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INTRODUCTION 

General Remarks 

The walrus, Odobenus rosmarus, is a circumpolar 

species of arctic and sub-arctic waters and 1s geographically 

isolated into three or more morphologically distinct groups. 

The Eastern Canadian Arctic and West Greenland group ranged as 

far south as Sable Island and the Gulf of St. Lawrence in 

historie times, but unrestricted commercial exploitation led 

to a serious decline in numbers and a withdrawal of the group 

to the more northern and inaccessible parts of its range. 

The advent of the rifle into the Eskimo economy w1th conse

quent wasteful methods of hunting caused further serious 

reductions in the walrus herds and necessitated the intro

duction of restrictive hunting measures. In 1931 a Department 

of Fisheries Act was passed which limited the taking of walrus 

to Eskimo familles and certain white residents in the north 

and, in addition, the exporting of raw, unworked ivory was 

forbldden. 

In the post-war years the increased interest of th~ 

Government in the economy of the native peoples bas led to 

the undertaking of basic research into the na tural resources 

of the arctic. In 1952 the Department of Northern Affairs and 

National Resources 1n1t1ated a prelimina ry two year investiga

tion into the present status of the walrus in northern Hudson 

Bay (Loughrey, 1955). In 1953 members of Eastern Arctic 
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Investigations aboard C. G. M. V. Calanus began a study of 

the walrus herds frequenting this area as part of their 

general program of research into the marine resources of 

northern waters (see Dunbar, 1956). In 1955 the present 

author began a full time study of walrus biology with 

financial assistance from the McGill Carnegie Fund. In 

1956 the work was supported by the Fisheries Research Board, 

Arctic Unit (formerly Eastern Arctic Investigations) with 

whom the author is no~r employed. 

Previous Work 

The vast early literature was reviewed by Allen 

(1880) in an exhaustive and authoritative monograph of the 

North American pinnipeds. The first really important in

formation on the biology of the walrus was given by Chapskii 

(1936) on the population frequenting the Kara Sea. 

Belopolskii (1939), Freiman (1940) and Nikulin (1940) 

contributed detailed analyses of the life history of the 

Pacifie walrus in the Chukchee Sea, and Vibe (1950) gave 

the most complete record of feedlng habits. Unfortunately, 

many of the conclusions of these workers concerning the 

problems of growth and sexual maturitywere based on ages 

assumed from frequency analyses of tusk and body lengtb 

measurements. It is now known that body length is a very 

variable factor in several species of pinnipeds, and the 

results of the foregoing autbors must be viewed with sorne 

reservation. 



A new method of age determination in mammals, with 

special reference to pinnipeds, was discovered by Scheffer 

(1950a) and Laws (195Ja), and both authors suggested 1ts 

possible application to the walrus. Mohr (1952) po1nted out 

the significance of cementum layers in the molariform teeth 

J 

as a possible guide to age, and Brooks (1954) and Fay (1955) 

attempted to apply the method to the Pacifie walrus. Brooks 

recognised the regularity with which the cementum layers were 

formed, but was unable to correlate this with an annual cycle. 

Fay determined immature age groups by analysing the frequency 

distribution of external tusk lengths and found no correlation 

between cementum layers and age determined by this method. In 

mature males, however, there appeared to be a good correlation, 

and Fay was able to offer a better interpretation of growth and 

age than bad prevlously been given. 

The most recent study on the Atlantic walrus was a 

preliminary investigation made by Loughrey (1955) on. the popu

lation frequenting northern Hudson Bay. 

Nomenclature 

The early literature on the systema tics of the walrus 

was reviewed by Allen (1880) who postulated the existence of 

two spec1es in the genus Odobenus. Of recent authors, only 

G. M. Allen (1942) and Anderson (1946) have supported Allen•s 

suggestion, while N1kul1n (1940) bas assumed that the Atlantic 
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and Pacifie forms are of subspec1fic rank only: namely 

Odobenus rosmarus rosmarus and Odobenus rosmarus divergens. 

Nikulin also refers to a theory of Chapski1 (1940) who 

suggests that walrus 1nhab1t1ng the Laptev and East Siberian 

Seas form a separate group, morphologically distinct from 

the Atlantic and Pacifie forms. 

In the present work, it bas been possible to com

pare material from northern Hudson Bay and northern Foxe 

Basin with the data published by Fay (1955) and Chapsk1i 

( 1936). Reference to Table II sho\'.rs that the Pacifie and 

Atlantic forms are morphologically distinct, with the Kara 

Sea walrus comprising an intermediate group more akin to 

the larger Pacifie form. Nothing is known of the fourth 

group which inhabits the Laptev and East Siberian Seas. 

The true relationships between the groups will 

only be established when their morphometry has been studied 

in much greater detail, but until then the two subspecific 

names in current usage appear to be acceptable. 



METHODS AND MATERIALS 

Field Localities 

Northern Huèl.son Bay (fig. 1). Field work in this 

area was initiated in the summer of 1953 by members of 

c. G. M. V. Calanus under Dr. E. H. Grainger. In the 

following year, work was continued on the walrus census 

about Seahorse Point and Coats Island, and quantitative 

bottom samples were taken at selected points off the coast 

to provide data on walrus feedlng. Durlng late July and 

early August, Dr. Grainger spent a perlod of three weeks on 

Coats Island carrying out a preliminary tagging program and 

collecting a series of specimens for study of the reproduc

tive cycle. 

5 

The author began his field work at Southampton 

Island in March 1955, and was joined by the 1 Calanus 1 on 

August 14. The shlp helped in collecting specimens and tagg

ing animals at Coats Island and Seahorse Point, and then left 

for Iglqolik on September 4. The author finished the 1955 

field season in mld-October and retur.ned the following year ln 

late May, remalning until October 27. 

Walrus are occasionally taken at the edge of the 

fast ice to the south of the settlement in the spring months, 

but the main hunting takes place in the fall, when they haul 

out on land. The hauling-out sites or uglit are reoccupied 



Figure 1. 
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Map of Southampton Island showing Position or 

Uglit and L~it of Winter Fast lee. 
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year after year, and they are grouped closely enough on 

Bencas and Coats Islands to provlde both the .hunter and 

field worker wlth a conveniently restricted locale. 

6 

The souther.n coastline of Southampton Island is 

uniformly flat and desolate and consists of low raised 

beaches of fragmented limestone. The bays and indentations 

ln the coast are very shallow and the fast ice is able to 

remain close to the shore untll mid-July. Strong currents 

combined with hlgh average wind speeds keep the ice con

stantly moving in Fisher and Evans Straits, and the fast 

ice in South Bay 1s rarely able to extend south of a line 

from Ruin Point to Netive Point. 

Walrus Island (Akpatorardjuk) in Fisher Strait 

r1ses to 160 feet above sea level and 1s composed of large 

blocks of black basaltic rock. The coastline is steep and 

in certain years the island is a favoured hauling-out ground 

for as many as two thousand walrus (Manning, 1942). 

The featureless flat limestone country forrns most 

of the coastllne of Coats Island (Akpatordjuark). In the 

northeast the Precambr1an crystalline rocks rise to over 500 

reet and provide a welcome relief to the landscape. Bencas 

Island (Krekektaugaluk) to the north of Coats Island forms a 

low lying outcrop of the Precambrian rocks. 

There are four uglit on these two islands (fig. 1) 

and they are confined to the Precambrlan rocks. Walrus are 



not known to frequent ether places in this area, and they 

never haul out on the limestone beaches. The ecological 

factors affecting this choice of hauling-out sites will be 

discussed in a later section. 

Northern Foxe Basin (fig. 2) c. G. M. v. Calanus 

reached Igloolik in October, 1955, and remained fast in 

7 

the ice throughout the winter. During the following summer, 

work was confined to the northwestern region of Foxe Basin, 

and the ship was finally beached at Rowley Island in the 

fall. In the winter of 1955 and the spring of 1956, Dr. 

Grainger was able to make sorne collections of walrus material, 

and these were augmented in the summer by the efforts of 

several field parties from the ship. In the summer of 1957 

the author•s field base was located on Amitioke Peninsula, 

about five miles north of the small Eskimo community at 

Tikera (68° oJ'N, 82° o61w). 

In July and August, the greatest concentrations 

of walrus are found in the pack ice to the east and north

east of this area, and the hunters from Tikera are generally 

more successful in securing their winter meat supplies than 

their nearest relatives at Kringmiktorvik. In September the 

walrus appear to move north and the hunters from Igloolik are 

able to make their best catches then. 

From October until Ma y, when the fast ice extends 

all a l ong the coast of Melville Peninsula and to the east of 

Igloolik Island (fig. 2), special conditions are needed for 



Figure 2. Map of Foxe Basin showing Bathymetry and Limit 

of Winter Fast lee. 
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hunting to occur. In east and southeasterly winds the Foxe 

Basin pack closes in to the edge of the fast ice along the 

coast, and the hunters are then able to travel out onto the 

moving ice and look for walrus in the leads of open water. 

8 

From Amitioke Peninsula north~ards to Igloolik the 

coast is formed of featureless raised beaches of fragmented 

limestone. The two major indentations of Foster Bay and Parry 

Bay retain unbroken fast ice until late in JU:ly, and a narrow 

coastal strip of ice, seldom exceeding a mile in width, con

nects them. East of Igloolik Island the edge of the fast ice 

turns northeastwards towards Jens Munk Island. 

Walrus are not generally found anywhere on land in 

this region, though the Eskimos suggest that they come ashore 

on South Ooglit Island in the fall. At this time the island 

1s usually inaccessible from the mainland owing to the forma

tion of new ice. 

Travel 

At Southampton Island in the spring months, the 

bunters haul their canees ~nd flat-boats across the fast lee 

on South Bay and look for seals and walrus in the loose ice. 

The large 22 foot frei~bt canoe fitted with an outboard motor 

is easily transported by dog sledge, and rapid forays can be 

made away from the ice edge in fine wea ther. It 1s a fragile 

craft however, and the E~kimos exercise the greatest caution 

when hunting wa lrus. In the late summer and fall, motor whale-
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boats, trapboats and several fully decked 42 foot Peterhead 

boats are used for the long journeys to the hauling-out sites. 

The author s.ccompanled the Eskimos in both canoe 

and Peterhee.è. boat, and supplemented the se hunting trips w1 tb 

several journeys in a whaleboat belonging to the Fisheries 

Research Board, Arctic Unit. 

In northern Foxe Basin, a similar wh~:üeboat was used 

for the summer's work. In May, 1957, it was hauled to the 

edge of the fast lee to the east of Igloolik Island and sailed 

down to the camp site on Amitioke Penlnsula. This Journey was 

impeded by unusually d1ff1cult lee conditions and little hunt

ing could be done. 

Counts 

At Coats and Bencas Islands during the summer and 

fall months, counts were made at the uglit and also while 

travelling to and from suitable anchorages. On the relatlvely 

few fine days when work at sea was possible, walrus were found 

to be grouped close to each uglek, and few were seen along the 

coast. On several occasions, most of the uglit were visited 

in one day, and a large proportion of the walrus frequenting 

the area were probably accounted for ln the observa tions. 

With pract1ce, it became possible to d1st1ngu1sh 

between adult males and females, but precise numbers of each 

sex could seldom be obtained owing to their habit of lying 

so close together. 



Counts made from the 'Calanus' in 1954 suggested 

that the total population frequenting the Coats Island and 

Seahorse Point area numbered approximately J,OOO animals 

(Dunbar, 1956). This figure was confirmed by an aerial 

census of the hauling-out sites made on August 20, 1954, 

by Loughrey (1955). He was able to fly over all the known 

ugllt, and observed an estimated total of 2,900 animals. 

L1m1ted local observations from other areas have 

been made available through R. c. M. P. files, and sorne 

verbal reports have been received from Post Managers of 

the Hudson's Bay Company and Oblate Fathers of the Roman 

Catholic Mission. The Atlantic Oceanographie Group aboard 

H. M. C. s. 'Labrador' bas contrlbuted further observations 

from the sh1p 1 s marine mammal log. 

Marklng 
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The seasonal appearance of the walrus, particularly 

at the trad1t1onal hauling-out sites ln northern Hudson Bay 

and Hudson Strait, has led sorne observers to believe that a 

deflnite migration occurs. The paucity of anlmals ln the 

wlnter months has been taken as partial proof of such a move

ment away from their summer haunts, but the lack of anlmals 

seems to be more apparent than real. There 1s little doubt 

that local movements do occur, but these are more probably 

ln the nature of a dispersal as wlnter conditions set ln. 



In order to provide data on migratory movements, 

a tagging program was begun in 1954 at Coats Island by 

Dr. E. H. Grainger of the Fisheries Research Board (see 

Mansfield, 1955). Simultaneously, another tagging program 

was being carried out at Bencas Island and Seahorse Point 

by a member of the Canadian Wildlife Service (Loughrey, 

1955). 

The stainless steel tag (fig. )a) was designed 

to pierce the epidermis and lodge in the blubber layer, 

the numbered basal dise remaining on the outside of the 

skin like a button. Originally, the tag was provided with 
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a conical head, and it was assumed that this would be sharp 

enough to penetrate the thick epidermis. Then, when the tag 

was dri ven fully home, \'Ji th the dise flush against the skin, 

the edge of the puncture wound would close around the shaft 

of the tag and holà it tightly in place. In practice this 

did not happen, for it was impossible to stick the tag into 

the skin, even with the long and heavy harpoon then being 

used. To aid pene tration of the tag, four cutting edges were 

ground onto the point, and further atte~pts at marking the 

animals were successful. These modified tags were used in 

1955, but failures were hi gh through bending of the shaft on 

impact with the skin. In 1956 a tag with a stouter shaft was 

used, and this proved ta be the most successful pattern (fig. 

3b). 

In 1954 and 1955 most of the tagging was done in the 
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Figure 3. Stainless Steel Tag used in marking Walrus. 
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water from a motor whaleboat. The following summer, most 

of the animals were tagged on the land at the uglit on the 

east coast of Coats Island, and this was found to be the 

simplest method. 

115 animals have been marked so far, but no re

coveries have been reported. Since the Eskimos at Coral 

Harbour are well acquainted with the work, the effective

ness of the method is open to doubt. It seems probable 

that many of the tags must either fall out, or be rubbed 

off when the animals are hauled out on the ice or land. 

Perhaps the most effective method of marking 

would be by capturing calves and attaching metal straps 

to their flippers (see Brooks, 1954), but this would 

necessitate diverting the attention of the temporarily 

bereaved females. A possible solution would be to im

mobilize the female by use of a suitably administered 

alkaloid drug, a method which has proved successful in 
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the management of sorne larger terrestrial mammals (Crockford 

et al., 1957). Such a technique might allow both the cow 

and calf to be tagged and result in an overall saving of 

much time and effort. 

Materials Collected 

The present series of specimens comprises samples 

of 104 male and 72 female walrus. Of these, 48 males and 

50 females were taken in northern Hudson Bay, Hudson Strait 



and Frobisher Bay, and the remaining 56 males and 22 fema1es 

from northern Foxe Basin (see Appendix I). 
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Lower jaws, mo1ariform teeth and tusks were collected 

to provide data on ageing, and whole skulls were taken when 

possible. These were dried in the wind after removal of the 

brain and most of the flesh. 

The stomachs of most specimens were examined for food 

contents, and whole or sub-samples were washed in sea water 

and preserved in 10 percent formalin. 

In male specimens, the testes were weighed after 

removal of the epididymis and measured to the nearest milli

metre. A 2 cm. slice from the centre of the testis and 

epididymis was removed and preserved in Bouin 1s fluid or 10 

percent formalin. It was found that Bouin 1 s fluid was better 

than formalin as a fixative for testis material since there 

was less distortion of the tubules and the histological re

sults were better. 

Bacula were collected, and were skinned and then 

wind dried. 

In the female specimens the reproductive tract was 

usually removed entire and examined at leisure while the 

hunters were butchering the carcass. The sites of old pla

cantal scars were noted, and embryos were collected and 

stored in 10 percent formalin or 60 percent alcohol. The body 

wall and cranium of larger foetuses were slit to allow pene

tration of the preservative. 

Ovaries were preserved whole in Bouin 1 s fluid or 10 
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percent formalin and, when time permitted, samples of uterine 

mucosa and va gina were collected. Pie ces of mammary gland 

were ta ken from a few mature females. 

Samples were either placed in separate numbered 

jars, or wrapped in squares of muslin with an appropriate 

label a~ packed together in larger jars. 

Ectoparasites and skin samples were collected to

gether and preserved in Bouin's fluid. A complete intesti

nal tract was preserved in 10 percent formalin for study of 

parasitic Acanthocephala. 

During the fall hunting at Coats Island in 1956, 

11 male and 8 female walrus were weighèd. The larger ani

mals were eut into sevan or eight pieces during the butcher

ing and each piace was hoisted on the boom, to which was 

attached a 500 pound Chatillon ice balance. 

Complete sets of body measurements were taken on 

as many animals as possible. These, together with detailed 

skull measurements, will be used in a later taxonomie study. 

The standard length {direct, nose to tip of tail) and exter

nal tusk length are the only measurements of importance to 

the present study. 

Treatment of Materials 

Sections of molariform teeth, several millimetres 

thick, were eut with a 3 inch diameter jeweller's saw. These 

were ground down to a thickness of approximately 100 ~ with 
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the apparatus described by Fisher and Mackenzie (1954). The 

sections, both transverse and longitudinal, were examined 

under a binocular microscope in reflected and refracted light. 

An optical micrometer was used to measure the width of incre

mental zones in both the dentine and cementum. Small segments 

of tusk sections were examined in a similar way. 

Stomach contents were identified to species as far as 

possible, and numbers of each organism were counted and tabu

lated. 

Small pieces of testis and epididymis were embedded 

in paraffin wax and sectioned at 8 to 10 ~· The sections were 

stained with Delafield 1s Haernatoxylin and alcoholic Eosin, and 

were examined for stages of sperrnatogenesis. Average diameters 

of testis and epididyrnis tubules were obtained with an optical 

micrometer. 

Bacula and skulls were cleaned and degreased by boil

ing in a strong solution of caustic commercial floor cleaner. 

Preserved avaries were sliced into sections 3 or 4 mm. 

thick and examined for developing follicles and corpora lutea 

of recent and former pregnancies. Small pieces of corpora 

lutea and developi ng follicles were ernbedded, sectioned at 8 

to 10 p, and stai ned i n Delafield 1s Haematoxylin and Eos i n . 

Samples of dried diaphragm muscle were sent to the 

Department of Health, Tor onto, for analysis of trichinosis 

infection . 



AGE DETERMINATION 

Methods 

Rational exploitation of a stock of wild animals 

demands a knowledge of population dynamics, and this in 

turn must be based on a study of individuals of known age 
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if conservation is to be practised to the greatest advantage. 

Numerous methods have been utilised to determine the ages of 

particular animals, but few have been precise enough to en

able more than rough generalisations about growth and mort

ality to be made. 

Body length measurements. Perhaps the most obvious 

indicator of age in any animal is the body length, and this 

measurement has been used as the standard parameter of growth 

in most species examined. Freiman (1940) was able to measure 

about 800 walrus and attempted to separate age groups in both 

sexes. The frequency distribution of nose-tail lengths in 

the male revealed six distinet peaks at 145, 19 5, 250, 290, 

305 and 350 cm., and Freiman concluded that these represented 

five immature year groups and a sixth adult group. All the 

older animals were included in the latter group since vari

ations of size with age were obscured by individual variabil

ity. 

The females were represented by distinct peaks at 145, 

195, 22 5, 255 and 285 cm., which Freiman interpreted as four 

immature year groups and the adult animals. 

In the series of specimens from the Eastern Canadian 



Arctic, measurements of body length were available for 94 

males and 66 females. Analysis of these data (fig. 4) 

shows that only the first two year groups can be distin

guished with any certainty, and at greater ages, individ

ual variability masks variation with age. Chapskii (1936 ) 

has reached a similar conclusion from his analysis of data 

collected in the Kara Sea. 

Fay (1955) has pointed out that an analysis of 

frequency distributions is only valid when the samples are 

obtained within a short space of time! Since Freiman's 

material was collected between the months of June and 

October, his interpretation of the data is open to question. 

Even if sampling methods are adequate, there is good reason 

for doubting the value of length frequency analyses in de

termining all but the youngest age classes. Thus, in a de

tailed study of the southern elephant seal, Mirounga ~

ninâ, Laws (1953b) analysed the frequency distribution of 

nose-tail lengths of 160 males and 142 females, but was 

unable to distinguish with certainty more than the first 
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two age groups in the female and the first three in the male. 

Though the early groups were apparently dis tinct, the ages 

f rom the teeth belied the length frequency groupi ngs, and 

showed that there was an extensive overlap. 

Perhaps a further argument against such analyses 

is the diff iculty in measuring a pinniped accura tely. The 

variation in length depending on the position in which the 

animal is lying when examined, and perhaps also on seasonal 
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Figure 4. Frequency Analysis of Body Length Measurements 

in Inches. 
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fatness, must influence the results to sorne extent. For this 

reason the measurements recorded in Figure 4 were grouped in 

class intervals of five inches. 

If age groups are to be established from linear mea

surements with any degree of certainty, then sampling should 

be adequate, and measurements accurate within small limits. 

The latter condition can be satisfied by measurements of tusks 

in both sexes, and further data can be acquired from the bacula 

(penis bonas) of the males. 

Tusk and baculum measurements. Analysis of such 

data yields no more precise information than can be obtained 

from body-length measurements. Chapskii (1936), using external 

tusk length and length of the baculum, was able to confirm 

only the age groupings determined from the body measurements. 

Belopolskii (1939) utilised only tusk lengths in his analysis 

of specimens collected from the Bering and Chukchee Seas, but 

unfortunately he ignored the very real sexual dimorphism and 

lumped male and female samples together. 

Fay (1955) has analysed· a series of 128 male tusks 

of the Pacifie walrus collected within a period of six weeks 

during the summer, and has grouped the lengths into four in

itial classes. These he interprets as the first four years 

of growth, and attempts to justify his conclusions by seeking 

Eskimo opinion. Fay states that "the Gambell men readily 

classify specimens up to four years of age on the basis of 

OEL (observed external tusk length), and their concepts of 

these are approximately as indicated in (the frequency analy

s is). 11 
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Moreover, corresponding body lengths also agree with the 

first four age groups determined from Freiman's body-length 

data. 

Certainly, Eskimos will readily classify an 

animal's age when asked to do so, but their knowledge is 

not based on any sound criteria, except in the youngest age 

classes considered. Calves, yearlings and two-year-olds 

are easily recognised from their association with the cow, 

but after that distinction is lost and age classification 

becomes merely a matter of opinion and nothing more. Un

fortunately, the interpretation of the tusk length frequency 

groupings also appears to be a matter of opinion, and the 

present author feels that the "series of reasonably promin

ent modes 11 described by Fay has little basis in fact. 

Fay analysed a sample of 107 fema1e tusks in the 

same way, but the frequency histogram showed no model regu

larity comparable to the males. However, Eskimo opinion 

was used again to establish the first four year classes, 

and these agreed closely with those depicted by Freiman. 

Fay also found that baculum length was a crude 

guide to age, but was of no further help in distinguishing 

age classes. This is in agreement with the present author's 

findings for specimens from the Eastern Canadian Arctic. 

Claws. Plekhanov (1933) suggested that the con

spicuous and regular Qands on the claws of severa! species 

of phocids could be used to determine the ages of individual 

seals. Recently, McLaren (in press) has been able to es-
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tablish the validity of the method in the ringed seal, Phoca 

hispida, by comparing the number of bands on the claws with 

the age determined from incrementa! zones in the dentine of 

the canine teeth. 

In the present study claws were collected during 

routine examination of specimens, but no more than three 

visible bands were ever found. Fay (1955) found a similar 

number of bands on the claws of the Pacifie walrus, and 

suggested that the frequency with which animals haul out 

and move about on the ice (and land) leads to attrition of 

the claws by breakage and wear. 

Teeth. The most important method of age determin

ation applicable to the Pinnipedia is that discovered in

dependently by Scheffer (1950a) and Laws (1953a). Scheffer 

found that visible growth ridges on the canine teeth of the 

northern fur seal, Callorhinus ursinus, corresponded in 

number with the known age in years, determined from branding 

and tagging experiments. Laws studied the southern elephant 

seal and found that the marked periods of fasting and feeding 

which this animal undergoes were reflected in a differentia! 

deposition of dentine, visible macroscopically as alternate 

opaque and translucent bands in cross-sections of the canine 

teeth. Root ridges were also present on the canine teeth, 

and these could be correlated with the bands in the dentine. 

It was found that one ridge was formed each year, as in the 

northern fur seal. 

Fisher (1954) and McLaren (in press) have applied 
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the methods ta the harp seal, Phoca groenlandica, and the 

ringed seal respectively, though in these two species root 

ridges are not present on the canine teeth and only the dent

inal annuli can be used. Brooks (1953) and Fay (1955) have 

studied the problems of growth in the tusks and molariform 

teeth of the Pacifie walrus and have found the methods of 

Scheffer and Laws ta be partly applicable, at least to the 

males. 

Application of Methods to the Atlantic Walrus 

The limited value of measurements of the body, tusks 

and baculum has been pointed out in the previous section, and 

no additional useful data can be obtained from the claws. 

Apart from the value of the numbers of corpora lutea in the 

avaries as a rough indicator of age in the female, the teeth 

provide the only accurate method of determining the age of 

individual animals. 

The peculiarities of the dentition are discussed in 

a later section, and here only the form of the tusks (modi

fied canines) and molariform teeth (incisors, lower canines 

and post-canines) need be explained. 

Tusks. In the full-term foetus, A 11, taken on May 

26, the tusk is a hollow cane of dentine 42 mm. long, with an 

enamel cap measuring 32 mm. from tip to 'notch ' ; a few milli

metres of the root are covered with a 2 mm. layer of cementum 

(fig. 5). The whole of the tooth is embedded in the alveolus 

at birth, and eruption does not occur until later in July and 



Figure 5. Comparison of Tusk Growth in a Foetal, Two Year 

Old and Adult Male Walrus. 
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August. Initial growth is rapid, and is well shown in Figure 

6, in which the foetal tusk is compared with the tusks of 

calves, yearlings, and two and three year olds. Scale draw

ings of the tusks have been superimposed, and the position of 

the gum line in relation to each specimen is indicated by 

appropriate marks. The gum line for the foetal tooth is not 

included since it appears below the level of the tip. 

By October 7 (A 130), the tusk is 72 mm. long and 

projects 21 mm. from the alveolus. In the second year the 

tusk has increased in length up to 13 cm. by August 7 (A 41), 

and projects 4 cm. from the alveolus. Both the yearlings 

A 41 and A 109 are easily distinguished from the calves by 

appearance alone, but their age can be confirmed when the 

reproductive history of the mother is known, for parturient 

cows do not become reimpregnated until the following breeding 

seasono Thus the immature male A 10, found in company with 

the gravid female A 9 on May 26, has evidently just reached 

the end of its second year. Its tusks are noticeably larger 

than those of other yearlings and project much further from 

the alveolus. There is a little distal wear on the tusks, 

suggesting that the animal has only recently begun to feed 

in the adult manner. 

The only other specimen with tusks of comparable 

length is female A 76 taken on September 19. Slight wear has 

occurred at the tips of the tusks, suggesting that the animal 

has been feeding independently for only a short while. Its 
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body size confirms that it is in its third year. 

The ages of the other two immature specimens shown 

in Figure 6 are more difficult to assess if tusk length alone 

is used, but both are tentatively placed in the group 'three 

years plus•. The tusks of A 37 show more wear than those of 

A 10, and the enamel cap is almost obliterated. vfuile body 

size is little greater than that of A 10, the greater length 

of the tusks and the larger molariform teeth suggest that the 

animal belongs to a later age group. 

The age of A 37 is confirmed by examination of the 

cementum layers in the molariform teeth (see p.28 ), but the 

same method when applied to A 113 shows that this specimen is 

five years old. We may conclude, therefore, that tusk length 

is only reliable as an indicator of age up to two years in the 

female, and two or possibly three years in the male. 

The manner in which the dentine is laid down is 

illustrated diagramatically in Figure 5. The odontoblasts 

lining the pulp cavity give rise to regular incremental layers, 

resembling thin truncated cones~ As the tusk elongates, the 

more distal portion of the pulp cavity becomes filled with 

secondary dentine. In young animals the pulp cavity is large, 

but in very old animals it becomes almost entirely obliterated. 

At birth, the hypercalcified foetal dentine is re

placed by dentine of more normal appearance, the change being 

readily visible in macroscopic sections of the tusk. In the 

few immature animals examined, the dentine is fairly uniform 

in texture and bears only faintly discernible microscopie 



Figure 6. Comparison of Male and Female Tusk Lengths in 

the First Three Years of Growth. ( The number at 

the root of each tusk is the 'A' series field 

number. The assumed tusk length at the end of each 

year is indicated by an appropriate mark ). 
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striations which probably reflect changes in calcium metabo

lism associated with feeding. These microscopie striations 

~re found in adult dentine, and are overlaid by a larger

scale pattern, particularly in the males. When light is 

reflected at a suitable angle from the polished surface of 
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a tusk section, the pattern is revealed as a series of 

faintly marked zones consisting of darker, hypercalcified 

dentine which gradually shades into lighter coloured dentine. 

The transition between the zones is abrupt, and is indicated 

in Figures 5 and 8b by a series of thin lines. These 

changes in dentine deposition are sometimes accompanied by 

pronounced ridges on the tusk roots (fig. 7). The ridges 

are particularly well developed in old male~, and may be seen 

most clearly where the cementum is exfoliated (fig. 8a). 

In addition to the root ridges and major zones in 

the dentine, a number of less pronounced but still well de

fined intermediate zones are visible externally (fig. 8a). 

The width of the zones between any two ridges is fairly con

stant, suggesting a regular periodicity in growth. It is 

known that nutrition plays a most important part in the 

formation of dentine and that irregularit ies in diet may 

result in imperfect deposition of calcium (Schour & Massler, 

1945). However, the regularity of the zones and their com

para tively small number (about 15 to 20 per root ridge in

terval) indicates that something other than irregular feeding 

mus t account for the i r f ormation . It is sugges t ed that the 

zones r esult from a periodic readjustment of the periodontal 
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fibres which anchor the tusk in the socket. After a definite 

period of growth of dentine and extrusion of the tusk, the 

fibres rupture and new ones are rapidly formed. The temporary 

cessation of growth which results is then reflected as a change 

in rate and type of calcium deposition. 

Formation of the major root ridges cannot be ex

plained in such mechanical terms, and the period of slow 

growth which they appear to represent must result from sorne 

pronounced change in the metabolic activity of the animal. 

Both the northern fur seal and the southern elephant seal are 

known to undergo partial or complete fasts each year, and 

Scheffer (1950a) and Laws (1953a) have correlated this cessa

tion of feeding with the root ridges formed on the canine 

tee th. 

Vibe (1950) has observed that walruses taken in 

Melville Bay in June during their spring migration have empty 

stomachs, and real feeding does not commence at the mollusc 

banks about Saunders Island, northwest of Thule, until early 

July. Fay (1953) has found that root ridges on the tusks of 

the Pacifie walrus are formed in spring and this is coincident 

with the breeding season as well as the middle of the migra

tory period. Animals following different ~igratory routes 

along the Siberian and Alaskan coasts, where feeding habits 

may be expected to differ, have tusks which are indistinguish

able. These in turn do not differ from the tusks of an adult 

male, apparently from the herd resident in Bristol Bay. From 

these observations, Fay concluèes that each ridge represents 



a breeding season with presumably a period of fasting, and 

each intervening layer the remainder of the year 1 s grov.rth. 

Insufficient factual data on feeding habits in the 
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winter and spring months are available for Foxe Basin and 

Hudson Bay, and it can only be assumed that mature males and 

females are fasting for part of that time. Examination of a 

small series of male tusks showing well defined root ridges 

indicates that ridge formation has just been completed in 

early June, and that throughout the summer and f all, growth 

is rapid. Even in immature animals there appears to be a 

period of reduced grovrth duri.i1g the lvinter and spring, and 

visual estimates from the tusks illustrated in Figure 6 show 

that during the five months June to October, the rate of 

growth is nearly twice as much as it is during the remainder 

of the year. Ridges are not formed on the tusk roots of im

mature animals since the rate of growth, even in -vrinter and 

spring, is relatively fast. Thus in the first year, the tusk 

may lengt hen by 6 cm., but this rate of increase declines as 

maturity is reached. The youngest mature ma les shovr only 

faintly marked gro-vrth ridges, and the maximum distance apart 

in any specimen is 3.5 cm. In the oldest males, the root 

ridge interval may become as small as 0.5 cm. There can be 

little doubt from this comparison and the foregoing observa

tions that ridge formation does occur in the spring , and that 

the dis tance bet1.veen the root ridges do es represent a year 1 s 

grovrth. 

The tusk is firmly fixed i n the alveolus by the 



periodontal fibres vrhich penetrate the cementum from the 

surrounding periodontal membrane. Sections of tusk roots 

from mature males and females reveal that the cementum is 

divided into lvell-defined concentric layers (fig. Sb). Each 

layer consists of a darker inner band of hypercalcified 

cementum 'l:rhich gradually merges into a trans lucent outer 

band. The transition between the layers is abrupt and is 

often emphasised by the distribution of cementoblast lacQ~ae. 

Sections of old male tusks with well defined root 

ridges shovr that the translucent zones in the cementu.rn are 

formed at the end of the period of slovr spring grmvth. The 

onset of rapid summer grovrth after breeding is accompanied 

by an increase in the number of cementoblasts and apparent 

hypercalcification, which results i~ a marked dark zone being 

formed. The distinction bet\veen spring and sum...rner grovrth is 

more pronom1ced in older animals, particularly males. 

The cementum layers are narrower \>There they overlie 

the root ridges, and this tends to smooth out the external 

contours of the tusk (fig. 8b). In old weathered tusks from 

which the cementum has become exfoliated, the root ridges are 

most conspicuous (fig. Sa). 
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Molariform t eeth. In the full-t erm foetus A ll, the 

incisors, molars and lo1;rer canine te eth are short, hollow cones 

of dentine, 10 to 15 mm. from root to tip, and capped by a 

large ename l crown ; there is lit t le or no cementum. By the 

end of the first summer, the teeth have lengthened to 16 -

25 mm., and the cementum averages 0.3S mm. in thickness (.d. 130). 
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Figure 8 b. 
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Illustration of the Root Ridges on an old Male 

Tusk after exfoliation of the Cementum. 

The Dentine and Cementum Layers on the TUsk 

Root in Longitudinal Section. 
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In the yearling A 134 most of the teeth are longer than 

25 mm., and in the two year old A 76 they average at least 

35 mm. in length. At this age the layer of cementum has 

increased to 1.0 crm. in thickness. The teeth increase in 

length by the addition of hollow truncated canes of dentine 
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which are sometimes visible externally as shallow ridges 

(fig. 9); internally the dentine layers are similar to those 

found in the roots of adult male tusks. 

As the tooth lengthens, the pulp becomes filled 

with secondary dentine, until finally the whole pulp cavity 

is obliterated. Closure is a variable factor and may occur 

before or after maturity is reached. This is shawn most 

clearly in the longitudinal section of a molariform tooth 

from female A 46, which is pregnant for the first or second time 

(fig. 9). Wnen dentine deposition finally ceases, the cementum 
. . 

becomes continuous over the base of t he tooth, and slight ex-

trusion from the socket continues to occur. 

Examination of the complete dentition from severa1 

immature and adult animals shows that the same rela tive amount 

of cementum is laid down on each tooth and tusk. In the first 

SWTh~er cementlli~ is even in appearance, but in the fo1lowing 

spring a lighter zone may be laid down (A 134). In the im-

mature male A 10, which is nearly two years old, t he light er 

zone separating the cement um into two nearly equal layers is 

not clearly defined in all parts of the sections examined, 

whi ch indicates that the process es underlying .cementum deposi

tion are not regular as yet. In the three year old A 37, t he 



Figure 9. Longitudinal Section of the Low~r Oanine Tooth 

of a 7-Year-Old Female ( x 3.5 ). 

\ 





annual growth increments in the dentine are plainly in

dicated by ridges, and each ridge is accompanied by a 

translucent band of cementum, the innermost of which is 
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not as well defined as the outer two. In adult animals, 

especially old males, the cementum is separated into more 

clearly defined layers, wide bands of darker cementum al

ternating with narrow translucent bands; the number of bands 

is constant for all the teeth in one dentition. 

The bands are much more sharply defined than those 

found on the tusk roots, and this is attributed to the com

parative lack of periodontal fibres. In the tusk cementum, 

the large numbers of fibres and their periodic readjustment 

to tusk growth give the cementum layers an uneven contour 

which sometimes complicates interpretation. 

Comparison of the tusks and molariform teeth in 

individual old males shows that the narrow translucent zones 

of cementum are laid down at the same time of year. It may 

be assumed that the spring months are times of moderate 

feeding, for the translucent cementum is evidently hypo

calcified. This is shown by the exfoliation which occurs 

in teeth exposed to the weather for long periods, for the 

cementum separates off into layers which break along the 

narrow zones. 

The first formed layers are wide and t hey become 

progressively narrower as their number increases; t here is 

no indication, in the males at least, that deposition of 
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cementum ever ceases. When the width of cementum layers is 

plotted against the assumed age in years, a normal exponent

ial growth curve is obtained (fig. 11), and this bears a sat

isfactory relation to the straight line representing the rate 

of deposition of cementum in the first two years. Thus it is 

assumed that after the second year, one well-defined layer of 

cementum is laid down annually, and this continues throughout 

the life of the animal. 

In the Pacifie walrus, Fay (1955, fig. 31) tested 

the relationship between tusk length and number of cementum 

layers and concluded that the layers were as good indicators 

of age as tusk lengths; in fact they were probably better in 

later years. However, in the earlier age groups, there appeared 

to be no correlation of age with the number of layers, and Fay 

assumed that deposition of cementum was irregular in the first 

six to seven years. This certainly does not apply to the 

Atlantic walrus, for the foregoing analysis shows that there 

is a good correlation between age and well-defined cementum 

layers at all ages after two years. 

In view of the doubtful basis on which Fay's first 

four year classes were erected and the more subjective nature 

of his analysis, it is impossible to make any direct compari

son between the estimated growth rates of the two forms. How

ever, if it is assumed that cementogenesis is similar in both 

the Atlantic and the Pacifie walrus, then linear measurements 

can be compared directly. Such measurements have been ex

tracted from Figure 31 in Fay 1 s report and they are tabulated 



in Appendix V; the values are necessarily approximate since 

they are derived from a mean curve. Similar values are also 
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recorded for the Atlantic walrus and the significance of these 

measurements is discussed in the section on growth. 

The cementum layers on the tusk root cannot be used 

for determining age since they represent only part of the 

animal's life history. In general, even fewer years of life 
~ 

are represented by the root ridges, but in sorne tusks an appro-
~ 

imate estimation of age can be made by plotting the distance 

between the ridges and then extrapolating the curve exponenti

ally to the limit of the tusk. When distal wear is accounted 

for, an estimation is arrived at which closely agrees with 

the age determined from the cementum layers in the molariform 

te eth. 

Determination of age in the female. Growth of the 

tusks in the female follows a basic pattern similar to that 

of the male, but certain differences occur which render inter

pretation of the chronology of dentine and cementum deposition 

difficult. Few adult tusks bear growth ridges on the roots, 

and when present they are rarely well defined. Cementum de

position on the root is irregular, and it has not been possible 

to correlate definite layers with the ridges, as in the male. 

However, on all tusk roots sectioned, the number of cementum 

layers increases in a regular manner from the open end to the 

gum line , and this suggests that deposition occurs exactly as 

in the male. 

In the molariform teeth, the cementum has a slightly 
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less proportionate bulk than in the male, and rate of deposi

tion appears to be more irregular. Banding of the cementum 

occurs in all animals older than two years, but in only a few 

specimens does the pattern approach that of the males in 

clarity and regularity of deposition (fig. 10). It would 

appear that in both males and females the same seasonal in

fluence regulates cementum deposition, but this may be sorne

times over-shadmved by the physiological demands of pregnancy 

and the long lactation period. In the female Pacifie walrus, 

Fay (1955) has found that the relationship between the ob

served external tusk length and the number of cementum layers 

in the molariform teeth appears to be radically different 

from that in the males, and may have little or no practical 

application in determining age. However, observations on the 

Atlantic walrus show that tusk length in the females is very 

variable owing to rapid wear and breakage and is of less value 

in determining age than the cementum layers. 

In Figure 11, the width of cementum layers is plotted 

against assumed age in years, and normal exponential growth 

curves result. Comparison with the limiting curves for the 

adult males shov;s that the cementum layers in the female are 

general1y narrower, and this is entire1y as expected when the 

maximum size of the adult animals is considered. 

In sorne specimens older than ten years, the outer

most incrementai layers are very narrow, and age interpreta

tion becomes difficu1t. The ages of the o1der animals re

corded in Figures 12 and 14 and in Appendix I should therefore 



Figure 10. 

-~ .. ·-.,:. •' - ..,) · • 

Part of a Transverse Section of the Low.er O&nine . 

Tooth of a 21-Year-Old Male ( x 15 ). 

. ':- --' ·-
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Figure 11. Deposition of Cementum on the Roots of Molariferm 

Teeth in Males and Females. 
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be regarded as minimal. 

GROWTH 

The Male 

Body length. No new-born calves are available in 

the series of specimens from Hudson Bay and Foxe Basin, but 

the foetus A 11, taken on May 26, was evidently full-term 

and its body length of 47 inches may be considered to repre

sent that of the new-born animal. The body length of calves 

taken in August and September averages 56 inches, and this 

compares closely with measurements of the Pacifie walrus 

(Fay, 1955). 

The increase of body s i ze with age is recorded as 

a scatter diagram in Figure 12. The specimens collected in 

northern Foxe Basin were measured along the ventral curve of 

the body and the resulting figures have been decreased by ten 

percent to make them comparable to the Huds on Bay specimens 

which were measured in a direct line from nose to tail. The 

average growt h curves were sketched in by eye with guidance 

f rom a s eries of r egr ession lines calculated f rom the method 

of least squares. Growth in length ceases between 20 and 25 

years when an average maximum size of 120 inches has been 

a tta ined. 
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The figure shows that walrus from Foxe Basin tend to 



Figure 12. Growth in Length of the Body of Males and 

Pemales. 
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be larger in average size than those from northern Hudson Bay, 

a fàct which has long been known to the Eskimos of Southampton 

Island. This difference may be merely the expression of ~ 

cline in size with latitude, but the little evidence available 

on distribution and migration suggests that discrete breeding 

populations are most probably represented. 

The Pacifie walrus is slightly larger than either of 

these two forms, and grows to a mean body length of 135 - 140 

inches (Fay, 1955; Freiman, 1940). Since these measurements 

were all taken along the ventral curve of the body, they must 

be decreased by ten percent to make them comparable to the 

standard lengths of Hudson Bay and Foxe Basin specimens. The 

final adjusted mean value of 124 inches reveals a slight but 

probably real difference in overall length. Comparison of 

gro"\-rth rates in immature Atlantic and Pacifie walrus is diffi

cult since ageing teclmiques differ, but sorne assessment of 

changes in the adults may be made if lengths are considered onl y 

in r elation to the number of cementum layers i n t he mola riform 

teeth. The data in Appendix V then show that after the eighth 

layer is formed, the Pacifie walrus gradually gains a slight 

ascendancy in size. 

Increase in weight. The few data available from 

weighings are s et out graphically in Figur e 13 and a mean curve 

has been fitted by eye to the points; the data suggest t hat 

slow growth continues throughout life. Since no new-born calf 

was taken , t he weight of t he full-term f oetus A 11 is i nc l uded 

for comparison. 



The dismembered animals were weighed with a 500 

pound spring balance (accuracy approximately plus or minus 

tan pounds) and no allowance was made for loss of blood. 

No detailed weights of internal organs were recorded, and 

the figures set out in Table I are taken from Loughrey 

(1955). 

TABLE I 

Weights of Various Internal Structures of an 

Adult Male Atlantic Walrus (Loughrey, 1955). 

Structure 

Skin and blubber 

Heart 

Blood 

Lungs 

Li ver 

Stomach, spleen, pancreas 
a nd intestine 

Weight in 
pounds 

632 

11 

160 

51 

61 

76 

Percent of total 
body weight 

(2084 pounds) 

30.32 

o. 53 

7.68 

2.45 

2.92 

3.65 



Figure 13. Increase in Weight of the Body ( the weights of 

4 males: and 6 females of unknown age are 

taken from Loughrey, 1955 ). 
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The maximum weight recorded is approximately 2600 

pounds (less blood), but estimated weights of ether specimens, 

and visual observations of body size in very large males, 

suggest that 3000 pounds may be reached occasionally. The 

maximum weight of the Pacifie walrus recorded by Fay (1955) 

is 2800 pounds. 

Growth of tusks. Although the walrus of northern 

Foxe Basin appear to be slightly larger on the average than 

those taken in northern Hudson Bay (fig. 12), there is little 

evidence of a difference in tusk size. Hot-rever, vThen these 

two populations are together compared with the Pacifie walrus, 

a great disparity in tusk size is shown, and serves to confirm 

the view that two morphologically well-defined groups exist. 

The values of external tusk length are set out in 

Appendix v, with the number of cementum layers in the molari

form teeth forming the basis of comparison. At five years of 

age there is little difference in tusk length, but after this 

the values begin to diverge. At twenty years, the tusk of the 

Atlantic walrus has almost ceased to lengthen, indicating that 

distal wear is becoming equal to the annual increment of den

tirie at the root. In the Pacifie wa lrus, the growth rate does 

not show any appreciable change unt il after t vrelve cementurn 

layers have been laid do~m. However, growth still continues 

at a greater rate than in the Atlantic walrus, and does not 

appear to cease until at least thirty cementum layers have been 

added to the teeth. 

Gro,.rth of the baculum. Bacula 'i·rere first prepared by 



boiling in a strong caustic soap solution and then left to 

dry in a warm room for several weeks. The v-reights and length 

measurements of 40 specimens in the present collection have 

been plotted in Figure 15 and the curves show that there is 
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no sudden increase in the rate of grovrth at maturity, as in 

several species of phocids (Fisher, 1954; Laws, 1953b; McLaren , 

in press). The strongly sigmoid growth recorded in the Pacif i e 

walrus (Fay, 1955) is not apparent in the specimens examined. 

The Female 

Throughout lactation, growth of the calf is main

tained at a rapid rate, and little decrease is shm·m until 

nutritional independence is gained. In the t hird year, a 

marked change in rate occurs and the male and female grovrth 

curves begin to diverge. At 20 years, the adult female attains 

a maximum average size of 102 inches and weighs approximately 

1600 pounds. 

Difference in the body and. tusk grmvth rates of the 

Atlantic and Pacifie females cannet be evaluated s i nce Fay 

(1955) was unable to correlate age with cementum layers at 

any stage of the life history. Only the oldest adult animals 

can be compared and these s how that a s lightly larger size is 

attained in the Pacifie walrus. Thus the average maximmn 

body leng th is 108 inches (corrected ) and t he we i ght 1700 

pounds. 

Tusk growth in the female Atlant ic walrus is slightly 

s lower than i n the mal es . Aft er t we l ve years , correlati on of 
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tusk length and age is usually impossible since rapid wear 

and breakage of the narrower tusk leads to very variable 

measurements; thus in Figure 14, two sixteen year old females 

are shovm which have tusks shorter than one of the six year 

olds. The maximœn tusk length recorded is 14 inches, and Fay 

gives 18.5 i~ches for the female Pacifie walrus. This small 

difference may indicate that the females are less divergent 

in tusk cha racteristics than the males, though it could 

result from a size limit imposed by greater wear and easier 

breakage in the females of both forms. Wnile the male tusk 

is also exposed to strong wear, its greater thickness keeps 

the effect to a minimum and allows growth to occur until late 

in life. 

Sexual Dimorphism 

The marked difference between the sexes in tusk and 

body lengths and total weight are summarised in Table II. 

Body leng th data for the Pacifie walrus are taken from Fay 

(1955, fig. 21), and the measurements have been decreased 

by ten percent to give approximate direct nose-tail lengths. 

The body length data of t he Kara Sea walrus a re those given 

by Chapskii (1936) and are evidently direct nose-tail length 

measurements. 

The tusk measurements indicated are the mean lengths 

at sexual maturity, and body measurements are the maximum 

average lengths of adult animals. The ratio of male to female 



Figure 14. Growth in Length of the Tusks. 
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TABLE II 

Comparative Sexual Dimorphism in the ~alrus 

Tusk length Body length Male body size 
in in as percent 

inches inches of female 

H F M F Length ~"ieight 

- · ··-----·-··---· 

PACIFie 11 8.5 124 108 120 150 

E. CANADA 7 5 120 102 120 150 

KARA SEA 10 8 125 104 120 

·---·--·-·~----·-·-· - ------



lto 

body size for the Pacifie walrus is taken from Fay's data and 

represents average values from several authorities. 

The gregarious habits and marked huddling behaviour 

of the walrus are similar in sorne respects to the behaviour 

of the polygynous harem breeders such as the northern fur seal 

and the southern elephant seal. However, harem breeding is 

characterised by dominance hierarchies in which sexual select

ion for size and fighting ability in the males is actively 

maintained. Comparative figures for the polygynous species 

(Fay, 1955) show that male body length varies from 130 - 165 

percent of the fenale, and weight from 380 - 500 percent. 

The figures for the different groups of the walrus set out 

in Table II indicate that, while sexual dimorphism has oc

curred, it is not pronounced enougn to s uggest a polygynous 

habit. 

External Appearance 

The calf. There is little difference in external 

appearance betvreen the full-term foetus A ll and t he t'>..ro 

month old ca lf A 39, and the following description is con

sidered applicable to the newly born animal. 

The skin is slate gray i n colour, particularly when 

'>vet, and is covered -vrith a coat of short silver-gray hair from 

5 to 10 mm. l eng th (the precise colour is hard to describe. 

In field notes it is givea as 1 Qsh-blond'). This hair cover ing 

evidently corresponds to the embryonic pelage ( lanugo) of 
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phocids, for it has been found in foetuses of the Pacifie 

walrus taken in November and December (Fay, in litt.). 
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Nikulin (1940) has described the appearance of sixty calves 

taken in June and July, and states that during that time an 

intensive loss of embryonic hair was occurring. Most of the 

later calves were bald, but Nikulin gives no indication of 

when the first hair coat was formed. In the calves taken from 

northern Hudson Bay in the summer and fall, it is apparent 

that the natal pelage has been replaced by a thinner coat of 

shorter and stiffer hairs, 1 to 2 mm. long. 

The umbilical cord is probably lest shortly after 

birth, and the navel scar is healed at the end of three months. 

The upper canine teeth do not pierce the gums until two months 

after birth, and by late October they may attain a length of 

2 cm. The mystacial bristles are short and inwardly curved, 

the longest attaining a length of 5 cm. in a two-month-old 

calf. Both fore and hind limbs are proportionately large. 

Immature males and females. There is evidence that 

an annual moult occurs in the summer months (see p. 59) and 

the old hair, which has by this time reacheà a length of 2 cm. 

and has attained a reddish-brown colour, is shed, and a new 

and sparser coat of silver-gray hair àevelops. The skin colour 

is still a slate-gray, but the patchiness of the hair âdds a 

brownish tinge to the overall colour. Animals which have been 

hauled out on ice or land for a long time may be stained a 

light brown colour with faecal matter, and this may be partly 

responsible for the final colour of the moultihg hair. 

Scars are usually small in number and appear to result 
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from wounds caused by sharp edges of ice or tusks of other 

animals. Occasionally, heavy scarring occurs and a possible 

explanation has been suggested by Soper (1944). A young(pro

bably first yea~male was taken on October 24 at Cape Dorset 

and the whole of the back was covered with small circular 

vrounds and shallow scratches. 11The Eskimos were of the op

inion that its mother had died, whereupon the orphan had 

been bullied and abused, until it was frightened and discour

aged, and had left the herd to shift as best it could in soli

tude." 

It is impossible to distinguish the sexes of im

mature animals up to three or four years of age when ob

serving them from a distance, but older sub-adults can usually 

be accurately sexed if a clear view of the head is obtained. 

The broader muzzle and thicker tusks of the male are apparent, 

and the tusks of the female are often sharply pointed as a 

re sul t of the ir more rapid antero-la teral -vrear. 

The adult female. The oldest females are usually 

heavily scarred along the back and about the neck, and it is 

assumed that many of the wounds are received from the male 

during copulation. This is known to be a characteristic 

feature of mating in the northern elephant seal, Mirounga 

angustiros tris, (Bartholome\v, 1952) and the sou the rn elephant 

seal (Laws, 1956a and personal observation). Occasional in

dividuals are observed with a pronounced cro\vn of whitish 

scar tissue, and this may result from the forceful method 

commonly us ed to keep open breathing holes in yow1g ice. 



Similar scarring occurs on the heads of the males, and also 

on the heads of sorne old bearded seals. Constant abrasion 

on ice and rocks results in the underside of the body becom

ing almost pink in colour, ~nd an overall mottled effect is 

produced which is very difficult to describe adequately. 

The tusks may become almost as long as those of 

the males in a few individuals, but their slender structure 

usually results in more rapid wear and a sharply pointed 

profile. The greater degree of twist and curvature may 

almost cause them to join or even overlap at the tips, if 

wear has been minimal. The vibrissae are longer than those 

of the male, the lateral ones attaining a length of 10 - 12 

cm. 

The adult male. The thick powerful tusks and 

broad muzzle at once distinguish the adult male, and these 

characteristics are most pronounced in old age. At sexual 

maturity, the neck, chest and shoulders become covered with 

large epidermal tubercles. These are hard, white, fibrous 

protuberances up to 8 cm. across and 4 to 5 cm. thick, and 

they are undoubtedly a secondary sexual character ( ïükulin, 

1940; Fay, 1955). In the Pacifie walrus, the skin is much 

thicker (Fay, in. litt.) and the protuberances in the neck 

region may reach a thiclcness of 7 cm. (Brooks, 1954). The 

lumpiness of the skin about the shoulders, and the develop

ment of powerful neck mus cles to move the heavy skull, give 

the male a characteristic depth in outline which. is unrnis

takeable. The tubercles increase in size during life, and 
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in old age the skin over the neck and shoulders assumes a pro

nounced pinkish-\vhi te mottled appearance (fig. 16). Scars 

from tusk inflicted wounds add to the overall blotchiness, and 

this may account for the 'albino' males t·lhich are sorne times 

reported (Brooks, 1954-). The hair covering is sparser in old 

animals and rarely exceeds 1 cm. in length. Host of the 

colour changes associated with increasing age can be attri

buted to the skin, for moulting hair is usually a reddish

brm·m colour and the new hair a silver-gray. However, sorne 

individuals have light golden-brown hair, and this may result 

from a missed moult and subsequent fading of the retained hair. 

This is known to occur occasionally in the southern elephant 

seal (Laws, 1956a) and may also explain the straw-coloured 

crabeater seals, Lobodon carcinophagus, sometimes observed 

(personal observa tion). 

The mystacial bristles become worn with advancing 

age (fig. 17), the more medial ones sometimes becoming flush 

with the skin. There seems little doubt that the wear can be 

attributed to the constant friction involved in feeding. Mohr 

(194-0) is obviously mistaken in implying that the animals with 

short whiskers taken in European waters in the 20th century 

are immature. They were most probably all old males. 

Dentition 

Deciduous and permanent teeth. Only two complete 

young skulls and an addi tional lmver jmv are available for 



Figure 16. Head and Shoulders of an Adul t Male Walrus 

showing Epidermal Tubercles and Scars from 

Tusk Inflicted Wounds. 





Figure 17. Head of an Old Adult Male Walrue ehowing 

Worn Tuske and Vibrissae. 





examination (foetus A 11; calf W3; calf W2). 

The deciduous dentition appears to be: 

I 1 2_.3 
1 2 3 

c 1 
1 

Pm - 2 3 
l 2 3 

this may be reduced by prenatal resorption (fig. 18). Fay 

(1955) identified a fourth upper prernolar, but this has not 

been found in the two skulls available. 

The full set of successional teeth is present at 

birth, but does not begin to erupt until the calf is two or 

three months old. The formula observed is: 

I c 1 
l 

Pm 1 2 3 4 
1 2 3 

M 1· 
1 

Fay has found that the second and third lmv-er inciser and the 

second lower rnolar are present, giving a complete formula of 

I _u 
2 3 

c l 
1 

Pm 123lt 
1 2 3 

M .L_. 
1 2 

All the data relating to the adult dentition are 

summarised in Table III. Hany of the skulls examined were 

found at old Eskimo camp sites, and usually most or all of 

the teeth were missing. Thus in sorne of the skulls the pre-

sence of the norma1ly vestigia l tee t h was not dir ectly ob

served, but it was i aferred from t he deve1opment of the al

veolus. Alt hough no skull was observed with more than two 

tusks , r ar e specimens are knovm i n which a s econd tusk is 

developed on one side. 



. . ·:Figure' 18 • . ·. 
Dentition of the Fu11-Term Foetus A 11. ( Teeth 

: •' ' 

indicated by bracketed numbers were not obeerved 

in the specimens available, but were inferred · 

f'rom Pay' s account of the Pacifie Wa1rus (19.55) ). 
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TABLE III 

Observed Variations in the Dentition 
' 

Incisors Canine Post-canines 

Se x 0 l 2 0 l 0 l 2 3 lt 5 

L l 27 8 36 34- l l 
H 

R l 26 9 36 31 4- 1 
UPPER 

L 2 23 8 33 l 25 6 l 
F 

R 2 25 6 1 32 l 25 6 l 

L 36 2 38 28 10 
H 

R 
LOWER 

37 l 38 l 27 10 

L 34- 2 36 l 3 26 6 
F 

R 34- 2 36 l 3 26 6 

The figures in the top line refer to the number of teeth 
of each type present, and not to the position in the skull. 
The figures in the body of the Table are number of specimens 
examined. · 
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From Table III it ilrill be seen that the second and 

third lm·ler incisor, and the first upper and second lower 

molar usually remain vestigial and may become resorbed, while 

the second upper incisor, the fourtll upper premolar and the 

first lovrer molar occur in up to 26 percent of the skulls 

examined. 

The normal adult dentition may be considered as: 

I 1 
0 

c 1 
1 

Pm .3. 
3 • 

Tooth wear. Most of the apical wear of the molari-

form teeth results from occlusal abrasion, though sorne is un-

doubtedly caused by the toügue and opposing gingival tissue. 

Fay (1955) has pointed out that sand and gravel are often 

found in stomachs and observed about holes in the 1-rinter ice 

lvhere clam shells have been spat out, and he assumes t hat 

much of the abrasion results from the ingestion of this ma-

terial vrhile feeding. This view appears to be confirmed by 

molariform teeth from the Atlantic walrus, for close inspection 

of the opposing surfaces reveals that many bear minute pittings 

and scratchings. 

Most tusk wear is antero-lateral, and is undoubtedly 

associated with the method of feeding. In mature animals of 

both sexes, shallow medial depressions are often observed be-

low the level of the gum-line and these are evidently caused 

by sorne mouth activity (fig. 7). Fay has fotmd that in the 

males, the distance between the depressions is equivalent to 

the root ridge intervals, and in very old animals only a broad 
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deep trough is round. The females often show series of widely 

spaced deeper troughs as wall as the shallow depressions, and 

Fay has associated these with an enormous increase in feeding 

during lactation. The evidence for these assumptions is that 

the distances between the deepest troughs are comparable to the 

total tusk length increments (Absolute Total Length) between 

pregnancies. Though few tusks are available in the series of 

specimens from Hudson Bay and Foxe Basin, the pattern of medial 

tusk wear in the male agrees with that found in the Pacifie 

walrus, but no valid deductions can be made from the female 

materiel. The depressions evidently result from a periodicity 

in growth, and this probably depends ultimately on seasonal 

changes in feeding habits. The wear appears to be caused by 

the lateral movements of the lower jaw during feeding, for the 

skin of the outer lip is very rough to the touch. However, 

Fay (1955) quetes Eskimo opinion which faveurs the possible 

expulsion of materiels (presumably water and food detritus) 

from the mouth, though this would appear to occur too infre

quently to result in such wear. 

Further distal wear and fracture may result from the 

use of the tusks while hauling out onto ice or rocks. Though 

this pattern of behaviour has resulted in many controversial 

statements in the literature, it has been observed frequently 

enough by the author to suggest that it is a patent cause of 

tusk wear. Fighting, or mere exchange of blows between indi

viduels in a disturbed herd is common, but it is doubtful 

whether the tusks suffer much in such encounters. 



NUTRITION 

Food preferences 

The lactation period of the walrus probably lasts 

for two years in the majority of animais, and may be ex

tended into the third year if the adult female does not 

give birth to another calf. The stomachs of calves and 

and yearling animals taken in northern Hudson Bay were al

ways empty or contained only milk, and this is in agreement 

with the observations of ether authors. Nikulin (1940) 

records the finding of milk in the stomachs of 2 two-year

old animals, and quetes a similar observation of Freiman 

(1940) who found beth milk and the remains of molluscs in 

a two year old. 

The adult mode of feeding is assumed to begin in 

the third year, since distal tusk wear is first apparent then. 

However, Brooks (1954) bas suggested that the immature animal 

remains -vri th the cm.J, and may rely upon ber to rake up i ts food. 

The adult walrus feeds almost exclusively on the 

molluscs which form the greater part of the Macoma calcaria 

community (Vibe, 1950), though annelids, crustaceans, holo

thurians and tunicates may be eaten occasionally (table IV). 

Foraging depths range from 15 to 80 metres, and the walrus is 

rarely found over water deeper than this. 
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TABLE IV 

Food Organisms taken from Stomach Contents 

Areas of Occurrence 

A - Bencas Island and northeastern Coats Island (12 stomachs). 
B - Seahorse Point, Southampton Island (2 stomachs). 
C -East of Cape Dorset, Hudson Strait (l stomach). 
D - Loks Land, Frobisher Bay (l stomach). 
E - Northwestern Foxe Basin (3 stomachs). 

Foods marked with an asterisk could not be identified further 
than the groups recorded. 

Food species 

Pelecypods (siphons) * 
Il (feet) * 

Shell fragments * 
Nya truncata 

Cardium spp. 

Saxicava arctica 

Astarte boreal;i.s 

Pecten sp. 

Holothuroidea 

Cucumaria sp. 

Thyonidium sp. 

Gastropoda * 
Opercula * 
Buccinum sp. 

No. 
of 

organisms 

224 

13 

2193 

221 

350 

58 

140 

47 

14 

19 

253 

50 

No. 
of 

stomachs 
containing 
organisms 

7 

3 

4 

14 

7 

10 

l 

4 

4 

5 

2 

4 

2 

No. Areas 
times of 

dominant occurrence 

A, E 

A 

A 

8 A,B,D,E 

l A,B,E 

2 A,B,E 

B 

2 A 

A 

A,B,C,E 

B,E 

l A,B,C,E 

c,D 
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TABLE IV (continued) 

Natica sp. 60 1 D 

Sipho sp. 2 1 D 

Decapoda * 11 1 D 

Eggs * 31 1 D 

Paguridae * 191 1 1 D 

Eupagurus K ,. . royer1 93 1 D 

Hippolytidae 5 1 D 

Sclerocrangon sp. 1 D 

Spirontocaris sp. 1 D 

Eualus sp. 1 D 

Isopoda 

Mesidotea sabini 20 1 E 

Polychaeta * 1 1 B 

.Ascidiacea * 2 1 E 

Priapulus caudatus 11 3 A,E 

Squid beaks * 12 3 A,C 

Fish otoliths * 25 1 c 

Nematoda * 65 1 c 
Phoca hispida - skin and b1ubber 2 lb. 1 A 
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Vi be has shm.;n from a detailed. qua li ta ti ve and 

quanti ta ti ve survey of the \val rus banks of northwes te rn 

Greenland that the two species of p~rdium are most fre

quently eaten at depths from 15 to 35 m., and Mya and 

Saxicava fr om depths betvreen 40 and 80 m •• Since the latter 

two bivalves are common in the bottom fauna at the shallower 

depths, it is evident that the walrus selects the larger 

Cardium species by foraging over large areas of the bottom. 

At greater depths, Cardium are scarce, and few are found in 

stomach contents. Vibe suggests tha t this partly results 

from the minimal feeding time available; exped.iency is necess

ary, and the walrus forages over as lit t le of the bottom as 

possible. 

No similar data are available for Foxe Basin, but 

one Eskimo (Kramanik) has confirmed that Cardium is generally 

more abundant in stomachs of animals takeD. at Amitioke Penin

sula, v!here hunting is usually done in shallm·r water. East 

of Kringmiktorvik, where hru1ting takes place over deeper 

water , the siphons of Hya and Saxicava form the principal 

food elements. 

In the Pacifie walrus the sexes appear to show differ

ences in feeding habits, for Brooks (1954) has found that the 

males seem to s e lect Mya, Clinocardiwn and Molpadia, while 

the females and im~ature animals favour the smaller mclluscs, 

Astarte and Macoma . 

During local dispersals and more pronounced migratory 

movements, walrus may pas s over l ess suitable foraging groru1ds 
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in which molluscs are not dominant. It is then that the other 

benthonic organisms already referred to play an important part 

in feeding (table IV). 

It 1vas formerly believed that the i-'Talrus was partly 

vegetarian in diet (Allen, 1880), but no significant amounts 

of plant material have been found in any stomach contents ex

amined. Brooks (1954) has noted that the food is often covered 

with algal slime and suggests that it may play a nutritional 

role in supplying vitamins. 

Method of Feeding 

The following observations on feeding largely confirm 

the excellent account given by Vibe (1950). 

In adult animals, most tusk 1vear is antero-lateral. 

Hhen considered together \'!ith the vj_brissal '!.·rear, this s t rongly 

suggests that the 1valrus forages in sand and mud by standing on 

its head and rotating its tusks from side to side in the sub

strate . Adult animals vrith a broken tusk, or cne miss ing from 

a congenital defect, are sometimes seen but tîœy appear to fe ed 

normally. Brooks (1954) has observed an old and apparently 

healt:hy male Hith both tusks absent, \vhich suggests that the 

mys t acial pads may s till be effective in food gathering. 

Though the vibrissae must be to sorne extent tactile and of 

sorne use vrhen feeding occurs at depths below t he limi t of 

vision , t hey are nevert heless worn very short as the animal 

grmrs older, and perhaps become of limi ted use then. In spi te 



of the broad muzzle, the lips are probably very sensitive and 

able to select the food organisms required. 

The great breadth and depth of the molariform teeth 

was long considered to be an adaptation for crushing the hard

shelled molluscs on which the walrus feeds (Cobb , 1933). This 

viewpoint seemed to follovr logically from t!le lmovm fact that 

hypercementosis in hu~an teeth results from increased occlusal 

stress. Emrever, the hooded seal (~_"t<?.:Q}l.Q..t.~. cris tata) exhib

its a high degree of hypercementosis, thoush it is evident f rom 

the pela~ic nature of this species that the diet must consist 

of relatively soft-bodied food organisms such as fish, squids 

or crustacea, which would require little crushing. Fay (1955) 

has found that all sizes of teeth, irrespective of functi on , 

have corresponding amounts of ce:nentum, and sug;::;ests that 

hypercementosis results from an overall physioloeical func tion 

related to tusk growth, rather than from a purely mechanical 

compress ion. The strong ~ear on the molariform t ee th may then 

be explained by normal occlusa l abras ion aided by the small 

particles of grit ~nd sand taken i n with the food . 

The walrus is able to select not only s~all individual 

food items, but can readily separate the more edible parts of 

them . ':':'hus the species Ser :cipes, Cardium, C~inoc?,_rdium, !,1acoma 

and Astarte are represented by the f ee t aloae, Hhile Ollly the 

siphons of Hva aL1d Saxicava are t aken . Since other parts of 

the bivalves are rare ly inclu~ed i n the stomach contents , the 

1..ralrus "ll.us t re;nove the fleshy fe et and sip:Cwns by squeezing 

them oi'f 1·ri ti~ the opposing anterior surfaces of the u:rper and 
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lower jaws. There is ~ cod evidence that the feet of Serripes 

(Cardium) groenlandicum are comparatively slow in retracting, 

for l.fikulic!1 (1949) has found that they are extensively eaten 

by a sraall fish (Pleurogrammus azonus), clos ely related to 

the greenlings. After the foot has been removed, the clam 

dies, and the rest of the body is then eaten. It may be con

cluded that the walrus is also capable of removing the feet 

before they have had time to contract into the shell. 

This is probably not the only method of feeding, 

for Vibe (1950) has observed that quantities of intact and 

connected bivalve shells are sometimes found about the breath

ing heles of the walrus in thin ice. From this evidence, he 

suggests t:hat the animal is able to suck out the soft parts 

of the bivalve before squeezing off the siphons. 

Gastropods such as Buccinum and hermit crabs 

(Paguridae) are also eaten, but no sl:1ell .fragments are found 

in the stomach contents. Vibe notes that Buccinum has a 

thin shell which is often onen a t the top, and suggests 

that the soft body of the gastropod is easily sucked out. 

There seems little doubt that the hermit crabs are removed 

in a similar fashion since their soft bodies are more numerous 

in the sto~acl;.. contents than the anterior thoracic segments 

and large appenda zes. 

In only one species, Pecten, in which the adductor 

muscle alone is removed, is it most likely that the .. w-lwle 

shell is crushed. In this instance, beth shell fragments and 

the softer body parts are probably separated by the tangue 



before expulsion. 

Aberrant Diets 

Chapskii (1936) and Nikulin (1940) record the only 

two observations of stomach contents wüich were largely com

posed of fish. In each case, only the polar cod (Boreogadus 

saida) was represented. The record of otoliths in one walrus 

stomach from Cape Dorset (table I V) indicates that the fish

ea ting habit is probably resorted to \fhen the normal rnolluscs 

are in short supply. Further indirect evidence is available 

from the intestine of an adult male ~ 127, which contained a 

large number of Acanthocephala of a species normally infest

ing fish as a second intermediate host (Dr. Paul Montreuil, 

verb. com·:1.). 

Fragments of the skin and blubber of several species 

of pinaipeds and cetaceans are occasionally found in stomach 

contents. The ringed seal is most often represented, but the 

bearded seal, hooded seal, narwhal (Nonodon monoceros), white 

whale (Delpqinapterus leucas) and bm.vhead whale (Jalaena 

mysticetus) have all been reported. In the series of specimens 

from the Eastern Canadian Arctic only one sto~ach out of 35 

contained pieces of ringed seal as food . The rancid nature of 

the blubber snggested that t :i'le food had been deaà. for a long ti :e 

before being eaten. However not all fo od of this sort is carrion: 

for numerous and well subs t antiated accounts s hmv that certain 

adult walrus actively prey on seals. These adult animals are 
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rogues, for the Eskimos from northern hudson Bay and Foxe l:ias in 

state that they are all males Hhich are so1itary at the time 

of capture. 

7he causes of the carnivorous habit are obscure. 

According to Fay (19 55), the Alasl{~n natives say tr~at the 

rogues are orphaned yow..g vlhich never learned to feed on the 

bottom, but this i gnores the fact that only males become 

rogues. It is not known whether seal meat is eaten to the 

exclusion of ether foods, but the tusks, yellowed with grease 

and often heavi1y scratched, suggest that this is so. Such a 

diet is para1leled only by that of the polar bear (Thalarctos 

maritimus), and it is of interest to note that the liver of 

rogues is regarded as unfit to eat by the Eskimos. Rodah1 

(1949 ) has described hypervitaminosis A in polar bear liver 

and its taxie effects on human beings , and this may exp1ain 

the Eski~os' distaste of rogue walrus liver. 

Fas ting 

The writings of earlier authors concerning the 

hauling-out habits of the Atlantic walrus have been well 

sun~arised by Allen (1880 ), and Niku1in (1947) and ray (1955 ) 

have cont ributed detailed studies of the Pacifie walrus. From 

these accounts, it appears that at all times from April to 

December, and probably throughout the whole year , the walrus 

hauls out onto land or ice during periods of fine vJeather and 

remains relatively inactive between f eeding e~~cursions . 
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Allen (1880), in quoting an account of Shuldha~ written in 

1775, states that during the spring, vlalrus at the Eagdalen 

Islands used to remain ashore for periods as long as fourteen 

days provided the weather was fair. Fay (1955) has observed 

that during November and December the Pacifie walrus may re

main on shore at Big Diomede Island for as long as a week, 

and Nikulin 1 s account (1947) gives five days as the maximum 

time. At Coats and Bencas Islands, the present autnor f ound 

that walrus did not remain ashore for longer than six days, 

owing to the frequency of bad weather. Though feeding appears 

to be intermittent at all times of the year, it is probably 

more intensive during winter. 

Of lll stomachs examined in the field, only 35 con

tained food of any sort. During the period July to October, 

slightly more females than males have food in their stomachs 

(fig . 19), but the difference is not significant. No observa

tions have been made in the spring months during the breeding 

season, and it has been assumed tha t feeding is then at a min

imum, particularly in the males. 

A few stomachs containing small quantities of stones 

have been found, but t here is no correlation of these with 

absence of food. The stones may satisfy hunger pangE occas

ionally (see Lavrs, 1956a) but the small amounts swa ll01ved 

suggest that they are accidently i ngested with the food. 



· : . ~ 

Figure 19. · Percentage of Stomachs containing Food. 
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THE MOUL'r 

The calf is born with a coat of soft, fine, silver

gray hair, 5 to 10 mm. in length. According to Nikulin 

(1940), this embryonic pelage is shed saon after birth and 

by the end of July most calves are devoid of hair. In 

August the new coat begins to form and by the end of the 

first year attains a length of 6 mm. (see table V). 

In succeeding years an annual moult occurs in the 

summer months, though it is a much more variable and pro

longed process than the moult of phocids. The new hair 

covering is a silver-blond colour when dry and accounts for 

the many light-coloured individuals sean in the fall and 

early spring. 

In the summer months the old hair is a reddish-brown 

colour and can be easily pulled out. During periods when the 

animal is hauled out, shedding of the old hair is aided by 

friction of the skin on the rocks or ice, and by deliberate 

scratching. At the uglit, this moulted hair falls between 

the rocks and fills the cracks with a dense felt. 

Ivrohr (1952) has presented evidenc e for an annual 

renewal of the vibrissae , but it has been impossible to con

firm her observations. Examination of the mystacial pads of 

the specimens recorded in Table V shows that there is an even 

gradation of wear, and this sugges ts t hat the vibris s ae are 

retained throughout life. In individuals with short vibrissae, 

the l ength appears to result fr'om wear alone rather than re

placement. 



TABLE V 

THE MOULT 

When old and new hair are present, 'fast' and 'pul1ing' 
refer to the old hair on1y. A full hair coat is indicated 
by the symbols xxxxx. .A dash indicates •no observation 
recorded'; a b1ank means 'nothing observed'. 

Field Date Se x Age Length Amount Fast Length A mount 
No. of o1d or of new 

ha ir Pul11ng hair 
in mm. in mm. 

A 11 26 May M 0 5 - 10 xx xxx f 

A 39 2 Aug M 1 1 - 2 xxxxx 

A 96 17 Jun M 13 10 f 

A 97 17 Jun M 7 10 f 

A 37 1 Aug M 3 p 

A 38 2 Aug F 13 6 xx 1 - 2 xxx x 

A 40 6 Aug M 10 12 xxxxx p 

A 109 6Aug F 1 6 xx 3 

.A 41 7 Aug M 1 xxxx p 

A 42 7 Aug F 10 12 - 18 xxxx p 

A llO 10 Aug F 20 12 xx 6 - 12 xxx 

A 111 12 Aug M 6 10 xxx p 2 

A 112 13 Aug F 9 6 - 12 xxx 

A 43 17 Aug F xxx p 3 - 6 xxx 

A 44 17 Aug F 12 f 2 - 3 

A 45 20 Aug M 21 12 x p 3 - 12 xxx 

A 46 20 Aug F 7 12 xxx 3 x 

60 
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TABLE V (continued) 

A 113 21 Aug F 3 6 - 12 xxxx 

A 48 22 Aug F 15 1 - 10 xx 

A 114 22 Aug M 20 6 - 12 xxx x 

A 115 22 Aug F 10 x p 6 - 12 xxx 

A 116 23 .Aug M 4 6 xxxx 

A 151 2 Sep M 18 :xx p 2 - 17 xxx 

A 152 2 Sep M - 10 -13 - p 2 

A 118 10 Sep M 1 6 xxxx 

A 119 10 Sep F 15 x p 6 - 12 xxx x 

A 61 18 Sep M 2 6 -12 - 3 

A 72 23 Sep F 16 f 

A 78 2 Oct F 6 f 6 

A 79 2 Oct F 6 12 x p 2 - 12 x xxx 

.A 80 4 Oct F 10 f 6 - 12 

A 81 5 Oct F 4 6 - 12 

A 127 6 Oct M 15 12 x 12 xxxxx 

A 129 7 Oct M 6 12 xxx p 6 x 

A 131 7 Oct M 3 12 

A 132 7 Oct F 20 x x xxx 

A 133 7 Oct F 23 x ~ x xxx 

A 136 10 Oct F 11 xxx xx 
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THE MALE REPRODUCTIVE CYCLE 

Most of the male material available from the 

Eastern Canadian Arctic is not representative of the breed

ing season. Fortunately, Fay (1955) has been able to collect 

a sufficiently large sample of male Pacifie walrus in the 

late spring months, and the reproductive cycle can thus be 

established with sorne accuracy. 

Sexual Maturity 

Perhaps the best criterion of maturity in the male 

is the presence of sperm in both the seminiferous tubules 

and the epididymis, and this can only be demonstrated effect

ively by histological examination of preserved material. 

Gross changes in the size of the genitalia are known to 

occur at maturity in several other pinnipeds, and bacula 

and testes of the walrus have been examined to see if similar 

increased growth occurs. 

Gro'i'rth of -che baculum and te.stis. Fisher (1954) 

has found that in the harp seal, the maturation of the gonads 

is accompanied by an increased rate of grm·rth of the baculum 

and testes in the eighth year. A similar acceleration of 

growth in these organs at maturity has been recorded in both 

the ringed seal (McLaren, in press) and the southern elephant 

seal (Laws, 1956b). 

In the northern fur seal the baculum and testes 



develop fairly steadily throughout life (Scheffer, 1950b) 

and do not shovr any accelera ted grovrth during la te ado

lescence. Fay (1955) has shawn that steady development of 

these organs occurs in the Pacifie walrus, and this agrees 

with the findings of the present author for the Atlantic 

walrus (figs. 15 and 20). 

Histology of the testis and epididymis. The 

initial growth of the seminiferous tubules is rapid, and in 

yearling animals they become packed closely together and 

form the bulk of the testis. Each tubule consists of a 

basal layer of undifferentiated cells, with spermatogenic 

cells scattered throughout the central cytoplasmic syn

cytium. This appearance is maintained until the end of the 

second year, when the layer of cells adjacent to the base

ment membrane becomes clearly differentiated into Sertoli 

cells and spermatogonia. The lo.ose syncytium contains large 

numbers of spermatocytes with resting nuclei and pale cyto

plasm. 

In the next three years, this picture of steady 

growth is maintained. The nQ~ber of spermatogonia in the 

basal layer increases steadily, and the spermatocytes become 

much larger and fill most of the tubule. In the two speci

mens taken in their seventh year, the spermatocytes have 

become more peripheral in distribution, and a few tubules 

have patent lumina. Active cell division is observed in 

many spermatocytes, up to four layers of cells being formed 

above the basal layer of spermatogonia and Sertoli cells 



Figure 20. Development of' the Testis. (. Specimens in breed:tng 

condition are indicated by blaek dots ). 

1 ; . 
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(fig. 21). There is spermatid formation in a small number of 

tubules, but no spermia are present. In later age groups the 

testis tubules show the features typical of post-oestrus adults, 

\·.rith large lumina, sloughed spermatids and spermatocytes, and 

giant cells. 

In the epididymis, there is the same picture of 

steady development up to the time of maturity. The low, 

cuboidal epithelial cells lengthen into tall columnar cells 
' 

in the yearling animal. In the third year, a brush border of 

long cilia develops, and lobins of the epithelium occurs in 

the following year. There is no secretory activity at this 

stage . The fifth year animal shows little further develop-

ment, though there is sorne cellular detritus in the duct. In 

t he seventh year, many of the tall cells bear terminal vacu

oles in the cytoplasm, indicating the beginning of a phase of 

secretory activity (f ig . 22). 

In older animals the epithelial cells are more 

heavily vacuola t ed, and secr etion is preseût in sorne sections 

of the duct (f i g . 23). There is a greater amount of cellular 

detritus cons isting :nainly of whole and f ragmented s per matids 

and spermatocytes . 

The c ondition of t he seminifer ous tubules and epi

didymis in the si.;~-year-old animals clearly indicates that 

maturi t y i s r eached i n that year . However , a l ar ger sample 

of specimens might well reveal a range i n t he ages a t mat ur i t y, 

with a peak age a t six or possibly s even year~. 



Figura 21. 

Figure 22. 

1jeetion ·through the Seminiferous Tubules of the 

Immature 6.-!-.Year-Old Male A 111 ( x 600 ). 

. !; 
.,· 

Section through the Epididymal Epithelium ot 

the Immature 6-Year-Old Male A 111 '{ x 600 ) .• 

~- - • r 





65 

The Testicular Cycle in the Adult Male 

The most complete account of the testicular cycle 

in a mature pinniped has been z iven by Lavls (1956b) in a 

paper on the physiology of reproduction of the southern 

elephant seal. He recognised seven phases of tubule activity, 

and these have been described in great detail. 

For the present study, it vras found that tubules 

could be divided more suitably into three easily recognisable 

types, depending on their state of activity. These types are 

as follows: (A) - Sertoli cells elongated with maturing sper

mia attached to their free ends; small lumina (fig. 24). 

(B) - Sertoli cells wi thdrawn towards the basal layer, '!.vi th 

columns of spermatids and spermatocytes occupying most of the 

epithelium; no spermia visible; large lumina containing 

sloughed spermatids, and multinucleated giant cells formed 

from the fusion of spermatids or s permatocytes (fig . 25) . 

(C) - Only a few spermatocytes remain, together with a peri

pheral layer of spermatogonia and Sertoli cells. In a few 

tubules the lat ter terminate in an apparent cytopl asmic S'm

cytium vlhich fills most of the centre (fig. 26). 

The stat e of development of the testes in the adult 

male is summarised in Appendix II, the three tubule types 

being given in the order of frequency of occurrence. The re is 

slight evidence of a seasonal variation in the diame t er of the 

seminiferous t ubules and t h i s is illustrated i n Fi gure 18. 

Hhen additional specimens can be obtained from the winter months , 



Figure 23. 

Figure 24. 

Section through the Epididymal Epithelium of 

the Mature Kale A 97 ( x 600 ). 

Se ct ion through , a . Seminiferoue Tubule o'f: · the 

Adult Male IW 10 ·taken on Noverilber ;30: ' 't~e A 
\ ~· . 

( x 600 ) • 

· . . 
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_ Figure 25. 

Figure 26. 

Section through a Seminiferous Tubule ot the 

Adult llale A 97 taken on June 17: Type B 

( x 600 ). 

Section through a Beminiferoue Tubule ot the 

Ad.ult Male A. 62 taken on September 18: 'l";ype· D 

( x 600 ). 





the tubules \-Till probably show a more pronounced cyclical 

fluctuation than is suggested by the graph. 

Chronology of Events in the Adult Male 
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àlthough only two specimens of the Atlantic walrus 

have been found in an active state of s~)ermiogenesis (fig. 27), 

the largar amo1mt of data on the Pacifie walrus collected by 

Fay (1955) has enabled the annual cycle of the adult male to 

be fi::ed \vith sorne certainty. 

Fay found that between April 20 and June 8, 94 per

cent of the 5 to 10 year olds and 16.5 percent of the olàer 

animals \·re re f'ecu...11d. The seminiferous tubules of the appar- · 

ently non-breeding older males were found to contain abundant 

Sertoli cells, vrhich Fay sug.;ested migî:l'l~ be associated \'li th 

sterility. There is no su;gestion of a co~parative sterility 

with age in the Atlantic walrus, for mature 3ales up to 28 

years of age show normal post-oestrus changes in the testis. 

It seems highly probable that Fay has misidentified these 

normal post-oestrus changes (particularly type C), and that 

all his adult males are either sexually active or beginning to 

enter the quiescent phase. His comparison between the two age 

groups may well mean that the older males terminate the breed

ing season earlier and more abruptly. 

Since all the Atlantic Halrus taken in J1..'-11e are po~t

oestrus adults, the season oi· rut :"lay be assumed to end about 

the middle or end o.L' Hay. 'î'hroughout the Sl11!1Y11er months, the 



Figure 27. Seasonal Fluctuation in Diameter of the Seminiferous 

Tubules in Adult Males ( the two specimens 

indicated by black dots are in an active state 

of spermiogenesis. 
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tubules recnain in phase B. .A feH '!lay el1'~er phase C, but this 

never becomes a ;eTiera l c on6i t i an, even as late as the e~d of 

October. By late Nove~ber the tubules are once again i n a 

state of active s permiogenesis. Fay (in . litt .) has confir med 

this early conrnencement of rut and its continuatio:.1 into mid

i1inter, and ci te s t:î:w follovring specimens as evidence: "A. 16-

year-old male 'caxe11 on November 20 had 'TIUCÏ.1 spermato.s;enic 

ac ti vi t y in the t es t es, and the epididyrnal tubes \·re r e pac1ced 

wit h sperms . Two 8 year olds, one take~ Decernber 6 and t he 

other Janv_ary 2t- , 1:rere i n the sarne co!1.di t ien. Two 6 year olds 

([ ovember 6 and Dece~ber 12) a ppea r t o be i~ t he ear ly stages 

of sperma t o; enes is , but n o s per~s ar e pr esen t and the epididy

mides co~1tain o~ly sloughed s perma tids an~ sorne half-developed 

spermia. 11 

This long period of rut is comparable wi th t hat of 

the so~thern sea lion (Otaria byronia), though the s easonal 

limits are not so well def i ned in that s pecies ( Ra~ilton, 1939) . 

There i s ~ ood evidence f r om the r eproductive cycle of t he fe 

male tha t breeding occurs only in t he mon t hs of .d.~:.r il, Hay and 

Juae , and observatio~1s of copulat ion i n the Pacif ie \'ra lrus 

su:;~est t hat tJ.üs i s s o. 'l'hus Br ooks (19 54- ) states t hè.i. t :1at in~ 

occurs on t he ice i ü .Apr i l and th'e fi:::· s t par t of r,~ay i n the 

3ering Sea and i s occas i cnally obs er ved i n Bering St rai t i n l ate 

Hay aud early June . Ther e i s als o one obs ervati ·:~l of copulation 

at Point Jarrow i~ early Jul y . The only evidence availabl e f rom 

the Eas tern Ca nadian Ar c t i c is from northern Foxe Bas in. In 

April the vialrus are i n t:ùe nortller n par -c o:L' the i r "cer r i tory, and 
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mating has been seen on rare occasinns by Eskimo hunters from 

Igloolik. There is no record of copulation occurring in the 

water, though this is probably quite frequent. 

The short breeding season is probably limited by 

the ovarian cycle of the fe ma le and the marked gregarious 

behaviour and sexual segregation of the herds. These factors 

are considered in greater detail in the section dea ling with 

the chronology of events in the female (see p.84 ). 

THE FEMALE REPRODUCTIVE CYCLE 

Sexual Maturity 

Freiman (1940) was unable to distinguish more than 

five age groupings in his frequency analysis of body and 

tusk measurements of the female Pacifie walrus, and from 

this and other data he concluded that sexual maturity was 

attained at three or four years of age. Fay (1955) adopted 

a s1m1lar method of age grouping and supposed that t he 

majority of females were first impregnated when four or 

five years old. 

The pr esent study, based on more ob jective methods 

of age determination, shO\\fS that there is probably a wider 

variation in the ages of females ovulating for the first 

time. This is not a unique occurrence in the Pinnipedia, 

for Fisher (1954) has shown that in the harp seal, the fe

male may become mature between the ages of three and eight 



years with a peak at six years. Similarly McLaren (in press) 

has found that the ringed seal becomes sexually mature from 

four to sevan years of age, with the peak again at six years. 

Ovulation in nulliparous females. Macroscopically 

visible follicles do not occur until the female is five 

years old, though further specimens would probably indicate 

follieular development at an earlier age. The immature 

appearance of the gonads is still found in one of the seventh 

year females however, and this may possibly extend to later 

age groups. 

The female is considered to be sexually mature when 

one of the follicles has ripened and liberated its ovum with 

the formation of a corpus luteum at the site of ovulation. 

If conception follows ovulation, the corpus luteum persists 

throughout pregnancy, and then degenerates into a fibrous 

corpus albicans after the birth of the calf. Regression may 

be gradual over a period of years until the corpus albicans 

is finally reduced to a small dense white scar. When con

ception does not occur, the corpus luteum evidently regresses 

more quickly and may reach a small diameter in a relatively 

short time. It is suspected that the resulting corpora al

bicantia may not persist for more than several years (see 

p. 80 ) 

Ages at first ovulation. Only four mature females 

with a single corpus luteum in the ovaries have been collected, 

and the condition of their reproductive tracts shows that they 

have not borne young before. Two are five year olds (IW 43, 



IW 48), one1sasix year old (A78) and the other is a nine 

year old (All2), and each one has ovulated too lata in the 

season for impregnation to occur. 
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The formation of corpora lutea without subsequent 

conception (corpora lutea spuria) is not unique among the 

Pinnipedia, for McLaren (in press) has found that at least 

thirty percent of ringed seals ovulating for the first time 

do not conceive. He suggests that the unseasonal ovulations 

may reflect a polyoestrus cycle in the young females, and 

the reguler cycle only becomes fixed by the advent of full 

maturity. This probably explains conditions in the walrus, 

though there is no evidence of more than one corpus luteum 

being produced in a year. 

The twelve females with two corpora lutea (in

cluding corpora albicantia) in the ovaries show a varied 

reproductive state. All have borne young, and four are de

finitely pregnant for the second time (A9, A42, AllO, Al20). 

The data are set out in Table VI with the corpora lutea 

separated into two columns representing the assumed first 

and second ovulations. In the first column, a corpus luteum 

of pregnancy (corpus luteum verum) is only indicated when 

there is definite evidence of an old placent&, or when the 

female is accompanied by a yearling or two-year-old calf. 

The ages in the final column have been adjusted to correspond 

with these assumed first ovulations, the minimum age difference 

being allowed when the history of the assumed first ovulation 

is unknown. 



TABLE VI 

Sexual Maturity in the Female 

The classes of females are as follows: 'M' - mature 
nulliparous; 'P' - pregnant; 'B' - barran; 'c' - wi{h calf; 
'Y' - with yearling. 
A question mark indicates that the history of the assumed 
first ovulation is unknown. 

Assumed Assumed Age Age at 
Field Reproductive lst. 2nd. of lst. 
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No. condition ovulation ovulation specimen ovulation 

IW 43 M c .1. spurium 5 5 

IW 48 M " 5 5 

A 78 M " 9 9 

A 112 M " 6 6 

A 46 p ? c.1.verum 7 6 

A 73 Be ? tt 7 5 

A 9 Py c.l. verum " 8 5 

A 42 Py " " 8 6 

A 115 Be ? " 9 7 

A 80 p ? " 10 9 

SD 141 Be ? " 11 9 

A 83 Be ? " 11 9 

A 82 p ? " 11 10 

A 125 B ? " 11 9 

A 110 Py c.l. varum tl 13 11 

A 120 p " " 13 11 
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The wide range of ages and the lack of a definite 

peak in the age distribution suggests that the older animals 

have undergone ovulations which are no longer recorded in the 

ovaries. Until more specimens have been examined, it is diffi

cult to assign an age at which the majority of females attain 

sexual maturity, but a figure of sevan years may be adopted 

provisionally. 

Birth Rate 

In order to arrive at an unbiased estimate of the 

birth rate, only those adult females can be considered which 

were not deliberately selected to represent a certain phase of 

the reproductive cycle. The total number of mature females 

from Foxe Basin and northern Hudson Bay is 31, and of these 

9 are pregnant. This represents a birth rate of 0.29 calvas 

per female per year, but there is little doubt that the value 

is an underestimate. During most of the year there is marked 

segregation of the sexes, and occasional groups of old females 

are found. One such group, containing several old barran fe

males, is included in the Foxe Basin catch, and this has re

sulted in the low figure for the birth rate. 

At Southampton Island the walrus usually haul out at 

the uglit in the summer and fall, and the sexes appear to mix 

together quite freely. Seventeen females were collected in the 

fall hunting, and six were pregnant, giving a birth rate of 0.35. 

This figure is considered to be more representative, and will be 
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used in preference to the lower value. According to Freiman's 

(1940) data, the crude birthrate in the Pacifie walrus is be

tween 0.37 (Table 3) and 0.43 (Table 2), and Brooks (1954) bas 

found a value of 0.33. Both Chapskii (1936) and Loughrey 

(1955) give a higher figure . of 0.5, but this is evidently 

based on series of selected animals. 

The birth rate indicates that the reproductive cycle 

is basically biennial, but a varying number of missed pregnanc

ies, particularly in older animals, leads to calf production 

more nearly once in avery three years. 

The Ovarian Cycle 

Ovaries were prepared for macroscopic examination 

by cutting them into longitudinal slices 2 - 3 mm. thick with 

a sharp long-bladed pocket knife. Follicles were classified 

into size groups by setting a pair of dividers at 3 and 6 mm. 

and applying them to the longest diameters. Larger follicles 

were measured in two planes and listed individually (see 

Appendix III). Selected parts of follicles and corpora lutea 

were embedded in paraffin wax, sectioned at SA and stained 

in Delafield's Haematoxylin and Eosin. 

Development of the follicles and ovulation. In all 

the phocids and otariids so far investigated, the developing 

embryo remains in the blastocyst stage for several months be

fore implanting in the uterine mucosa and undergoing normal 

development. In the Odobenidae, however, development is 



direct, and no delay in implantation occurs (Fay, 1955). This 

bas been confirmed in the series of specimens collected from 

Hudson Bay and Foxe Basin, and the different pattern of deve

lopment is reflected in the cycle of follicular activity. 

Enders, Pearson and Pearson (19~6) have round tbat 

in the northern fur seal, the corpus luteum of pregnancy snp

presses follicular growth in that ovary throughout the develop

ment of the embryo until several months after parturition. In 

the other ovary, there is a progressive development of folli

cles during pregnancy, until they become numerous at parturi

tion. In the walrus the overall suppression of folliculstion 

during pregnancy is clear, but there is a limited activity, 

particularly in the ovary containing the corpus luteum. The 

specimens suggest that follicular development is by no means 

an even process, and females taken in August may have ovaries 

with no follicles larger than 3 mm., or as many as 16 in one 

ovary (A 46). The fact that the females taken earliest (W 7) 

and latest (A 82) in the season show no development of folli

cles, suggests that the peak in August is real (A 46) and would 

continue to be shown by a larger number of specimens. The 

picture of development in later pregnancy is uncertain for the 

ovaries of the only female with a full-term foetus are in a 

low state of follicular activity. 

There is no evidence of renewed follicular activity 

and subsequent ovulation in the period during and after partu

rition, though Fay (1955) has observed this in 2(9 percent) 

out of 23 post-partum females examined. Such follicular develop-
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ment is evidently abnormal, for no newly pregnant females with 

calvas have ever been found. This oontinued suppression of 

ovarian activity in the period following birth of the calf is 

in marked contrast to conditions found in the majority of phocids 

and otariids, where a new phase of follicular proliferation re

sults in post-partum oestrus and a new pregnancy (Fisher, 1954; 

Laws, 1956b; McLaren in press; Rand, 1954). 

From July to October, after the birth of the calf, 

the affect of the corpus luteum bas declined. There is a re

newal of fo1licu1ar activity, which is mainly confined to the 

non-pregnancy ovary, but this is once again marked1y uneven. 

Numbers of fo1lic1es 1arger than 3 mm. fluctuate between one 

and twenty nina, the largest follicle attaining a mean dia

mater of 10 mm. There is no evidence that development be

yond this stage occurs at this time, for corpora lutea spuria 

have not been recorded from females with calvas. 

In the following spring a small proportion of fe

males ovulate and are impregnated before the males go out of 

rut. The remaining fema1es show a varied state of follicular 

activity throughout the summer and fall months, and in all but 

four specimens, (A 121, W 14, IW 38, IW 39) ovulation bas 

occurred with the formation of a corpus luteum spurium. 

In IW 38 and 39, there are numerons fo11icles over 

3 mm. in diameter, and at 1east one healthy 8 mm. follicle in 

each pair of ovaries. Most of the fo1licles are atretic, but 

the us ua 1 type of cys tic atresia has not occurred. Instead 

the cavity of each follicle has become invaded by a marked 
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proliferation of theca lutein cells. The resulting body bears 

a close resemblance to the cornus luteum atreticum described 

by Maximow and Bloom (1948) for the human female. Luteinised 

follicles are found in the barran adult female A 121, and in 

an immature female IW 25, both of which seem capable of ovu

lating soon. 

McLaren (1958) has recorded similar large folli-

cles in the ovaries of an immature six-year-old bearded seal, 

and concludes that they almost certainly reflect the hormonal 

state of maturity. It seems reasonable to assume that in the 

walrus such follicles indicate impending ovulations, though 

it must be pointed out that this is probably an abnormal de-

velopment. 

The mechanism by which folliculation is suppressed 

in the year following the birth of the calf is unknown. The 

only other pinniped in which a biennial reproductive cycle 

~ occurs is the bearded seal, but in that species ovulation 

appears to follow the birth of the pup. However, in females, 

ovulation is delayed until the males are out of rut, and 

only corpora lutea spuria are formed (McLaren, 1958). 

No specimens are available for the winter and spring 

months, but Fay (in litt.) gives details of a barran female 

taken on December 4, in which !ive follicles greater than 5 mm. 

in average diameter are present in the ovaries. The largest 

follicle is 11 mm. in diameter, which suggests that ovulation 

might occur within a few weeks. Since conceptions do not 

appear to take place in the winter and spring months when the 
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males are known to be sexually active, there must be some 

effective barrier to copulation. Perhaps segregation of the 

sexes, which is known to occur at ether seasons of the year, 

may be the limiting factor. 

The rapid onset of post-partum oestrus in those pho

eids and otariids with an annual breeding cycle tends to 

affect an alternation in function of the ovaries, though 

this is never complete (see Laws, 1956b; McLaren, in press; 

Rand 1954). Where the corpus luteum persists as a fibrous 

corpus albicans throughout succeeding pregnancies, the alter

nation in function may be easily shown by the balance of 

corpora lutea in right and left ovaries. Thua in those pairs 

of ovaries in which the numbers of corpora lutea are the same, 

or differ by only one, the alternation is perfect. This occurs 

in 73 percent (30) of the walrus examined, and a further 15 

percent (6) show a difference of only two corpora lutea. 

The corpus luteum. The final development of the 

follicle and its transformation into a corpus luteum are not 

represented in the limited collection of materiel available. 

A ripening follicle, 16 mm. in diameter, is present in the 

right ovary of the barran female IW 45 taken on August 5, and 

may wall represent the initial stage in the development of a 

corpus luteum spurium. This is the largest healthy follicle 

reeorded, though a cystic follicle 29 mm. in size is present 

in the right ovary of the barran female A 125 taken on Septem

ber 27. Since there is no evidence to suggest that cystic 

follieles reach a greater size than healthy follicles, it 1s 



Figure 28. Relation between Age of the Female and Number 

of Corpora Lutea in the Ovaries. 
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assumed that 29 mm. more nearly represents the average dia

mater at ovulation. This is supported by the occurrence of 

30 mm. follicles in the Pacifie walrus (Fay, 1955). 
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There is probably little difference in the size of 

the ripe follicle and the corpus luteum which will soon form. 

This is in marked contrast to conditions in the Phocidae in 

which the mature follicle attains only 65 percent of the dia

mater of the fully grown corpus luteum (Fisher, 1954; Laws, 

1956b; McLaren, in press). In this family however, the corpus 

luteum is maintained at a small size until implantation of the 

embryo when final rapid growth occurs. 

After collapse of the follicle, lnteinisation is 

rapid, and maximum development of the corpus luteum is attained 

at soma time before August 3 (W 7). There is soma suggestion 

that a slow growth is maintained throughout the gestation per

iod, since the largest corpus luteum (A 9) is round just prior 

to parturition, but this may be the result of sampling error. 

At this time, the gland shows degenerative changes which are 

similar to those round in most other species of pinnipeds. 

There is great variation in the sizes of corpora 

lutea taken in .August which might indicate a wide spread in the 

dates of conception. However, the structure of the glands is 

similar and the size difference probably results from individ

uel variation in follicular size at ovulation. At this stage, 

the luteal cells are oval or polygonal, 20 - 40 )l. in diameter, 

with large eccentric pale-staining nuclei (fig. 29); up to 20 

percent contain one or more clear vacuoles which may be large 
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enough to fill most of the cell. According to Laws (1956b), 

similar vacuoles in the luteal cells of the southern elephant 

seal contain lipoid material, and Harrison (1948) has em

phasised the point that they are not necessarily indicative 

of degeneration, but probably represent a resting period 

during the establishment of the placenta. 

In late pregnancy, signs of degeneration have already 

appeared (fig. 30). A few luteal cells have enlarged to 55 A 

in diameter, and most show peripheral vacuolation and shrinkage. 

The amount of fibrous interstitial tissue is increased and the 

luteal cells become separated into small groups. 

No specimens are available for the early post-partum 

period, but by early July the corpus luteum bas regressed by 

nearly a third of its size (SD 141) and there is a great in

crease in fibrous tissue. The luteal cells are mostly frag

mented, and the spaces which they formerly occupied are being 

invaded by cords of interstitial cells from the periphery of 

the gland (fig. 31). Regression is apparently maintained for 

a number of years following parturition, and the fibrous 

corpus albicans gradually shrinks to a compact white scar. 

The corpora albicantia collect in the ovaries, and 

as many as fourteen have been found in one old fema le (fig·. 2'8.). 

Bertram (1940) has suggested that the corpora albicantia in 

Weddell and crabeater seal ovaries persist for the life of 

the individual animals, and Harrison, Matthews and Roberts 

(1952) have agreed With his observations, though they state 

that there is no definite evidence that the corpora albicantia 



Figure 29. 

Figure 30. 

Se ct ion of the Corpus Luteum of the Pregnant' 

Female A 42 taken on August 7 ( x 600 ). 

:,. .. 
~: 

. , ... 

Section of the Late Pregnancy Oorpue Luteum of 

Female A 9 taken on May 26 ( x 600 ). 
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do not disappear. More recent work on the Weddell seal 

(Mansfield, in press) suggests that their retention is vari

able, and Fisher (1954) has shown that in the harp seal, the 

corpora albicantia remain visible for only about five years 

in animals up to twenty years. 

In the adult walrus, the corpora albicantia in each 

ovary can be arranged in a descending order of size, with a 

minimal value of 2.5 mm.. The smaller corpora albicantia 

are always accompanied by several larger ones and this in

dicates that regression is gradual over a period of years. 

The rate of regression is not constant however, for in 

corpora lutea spuria, fibrous connective tissue is poorly 

developed (fig. 32) and the resulting corpora albicantia 

probably reach the minimal diameter in a relatively short 

time. Histological examination shows that the process is 

only quantitatively different from the regression of normal 

corpora lutea of pregnancy, and the resulting corpus albicans 

does not differ in any way except in size. 

Implantation and Growth of the Embryo 

Since no free blastocysts or recently implanted em

bryos have been recorded in the material from the Eastern 

Canadian Arctic, data from the Kara and Bering Seas (see Fay, 

1955) have been used in compiling the composite growth curve 

shown in Figure 33. It is clear that foetal lengths recorded 

from all three areas do not differ significantly, and the same 



Figure 31. 

Figure 32. 

Section o'f the Regressing Oorpua Luteum o-r 

Female A 43 taken on August 17 ( x 600 1. 

Section of a Cor-pys Luteum Spurium t'rom the 

Barren .Female A 77 taken on October 2 ( x 600 }. 
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curve has been fitted to all the data. Implantation evidently 

occurs about the middle of May on the average, and this is 

confirmed by the following calculations. 

Development of the embryo is assumed to parallel that 

in humans, and a direct comparison may be made by drawirig a 

curve of equivalent foetal lengths (see Fay, 1955). This is 

illustrated in Figure 34, and the numerical data from which 

it is derived (Arey, 1954) are listed in Appendix IV. 

In order to calculate the average gestation period, 

it is necessary to assume a mean birth date. Since the foetus 

A 11, taken on May 26, was near full-term, this date may be 

used as a convenient beginning. This may be somewhat lata, 

however, for Fay has observed that full-term foetuses are 

rare in the experience of Eskimo hunters in Bering Strait in 

late May and early June. 

The lengths of eleven foetuses and the corresponding 

gestation periods calculated are set out in Table VII~ The 

average gestation period is 376 days, but this is probably a 

slight underestimate since measurements were taken from em

bryos which had shrunk during preservation. A better figure 

perhaps is 380 days, which gives a mean conception date of 

May 11. Fay as sumed a mean birth date of May 14 and found that 

the calculated mean gestation period was 366 days. When allow

ance is made for the difference in average birth dates chosen, 

the results do not appear to differ significantly. 



TABLE VII . 

Calculated Average Gestation Period 
derived from lengths of Eleven Foetuses 

(a) The length of the full-term foetus A 11 is llO cm. 
(b) This is derived dil"ectly from the curve in Figure 21. 
(c) The birth date is taken as May 26. 
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w 6 3 Aug 13.2 12.0 24.5' 296 390 

W7 3 Aug 7.8 7.1 21.5' 296 374 

IW 50 6 Aug 8.7 8.0 22.5' 293 376 

A 42 7 Aug 10.0 9·1 23.0 292 380 

A llO 10 Aug 11.4 10.4 24.0 289 380 

w 14 11 Aug 10.6 9.6 23.5' 288 374 

A 46 20 Aug 17.0 16.4 28.0 279 387 

A 119 10 Sep 24.8 22.5' 32.5 25'8 379 

A 120 10 Sep 20.8 18.9 30.0 258 369 

A 80 4 Oct 28.5 26.0 35.0 234 360 

A 82 5' Oct 31.0 28.2 37.0 233 369 

Average gestation period 376 da ys 
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Figure 34. Growth of the Human Embryo ( after Arey, 1954 ). 



lOO 

90 

80 
~ 
Q) -..!? 70 o. 
E 
0 
0 60 

~ -• 50 
0 ... 

:r 0' 
") 40 
!r' -c L 

Q) 

~ 30 
Q) 

a.. 

20 

10 

Percent Qestation completed 



83 

· Birth and care of the Young 

The range of foetal lengths indicates that breeding 

extends over a pariod of about two months, which is comparable 

to co nd i ti ons in the Phocidae ( Laws, 1956a) and the Otariidaa 

(Rand, 1954). Occasional unseasonal births occur in these 

familias and are also charactaristic of the Odobenidaa. Thus 

Fay (1955) records a calf of not less than two months takan 

on May 13, which was regarded as a curiosity by the hunter 

who captured it. Perhaps the most notable exampla is that 

citad by Freuchen (1935) who records a cow walrus with a new

born calf caught in Frozan Strait (see fig. 1) on January 31; 

an Eskimo also caught a similar calf from which the umbilical 

cord had not yet been shed. Such untimaly births probably 

result in a great disadvantage for the calf, in spite of the 

aolicitous care of the cow, and it is doubtful if many new

born young can survive at this early season. 

The appearance of the calf has been described on 

page 40, and evidence for the exceptionally long lactation 

period is given in the section on nutrition. Numerous and 

wall documented accounts of the behaviour of cow and calf are 

available in the literature (see Allen, 1880; Fay, 1955) and 

need not be considered here in detail. What should be stressedt 

however, are the strong ties between mother and young which are 

of great survival value where the reproductive potentiel is so 

low. Great protection is afforded during the critical period 

before weaning, and the calf or yearling is able to learn botb 



swimming and feeding techniques while remaining in close 

contact with the cow. The particular pattern of behaviour 
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in which the young animal clings to the mother is very strik

ing, and even a two-year-old animal has been sean to ride the 

back of an adult male in this way. 

Strong social ties link the breeding famales with 

the young and immature animais (Freiman, 1940) and help to 

provida even greater measures of protection. There saams no 

reason to doubt that orphaned young ara adopted by other fe

males, though this has not been definitely observed in the 

specimens ta ken from the Eastern Cana d ian Arc tic. 

Only one calf is produced at birth and the process 

has been accurately described by Ryder (19~) in Fay's 

account of the Pacifie walrus (1955); it does not differ 

appreciably from parturition observed in other species of 

pinnipeds (Laws, 1956a; Mansfield, in press). Twins have 

naver been recorded, and according to Fay, "none of the 

Alaskan natives contacted ••• had knowledge of this phenomenon." 

Male calvas appear to outnumber females at birth, and 

Brooks (19~) has recorded a sex ratio of 1.2 to 1 in 234 calvas 

examined. 

Chronology of Events in the Adult Female 

The calculated average gestation period of 380 days 

shows that development of the embryo begins in mid-May at a 

time when the males are still in rut. It is highly likely, 
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therefore, that the blastocyst implants in the uterus only a 

short time after mating. Observations by native hunters in 

Foxe Basin, and by Brooks (1954) in the Bering Sea, confirm 

that copulation occurs at this time of year. 

Parturition takes place approximately two weeks 

later in the folloWing spring, and is followed by sexual 

quiescence in the majority of females. When post-partum 

oestrus does occur (see p.7~ ), ovulation is probably de

layed until the males are out of rut, for no pregnant females 

with calves have ever been round. Increased follicular 

activity in the following spring results in the development 

of ripe follicles, but only a small proportion of females 

manage to ovulate before the breeding season is over. The 

remainder ovulate later in the summer with the development 

of corpora lutea spuria. There is no indication that females 

remain barran for a third year following the birth of the 

calf, and it is assumed that they ovulate sufficiently early 

in the next season for impregnation to occur. 

Fay (1955) has suggested that the initial pregnancies 

are biennial and that a progressive delay in the time of ovula

tion results in a series of missed pregnancies in the ten to 

fifteen-year-old animals. A similar pattern of reproduction 

may occur in the Atlantic walrus, though the evidence suggests 

that barrenness is mainly confined to the older animals. 

The small number of unseasonal births suggests that 

ovulations are rare in the winter and early spring. It may be 
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argued that winter births are more common than is supposed and 

are offset by a high calf mortality, but examination of the 

ovaries fails to reveal any indication of this. 

Senility has been observed in soma old seals (Laws, 

1956b; McLaren, in press), but the oldest walrus specimens 

available show that normal ovarian function may continue to 

a lata age. 

The social ties between adult females and the young 

and immature animals are evidently strong enough to cause a 

general segregation of the sexes throughout the year (Fay, 

1955). The gravid female may seek an isolated floe away from 

the main hard when calving is imminent (A 9 on May 26), but 

observation suggests that she soon returns to the other ani

mals once her calf is born. Though old males occur in these 

groups of adult females and young, their presence does not 

imply a polygynous social structure; rather, the very nature 

of the habitat suggests that breeding is promiscuous. 
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DISTRIBUTION AND ABUNDANCE 

The morphological evidence for the formation of 

discrete populations has been discussed in the section on 

growth, and the data are summarised in Table II. Though 

the marked differences in tusk length and resulting facial 

proportions between the Atlantic and Pacifie forms may be 

regarded as characters of subspecific rank, the status of 

the Kara Sea walrus is uncertain. It has long been supposed 

that the walrus inhabiting the shores of northeastern North 

America, Greenland, Spitzbergen, Franz Josef Land and north

western Asia represent a uniform stock, distinct from the 

Pacifie walrus, but the summary of morphological characters 

indicates that this is not so; rather, it would appear that 

the Euro-Asiatic walrus is more akin to the Pacifie walrus, 

and the Eastern Canadian Arctic population is distinct from 

either of these stocks. Whatever the relationships, it 1s 

clear that the Pacifie and eastern North American forms have 

been separated for a long period of time. 

Recently, Davies (1958) has reviewed the distribution 

of the northern pinnipeds and suggests that the separation of 

o. r. divergens and o. r. rosmarus dates from the penultimate 

or an earlier glacial maximum in the Pleistocene. This implies 

that effective mingling of the stocks did not occur during the 

ice-free period preceding the last glaciation, a fact which 

Davies finds hard to explain in view of the imminence of contact 

along the Siberien shelf at the present day. However, Davies 
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assumes that the Euro-Asiatic walrus is closely related to 

the eastern North American stock and remains distinct from 

the Pacifie walrus. If we accept the morphological evidence 

and adopt the alternative view that the walrus of the Kara 

Sea is little different from the Pacifie walrus, then the 

pattern of speciation is more easily understood. Indeed, 

the geographical evidence alone suggests that this is the 

more probable development. 

Within the proposed subspecies o. r. rosmarus which 

occupies the Eastern Canadian Arctic, soma slight different

iation in body form has taken place. This suggests that 

isolated breeding populations occur, a view that is supported 

by Loughrey•s detailed discussion of the geographical distri

bution in this region (1955). The formation of such discrete 

groups can only be fully appreciated when the ecological 

factors effecting distribution are rully understood. Vibe 

(1950) has given the most detailed account of these so far, 

and the follow.ing observations are included to supplement his 

work. 

Relation to the Land 

The numerous accounts of walrus hunting in the past 

four centuries abound with descriptions of the terrestrial 

habits of the animal, for it was at the hauling-out sites on 

the land that the principal killings were effected. The evi

dence suggests that the walrus was essentially a sedentary 
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animal where abundant feeding areas occurred, and made use of 

ice when it appeared, rather than seeking it out in definite 

migratory movements. In places such as Sable Island and the 

Magdalen Islands, where the spring months were often ice-free, 

the breeding cows took to the land to bear their young (Allen, 

1880). In the early summer, the hauling-out sites remained 

populated, evidently by members of both sexes. 

In the higher latitudes of Bear Island and Spitz

bergen, walrus were found ashore in large numbers in July and 

August when there was little pack ice about, and they pre

sumably frequented the land until the onset of winter condi

tions. - Thus the land haul-out seemed to result directly 

from lack of ica, and could occur from as early as April until 

late October. Observations on the walrus in northern Hudson 

Bay confirm this pattern of behaviour, for animals are not 

found on the land until late July, when most of the ice has 

left the area between Southampton and Coats Islands. 

Evidence from the behaviour of the Pacifie walrus 

suggests that this species is more actively migratory (Brooks, 

1954), though Nikulin (1947) shows conclnsively that sedentary 

populations do occur where food organisms are plentiful. Wal

rus remain in these areas of abundant food at least throughout 

the whole summer, and haul out on shore at established sites. 

~-"With the appearance of drifting ice, they forsake the shore 

and use the ice for resting as long as it is present in the 

sha llow water zone11_7 Nikulin stresses the fa ct t hat walrus 

are not adapted to pelagie life like some other pinnipeds and 
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therefore ~"cannet maintain themselves in the open water for 

long periods of time without resting on the ice or on shore"_7. 

The walrus is markedly gregarious when hauled out on 

the land, and large 1 pods' of closely packed animals are formed. 

At Walrus Island in Fisher Strait, an estimated maximum of 

1,000 animals has been observed in the fall (W. F. Carrick, 

personal communication), and further observations quoted by 

Allen (1880) show that as many as 7 - 87000 were seen at the 

•echouries' on the Magdalen Islands in the late eighteenth 

century. Nikulin (1947) records that in 1937 - 38, mass settle

ments of 2 - 3,000 animals were observed at four places on 

Wrangell Island, and in 1941, 87000 were seen at the hauling

out ground at Inchovyn on the Chukotsk Peninsula. Similar 

settlements, but numbering only 500 animals,have been observed 

by Chapskii (1936) on Novaya Zemlya. 

The physical nature of the hauling-out sites at the 

present time is partly dependent on the presence of man. In 

former times gently shelving sand bars and wide sand or shingle 

beaches were commonly used, and localised population pressure 

often forced the animals to move inland. These sites were 

probably the most favoured, for the walrus has poor ability 

to move on land. These past records also show that bays with 

high bordering headlands were most frequently used, and Fay 

(1955) has suggested that high promontories associated with 

hauling-out sites in the Bering Sea may serve as landmarks for 

coastal navigation. In that region, animals will haul out on 



anything from boulders to turf, and Nikulin (1941) records 

that soma of the sites may change from year to year. 

In northern Hudson Bay, the walrus is never known 

to haul out on the limestone beaches, and the uglit are re

stricted to the rocks of the Precambrien shield. Each uglek 

is situated on a promontory or small islet, and the dip of 

the rocks allows deep water to be reached a little way from 

shore. When disturbed, the animals are able to enter the 

water very quickly and reach a safe depth in their initial 

plunge from the rocks. The same uglit are used year after 

year, which indicates that the walrus are able to identify 

them easily from the water. 

Weather conditions play a large part in determin

ing hauling-out behaviour and it has been found that the 
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uglit on Bencas and Coats Islands are only frequented when 

the wind is offshore and not too strong. In high winds from 

any quarter, or when the sea is breaking on the rocks and 

covering them with spray, walrus desert the land and seek more 

sheltered bays. This movement to calmer waters invariably 

leads them to one of the other uglit. 

Nikulin (1947) has found a similar correlation be

tween rough saas and onshore winds and the hauling-out habits 

of the Pacifie walrus. 

Relation to Sea Ice 

When drifting ice appears in shallow waters during 



the summer and fall, the walrus deserts the land and hauls 

out on the floes (Nikulin, 1947; Loughrey, 1955). At 

Southampton Island this occurs particularly along the coasts 

of Bell Peninsula, and the uglit in this area are not so 

frequently occupied as those on Bencas, Coats and Walrus 

Islands. 
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In the fall young ica forms in the bays and along 

the coasts, and the walrus maintains breathing holes by 

breaking through this thin layer with its head. This habit 

has been described by Johansen (1910) and probably accounts 

for the pronounced patch of scar tissue which sorne adults 

bear on the crown. As the new ice thickens, the breathing 

holes become more difficult to maintain, until finally the 

walrus is forced to retreat to open water at the edge of the 

fast ice. Vibe (1950) has shown that when the ice edge ex

tends beyond the outer limits of the mollusc banks in certain 

areas of northwest Greenland, the walrus population disperses 

to more accessible feeding grounds. There seems little doubt 

that similar local movements occur during the winter and 

spring throughout most of the Eastern Canadian Arctic. 

Loughrey (1955) quotas observations from numerous 

sources which tend to support the hypothesis that the majority 

of walrus populations are local and sedentary. In view of the 

ecological relationships discussed by Vibe, this seems a more 

reasonable assumption than the postulation of extensive mi

grations. 
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The interaction of seasonal ica movements with the 

location of suitable foraging grounds does not completely ex

plain the patchy distribution of the walrus at the present 

time, and other factors such as lack of population pressure 

and the affects of human predation must be involved. However, 

these can only be effectively assessed when more data become 

available. 

Local Movements and Migrations 

In Foxe Basin, optimal conditions appear to be met 

with, for feeding shallows are extensive and ice is abundant 

all the year round. Walrus do not appear to frequent the 

southern part of the basin where depths are greater than 

fifty fathoms (see fig. 2), which indicates that this popu

lation is effectively isolated from the Southampton Island 

group. The extensive migrations postulated by Freuchen (1935) 

appear to have little basis in fact, for the walrus is obviously 

perfectly adapted to existence amongst the winter ica in this 

region. 

In western Hudson Bay, (see fig. 35), there is a 

small population along the coast from Eskimo Point to Wager 

Bay, and recent R. c. M. P. game reports (1956, 1957) suggest 

that the numbers are increasing. Former uglit are now being 

reoccupied (see Loughrey, 1955), and observations indicate 

that the herds remain in the area throughout the winter. 

Few walrus have been seen in recent years south along 



Figure 35. Map of the Eastern Oanadian Arctic. 
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the coast as far as Cape Henrietta Maria,though at that 

point, over one thousand animals were seen hauled out in 

the summer of 1955 (see Loughrey, 1955). The bathymetry 

in this area suggests that this berd may be associated with 

others found about the Belcher and Sleeper Islands to the 

northeast. Little is known of this group, but a scarcity 

of animals along the northeast coast of Hudson Bay points 

to its being a resident population. 

At the western end of Hudson Strait, in the late 

summer and fall, walrus evidently remain on the ica coming 

down from Foxe Channel and feed in the shallows about 

Nottingham and Salisbury Islands. It is only when most of 

the ica has gone, usually lata in the fall, that they haul 

out on the. rocks at these islands. The small winter catches 

at Cape Dorset and Amadjuak indicate that soma part of the 

population remains in the area throughout the year. 

There appears to be a small gap in distribution 

along the north side of Hudson Strait until the Middle 

Savage Islands ( 62° 08' N, 6?fJ 55' W) are reached. A ~ecent 

report by F. G. Cooch (in litt.) indicates that several hun

dred walrus are found about these islands from October until 

May. After this time the ir distribution is unknown, though 

the ESkimos state that they move westwards towards Hudson Bay. 

From Hudson Strait northwards to Home Bay, but ex

cluding most of Cumberland Sound, the coastal waters probably 

form natural reserves at the present time, for limited hunting 
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occurs. In the early part of the century, the biggest hauling

out ground was at Padlei, just south of Padloping Island on the 

eastern Baffin Island coast, and Bethune (1934) records that 

one company took over four tbousand skins per year. According 

to recent Eskimo opinion (H. N. Andersen, in litt.), there is 

a large resident breeding population in this area, and several 

uglit are known which are used year after year. Reports from 

the R. c. M. P. establishment at Cape Christian (19''' 19,7) 

indicate that walrus are scarce from the north of Home Bay to 

Pond Inlet, which suggests that the extensive migration down 

the Baffin Island coast postulated by Freuchen (193') does 

not occur at the present time. A similar limited distribu

tion of walrus is found along the Greenland coast, the animals 

occurring only between Sukkertoppen and Egedesminde (.Allen, 

1942). This partial isolation of the Davis Strait herds from 

those further north in Baffin Bay may result from lack of pop

ulation pressure, for there is no indication that the inter

vening coastal areas are unsuitable feeding grounds. 

The herds frequenting Kane Basin in the summer and 

fall almost certainly migrate south through Smith Sound and 

winter along the coasts of northwest Greenland (Vibe, 19,0), 

and Ellesmere and Devon Islands (R. c. M. P., 1954). This 

movement is emphasised by the narrowness of Smith Sound, and 

parallels on a small scala the channeled migratory stream of 

the Pacifie walrus through Bering Strait. 

The most difficult group to assess is that found about 

Akpatok Island in the summer. According to Eskimo opinion 



these animals spend the winter off the Labrador coast at 

Hebron (A. W. F. Banfield, in litt.) or in Davis Strait 
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(L. M. Tuck, in litt.), and then migrate into Hudson Strait, 

reaching Akpatok Island by mid-July. In commenting on the 

supposed migration, Tuck states that 11 wa lrus have not been 

recorded within the vicinity after the first week or so of 

August, but this must be treated with caution as I was unable 

to learn of a single visit to the island by native hunters 

during late August on." 

Tuck's comment is particularly apt since it il

lustrates the dangers of accepting opinion, even of appar

ently knowledgeable hunters, without due consideration of 

all the economie and ecological factors involved. 
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SUMMARY 

The material examined consists of samples taken 

from 48 males and 50 females in northern Hudson Bay and 56 

males and 22 females in northern Foxe Basin. 

Body and tusk length measurements were analysed 

to see if their frequency distributions showed any modal 

regularity equivalent to presumed year groups. Only the 

yearling and two-year-old animals could be distinguished 

by this method, and further age classes were masked by in

dividual variation with age. The teeth were next examined 

with the object of establishing the periodicity of the in

cremental layers in the dentine and cementum. No positive 

proof of their annual nature has been found, but it is 

highly probable that the layers are formed at the same sea

son each year. A similar method has been used for the 

Pacifie walrus by Fay (1955), but only the adult males can 

be aged in this way. The number of cementum rings in the 

immature males appears to be variable, which is surprising 

in view of the regularity of their formation in the Atlantic 

walrus. If cementogenesis is equivalent in both the Atlantic 

and Pacifie forms, then the ages assigned to immature Pacifie 

walrus on the basis of frequency modes in the measurement of 

tusk length are incorrect. In spite of these differences in 

age determination, it is apparent that the Pacifie walrus is 

slightly larger in body size and much longer in tusk length 

at sexual maturity than the Atlantic walrus. Comparison of 



these two forms with the walrus of the Kara Sea shows that 

the latter group is more akin to the Pacifie walrus. 
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Examination of 69 skulls and 74 lov1er jaws shows 

that the normal adult dentition is I 1/0 C 1/1 Pm 3/3. 

In addition, the second upper incisor, the fourth upper pre

molar and the first lower molar occur in up to 26 percent of 

the specimens. 

Stomach contents were analysed and 22 food organisms 

recorded. The feet and siphons of several species of pele

cypods form the dominant food, but other benthonic inverte

brates are eaten when these are scarce. Blubber and skin of 

the ringed seal were taken from the stomach of one adult 

male. Feeding appears to be an irregular process at all 

times of the year, and there is no direct evidence of any 

prolonged perioàs of fasting correlated with the breeding 

season or the moult. The latter event occurs annually and 

is a more variable and prolonged process than the moult of 

phocids. 

The males become sexually mature when six years old 

and the testes show the typical facies of post-oestrus 

adults in the following summer and fall. There is no ac

celerated growth of the testes and baculum which character

ises the onset of sexual maturity in phocids. Only two 

adult males with sperm in the testis and epididymis have 

been found and these indicate that the males are in rut from 

late November until at least the end of March. More exten-
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siva data on the reproductive cycle of the Pacifie walrus shows 

that the testes produce sperm from November until late May, and 

evidence from the female breeding cycle indicates that copula

tion occurs principally in April, May and June. 

The female is considered to be sexually mature when 

the first ovulation occurs. Breeding maturity is not generally 

coincident with sexual maturity, since only 30 percent of the 

nulliparous females become impregnated at this time. The age 

at first ovulation varies from 5 to perhaps 10 years, and it 

is assumed that the majority of females ovulate for the first 

time when they are seven years old. The reproductive cycle 

is basically biennial, though missed pregnancies, particularly 

in the older animals, lead to calf production more nearly once 

in avery three years. The average calf production is 0.35 per 

annum, which is not significantly different from the estimated 

birth rate of the Pacifie wa lrus. 

In the year following the birth of the calf, folli

culation is suppressed in the ovaries, and the female remains 

barran. In the following spring, only a few females become 

impregnated, the remainder ovulating later in the season. 

Corpora lu.tea vera and spuria are similar to those in other 

pinnipeds, and they regress to form easily recognisable dense 

white scars, the corpora albicantia. Their rate of regression 

is variable, and sorne may eventually disappear; however, their 

number does give soma indication of the past reproductive life 

of the individual female. 
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The curve of foetal growth has been compared with that of the 

human embryo and used to calculate the average gestation per

iod and average date of conception. No delay in implantation 

occurs, the embryo forming soon after impregnation on May 11 

(average date) and being born at the end of May. The calf 

remains protected by the female for two years and does not 

appear to attain nutritional independance until the end of 

that period. 

Morphological evidence shows that within the sub

species O. r. rosmarus occupying the Eastern Canadian Arctic, 

soma slight differentiation of body form has taken place. 

This suggests that isolated breeding popula t ions occur, and 

emphasises the sedentary nature of the walrus. During the 

summer, when ice leaves the normal feeding areas, walrus haul 

out on suitable rock outcrops. Promontories and small islets 

with clear descents to deep water are favoured, and the ani

mals are quick to take to the water when disturbed. These 

uglit are used year after year, except when ice remains in 

their vicinity during the summer. Local weather conditions 

determine which uglek is used, the exposed rocks being aband

oned during onshore winds and heavy seas. Ice is always pre

ferred as a resting place, and local movements fluctuate as 

the pack moves with wind and current. The extensive migrations 

once postulated have not been reliably observed, and they fail 

to take into account the walrus' adaptation to its environment 

and its ability to winter in areas where pack ice is extensive. 
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APPENDIX I 

Body and Tusk Length Measurements of 83 Male and 39 Female 

Walrus of Known Age. 

Males are designated as either immature- 'I' or Nature- 'M'. 
The classes of females are as follows: 'I' -immature; 'M' -
mature, nulliparous; 'P' -pregnant; 'B' - barren; 'c' -
with calf; 'Y' - with ye~rling. 
Body length is the direct nose-tail measureôent ( IW series 
were measured along the ventral curve of the body and have been 
corrected by deducting ten percent ). 
Tusk length is measured in a straight line from tip to alveolar 
crest; the circumference is taken at the gum line. 

Field No. Date. 

A 10 26 May 
A 11 26 Hay 
A 37 1 Aug 
A ~9 2 Aug 
A 0 6 Aug· 
A 41 7 Aug 
A44 17 Aug 
A 45 20 Aug 
A 49 22 Aug 
A 60 2 Sep 
A 61 18 Sep 
A 62 18 Sep 
A 6~ 18 Sep 
A 6 18 Sep 
A 65 18 Sep 
A 66 18 Sep 
A 6~ 18 Sep 
A 6 18 Sep 
A 70 23 Sep 
A 71 23 Sep 
A 74 17 Sep 

A: Males 

Age. 

2.0 
o.o 
3.2 
0.2 

10.2 
1.2 
8.2 

21.2 
0.3 

10.3 
2.3 
8.3 
9·3 

16.3 
29.3 
10.3 
9.3 

17.3 
15.3 
15.3 

0.3 

Glass. Body 

I 
Foetus 

I 
I 
M 
I 
M 
M 
M 
M 
I 
M 
M 
M 
M 
M 
M 
M 
M 
M 
I 

Length, 
Inches. 

88 
47 
90 
56 

113 
73 

lOO 
120 

57 
116 

81 
98 

105 
101 
105 
102 
91 

111 
122 
115 

55 

Tusk Tusk 
Length, Circ, 

Inches. 

2.1 o.8 
o.o o.o 
3.1 0.9 
0.1 
9.3 2.0 
2.0 o.6 
7.8 1.5 

14.8 2.5 
0.1 -2.5 0.9 
7.5 1.9 
9.5 1.9 

12.0 2.1 
14.5 2.4 
10.5 1.8 

8.3 1.8 
12.5 2.5 
13.5 2.~ 13.0 2. -



Field No. Date. 

A 84 5 Oct 
A 96 17 Jun 
A 97 17 Jun 
A ill 12 Aug 
A 114 22 Aug 
A 116 23 Aug 
A 118 10 Sep 
A 122 10 Sep 
A 12~ 10 Sep 
A 12 17 Sep 
A 127 6 Oct 
A 128 6 Oct 
A 129 7 Oct 
A 131 7 Oct 
A 134 7 Oct 
A 135 10 Oct 
A 136 10 Oct 

g~ 24 Sep 
4 Oct 

IW5 26 Oct 
IW 6 26 Oct 
IW 10 30 Nov 
IW 20 22 Jun 
IW 21 10 Jul 
IW 35 10 Jul 
IW 37 10 Jul 
IW 40 30 Jul 
IW 41 30 Jul 
IW 44 5 Aug 
IW 51 10 Aug 
IW 52 9 Aug 

~~ 9 Aug 
9 Aug 

IVl 55 9 Aug 
IW 56 9 Aug 
IW 57 9 Aug 
IW 58 9 Aug 
ntf 59 9 Aug 
IW 60 9 Aug 

APPENDIX I ( continued ) 

Age. 

12.4 
13.1 

7.1 
6.2 

20.3 
8.3 
1.3 

15.3 
4.3 
35.~ 
15. 
28.4 
6.4 
3.4 
1.4 
2.4 

11.4 

3-~ 21. 
19.lt 

7.4 
12.5 
9.1 
0.1 
0.1 
o.1 

22.2 
11.2 

6.2 
10.2 
15.2 
15.2 
10.2 
3.2 

11.2 
10.2 
8.2 

21.2 
18.2 

Glass. Body 

M 
M 
M 
I 
M 
M 
I 
M 
I 
M 
M 
M 
I 
I 
I 
I 
M 

I 
M 
M 
M 
M 
M 
I 
I 
I 
M 
M 
I 
M 
M 
M 
M 
I 
M 
M 
M 
M 
M 

Length, 
Inches. 

107 
110 
108 
108 
126 

96 
70 

101 
90 

122 
117 
109 

96 
86 
73 
90 

115 

97 

108 

108 
121 
41 
49 
52 

108 
116 
103 
124 
128 
120 
109 

90 
114 
118 
117 
119 
127 

108 

Tusk Tusk 
Length, Circ, 

Inches. 

9.0 1.9 -
6.5 1.6 
5.8 1.~ 12.0 2. 
6.0 1.8 
2.6 1.5 
9.3 2.0 
4.5 -17.0 2.6 

10.8 2.4 
10..-0 2T8 

7.0 1.5 
3.5 
1.5 

1.1 

3.0 1.0 
9.8 2.4 

- -7.4 
12.8 

6.9 
9.5 
7.3 
o.o 
o.o 
o.o 

13.5 
10.0 

12.0 
9·0 

13.0 
7.5 
4.0 
8.5 
8.5 

10.2 
15.5 
12.5 



Field No. Date. 

I\AJ 61 9 Aug 
IW 62 9 Aug 
IW 6~ 9 Aug 
IW 6 9 Aug 
IW 65 9 Aug 
IW 66 9 Aug 
rw 70 10 Sep 
IW 72 19 Sep 
IW 7~ 19 Sep 
IW 7 19 Sep 
IW 75 19 Sep 
IW 76 14 Sep 
IW 77 2 Sep 
Di 78 24 Sep 
IW 79 24 Sep 
Til 80 24 Sep 

w 2 2~ Jul w 11 Aug 
\Il 13 11 Aug 

s 2 31 Jul 
s 52 3 Sep 
s54 ~Sep 
s 55 Sep 

A 9 26 May 
A 1~ 27 May 

! ~2 2 Aug 
7 Aug 

A 46 20 Aug 
A 48 22 Aug 
A 72 23 Sep 
A 73 17 Sep 

APPENDIX I ( continued ) 

Age. Class. 

14.2 M 
7.2 M 
7.2 

22.2 M 
13.2 M 
14.2 M 
11.3 M 

7.3 M 
12.3 M 
14.3 M 
19.3 M 
17.3 M 
12.3 M 
15.3 M 
9.3 
9.3 H 

0.2 I 
12.2 M 

2.2 I 

11.2 M 
3.3 I 
1.3 I 
2.3 I 

B: Fema1es 

8.0 Py 
20.0 B 
9.2 Be 
8.2 Py 
7.2 p 

1~.2 Be 
1 .3 B 

7.3 Be 

Body 
Length, 
Inches. 

lo4 
lo4 
123 
119 
124 11 
105 
119 
127 
113 
137 
136 
117 
131 
121 
112 

45 
118 

84 

111 
84 
69 
81 

103 
-

105 
101 

94 
112 
107 

93 

109 

Tusk Tusk 
Length, Circ, 

Inches. 

5.8 -
9.3 -
9·3 -

13.0 
11.5 
9.5 
é•5 .o 

10.5 
10.0 
11.5 
15.8 
13.0 
11.5 
9.5 
9.0 -
o.o -

10.5 

9.0 -3.5 
1.1 
1.0 -

5.8 1.4 
9.3 1.8 
7.5 1.4 
8.5 1.4 
6.5 1.5 

14.0 1 .8 
8.5 1.6 



Field No. Date. 

A 75 19 Sep 
A 76 19 Sep 
A 77 .2 Oct 
A 78 2 Oct 
A 79 2 Oct 
A 80 4 Oct 
A 81 5 Oct 
A 82 5 Oct 
A 83 5 Oct 
A 109 6 Aug 
A 110 10 Aug 
A 112 13 Aug 
A 113 21 Aug 
A 115 22 Aug 
A 119 10 Sep 
A 120 10 Sep 
A 121 10 Sep 
A 125 27 Sep 
A 126 27 Sep 
A 130 7 Oct 
A 132 7 Oct 
A 133 7 Oct 

IW ~6 10 Ju~ 
IW 2 2 Aug 
IW 43 5 Aug 
IW 45 5 Aug 
IW 48 5 Aug 
IW 49 5 Aug 
:nv 5o 5 Aug 

w 16 11 Aug 

SD 142 2 Jul 

APPENDIX I ( continued ) 

Age. Class. 

17.3 By 
2.~ I 

18. B 
6.4 M 
6.4 I 

10.4 p 
3.4 I 

11.4 p 
11.4 Be 
1.2 I 

13.2 Py 
9.2 M 
5.2 I 
9.2 Be 

14.3 p 
13.] . p 
13.3 B 
11.3 I 
19.~ Be · 
o. ' I 

15.4 Be 
17.4 By 

0.1 I 
14.2 

5.2 M 
15.2 

5.2 M 
16.2 B 
10.2 Py 

0.2 I 

o.1 I 

Body 
Length, 
Inches. 

99 
83 

102 
92 
83 
92 
88 
98 
97 
72 

106 
94 
92 

101 
105 
'95 
96 

102 
103 

59 
98 
97 

50 
102 

93 
98 
90 

lOO 
108 

52 

50 

110 

Tusk Tusk 
Length, Circ, 

Inches. 

-3.0 0.9 
10.0 1.8 

5.5 1.1 
4.8 0.9 
6.0 1.3 
3.4 0.8 
6.5 1.5 
7.0 1.5 
1.5 0.6 

13.0 
6.3 
3.3 
7.3 1.4 
8.3_ 1.5 
7.3 1.5 
7.3 1.5 

10 .. 0 
9.0 
o.6 o.4 
5.3 1.5 
7.0 1.5 

o.o 

3.9 
12.0 -

3.3 
5.0 
9.5 

o.o 

o.o 
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APPE:NDIX II 

Development of the Testis in Immature and Hature Males 

Field Numbers: 'A' series from Bencas and Coats Islands, 19~~ & 6. 
'W' series from Coats Island, 19~4. 
1 IW1 series from Foxe Basin, 19~5 & 6. 
S 2 from Seahorse Point, Southampton Island. 

Testis: Tubule types as detailed on page 6~. 
Diameters in microns. 
xxx indicates presence of sperm. 

Field No. Date. 

A 11 26 May 
A 39 2 Aug 
A 4-9 22 Aug 

A 41 7 Aug 

A 10 26 Hay 
A 61 18 Sep 
w 13 11 Aug 
A 13~ 10 Oct 

A 37 1 Aug 
IW 55 9 Aug 

A 123 10 Sep 

A 111 12 Aug 
rw41+ ~ Aug 

A 97 17 Jun 
IW 62 9 Aug 
IW 72 19 Sep 
IW 6 26 Oct 

IW ~8 9 Aug 
A 62 18 Sep 

Testis tubules 
Age. Types. 

o.o 
0.2 
0.3 

1.2 

2.0 
2.3 
2.2 
2.4 

3.2 
3.2 

4.3 

6.2 
6.2 

7.1 
7.2 
7.3 
7.lf 

8.2 
8.3 

Diam. in 
order 

1~ 
16 
1~ 

20 

33 
28 
23 
27 

24 
32 

31 

48 
39 

~1 B 
40 B 

B, c 
B 

~5 B, c 
49 c B 

' 

Epididymis 

Diam. Sperm? 

~1 0 

4~ 0 
0 

54 0 

67 -60 0 
60 0 

55 0 
80 0 

96 0 

96 0 
92 0 

55 0 

80 
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APPENDIX II ( continued ) 

Te sti s tubules Epididymis 
Field No. Date. Age. Types 

Di am. in Di am. Sperm? 
order 

Til 20 22 Jun 9.1 58 B, c 68 0 
A 63 18 Sep 9.3 60 B 60 0 
A 67 18 Sep 9.3 47 B 62 0 

I~T 80 24 Sep 9.3 51 B 
A 60 2 Sep 9.3 B, C 71 0 

IW 51 9 Aug 10.2 lt9 B, c 51 0 
IW 5lt 9 Aug 10.2 52 B, c 78 0 
IW 57 9 Aug 10.2 4-4 c, B 88 0 
A 66 18 Sep 10.3 39 B, c 79 0 

IW 56 9 Aug 11.2 43 B 80 0 
s 2 31 Jul 11.2 B, c 
A 136 10 Oct 11.4 B, c 0 

w 11 4 Aug 12.2 47 c, B 52 0 
IW 73 1~ Sep 12.3 - c, B 
IW 77 2 Sep 12.~ ~~ c, B 69 0 
A 84 5 Oct 12. B 75 0 

IW ~0 30 Nov 12.5 62 A 81 xxx 

A 96 17 Jun 13.],. 59 B, c 112 0 
IW 65 9 Aug 13.2 56 B, c !dt 0 

IW 61 9 Aug llt.2 50 c, B 83 0 
A Ilt5 Sep-Oct llt.3 53 c, B 

IW 7lt 19 Sep 14.3 39 c, B -
A 64 18 Sep 16.3 lt4 C, B 59 0 

A 68 18 Sep 17.3 55 c, B 78 0 

IW5 26 Oct 19.4 53 B 66 0 

IW 4 4 Oct 21.4 45 B, c 60 0 

rw 4o 30 Jul 22.2 58 B, c 73 0 

IW 15 21 Mar 24.8 63 A xxx 

A 128 6 Oct 28.4 51 B 73 0 



APPENDIX III 

Development of Follicles and Corpora Lutea in the Ovaries of 59 Atlantic Halrus 

The classes of fernales are as follows: 'I' - immature; 'M1 - mature, 
nulliparous; 'P' - pregnant; 1 E 1 - barren; 1 c 1 - with calf? 'Y' - with yearling. 

Follicles are classified as either atretic ( A J or healthy ( H ). 
Measurements of larger follicles and corpora albicantia repre sent ma~_rnum and minimum 
diarneters of the sections exandned. Thus a follicle listed as '7.41 measures 7 mm. by 
4 mm. Corpora lutea are measured along three diameters. 

Follicles marked \dth an asterisk are luteinised. 

Number of Follicles 

Field No. Date. Age. Class OVary 1 - 3 3 - 6 Over 6 Corpus Corpora 
mm. mm. mm. Luteum Albicantia 

A H A H A H 

' 
i 

A 9 26 May 1 8 Py R 2 12 0 3 0 0 38.37.27 
L 0 4 0 0 7.4 0 0 13.12 

A 13 27 May 20 By R 2 5 0 4 0 13.9 0 6.6 6.5 
8.7 5.2 
7.6 
6.6 

L 0 2 0 2 14.8 9.7 0 7.7 7.4 
5.3 

A 38 2 Aug 9 Be R 24 0 21 5 12.8 0 0 9.4 
7.5 

L 7 0 0 0 0 0 0 25.16 17.5 ...... 
...... 
w 



A 42 7 Aug 8 Py R 
L 

A 43 17 Aug - Be R 
L 

A 46 20 Aug 7 p R 
L 

A 48 22 Aug 13 Be R 
L 

A 72 23 Sep 16 B R 

L 

A 73 17 Sep 7 Be R 

1 
L 

A 75 19 Sep 17 By R 

L 

A 76 19 Sep 2 I R 
L 

A 77 2 Oct 18 B R 

L 

APPENDIX III ( continued ) 

3 0 0 0 0 0 
1 12 0 0 0 0 

41 38 1 0 10.10 0 
19 52 0 0 15.2 0 

7.5 

1 12 0 0 0 0 
12 49 0 13 0 8.5 

8.5 
7.6 

6 10 0 0 0 0 
4o 75 2 1 0 0 

0 14 0 6 0 0 

5 3 0 3 0 0 

5 4 0 0 0 0 
1 5 0 0 0 0 

13 1 0 0 0 0 

7 8 0 0 0 0 

0 0 0 0 0 0 
0 0 0 0 0 0 

4 4 2 5 0 0 

6 14 1 13 0 0 

0 19.10 
34.25.39 

0 18 .13 
0 9·7 

0 
37.27.34 8.5 

0 32.20 
0 14.8 

0 9.7 
7.5 

21.14.21 12.8 

0 5.4 
0 30.20 

18.10.16 8.6 
3.2 

0 7.4 

0 
0 

23.17.17 14.4 
6.3 

0 9.5 

0 

0 

10.6 
12.8 

9.5 

8.4 

5.2 

0 
0 

ll.7 
1-' 
1-' 
..J:"" 



APPE}IDIX III ( continued ) 

A 78 2 Oct .6 M R 0 3 0 0 0 0 .12.10.10 0 
L 0 2 0 0 0 0 0 0 

A 79 2 Oct 6 I R 0 0 0 0 0 0 0 0 
L 0 0 0 0 0 0 0 0 

A 80 lt Oct 10 p R 0 5 0 0 0 0 0 13.11 
L 0 5 0 1 0 0 32.25.31 0 

--
A 81 5 Oct 3 I R 0 0 0 0 0 0 0 0 

L 0 0 0 0 0 0 0 0 

A 82 5 Oct 11 p R 0 4 0 0 0 0 0 0 
L 4 17 0 0 0 0 34.29.29 9.6 

A 83 5 Oct 11 Be R 9 26 0 1 0 0 0 11.4 
1 1 11 0 0 0 0 0 16.14 

A 109 6 Aug 1 I R 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 

A llO 10 Aug 13 Py R 1 11 0 3 0 7.5 30.23.23 7.6 
1 0 8 0 0 0 10.8 0 0 

A 112 13 Aug 9 M R 20 41 0 ~ 0 0 0 0 
L 1.4 61 1 0 0 32.26.24 0 

A 113 21 Aug 5 I R 18 31 0 g 0 0 0 0 
1 17 31 0 0 0 0 0 

A 115 22 Aug 9 Be R 4 26 0 17 8.7 0 0 18.14 
L 0 8 0 0 0 0 0 29.19 J-1 

....... 

A 119 10 Sep 14 2~ 38.35.27 9.4 
\..1\ p R 3 0 1 0 0 

L 10 0 0 0 0 0 9.4 7.5 



A 120 10 Sep 13 p R 
L 

A 121 10 Sep 13 B R 
L 

A 125 27 Sep 11 M R 

L 

A 126 27 Sep 19 Be R 

L 

A 130 7 Oct 1 I R 

1 

L 

A 132 7 Oct 15 
1 

R Be 
1 

1 

1 

L 

A 133 7 Oct 17 Ry R 

1 

L 

APPENDIX III ( cont inUed ) 

0 0 0 0 0 0 
5 22 0 2 0 0 

15* 6 3* 5 8.6* 0 
49* 7 3 5 7.6* 0 

0 8 8 13 11.10 11.8 
33.25 8.7 

7.6 
1 7 3 5 13.12 0 

12.10 
12.7 
8.7 
7.5 1 

7.3 

20 8 2 0 0 0 

26 5 23 0 0 0 

0 0 0 0 0 1 0 
1 

0 0 0 0 0 0 

6 12 0 4 0 1 0 

6 31 0 11 0 7.6 

2 21 1 6 9.5 7.6 

4 
7.5 

13 3 6 0 0 

0 17. 8 
29 .28. 21 

0 
0 13.7 

6.4 

0 5.2 

0 4.2 

0 22.16 
8.3 

0 8.5 

0 
0 

0 10.6 
5.4 

0 ~:~ 
0 14.8 

22.19.14 3·a 11 . 
3.3 

0 

0 

0 
0 

7.~ 6. 

6.4 

6.3 

9. 5 
3-3 
6.5 

8. 3 

5. 2 
1-' 
1-' 
~ 



IW 12 12 Mar - I R 21 
1 38 

IW 24 10 Ju1 - B R -
1 2 

IW 25 10 Ju1 - I R 6~* 
1 5 * 

IW 32 10 Ju1 - B R 0 
1 -

IW 33 10 Ju1 - B R -
1 0 

IW 38 10 Ju1 - B R 20* 

1 38* 

IW 39 30 Ju1 - B R 17* 

1 -

APPE}IDIX III ( continued ) 

27 5 36 0 0 
21 8 6 0 0 

- 9 1 0 0 
3 0 4 0 0 

10 16* 9 0 0 
9 38* 7 7.5 10.10 

10.10 
9-9 

0 0 0 0 0 - 0 13 0 0 

- 3 8 0 7.6 
7.5 

0 0 1 0 0 

13 16* 6 13.11 8.8 

14 7* 7 0 8.8 

0 26* 0 8.4 0 
7.6 
7.5 - 7* 0 0 10.6 

0 
0 

0 7.6 
22.22.19 10.5 

0 
0 

28.24.17 12.11 
0 10.10 

8.5 

0 13.8 
13.7 

29.16.20 10.7 
6.6 

0 16.12 
12.6 

0 12.10 
11.8 

8.8 

0 14.10 
8.6 
6.lt 

0 13.8 
11.4 
8.~ 
6. 

0 
0 

6.3 

0 
0 

8.7 

13.7 
10.6 
10.7 

12.11 

12.10 
10.9 

5.3 

10.8 
8.4 
6.4 

13.8 
10.4 
6.5 
5.3 

........ 

........ 
--..J 



APPENDIX III ( eontinued ) 

IW 43 5 Aug 5 M R 0 31 0 22 0 0 
L 1 20 l* 10 0 0 

IW 45 5 Aug 15 - R 0 2 0 1 9.7* 19.13 
7.6 

- - - - - - -
I\<1 46 5 Aug - I R 0 ~ç 0 29 0 0 

L 0 0 11 0 0 

IW 48 5 Aug 5 M R 2 8 0 2 0 0 
L 0 27 0 0 0 0 

IW 49 5 Aug 16 B R 0 5 0 2 0 8.7 

L 0 4- 0 5 0 8.7 

IW 50 5 Aug 10 Py R 0 8 0 6 0 0 
L 0 11 0 1 0 0 

81/53 30 .Ju1 - B R 3 4o 0 30 0 0 

L 0 2 2 14 0 0 

s 53 3 Sep - B R 1 1 0 0 0 0 
L 0 0 0 0 0 0 

SD/141 2 Ju1 11 Be R 0 50 0 8 0 0 
L 0 21 0 0 0 0 

w 1 25 Jul - Be R 0 2 0 3 8.4 0 
L - - 1 5 0 7.5 

w4 26 Jul. - I R 0 13 0 2 0 0 
L 0 17 0 0 0 0 

19.24.15. 
0 

0 15.6 
9.8 

-
0 
0 

0 
. 13.17.11 

19.18.17 10.7 
5.~ 

0 11.') 
? .. 

29.20.26 
0 16.12 

0 4:4 
30.27.21 14.13 

31.30.29 11.6 
0 

0 15.7 
0 34.17 

0 22.13 
0 16.11 

0 
0 

0 
0 

11.9 
3.2 -

0 
0 

0 
0 

8.6 
5.2 

10.7 

0 
12.7 

7.4 

0 

7.4 
8.5 

0 
0 

....... 

....... 
co 



APPENDIX III ( continued ) 

w 5 28 Ju1 - B R 0 1 2 2 0 0 0 13.10 11.10 
L 0 1 1 7 0 0 30.28.18 0 

w 6 3 Aug - p R 0 15 0 0 0 0 39.24-.31 13.6 13.3 - - - - - - - - -
vi 7 3 Aug - p R 5 13 0 0 0 0 33.29.26 0 

L lt 9 0 0 0 0 0 16.11 14.8 

w 9 3 Aug - Be R 1 5 2 0 8.6 0 0 23.10 
L 0 11 lt 10 0 10.6 0 14-.14 13.6 

10.10 6.5 
4.2 

w 10 lt Aug - - R - - 0 3 - - 0 11.7 - - - - - - - - -
w 12 11 Aug - B R 1 18 1 17 0 0 26.21.20 10.4-

L 15 22 6 17 0 0 0 11.9 9.8 

w 14- 11 Aug - p R - - 0 2 0 9.6 34.29.20 0 
8.5 

L 5 1 5 0 
7.3 

0 0 0 14.14 

w 15 11 Aug - B R 14 13 ~ 18 0 7.6 0 14.10 
L 11 10 13 0 0 0 14.14- 12.8 

w 17 11 Aug - Be R 2 2 7 0 9.6 0 0 15.11 8.8 
L 2 0 1 0 0 0 22.20.19 13.11 10.6 

w 18 11 Aug - B R 7 2 13 13 0 7.5 0 10.8 t-' 
t-' 

L 8 1 li 7 0 0 30.28.15 14.5 "' 
-- ------- ---~ 



120 

APPENDIX IV 

Grovrth of the Human Embryo ( after Arey, 195lt ) • 

No. of days 

7 

14 

17.5 

21 

24.5 

28 

35 

42 

49 

56 

70 

84 

112 

140 

280 

Crown-rump 
1ength 
in cm. 

0.1 

0.2 

1.5 

2.0 

2.5 

5.0 

8.0 

12.0 

17.0 

23.0 

4o.o 

56.0 

112.0 

160.0 

350.0 

Percent gestation comp1eted 

Days Crown-rump 1ength 

2.5 0.03 

5.0 o.o6 

6.3 o.43 

7.5 o. 57 

8.8 0.71 

10.0 1.42 

12.5 2.28 

15.0 3.42 

17.5 lt.86 

20.0 6.57 

25.0 11.43 

30.0 16.00 

40.0 32.00 

50.0 45.72 

100.0 100.00 
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APPENDIX V 

Comparison of Mean Body Length and Mean External Tusk Length 

in Male Atlantic and Pacifie Walrus 

,.... 1 1 
tl) rc:1 
~r-i E; ...c: ...c: ct! 
~("(") ~ +> +> 

r-i 0 M M ........ 0 
ct! • G--1 s:::! s:::! or-! 
;3:M ·ri Q) Q) ...C:G--1 ...c: 

•ri ~~ H Hm +>or-! .pm 
OG--1 tl) ~ MO ~g •ri +>r-i ~~ ~~ s:::! ct! G--1 .... s:::! 0 tl)~ tnr-i Q)P., Q)r-i 

•ri ti\ G>::a! ~'ci ~~ H Hct! Ot!"\ 
œs:::! :::: ct! D'- ~ r-i r-1 

P.. r-i 0 ·ri r-i r-iO •ri,.... ·ri 0 
ro o ct! or-! ct! ct! or-! 

G--1 "' G-ttll s:::!·r-1 s:::!+> +>"dtll +>+> o>.. o~...c: ~G--1 ~s:::! 1 Q) g ~§ ct! Q).p Q).rl Q)C'j Q)+> 
<l) r:r.. •l>..Q) +>O +>r-i tl) (1) r-i til r-i 
M 0 cd Q) l>< ct! l><+> O::Sct! O+> 
<!!'-" ZHE-1 ~p., f::::l<I! z ~:s: Z<I! 

1.0 1 1.0 68 
1.3 2 2.1 81 
1.7 ~ 3.2 89 
2.0 4.3 94 
2.6 ~ 5.4 5.3 98 
3.2 6.7 6.3 102 
~·7 7 8.2 7.2 105 

.4 8 9.6 8.0 108 108 
4.9 9 11.0 8.8 112 111 
5.5 10 12.1 9.4 114 11~ 6.1 11 13.3 10.0 117 11 
7.0 12 14-.6 10.5 118 115 
8.0 13 15.5 11.0 121 116 
9.0 14- 16.5 11.4 123 117 

10.1 15 17.3 11.9 124- 118 
10.9 16 18.0 12.4 125 119 
12.0 17 18.8 12.7 126 119 
13.1 18 19.3 13.0 126 120 
14.0 19 19.8 13.2 127 120 
16.0 20 20.8 13.4 128 120 
17.0 21 21.1 13.5 
18.0 22 21.4 13.6 
19.0 ~~ 21 .9 13.7 
20.0 22.2 13.8 
21.0 25 22.5 13.9 

26.0 30 23 . 7 

- -· -·-··- - ...... ... . ---- - ... ·- -- ·-·- ·-- ·- ·---·--·-· 


