981, Innes 1gB4). Therefore

approx'imately 70-75% of GE is avaijable as net energy for seals fed fish
diets.



FOOD HABITS OF ATLANTIC

IN NORTHERN FOXE

Few studies have examined the food habits of Atlantic walrus. V'ibe

(1950) described the stomach contents of 5 walrus collected from the

Thule District of Greenland and Mansfield (1958) examined 19 stomachs

from 5 locations in the Canad'ian eastern arctic. Both found that the

major food sources were bivalves of the genera Mya, Hjatella (=saxicava)

and Semipes/Clinocard'ium (=Card'ium). Holothur.ians, gastropods,

crustaceans, po]ychaetes and other organ'isms uJere consumed to a lesser

extent. Loughrey (1959) also collected stomachs from 20 walrus taken in

northern Hudson Bay but djd not examine the contents of the 5 wh-ich

conta'ined f ood.

Inuit from the communjties of lg'lool'ik and Hall Beach rely heavily on

walrus in Foxe Bas'in (Fig. 3) for food for themselves and their dogs

(Beaubier 1970), yêt little is known of the ecology and food habjts of

th'is stock (Mansfield 1966). The only documented study of the walrus

diet in Foxe Basin was by Mansfieìd (1958) who exam'ined 3 stomachs from

the area as part of a larger study on the bioiogy of canadjan eastern

arctic walrus.

The purpose of this study was therefore to exam'ine the diet of walrus
'in northern Foxe Basin and test the null hypothesis that bivalves are the
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MATTRIALS AND METHODS

One hundred and seven walrus stomachs were collected from Inuit

subsjstence hunts in Foxe Basìn, N.þ.|.T. (Fig.3), during Juiy 1987, l_988

and September 1988. Samp'les were collected with the assistance of

hunters from the conmun'ities of lgìoo'l'ik and Hall Beach and by Department

of Fisheries and Oceans (DFO) personnel. For each sample, the stomach

and jaw (for ageing) were taken, and the sex, total length, total g'irth

and xiphisternal blubber thickness were recorded (American Society of

Mammologists, 1967). Addit'ional data were gathered for other studies.

Stomachs and jaws were frozen, usua'ììy w'ithin 24 hours of collection, and

returned to |.linnipeg for analys'is.

Benthìc invertebrates were collected as reference materìal for the

jdentjficatjon of stomach contents and for energy content determinations.

Most samples were obtained using SCUBA. Small epìfauna'l and shallow

infaunal invertebrates which could not be collected by hand were gathered

by divers using an underwater air lift dev'ice (Chess i978). Benthos were

also collected at the floe edge using a bottom grab and opportun'istical'ly

from the beach and tjdal flats. All collections were made in depths of

20 m or less and organisms u/ere either frozen for calorimetry or

preserved in 70% ethanol or L0% buffered formalin for species

identif ication.

In the laboratory waìrus stomachs were thawed, sljt longitudjnally and

the contents sequentially washed through 4 mm and 1 mm sieves. 0rganisms

were identified to the lowest taxonom'ic level possibìe, counted, blotted

dry and we'ighed to t0.1 g (Mettler PC4400, Zurich, Swìtzerland). Prey

12



'items were identified using a reference collection and published keys

(Shorygìn 1948, Grainger 1955, Bousfjeld 1960, Macpherson L971,

clarke r974, Lubinsky 1980) or sent to invertebrate taxonomists.

Poìychaetes were identified by J.A. Fournier, National Museum of Natural

Sciences,0ttawa; gastropod opercula by J.M. Topp'ing, Nat'ional Museum of

Natural History, Ottawa; amph'ipods and isopods by M. Curtis, DFO,

l.linnjpeg. B'ivalves could onìy be'identifìed to the level of genus

because specìes ident'ification js based on the shell (Keen and coan

L974) and these are usually absent'in stomachs. When b'ivalve genera were

represented by only 1 species in Foxe Basin, genus identification was

considered equ'iva'lent to specìes jdent'ificat'ion. The cockles, Serripes

groenlandicus and Cl inocard'ium cj I iatum, wh'ich were ident'if ied in earl ier

literature (Lubinsky 1980) as Cardium groenland'icus and Cardium c'iliatum

respectively, cannot be separately identified based on fleshy parts found

in the stomachs. clinocard'ium shell fragments were not found in any

stomachs so cockles are refemed to as Semìpes in the following text.

Inorganic and unidentifiable organic remains on the small mesh sieve were

sorted by specific gravity 'in a water column, drained and weighed to

t0.1 g. The volume of milk'in the stomachs of calves was measured'in the

laboratory using a graduated cylinder and recorded to the nearest 25 ml.

Two fecal samp'les were jncidentally collected from ice floes where

walrus had recent'ìy hauled out. Samples were flushed through a 1 mm

sieve and the organ'isms were jdentified,'ìargeìy from diagnostic hard

parts.

walrus stomach contents vrere quantified us'ing 4 methods: (1) percent

occurrence of each prey type (number of stomachs in wh'ich prey type

13



occumed / total number of stomachs x 100) (Hysìop 1990), (z) percent

abundance of each prey type (number of ind'ivjduals of a prey type in all
stomachs / total number of al I ind'iv'idual s in al I stomachs x 100) (Lowry

and Frost 1981, Murìe 1984), (3) percent weight of each prey type (we-ight

of indivjduals of a prey type in all stomachs / total weight of all
individuals in all stomachs x 100) (Hysìop 1980, Lowry and Frost 1991),

(4) percent energy contribution (estimated energy content of jnd'ividuals

of a prey type in all stomachs / total energy content of all indjviduals

in all stomachs x 100) (Murie 1984).

The criteria used for countìng ind'iv'idual organ'isms depended on the

prey type. Bivalve numbers were based on maxjmum counts of ident'ifiable

siphons, feet or bodies; gastropod, polychaete and brachiopod numbers

were based on diagnostic hard parts such as opercula, jaws and shell

teeth, whìle numbers of most other prey types h,ere based on counts of

whole individuals. The mean weights of jndjviduals of the major prey

types were determined from walrus stomachs which contajned undjgested

representatives or from specimens jn benth'ic collections. Polychaete

weights were provìded by J.A. Fournier (unpub. data).

The caloric densìty and percent dry matter of the major food taxa were

determined from samples collected near Iglooljk (Fjg.3) and Resolute

Bay, N.|.l.T. (Fig. 1). Samples \,/ere freeze drjed (Labonco Model 25019,

Kansas cìty, M'issouri) to a constant weight and energy dens.ity was

measured using an adiabatic bomb calorimeter (Pam Instruments, Moì'ine,

Illinois). Dry matter and caloric density of taxa not represented 'in

benth'ic collections u/ere taken from the l'iterature (Tyìer 1973, Wacasey

and Atk'inson 1987, G. Atkinson, DFO, Ste. Anne de Belevue, Quebec,

L4



unpub. data). The percent contrjbution of each prey type to the total

energy content of stomachs, with the exception of holothurians, was

back-calculated using the number of ind'ivjduals and the mean we'ight and

energy density for each prey type or part of the item consumed. Caloric

contribution of holothurians was calculated using weight and not

abundance because rapid digestion prevented accurate counts from being

made.

Walrus were aged accord'ing to Peterson and Born (1992). A 1 cm

transverse section was cut through the right ramus mandibularis jn the

region of the last cheek tooth usìng a band saw. Sections were boìled to

remove the flesh and then po]ished on a grinding wheel. Annual growth

ìayers in each sectìon were counted 3 to 5 times and the final age

est'imates were based on 3 jdent'ica'l readings. If fewer than 3 readings

were identical, the 95% maximum normed residual was calculated (n=5), the

outliers were removed (Snedecor and Cochrane 1980) and the med'ian value

was used as the final age estimate (Stewart and Lavigne 1979).

D'ifferences in d'iet between sexes were analysed using the non-

parametric Hilcoxin test for ranked data (Sokaì and Rohlf 1969). The

level of signìficance was P<0.05 for all anaìyses. Statistical

comparison of the diet between age groups (immature vs aduìt) was not

done because of the small sample size (n=5) for post-weaning immature

walrus (age 3-6 years).
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RESULTS

Ninety-five of the 107 walrus stomachs collected were from immature

(weaned) or adult animals and 12 were from suckling calves. In immature

and adult walrus, 21 (22%) of the stomachs contajned food jtems (t5 g),

13 (I4%) had trace quantities (.S g) of food and 61 (64%) were empry.

The mean we'ight of food 'items in the 2L stomachs was 1047.4ú422.1 g.

The large standard deviation reflects the wide range in weights of
stomach contents. The 2 stomachs from walrus taken in September 19gg had

a disproportionate amount of food (5095.4t1080.1 g) and were removed from

the analys'is, reducing the mean weight of food'in stomachs to

62I-3x4L2.2 g (n=19). Examination of dietary composition was based on

these 19 stomachs which were all collected during Juìy 19g7 and 19gg.

Diet composit'ion

The 17 taxa identified from walrus stomachs in this study are a sample

of the summer walrus diet in northern Foxe Basjn (Table 1). From the

stomachs collected 'in Juìy, two bivalve species, Mya truncata and

H'iatella arctica accounted for 90.9% of al'l organisms 'ingested (Tabì e Z).

Mva were the most frequent (95%) and most abundant (67.2%) of ajl items

consumed, with s'iphon numbers ranging from 0 to 912 per stomach. Only

the siphons, sheaths and shelì fragments were found in stomachs;-intact

bodies were absent. The red and orange tipped siphons of Hiatella were

found jn most stomachs (lg%,0 to bB8 s'iphons) and comprjsed 23.7% of

ingested items. Unidentjfied bivalve remajns, wh'ich included sheaths,

guts and other muscle fragments, comprised 31.5% of the total wet weight

16



TABLE 1. Scientific and common names of prey found in walrus stomachs
in Foxe Basjn, N.l^l.T., 1987-1988.

General taxon

Bi val vi a

Gastropoda

Po1 ychaeta

Sci ent'if ic name

Astarte sp.
Hiatel I a arctica
i;--.-----.;----.'-Hya I'runcala
Serri pes groenl andi cusa

Bucc'inum sp.
Nati ca cl ausa

-kLUnoe sD. u

Flabelligele affinis
Nereis sp.c
f frel pus cincinnatus

Hol othu ro i dea

Echi noi dea

Priapul'ida

Amphi poda

I sopoda

B rac h'i opoda

Deca poda

T7

Common name

Stronq.yl ocentrotus

Arctic saxicave
bl unt soft shel I cl am

Greenl and cockl e

whel k

moon snail

scal e worm

nereid worm
terebellid worm

sea cucumDer

green sea urchin

prì apul id worm

droebach'iensi s

aCould also be Clinocardium ciliatum, however only shells of
S. qroenl andi cus lvere-TõñãTn stornactrs.

oLikely E. nodosa, E. oestedi or closely related Harmothoe imbricata
or H. exteñuata..Lit.ll \ l.l¡Sjlq although could be trl. zonata.

Pri apul us caudatus

Anonyx sars j
Boec ko s i mu s edwa rd s'i

Arcturus baffi ni

Hemithyris psittacea



TABLE 2. Percent occurrence, abundance, r,reight and estimated energy contribution of prey in stomach
contents of 19 walrus in Foxe Basin, N.!1.T., Juìy 1987 and 1988.

Bivalvia
l4Je truncata
Hiatel I a arctica
¡<r-, rf-;c;-j:j-"r'

Gastropoda
Buccinum sp.
llati ca cl ausa
Uni¿entitie¿ feet

Polychaeta
tunoe sp.
llere'i s sp.
Flabell igera affinjs
Thel pus cincinnatus

Hol othuroi dea
Echi noi da

Strongyl ocentrotus
droebachiensis

lrìapuì r'da
Priapul us caudatus

Brachiopoda
Hemì thyri s ps i ttacea

P rey
0ccu rrence

95
7A

79

58
53
2l

11
58
11
16

Abu nda nce

18

Amphi poda

llo.

Boeckosimus edvrardsi
r ^lîlfl-

Arcturus baffini
Oec a po ¿a

- Unidentified bivalve remainsâ
UnidentÍfied organic remainsb
Shel I fragments
TOTAL

Anonyx sarsi

5619
198 0

6B

67 .2
23.7
0.8

0.7
lq
0.2

nÂ

0.1
0.1
0.5

<0.1

0.2

0.4

<0.1
<0. 1

<0. 1

,0.1

57
157

I5

lle i ght

alncl udes sheath, guts and other remai ns.
Dl!ostly from the 1 mm sieve fractjon.

39
303

10
5

39

11

2l

47

16

5

5

5

4719.3 40.0
928.4 7.9
I3.2 0.1

2.8 <0.1
31 .2 0.3
Ãa n't

0-2 <0.1
1.9 <0.1
7 .6 0.1

i6.3 0.1
1045.3 8.9

0.2 <0.1

121.4 1.0

5.2 <0.1

0.2 <0.1
<0.1 <0.1

0.1 <0.1
0.1 <0.i

3713.8 31.5
1158.9 9.8

5.1 0.3
I 1805.0

Estimated Energy

I

20

37

kcal

29848.1
27 7 2.0

19.7

322.4
136.4

18. 2

70. B

5IJ.U
7.6
7.6

649.1

0.1

312.3

0.1
0.1

0.2
,.:

34685.9
B4

3

1

1

i

86. 1

8.0
0.I

0.9
0.4
0.1

0.2

<0. I
<0. I

lq

(0.1

0.9

<0. I

<0.1
(0. I

<0.1
<0.1

835;



of all stomachs. Astarte sp. r,/ere found in most stomachs (79%) but

comprised <1% of the total number of individuals.

Gastropods were recognized primarily by the opercula, but in some

stomachs which contained less d'igested contents, the opercula were still
attached to the bod'ies. Buccinum sp. and Natica cjausa occurred 'in over

half the stomachs (58%, 53% respectively) and comprised 2.6% of ail
organisms; Nat'ica were 2.7 t'imes as abundant as Buccinum.

Four taxa of poìychaetes were found in walrus stomachs. The most

frequentìy occuming was Nereis sp. (58%) fol lowed by Thelpus cinc'innatus

(16%), Harmothoe sp. (rL%) and Flabelligera affinis (Lr%). porychaetes

comprised 4.8% of all organisms but contributed <I% to the total weight

of the stomachs. Nere'is was the most abundant polychaete (3.6%) and

ranged from 0 to 123 ind'ividuals per stomach.

Holothurians were found in L2 of 19 stomachs (63%), but could not be

accurately counted or furtheridentif ìed because of rapìd digestion and a

lack of diagnostic hard parts. Holothurìans contributed 8.9% to the

total wet weight but 85% (884.7/1045.3 g) of the b'iomass was found'in 3

stomachs.

Priapulus caudatus was found in 2I% of all stomachs and represented

0.2% of total abundance. All priapulids were swallowed whole and showed

no sign of masticatjon. Brachiopods occumed in 47% of stomachs but

contributed <0.5/' to total abundance or weight, while amphipods, isopods,

sea urchins and decapods each occurred in less than ?0% of stomachs and

contributed l'ittle to abundance (.0.5%) or weight (<0.5%).

An average of 85.7xI24.8 g of stones was found jn all stomachs

contajning food and the largest amount (501.5 g) was found'in the stomach
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of

in

a 9 year old male which had fed on bjvalves. Shell fragments occurred

small quantitìes (0 to 10 g) in 84% of the stomachs sampled.

frey size and percent enerqy contrìbutjon of prey tvpes

Stomachs genera'l'ly contained large numbers of relatively small food

'items, most being less than 10 g. Average Mya and Hiatella siphons (with

sheath) weighed 8.4 g (n=1312) and 2.2 g (n=30) respective'ty, and

Sem'ipes feet and bod'ies weighed 6.8 g (n=180) and 4.0 g (n=269)

respective'ly (Table 3). Intact holothurians weighed 2.0-22.3 g and

prìapuf ids we'ighed 4.0-23.3 g. The caloric content of the more

frequently consumed larger prey (Mya, Buccinum and holothurians) ranged

from 5000 to 6000 cal/individual. The caloric content of Seruipes feet

was also near 6000 cal/individual but if the foot and body were

consumed, the energy intake nearìy doubled (x=8961 cal/'indiv. ). There 'is

no indication that the body of UJg is consumed by waìrus, but jf it were,

the energetic returns would also be 2 times higher than for the siphon

and sheath alone. The caloric densìty of Hiatella was simjlar to other

20

bivalves but the caloric content was lower (x=1400 cal/'indiv.) because of

the smaller siphon (Table 3). The h'ighest caloric content of prey was

for Priapulus caudatus (15613 ca1/ind'iv. ) (Append'ix 1). 0ther worms,

which are genera'lìy much smaller, had lower caloric contents (1600 to

1800 cal/indiv. ).

Mya contributed 86.L% of all energy in stomachs of immature and adult

walrus (Fig. 4). Hiatella, holothurians, Nere'is, Bucc'inum and priapulus

contributed 8.0%, r.9%, r.5%,0.9% and 0.9% respectively and all other

organ'isms contrjbuted less than 1%. Mya was the dominant taxon jn terms



TABLE 3. llean wet weight (g), percent dry matter (% 0tt¡, caìoric
density (cal/g, dry matter basis) and caloric content per indìvidual
(cal/indiv., wet weight basis) for major prey found in walrus stomachs

'î n Foxe Basin, N.l'l .T., 1987 and 1988.

!!ya truncata
bo dy

s i phon

s hea th

P rey

wet weight(g)
%Dt4

cal/g
cal/indiv.
wet weight(g)
%Dt4

cal /g
ca.l /indiv.
wet weight(g)
%Dt4

caì /g
cal/indiv.
cal/indiv.total

( sheath
+ siphon)

Hiatella arctica
-=lpñon

sheath

total

Serri pes

i + t s.o.

11.03 J 7.79
14.77 J 3.68

4284.4 f 350.1
697 9 .B

4.32
15.72 ! 3.4

3972.6 ! 232.8
2697 .B

4. 05
2qa2+qoo

2500.3 ! 35?.2
2614.6
s 312

n Source

wet we'ight(g)
%Dr1

cal/g
cal/indiv.
wet weight(O)
%D11

caì /g
cal/ind.i v.
cal/indiv.

wet weisht(S)
%Dt4

cal /g
cal/indiv.
wet weight(9)
ttD14

cal /g
cal/indiv.
cal/indiv.

vret weight(g)
%Dt1

ca1 /g
cal/indiv.

wet weisht(S)
%Dt4

cal /g
cal/indiv.

wet wei Sht(g)
%Dt4

caì /g
cal/indiv.

98a
98a
274

groenl and icus
foot

bo dy

total

Nereis sp.

21

1312
156

23

130
10

1.14
15.7?

3956
709

I .07
25.82

2500.3
690. B

1400

D

a

a

I

a

Buccinum sp.

30

4

6.8
20.3 J 3.0

4290.t ! 62.0
5922.7

4.0'tÂ o + 2 E,

4495 J 184.6
3039
8961

2.0 i 1.0
?2

3B4B
16 93

q7+n
21.0 r 1.8

47?3.9 ! 7 .4
5655

8.4 r 6.7
14.9 r 1.9

4168.1 t 12?.8
5?17

llolothurians

D

o

e

_c
_o

aspecimens from benthic co'l lections.
bsoecimens from stomach contents
cEstimated as 94% of mean siphon r,ret weight, based on 74 Mya lruf_ç_ql_q

from be nth i c col l ect i ons.
oVal ue for l'lya truncatq.
ellacasey and Atkinson, 1987.
1J.4. Fournier, National Museum of Natural Sciences,0ttawa, unpub.

data.

180
11
11

269
11
11

2

a

SG. Atkinson, Department of Fisheries and 0ceans, Ste.
Bellevue, Quebec, unpub. data, after preservation in 10%
70% ethanol.

D

a

a

f
s
e

2

3

3

a

a

a

t
2

2
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86.1 Mya

22

arctica

truncata

FIG. 4. Estimated percent
energy content of the walrus
1988.

contribution of the
diet ìn Foxe Bas'in,

major prey to the total
N.|,l.T., July 1987 and



of percent energy contribution in 16 of 19

Nereis and Bucc'inum were each dominant in 1

Sex, age, seasonal and depth differences in dìet

Few s'ignificant djfferences were found in the stomach contents of male

and female walrus. Both had s'imilar proportions of stomachs containing

food (females, 9 of 42; males, L0 of 45). Females tended to consume

more food items (P.0.10) and have larger quantities of food (p<0.20) and

energy (P<0.10) 'in the'ir stomachs compared to males, aìthough these

djfferences lvere not significant (Table 4). M contributed the same

percent to the total energy content of stomachs in male and female

walrus, but females received significantìy more energy (greater %

contribution) from Hìatella than did male walrus (P<0.05). There was no

sìgnificant d'ifference between sexes in the percent contributjon of

holothurians to the total energy content, although 3 of the 10 males were

feeding extensìve1y on holothurians Þq0% of total energy of each

stomach).

Obvious differences jn stomach contents between 'immature (3-6 years)

and adult walrus were not apparent. Stomachs from immature animals had

similar total weights of food items (2L9.7-1447.2 g) as adults (112.9-

1370.4 g) and sim'ilar ranges of energy content (immatures, 634.9-

5695.0 kcal; adults, 202.4-4804.5 kcai). D'iversjty of taxa was the same

in adults (n=14 taxa), and immatures (n=14 taxa) w'ith Mya being dominant

in all stomachs of immature anìmals.

stomachs, while holothurians,

of 19 stomachs.
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Twelve stomachs of calves were examined (Table 5). Three of g

newborns (age 0 years) had empty stomachs and 5 contained 100-1650 ml of

mi I k, 2 of wh'ich had smal I quanti t'ies of benthi c organi sms. The stomach

of one yearl'ing contaìned only milk whjle that of another (age estjmate

based on total length) contajned mì1k, several bivalves, polychaetes and

stones. The stomach of one two-year old contained 75 ml of milk while

another contained no m'ilk but several bivalves.

water depth was measured at 5 sampìing ìocations in 19gg. Seven

stomachs from adults taken on ice floes in depths of 38 to 70 m were

empty and 2 stomachs from walrus taken in LZ m of water had only trace

amounts (.5 g) of food items (Tab'le 6).

Fecal sampìes contained hard parts from bivalves, gastropods,

polychaetes and brachiopods as well as bjvalve siphon and sheath remains

(Table 7). No taxa were ident'ified that had not previously been found

in walrus stomachs.

On]y 2 stomachs were collected outside of Juìy, so seasonal

differences jn feeding could not be assessed'in deta'il. The 2 stomachs

collected in September contained an average of 3.5 t'imes more food than

the fullest stomach in July. Mya was aga'in dominant'in terms of number

(79.4%) and contrìbut'ion to energy content of stomachs (7s.L%) (Table g)

The stomachs from September conta'ined large numbers (X=134.5¡23.3, n=2)

of the cockle Serripes, represent'ing 24.I% of the energy content of the

stomachs. Not on'ly were the feet of Serripes found, but also'large

numbers of bodies (n=269) and fragments of adductor muscle and mantle,

indicating that all of the fleshy parts of the cockle were eaten.
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TABLE 5. Volume of
stomach contents of
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TABLE 6. Stomach contents of walrus in relation to water depth.

Depth
(m)
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TABLE 7. Percent occurrence and abundance of prey in 2 fecal samples
from wal rus in Foxe Basin, lil.l'1.T" , July 1988.

Bivalvia
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H'iatella were found in small numbers

0.4% to the total energy content of

(7 and 23 siphons)

stomachs.

and contributed
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D ISCUSS ION

Biases in stomach content analyses

The analys'is of stonach contents has been used for many years to

describe the d'iet of manine mammals (Lowry and Frost 1981). These

studies prov'ide information on the types of prey consumed but it is

d'ifficult to accurately assess the relative ìmportance of prey types in

the diet because of potential erors resulting from the different'ial

digestion and retention of prey types (Bigg and Fawcett 1985).

In thjs study, percent occurrence, abundance, we'ight and estimated

energy contrjbution of prey species were used to describe the diet of

walrus. Percent occurrence provides a qua'litative picture of what is

eaten but over-estimates the contribution of relatively unimportant prey

types (Berg 1979). Astarte, Nat'ica and Hemithyris were found in over

half the walrus stomachs in thjs study, yet combined, they prov'ided less

than 1% of the total we'ight or energy of prey represented by stomach

contents. Measurements of abundance are accurate for the most part, but

d'ifferential dìgest'ion rates of prey species and the retention of hard

parts obscure the true relat'ive contributjon of d'ifferent species (Bigg

and Perez 1985). Prey such as holothurjans and some polychaete species

are digested rapid'ly and lack d'iagnostic hard parts so they are under-

represented in counts, wh'ile the retention of hard parts, such as squid

beaks leads to over-estimation of the importance of these taxa (Bigg and

Fawcett 1985). The extent to wh'ich polychaete jaws and gastropod

opercula are retained is unknown and thejr representatjon'in the stomachs

jn this study therefore may or may not reflect the true contribution of
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these species to the walrus djet. However, polychaetes and gastropods

represent only 3.t% of the total energy of the diet so they would have to

be mass'ively under-esti'mated to have any ìmpact on the conclusions.

|.leìght measurements of stomach contents are also affected by

differentjal digestion rates of prey taxa, result'ing in an under-

representatìon of easiìy dìgested prey (Berg L979) such as holothurians

and polychaetes. This error increases wjth t'ime after feeding and is

signifjcant'in this study because many of the stomachs conta'ined well

digested contents. The contribution of each prey type based on weight

measurements therefore js unlikely to be a good jndicator of the relative

importance of different prey specjes in the walrus diet.

Back-calculation of the actual energy contrjbut'ion of various prey

types provides a good estimate of the relative ìmportance of each prey

type because it is based on abundance and the origina'ì size of items.

Although it is subject to the same errors as abundance measurements, as

well as errors inherent in estimat'ing mean size, energy and dry matter

content for each prey type, these emors do not affect the relative
'importance of prey species in energetic terms. trrors are minimal for

bivalves because s'iphons and feet were easily counted and the sample size

for back-calculatìng actual s'iphon and foot size and determining energy

density was large. For minor prey such as holothurians, which were

likely under-represented jn all estimates, even a tripl'ing of their

energetic contribution would not signìfìcant'ly affect thejr rank as the

thjrd most'important prey in the djet in July. Similarly, the potent'iaì

retention of gastropod opercula and polychaete jaws do not alter their

standing as mjnor prey types in terms of energy contribution to the d'iet.
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Therefore, although several prey types are under- or over-represented in

abundance, weight or energy contrjbution measurements, these are

relat'iveìy m'inor prey and do not jnf luence the overal I f ind jngs, that

bivalves are the major energy source in the diet.

The walrus diet

This study provides further documentation that Atlantic walrus are

stenophagus feeders and rely heavi'ly on a small number of prey specìes to

meet their energetìc requirements. The bivalves, Mya, H'iatella and

Serripes provided over 94% of the total energy of the walrus dìet in th'is

study, therefore the null hypothesis cannot be rejected. Mansfield

(1958) examined 3 stomachs from walrus taken in Foxe Bas'in and similar'ly

concluded that these 3 bivalves were the domjnant food types (bV

abundance) in the walrus d'iet. Taxa jdentìfjed by Mansfield (1958) from

Foxe Basin samples, but not found in this study were the holothurian

Thyonidium, the isopod Mes'idotea sabjni and ascidaceans (tunicates).

Po'ìychaetes, brachiopods, amphipods, echinoids and the isopod Arcturus

baffini found in thìs study were not reported by Mansfield. In other

locations in the eastern Canad'ian arctìc, Mansfield (1958) jdentified

pagurid crabs (hermit crabs), shrìmp, SQUid, fish and seal flesh, but

agaìn, bivaìves were dominant in 12 of 19 stomachs.

Atlantic walrus'in the waters near Thule Greenland and Pacific walrus

ìn the Beríng and Chukchi Seas also rely heavily on bivalves. In a

ljmited sampìe (n=5) from the Thule d'istrìct, the diet was found to

consist ìargely of Serripes, Cl'inocardium, Mya and Hiatella (Vibe 1950),

while in the Bering Sea Mya, Spisula, Hiatella, Sem'ipes and

33



Cl inocardium

aìthough over

t977, 1984).

whether walrus in th'is study are selecting certain prey species or

consum'ing a representatìve sample of benth'ic 'invertebrates on the sea

floor is unknown because there are no available est'imates of the

abundance or distribution of benthic invertebrates in Foxe Basin.

However, qualitative information suggests that selection of prey items is

occum'ing, s'ince certain species such as asteroids (starf ish), crinoids

(f eather stars, sea I ì l'ies) and ophiuro'ids (basket stars and brittle
stars) have not been found in walrus stomachs, yet were jdentified in

taxonomic surveys from Foxe Basjn (Gra'inger 1955) and would be within the

forag'ing capabil'ities of walrus. Select'ive feeding has been reported in

both Atlantìc (Vibe 1950) and summering Pacifìc (Fay et a1. Igtt)
walrus. In these studjes, the relative proportions of benthic

invertebrate species col lected from the sea f loor were s'ignif icant'ly

different from proportìons of ìnvertebrate taxa found in stomach

contents. Fay (1982) suggested that walrus selectively feed on bivalves,

but other preferred food 'items may be opportunisticaììy ingested when

travelling between patches of bivalves, account'ing for the large numbers

of prey specìes found in stomachs.

Seasonal feedjng patterns of Atlant'ic walrus are not well documented,

'largely due to the i naccess'ibi I i ty of wal rus popul at'ions duri ng the

winter. Results from th'is study indicate that walrus are not feeding

extens'ively during Ju'ly sìnce food items were found in only 34% of

stomachs (3?/93) and the amount'in those stomachs with food was small

comprised 60 to 80% of jdentifiable food items of the diet,

60 genera of benthic organisms were reported (Fay et aì.
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compared to gut capacity or samples from September. It is possible that

sampìe collection did not coinc'ide with daily feedìng rhythms - a factor

that might account for the high proport'ion of empty stomachs found'in

this study. Also, the gastro-intestinal clearance rate in pinnipeds is

rapìd (5-9 hours, Parsons 1977) so that evidence of recent feed'ing wou'ld

be qu'ickly removed. Hauj-out patterns and feedjng rhythms in Atlantic

walrus are virtualìy unknown (Loughrey 1959, Richard and Campbeì1 19BB),

but it js unlikely that the small quantit'ies of food found'in stomachs

are totalìy due to sampìing b'iases since stomachs were collected

throughout the 24-hour day over several weeks. Mansfield (1958)

sim'ilarìy reported that only 18% (7/39) of stomachs collected in Ju'ly in

the Canadian eastern arctic conta'ined food. In contrast, Atlantic walrus

off Greenland are reported to feed throughout the summer and fall months

(v'îbe 1950) .

l,lhy Foxe Basin walrus do not feed extensìvely throughout the summeris

unclear. Water depths are less than 100 m throughout the bas'in (Canadian

Hydrographi c Servi ce 1984) , w'ithi n the known dì vi ng capabi I 'it j es of

walrus (Fay and Burns 1988). Regardless of the reason, these data

ind'icate that walrus consume sufficjent energy throughout the year to be

able to survive for several weeks at a t'ime largely on their energy

reserves.
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Information on feed'ing in Foxe Basin during the faìì and w'inter is

scant. Samp'les collected by Mansfield (1958) (n=39) ìn September

indicate that about 25% of stomachs contained food, aìthough both

stomachs collected in September in thjs study were part'iaìly full. All



samples collected by Mansfie'ld (i958) during October (n=2) and November

( n=1) conta'i ned f ood .

Seasonal differences in the types of food eaten by walrus seem to be

related to herd movements and bivalve distribution. in th'is study,

Serripes was not consumed during July but contributed z4.I% of the

dietary energy in September, whìle the energy contribution by Hiatella

decreased fron 8% in Ju'ly to 0.4% in September. Uyq and Hiatella inhabit

depths down to 80 m while Semjpes are rarely found in waters greater

than 40 m (vibe 1950). In Ju'ly and August, waìrus in Foxe Bas'in are

found on'ice floes'in deeper waters near Rowrey and spicer Islands

(F'ig. 3), feeding primarily on Mya and Hiatella. In september-October,

the herds move closer to the western shores (0m et ar. 1986) into

shallower waters, where they feed on Semipes and other bivalves.

Mansfield (1958) simjlarly found that when walrus fed in the shallow

waters near Amitoke Penjnsula, Serripes was dominant in stomachs, but in

deeper waters at Kringmiktorvik, Mya and Hiatella were domjnant. The

limited depth data in th'is study were collected only during July and none

of the 9 samples contained sign'ificant quantìt'ies of food.

walrus of both sexes and al'l ages (> 3 years) consume the same types of

prey'items. Fay et al . (L977, 1984) reported that the d'iet of male and

female Pac'ific walrus'is simjlar, except that females consumed more

Hjatella and smaller indiv'iduals of a prey type than males. In thjs

study, females also obta'ined a larger percent of energy in their d'iet

from Hiatella than males, but other dìfferences were not statistica'l1y

significant. Simjìarity in diet among walrus ì'ikely reflects the fact
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that the major prey types are relative]y small and sedentary and are

effective'ly 'located and consumed by a]l segments of the populatjon.

The quant'ities of milk and benthjc invertebrates found jn the stomachs

of newborns, yearìings and two-year old calves in thjs study are sjmilar

to those reported in other stud'ies (Fre'iman 1941, N'ikulin 1941, Mansfield

1958, Loughrey 1959 and Fay 1982). Newborns rely heavi]y on mi'lk during

the first year, although small numbers of invertebrates are eaten (Fay

1982, th'is study). The dependancy on milk ìs decreased as foraging sk'i11s

are acqu'ired and most calves are fu'lìy weaned by 2 years of age (Fay

1982). Some however cont'inue to suckle. A 25-27 month old calf in this
study had onìy milk in its stomach. Nikulin (1941) found two 26-27 month

old calves contain'ing only mìlk whjle Freiman (1941) reported another

contai ni ng both mi I k and i nvertebrates. Suckl 'ing 'into the thi rd summer

most l'ike'ly occurs when females do not produce a subsequent caif to
supp'lant the older one (Fay 1982).

Studies on the food hab'its of walrus'in the Canad'ian eastern arctic,
Greenland and the Pacific'indicate that b'ivalves are the major food types

consumed by al'l segments of the walrus populatjons, except for calves.

Further studies on the diet of walrus during the spring, fall and winter

seasons may provide further insjght into wh'ich prey types are the major

contributors of energy to the diet throughout the entire year.
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An understand jng of the food requ'irements of the Ailantic walrus

population is necessary to ident'ify and protect feeding areas from

expìoitatìon by commercial fishery and non-renewable resource development

projects. It js difficult to determine the amount of food consumed by

walrus because direct observation of feeding is rarely poss'ible. Stomach

content analysis can provide 'information regard'ing the type of prey

eaten, but provides no indication of the quantity of food consumed

(Bageneì 1978).

An alternate approach is to look at the energetic requirements of

individual walrus. These requ'irements can then be appìied to the

popuìat'ion, wìth knowledge of parameters such as the age structure and

sex ratio, to estimate the annual energy budget for the popuìat'ion

(Lavigne et al. 1982). Studjes on the energetic requirements of walrus

ìn captiv'ity have not been done, primarily because animals are kept at

pub'lìc aquaria where ljmited research js carried out. The only component

of the energy budget (F'i9.2) which has been est'imated in captìve walrus

is gross energy intake. Estìmates of the amount of energy requìred to

DIGESTIVE EFFICIENCY IN

MANUSCRIPT II

WALRUS, Odobenus rosmarus
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maintajn healthy walrus range fron 22,000 to 70,000 kcal per day (Fay

1982, Gehnrich 198a).

In th'is study, the apparent dìgestìve efficiency of energy and

nutrients in 4 captive Pacifjc walrus (Odobenus rosmarus divergens) was

determined. Studies with other pinn'ipeds'indicate that the dìgestive

efficiency of energy ranges from approximateìy 90% to 98% of gross energy

'intake (Parsons 1977.- Ashwell-Erickson and Elsner 19g1, Keiver 19g2,

Ronald et al. 1984, worthy and Fadley 1987) and'is simjlar to those

values reported for other marine and terrestrial carnivores (Inman LgA!,

Roberts and Kjrk 1964, Fausett 1916, Moors 1977, Davjson et al. 1979).

Therefore, the null hypothesis being tested was that the digest-ive

efficjency of walrus was s'imjlar to that reported for other carnjvores

consumjng flesh-based diets.
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MATERIALS AND METHODS

This research was conducted at the Harderw'ijk Marine Mammal park,

Harderwijk, the Netherlands, during November and December L9BB. The 4

walrus (Tab1e 9) used in this study have lived'in captìvity s'ince being

stranded as pups on the Alaskan coast. The adult male and female

(14 years old) were housed separately from the immature male and female

(5 years old) (Fig. 5) to reduce aggressìve behavior (Kasterein and

W'iepkema 1989). An'imals had access to an outdoor freshwater pool with a

dry ledge and an indoor covered area. Pools were 4 m deep, with a water

turnover rate of r75 n3¡nr and a volume of 185 m3 leoot A) or 280 m3

(Poo'l B). The indoor areas were 3.5 by 5.0 m and had a concrete tile
floor and concrete walls. Each area had access doors to the adjacent

pool and the weighing room (Area c). Throughout the study period, the

water temperature ranged from 8oC to 12oC and the mid-day a-ir

temperature was -0.5oC to 13.00C. The photoperiod was natural ('latitude

52023'N).

The walrus were routinely fed a d'iet of heming (clupea harengus),

squid (Illex sp.), mackerel (Scomber scomber), sprat (sprattus sprattus)

and whiting (Merlangius merlangus). The 2 diets used in th'is study were

heming and clams (Sp'isula sp.). On'ly the feet of the clams were fed to

the walrus to simulate the natural diet, whìch cons'ists largely of feet

and siphons of several clam specìes (Vibe 1950, Fay et al. lgl7,

Manuscript I).
The heming tvere obta'ined as a s'ingle lot from a local fish company in

Holland. F'ish weighed 84.4tt?.6 g (xtS.D., n=20) and ranged from 65 to
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TABLE 9. B'iologica'l data for the four wal rus at Harderr,vi jk MarÍne
Mammal Park, Harderwijk, the Netherlands, I\lovember-December 1988"

llal rus
Code

llumber

ZH0 r001

ZH0 r002

ZH0 r003

ZH0r004

Maturi ty

4I

adu'lt

adul t
-imma tu re

i mma tu re

Age
(years )

I4

T4

Sex

Initial
lrlei ght

( kg )

1 383

1 193

794

550
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120 g. The clams were obta'ined from Nova Scotia, where they were quickìy

blanched to remove the feet, frozen and shipped via ajr to the Marjne

Mammal Park. The feet weighed 27.218.8 g (n=i00) and ranged from 8 to

60 g. The fish and clams were kept at -20oc and da'i1y rations were

thawed in water overnight prior to feeding.

Feeding rates were adjusted to maintenance level prior to each

experiment, where maintenance is defined as that level of food jntake at

which the animal nejther gains nor loses weight (Kle'iber 1975). The

amount of herrjng each walrus required for majntenance !'ras estimated from

historical food 'intake records and recommendations from the trainers.

The amount of clams was estimated from the we'ight change of the adult

male when fed 23.0 kg of clams per day during the 10 day period between

experìments. Both adult and 'immature walrus were fed the herring diet

but onìy the adults were fed the clams.

The indicator method was used to determ'ine the dìgestibility of the

diets because total fecal collection was not possible. Chromic oxide

(Cr203) was used as the inert marker (Schne'ider and Flatt 1975) and was

added randomìy to the d'iet in tablet form (Appendix 2) at 0.25% (ctam) or

0.26% (herrìng) of the wet weight of the diet. Tablets were inserted into

the herring's thoracic cav'ity through the opercular openìng and'into the

clam's foot through the proxima'l opening.

Each experiment consisted of a 5 day pre-triaì period and a 5 to 7 day

collection period. Each day was considered to begin at 0900 hours and

run for 24 hours. The pre-trial period ensured the d'iet and marker

equilibriated in the digestive tract and passed at a uniform rate

(Schneider and Flatt 1975). An'imals were fed daily at 0900, 1200 and
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1600 hours on the heming diet and 1000, 1300 and 1600 hours on the clam

diet. One-third of the daily ratìon was given at each meal. Vitamin and

salt supplements (Append'ix 3) were added jn the morning mea] and cr203

tablets were added to all meals throughout the experiment.

Fecal samples were obta'ined during the coilection period when the

animals were kept in the covered areas, from approx'imately 1600 hours to

0900 hours the next morning. During the daytime (0900-1600 hours) when

the walrus had access to the pools, fecal sampìes were opportunisticalìy

collected from the dry ìedge. Samples urere collected within 30 minutes

of defecation, weighed to 0.1 g (Metiler pC4400, Zurich, switzerìand) and

indìvjdualìy frozen at -200C for ana'lysis. Ten herring and 10 sanrpìes of

5 clams each were taken twice during each experiment and ind'ividualìy

analyzed for proximate composit'ion and energy content.

The walrus were weighed 3 times during each experiment using a 1500 kg

scale w'ith 0.1 kg graduat'ions (Mettìer ID2, Zurich, Switzerìand).

weights were taken on the fìrst day of the pre-tria'l period, and at the

beginning and end of the collection period. The animals were weighed in

the morning before feeding to reduce the influence of gutfi'll.
All fecal and d'iet sampìes were returned to Canada for analysis where

sampìes Ì,rere freeze dried to a constant weight (Labonco Model 7bL0g,

Kansas city, Missouri) and then ground jn a Braun coffee grinder. All

analyses were performed in duplicate. Energy content was measured using

an adiabatic bomb calorimeter (Parr Instruments, Mo'lline, Illìnoìs).
Total nitrogen was determined using micro-Kjeldahr procedures and a

Kjeltec Auto 1030 Analyser (Teactor, Herdon, virgìnìa) (Association of

Official Analytical Chemists 1965) and crude protein was calculated as
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6.25 x % total nitrogen. In the food samples, crude protein was a

measure of true prote'in plus a small amount of non-protein nitrogen and

in the fecal samples, it was a measure of all nitrogenous compounds in

which ammonia was the endproduct of chemìcal analysis (Schneider and

Flatt 1975). Total ìipid content of the diet and fecal samples was

anaìyzed us'ing the Folch et al. (1952) and Marchello et al. (1921)

methods respectiveìy. Fecal samples and the chloroform:methanol:HCl

solution were centrifuged at 1500 RPM for 10 minutes to reduce chloroform

evaporation during filtration. The concentrat'ion of Cr203 jn fecal

sampìes and tablets was analyzed accord'ing to t.]ill'iams et al. (1962).

Samples were ashed at 550oC for 24 hours. Unless otherwìse specìfied,

all results are expressed on a dry matter basjs and mean values are

reported t 1 standard dev'iati on (S. D. ) .

Fecal losses and digestive efficìency were cajculated according to

Kle'iber (1975). Ana'lysis of variance was used to test for differences
'in digestion coefficients between diets and animals. The analysis was

based on the daily dìgestion coefficients (repficates) for the 4 walrus

on the heming diet and the 2 walrus on the clam diet. Sex and age were

treated as blocks and tested against the 'interaction term between

treatment (tmt), sex and age (tmt*ss¡*age). The level of signìfjcance

was P<0.05 for alì analyses.
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RESULTS

Fecal excretion patterns

Durìng the collection periods, females usually defecated on'ly once

each night wh'ile the males defecated 2 to 3 t-imes nightly. Therefore,

only the males provided suffjcient data for the establishment of daily
fecal excretion patterns. The Cr203 concentration in samples from the

adult male fed the hering diet were highest in the first defecation

following 1600 hours (4 of 5 nights) (Fig. 6a). The fjrst defecat.ion

usually occumed from 1930 to 2330 hours, approximately 4 to g hours

after the last meal. The Cr203 concentration was lower ìn the second

defecat'ion and hìgher in the third each day. L'ipid excretion followed a

similar pattern to Cr203 excretion for 4 of the 5 nights and protein

excretion showed no consistent pattern with cr203 excretion.

0n the herring diet, the immature male exhibited less pattern in daiìy
Cr203 excretion than the adult male (Fig. 6b). Most peak concentrat'ions

occumed in the late even'ings (2100 to 0200 hours) and earìy morn-ings

(0500 to 0700 hours),5 to l-0 hours and 13 to 15 hours post prandiaì and

they did not necessari]y occur during the f jrst defecat.ion. The cr203

concentrations in 2 samples on Day b were approximate'ly 50% higher than

the mean concentration (t=7.1x.2.1, n=17), even though food and cr203

'intake remained constant and no apparent changes in rout'ine were noted.

The fecal lipid pattern on Day 1,2 and 5 was opposite that of cr203,

unlike patterns observed for the adult male. Fecal protein showed no

v'isible pattern throughout the study.
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0n the clam diet (Fig.6c) the cr203 excret'ion pattern of the adult

male was sim'ilar to that observed on Day 3 and 6 on the heming d-iet,

except that the peak Cr203 concentrations occumed'in the earìy evenings

(1600 to 1800 hours) and early nornings (0600 to 0700 hours), unljke the

late evening peaks on the heming diet. protein excretjon showed an

opposite pattern to cr203 excret'ion, unl jke in the heming diet.
The only fecal sample collected between 0900 and 1600 hours (herr.ing

diet, immature male, Day 2, 1130 hours) was simjlar in composit.ion to

other fecal sampìes (F'ig. 6b).

Energy Þalance and maintenance requjrements

Weight change'in the 4 walrus on the hering diet was measured only in
the collection period, and not over the entjre experiment since food

'intake was altered on the second day of the pre-trial period. Food

'intake on the clam diet was held constant throughout the experiment and

weìght change was measured over the entjre L0 day period. Walrus on the

herring d'iet consumed 12.0 to 19.b kg of fish per day and majntajned

body weight within 0.5% per day (Tab1e 10). Feed'ing level therefore

approximated maintenance requ'irements. 0n the clam d-iet, the male and

female walrus were fed 24.0 and 18.0 kgld respectively. The adult male

lost 0.7% of body weight per day whire the female's weight rema.ined

constant.
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Food intake for maintenance on the herring d'iet was higher in the

adult walrus than'in the'immature anjmals as expected, but ìn mass-

specific terms, the immature female had the highest dajly intake rate

(222.7 kcal /ug'75/d). The adurt mare had a hìgher specific ingestion
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rate than the adult female

female 155.1 kcal /ug'75/a )

90.5 kcal /*g'75/d) diers.

Proximate composjtìon

The proximate composition and energy dens'ity of the herrjng did not

change during the study (P>0.0s) (Tabte 11). The ripid and protein

content of the clams also remained constant, however the dry matter and

energy content varjed s'ign'if icantly (P<0.05). The mean dry matter

content of clam samples was zL.I% and 19.8% respectively and calculations

of nutrient intake on a dry matter basis were therefore based on the

overall mean of the 2 samples (20.4%). rhe mean energy content of the

second sample (4.92 kcal/g) was 2% higher (p.0.05) than the first
(4.81 kcal/g), with an overall mean for the 2 samp'res of 4.gl kcal/g.

The mean ash content of the fjrst sample (6.2%) was 17% higher than the

second (5.3%) (P.0.05), wìth an overall mean of 5.8%. The lìpid content

of the clams was onìy r0.7% that of the heming, resu'lting in a 24.4%

lower caloric density ìn clams. The carbohydrate content of the clams

was not measured, but is represented in the energy measurements.

on both the hemjng (maìe 180.6 kcal /Ug.75/¿,

and clam (male 109.8 kcal /Ug'75/¿, femaìe

50

Energy and nutrient digestjon

Energy intake on the hemjng diet ranged from 25083.2 kcal/d for the

2 inmature walrus to 40760.6 kcal /d for the adult male walrus (Table 12).

Mean energy intake for the 2 adult walrus on the clam diet was 4z.z%

lower (1=20852.9 kcal/d) than on the heming diet (Í=36057.3 kcal/d)

(Tabìe i3). Fecal energy losses relative to 'intake were higher for
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males than fenales (Tab'le 12 and 13) resuìting in a significanily greater

(3.5%, P=0.02) mean digestive efficiency for female (x=94.4%, n=3) than

males (x=91.0%, n=3) (Tabìe 14). There was no dìfference (p>0.05) in

energy digestion between diets (X=92.7%, n=6) (Tab1e 15).

Dry matteilintake on the herrjng and clam diets ranged from 3931 .2 to
6398.0 9/d and 3673.8 to 4898.4 g/¿ respectìvety. Fecal loss of dry

matter ranged from 10.6% to I5.5% of intake on the herring d'iet and 8.3%

to 11.9% of intake on the clam d'iet (Tabre 12 and 13). Average dry

matter digestion of both d'iets was 3.8% greater (p=0.07) for females

(x=90.2%, n=3) than males (x=86.6%, n=3). There was no difference

(P>0.05) 'in dry matter d'igestion between d.iets.

Protein intake for the adult walrus was sim'ilar in both diets (Table

12 and 13). Mean d'igestibiììty for all walrus was g3.g% (n=6) and did

not vary (P>0.05) between diets or sexes (Table 14 and 15).

Lip'id'intake on the henjng and cram diets ranged from 1953.2 to

3174.0 gl¿ and 195.1 to 260.1 g/d respect'ivety. Mean lipid intake for
the adult walrus !.ras 12.3 times greater on the herring diet
(x=2807.8 g/¿, n=2) than the clam diet (Í.=z?7.6 g/¿, n=2) whjle the mean

fecal lipid loss in the adults was only 2.8 times greater on the herying

diet (x=172.9 g/d) than the clam diet (x=61.3 g/d) (Tab1e 12 and 13).

Lìpìd digestion was significantìy hìgher (p.0.01) on the hem.ing d.iet

(x=94.4%, n=4) than the clam diet (i=73 .2%, n=z). No djfferences in
lipid digestion between sexes were found.

Fecal loss of ash relat'ive to intake was h'igh for both d-iets, ranging

fron 47.2% to 89.4% (Tab'ìe 12 and 13). Because these values represent
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TABLT 15. Differences between
for energy and nutrients (Ï +

Energy

Dry matter

Protei n

Total f ipid

ÃÃ

d j ets 'in apparent
1 S. D. ) for wal rus

di ets.

Herri ng
(n=4)

93"1 ! 2"4

87.B ! 2.3

93.2 + 1.9

94 .4 ! 2.3

d'i gestion coeffic'i ents
fed herri ng and cl am

Cl ams
(n=2)

92.0 ! I.7

89.9 ! 2.6

oqn+1?

73.2 + 0.1

S'ign'ifjcance

P = 0.48

p - n 14

P = 0.16

P < 0.01



TABLT 14. Differences between sexes in apparent digest'ion coefficients
in energy and nutrients (T r S.D.), for walrus fed herring and c'lam

-----=ili:-::==================================

Energy

Dry matter

Prote i n

Total 'l i pì d

56

tr- 1 ^l't(1 | e
(n=3)

91.0 * 0.8

86.6 r 2.0

02Â+'to

86.0 + 11.1

Fema I e
(n=3)

94.4 ! I"2

on?+1?

94.9 + 0.9

BB.5 r 13.4

S i gn i fi cance

P = 0.02

P = 0"07

P = 0"12

P = 0.2I



not

and

only dietary and endogenous ash but intake of

vitanjn supp'lements, the d'igestibil ity of ash

ash

was

from Cr203 tablets

not determ'ined.
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D ISCUSSION

Fecal excretion oatterns

The indìcator method for determ'ining digestibility using Cr203 assumes

that the marker passes through the digestive tract at the same rate as

the nutrients and this rate is constant throughout the z4-hour day

(Schneider and Flatt 1975). Many researchers have shown that there is

dìurnal variation 'in nutrient and cr203 excretion (Kane et al . Igsz,

Clawson et al. 1955, Moore 1957) aìthough Keiver (1992) found no

difference in the cr203 concentration among fecal samples from harp

seals (Phoca groenlandica). In this study, the cr203 concentration

varied throughout the day and fecal nutrient excretìon patterns did not

consistently follow Cr203 excret'ion patterns. This could indicate that

the pre-trial period was not sufficiently'long for cr203 to reach

equììibrium with the nutrients, however periods of 3 days or less have

been used successfully for pre-trìal periods 'in other pinniped studies

(Ke'iver I9B?, Ronald et al. 1984, Worthy and Fadley 1987).

Information on the passage of indicator substances, re]at'ive to

nutrient passage in monogastrics is scarce. Moore (1957) described

excretion patterns in swine, but unfortunately samples collected at

hourly ìntervals were combjned for 4 consecutive days so that the daily

variability at each interval was obscured. In general, Moore (1957)

found that diurnal variation in protein and Cr203 excret'ion patterns

coffesponded quìte closely and were oppos'ite that of crude f ibre.

Patterns were characteristic for each pig and largely dependant on the

length of time between feedings.
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In this study, the t'ime between meals was constant, however cr203 in

feces seemed to vary between individuals. Each meal fed to the walrus

consisted of 40 to 80 fjsh or 650 to 900 clam feet wìth 45 to 73 Cr203

tablets added randomly 'in the fish or clams. In the injtial stages of

dìgestion, only nutrients would be released as the d'igest'ive fluids acted

on the fish or clams, prìmariìy on the outsjde of the meal (Bigg and

Perez 1975). cr203 would be released after the digestive fluids
penetrated the gut cavity of the fish or the muscle ìayers of the clam

foot. Cr203 levels would remain fair'ly constant until all the tablets

were liberated. Since the gut cavity of fish is digested faster than the

muscle bands (Bigg and Perez 1985), there would be a final stage in

digestion, after all the Cr203 was gone, when only nutrients would be

released. Depending on when defecation occurred, relative to the stage

of digestion, variable amounts of nutrients and Cr203 would occur in the

feces. Aìso, since digestive effic'iency is hjgh and few nutrients are

lost in the fecal material, metaboljc lipid and protein from the

d'igestive tract may obscure the relatjonship between the marker and

dìetary nutrients.

Fecal excretion patterns from thjs study 'indicate that dajly variation

in cr203 concentratjon exists and that the ratio of jndjcator to

nutrjents was incons'istent throughout the 24-hour period. Because

several fecal sampìes per day were collected, variability was reduced and

an accurate estimate of d'igestìbility was obtained.
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Energy balance and maintenance requirements

Most digestibilìty studies have been done at maintenance feed-ing

levels so that comparisons between diets can be made (National Research

Counc'il 1981). Maintenance levels should be determined over a period of

weeks so that several measurements of body weight are taken. In this
wôy, short-term variations'in we'ight, due to the influence of gut or

bladder fullness, changes jn the size of the metabolic water pool or the

effect of hormones can be minimized (Robbins 1983). An accurate

determinatjon of maintenance requ'irements for walrus, as reflected by

changes in body weight could not be obtained in thjs study due to time

restrictions. Energy intake on the clam diet was 42% less than on the

heffìng diet, therefore weight loss was expected. The adult male lost 74

kg of weight on the clam d'iet, however the adult female djd not lose any

weight. The female's we'ight remained constant when energy intake was

31354.0 kcal/d (heming) and 17873.9 kcal/d (ctam). perhaps

compensatory changes in body composition masked t'issue depìetion (Robbìns

1983) in the female on the clam diet. If body prote'in was being

catabolized as found by worthy (1982) 'in fasting harp seaì puÞs,

significant quantities of metabolic water would be required for urea

excretjon (Pike and Brown 1967). Under normal conditions, marine an'imals

do not consume water (Pììson Lgl}, Depocas et al. 1971), but dr-inking has

been observed in fastjng males otarjd sears and common dolphins

(Delphinus delphis) (Gentry 1981, Hui 1981). The warrus may have

ìngested water to el'iminate nìtrogenous wastes and ma'intajn a positive

water balance. Also, the catabolism of lipid from blubber and core
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reserves would y'ie1d 1.07 g of water per g of lipid (prosser and Brown

1965). This water may be used for the erimination of n'itrogenous

compounds or retained in the total body water pool.

[.lei ght change data f rom the hem'ing d ì et, al though l jmi ted , suggest

that the walrus were near maintenance feeding reqirements. The specific

ìngestion rate for immature walrus was 1.17 times higher than for adult

walrus consuming fish. It has been recogn'ized for many years that

immature animals which are growìng or kept at maintenance consume more

energy per unit body size per day than fulìy mature adults.

Innes et al. (1987) found that'immature phoc'id seals requ'ired 1.40 times

more energy for maintenance than adult phocìds of a similar body size and

that grow'ing immature seals required an addit'ional 1.38 t'imes more energy

than immature seals at maintenance.

The spec'ific'ingestion rate of the adult male was L.l_6 times h'igher

than the adult female suggest'ing that the adult male was still growing.

Gehnrich (198a) determined that daily food'intake in captive male and

female walrus ìncreased until approximately age 7 and then remained

constant. Between the age of 11 and 1-6 years, the food consumption rate
jn males increased aga'in before levelìjng off at age 12. Growth data

from the Pacific walrus population also jndicate that this period of

secondary growth occurs 'in males from age 10 to 16 years (Fay 19gz).

Therefore, if the adult female is the onìy waìrus in th'is study which is

cons'idered fully grown, the specif ic ingest'ion rate of the immature

walrus js actually 1.26 tjmes higher than for adult walrus. This value

'is closer to that reported by Innes et al. (1997). Maintenance

requ'irements for the adult female walrus consuming herring are therefore
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considered to approximate maintenance requjrements for adult non-

pregnant, non-lactating waìrus in captivity.

The level of food intake may affect energy d'igest'ibilìty in many

herbivores (Brown 1966, Robbjns 1983). In swine fed various grain-based

meals, some researchers have found no differences in digestibjl'ity as

'intake level varied (Cunningham et al. L962, De Goey and Ewan 197g) while

others report small d'ifferences (Haydon et al. 1984). In carnivores,

Inman and Smith (1941) found no difference in d'igestibiì'ity in silver
foxes (vulpes vulpes) fed 125 to 325 g of fresh beef per day. In the

only study'in p'innipeds which exam'ined the effect of level of nutrjent
jntake on digestib'i'lity, Keiver (1982) found no differences in

digestibility when harp seals were fed heming at 0.5 to 1.3 tjmes

maintenance level. The above data suggest that level of food ìntake does

not affect digest'ibility in carn'ivores, therefore comparjsons of

digestibiìity between herring and clam diets can be considered to be

valid, although intake levels were d'ifferent.
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lnergy and nutrient diqestion

The ma'in object'ive of this study was to determ'ine the apparent

digestive efficiency of walrus fed hem'ing and clam diets. Currentìy

there'is on'ly l other fac'il'ilty in Europe and North America wh'ich houses

more than 4 walrus (Kasteìeìn, pers. comm.) because they are diffjcult
and expens'ive to ma'inta'in'in captiv'ity. Therefore, although the samp'le

size of 4 used in this study js small for statistjcal comparjsons

between djets and groups, the absolute values are important in

determin'ing the energet'ic requirements of free-ranging walrus.



The d'igest'ive efficiency of energy for walrus fed her-ing and cìam

diets in th'is study'is within the range reported for other pinnipeds and

f lesh eating carnivores (Table 16). Energy d'igestibi l-ity in pinnipeds

fed f ish diets'is greater than 90% of gross energy jntake. Digest.ive

efficiencies of marine animals fed non-fish diets are lower. Keiver

(1982) found that the dìgestibiìity of energy in harp seals fed shr-imp

(Pandalus borealis) was 72.2% of gross energy intake. poor

d'igestibilìty was due to chitjn in the shrimp exoskeleton. Energy

digestion in sea otters (Enhydra lutris) fed clams (Spisula solidissima),

black abalone (Haliotis cracherodii), crabs (Cancer antennerjus) and

squid (Loligo opalescens) was similar in all diets, averag-ing go.g%

(Fausett L976). The d'igestibility of clams and abalone seem relativeìy
low since only the fleshy parts of the food items were consumed. Fausett

(1976) offered no physiologjca] reasons for low digestibi l ity but

hypothes'ized that because sea otters have a catholic diet and abundant

food resources, there may be no evolutjonary advantage in max.imizing

digestìve effìcency. In this study, walrus digested over 90% of energy

intake on both heming and clam diets. Th'is js not surprising since

marine fats and proteins are highìy d'igest'ib1e (Geraci l97s).

Sex differences in energy digestion are not common jn most species.

Literature on farm and laboratory animals indicate that males and females

digest energy equaììy as weìì (Skitsko and Bowland 1970, Eggum and

Pederson 1983). However Moors (1977) found that male weasels (Mustela

n'ival'is) fed d jets of voles (Microtus), mice (Apodemus), rabbits
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(Oryctolaqus cuniculus) and starling (Sturnus vulqaris) (Tab1e 16) had

hìgher fecal energy losses than femaìes, resuìting in significantly

d'ifferent digestive efficienc'ies between sexes. Differences in the

digestion of energy between males and females have not previously been

reported for pinnipeds, largeìy because studies to date have used animals

of the same sex (Keiver et al. 1984, worthy and Fadley 1987) or have not

indicated that differences in sex were tested for (Parsons 1977,

Ashwell-Erickson and Elsner 1981, Rona'ld et al. 1984). Data from this

study suggest that the digest'ive efficiency of males may be lower than

that of female walrus, however the smalI samp'le size prevents definitjve

conclus'ions from be'ing drawn.

The d'igest'ib'ility of protein by wa'lrus fed herring and clams was

sim'ilar to values reported for other carnivores (Table 16).

Effic'iencies are generally high in carnivores because of the easjly

digestìble nature of anima'l proteins (Robbìns 1983). prote'in

digestibiì'ity in fish flesh is particularly high because of the low

amount of connect'ive tjssue (Gerac'i 1975). S'ignif icant d'ifferences in

protein dìgestibility were not found between diets in this study although

digestibjlity'is usually'lower in carnivore d'iets when whole prey items

are eaten because of the non-digestible residues, such as bones, teeth,

ha'ir, feathers, etc. (Robbins 1983). For example, Davison et al. (1978)

found that protein digestjon was significantly lower in fishers fed djets

of smal I mammals and coturn'ix quail (78.9% and 81.4% respect'ively) which

contajned a higher proportion of non-digestìble protein than 'in the

snowshoe hare and wh'ite-tai led deer d jets (92.6% and 93.5% respect'iveìy)

(Table 16). Protein digestib'i'ìity in this study did not appear to be

66



affected by bones'in the herring diet, likely because these were qu'ickìy

d ì gested .

The digestibility of lipids in the diet of carn'ivores has been studied

primariìy in commercjal fur-bearing species. Lipid digest'ibilìty'is high

in carnjvores since animal fats in the d'iet are easi'ly digested (Leoschke

1959). However some d'ietary f ip'id is passed in feces as are non-'lipid

extract soluble materials of food orjgin and endogenous l'ipid, such as

residues of digestive juices. In this study, ìip'id digestìbìlity on the

herrjng diet was signìficantly greater than on the clam d'iet. This is

ì'ike'ly an artifact because apparent digest'ibi I ity measurements 'include

endogenous losses, unì'ike measurements of true d'igest'ibi I ity. The

herrjng diet is h'igh in fat, therefore djetary f ipid loss was h'igh

relative to endogenous ììpid loss. However in the clam diet, the ìipid

content was on'ly one tenth of that'in the heming diet, and even though

fecal loss of dietary lipid was low, fecal loss relatjve to intake

appeared high due to the constant endogenous loss. This resulted 'in a

lower apparent d'igestibi I ity. s'imi lar'ly, when f ishers were fed d jets

with a ìipid content of 3.7% (hares) the apparent digestìbiljty of lipid
was 80.9%, but when the 'lipid content was 14.2 to 39.2% (small mammals,

quail and deer), apparent digestìbil'ity ranged from 91.5 to gg.4%

(Dav'ison et al. 1978). It is l jkely that the true f ipid d'igest'ibiìity of

both heming and clam diets in this study is similar, since all marine

fats are highly digestible (Geraci 1975).

0veral1, energy and nutrient digest'ibil'ity in walrus was simjlar to

that of other carnivores, therefore the null hypothesis cannot be

rejected. The indicator method using Cr203 was useful in determin'ing
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energy and nutrient digestibility, providing several fecal samples were

collected to reduce da'i1y variabiIity. Future studies on the energetic

requirements of captive walrus require a larger sampìe size to determine

if sex differences in d'igest'ive efficiency exjst and to serve as a bas'is

for extrapolat'ion to wild populations.
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Food jntake estimates for pìnniped populatjons jn the w1ld are often

based on 'intake levels for animals ìn captivity (sergeant 1973). These

est'imates are frequently too high (Lavigne et al . LgBz, Innes et al.
1987) because energy intake is estimated from the quantity of food

consumed and literature values for proximate compos'it'ion and caloric

density (Fay 1982, Gehnrich 1984). Usjng an average calorjc densjty can

cause significant emors in the estjmate of energy intake because of

large seasonal changes in the proximate composìtion of the diet. For

instance, the fat content of Ailantic herrjng can range fron l% to zg%

throughout the year (varga et al. L977). In addition, many estímates of

energy intake for populations are extrapolated from requirements for
immature growing pjnnipeds, which are sìgn'ificanily higher than

requirements for adult pinnìpeds (Innes 1994, Innes et al. 1997). Also,

many captive animals are obese and consume more food than requìred out of

boredom with their env'ironment (Geraci Lglz, Gaskin 19gz).

Energy requirements for 6 captive walrus in Marineland Caljfornia were

est'imated as 238 to 472 kcaì/kg '15¡a GE, with the lower value

representing ma'intenance requirements for adult an'imals and the higher

value represent'ing requirements for immature growing animaìs (Gehnrich

1984). Maintenance requ'irements (238 kcar /xg'75/¿) were higher than

those estimated in this study (155 kcar ltg'75/¿), probably because the

walrus at Marineland were fed ad lib'itum and wejght changes were not

GENERAL DISCUSSION
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monìtored. In addition, proximate composition and caloric content of

food items were taken from the literature (Gehnrich 19ga).

The estimated mass-specific energy intake for maintenance in adult

walrus in this study (155 kcar /rg'75/d) is sjmitar to phocid seals jn

genera'l (131 kcal /ug'75/¿, Innes et ar. 1987), but higher than adult

ringed seals (104-126 kcal/kg''u/0, ñ=5, parsons rgll) and adult grey

seals (Halichoerus grypus) (109 kcaì /xg'75/a" ñ=1, Ronald et al. lgg4).

In these studies, the level of energy intake for maintenance 'is 1.5 to Z

t'imes that for basal metabolism, assuming basal metabolic rate

(BMR)=70W'75 (fleiber 1975). Although earljer studjes (Hart and Irving

1959, Schmidt-Nielson 1975) indicated that BMR was s'ignificantly higher

in marjne mammals than terrestrial animals, the requirements for
measurement of BMR were not a'lways met. In studies -involv.ing mature

seals that are post-absorptive, at rest and in the thermoneutral zone,

there'is no indication that BMR'¡s significantìy different between ma¡ine

and tenestri al mammal s ( Lav'igne et a] . 1996) . Energy i ntake for
maintenance in pinn'ipeds is also cons'istent with average daily metaboìic

rates for other mammals, wh'ich are about 1.5 to 3 times BMR (Gessaman

1973, McNab 1980, Lavigne et al. I}BZ, peters 1gg3).

Assuming FE is 7.3% of GE (this study), uE is z to g% of DE (Keiver

1982) and HIF is 17% of GE (Gail'ivan and Ronald 1981), 108 kca'l/kg -ts¡d

of NE would be available from the 155 kcal /ug'75/¿ of GE for basal

metabol ism, thermoregulation and act'ivity. It 'is unl ikely that

maintenance costs above basal metabolism are the same in capt'ive and wild

walrus and therefore it is necessary to understand the ecoìogy and
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feeding behavior of walrus before extrapoìating energy requirements to

wi I d popu I at'i ons .

The forag'ing and feedjng behavior in walrus'is not well known sjnce it
is impossible to d'irectly observe animals when they are feed'ing. Based

on surface activities, it appears that a large portion of the day is

spent feeding. A regular feeding pattern does not seem to exjst 'in the

Pacific, aìthough walrus were observed jn the water more often during the

morning and even'ing and contajned more food in the stomachs during the

early morning and late evenìng than at other t'imes (Fay ig8z). In

Greenland, feeding appears to be dependant on the t'ides. Walrus move'in

to shallow waters on flood tides and feed for 4 to 6 hours and then

retreat at ebb to deeper waters, thereby spending B to 12 hours a day

feeding (vibe 1950). walrus often feed in 80 m of water (Vibe 1950)

although depths of 102 to 113 m have been recorded (Fay and Burns 19BB).

A'lthough there is no estimate of the time spent swimming and divìng in

captivity, energy expended on activ'ity'is almost certajn]y lower than ìn

the wi ld.

Thermoregulatory costs may be s'imilar in both env'ironments, although

captìve walrus are not frequently exposed to extremes in temperature.

The thermoneutral zone in walrus has not been determined but based on

observations in the wild, an'imals appear ,comfortable, in air
temperatures of -200C w'ith a light wind blowing. Also walrus are often

observed as'leep jn the water, presumably wìthout thermoregu'latory stress

(Ray and Fay 1968). Increased thermoregulatory costs are therefore

unìikely to occur unless access to water ìs denied, such as when the
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drjfting pack ice solidifies or polynyas freeze-over (Lav'igne et al.
1e82).

Net energy requ'irements for reproduct'ion and lactation in walrus are

unknown. Data on the composjtion and quantity of m'iìk produced and the

ìength of the lactation perìod are neccesary prior to estimating the

energetic costs of lactation. In captive walrus, energy ìntake in

lactat'ing fema'ìes was estimated to be 50% h'igher than non-pregnant,

non-lactatìng females of comparable age (Gehnrich 19Ba).

An estimate of the number of bivalves required to support the walrus

populat'ion cannot be made at thjs time s'ince the population size and the

energy requirements for varìous segments of the popuìat'ion, especially

pregnant and lactatìng fema]es are unknown. However, a min'imum est'imate

of bivalve consumption by mature adults can be approximated if energy

requirements for ma'intenance are assumed to be similar to those of

captive animals. unfortunate'ìy, it is diffjcult to estimate the

energeti c returns per b'ival ve because conf I i cti ng evi dence exi ts with

regard to how much of the soft fleshy parts of the bivalves are consumed.

Divers in the Bering Sea have recently found p'its and fumows in the sea-

floor from walrus feeding wh'ich indicate that in soft sedjments, the deep

burrow'ing b'ivalves such as Mya and Spisula are excavated using hydrauìic

ietting and the soft parts are removed by suction. The shells are left
empty beside the excavated pit (0liver et al. 1983). Stomach content

anaìysis however indicates that usuaì1y only the siphon or foot is
consumed, a'ìthough sometimes small shell fragments and parts of adductor

muscles are found (v'ibe 1950, Fay et al. 1977, Manuscript I). whether

walrus consume all of the fleshy parts in these instances or only the
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sìphon or foot'is unknown. Perhaps the bodies are left in the shells

when excavated and consumed by other fauna prior to retrieval by djvers.

In rocky areas, Mya are firmìy embedded in the substrate (v'ibe 1950, Fay

1982) and walrus l'ike'ly bite off the siphons.

Based on the estimated maintenance requirement for an adult walrus (155

kcal/kg '15¡{ and the species and proport'ion of b'ivalves consumed, an

average 810 kg walrus would need to consume 2035 to 4430 b'ivalves per day

for maintenance (Table 17). The highest energetic return per bivalve

would occulif a walrus consumed whole Mya. If only the s'iphons were

consumed, twice as many Mya would be requ'ired to meet energy

requ'irements. Based on an excavation rate of 6 bivalves per m'inute for

walrus jn the Bering Sea (0liver et al. 1983), foraging times would also

increase from 5.7 to 12.3 hours when only s'iphons are consumed.

Immature animals requ'ire s'ignif icant'ly more energy for maintenance and

growth of tissues (Brody 1945). Immature growing phoc'id seals requìre

1.38 times more energy than immature phoc'ids at ma'intenance and the

latter requires 1.40 times more energy than adult phoc'ids at maintenance

(Innes et al. 1987). Based on these data, an immature growing 400 kg

walrus would requ'ire 299 kcal/kg '75¡d (155 kcal /*g'75/a x 1.3g x 1.40) or

2316 to 5042 bivalves per day and would need to forage for 6.4 to 14.0

hours per day. The calculated forag'ing times for adult and immature

walrus are simjlar to those observed in walrus feed'ing off the Greenland

coast (Vibe 1950).

Many questjons remain to be answered before feedjng areas can be

adequate'ly ident'ified and protected. Results from this study indicate

that walrus rely heavily on bjvalves, espec'ially Mya, Hiatella and
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Serrjpes to meet thejr energetic requirements. Adult walrus require

approximately 2000 to 4500 bivalves per day for maintenance while

immature, pregnant and lactat'ing femaìes requ'ire signif icant'ly greater

intakes to meet their energet'ic demands.
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Studies on the food habits of walrus in northern Foxe Bas'in during the

summer and fall season'indicated that walrus are stenophagus feeders, and

re'ly almost exclusively on bivalves to meet their energetìc requirements.

Mya and Hiatella suppìied over 90% of the gross energy intake in Juìy

while other invertebrates were frequentìy consumed but provided little
energy to the diet. Male and female walrus consumed the same types of

prey but females receìved a larger percent of the energy in their diet
from H'iatella than males. During September, species composition of the

d'iet changed and the cockle Semipes, which was not eaten during July,

contributed over 24% of the energy to the diet.

The apparent digestive efficiency of energy jn walrus fed hem'ing and

clam diets was 92.7%, s'im'ilar to values for other pinn'ipeds and flesh

eatìng carnivores. Digest'ive eff ic'iency in females was sl ightly higher

than jn males. Est'imated maintenance requ'irements for adult walrus were
-ttr

155 kcal/kg'''/d. At thìs level, an adult 810 kg walrus would require

approximately 2000 to 4500 bivalves per day to meet energy demands.

Additìonal informat'ion is required prior to the ident'if ication and

protection of walrus feedjng areas in the Canadian eastern arctjc.

Prioritjes in field research should center on estimatìng the size, sex

ratio and age structure of Canadian walrus stocks as well as the

distribution and b'iomass of b'ivalve popu'lations in arctic waters. Future

studies on captive walrus should focus on determining the energy

requirements for immature, pregnant and lactating walrus.

SUMMARY
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APPENDIX 1. l4ean rlret weight (g), percent dry matter (% DM) '.caìoric"'¿ã.rìlV-i.ali 
S, dry matier ¡ãiis) and caloric content per individua'l

t.ãl¡i.äir., *.ú weight basis) for minor,Plgy found^in walrus stomachs

ln Éoxe Basin, N.l'l .T',7987 and 19BB'
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APPENDIX 2. Composjtion of chromic oxide (C1203) tablets fed to the
four capt'ive walrus at the Harderwiik l,larine 14ammal Park, Harderv¡iik,

__ __ ___=======-- 
ji:l=ril:I]:ji::=] ji3:=================__ 

_

Const'ituent

Chrom'ic oxi de

Starch 1500

Avi cel

Magnesium Stearate

Amount (mg)

¿JU

250

I¿3

6

l'lobay Chem'ical Corp.
Pì tts bu rg , PA

Col orcon Inc. , Indi anapo'li s

F.ll.C., Ph'i1adeì phia

l'lallinkrodt, Canada

Manufacturer
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