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ABSTRACT 

The ringed seal (Phoca hispida Schreber) was studied in the eastern Canadia n arctic, particu-
larly in southwest Baffin Island and northern Foxe Basin. 

Canine teeth, which deposit incompletely calcified dentine in the spring season of low nutrition, 
are shown to be reliable indicators of age. The claws are useful for the first ten years. The seal 
grows from 65 cm. (2 .1 feet) to a final adult length of about 135 cm. (4.4 feet). At least 72 food 
species were identified. Mysis oculata, decapods, a nd Boreogadus saida were most commonly taken 
in inshore waters, while most offshore seals feed on plankton, particularly Themisto libellula in 
southwest Baffin Island . Food does not limit t he range or abundance of this seal. The basking 
a nd fasting season, in June and early J uly, results in much blubber loss, which is regained by 
summer feeding. Late departure of ice, giving longer opportunity for basking, may increase 
blubber loss. The moult occurs mainly in June. The sex ratio is about 53.5 males to 46.5 
females. The male matures at about seven years, and the first ovulation of the female, which 
may be outside the breeding season a nd not result in pregnancy, usually occurs in the seventh year. 
The males are in rut from March to mid-May and the female ovulates during lactation, shortly 
after parturition. The blastocyst implants after about 3½ months delay, in early August, and 
the corpus luteum changes its structure and increases in size at this time. The pup is produced 
in one of two basic types of birth-lair on the fast ice, generally in early April, and may be attended 
until the ice breaks up. Coastal configuration and la titude govern the amount of fast ice, its 
stability, and its snow cover, al! of which determine the suitability of an area for pupping. More 
starvelings and small pups are produced on simple coasts, and the adult population of complex 
coasts is older and the seals are larger in size. Seals of higher la titudes are a lso larger. There is 
an annual, small-scale migration, and a dispersal of young seals from productive complex coasts to 
simple coasts. Ice conditions govern the distribution and abundance of this seal throughout the 
eastern Canadian arctic. 
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INTRODUCTIO

The ringed seal, Phoca hispida Schreber, is a widely ranging hair seal inhabit-
ing arctic and subarctic waters (as defined by Dunbar, 1951) of the entire northern 
hemisphere. In orth American waters it is found from the Gulf of St. Lawrence 
(rarely, Fisher , 1950) across the Canadia n arct ic to the Bering Sea. o overall 
biological study has been made of this seal in North America. Much of our 
knowledge cornes from Eskimo observations and much that is presumed from 
these sources has not been checked by careful observation and collection. Allen, 
in his monograph on t he Pinnipedia (1880), offers t he best early summary of the 
biology of this animal. Dunbar (1949) brings in more recent material and 
reviews the knowledge of the species to that date. Chapsky (1940) apparently 
gives a thorough review of the species in the Siberian a rctic, but this paper has 
not been availab le to the a uthor. Particular studies have included those of 
Sleptsov (1943) on reprod uction , Dunbar (1941 ) a nd Pikharev (1947) on feeding 
in the Canad ian and Siberian arctic respectively, and Anderson (1942) on the 
taxonomy of the Canad ia n a rctic groups. Manning (1944) describes well the 
methods and implements used by the Eskimos in hunting this a nimal. Other 
published materia l consists la rgely of incidental observations made on several 
expeditions to Greenland a nd the Canadian arctic. 

The ringed sea l is exploited by most of the Eskimo groups inhabiting the 
Canadian a rcti c. In some areas it contributes much of the food, clothing and 
fuel to t he Eskimo welfare a nd is, in fact, the backbone of the native economy. 
In recent years some concern has been felt over the uti lization of arctic sea 
mammal stocks. The problem, in the case of the ringed seal, has two main 
aspects: 

1. Primitively, the Eskimo filled ma n y of his needs with this a nima l; today, 
his needs have increased through the development of a trapping economy. Also, 
the seal itself has become a n item of trade (for example , 2,506 skins were turned 
in to the Hudson 's Bay Compa ny at Cape Dorset, Baffin Island, in 1953-1954). 
It is not known whether the hunting pressure in such areas constitutes a danger 
to the maintenance of the seal stocks. 

2. In some areas, local a nd seasonal scarcities result in depression of the 
native economy. 

This paper deals with some basic features of the biology of the ringed seal 
in the eastern Canadian arctic. Economie problems are not treated directly 
here, but it is hoped that some of the biological findings, particularly the factors 
of distribution, will be of assistance in the management of the species as a valuable 
resource in the Canadian north. The development of an accurate ageing 
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technique has stimulated research on seals in recent years. This technique has 
not hitherto been applied to the ringed seal and has been of great value in this 
s t udy. The application of the ageing method to the study of reproduction and 
patterns of distribution constitutes the core of the work. Two phases of the 
st udy, parasitology and taxonomy, are not included in this paper and will be 
published at a future date. 

2 



METHODS AND MATERIALS 

The study of the ringed seal was initiated with the analysis of stomach 
contents of seals from Ungava Bay, collected from 1947 to 1950. In the summer 
of 1953, the Fisheries Research Board ketch, M / V Calanus, worked near Cape 
Dorset, southwest Baffin Island, where collections from 44 ringed seals were 
made; these served as the basis for a n overall biological study. The success of 
the 1953 operations suggested that southwest Baffin Island would be a suitable 
area for the study of the ringed seal in 1954. The author arrived at Cape Dorset, 
by chartered a ircraft, on March 2 and departed, by ship, on October 2, 1954. 
I t soon became apparent that many features of ringed seal biology revolve around 
local and seasonal distributions and movements, and that populations differ in 
t heir make-up throughout southwest Baffin Island. Thus, extensive travelling 
was required in the a rea between Cape Dorset and Markham Bay, about 135 
miles to the east. The a uthor was completely dependent on the Eskimos for 
transportation and securing seals and about two-thirds of the season was spent 
travelling and living with these people, the remainder of the time being spent in 
working out of the trading post at Cape Dorset. The bulk of the material in 
this paper is the result of collections made during that seven-month stay on south-
west Baffin Island. Substantial collections were a lso made by the a uthor between 
mid-September and mid-November from the Calanus in northwest Foxe Basin, in 
1955. Very limited material was collected between 1951 a nd 1955, from 
Frobisher Bay, Cumberland Sound, and Churchill, Manitoba. Valuable 
collections have been made avai lable through the efforts of other individuals in 
the pursuit of other arctic fie ld-problems. Seals from Southampton Island, 
northern Baffin Island and northern Foxe Basin were obtained in some numbers, 
and smaller collections were offered from Ellesmere and Prince Patrick Islands, 
southwest Baffin Island, and ettilling Lake on Baffin Island. 

The lower jaws of all seals examined were collected for the purpose of ageing 
and preserved dry or rotted; whole skulls were taken when possible. The 
extracted canine teeth were placed in glycerine and water, with thymol as a 
preservative, and were sectioned and ground according to the techniques 
described by Fisher and Mackenzie (1954). The teeth sections were examined, 
in reflected and transmitted light, under a binocular microscope. In many 
cases an optical micrometer was used to measure tooth thickness, size of pulp 
cavity a nd thickness of dentina l bands in section. One or two claws were 
removed from many individuals and generally preserved rotten. 

Stomach contents were examined in the field or collected for laboratory 
analysis. Those collected were identified to species, where possible. Organisms 
were counted, except where the stomach contents consisted of large numbers of 
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small crustacea; in such cases the numbers were estimated by volumetric sub-
sampling. The dominant food (in bulk) was estimated by eye, or, in doubtful 
cases, by d isplacement methods. 

The reproductive organs of males and females were examined or collected; 
those of immature seals were not a lways examined. Measurements were 
genera lly taken of th e fresh tracts and gla nds in the fie ld. Portions of testes and 
epididymides, chiefly those of ad ults, were preserved in Bouin's fixative or 10% 
formalin, sectioned, and stained with haematoxylin and eosin or M allory's stain. 
Ovaries were sectioned by hand, with a razor blade, into slices one to three 
millimetres in thickness. These sections were examined for corpora lu tea, 
corpora albicantia and extent of follicular development, and the diameters of 
these were measured. Selected corpora lutea were sectioned, and stained with 
haematoxylin and eosin, or azocarmine, phloxine and fast-g reen. Embryos were 
preserved when found. Attempts were made, without success, to find unim-
planted blastocysts in the uteri. Bacu la, or penis bones, were collected from the 
ma les a nd preserved dry or rotted. After a superficial clean ing, these were 
boiled in a dilute solu tion of ammonium hydroxide, then weighed and measured. 
The cleaning was not rigidly standard , but it is felt that the small variation in 
resid ual fat content has li tt le effect on the weigh ts of bacula. 

Notes were kept on the moult a nd other individua l characteristics of the 
specimens. 

Field numbers were given to a ll specimens. In this paper, reference to 
various years and locali ties is as follows: "S-" was used in southwest Baffin 
Isla nd in 1953; "SD-" was used in the same area in 1954; "S-55-" applies to 
specimens from northwest Foxe Basin in 1955 ; "S-56-" designates northern Foxe 
Basin seals in 1956; "A-" is for Southampton Island seals. 
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AGE DETERMI TION 

AGEING BY D E TI AL A ULI 

The technique of ageing by dentinal annu li has been thoroughly discussed 
by one of the discoverers of the m thod (Laws, 1953a) and by Fisher (1954a) . 
The work of Fisher, on the ha rp seal (Phoca groenlandica), is more applicable 
to studies of the ringed seal, since the construction a nd nature of the dentinal 
rings is similar in these two species. The validity of the method, the physiologi-
cal basis of dentine deposition, and much background information ha been given 
by both a uthors. ln this section it is proposed to deal chiefly with the evidence 
for the ann ua l nature of ann ulus formation. The nutritional basis for differential 
dentine deposi tion will be discu sed on page 11. 

GE ERAL APPEARANCE. A thin cross-section of a ringed seal canine tooth 
usually shows a lternating bands of dense and thin dentine. Dense dentine is 
more opaque under transmitted light and is solidly constructed. Thin dentine 
may have one of two basic forms; it may be clear and continuous, transmitting 
more light than does the dense dentine, or it may be reflective, vacuolar and 
reticulated in structure. A typical seri es of bands, especially in the earlier-
formed, outermost annuli, consists of dens dentine followed by thin, followed by 
reticulated, followed again by dense dentine; sometimes the thin or the reticu-
lated dentine is absent. The density of the dense band varies con iderably in 
comparison with its associated thin band. The relative widths of the bands 
within differen t series may be variable, as small , misplaced thin band occasionally 
break the continuity of a dense band. In spite of a il this variation, the pattern 
is distinct; d nser and more fully calcified dentine a lternates with thinner and 
Jess well-formed dentine. The deposition rate of the dentine appears to be regular 
within one year, but decreases as the number of ann uli increases. In very old 
teeth, the annuli are very narrow. ln the most typicall y ann ulated teeth the 
widths of adjacent annu li a re similar. The advent itious nature of occasional 
variations and anomalies can be shown up by the use of an optical micrometer 
on the binocular microscope. 

Both Laws (1953a) and Fish r (1954a) have offered convincing evidence 
that the depo ition of the two major types of dentine occurs at different times of 
the year in the harp seal and the elephant seal (Mirounga leonina), and that this 
justifie the use of dentinal annu li in determining the age of these seals. The 
same reasoning applies to the ringed seal. 

EVIDENCE FOR THE ANNUAL FORMATION OF DE TINAL A T LI. Teeth from 
over 7 50 ringed seals have been sectioned for the stud y of ageing. From some 
of the e teeth a histogram (Fig. 1) has been constructed showing, in two-week 
periods, t he deposition of dense dentine at the pul p cavity. Many teeth obtained 
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from the Eskimos were not dated, and not ail t he dated teeth could be entered 
into this histogram. Where the innermost annuli were smaller and crowded the 
detection of a dentine change would be difficult until some t ime after its 
occurrence. Thus, the histogram represents only those seals with fewer t han 
four complete annuli. Probably there is a lag in the detect ion of dentinal change 
in a il teeth, but this can be kept at a minimum by excluding older teeth. All 
suitable teeth collected from southwest Baffin Island in 1953 and 1954, as well as 
t hose collected from Foxe Basin in September and October, 1955, and February 
to Apri l, 1956, are included in the histogram. 

-
> - - -

-

-
. 

JAN FEB FEB.26 MAR MAR25 8 APR 22 JUNE JUNE SEPT 23 7 
D AT E - lo 

24 7 APR 2 2 5 6 

- 1:3 

FIG URE 1. Seasonal cha nges in the deposition of dense dentine at the pulp cavity of the ca nine 
tooth of Phoca hispida , in 205 specimens. 

Reference to Figure 1 shows that of ten teeth taken between J anuary 29 and 
February 11, eight showed no interruption of the most recently formed dense 
dentine. One had a very narrow, thin band and another showed thin dentine in 
a fairly broad band next to the pulp cavity. The first tooth with reticula ted, as 
opposed to merely thin, dentine was taken on March 11. Dense or thin dentine 
bordering the pulp cavity was found in sea ls ta ken up to April 19. Only th in or 
reticu lated dentine was found in the next members of the series, killed on pril 29, 
and in a il seals taken after this date until late May. At this time one seal, 
which may have been anomalous, showed a broad, dense band bordering the 
pulp cavity with no evidence of recent thinning. The first teeth to show an 
obvious cha nge from thin to denser dentine were two taken shortly before 
mid-J une. The last reticulated dentine was being formed on July 3, and there-
after the proportion of teeth depositing dense dentine next to the pulp cavity 
increased . Only 3 out of 100 teeth taken between August 6 and October 30 
had thin bordering dentine. Two seals taken in November were depositing-
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dense dentine, a lthough another with 8 dense bands on December 17 showed 
what appeared to be slight thinning of the dentine at this date. The majority, 
however, must continue to deposit dense dentine through the winter, judging 
from the suggestion of the first few histogram units of Figure 1. In those seals 
which showed the broadest bands of thin dentine in the spring, there was a tend-
ency for the most recently formed dentine to be even thinner, or reticula ted. 
The evidence for the deposition of the "poorest" dentine in the spring, from about 
mid-March to the b ginning of J uly, is th us based on a series of teeth which covers 
this entire period. The an nual nature of annulus formation may be taken as 
established and the structure of the dentine may be used with confidence to 
deduce the age of the seal. Thus, a seal taken in late summer with no annular 
pattern will be in its first year. Occasionally, however, a tenuous line of thin 
dentine, which may represent a line of birth or weaning, may be present. A seal 
taken in May with a single annulus of thinner or vacuolar dentine next to the 
pulp cavity, will have been born in March or April of the previous year. Figure 2 
illustrates a variety of tooth sections, showing the seasonal changes as elaborated 
above. Some seals could not be aged accurat ly by this method a fter the tenth 
year and few could be aged after 20 years of age. This is due to the decrease in 

F IGURE 2. Tooth sections of young seals in various seasons. On the sections : d =dense dentine, 
t=thin dentine, and v=vacuolar or reticulated dentine. 

A. S-50, August 31, 1953. Reflected light. This tooth, dense to the pulp cavity, is taken 
from a seal of the year. 

B. S-56-12. February 11, 1956. Reflected light. A seal of the previous year. o thinning 
of the dentine is apparent. The narrow dark border is the face of the pu lp cavity. 

C. SD-177, July 3, 1954. Reflected light. A moulting seal, born in the previous year. 
Note that the vacuolar dentine, on the inner border, is highly reflective. 

7 



D. S-55-57, October 16, 1955. Transmitted light. One thin band, deposited in the previous 
spring, indicates that this animal is in its second year. T he dentine bordering t he pulp 
ca vi ty is dense. 

E. S-55-57, October 16, 1955. Reflected light. The same section as in D. ote t hat the 
vacuolar dentine, which is not visible in the t ra nsmitted ligh t or D, is here revealed as a 
reflective band (as in C.) 

F. s--6-15, February 12 , 1956. Transmitted light. Dense dentine is being deposited at the 
pulp cavity, a lthough it is notas dense as the den tine or the previous summer, w hich had 
been laid down immediately following the spring thin band. Second year. 

dentine deposition rate, which results in crowding of a nnuli after ma ny years of 
age. l n very old sea ls the annu la r structure of the cement um served as an added 
check. D ense cementum ba nds show a one-to-one correlation with dense dentine 
bands in younger seals a nd do not decrease in size with age. By t his technique 
one ma le, the oldest seal obtained, was found to be about 43 or more years in age. 

OTHER METHODS OF AGEl r G 

T he E kimos of southwest Baffi n Isla nd a re ab le to distinguish what they 
suppose to be the younger age- lasses of the ringed seal. The ringed seal (netserk 
s.1.) is divided into seven age-groups with t he fo llowing Eskimo na mes (spe ll ing 
based on Thib rt, 1954); 

Netsiak . .. . ... . . . . . ..... . . .. . . . . 
Netsiavinerk . .. .. .... . .. .... . .. . 
Pivinerk ..... . ..... . .... . . . . ... . 
Saggalak . . ... . . . . .. ... . .. ... .. . 
T ogrotinerk . ..... ... .... . ... . . . 
Netsilak . . .... ..... . .. . . . . . . . . . 

the white-coat 
a sea l or the yea r, before the first moult 
a sea l or the second year, before the second moult 
a sea l or the third yea r, before the third moult 
a sea l of the fo urth year, before the fourth moult 
a ea l or the fifth year, not always distinguishable 

All other seals a re considered to be adult (netserk s.s.); t he ad ul t fema le is often 
ca.lled nunerk a nd the adult male tiggak. Thus the natives consider that maturity 
is reached a fter the fourth or fifth year. The na mes actually refer to the length 
of the haïr and its state of growing; the same names are a lso applied to st ges of 
the moul t a nd form ation of the new coat. T hus a seal of the second year may be 
called pivinerk on th basis of age, but if taken shortly after the moult, it may a lso 
be referred to as saggalak (tra nslated a pproximately as "new-grown ha ïr" ) . 

aturally, the determination of age by this method , if it is valid, is most simple 
a fter the hair is full y grown and before the mou lting season. The a uthor was 
unable on this basis to di tinguish any of the young age-classes except the seal of 
the year, which, in softness a nd length of ha ïr, i qui te di tinct . All twelve seals 
which were entered in the field-not s as young of the year were correctly aged. 
Thre out of four pivinerk were in the second year and one was in the third year, 
but had not yet mou lted . Four third-year seals, saggalak, were correctly aged 
by t he natives; a nother seal, actua lly in its first moult, was put into this class 
by the Eski mo . T he class torgrotinerk was less relia ble. Four out of seven of 
this class were correctly aged; however, two in their fifth year should have been 
called netsilak a nd one, in the seventh year , was actuall y a netserk in the strict 
sen se. 
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The Eskimos also make use of the claws in determining the age of the seal. 
They consider that a large number of a lternating light and dark claw annuli in 
some way indicates an old seal. Plekhanov (1933) noted annular bands on the 
claws of the harp seal. He presumed that these r presented annual increments of 
growth. Doutt (1942) found the sam pattern on ringed seal claws. 

The claws of 105 ringed seals were collected between April 28 and October 27, 
in order to assess their value in age determination. Dried or rotted claws a re 
easily removed from the phalanges, but those preserved in formalin cannot easily 
be removed from the attached bone and flesh . The claws show a it rnating dark 
and light bands. The light bands are variable in width, but are usually marked 
in the middle by a narrow, encircling ridge. Claws howing few bands are 
capped at the tip by a section of more or less translucent structure. This trans-
lucent tip, when not worn off, is usually separated from the rest of the claw by a 
narrow constriction which may represent the limit of prenatal growth. The band 
at the growing base is very narrow and light in the early pring, broadening 
t hrough the summer, and darkening before the a utumn. The slight ridges in the 
light band appear to be la id down in the spring. These features a re shown in a 
t ypical claw on Figure 3. T he hypothetical age of a seal may be determined by 
assuming that the dark bands are the result of a utumn and winter growth and 
t hat the light band a re formed in the spring and summer. The ages derived in 
t his manner are checked against ages determined from dentinal an nuli in Table I. 
The claws, which generally have a regu lar and clear pattern, are very useful in 
checking tooth-determined ages and for preliminary ageing in the field. Wear 
a t the tip obliterates first t he 'constriction of birth' and then the first year's 
growth. Ageing by claws is inva lid beyond about the tenth year, judging from 
comparisons of age-estimations of seals of 9 to 17 years in the Table. 

"constriction 
of birth" 

l year 
2 years 

dork 
growing 
base 

F1GURE 3. A typical claw, of a fourth-year eal killed on October 4, 1955. 
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TABLE I. Comparison of ages of Phoca hispida deduced Crom teeth and claws. A query following 
an age indicates t hat this age is the Jess accurate of the two, due to anomalies or obscuri ties. A 

plus sign indicates that wearing of the claw has eliminated the first year's growth. 

Deduced age 

First year ....... . 

umber of 
specimens 

4 

Second year. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11 
2 

Third year ... ... ... . 7 

Fourth yea r . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8 

Fifth year . . . . . . . . . . . . . . . . . 3 
2 

Sixth year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9 

Seventh year .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Eighth year ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 
1 

inth year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2 

Tenth year . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 

Eleventh yea r ...... .... .. ... .. . . . . .. .. ... . 

Twelfth year. .. . ... . . .. . .. .. ....... .. .. . . . 

Thirteenth year . ..... . . .. . . .... . ... . .... . . . 

Fourteenth year. . . . . . . . . . . . . . . . . . . . . . . . . . . 1 
1 

Seven teen th yea r . . . . . ............ . . .. .. . .. . 

10 

Tooth age Claw age 

2 2 
2 3? 

3 3 
2? 3 
3 2? 

4 4 
5? 4 
4 5? 

5 5 
4? 5 

6 6 

7 7 
6? 7 

8 8 
7? 8 

9 9 
9 7+ 

10 10 
10 8+ 

11 10+ 
11 8+ 

12 10+ 

13 10+ 
13 11 + 

14 10+ 
14 12+ 

17 10+ 



FACTORS AFFECTING THE FORMATIO OF D ENTINAL ANNULI AND C LAW BANDS 

The general appearance, variability and times of deposition of the dentinal 
annuli have been discussed. Essentially, incompletely calcified dentine is laid 
down in the spring season, a nd solid , well-formed dentine is deposited in the sum-
mer and generally through the winter. The springtime is featured by a relaxa-
tion of feeding, followed by more intensive fasting as the season progresses. 
Fewer than 603 of seals were feeding in each of the two-week periods 
between April 22 and June 30, which corresponds to the period in Figure 1 when 
fewer than 253 of the seals were depositing dense dentine at the pulp cavity. 
Thus, there is a distinct correlation between seal feeding or fasting, and the deposi-
tion of dentine. D ense dentine is deposited from early summer until the following 
spring when feeding intensity is greater. Mellanby (1928) found that a diet 
deficient in cod-liver oil, but complete in other respects, would result in poor 
dentine formation in puppies, and other workers have found that the necessary 
factor is Vitamin D . Fisher (1954a) and Laws (1953a) discuss this effect of 
Vitamin D in greater detail. Certain individual seals show thinning of the dent ine 
before the season of more intensive fast and some of these, as suggested above, 
may have been depositing such dentine through much of the winter. I t is possible 
that a sufficient Vitamin D intake is assured only by voracious feeding, for even 
though a seal may be eating enough to maintain its condition of fatness, as seems 
to be usual in the winter, it may not be ingesting sufficient Vitamin D to ensure 
the formation of the densest form of dentine. Moreover, adults experience the 
metabolic strain of the breeding season during the spring and this may well effect 
the formation of dentine. The moult norma lly occurs from mid-May unti l mid-
J uly, with a peak in the mon th of June, but the physiological cause of t he process 
may well extend back to an earlier period and effect the balance of dentine deposi-
tion. Several animais were taken in August and September which were in very 
late or prolonged moult. In these abnormal cases the seals were all feeding and 
dense dentine was being deposited at the pulp cavities of their teeth. Seals of 
the year, whose moult is not associated with a prolonged fast, do not deposit 
poorly formed dentine until the following spring. Thus t he moulting process, 
possibly through further drain on the resources of Vitamin D , may be a support-
ing facto r in thin dentine formation, but it cannot be the sole cause. Some teeth 
may show narrow bands of adventitious thin dentine within the dense dentine 
and it is probable t hat this a reflection of individual variations in feeding. T eeth 
from seals taken at H erschel Island, in the western arctic, are often difficult to 
interpret for this reason, and these anomalies may be due to abnormal feeding 
circumsta nces imposed by the geography and productivity of the area. 

The pattern of a nnular deposition in the ringed seal is in accord wi th the 
findings of Fisher (1954a) on the harp seal, although Laws (1953a) has reached 
different conclusions from his work on the elephant seal. H e considers that 
dense, fully formed dentine is la id down while the a nimal is fast ing and points 
out that Vitamin D may be formed in optimum amounts by irradia tion, when the 
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animal is lying in the sun; the same factor may be avai lable in sub-optimum 
a mounts when the an ima l is feeding in the water. Fisher (1954a) discusses the 
opposition of the two views, but the present author can add nothing more in 
explanation of the two different conclusions. 

The claws are Jess subj ect to individual variation t han the teeth a nd their 
growth is probably more closely dependent on the moulting cycle, which 1s a 
more precisely a nnua l phenomenon than the fast ing season. 
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GROWTH D MORPHOMETRY 

The ringed seal is probably the smallest of the haïr seals (Phocidae). The 
largest specimen taken for this study was a male, 156 cm. (5.1 feet) from nose to 
tip of tail and 222 lb. in weight; the longest female measured 152.5 cm. (5.0 feet). 
Soper (1928) recorded a male of sligh tly greater length, 162.5 cm. (5.3 feet), 
and Stefansson (1944) weighted one of 225 lbs. or more, including estimated blood 
los . Five and one-half feet (168 cm.) and 250 lb. are probably clos to the limits 
for the male of this species. There is great individual variation in adu lt size, 
which appears to be independent of age; the factors governing this variation will 
be discussed in a later section. 

The relationship between standard length and age of the ringed seal is 
outlined in Figure 4. The symbols represent the mean of size and age of seals 

! 
E 

c 
5 -

95 -
c 85 

75 c 

AGE 2 3 4 5 6 7 8 9 25+ 
No. 8 9 9 7 4 5 2 2 2 

Spec. 3 7 8 5 9 6 5 2 2 2 2 2 2 6 5 1 

FIGURE 4. Growth of Phoca hispida. Each symbol represents the average, in length and age, 
of each age-group. The curves are fitted by eye with the aid of several straight lines of least 

squares. 
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from each age-group. The size at birth (65 cm. or 25.5 inches, derived from three 
full-term foetuses and two new-born pups and averaged for April 1) is not fixed 
with accu racy, but the first-year size-mean, derived from 24 specimens, is more 
firmly based. The high degree of individual variation and the different geographi-
cal origins of the specimens make it difficu lt to fit exact growth curves. The 
curves on Figure 4 must be considered to be approximate only, a lthough they 
were fitted with the aid of several successive straight lines of least squares. 
During its life, the ringed seal appears to grow from approximately 65 cm. at 
birth to a final ad ult size of about 135 cm. (4.4 feet), the males averaging about 3 
cm. longer than the females after maturity. The hape of the growth curve is 
similar in both sexes. The slight negative deviation of the third, fourth and fifth 
year size-means is considered to be a result of sampling error, and not related to 
the double sigmoid growth-curve found in the males of polygynous species 
(Laws, 1953b; Scheffer and Wilke, 1953). 

Laws (1956a) has related growth rates of Pinnipedia and Cetacea to their 
ages at puberty. He found that about 86% of the final length is attained by the 
females at the age of sexual maturity. This rule holds well for the ringed seal 
which ovulates for the first time, on the average, when about 6 years old. At 
t his time, from Figure 4, the female would measure about 117 cm., or 87.6% of 
the final adult length of 133.5 cm. at 25 + years. 

Other body measurements are given in Appendix Tables I and II. Since 
field-measurement techniques and criteria differ, the measurements are defined 
here. The "same" measurements often produced quite different results when 
applied by more than one person to the same specimen. These Tables are made 
up of the author's data a lone. 

1. Standard length was measured in a straight line from tip of nose to the end of the tail, 
with the head and neck in a natural position. 

2. Axillary girth was taken with the aid of a piece of string around the body, under the fore-
flippers, at the level of the axi llae. 

3. Maximum girth was taken around the largest circumference of the chest or abdomen; 
this did not always exceed the axillary girth in very thin seals. 

4. Navel to anus distance was measured from the centre of the umbilical scar to the anterior 
notch of the anus of the male and the vestibule of the female, a long the body contour. 

5. Penis to anus distance was measured from the centre of the penis orifice to the anterior 
notch of the anus, along the body contour. 

6. Forejlipper length was measured in a straight line along the radial border of the forelimb, 
from the axi lla to the tip of the longest digit (not claw). The forelimb was held fiat and extended 
posteriorly along the side of the body. 

7. Forejlipper width was taken from the tips of the first and last digits (not claws) of the 
stretched flipper, in a straight line. 

8. Hindjlipper length was measured from the base of the tai l, a long the inner edge of the 
extended flipper, to the level of t he longest digit. 

9. Hindjlipper width was taken from the tips of the first and last digits with the flipper 
.stretched toits fullest extent. 
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10. A probe was inserted into a small incision over the sternu m. The blubber thickness was 
then marked on the probe from the bared bone of the sternum to the inner surface of the hide. 

11. Weight was taken by a spring balance of 200 lb. capacity. No estimate was made for 
Joss of blood. 

A few data on tail length and distance between mammae are not included in 
the T able. The tail length appears to increase from about 6.5 cm. in 80 cm. 
seals, to about 9 cm. in 150 cm. seals( from line of regression of tail length to 
standard length of 29 specimens) . The distance between mammae (from 22 
specimens) appears to range from about 5 cm. in seals of 85 cm. in length, to 
about 9 cm. in seals about 140 cm. long. 

For comparative p urposes, some of the measurements have been reduced to 
percentages of the standard length and each such percentage plotted against its 
standard length. Straight lines of least squares have been fitted to the measure-
ments expressed in this fashion, with the sexes separated. Appendix Table II 
gives the results of this analysis . The percentage of standard length of each 
measurement is given for seals of 60 cm. and 160 cm. in standard length and serves 
t o fix the line of regression, and one standard error of the estimate is given to 
express the variation around this line. The seasonally variable girths, weight, 
and blubber thickness are excluded . Heterogonic growth is suggested in several 
of these comparisons. The limbs seem to grow proportionately Jess rapidly than 
the animal as a whole. The hind end of the body appears to grow only slightly 
more rapidly than the anterior end, as demonstrated by the comparison of the 
distance from navel to anus with standard length; thus there is little evidence for 
an antero-posterior growth gradient in this species. 

A large series of skulls was collected from southwest Baffin Island. Morpho-
metric studies of t hese have led to the consideration of taxonomy, and in particular 
to the status of the two subspecies described by Anderson (1942). Taxonomie 
matters will be left for a later paper and the morphometry of the skulls will be 
discussed t hen. 
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FEEDI G 
Foon PREFERENCES 

Of the 216 seal stomachs examined in the fi eld by the a uthor, 36 were empty 
and 104 were sampled, in whole or in part, for labora tory a nalysis. The stomach 
contents of 48 seals, collected by other groups and individuals, were a lso avai lable. 
At least 72 species were detec ted in these stomachs. Appendix Tables III to 
IX list the food species, a long with data on their incidence, according to localities. 

The ringed seal makes use of a wide variety of planktonic, nektonic, and 
benthonic food species. It is apparent ly widely adaptable in its feeding habits, 
but does not seem to eat man y of the slow-moving, seden tary or burrowing 
a nimais (molluscs, echinoderms, tubeworms, large prawns, etc.) which a re the 
chief components of t he diet of the bearded seal (Erignathus barbatus). The few 
molluscs taken were small, with the shell present, and were probably more or 
Jess accidentally ingested. Among the decapod food specie , only one crab 
(Hyas coarctatus) and none of the heavily armoured Sclerocrangon boreas2 were 
detected. The ma ller individuals of the natantic decapods were common a nd 
such food may be selected just off the bottom, not benthonically. The most 
abundan t food elements were Themisto libellula, Mysis oculata, and the polar cod, 
Boreogadus saida. 

The ringed seal probably feeds by individual selection of each food organism. 
I t is known to feed onl y on the larger Themisto of a popu lation having a bimodal 
size distribution (Dunbar, 1941 ). The possibility of a sifting or fil tering method 
of feeding cannot be excluded, however. For example, two seals from Foxe 
Basin were feed ing a lmost exclusively on the small (10- 12 mm .) amphipod 
Apherusa glacialis, of which there were a bout 1,100 individuals in each stomach. 
These amphipods were noted in thick surface swarms at the time and a lmost 
certainly, due to their small size, could not have been taken individually. Small 
terrestial leaves a nd bird feathers were occasionally found in plankton-filled 
stomachs, especia lly in seals feeding inshore on mysids, indicating t hat selection 
was not too critical. Bearded seal stomachs which have been examined by the 
writer often contained stones, sand and mud. Such eviclence of indiscrimin ate 
feecling was rarely founcl in t he ringed seals which were feecling benthonically. 
Pebbles were found in the otherwise empty stomachs of three seals taken cluring 
the fasting season. These may have been swallowed purposely, perhaps to ge t 
rid of the nematode worms with which the stomachs were infestecl (see a lso H ahn. 
1884) . 

Little eviclence is avi lable on the depth a t which ringed seals may feed, for 
hydrographie charts of the areas stuclied are not generally available, or are not 
complete. One ringed seal taken near Churchill, Manitoba, in February, 1954. 

2 Squires (195 7) lists 39 Sclerocrangon boreas in ringed seal stomachs from ngava Bay, and 
other differences are found between the decapod food species in Appendix Tab le III of the presen t 
paper and t hose listed by Squires from the same collec tion of seal stomachs. Mr. Squires has 
kindly infonned the a uthor that these discrepancies are due a lmost en tirely to the mistaken 
inclusion in his list of the findings from a single bearded seal stomach. 
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was feed ing on benthonic decapods in 14 to 15 fathoms (26-28 m.) of water and 
decapods were al o eaten by seals in 15 to 20 fathoms (28-37 m. ) of water in 
Foxe Basin in the autumn of 1955. Severa! seals ki lled in over 20 fathoms of 
water in t he winter of 1956 were feed ing benthonica ll y and at least one of these, 
judging from the few soundings in this northern area of Foxe Basin, might have 
been in around 50 fathoms (90 m.) of water. The fur seal (Callorhinus ursinus) 
is known to dive to at least 40 fathoms (70 m.) (Scheffer, 1946) and the walrus 
(Odobaenus rosmarus) to 44 fathoms (80 m. ) (Vibe, 1950). One undisturbed seal, 
observed in a fairly shallow bay of southwest Baffin Island, stayed down for a n 
average period of 3 minutes and 13 econds, and surfaced for an average of 1 
minute and 29 econds, during four successive dives. 

o differences were apparent in the choice of food species through the season 
and no d ifferences cou ld be detec ted in feeding with respect to seal age. It is 
evident that the choice of food depends on its avai labi lity, and that feeding fa lls 
into a pattern which is partly determined by depth of water and distance from 
the coast. 

PATTER s OF FEEDI G 

In southwest Baffin Is land (Fig. 5) all seals which had been feeding in deep 
offshore waters were subsi ting mainly on Themisto libellula, a planktonic amphi-
pod. Seals taken in bays or in hoal water were feeding predomina ntly on the 

Dominon! Food 
OThemisto 
• Fïsh 
• Decapoda 
e Mysis 
+Other 

( ) Numbers of Seals 

FIGURE 5. The pattern of feeding of Phoca hispida in southwest Baffin Island 
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polar cod (Boreogadus saida), Mysis oculata, and on various decapods; Themisto 
wa dominant in the stomach of only one inshore seal. This stomach contained 
fr sher decapod ma terial, including a single crab (Hyas coarctatus), a nd the seal 
had probably corne in recently from the offshore waters. Two seals taken near 
land fronted by the open sea had been feeding large] y on the a mphipods Haploops 
setosa and Gammarus setosus. Other seals killed near the open coast were feeding 
on polar cod, or Themisto, or both. 

In northern Foxe Basin (Fig. 6) the delimitation between inshore a nd offshore 
feeding is not so apparent. Foxe Basin is generally shallow and almost al! the 
seals were taken well within the 25-fathom Jimit (see Campbell and Collin, 1956). 
Also, Themisto does not appear to be as abundant here as in Hudson Strait. 
The polar cod appears to be the most common food choice in shoa l water and 
Mysis oculata also figures largely at such depths. The insert in Figure 6 suggests 
that Mysis is not taken in the shallowest water and this is in keeping with the 
known habits of t his crustacean . Large numbers of polar od were taken in 
nine out of eleven seals feeding over the shallow bar of Turton Bay (Figure 6) . 

o Themista 
• Fish (almost all Boreogadus 
• Decopoda 
e Mysis 
• Other (chiefly amphipods) 

l 1 Numbers of Seals 

. 

TERN 

FIGURE 6. The pattern of feeding of Phoca hispida in northern Foxe Basin. 

This bar was covered with grounded ice du ring much of the season , and the 
Eskimos reported having seen great schools of t his fish there earlier in the season. 
All the seal stomachs shown in Figure 6 which a re distributed to the southeast 
and east of Igloolik Isla nd , and between Igloolik a nd Tern Islands, were exami ned 
in the field during the winter of 1956 (Calanus fi eld notes, 1956). Themisto was 
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dominant in four stomachs from the waters between the northern tip of Igloolik 
Island and T ern Island, where the depths range around 50 fathoms . It is perhaps 
Of in terest that the two other stomachs in which Themisto was dominant were 
taken from the southwest corner of Turton Bay (Fig. 6) which i probably the 
Deepest water from which seals were taken, excludi ng the a rea to the outhwest 
of Tern Island. Thus, in spite of the obscuri ty of t he pattern in Foxe Basin, a 
similar correla tion between choice of food a nd depth is suggested. 

Many of the stomachs in ngava Bay were collected by Eskimos and were 
not accompanied by precise data on origin. Nevertheles , most were probably 
taken in inshore waters, for the dominant food species, Mysis spp., Thysanoessa 
spp., a nd the fish a re all inshore forms; Themislo was a minor food element there. 
Seals from bays and fiords of Frobisher Bay were feeding largely on Mysis and 
fish. Mysis, pelagic a mphipods such as Gammarus spp. and Apherusa, and the 
benthonic genera Atylus, Socarnes a nd Anonyx , a nd fish were found in inshore 
stomachs from E llesmere and Prince Patrick Isla nds. The geogra phical pattern 
of feeding is not clear in Southa mpton Island, where Themisto, Mysis and 
Thysanoessa were the most common ly found food species. A seal off the mouth 
of the Churchill River, in 14-15 fathoms (26- 27 m. ) of water, was feeding largely 
on Decapoda. 

The literature suggests that a similar feeding pattern may apply in other 
parts of the arctic. Johansen (1910) states tha t seal shot in the pack ice off 
East Green land were feeding on pelagic a mphipods, but the polar cod was the 
principal food for fiord -dwelling seals in May to August. The old fiord-sea ls of 
East Greenland feed on t he larger species of Crustacea (Decapoda?) according to 
Pedersen (1930). Offshore and inshore seals of the same region may feed on 
polar cod (idem, 1942). The adult seals of Cumberland ound feed largely on 
unspecified Crustacea (Kumlien, 1879); in the winter t hey live inshore, under the 
fast ice, and subsist to a considerable extent upon fi sh. Vibe (1950) considers 
that the polar cod is the principal food when t he seals are foraging at grea t depths 
and that a mphipods and decapods a re the chief food elements near the coast of 
northwest Greenland. This is just the reverse of the feeding pattern displayed 
in southwest Baffin Isla nd a nd other loca lities in the eastern Canadian arctic. 
Vibe found pola r cod a lmost exclusively in stomachs from Teqe, which, judging 
from his map of the area, is actually an inshore region. t La ke H a rbour, on 
southern Baffin Island , Dunba r (1941) found Themisto dominant in seals taken 
during August; the stomachs were taken in offshore waters (M.J. Dunbar, 
persona! communication). Other references in t he literature , lacking in geo-
graphical speci ficity, do not illustra te the pattern of feeding and depth, but do 
suggest tha t the ringed seal has some latitude in choice of food. 

Thus, in shallow, inshore waters the ringed seal may feed benthonically or 
nea r the bottom, chiefly on fish, Mysis, a nd decapods. It can turn quite easi ly 
to strictly planktonic feeding, particula rly on Amphipoda, a nd in the offshore 
waters of southwest Baffin Island its chief food is Themisto libellula. The ringed 
sea l has the ability to utilize organisms a t s veral points of the food chain (as 
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outlined in Dunbar, 1953) and a lthough there may be individual, seasonal and 
geographical differences in their nutritiona l histories, food is not likely a limiting 
factor in the loca l distribution and numbers of the seal. Important food species, 
such as Mysis a nd Boreogadus, are avai lab le in areas where seals are scarce 
(for example, parts of Hudson Bay) a nd food availability is evidently not a 
critical factor in determining the abunda nce of ringed seals over various parts 
of their wide range. 

THE F ASTING SEASON 

Figure 7 hows, in hi togra m form, the season of fasting. The degree of 
fullness of stomachs is not incorporated into this histogram, which is made up 
of seals sampled from southwest Baffin Island, Southa mpton Island a nd northern 
Foxe Basin. Although there is some suggestion of relaxation of feeding in late 
winter a nd early spring, the period of more intensive fasting would a ppear to 
extend from April to la te June. The fast seems to be strongly associated with 
the habit of ha uling out onto the fast ice, for Freuchen (1935), Pedersen (1930,) 
and Kumlien (1879) mention the relative emptiness of stomachs from seals which 
have been ba king on the ice. In southwest Ba ffin Island in 1954, sea ls bega n 
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FIGURE 7. The annual cycle of feed ing intensity of Phoca hispida, from 381 specimens. 

to appear on the fast ice as early as late March , but the numbers were very small 
unti l May. On May 14, a day of low cloud-cover, only 3 seals were seen in about 
21 miles of travel on the fast ice. On May 16, a day of bright sunshine, eleven 
seals were seen during 30 mi les of travel. T he numbers were still relatively 
sma ll in late May, for this period was generall y cold and windy. Du ring t he hot 
days of mid-J une to early J uly, large numbers of seals were seen on the ice of 
Andrew Gordon Bay (see Fig. 21). On J une 18, 16 seals were ob erved lying-
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alongside a tide-crack in the fast ice, about 150 yards (140 m.) in length. On 
J uly 13, 27 animais were sunning on a sheet of ice, about ¾ square mile in area. 
After mid-J une large numbers of immature anima is, which had spent the winter in 
the open water, moved into the fast ice of southwest Baffin Island . Seals were 
very common on the fast ice of outhampton Island before mid-June of 1955, 
when the season was hot and sunny (A. W. Mansfield, persona! communica tion). 
In northwest Foxe Basin in 1956, on the other ha nd, the sunny weather occurred 
m uch later in the season and seals were not very common on the ice before la te 
J une a nd early J uly. Table II lists the proportions of food-containing and empty 
stomachs in relation to the fast ice, for the crucial period of late April to mid-July. 
During this period, 29 0 of seals killed in the open water outside the fast ice had 
empty stomachs, whereas 79% of tho e taken on the fast ice were not feeding. 
It appears, then, that there is a general relaxation of feeding in the early spring, 
perhaps more pronounced in sea ls living under the fast ice, most of which are 
adults concerned with reproduction in late Ma rch until mid-May. The eason 
of most intensive fasting coïncides with the periods when most seals are sunning 
on the fast ice, and it may be that the timing and intensity of this pronounced 
fast is dependent on the conditions for hauling out in the sun. 

TABLE Il. Seal feeding in rela tion to fast ice. 

D a te 

Origin of s tomach Contents April 22 May 6 Ma y 20 June 3 June 17 July 1 T otals 
to to to to to to 

May 5 May 19 June 2 June 16 June 30 July 14 

Outside fast ice { Empty . . ... 1 1 4 5 2 1 14 
With food . . 1 1 8 14 6 4 34 

Inside fast ice (cracks and { Empty . . .. . . .. 4 ... . . . ... ... 4 
tide-rips) ............... With food . . ... 7 ... .. . ... . .. 7 

On fa st ice { Empty . . . .. l 4 6 8 13 2 34 
With food . . ... 1 1 3 1 3 9 

FEEDI G AND SEAL 0 DITION 

Some of the routine measurements taken in the fie ld are useful in deterrnining 
t he condition or degree of fatness of t he seals. From these rneasurernents, the 
fo llowing indices of seal condition may be derived: 

Index 1. Blubber thickness may be cornpared d irectly with standard length. 
T he thickness of the blubber of the ringed seal is sma ll and th is comparison is 
subject to error of measurement. 

Index 2. The cube root of the w ight may be compared with t he standard 
length. T his index shows a very wide range of values and the seasonal trends 
a re not too clear. Since Joss of blood cannot be controlled, t he wide range of 
values is not unexpected. 
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Index 3. This index of condition has been a pplied by Sivertsen (1941) to 
the harp seal and by Laws (1953b) to the elephant eal. The circumference of 
the seal, which reflects blubber thickness by a ratio of cha nge of about 6 to 1 
(2ˊr), is compared with the length of the seal. The size of the seal enters into 
both numerator and denominator of the formu la: 

. . Maximum girth 
Seal cond1t1on = d d 1 h X 100 tan ar engt 

This formula was applied to 326 seals, exclud ing seals of the year, since these 
have not fasted in the spring, and illustrates the seasonal trends of condition 
(Fig. 8). The different geographical origins of t he seals and the wide rang of 
variation in condition suggest that some data on individ ua l eals and circumstances 
are required to clarify the picture of seasonal changes. 
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F1GU RE 8. Seasonal cha nges in seal condit ion. The curve has been fitted by eye, with t he aid of 
semi-monthly mea ns, a nd has becn ra ised a t the left a nd lowered at the right, in the belief that 

seal condition does not change much during the winter months. 

The average condition index of 6 seals taken in southwest Baffin Island 
b tween l\farch 11 and April 4 was 94.9. The average for 5 seals killed on the 
fa t ice during May was 90.9. One of the May seals had been badly wounded a 
few days previously and its poor condition (index 81.7) may have resulted from 
this abnormal stress. Thus, there appears to have been little loss of blubber in 
May and this is in accord with the relative scarcity of seals basking on the ice at 
this time. At Southampton Island in May, numbers of seals were basking on 
the fast ice, and in J une, all the seals from t his locality were killed on the ice; 
their condition is correspondingly poor, giving an average index of 80.0. The 
average condition index of the Foxe Basin specimens changed from 90.8 in the 
period of February to March, to 86.0 in the period of mid-May to mid-June. 
Both these values are lower than those for the equivalent periods in southwest 
Baffin Island, but the decrease in condition is about the same in each region . 
T he figures may represent actual differences in seal condition between southwest 
Baffi n Island and Foxe Basin, though they may result from different measuring 
techniques, since the measurements of the Foxe Basin seals were not made by 
the a uthor. In southwest Baffi n Island on June 12 and 23 two offshore animais 
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were feeding heavily and were in winter condition (indices 100.0 and 93.6); in 
living outside the fast ice, presumably neither had experienced much fasting . 
Seals taken on the fast ice of this area showed a wide range of condition. It is 
believed that those seals taken near the outer edge of the fast ice in June and early 
J uly had corne in recently from the open water. Those taken well inside the 
fast ice were probably winter residents, which had had a longer opportunity for 
basking and associated fasting. Six seals taken at the head of Andrew Gordon 
Bay (see Fig. 21) were ail qui te thin in mid-J une. On the other hand, seals taken 
near the edge of the fast ice in this area were either fat or thin. Two measured 
from this a rea in early J uly exceeded in condition index all but one of the 43 
August specimens from southwest Baffin Island and were expected to !ose much 
more blubber before the summer season. ln northern Foxe Basin the seals were 
not corn mon on the ice until late June and early J uly and, with the late departure 
of the ice in that area, were common on the ice throughout July. The condition 
index of the population continued to drop during this period, being 82.1 in the 
first half of J uly and 78.8 in the first half of August. The southwest Baffin Island 
seals, which had probably resumed feeding somewhat earlier, were slightly fatter 
than the Foxe Basin seals in mid-August. The curve of Figure 8 shows that 
blubber thickness increases throughout the summer and fall and probably reaches 
winter condition around the time for freezeup. The northern Foxe Basin 
specimens best show this trend in late August and early September. 

Thus Figure 8 does not adequately expre s the blubber changes of an indi-
vidual seal. In brief, a seal probably maintains a high condition index through 
the winter, undergoes a graduai decline in blubber thickness through the early 
spring, and !oses cond ition more rapidly during the intensive basking and fasting 
period of late spring. The blubber increases with resumed feeding in the early 
summer until a maximum thickness may be reached in the late fa!!. 

The specific gravity of a seal is lowest when the blubber is thickest, and the 
percentage of sinking seals is greatest immediately after the fast, when the seals 
are thin. Table III gives the percentages of sinking seals, in two week intervals, 
for the period of J uly to the end of September in southwest Baffin Island. Many 
seals , hunted from rowboat, whaleboat or schooner are retrieved at the last 
possible moment; the table cannot account for these potential sinkers, nor for 
variations in the harpooners' abilities. The hunters are much more diligent when 
the seals are most likely to sink and these factors have an effect on the proportions 
retrieved. 

There may be differences in the feeding activity of inshore and offshore 
seals of southwest Baffin Island. Thus, 9 out of 40 seals killed in inshore waters 
after J uly 15 had empty stomachs whilst all but one of 57 killed during the same 
period in the offshore waters southeast of Cape Dorset (Fig. 5, insert) had been 
feeding. lnshore stomachs were also inclined to be less full, whereas those from 
the offshore area were almost a lways crammed with Themisto. This does not 
necessarily imply that inshore animais were experiencing sub-optimal feeding 
conditions. Themisto probably offers less food, weight for weight, than do fish 
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and perha ps decapods, for the intestinal contents of offshore seals often contain 
much indigestable exoskeletal material; the faeces of fish-eating seals are con-
siderably more liquid and further digested. It is possib le that the intensity of 
feeding is dependent on the nature of the food, and seals eating Themisto, or other 
plankton , must apply themselves more diligently to feed ing. 

TABLE III. Sea onal sinking percentages or offshore Phoca hispida in southwest Baffin Island 
in 1953 a nd 1954. 

Jul y 1-15 Jul y 15-31 Aug. 1-15 Aug. 15-31 Sept. 1-15 Sept. 15-30 

Killed .. .... .. . . ........ .. .. 15 24 34 23 32 

Sank .. 9 4 5 

Percentage sinking . .......... 60 16 . 6 14. 7 4.4 3.1 

There is no evidence of poorer condition of inshore seals in the Cape Dorset 
area in August, and seals ta ken from the fast ice in the period of March to late 

May were certainly not more undernourished than those taken offshore during 
t he sa me period. Nevertheless, seals living deep within the archipelago to the 
east of Ca pe Dorset in September may have been in poorer condition than those 
living in offshore waters at the same time. From September 6 to 9, 1954, the 
author accompanied some Eskimos on trips within this region, some 20 to 30 
miles from the open sea. Fifteen seals were killed here, but only fi.ve were re-
trieved. This Joss is much larger than t hat found near Cape Dorset in August 
and early September (66. 7 0 as opposed to 12.43; the standard error of the 
difference in percentage is 11.43 a nd the chance that these were random samples 
from the same population is Jess than 0.006 in 100). The ftotation of a seal is 
delicately balanced and it is clear that the fresher superfi.cial water layer, 
resulting from the pouring of rivers into the coastal bays and lagoons, would not 
support the seals as well as the more saline and denser offshore waters. However, 
this is probably not the whole answer. The condition indices of 43 seals from 
near Cape Dorset in August ranged from 74.1 to 90.3, with a mean index of 81.8. 
Four seal from within the archipelago in early September ranged from 76.2 to 
85.9 and had a mean condition index of 80.l. These means are not signifi.cantly 
different, but since the seal with t he lowest index from the deep-inshore waters 
was actua lly recovered from the bottom, the ten which were not recovered may 
have been as t hin as or thinner than this sea l. This may indicate that the seals 
inhabiting deeply indented coasts are thinner than offshore seals at the same 
tirne. It has been pointed out in the last paragraph that it cannot be presumed 
that there is a shortage of available food in the inshore waters. However, it is 
possible that the long duration of ice in these deeply indented coasts results in a 
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more prolonged period of spring and early summer fasting among the resident 
seals, and this will be reflected in a greater Iag in the return to floating condition 
after feeding has been resumed. 

In 1955, according to A. H. Macpherson (persona! communication), seals 
in the Cape Dorset area were sinking in unusually large numbers throughout the 
early summer. The spring season was unusually hot and the ice departed rather 
Iater than in 1954. It seems Iikely that the high sinking rate was caused by 
better conditions for spring basking, which resulted in a Iower average index of 
condition in the summer seals. 
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THE MOULT 

The moult in Pinnipedia is annual and always coincides with a period when 
the seals are able to haul out on the land or ice. Table IV summarizes the 
moulting season from observations made in southwest and northern Baffin Island 
and Southampton Island. T he moulting season may extend from mid-May to 
mid-July, though the phenomenon is most marked in June. At this time the 
seals are able to take advantage of t he basking season and t he animais a re observed 
to scratch and rub the moulting skin while lying in the hot sun. The Eskimos of 
southwest Baffin Island believe that hauling-out behaviour, in enabling the seal 
to free itself of the old hair and epidermis, is necessary for the completion of the 
moult, and their reasoning is as follows : they suppose that those seals in which 
the moulting process is prolonged throughout the summer months to the fa ll 
were unable to crawl out onto the ice during the basking season, perhaps because 
they were caught too far offshore in areas lacking suitable ice; but t he evidence 
for their not having been able to corne out onto the ice is in the protracted moult, 
and the argument is thus ci rcular. 

TABLE IV. umber, by weekly periods, of moulting Phoca hispida of southwest and northern 
Baffin Island and Southampton Island in 1954, 1955 and 1956. 

Dates 
(inclusive) 

May 1- 7 ..... .. .......................... . 
May 8- 14 ... .. .. ........ . . ............... . 
May 15- 21 ... .............. . . ... ...... . .. . 
May 22- 28 ........... . ....... . ..... .. . . .. . 

Moulting 

No. 

May 29- J une 4 ................ . .. . .. . ..... 8 
June5- 11 ..... .............. . .... .. .. . ... . 8 
J une 12- 18.... . .. . . . ... . .... .. ... . .. .... .. 6 
J une 19- 25 ........... ..... . ...... . .. . .... . 6 
J une 26-July 2. ...... . . ................... 3 
J uly 3- 9 ...... . . .... .. . .. . . . .. . ...... . ... . 
J uly 10-16 ... .. .. . .. . .. . ......... . ....... . 
J uly 17-23 ......... ........... . . . ..... . .. . 
July 24-30 ..... . . . . . ... . .... . ... .. . .. ... . . 

Not 
moulting 

No. 

3 
2 
9 
3 
5 

12 
4 
2 
5 

4 
5 
3 

Percentage 
moulting 

% 

0 
0 

10 
0 

62 
40 
60 
75 
38 

20 
0 
0 

When moulting seals are taken much later in t he season , the condition is 
considered to be abnorma l. Individuals in this state were taken on August 6 
(southwest Baffin Island), September 1 (Southampton Island) and on October 8 
and 28 (Foxe Basin). The September 1 and October 28 specimens were second 
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year females, a nd were extremely sma ll a nd delicate for seals of this age (81 and 
79 cm. in length re pectively, the average length of fema les in this age-group 
being about 93 cm. ) . The September 1 specimen, with an a lmost bare skin , is 
illustrated in Figure 9. Another abnormal ani ma l, which was completely devoid 
of hair, was reported to have been ki lled in early September, 1954, in southwest 
Baffin Island, and Kumlien (1879) reports simi lar ha irless seals in Cumberland 
Sound. 

FIGURE 9. An abnormally la te and complete mou lt on September 1. This unusual specimen, on 
the right, is compa red with a non-moulting firs t-year seal. Note tha t very little haïr remains, 

chiefl y on the right flank, a nd that t he new hair is very short. 
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REPRODUCTION 

AGES AT SEXUAL MATURITY 

Until the development of an accurate ageing technique, the question of 
age at sexual maturity for various pinnipeds could not be a nswered satisfactorily. 
Data on age at sexual maturity of the ringed seal are scarce and are based on 
general considerations , rather than on absolute ageing methods. Sleptsov (1943) 
assumes that maturity is reached a fter two years . Pedersen (1926) and Freuchen 
(1935) suggest t hat the ringed seal is not full y developed until the fifth year, 
a lthough neither gives any direct evidence for this assumption. I t is interesting 
to note that the latter two authors, both of whom lived with the Eskimos, give 
estimates which coïncide with Eskimo conclusions on southwest Baffin Island 
a nd Foxe Basin (see page 8). 

THE MALE. The advent of sexual maturity in the male may be considered 
to coincide with the appearance of spermia in the ejaculatory ducts for the first 
time. A large sample of seals taken during the breeding season would be required 
to fix the peak and range of age at sexual maturity, by this definition. Due to 
t he difficulties of hunting at this season (March to mid-May), no such large sample 
could be obtained. 

Two males of 5 years of age and ail younger males lacked spermia in the ducts 
during the breeding season. Another 5-year-old seal on June 5 showed no 
evidence of having contained spermia (degenerate remains) in the past breeding 
season, and the epididymis of a 6-year-old on May 3 was aspermous. The 
youngest male taken with spermia in the epididymis was 7 years in age (SD-27, 
April 7, 1954). 

Other criteria are useful in establishing age of sexual maturity in the male. 
As with all other mammals, adult seals have a larger testis than immature animais, 
even outside the breeding season (see Scheffer, 1950). Figure 10 indicates that 
an increase in testis size occurs during the seventh year and there is a correspond-
ing increase in the diameters of the tubules in the testis and also the epididymis 
(T able V). Apparently there is an increase of sexual activity during the breeding 
season in immature males as well as in adults and this results in the wide range of 
histological appearance and tubule size, as demonstrated in the T able. Sperma-
tids were detected in the one fifth-year seal shortly a fter the breeding season . 
All sixth and seventh-year testes bore spermatids, and small numbers of spermia 
were fo und in the testis, but not in the epididymis, of a sixth-year seal in early 
June. 
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FIGURE 10. Growth of the testis of Phoca hispida. 
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TABLE V. Tubule diameter and spermatogenet ic act ivity in yo ung Phoca hisp·ida. Tubu les were measured from the basement membra nes across the narrowest diameter; t he mea n of 2S tubu les was taken for each specimen. Measurements are in microns and the ranges are bracketed a fter the mea ns. 

Number Dia meter of tubule3 Spermatogenetic stages 
Age 

of group 
specimens Testis Epididymis 

Sperma togon ia 
Spermatocytes Spermatids Spermia on ly 

0-1 s S2 .8 (4S 1- 66 2) 72.0 (S9.S-87.4) 1 4 . . . . . ... 1- 2 2 49 . 8 ( 4S . 8- S3 . 8) S8 .S (SS 7- 61.2) 1 1 . . . . . ... 2- 3 2 48 . 2 ( 43 . 6- S2 . 8) Sl.9 (Sl.2- S2 .S) 1 1 . . . . . .. . 3- 4 4 SS .4 ( 4 7 . 0- 63 . 0) 74.9 (S8 .2- 91.S ) . . . 4 . . . .. . . 4- S 4 69 . 1 (68 . 2- 70 . 1) 101.4 (66 . 6- 1S7 1) . . . . 4 1 . ... S- 6 6 76 .8 (S8 .9- 126 . 1) 100 . 2 ( 6S . 3- 16S .4) ... . 6 2 1 6- 7 4 109 . 1 (98. 9- 121. 6) 145.0 (98 .2- 206 .4) . . . . 4 4 .... 



Both baculum length and baculum weight (Fig. 11, 12) show a steep rise in 
the seventh year, though the increase may begin before the seal is 6 years old. 
Growth appears to level off during the eighth year. The baculum continues to 
grow throughout the life of the seal, but most of the weight increase a ppears to 
result from increase of thickness, and perhaps dens_ity, of the bone. 
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FIGURE 11, Increase in weight of the baculum with age in Phoca hispida. 

During the breeding season, the adult male is peculiarly malodorous. Such 
seals are referred to as tiggak by the Eskimos, and the youngest seal recorded in 
this class proved to be 7 years old. I t is a l o of interest to note that two seals of 
the early sixth year were the oldest taken outside the limit of fast ice of southwest 
Baffin Island in the winter and early spring. Residence in the fast ice is a response 
to breeding urges (see page 38), and this is probably analogous to the incomplete 
representation of the immature harp seals in the southward breeding migration 
(see Fisher, 1954a). 
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Ali these features suggest that, on the average, the male ringed seal is capable 
of breeding for the first time when about 7 years of age, though some seals may 
mature a year earlier. Thus, of 2 seals ( D-106 and 107), both 6 years and about 
2 months in age, one had larger testes and these were a sociated with a baculum 
of almost twice the weight of the other. The epididymis of the smaller testis was 
empty except for cellular detritus, whilst the other epididymis contained what 
appeared to be small numbers of degenerate spermia, together with the cellular 
detritus. The more advanced of the two individuals may thus have been in 
breeding condition when about 6 years of age. I t is a lso probable that some seals, 
for example those in Figure 12 whose bacula are doser to the 7th-year size-mean 
than to the size-mean of their companion bacula of the 8th year, may not have 
been capable of breeding when 7 years old. 
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FIGURE 12. Increase in length of the baculum with age of Phoca hispida. 

Fisher (1954a) found an average maturation at 8 years in the harp seal 
male. However, spermia were found in the testes, although not in the ejacula-
tory ducts, of harp seals as young as 4 years old , and on this basis Fisher 
considered seals of 4 to 7 years old to represent a class of adolescents. In the 
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ringed seal, a very few spermia were found in only one of the 6 breeding-season 
testes from the age-group 4 to 6+ years (A-15, 5 years and 2 months old); thus, 
the adolescent class is not well defined. 

THE FEMALE. The age at maturity of the female may be defined as the age 
when ovulation first occurs. Productive maturity, the age when the female is 
first capable of conceiving, may or may not coïncide with the age of first ovulation. 
Ovulation may be detected, after its occurrence, by the development of the corpus 
luteum at the site of ovulation. In many mammals, especially in pinnipeds, the 
corpus luteum regresses to a fibrous scar, the corpus a lbicans, which may persist 
for some time a fter parturition. If these scars were retained throughout the Iife 
of the seal, they would be of great value, in conj unction with the known age of 
the seal, in determining the ages of first ovulation. Bertram (1940), assuming 
them to be permanent, attempted to use corpora albicantia for age determination 
of the Weddell seal (Leptonychotes weddelli), but the assumption bas been found 
to be unsound for this species (Mansfield, in press). Laws (1953b) suggests 
that corpora Iutea of missed pregnancies in the elephant seal do not result in 
persistant corpora albicantia as do those of completed pregna ncies. Thus there 
are Iimits to the value of the corpora albicantia in determining ovulation history. 

Macroscopically visible follicles were first noted in one of the 8 fourth-year 
seals examined. All but 2 of the 10 fifth-year animais showed follicles. Five 
of the 7 sixth-year ovary pairs and ail ovaries from older seals were folliculating. 

The youngest seal with a corpus luteum was a fifth-year animal taken in 
northern Baffin Island between September 9 and 14. The corpus luteum was 
very small and showed definite signs of regression ; a t this late date an embryo 
should have been a pparent. Another small corpus luteum was observed in a 
nulliparous 5-yea r-old taken on March 25, in southwest Baffin Island. The 
gland showed some vascular intrusion and was not of recent ovulation. This 
seal was large and measurements of its reproductive tract indicated that it was 
considerably advanced sexually beyond 7 other seals of its age-class. It may be 
concluded that these fifth-year seals were pseudopregnant2, the corpora Iutea 
reflecting neither pregnancy in the former animal, nor recent parturition in the 
la tter. 

Two out of 7 sixth-year females had ovulated. One, killed on August 24 
in southwest Baffin Island, had a less well-developed reproductive tract than the 
5-year-old described above. The left ovary contained a small corpus luteum, 
in which connective tissue was found to be replacing the luteal elements, and the 
seal was undoubtedly pseudopregnant. The other specimen, a nulliparous 
female with a well-developed tract, was killed on July 26. The corpus luteum 
was large, and appeared quite functional. This seal might well have been preg-
nant, but an unim planted blastocyst would have been difficult to detect at this 
time. 

'This term is used here and later to describe several possible types of ovu lation without fertilization. Although 
the corpu s luteum in the ringed seal is retained for some time, there are not the associated changes in the reproductive 
tract which are found in pseudopregnancy of some mammals. 
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ine of t he seventh-year seals had ovulated and showed corpora lu tea. 
Five of these seals were pregnant and the other 4 were taken at a ti me when the 
embryos might not have been a pparent. One seal had a norma l corpus luteum, 
measuring 9 by 10 mm. in section on June 18, and a nother killed on August 9 
had a sub tantial corpus lu teum of 10 by 13 mm. and probably contained an 
unimplanted blastocyst. The other 2 seals, killed on August 6 and 21 , had 
corpora lutea of 8.5 by 8.5 mm. and 8.5 by 9 mm. respectively. The average 
size of 6 other pre-impla ntation corpora lutea in August was 10. 7 by 12.3 mm., 
the smallest being 9 by 12 mm. in section . It is probable that the smaller corpora 
lutea were not supporting blastocysts, t hough these would be very difficult to 
detect in the preserved material. Two seventh-year females had not ovulated. 

All 7 seals in the eighth-year group had ovulated a nd 2 contained foetuses . 
One seal taken on August 6 had a quite la rge (10 X 12.5 mm.) corpus luteum 
and was probably pregnant. An attempt was made to locate a blastocyst in 
the cornu of a fe ma le taken on August 25 (corpus luteum 11 X 11.5 mm., and 
probably pregnant) with no result, but t his does not invalidate the assumption 
t hat the normal-appearing corpus luteum refl ected pregnancy. Three other 
eighth-year fe males were ta ken in September and early October, long after the 
normal time of implantation of the blastocyst. Their corpora lutea were small 
(7 X 7 to 9 X 9 mm.); two resembled those of pre-implantation seals and the 
other was regressing, with development of connective tissue a nd vascular intru-
sion. These three seals would not be expected to produce young in the following 
puppmg season . 

The development of the corpus luteum will be dea lt with in a la ter section. 
The above discussion is necessary for a consideration of the ages of sexual 
maturity, here defined as age of first ovulation, in the fema le. 

Table VI summarizes the ages of first ovulation in the fema le, based on coun ts 
of corpora lutea and corpora a lbican tia . It is assumed, for example, that a 
female in the tenth year with one corpus luteum a nd fou r a lbicantia will have 
ovulated for the first time in age-group 5- 6 ; a female in her ninth year, with one 
luteum a nd one a lbicans, wi ll have ovu lated for the first time in age-group 7- 8. 
The ova rie of 35 seals younger than three years old were examined in the fie ld 
or laboratory, but since none of the e had ovula ted , they are not incl uded in the 
Tab le. Laws (1953b) suggests that corpora lutea are absorbed within a year in 
most elephant seals, whi le Fisher (1954a) fo und that a ba la nce between addition 
a nd Joss of corpora a lb icantia develops after ten years of life in the average female 
harp seal. F igure 13 suggests tha t the la tter phenomenon holds t rue in t he 
ringed seal a nd Table VI is t hus limited to the fourth to tenth-year age-groups. 
A discrepancy is found between the percen tage of mature seal within each age-
group (second colum n from t he right of T able VI) and the percentage ovulating 
for the first time in each age-group (lower line of T able). The latter percentages, 
based on the assumption that corpora albica ntia of the first ovulation are retained 
up to the tenth year, a re derived from greater population samples. But, since 
no evidence of first ovulation in the age-group 4-5 is found in t he higher age-
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TABLE VI. Summary of deductions on ages of first ovulation in Phoca hispida from counts of corpora lutea and corpora albicantia. 
Explanation in the text. 

Number of Number ovulating for the first time in age-group Percentage Percentage 
Age-group specimens mature 

3-4 4-5 5-6 6--7 7-8 8-9 9-10 mature (adjusted) 

% % 

Fourth year ...... . ..... ... . .. . ....... 8 0 0 
Fifth year .. ... .... . . . . .......... . ... 10 2 20 12 
Sixth year ... . ....... 7 2 28 22 ..... . ... . .. 
Seventh year ........ . . . ... . . ......... 11 2 7 81 78 
Eighth year ........... 7 5 2 100 100 
Ninth year ........ . ... .... . .......... 5 1 3 100 100 
Tenth year ...... ....... . .. .. . 3 2 100 100 

Tota ls ...................... .. 51 2 6 15 5 

Numbers of specimens in age-groups 3-10, 4-10, 
5-10, etc . ... . .. . .... . .. ... ............. . . . ... 51 43 33 26 15 8 3 

Percentage ovulating for first time in age-groups 3-4, 
4-5, etc. . . . . . . . . ............... . ... . . . . . . . . . 0.0 4.7 17 .9 57 . 7 33.3 0.0 0.0 



groups, the assumption that all albicantia a re retained until the tenth year may 
well be invalid . It is quite possible that the smaller corpora lutea of pseudo-
pregnancy, described above, are not retained for long, and this is supported by 
Laws (1953b), who suggests that those of missed pregnancies are not retained at 
all in the elephant seal. I t is felt that a closer approximation of the true picture 
may be gained by assuming that a given ovulation is apparent until at least the 
end of t he following year (one year after pa rturition , if this occurs), but that it 
may or may not be apparent after this time. Thus, limiting the ovulation history 
of each age-group to the end of the following year, the adjusted percentages of 
the last column of Table VI are derived. For example, of 7 seals in the sixth 
year, 2 had ovulated; of 11 seals in the seventh year, 2 showed a single corpus 
a lbicans each, and had thus ovulated in the previous year, in age-group 5- 6. 
Thus of 18 seals in the sixth and seventh year age-groups, 4 or 22.2%,were 
mature in the sixth year. 
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FIGURE 13. The relationship between number of corpora lutea and corpora a lbicantia , a nd the 
age of the female of Phoca hispida. 

It a ppears that the left ovary is generally the fir t to ovu late, for of 13 first 
corpora lutea, 9 were produced in the left ovary, and if the evidence from corpora 
albicantia of seals younger than 10 years old is included, then 18 out of 26 first 
ovulations were in the left ovary. H. D. Fisher (persona! communication) 
found that early collections of harp seal ovaries revealed the same tendency for 
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first ovulation in the left ovary; however, this pattern was not found in later and 
larger samples. It may be t hat the phenomenon is due to small samples, but 
Laws (1956b) found very good evidence that one ovary, in this case the right, 
tends to ovulate first in t he elephant seal. 

Fisher (1954a) found fertilization to be 80% successful in mature female 
harp seals. ln the ringed seal, it appears that corpora lutea are not as Jikely to 
indicate pregnancy in young seals as in older seals. The virgin uterine cornu is 
distinctive in its Jack of folding and rugosity and is not vascularized as muchas 
are cornua which have been pregnant. T able VII shows the percentages of 
virgin females in the younger year-classes. Virgin cornua were identified by 
the criteria mentioned above. Presence of embryos, or of corpora lutea which 
appeared normal for the pre-implantation period, were taken to indicate contem-
porary pregnancy. Absence of corpora lu tea, or presence of regressing or 
abnormally small corpora lutea, were taken to reflect absence of an embryo. 
ln order to increase the samples determining the percentages of virgin females, 
it may be assumed that seals of one age-group show the history of the previous 
age-groups, at least up to the level of one previous pregnancy. Thus, 7 out of the 
11 seals in age-group 6-7 were pregnant, and 2 out of the 7 seals in the age-group 
7- 8 exhibited one previo,us pregnancy and were therefore pregnant in the age-
group 6-7. This means that 9 out of 18, or 50%, of seals in these age-groups 
were virgin in the age-group 6- 7. The results of this adjustment are shown on 
the lower line of Table VII and are probably as close to the real picture as the 
size of the sample will permit. 

TABLE VII. Virginity in young and newly matured Phoca hispida. Explanation in the text. 

Age Group 

4-5 5-6 6-7 7-8 8-9 

umber of specimens ......... . . . ............ 10 6 11 7 5 
Virgin . . . . ........ . ...... . ....... . ......... 10 6 4 3 
Contemporary pregnancy only .. .. . ... .. . ... . . . . . . .... 5 2 
One previous pregnancy ......... ... .. . ....... . . . . . . . . 2 2 1 
One or more previous pregnancies ... . .... . .... . . . . . . . . . . . . .. .. 4 
Percentage virgin in each age-group . . .. ... .. ... 100 100 36 43 0 
Adjusted percentage vi rgin . ........... . . ..... 100 92 50 25 0 

The approach toward maturity in the fifth to eighth year in the female is 
accompanied by an increase in the size of the genitalia, which is demonstrated in 
T able VIII. Only tracts from nulliparous females are included, since the cornua 
are considerably distorted after pregnancy. A series of measurements from 31 
older seals show that ad ult ovary size is reached by the seventh or eighth year; 
these ovaries averaged 26.1 mm. in Jength (range, 17- 39) and 13.3 mm. in width 
(range, 10-19). 
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TABLE VIII. Growth of the virgin female reproductive tract of Phoca hispida. Lengths of 
corn ua are measured externa ll y from the junction of cornua to the beginning of the fa llopian tube. 
Average widths are derived from the mean of maximum and minimum widths. Measurements 

a re in millimetres a nd the ranges a re bracketed after the means. 

OVARIES COR NUA 

Age-group 
umber of A verage N umber of Average 

specimens L ength width specimens Length 
width 

mm. mm. mm. mm. 

First year. . . . . .. . . 7 16 .7 (14-18) 7 . 4 (5-10.5) 6 38 . 3 (27- 57) 3 . 3 (3--4) 
Second year ..... . . 6 18 . 7 (15.5-25) 7 .5 (6-8.5) 5 47 . 4 (35- 53) 3. 6 (3--4) 
Third year. . . ... . . 4 18. 1 (12 .5-25) 7 . 8 (6-10.5) 3 53 . 3 (36- 71) 3 . 6 (3 . 25--4) 
Fourth year 6 17 .0 (15- 19) 6.9 (5 . 5- 8) 4 58 . 8 (44-72) 3.8 (3.5-1) 
Fifth year 8 19 . 9 (16-27) 8. 2 (6-13) 4 67 .0 (60-73) 5 .8 (5- 8) 
Sixth year ... . .. .. . 6 19 .9 (17-25.5) 8 . 8 (6 . 5- 11) 5 71.4 (58- 8 1) 5 .3 (4- 7) 
Seventh year. ..... 6 23 . 8 (18- 28) 11.9 (8 . 5- 15) 5 75 . l (70-87) 10.3 (9 . 5- 12) 
Eighth year ... . . . . 5 24.2 ( 17- 28) 12. 7 (10-19) 4 76 . 9 (63- 88) 8 . 8 (6-10.5) 

There was one senile female aged 35 or more years. No folliculation was 
detected and each ovary was a mass of scar tissue. At least 11 corpora a lbicantia 
stood out distinctly (Fig. 13). 

THE BREEDING SEASON AND THE ANNUAL SEXUAL CYCLE 
THE MATING SEASO T. The Iiterature dealing with the ringed seal has little 

to offer on the subject of the t iming of the pairing season. Freuchen (1935) 
considered that mating occurred shortly after the brea k-up of the winter ice. 
Pedersen (1930) suggests that younger females are impregnated first a nd that 
copulation takes place from the beginning of May until the end of June. Neither 
a uthor mentions actual observations of the mating act and neither offers any 
a natomical evidence for his conclusions. Sleptsov (1943) was probably the first 
to approach the problem from a n a natomical point of view. He concludes that 
pairing of the Okhotsk Sea Phoca hispida occurs in la te J uly through August. 
The validity of Sleptsov's results will be discussed Iater in this section. 

The only sound methods of establishing the breeding seasons of a nima is 
whose mating activities are difficult to observe are histological examination of the 
testes and sperm ducts a nd determination of the time of ov ulation in the fema le. 
Severa! assumptions on the timing of seal breeding seasons, even when supported 
by accounts of apparent mating activ ity, have been proved fa lse by critical 
anatomical studies (see F isher, 1954b, on the harbour seal). 

A high level of spermatogenesis and , more specifically, presence of spermia 
in the epididymis , are the sure indications of sexual activity in t he male. Eleven 
adult males fu lfilling both these conditions were taken during the period of March 
23 to May 15. 

The epididymides of 12 adult males taken between May 19 and June 30 
were all aspermous, though one on May 22 contained a very few scattered spermia 
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in some tubules. Most contained varying concentrations of cellular detritus, 
sloughed spermatogene tic cells, consisting mostly of sperma tids, and what 
appeared to be degenerate spermia. Most summer and fa ll epididymides con-
tained such detritus and sloughed cells. 

Spermatogenetic activity declined a fter mid-May. Spermia were fo und in 
only 9 out of 100 testis tubules of a specimen ki lled on May 24. o spermia were 
noted in the testes of males taken on May 27 and May 28 and of 2 killed on June 7, 
a lthough 3 testes taken on May 19, May 22 and June 7 were still quite active, 
with spermia present in most tubules. No spermatogenetic stages beyond sperm-
atids were detected in the testes of 5 adults killed between Jun e 16 a nd June 30. 
Spermatids were present in varying numbers in a ll testes from Jater dates. 

Although the majority of ma les are sexually quiescent during the summer and 
fall seasons, 2 sp cimens from Foxe Basin disturb the pattern somewhat. Spermia 
were present in many of t he testis t ubules of one ki lled on August 28, 1956, 
a lthough the epididymis was aspermous. Both testis a nd epididymis of another 
killed on October 10, 1955 , contained spermia. Sixteen tubules out of 200 in 
the section of epididymis contained spermia and 5 of these, which were grouped 
and possibly represented a single convolu ted t ubule, were packed full. Both 
seals were very large, one being the la rgest and the other the fourth largest in 
size of males taken during the entire study. Their testes were a lso among the 
Jargest secured in th is season. The significance of these active males is not 
known. They may be quite abnormal and cannot be considered to represent 
the general fertility of the male population in the summer and fall seasons. An 
adult from northern Baffin Isla nd on D ecember 19, 1954, was sexually inactive 
and stages only up to spermatids were represented. Two adult males from Foxe 
Basin in late February, 1956, less than one mon th before the date when an active 
male was taken in southwest Baffin Isla nd, showed considerable activity in the 
testes, but spermia were not present in the epidid ymis. 

Table IX summarizes the spermatogenetic activity of all adults, 7 or more 
years in age, as observed from histological sections. Photomicrographs of a 
selected series of these sections are displayed in Figure 15. 

The size of a testis is governed by its internai activi ty. Breeding season 
testes are swollen a nd compact , whi le those of ma les taken outside this season 
a re smaller and more flaccid. These differences are due in most part, or enti rely, 
to the increase a nd decrease of the diameters of the testis tubu les, as shown in 
Table IX. The average tubule diameter in the August 14 to October 10 speci-
mens is 70.5% of the average diameter in the March 23 to May 15 group. This 
difference is highly significant (P < 0.01) and this has a lso been demonstrated in 
changes in the epididymis tubules. Mean externa l measurements of the testis 
show that t he average size in the period of August to October is only 67 % of the 
size from March to May. These measurements reflect the size of the enclosed 
tubules within a few per cent, though regression of the interstitial elements 
between the tubules may con tribu te slightly to a decrease in testis size. H arrison 
et al. (1952) and Laws (1956b) found a similar cycle of t ubule size in antarctic seals. 
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TABLE IX. Seasonal spermatogenetic activity and tubule diameters of adult testes a nd 
epididymides of Phoca hispida. Tubules were measured from the basement membranes across 
the narrowest diameter; the mean of 25 tubules was ta ken for each speci men . Measurements 

are given in microns and ranges are bracketed after the means. 

Dates Number Spermia Spermia Diameter testis Diameter epididymis 
or in in (inclusive) specimens test is epididymis tubules tubules 

No. No. No. microns microns 

March 23-April 30 ...... 7 7 7 154 .6 (126.1-178.3) 224 (180.8-272. 0) 
May 8-28 .. . .. ... ...... 9 ▒ 7 4 146.9 (130.6-168 .3) 216.6 (178 .9-256.6) 
June 7-30 . ..........•.. 8 1 0 119 .4 (102.7-147.5) 186.9 (128.3-249.6) 
August 14-24 .. ... ...... 7 l 0 113.9 (90.9-153.3) 146.6 (121.6-185.6) 
September 8-29 . .... . ... 2 0 0 102.7 (99. 5-105 .9) 139.2 (137 .9-140 .5) 
October 2-10 ........... 5 1 1 104.6 (79.4-144. 0) 125.4 (113.9- 139 .5) 
December 19 .... ....... 1 0 0 91.8 123.2 
February 2 7-28 ...... . .. 2 2 0 142.4 (113 .3-171.5) 194.0 (143. 7-244.3) 

   ▒ Measurements taken on only 6 of these. due to poor preservation. 

Figure 14 shows the annual cycle of testis size in scatter-diagram form. The 
eye-fitted curve gives an indication of the period of testis activity, the peak 
occurring shortly after mid-April. As will be pointed out below, pups are prob-
ably prod uced in greatest numbers near the beginning of April; thus impregnation 
might be expected to occur, on the average, about two weeks a fter parturition. 
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FIGURE 14. The seasonal variation in testis size in Phoca hispida. 
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Adult males taken in this early spring season have a peculiar musky odour. 
This is probably of sexual significance and is further field-evidence for the occur-
rence of the breeding season at th is time. 

ln the central and western Canadian arctic , the ringed seal is commonly 
taken at its breathing holes. This technique is Jess often practiced in the 
eastern arctic, where hunting at the Iimit of fast ice, or at tide-rips, proves more 
profitable. The adult female is rarely taken by the native hunter after the begin-
ning of March , until the season of basking on the spring ice. A few females are 
taken in the fast ice by Iowering a firmly secured white-coat seal through the 
exit of its birth-cave, where it acts as a ba it to Jure the mother within striking 
distance of the harpoon. In t he hope of determining the state of folliculation 
and ovulation before t he females had weaned their pups, the author entrusted a 
native with materials for preserving the reproductive tract of a female with pup. 
Such a tract, well preserved and accompanied by the jaws of the female and pup, 
was brought to t he author in August. lt had been taken in mid-April. The 
right ovary contained the corpus luteum of the previous pregnancy , which, in 
fact , consisted largely of connective tissue with a few islands of lutea l tissue. 
The opposite ovary contained a new, completely formed corpus lu teum, though 
somewhat smaller than maximum size; it was probably more than one week old, 
by the criteria used in Fisher's harp seal study (1954a). Three Iactating females 
taken on May 15, May 17 and May 20 all contained fully regressed corpora 
lutea of previous pregnancy (i.e., corpora albicantia) and new corpora lutea of 
pregnancy. Thus, the evidence indicates that the male is in full breeding 
condition before the peak of the pupping season and that the post-parturient 
female ovulates before the termination of lactation. lt is suggested tha t the 
peak of mating cornes shortly after the peak of pupping, perhaps in mid-April. 
Among other Phocidae, the harp seal and the harbour seal (Fisher, 1954a, 1954b), 
and the Weddell seal (Mansfield, in press) probably ovulate shortly after weaning; 
the elephant seal cornes into oestrus during lactation (Laws, 1956b) . Of the 
Otaridae, the Cape fur seal (Arctocephalus pusillus) ovulates about six days a fter 
parturition, during lactation (Rand, 1954). Post-partum female harp seals do 
not establish much contact with the male population until the abandonment of 
the young, and timing of ovulation is linked with this fact. ln the case of the 
ringed seal, the adult males, which become increasingly patent as the season 
progresses, and the pregnant ad ult females live together under the fast ice 
throughout the winter. Here again, the timing of ovulation with respect to 
parturition seems to insure a high reproductive success. Pedersen's (1930) 
suggestion, that young females are impregnated first , may have some basis in 
fact, when it is considered tha t nonpregnant females would be the first available 
to the sexually active males. 

Sleptsov (1943) gives a quite different picture of the breeding season in the 
Okhotsk Sea Phoca hispida. His material was collected by a pelagic sealing 
expedition, between May 11 and October 20, 1939. He states that the onset of 
ovula tion occurs in la te June and early J uly. The probability that the adult 
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seals would not be found outside the fast ice before break-up suggests that this 
conclusion may be the resu lt of sampling error, due to the absence of adult females 
in the catch before late June. His conclusions on spermatogenesis . in the male 
are apparently based on field observations of exudate in the spermatie ducts, and 
not on histological examination. The former approach may be very misleading, 
for a milky exudate of cellu lar detritus and degenerate spermia may be present 
after the breeding season. Sleptsov's whole thesis is a refusai to acknowledge 
delayed implantation of the blastocyst, which had been suggested by several 
workers to occur in seals of other Russia n waters. ln the author's opinion, 
further work on the Okhotsk ea pinnipeds will reveal inadequacies in Sleptsov's 
results. 

THE FOLLICULAR CYCLE A D OVULATIO . Hamilton (1939), Bertram (1940) 
and Fisher (1954a) have all commented on the primary importance of the male 
pinnipeds in determining the timing of the breeding season. ln the several 
species which have been studied, the peak of test icular activity has been seasonally 
very precise. 

One effect of the dev loping corpus luteum is in the suppression and control 
of folliculation in some species of seals. Harrison et al. (1952) suggest that there 
a re two periods of follicular stimulation in the seals which they studied. The 
first, in the ovary with the corpus luteum, extends from probably a week after 
implantation of the blastocyst until the embryo is about 50 mm. in length, and 
the second occurs in late pregnancy, in the ovary without the corpus luteum, and 
continues throughout the remainder of gestation, during parturition and until 
ovulation . Laws (1956b), in his more representative study of the elephant seal, 
found a more complicated picture of follicular activity. ln this species there is a 
stimulation of folliculation in the ovary destined to release an ovum just before 
parturition, and there is a period after ovulation in which follicles of both ovaries 
increase in size and number. After this latter period, a progressive decline is 
demonstrated in number and size of follicles until implantation occurs, after 
which there is again an increase in follicular activity, corresponding to the increase 
found by Harrison at this time. Folliculation is suppressed after the embryo 
reaches 3- 4 cm. in length and this suppression is probably maintained throughout 
the remainder of gestation. A number of ringed seals a re available from the 
period of pre-implantation and early pregnancy, and examination of the ovaries 
shows no evidence of very strong follicular stimulation in this period. Table X 
does suggest that folliculation is suppressed in the ovary containing the corpus 
luteum from some time in late pregnancy until after parturition, for no follicles 
of over 3 mm. were detected in the ovary of the post-parturient cornu of a female 
taken in mid-April. However the opposite ovary, containing the new corpus 
luteum of pregnancy, was very active and included one 10 mm. follicle. Other 
ovaries collected on May 15, 17, and 20 did not show marked suppression in the 
ovaries without corpora lutea. There is a slight increase during early pregnancy 
in the average number of follicles of ovaries without corpora lutea, and a slight 
decrease in ovaries with corpora lutea, but the range of variation implies that the 
changes are not invariable. 
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TABLE X. Summary of seasonal follicular a nd corpus luteum development in ad ul t female Phoca hispida. 
(Ranges are bracketed below mean values.) 

OVARY WITH CORPUS LUTEUM OVARY WITHOUT CORPUS LUTEUM 
Time of Number 

year and status of Numbers of follicles Largest 
Numbers of follicle3 Largest 

of pregnancy specimens follicle follicle 
3 mm. 3-5 mm. 5 mm. 3 mm. 3-5 mm. 5 mm. 

No. No . No. No . mm. No. No . No. mm. 

Mid-April : attending young ....... .. . . . . ...... 1 4 1 5 10 6 0 0 2.5 
May 15-20: one or more months after breed ing 

season .... ....... .. .. . . .......... .. ...... . 3 7 . 7 7.4 3.7 5 .7 8.4 8.4 o. 7 5. 2 
(2-17) (5-9) (3-4) (5. 5-6) (1-14) (5-12) (0-2) (4.5-6) 

June8- 15: about two months aftcr breeding season. 4 12 . 8 5 .5 2.0 4.9 5.8 1. 8 0.8 4.3 
(8-17) (0-8) (0-5) (2-7 .5) (3-8) (0-3) (0-1) (1-6) 

June 18-26: two or more months after breeding 
season ..... ......... . . . ....... 6 5.5 6.5 3.7 6.8 4.8 3.0 0.7 4.4 

(3-7) (2-16) (1-11) (5 .5-8) (3-7) (0-5) (0-1) (1-7) 

July 20-31: three plus months after breeding 
scason . . ..... . . . ..... . ......... 3 8.0 5.0 1.0 5 .5 5.9 2. 7 0.3 4 .2 

(7-9) (3-6) (0-3) (3.5-8) (3-7) ( l - 5) (0- 1) (3.5-5) 
Aug. 6-25: no embryo founJ, but probably pre-

implantation . ..... .. ....... . . . .. . . ....... . 6 4.4 2.5 1.8 6.5 6.5 5.2 2.0 5.6 
(3-5) (0-5) (0-6) (0-6) (5-9) (3-8) (0-5) (3.5-7) 

Aug. 16-24: embryo less than 25 mm . long ..... _ .. 8 5.0 2.4 0.9 5.8 6.4 5 . 5 t.6 6.1 
(1- 14 ) ( l -8) (0-3) (4-8) (2-17 ) (1-14) (1-3) (4-8) 

Aug. 24-Sep. 27: embryo 28-42 mm. long ..... •. 9 6.7 4 . 2 l .3 5.3 10.5 2.8 1.0 5 . l 
(2-15 ) (0-9) (0-4) (3. 5-7 ) (5-48) (0-7) (0-4) (3-9) 

Sep. 9-0ct. 7: embryo 63- 110 mm. long .. ... . .. 11 9.0 5. 7 l. 9 5.8 6.8 7 .3 2 . 6 6.4 
(2-24) (1-10) (0- 6) (5- 7) (4- 15) (2-11 ) (0-7) (5-8) 

Aug. 6-0ct. 9. virgins with sma11 corpora lutea in 
various stages and probably pseudopregnant. . .. 7 8.3 2.3 0.4 3.6 10.0 1.4 1. 1 3.4 

(3-16) (0-9) (0-2) (l-6) (2-22) (�-6) (0- 6) (1-7 ) 

Sep. 9- 14: missed pregnancy, corpus luteum 
regressing . ........... . ........ . ..... ...... 1 14 2 0 3.5 26 0 0 2.5 

Oct. 4: no corpus luteum, but with large follicle, 
probably about to ovulate .... . . . . . . . . . . . . . 1 4 0 1 8.5 0 0 0 .... 

March 25; virgin with regressing corpus luteum .. . 1 4 5 2 7 .5 12 4 2 9.0 

Diameters of 
corpus luteum 

in section 

mm. 

10.0 X 8.5 

11.0 X 8.8 
(9- 13 X 7 .5-1 1) 
11.0 X 9.6 

(10-12 X 9-10 ) 

11.2 X 8.8 
(10-13 X 7-11) 

10 .8 X 8.8 
(10 .5- 11 X 8-10 .5) 

12 .3 X 10.7 
(11- 14 X 9-13) 

11.5 X 9.3 
(10-14.5 X 8-10 ) 

12 . 2 X 10.9 
( l l - 14 X 10-12) 

12. 7 X 10.8 
( 10- 14 X 9-13.5) 

7.8 X 7 .4 
(5-9 X 4-9) 

12.0 X 10.0 

. ... 

8.5 X 5.0 



The control of folliculation around the time of ovulation tends to impart an 
a lternation of pregnancy between right and left uterine cornua. The unbalance 
of corpora albicantia in some ovary pairs (e.g. : S-4, 3 to 1; S-27, 4 to 1 ; SD-528, 
4 to 1) suggests that alternation does not a lways occur. I t may be that presence 
of an embryo most effectively suppresses ovulation in the ovary of the pregnant 
cornu. Thus the fem ale D-58, taken on May 17, 1954, contained a new corpus 
luteum in the left ovary. This ovary also held what was probably the regressed 
corpus luteum of the previous pregnancy. The right cornu was fiabbier and more 
heavi ly vascularized, and was probably the site of the previous pregnancy; here 
the ovum, or the blastocyst, probably passed from the site of its origin to the 
opposite horn. A definite case of this was found in a pregnant August specimen. 
It would seem, from the May example, that the influence of this transmigration 
has permit ted ovulation to occu r in the ovary which contained the corpus luteum. 
This may be one of the factors which upsets a ny regular alternation of ovulation 
in t he ringed seal. 

THE DEVELOPMENT OF THE CORPUS LUTEUM. The corpus luteum develops 
rapid ly after ovulation in seals, staying relatively small until implantation of the 
blastocyst and then increasing to its full size. I t then main tains this size, or 
regresses slowly, according to the species concerned (Harrison, 1948). The first 
part of this cycle, up to the early development of the embryo, is outlined in 
Table X. The T a ble revea ls an increase in the diameters of the corpus luteum in 
August, both in pregnant seals and in seals in which implantation was not yet 
evident. T he means of the average diameters of the two groups of corpora 
lutea, from mid-April to July 31 and from August 6 to October 7, differ by 1.354 
mm. with a standard error of 0.31 mm. ; thu there is a highly significant increase 
in size of the corpus lu teum around the time of implantation in August. 

Structural changes occur during the life of the corpus lu teum; these are 
shown macroscopically in Figure 16 and microscopically in Figure 17. The new 
corpus luteum (SD-443, mid-April) is pale yellow in appearance, with little 
vascularization apparent macroscopically. Histologically, the gland is rather 
loosely packed with large, occasionally vacuolated cells and there is little con-
nective tissue present, except a long the trabeculae which project from the old 
follicle wall into the cell mass. The condition of corpora lutea in May and June 
is more or Jess similar; the luteal elements are more packed, but there is Jittle 
development of con nective tissue between the cells. Near the time of implanta-
tion, in la te J uly and early August, the appearance of the gland is considerably 
changed. There is much vascular intrusion, particularly a long the trabeculae, 
which become readily visible macroscopically. Nodules of connective tissue 
develop and almost all the luteal cells are separated by collagenous fibres, which 
stain very well with fast-green. Corpora lutea of later pregnancy, correspond-
ing to foetuses up to 110 mm. in length, do not differ materially from this 
condition. No la te pregnancy ovaries were secured in th is study, but some of the 
regressing corpora lutea of pseudopregnancy exhibited increased connective tissue 
and vascular intrusion as well as the heavier rusty colour described by Fisher 
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(1954a) in late pregnancy harp seals. The corpus luteum of the previous preg-
na ncy in t he mid-April female was considerably changed . Lutea l tissue remained 
isolated in small isla nds eut off by radia t ing masses of connective tissue, a nd 
individual luteal cells were shrunken a nd surrounded by collagenous fibres. 

T hese changes in size a nd structure of the corpus luteum have been described by Harrison 
et al. ( 1952 ) and Laws (1956b ). They found t ha t the sudden increase in size and cha nge of struc-
t ure is associa ted with t he implanta tion of the embryo in t he severa l species st udied, as it is in the 
ringed seal. In t he ringed sea l, t he gland retrogresses rapid ly after parturit ion and ovula tion 
occurs d uring lactation , as Laws found in t he elepha nt seal. T he corpus luteum of the Weddell 
seal also degenerates rapidly after par turition, but this an imal does not ovula te un til the comple-
tion of the lacta tion period of about two mont hs ( Man fie ld, in press). I n t he harp seal, on the 
other hand, the gla nd appears to main tain its size and activity unti l the short, two-week lac ta tion 
period is complete (Fisher, 1954a). The harp seal does not ovula te until a fter la tation and the 
abandonment of the youn g, a nd F isher sugges ts t ha t the maintenance of t he gla ndu lar activity 
of the corpus luteum in this species is linked with the timing of t he breeding season. If the corpus 
luteum thus has a di rect effect in suppressing oestrus, it is not known how the Weddell seal 
( Mansfield , in press) preven ts ovulation from occurring un t il the end of lacta tion, long after the 
regression of the corpus luteum of the last pregnancy. It wou ld seem tha t the whole question of 
timing of ovula tion and development of the corpus lu teum cannot be subjected to too much 
genera lization, and tha t specific patterns are adapted to environmental a nd behavioura l circum-
stances. 

POLYOESTRUS I THE YOUNG FEMALES. I t is by no means a n established 
fact tha t all female sea ls are monoestrus, ov ula ting on ly once a nnua lly , within 
th breeding season. Fisher (1954a) offers good evidence for a period of fo llicular 
stimulation during t he breeding season, even in immat ure harp seals. On the 
other ha nd, the unimpregnated southern sea lion (Otaria hyronia) ca n folliculate 
outside the norma l breeding season (H amilton, 1939). The newly matured cape 
fu r seal may experience its first ov ula tion t hree months before the normal season 
of the older adults. Such premature oestrus may resul t in pregnancy in this 
species, as the male may be in rut a t this time (Ra nd, 1954). T he material from 
the ringed seal suggests t ha t it too may be polyoestrus. On March 25, 1954, a 
fi.ve-year-old fema le was fo und to have a regressing corpus luteum in the left 
ovary. T he anima l was nulli parous , judging from the condition of her reproduc-
tive tract. T hree other null ipa rous females with small , rela t ively regressed 
corpora lutea were k illed in August a nd September and sma ll corpora lutea , with 
less vascularization and connective t issue, were fo und in fo ur specimens taken 
during the period of August to October. T he differences in macroscopic and 
histological appeara nce are shown in F igures 16 (J, K & E) a nd 17 (E & F), 
a nd their smaller sizes a nd associa ted follicular patterns are outlined on Table X. 
Unless there is an inexplicably great difference in the rates of regression of corpora 
lutea of pseudopregnancy, for several of t hese seals were taken long a fter t he 
embryo should have been apparent, it is difficult to believe t hat ail these corpora 
lutea resulted from breeding season ov ulations. A ninth-year seal, which had 
borne young in the past , was fo und not pregnant in early September. The 
corpus luteum , which had presumably resulted from a breeding season ovulation, 
was regressing. This may have been an example of missed impregnation . It is 
suggested , in the belief tha t corpora lutea of pseudopregnancy are likely to regress 
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after a relatively short time, perhaps a fter the norma l lapse in t ime of pre-
implan tation, that the March specimen represents an ovu lation which occurred 
in the winter season. The regressing corpus lu teum taken in August may have 
resulted from ovulation shortly before the breeding sea on. The corpora lutea 
of pseudopregnancy taken from September 30 and October 9 seals are younger in 
appearance and may have resu lted from ovulations after the normal breeding 
season. More direct evidence for such unseasonable ovula tion is shown in a 
fifth-year female secured on October 4. The left ovary of t hi s specimen contained 
a large follicle, which appeared a il but mature (T able X, Fig. 16A). It wi ll be 
noted that the phenomenon of pseudopregnancy seems a lmost confined to the 
younger, n ulliparous seals (see also the section on virginity in the young fema les, 
page 37); only one seal of t he nine in which pseudopregnancy was known or 
suspected had borne young previously. I t may be that the follicular cycle is 
fixed by the advent of fu ll matu rity, or by the first pregnancy, or by both. 

IMPLANTATIO AND DEVELOPME T OF THE EMBRYO 

It has been shown that the female is impregnated shortly following the birth 
of the young. The first pregnant specimen was taken on August 6, 1954, but 
unfortunately the thickened uteriQe tract was eaten by dogs. Twenty-eight 
embryos, in various stages of development, were removed from females in August 
to early October. Another 7 embryos from later dat s were available in the 
collections of the Ia tional M useum of Canada. Measurements of a foetus 
killed on J a nuary 9, 1954, in northern Baffin Island, complete the series available 
for study. The sma llest embryos were removed shortly a fter mid-August, in 
southwest Baffin Isla nd; their average size a t this time suggested that implanta-
tion had occurred one to two weeks earlier. If we consider tha t impregnation 
occurs in mid-Apri l, a delay in the development of t he foetus of about 3İ 
months is implied. This is somewhat longer than the delays found in most other 
pinnipeds. 

Attempts were made, without success, to locate unimplanted blastocysts in 
fresh a nd preserved materia l. Since t he centers of the uterine swellings of three 
tracts in August were 28 mm. , 35 mm., and 24 mm. from the junctures of the 
uterine cornua, this gives some indication of the length of tract which would have 
to be sectioned with a view to discovering pre-implantation embryos in serial 
section. Also, a nomalies do occur, such as the trans-uterine migration of the 
blastocyst, described above. Thus it was felt that the size and state of the corpus 
luteum gave sufficient evidence of hidden pregna ncy. 

Figure 18 illustrates t he size of these embryos a nd their dates of removal. 
A straight line of least squares fitted to these points (not shown on the Figure) 
indicated an average date of implantation on August 27 and a birth size of 657 mm. 
on March 1. A spread of implantation times from August 3 to September 17 
(45 days) was derived from lines parallel to the line of least squares running 
t hrough the two extreme devia tions on either side of this line. Actual birth size 
approximates 65 cm. (from three full-term foetuses and two newly born white-
coats in northern and southwestern Baffin Island and Foxe Basin). If the 
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FIGURE 18. Early growth of the ringed seal foetus. The curve is derived Crom human embryonic 
growth data, as described in the text. 
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FIGURE 15. Photomicrographs of testis and epididymis sections from adult Phoca hispida. 
Ali were sectioned at 7 µ and stained with Delafield's haematoxylin, and eosin. The black bars 

represent 7 5µ. 

A. 

B. 

c. 

SD-20, Apri l 1, 1954. 
spermia present. 

25-plus years old. Testis. Highly active, with all stages up to 

SD-18, March 23, 1954. Almost 8 years old. Epididymis. Almost all tubules are packed 
with spermia, although the mass of cells is somewhat shrunken away from the wall in most 
tubu les. 
SD-18, March 23, 1954. Almost 8 years old. Epididymis. A single epididymis tubule 
showing packed spermia and high, active lining epithelium. 

D. A-8, May 15, 1955. 9-plus years old. Epididymis. Tubules packed with spermia. 
Testis of this specimen still highly active. 

E. A-6, May 15, 1955. 10-plus years old. Testis. 
togenetic cells (chiefly spermatids) in the lumen. 

Still quite active, but note the sperma-

F. A-6, May 15, 1955. 10-plus years old. Epididymis. A few spermia are present, but the 
bulk of the content is made up of sloughed spermatogenetic cells and detritus. 

G. SD-70, May 24, 1954. 15-plus years old. Testis. No spermia are present, but sperma-
tocytes and spermatids, some of which are shown sloughed in the lumen, are common. 

H. SD-70, May 24, 1954. 15-plus years old. Epididymis. Degenerate cells and colloid 
fill the lumen, although a few spermia were found in other tubules. 

1. 

J. 

A-16, June 7, 1955. 10-plus years old. Testis. A relatively inactive testis with a few 
dark-staining spermatids, some detached in the lumen, but with no spermia. 
A-20, June 7, 1955. 9-plus years old. Testis. Quite active, with sloughed spermatocytes 
and spermatids in lumen. 

K. A-20, June 7, 1955. 9-plus years old. Epididymis. Detail of spermatogenetic cells in 

L. 

M. 

lumen. o spermia were present in any of the tubules, although these were still being 
produced by the testis (see J). 
A-35, June 24, 1955. 10-plus years old. Epididymis. Empty but for colloidal material. 
Epithelium somewhat less columnar than those earlier in season. This condition is 
typical of summer-ki lled seals. 
S-55-50, October 10, 1955. 20-plus years old. Testis. Highly active testis. No other 
specimens showed such activity at this season. 

N. S-55-50, October 10, 1955. 20-plus years old. Epididymis. Spermia-packed tubule, 
one of several such in the section. 

o. 
P. 

S-55-13, September 24, 1955. 10 years and six months old. Testis. More typical testis 
tubule of autumn season. The large cells are probably spermatocytes. 
S-55-12, September 24, 1955. 16 years and six months old. Epididymis. More typical 
contents of autumn specimens, consisting largely of degenerate cell products. 
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F1GURE 16. Macroscopic a ppea ra nce of avaries in section. 

A. S-55-28. Enla rged follicle of fift h-yea r ovary in sec tion. Follicle 8.5 mm. in maximum 
dia111eter and proba bl y close to ovu la tion size. 

B. SD-443. New corpu s luteu111 of eiJtK�\eDr post-pa rtu111 fe111a le in 111id-April. Very 
li tt le vascu la riza tion or connect ive t issue in g la nd, which is somewha t crumbled due to 
loose packing of cells. T he g la nd is 8.5 111111 . by 11 111111. in section. 

C. A-33 . A fairl y recen t corpus luteu111 fro111 a fe111ale of nine-plus years taken on June 23. 
Lack of vascu la rizat ion typica l of corpora lutea a t this stage of pre-im pla ntat ion of the 
e111bryo. The g la nd is 13 mm. by 11 mm. in section. 

D. # 50. Corpus lu teu111 of a fourtee nth-yea r fe111a le killed on August 11. Tract was very 
lightl y swollen, but field exa mination revealed no e111bryo. The gla nd is large (14 mm. by 

13 111111.) and so111e vascu la ri za tion (da rk areas) is evident. 
E. SD-461. Corpus luteum of fourteenth-year fema le on August 20, su pporting an 11 mm . 

em bryo. The g la nd is 14. 5 mm . by 8 111m. a nd s light vascula rization is evident. 
F . S-36. Corpus luteu 111 of eighth-year fema le on August 24, with a 44 mm. embryo. The 

g la nd is not very la rge (11 mm. b y 11 mm.) but much vascula rization is shown. 
G. S-55-39. Corpu s luteum of a fema le in her tenth yea r on October 7, with a 74 mm. embryo. 

Very little cha nge from F , a lthough the vascu la ri za tion is less dark due to differences in 
preserva tion. The g la nd is 12 mm. by 11 mm. in sec tion. 

H . SD-527. Corpus lu teu111 of a ninth-yea r fe111a le on September 29. The seal was carrying 
a 110 mm. foet us a nd the gla nd , which was 11 mm. by 11 mm. in section , shows little 
cha nge fro111 G a nd Fin a mount of vascularization. 

!. SD-58. The corpu s a lbica ns of a fe111ale fifteen or more years in age on May 17. T he 
scar was probably more t ha n one yea r old : the scar of the more recent corpus luteum, not 
shown in this sect ion, was more conspicuous in this sa me ovary. 

J. SD-15. The corpu s lu teum of a nulliparous fe111a le , about five years old, on March 25. 
The avaries were frozen a nd poorl y preserved for hi stological s tudy, but the g la nd is small 
(8.5 mm. by 8 111111 .) a nd shows vascula rization too extensive for recent formation . 

K. SD-291. A ra ther young corpus luteum fro111 a nulliparous seventh-year female on 
August 6. The g la nd was only 8.5 mm . by 8.5 mm. in section, pa le yellow and unvascu-
la rized , a nd was proba bly not supporting a n unimpla nted blastocyst. 

L. SD-533. The corpus luteum of an eighth-yea r fema le which was not pregnant on Septem-
ber 30, long a fter the norma l im plantation ti111 e. The gla nd is s 111a ll (9 mm. by 9 mm.) 
a nd quite heavil y vascu la rized. 
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FIGURE 17. Photomicrographs of sections of corpora lutea from Phoca hispida. All were sectioned 
at 10µ and stained with azocarmine, phloxine, and fast-green . The lines represent 100µ. 

A. SD-443. ew corpus luteum of mid-April. ote the loose-packed cells, denser along the 
trabeculum. 
t = trabeculum. 

B. SD-59. Corpus luteum on May 20, probably about one month old. The lu teal cells are 
loose-packed and there is litt le connective tissue between them. 

C. SD-528. Corpus luteum of September 29, supporting a 106 mm. foetus. ote the 
development of connective tissue between the more closely packed luteal cells. 
c =connective tissue. 

D. SD-443. Old, post-partum corpus luteum in mid-April. Note the large connective tissue 
masses and the network of collagenous fibres constricting the luteal elements. 
c =connective tissue mass. 
co =collage nous network. 
1 =lu teal cell. 

E. S-39. Regressing corpus luteum of nulliparous sixth-year female on August 24. Bodies 
of luteal tissue are being eut off by connective tissue instrusions. 
c =large connective tissue mass. 
r = radiating arm of this mass. 
l=luteal tissue. 

F . SD-533. Corpus luteum of a nulliparous eighth-year animal on September 30. No 
embryo was present, but the structure of the gland is similar to that of pregnant seals 
(as in C, above). 
c =connective tissue. 
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spread of implanta tion dates is related to the length of the breeding season, this 
should be about 45 days (equiva lent to Apri l 1 to May 15). Thus the line of 
least squares for these data gives a birth size and impla ntation spread in keeping 
with the expected fi gures. But the line does not fit well the sizes of the earliest 
embryos, taken from August 16 to August 24 in southwest Baffi n Island; these 
are larger than the line would imply. Arey (1954) gives figure of human 
embryonic growth . T able XI converts these da ta into the hypothetical growth 
curve of t he ringed sea l embryo. o measurement exactly comparable with 
the crown-rump length of the human could be applied to the ringed seal foetuses, 
which were measured from tip of nose to tip of tail, along curvatures a nd flexures, 
but the proportionate growth is considered to be of the same form . The growth 
period is here considered to be 240 days (for the sake of a round figure, from 
August 1 to March 29), and the birth size to be 650 mm. The growth curve 
derived from these assumptions fits the points of Figure 18 somewhat better, 
particularly the earlier growth stages. 

TABLE X I. Conversion of rate of human embryonic growth data in to 
ringed seal embryonic growth. 

H8MAN R INGED SEAL 

Age Crown-rump Age Nose-tail 
length length 

days mm. days mm. 

7 0.1 6 0.2 
14 0.2 12 0.4 
17 .5 1.5 15 2.8 
21 2.0 18 3.7 
24. 5 2.5 21 4.6 
28 5.0 24 9 .3 
35 8.0 30 14.9 
42 12.0 36 22 .3 
49 17.0 42 3l.6 
56 23.0 48 42 .7 
70 40.0 60 74.4 
84 56.0 72 104.0 

112 112.0 96 208.0 
140 160.0 120 297.0 
280 350.0 240 650.0 

Figure 18 reveals a quite large spread in impla ntation time. This is perhaps 
confirmed by the occurrence of one embryo of 24 mm. on August 20 and another 
of 28 mm. on September 27, suggesting t hat the range of implantation time is, 
a t least, just over one month. The straight line growth curve, when a pplied to 
the extremes of the range, suggests an implantation period from August 3 to 
September 17 (45 days) . The hypothetical curve gives an implantation period 
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from July 9 to August 22 (46 days) a nd is more in keeping with the sizes of early-
August embryos. ince the period of rut of t he male a nd post-pregnancy ava il-
ability of the female is a lso about 45 days (early April to mid-May), the spread in 
implantation dates may reflect the p r iod of impregnation time. 

It has been suggested (page 37) that nulliparous fema les might be impreg-
nated earlier in the breeding season. o statistical difference could be shown in 
the comparison of clevia tions from the hypothetical line of nullipa rous a nd parous 
females ; nor couic! difference be clemonstratecl in the means of implantation 
times of embryos from the four locali ties, southwest Baffin I la nd , northern 
Baffin Island, Foxe Basi n and umberland Sound, a l though the pupping season 
may be somewha t later at higher latitudes. The sample is srnall for statistical 
treatment and it may be tha t any effect of impregnation date on implantation 
time is masked by inherent variations of impla nta tion time a mong females. 

BIRTH A D CARE OF THE YOUNG 

THE BIRTH-LAIR. The young seal is always, as far as is known, born on 
land-fast ice. From March 25 to pri l 15 , 1954, no pregnant or post-parturient 
female was taken in many days of hunting a t the tide-rips within the fast ice of 
southwest Baffin Isla nd . Kumlien (1879) suggests that the relative scarcity of 
fern ales in the tide-rips of Cumberland Sound, as early as the beginning of March, 
indicates t hat the females have chosen localities for producing pups by this time. 

The young seal is born on the ice, generally in a n excavation hollowed out 
by t he fema le in t he overlying snow (Fig. 19, 20A). The cavity is usually elon-
gate, 10 or more feet long, with the entrance from the water situated a tone end . 
The height of t he roof above the ice depends on the depth of snow. The 

FIGURE 19. Ringed seal pup, April 8, 1954. 
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FIGURE 20. The two types of pupping-lair. (A) is the form hollowed out by the female in drifted 
snow. Note the exposed broken ice, causing drift. (B) shows a pup in a natural pressure-ridge 

!air. 
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extremities of the lair may be very low, suggesting that it is constructed by scrap-
ing and ploughing with the extended foreflippers. Radiation and breathing of 
the seal increase the stability of the lair, through icing of the inner surface. 
Many of those !airs observed in the spring of 1954 could be broken into only by 
vigorous and repeated jumping on the roof. 

A sufficient depth of snow is required for the construction of the birth-lair. 
It is interesting to note that most of the !airs observed in 1954 were built in the 
drifted snow which tends to develop in areas of rough ice, but it is not known if 
suitable snow depth is chosen directly. Within the areas where fast ice forms 
in the autumn, the seals may tend to congregate in patches of open ZDter� some 
of which result from the break-up of newly formed ice. This would enable the 
seals, for a short time before refreezing occurred, to main tain a simpler existence, 
without the necessity for breathing holes. Indirectly, a sufficient final snow 
cover would result on the rough ice formed at the temporary break-up. The 
following observations, extracted from the author 's field-notes, may indicate 
an active choice, or 'prediction' , of sui table snow depth. 

On April 2, 1954, 16 breathing holes, 100 or more feet apart, and four pupping-lairs, from one 
of which a white-coat wa removed, were discovered by the dogs in a long, narrow band of heavily 
drifted broken ice. By its general appearance, this band was thought to have represented a 
boundary between ice and open water, at some time during the season of freezing. Floating ice, 
trapped and frozen at this boundary, or the grinding action of newly formed ice sheets against the 
older sheet of ice, could have resulted in the rough ice pattern as found in April. everal traverses 
of smooth, poorly covered ice in the area failed to reveal any birth !airs, although breathing holes, 
including those of several malodorous males, were found in such ice. 

This distribution suggests that the females moved to the edge of the older 
sheet of ice before further freezing took place, or that they moved into the rough 
ice at the boundary through recently congealed surroundings. Such areas of 
broken ice may be encompassed by stable, early-formed ice, so that ice stability 
and snow cover, both desirable for pupping success (see page 60) need not in this 
case be antagonistic. Observations in northern Baffin Island (Ellis, 1957) show 
that seals may often appear in surprisingly large numbers at newly formed tide-
cracks in the fast ice in mid-winter. The seals may be taking advantage of 
easier conditions for keeping open the fresh breathing holes in the new ice which 
forms in these cracks. Drifted snow may a lso form a long such cracks, thus 
making them more suitable for birth-lairs. Most seals give birth in deep bays 
and close to shore, where the basic snow cover and ice stability are optimal. 
Figure 20A depicts a !air of the broken-ice type. 

Sorne seals produce pups in the pressure ridges which often form just outside 
the ice which lies on the shore at low tide (Fig. 20B). The chief advantage of this 
sort of !air is that its canopy of solid ice makes it less assailable by foxes and 
humans, but its instability probably more than outweighs this. Ice movement 
may take a heavy toll of pups born in these pressure-ridge !airs. 

THE YOUNG EAL. By all accounts, the great majority of white-coats are 
born from mid-March until mid-April, though a few may be produced outside 

57 



these dates. Freuchen (1935) sta tes that in th e Canadia n eastern arctic a nd 
north of H udson Bay, "in the years of the [Fif th Thu le] Expedition . . . most of 
the seals had t heir young in the beginning of April". The Eskimos of southwest 
Baffin Isla nd were of the opi nion that a sim ila r average bir th da te a pplies in tha t 
a rea. Ellis (1957) considers t hat the pupping period in nor thern Baffin Isla nd 
extends from about April 9 to at Ieast April 16 a nd it seems likely that the season 
is delayed somewha t in higher latitudes as Freuchen a lso suggests. 

In southwest Baffin Isla nd , a full-term foetus , ta ken by the na tives near the 
beginning of March, weighted 9.5 lb. (4. 3 kg. ) ; and a recently-born fema le of 
10.5 lb. (4.8 kg. ) , with a raw umbilical cord, was tagged on April 2. Another 
fully developed foetus and a new-born white-coat in northern Baffin Isla nd 
weighed 10 and 11.5 lb. respectively (4.5 and 5.2 kg.) . Kumlien (1879) gives a 
ra nge of weight of 4 to 6.5 lb (1.8- 2.9 kg.) for new-born pups in Cumberla nd 
Sound, weights considerably smaller tha n t hose found in the a bove localities. 
An older male white-coat tagged on April 8, weighed 24 lb. (10.9 kg.), indicating 
a ra pid gain in weight. As sta ted earl ier, the length a t birt h appears to be 
about 65 cm. (25İ inches) . 

The young begin to shed the foeta l coa t a fter two weeks (Pedersen, 1930) 
or a t least before 20 or 30 days (Kumlien, 1879). A whi te-coa t on outhampton 
Isla nd exhibi ted slight darkeni ng on the face a nd flippers on May 2 (A. W. M ans-
fi eld, fi eld-notes, 1955) , but a nother pup examined by the presen t a uthor on 
southwest Ba ffin Island had only sma ll a mounts of foetal ha ïr clinging to t he mid-
dorsal a rea on May 14. On the other hand , a young of the year in Foxe Basin was 
still a lmost all white on June 10 (Ca/anus fi eld-notes, 1956) a nd patches of white 
hair were sti ll present on a nother ki lled on June 18 in northern Ba ffin Isla nd 
(D. V. E llis, persona! communication) . The latter two localities are more 
northerly and the Iater retention of t he foetal coat may be the result of la ter 
birth dates. 

The s tomach of the pup ta ken on May 14 contai necl nothing but curdled 
milk. I late May several young were observed sunning themselves in the 
depressions fo rmed a fter t he birth-Ia irs had caved in. A large seal, probably 
the mother, was observed lying beside one of these young on May 26. Milk was 
found in the incised ma mmae of three females killed on May 17, 19, a nd 20. 

o other post-pa rturient female was ta ken before Ju ne 26, when a single non-
virgin female showed no signs of lac ta tion. According to na tive informa tion, 
some females lacta te un t il at Ieas t la te June a nd the stomachs of young seals in 
mid-June may conta in milk , a mixture of mi lk a nd sea-food, or sea-food alone. 
The sta tement of Freuchen (1935) that "milk is to be fo uncl in the stomachs as 
la te as in September or October" seems erroneous; no first-year animal taken by 
the author in summer or fall was mi lk-fed . 

T his long period of parental care , potent ially from Apri l until the brea k-up 
of winter ice, is of grea t significance in the cletermination of movements and 
distributions of this species a nd will be enlarged upon in the last section. 
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THE SEX RATIO 

Too few new-born pups were taken for an estimate of the sex ratio a t birth. 
During the study, 259 males and 229 females were taken, these figures excluding 
all samples on which sexual selection might have been practised by Eskimos or 
the author. There is , however, some sexual segregation of the adults in certain 
seasons. During the pupping season, on ly adult ma les and immature seals of 
both sexes were ki lled in the open water of tide-rips within the fast ice; the adult 
fema les presumably were occupied with their pups at t his time. The adults 
are about equally represented on the fast ice, fo llowing the breeding season. 
Four ad ult fem a les and 11 adul t males were taken in Foxe Basin, some distance 
from the favo ured breeding a reas, in t he a utumn of 1955. Most of the adult 
females would be pregnant at this time, and they may have been attracted to the 
more suitable a reas in anticipation of t he requirements for pupping in the follow-
ing spring. The immature seals are probably unaffected by the sexual urges and 
requirements which cause segregation of the ad ults . Of seals younger than 6 
years old, 190 ma les a nd 165 females were killed, a ra tio of 53.5 ma les to 46.5 
females. Sleptsov (1943) fo und a sex ratio in this species of 40 males to 60 
fem ales, but concluded that t he preponderance of fema les was due to sampling 
error and t ha t the true ratio is close to 50 :50. 
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LOCAL MOVEME TS, DISTRIB TIONS, AND FACTORS OF 
AB DA CE 

REPRODUCTIVE ECOLOGY 
The formation of the birth-cave has been described on page 55. As far as is 

known, this lair is never found outside the fast ice. The Eskimos believe that if a 
section of this ice is broken off around the time for pupping, any pregnant seals 
will desert the area for another patch of fast ice. 

The young may not be completely independent until they a re more than two 
months old, this long period of parental care probably being a reflection of the 
habit of pupping in the fast ice. Bearded seals and harp seals, both of which bear 
their young in moving and unstable pack ice, wean the young a fter a much shorter 
period of parental care. Obviously, on fast ice, the mechanics of attending the 
young a re simplified and the dangers of separation of mother and young are 
Jessened . These circumstances probably enable the female to feed normally in 
the vicinity of the young seal until the June season of intensive fasting (page 21). 
The female harp seal, on the other hand, !oses much weight t hrough lactation a nd 
starvation, during the shorter, more intense suckling period. 

Of course, any effect of pupping habits will apply equally to the distributions 
and movements of adult males and females. The proximity of pupping and 
impregnation times indicates t hat the adult males must, in general, follow the 
patterns et by the adult females. 

THE AMOUNT OF FAST ICE. Due to the habit of pupping in the fast ice, the 
total ringed seal production in a region is likely to be in some way proportiona l 
to the a mount of fas t ice available for the birth-la irs. In southwest Baffin Island, 
as in most a reas of the eastern Canadian arctic, the extent of fast ice in winter is 
more or Jess fixed by the nature of the coast line a nd is much the same from year 
to year. Figure 21 shows the outer li mit of fas t ice. Obviously different sections 
of this coast differ markedly in the amount of fast ice which forms. Areas of 
fast ice, in ten-mile strips extending inshore from the ice edge, have been deter-
mined from the topographie ma p of the region. During the pupping season, 
coastal sections A, B, C, D, a nd E (Fig. 21 ) have approximately 43, 48 165, 193, 
and 181 square miles of stationary ice respectively. Thus a strip from the ice 
edge in the relatively complex areas of C, D, a nd E delimits a bout four times the 
amount of fast ice of a n eq uivalent strip in t he areas A a nd B. 

lcE STABILITY A D s OW COVER. The total amount of fast ice is only one 
of the factors determining the suita bi lity of an area for pup production. In 
regard to the formation of fast ice, several generalizations may be made. Ice 
forms from the shore outwards. T he deepest inlets a nd most sheltered, island-
fi lled regions are frozen earliest and most securely . Islands actas anchor-points 
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in the formation of table ice in offshore wa ters. The mosl recently formed ice, 
usua lly nearest the ice edge, is the least stab le, a nd is more subject to the dest ru c-
tive effects of winds a nd tides. These factors indicate t he greater suitab ility of 
areas of coastal complexity for stable ice form a tion. If the distribution of pups 
is considered to be ra ndon throughout t he fast ice, a nd if a trip of ice, one mile 
in width, is broken off a t t he i e edge from A to E (Fig. 21 ) carrying all its pups to 
death through separation a nd starvation, the resulting lo ses in the year 's pup 
production wou ld be about 22 0 in a reas a nd B a nd on ly about 5.53 in a reas 
C, D, a nd E. This example, involving pup production as a function of ice 
stabi lity, is onsiclerabl y oversimplifiecl . Neverthele s, there are several facts 
which suggest that ice instabi li ty has i ts effect on the lructure of seal Sopu lation s. 

FIG RE 2 1. The limi ts of fas t ice in southwest Baffin Island. Obscrved segments of lhc ice 
margin a re indicated Ey a solid line; the dotled porlionsjoining these arc estimated approximate 

positions. 

'o l infr quently, young seals showing obvious signs of malnutrition are 
ki ll ed by the Eskimos of sou thwesl Baffin lsland. Two seals of this sort were 
kill ed by the natives and observ d by the author. One weighing 19.5 lb. (8.8 kg. ) 
was killed a l the ice eclge on J ul y 1, 1954 (Fig. 22). T he other, which wcighecl 
20 lb. (9. 1 kg.), was ki llecl well offshore on August 6. Five other seals of the year 
kill ed during the summer season in southw st Ba ffin Isla nd ranged from 28.5 lo 
38 lb ., mean 33.2 lb. The Eskimos call the e small seals sierkolik, t he term 
referring to t he prominence of the knee join t, and pres um e lhem to be ta rvelings 
which hacl been aba ndoned by the rnothers before be ing properly weanecl. The 
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E kimos have found the sierkolik on la rge ftoa ting ice pans off the ice edge in the 
spring. v\/hether the young seal has been born , perhaps a bortively, on moving 

, or whether the ice has been eparated from the fast ice-sheet after the birth 
of the young, is not known. T he latter possib ility seems to be more likely. The 
majori ty of tarveling a re taken by natives of so uthern Andrew Gordon Bay and 
from camps to the west of Cape Dors t (Fig. 21 ) . In June, when the bea rded 
seal is hu nted from boats la unched at the ice edge, the sierkolik is taken in the 
open water. ln this same season, young ringed seal of th year, in the pea k of 
condition , are being taken by Eskimos hunling on the fast ice. 

FIGURE 22. A starveling, July 1, 1954, on southwest Baffin Island . 

There is evidence of an average size difference between seals produced in the 
peripheral ice and those taken in a reas where the ice i stable until late in the 
spring. Th skins of first-year seals, which a re known as "silver jars" in the fur 
trade, are of so rne commercia l value. In t his respect , the skins taken by the 
natives of camps si tuated deep within the archipelago to the east of Cape Dorset 
a re considered to be the best . Figure 23 shows one of these la rger, more valuable 
ski ns , taken from near the camp marked Fon Figure 21, compa red with a skin 
ta ken in the same season (earl y August) near Cape Dorset. The sma ller skin 
was the intermediate in size of 3 skins f rom the ape Dorset area, and the la rger 
was close to the mean in size of 7 skins from its area. The la rge t of the 3 skins 
from the Cape Dorset rcgion Zas about equa l in ize to the 2 sma llesl skins from 
th camp Lo the eas t. A pos ible a u e of uch a size differ nec of pups lies in the 
different periods of parental care which are expec ted in Lhese two regions. In 
northwe t Foxe Basin , the same differences of whi te-coat a nd "silver jar" size 
were suggested by a few pecimens a nd confirrned by sta temenls from the native . 
In the areas around Igloolik Isla nd , close to the winter ice edge, the young are 
small. Around Fury a nd Hecla trait, Richards Bay and Murray Maxwell Bay, 
all areas of stable winter ice and far from the ice edge, t he young are larger 
(H. . Andersen & E. H . Grainger, persona! communica tions). 
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Premature eparation of mother and young is nol the on ly danger in area of 
uns table ice. Occasionall y t he natives fin d pups in pressure-ridge !air (page 5 7) 
apparently crushed to death by shifting ice. High winds and tides, and the 
resulting ice pressure a nd movement, would have t heir greatest effect at the 
peri phery of t he fast ice. 

A sufficient depth of snow is required for the co n truclion of the birth-la ir. 
orne mechanisms whereby the female may "predict" the now depth of a loca lized 

area have been discussed on page 57. good clepth of snow is probably required 
for it in ulatory effect, for pup born too early in the pring season run the ri k of 
cleath by freezin g. A mall (59 cm. 23.2 in. ) whi te-coat was found dead in its 
!air by E. H. Grainger (Calanus fie ld-note , 1956) on March 14, a nd the natives of 
Foxe Basin informed him that this was a common fate of you ng born in March. 
T he amount of snow is directly re lated to the t ime of form ation of the fas t ice; it is 
a lso governecl by the amount of shelter and windbreak. It is easil y seen tha t 
snow depth is a function of th same forces tha t contra i ice stabi lity . 

FIGURE 23. Comparison of a large firs t-year skin of Phoca hispida from the 
complex coast, and a small first-year skin from the simple coast of southwest 

Baffin Island. 

ln Greenlancl, many young Jose their lives in bad weather, according to 
H ansen (no date), a nd bad weather may a l o sometime a use the mother to 
a ba ndon her yo ung. Clearly a pup born on an un moving su bstrate, under a 
thick blanket of snow, is litt le a ffected by the vagaries of wind a nd weather. 

These featu res of fast ice- tabi li ty a nd snow cover- re ult in a much higher 
production potentia l in t he oasta l complex between horkba k I nlet a nd Ma rk-
ham Bay than on the relatively simple coas ts of the region nea r a pe Dorset. 
T hus, the ratio 4: 1 between a mounts of fas t ice in a rea C a nd (Fig. 21) 
wi ll be much smaller t han t he ratio in seal prod uction in these t wo region s. 
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IC( CONDITIO s .\ D THE AGES A /' SIZES OF ' E .\ l.S . a general rule, the 
more sui ta ble th e ice of a n a rea for pupping purposes, the greater the average age 
of adult eals ma king use of t hi s ice. Young adult a nd newly ma tured seals 
are found in the reg ions of coa tal s implicity a nd in the peripheral ice of more 
complex coastlines. Older sea ls a re proportiona tel y more common in t he inner-
most bays a nd lagoons of ramified coa Llin es. This pattern sugges ts that 
penetration of the most uitable breeding a rea i a fun ction of exp ri ence wi t h 
age. Kumlien (1879) observed six instances of "young" females pupping on the 
ice with no snow cover whatsoever. "The young ex posed in this ma nn er a lmost 
always fa ll prey to faxes and ravens befor th ey a re olcl enough to Lake care of 
themselves." Another factor whi ch may a ffec t thi s age-cline is popula tion pres-
sure, where the age of th e sea l might determin c lhc success o f compe tition for the 
mos t sui tab le a reas. 

Res iclenls o f the Canadian arctic, both whil and Eskimo, a re quite fa mili a r 
wi th tKese cliffe rences in sea l popu lations. The na me "bay-ice seal" a nd "sea-
ice seal" a re used to d iffe ren tiate th e la rge r and maller types of sea l. Several 
authors, of whom Freuchen (1935 ) is the most spec ific, have commen ted on these 
malle rs. Freuchen found great cliffer nces i11 the size of aclult s als "in th 
Upernavik d istri c t , where on the outer coast, fo r instance at the colony of 
LTpernavik itself , or al the trading post of T a iussaq, one finds full-grown seals that 
a re no longer th an about one met re, whereas in near t he g laciers, or up in Melville 
Bay, t Kere a re sea ls o f two rnet res or more." 1 n th is he makes "due a l lowances 
for the fact that the sea l ... req uires about five yea rs to become f ully developed": 
but sin ce he die! not ha ve avai lab le an acc u rate method for age determinat ion , it is 
probable thal these s ize differences may be, in fact , la rge ly based on age. 

ln outhwest Ba ffin Island t he Eski mos a re convinced, through observat ion, 
that "bay-ice seals" average la rger regard les of age . The largest seal measured 
by the a thor in t hi s a rea was a ma le, 25 o r more year old, 140 cm. (55 in ches) 
long, and 192 lb. (87 kg.) in weight. The innermost bays a nd lagoons at the 
north end of the a rea D of Figure 21 a re sa ie! Lo ha rbour many such large seals. 

nfortunately, ti me did not permit a trip to thi s a rea in the breeding season of 
1954. l n ea rl y September many very big sea ls were seen t here, but these werc 
too wary and none was killed. I t was felt th at if the seals o f the innermost 
bays \\'ere large r, t he ame phenomenon migh l be reAected i 11 d iff erences bel wcen 
seals of simple and complex coastline . Unfortunately. mea urement of eals 
f ro m t he co rn plex coast, t he a rea between M[a rkha m Bay anGChorkba k l 11 let, 
are too few to demonslrate possible differences. However, Figure 24 does sugg l 
that the average sizes with in t h same age-class do differ in t he two reg ions. 

Perhaps t he most atisfacto ry exp la nation of this s it uation revolves arouncl 
t he ice ecology and ca re of the yo ung, which have been elaborated above. 
Summer starveli ngs a re more common on open coasts, a nd there may be an 
ave rage size d ifference in su mm er yearlings of simple and complex coasts. The 
ringed seal is not truly migratory a nd it is probab le that a given ect ion of coast-
lin e is replen ished to a la rge extent b y its own resid ents. 1f small young are 
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the rul e, Lhe entire popul a lion may bear Lhi s La m p. Actually, as wi ll be pointed 
oul in a late r sec l ion, d ispersal is probabl y direc ted from complex Lo simple 
coasls. T hus , if th e size a t wea ning is of signifi cance , a wid er range of seal s ize 
might be expected on simple coasts. There is a suggestion o f t his wid cr range in 
Figure 24. 
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AGE IN YE/\RS 

FIGURE 24. Si ze and age of P hoca hispida of so uth we t Baffin Island. The c ur ve is drawn onl y 
through t he simple coast specimcns, with th e aid of several s tra igh t lines of least squares. 

Other fac tor may enter in: first, if t here is competition fo r th e best breed-
i ng sittes, the uccess of t he com peti tor may depend more on size th a n on age; 
second ly , it is not kn own if the age a nd ize o f the mo ther have an effect on t he 
size of t he youn g a t b ir th . As regards t he la tter possibi lity, P der en (1930) 
sugges ts t ha t old fema le r in ged seals give birth about two weeks late r th a n younger 
fema les , on th average. Direc t correla tion between th age-struc ture of a 
popula tion and the ize of t he youn g produced would be va lid on ly where all the 
young sa mpled were s till und er pa renta l care. a>D0DQ\  "silver jar" skins ta ken in 
these circumsta nces were sh ipp d out of Cap D orse t bef ore t he problem pre en ted 
itself. After wea nin g , nutritiona l factors, wh ich may have a n indiviclua l effect, 
a r not likel y Lo ac t a t t he popu lation level, especia ll y as th young, fast-growing 
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seals fr m both the simple a nd complex coa ts of outhwest Ba ffin Jsla nd are 
a lmost ail feeding in th same offshore waters, on t he pla nktonic Themisto 
(see page 17) . 

Over its wider ra nge, in t he Canad ia n eas tern a rctic, the ringed seal show the 
a me variations in size. Latit ude, as it govern s the formation of fast ice, i 

sup rimposed on the effect of coastal complexity. Thus, the common belief 
a mong inhabitants of the north t hat sea ls in the high a rcti c a rea are la rger than 
those of t he south has o rn e basis in fact. Soper (1944) con id ers Lhat a cline of 
seal size is to be foun d from southwest to northeast Ba ffin Isla nd . An exa min a -
Lion of his origina l fie ld-notes (idem, 1924-25 & 1928-29) indicates that t hi cline 
may be partly a result of sampling variability; the coa tlines on wh ich hi s observa-
tions were made show a corr spond ing increase of complexity, which would 
effect the age structure of the popu lations. 

Seals of known length and determined age a re avai lab le from a number of 
localities, through the courtesy of severa l field workers, for compa ri son with the 
sou thwest Ba ffi n Island material. The growth urve of F igure 24 is fitted by 
eye to the standa rd lengths of the si mple-coast seals of ou t h west Baffin l sland. 
Thi s curve is used as a standard for compar iso n with seals from other a reas in 
Figures 25, 26, a nd 27. The Southampton Island a mple, composed chiefly 
of ea l from the South Bay a rea, i from about the same lat it ud e as southwest 
Ba ffin Island. Ice conditions here a re compa rabl with condi tions on the simple 
coasts of out hwest Baffin Isla nd and th seal exhibi t a pproximately t he same 
average size with respect to age. The two seals from Churchill , Manitoba, g ivc 
li tt le evi nce of t he sma ller size of seals wh ich wou ld be expected, cl ue to t hc 
unsuitability of ice conditions a long the smooth , open coastlines of southwcst 
Hud son Bay. Both t he e seals were adult fe ma les, which wer not pregnanl in 
Februa ry , another in dication of poor cond i tians for breed ing. Jce cond i ti ans in 
northwest Foxe Bas in a re exce llent for ca re of t he young, a nd the fa t ice may not 
be completely gone from t he ha rbour at l gloolik until t he end of July or late r , 
whereas at Cape Dorset Ha rbour on outhwest Ba ffin I la nd , a nd Cora l Ha rbour 
on Southa mpton Island, the ice has gone by earl y Jul y. The seals from nor th-
western Foxe Basin a re correspondingly la rger. I n nor thern Ba ffin J sland a nd 
E llesmere Island , where t he complex fiord -coasts a nd lower mean temperat ures 
result in onditions of stable, long- lasting ice, t he eals a re considera bly la rge r . 
Only 3 of t he 29 seals from these regions a re sma ller than the mean sizes clet r-
mined for t he simplc-coast seals of outhwest Ba ffin fsland . 

It cannot, of course, be stated definitely t hal the size clifferences between 
nor thern and south rn populations as shown in Figures 24 to 27 a re entirely 
environ men tally imposed. However , the facts suggest t hat t he con tro l of size 
t hrough the mechanism of ice conditions is t he overriding eau e. Genetie 
difference can ha rdl y be postulated to expla in t h size differences in t he con-
tinuously distributed popul ation inhabiting the 135 mi le coa t line of southwest 
Baffin Isla nd, a nd it is rea onable to suppose t ha t genetic differences need nol b 
invoked to expla in a simila r no rth to south cl ine in seal size. Th e we ll -kn own 
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FIGURE 25. Size a nd age of Phoca hispida of Hudson Ba y. The urve i for southwest Baffin 
Issla nd specimens, as in Figure 24. As the oldcr sea ls from outha mpton J sland a re a il claw-aged, 
the curve is not extended beyond 10 years; the dotted li ne is drawn through the mean size of 10 to 

25+ year ea ls from Figu re 24. 
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FIGURE 26. Size a nd age of Phorn hispida of two hi gh a rc tic localities. Th e curve is for outh -
wesl Baffin Island specimens, as in Figure 24. 
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FIGURE 27. Size and age of Phoca hispida of northern Foxe Basin. The curve is for southwest 
Baffin Island specimens, as in Figure 24. 
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advantage of larger body size in homeothermic a nima is living in cold la titudes 
(Bergma nn 's rule) wou ld not be very effective among ri nged seals which live in 
relatively uniform temperatures throughout their range. 

MOVEME TS 
Tr-IE SEDENTARY HABITS OF THE ADULTS. There is a general tendency for 

the mature seals to become year-round residents within the a reas delimited by 
the winter fast ice. This sedentary hab it is appa rently a reaction to t he selection 
imposed by ice quality on reproductive success. Thus, even in t he summer 
season ad ul ts are concentrated in bays, fiords and among islands, while the 
immatures live a more off hore existence. J ohansen (1910) and Pedersen (1926, 
1930 and 1942) fo und this phenomenon very marked on the fiord coasts of 
East Greenland. H ere, in the offshore waters, "it is the small seals (the young 
'troll' seals and a lit t le older ani mais) which are met with ... ; the full-grown 
anima is, which are so common t he whole year through in t he fjords, are not seen 
at all out here" (Johansen, 1910). Pedersen (1930) considers the young seals to 
be very rare within the breeding areas, and he even suggests that t he young are 
dependent on the breathing ho! s of t he adults when they find t hemselves in the 
bays at the time of winter ice. 

THE PATTER s OF AN UAL MOVEME TS. In general, the ad ult ringed seals 
are inhabitants of the inshore waters; the immatures prevai l offshore. The 
seasonal and geographical variations in t his distribution seem to constitute an 
overall pattern of small-scale annual migration. Figure 28 illustrates this pattern 
on two simulated coastlines, drawn respectively for simplicity and complexity of 
form. 

Figure 28A shows the picture at the height of mid-winter. ote the pre-
ponderance of old ad ults in t he inner bays of the complex coast, the presence of 
younger adu lts in t he peripheral ice, and the scarcity of young a nimais in the 
fast ice. 

Figure 28B shows the pattern of dist ribution at the time of break-up, in late 
June, on southwest Baffin Isla nd . The majority of immature seals have moved 
from the open water to the periphery of the fast ice. J ohansen (1910) states that 
young seals in the offshore East Greenland pack ice are never seen lying out on 
floating ice pans. In fact, t he a uthor has only rarely seen this species on small 
ice pans in the Canadian eastern arctic, a lthough on July 14, 1954, 27 animais 
were counted on a very large ice pan, measuring about one mi le by three-qua rters 
of a mile, which had been recently torn from the ice edge. It would a ppear that 
the ringed seal prefers to haul out on fast ice. The movemen t of young seals into 
this ice was most marked in southern Andrew Gordon Bay (see Fig. 21) a fter 
mid-June of 1954. On June 12, a nd for several days a fterwards in this area, the 
weather was chilly a nd occasionally sunny ; the ice remained rela tively solid. A 
few seals were seen on the ice at this time, and a number, chiefly young adults, 
were taken. From June 17 to 20, days of warm sunshine and warm rain, the 
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FIGURE 28. The patterns of annual movement of hispida. Explanation in the text. 



ice underwent considerable change. T he extensive and deep pools of melt-water 
dispersed, and the ice became rotten with sin k-holes and fissures . At this t ime 
large numbers of young seals began to haul out. Most were close to the ice edge, 
though some had penetrated considerable distances through leads in the ice. 
Several offshore whaleboat t rips in la te J une and early J ul y produced very few 
ringed seals, and few of the species were seen. This movement of the immature 
seals into the fast ice in spring was also ob erved in Foxe Basin in the spring of 
1955 (E. H. Grainger, persona! communication) and in nor thern Baffin Island in 
1954 (Ellis, 1957) . 

Figure 28C shows a return to the "normal" distribution in mid-summer. 
The young seals have moved offshore, apparently following t he natural tendency 
which had been overcome by a desire to haul out on the fast ice in the spring. 
In the simple coast area of Cape Dorset, seals of all ages were rather scarce in t he 
inshore waters in summer; the most profitable hunting was carriecl out in the 
waters a few miles to the southeast of the Cape. This was not so in t he more 
complex coast to the ea t. In early eptember large numbers of seals of all sizes 
were seen in the waters around the camp marked F in Figure 21. Two seal 
counts in this area on September 7 and 9 resulted in 57 seals being seen in approxi-
mately 28 square miles of water. These fig ures a re minimal, since great care was 
taken not to recount individual seals. Several immature seals and young ad ul ts 
were killed in these waters, but none of the warier older seals was taken. o very 
large seal was seen on the return t rip to Cape Dor et, outsicle t he archipelago. 

Figure 28D shows the population status at t he time of freeze-up. T he 
author was unable to observe the pattern at th is season in southwest Baffin Island 
and the figure is based on native information. T here is a movement of young and 
old seals into the coast in the fa ll , but the movement of young seals is not as 
pronounced as it is in the spring. According to t he natives, the fall movement of 
young seals is analogous to t he spring movement, where the desire to haul out on 
the fas t ice seems to be t he chief cause. As the nights lengthen and t he days 
become cold, fewer seals are seen sunning on the ice. Most young seals move 
out with t he progressing ice edge, leaving the adul ts in t heir winter residence 
under the fast ice. Thus the win ter pattern is established a nd the distribu tion 
remains rela tively static un til spring. It has been suggested by the natives living 
in t he complex coast a rea tha t some seals may return from year to year to the 
same winter residence. Pupping-lairs may be found at the same point each year 
in this a rea, a long well-established dog-team routes, and seals wounded by bullets 
of known peculiarities have been killed la ter in the same locality. 

There are two main differences between the patterns of movement on 
simple and complex coasts. First, a higher concentration of immature sea ls is 
found , both summer and winter, in the inshore waters of complex coasts ; secondly , 
seals of all ages , including adults, are Jess common in the inshore waters of simple 
coasts in summer. o further basic assumptions a re required to explain these 
differences. I t seems reasonable to assume tha t coas tal complexity itself has a 
modifying, damping effect on seal movement a nd dispersal. Thus, for example, 
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the coasta l a rea where la rge numbers of immature seals were seen (near F , F ig. 21 ) 
was ac tua lly a maze of bays, lagoons a nd isla nds; in fact , every entrance to t his 
a rea is probably cu t off by bars a nd overfa ll s at low tide. I t is th us probable tha t 
ma ny young seals find themselves t ra pped in uch circumstances, even when the 
instinct to escape to the open sea is strong. The fast ice in such complex a reas 
forms rapidly a nd extensively, cutting off la rge expa nses of open water in its 
progression. Little cha nce of avoid ing this ice would be offered to young seals 
living in the a rea a t freeze-up. Immat ure seals living in the inshore waters of 
simple coasts in a u tumn would find it easier to avoid the fas t ice as it crep t more 
slowly outward. T he same reasoning may apply to the summert ime aba ndon-
men t of inshore wate rs by adu lt seals of simple coasts , keeping in mind the fact 
that ad ults a re incl ined to be sedentary. Random movements of d i per al, 
even on a sma ll cale, would d isru pt a ny tenclency for t he aclults to be confined to 
bays in t he summer. I n effect, once a seal has left a bay in the Cape Dor et 
a rea, it is a il but offshore ; when a eal has left its pa rticular breed ing-bay in t he 
complex coas t , it may be still perhaps 30 miles from the open sea. Another 
possibility is that the suitabili ty of a n a rea for pupping a nd the age a nd experi-
ence of the adult seal have eff cts on the tendency of a given seal to remain 
sedentary in t he immediate area of its past choice, a nd it bas been shown that the 
adult population of t he simple coasts is younger in make-up. 

l n East Green land the Jack of mixing between adu lt and imma ture popula-
tions is very pronounced (Pedersen, 1942 ; J oha nsen, 1910). The coasta l complex 
of southwest Baffin Isla nd is nota fiord coa t; fi ord coas ts a re deeply inclented 
a nd may ha rbour a great dea l of stable fas t ice, but they do not approach south-
west Baffin Isla nd in complexity of configura tion. Iorma l seal movements 
and dispersal may not be cla mpecl to the same extent on t rue fiord coasts. 
For example, if the young seal, in avoiding inshore wa ters, were sen it ive to 
cl irectiona l tida l-flow, t his rnecha ni sm would be of Jess va lue in the coasta l maze 
of southwest Baffin Isla nd. Dunba r (1941) describes a summertime departure 
from the coasts of the La ke H a rbour a rea. T his a rea is, in dista nce from the 
more complex coast a nd in degree of complexity, similar to the Cape Dorset 
area , where the sa me sea l movements a re fo und. I n northwest Foxe Basin the 
patterns of d istribution a nd movements are in accord with those founcl in south-
west Baffin Isla nd , according to observa tions macle by E . H . Gra inger a nd H. N. 
Andersen in 1955 a nd 1956 (per ona l communications) . In fac t , the general 
pattern of movements seems the same throughout the eastern Ca nadia n a rctic, 
with modifications imposed by the local geography. 

DISPERSAL. T he ringed sea l is not tru ly migratory, a nd its movements, 
other than the sma ll-scale patterns clescribed a bove, seem to represent dispersal 
from prod uctive centers, the extent a nd na ture of which va ries with t he area 
concerned . Dispersa l may be directed offshore or a long coasts; both types are 
discussed here. 

The largest summer concentra tion of seals in the Ca pe Dorset area is to be 
found between about 3 and 10 miles offs hore. Hunt ing becomes rapidly Jess 
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prod uctive when the outer limit is exceeded. Farther out in Hudson Strait 
ringed seals are decidedly scarce, a lthough ha rp seals may be seen in la rge numbers 
at certain seasons. Seal hunting is very poor 50 miles across the strait on the 
northern Quebec coast. J ohansen (1910) found no ringed seal farther than 
about 80 miles from land; they occur "only rare ly in the outer parts of the drift 
ice, but in the middle and inner parts of this [ice] ... everywhere on the coasts of 
East Greenland". Thus the rin ged seal is essentially a coastal species. 

There is evidence that the populations of areas of poor breed ing potential 
may be maintained, to a large extent, by areas of h igh seal produ t ion a long t he 
same coast. I t is believed t hat the highly succe sful hunting at Cape D orset 
and at Lake Ha rbour to the east is main ly d ue to the la rge reservoi r of breeding 
seals in the complex a rea between these two trading posts. Seals rapidly 
become le s common around the west coast of Foxe Peninsula. This may indi-
cate the lim its of dispersa l fro m the east. If many of the eals fo und around 
Cape Dorset are actually produced in the prod uction center to the east, then we 
might expect that the take of seals of the year wi ll how a n increase in t he Dorset 
area throughout the period fo llowing the pupping season and a fter the departure 
of the fast ice. This seems to be the case. T a ble XII shows the change in the 
catch near Cape Dorset, west of Andrew Gordon Bay (Fig. 21 ), through the 
period of J uly to the end of September. The September increase is believed to 
be real, a lthough a x2 analysis of t he materia l in T able XII (contingency table, 
with Yate's correction for continu ity) reveals a 9% probabil ity of such difference 
occurring by cha nce. September and October a lways produce more of the 
valued "silver jars" in the Cape Dorset a rea, accord ing to Eskimo information. 
After mid-J uly, 17 first-year and 22 second-year an ima is were taken from the 
offshore waters near Cape Dorset. Assuming t hat a ll the young age-classes a re 
well represented offshore in summer, first-year seals should have outnumbered the 
second-year an imais in this sample, if a ll t he second-year a nimais were born in 
the area. The figures therefore sugge t that local pup production is supple-
mented from t he more suitable breeding a reas to the east. In northwest Foxe 
Basin, samples fro m around Iglooli k and Skeoch Bay, some distance from the 
main productive centers a round the entrance to F ury and Hecla Stra its, produced 
15 second -year an ima is and 9 first-yea r an imais in eptember and October. The 
same facto rs a re probabl y responsible for this unba la nced proportion. 

TABLE X II. Change in the proportion of first-yea r seals in the catch near Cape Dorset, 
southwest Baffin Island. 

First-year sea ls . ... .. ... .. .. . .. . .. . . .. . . .. . 

Older seals ..... .. . .. ..... ..... .. . . . . 

Percentage first-year seals . .... . .... . . . 

July 

6 

14 

 ▒ This eal was the starveling shown on Figure 22 . 
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August 

8 

73 

10 

September 

11 

38 
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POPULATION SAMPLES 

Large collections of teeth for ageing from known localities were taken in 
southwest Baffin Island in 1953 and 1954. In developing the ecological patterns 
of the ringed seal populat ions of this area, little reference has been made to these 
collections; if the reasoning is sound, t he teeth should reflect differences in the 
age-structure of popu lations inhabiting various locali ties at different times of the 
year. 

Six populations have been distinguished, chronologicall y or geographically, 
and their make-up is depicted in Figures 29 ta 31. T he few sea ls taken before 
April 1 (the birthday of seals for the purpose of these figures) are put into the 
age-class of the following seal-year. Only seals for which there is definite evidence 
of source and date of collection are included in the histograms. In the discussion 
which follows, all seals of the seventh year or older a re considered to be ad ult . 

... 
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AGE YEARS 

FIGURE 29. Age composition of the total samples of Phoca hispida from southwest Baffin Island. 

Figu re 29 shows the total samples for 1953 and 1954 from the simple coast 
near Cape Dorset (A) and from the more complex coast to the east (B). The 
difference between the ad ult popu lations of t hese coasts is quite apparent. 
(A) probably gives a fai r picture of the structure of population of this coast, as it 
represents seals taken in all seasons, under all conditions. (B) does not represent 
a random sample of the immature seals of this coast, as large numbers of the 
teeth for ageing were ta ken in the late winter, when most immatures would be 
excl uded from the catch. This, however, does not affect the difference between 
t he adult sections of the histogram; t he complex coast sample is considerably 
aider in make-up. 
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Figure 30 compares popula tions living in the fast ice. The adult population 
dwelling in the less suitable ice of simple coasts and near the outer periphery of 
t he ice of more deeply indented coastlines is younger in age-structure. The 
complex coast sample was taken before mid-J une, before the large numbers of 
young seals had invaded the area during and following spring break-up. Thus it 
is believed that all, or almost all, the young seals shown on this histogram were 
winter residents. Most of the immature seals shown on the simple coast sample 
were taken during la te June, when these had entered the fast ice from t he offshore 
waters. 
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SPECIMEN S 

FIGURE 30. Age composi tion of populations of Phoca hispida inhabiting the fas t ice of simple 
a nd complex coasts of southwest Baffin Island. 

Figure 31 depicts the populations living offshore a t a ll fast-ice edges in the 
winter a nd off Cape Dorset in summer. The winter sample is exclusively im-
mature. The rapid falling off of ad ult seals in the older age-classes and the 
scarcity of first-year anima is are both apparent in the summer offshore samples. 
A sample of open water seals from Foxe Basin in the period of J anuary 31 to 
April 18 was similarly young in make-up . There were 10 one-year-olds, 9 two-
year-olds, 7 three-yea r-olds, 5 four-year-olds, 2 five-year-olds, a nd 3 six-year-olds. 
The only older animal from the fast-ice edge was a sexually active ma le, 15 or 
more years old, taken on February 27. Residence in t he fast ice, away from the 
open wa ter, is a response to breeding needs. either of two adult females, of 
9 and more than 15 years, taken in the open water off Churchill, Manitoba, on 
February 22, 1954, was pregnant. This unusual condition probably accounts 
for their presence there. An adult male jaw secured several miles off shore in the 
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pack ice off Ca pe Dorset (SD-36, 1954) was in a badly diseased condit ion. The 
canines, which were very worn, were decayed t hrough to the pulp cavi ty. R ings 
in the cementum , which were not affected by t he decay, suggested an age of 
about 10 years. The presence of t his a nima l outside t he fast ice was probably 
related to this abnormality. 

I t can be seen from t he diversity of these seasonal and geographical samples 
tha t it is difficult to obtain a true picture of the total population inhabiting any 
stretch of coas t . For this reason, such features as mortality ra tes and effect 
of hunting pressure may be impossible to determine accurately , regardless of the 
size of t he population samples. 

in oreo X 

to 

+ 

... 
5 -
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FIGURE 31. Age composition of offshore popula tions of hispida in southwest Baffin Island 
in summer a nd in winter. 

DISTRIBUTION FACTORS IN TH E EASTERN C A ADIAN ARCTIC 

The economy of many Eskimo groups is based on t he availa bility of the 
ringed seal. This a nima l is scarce, regionally and seasonally, in ma ny parts of 
its ra nge and t he economy of Eskimos living in such localities is often depressed . 
The previous few sections have dealt with t he importance of q uant ity a nd quality 
of fast ice in determining local seal production, pa rticula rly in sout hwest Baffi n 
Island. Ice conditions may well be the key to ringed seal distribu t ion t hrough-
out its range. 

Temperature, as th is affects the forma tion of fas t ice, certa inly delimits t he 
sout hern range of t his species. This is undoubtedly t he limiting factor in south-
west Greenla nd , where li t tle ice forms south of latitude 67° and t he ringed seal 
is correspondingly scarce. I n Canada, t he a nima l becomes progressively scarcer 
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sou th along the Labrador coast, although a few may pup as far sou th as northern 
ewfoundland (Fisher, 1950). Even in nort hern Labrador conditions may not 

be optimal. Late freezing and light snow cover is found in the fiords of this area 
and seals a re scarce on the bay ice unti l the late spring thaw, although they may 
be more common on the ice outside the fiords earlier in the spring (Wheeler, 1953). 
At Hopeda le, at a bout 55° on the Labrador coast, an Eskimo who was fami liar 
with conditions on southwest Baffin Isla nd informed the author that few seals 
give birth on the bay ice of this area. More seals pup on the fast ice of the outer 
skerries, which, due to the influence of the ice-laden Labrador Current, is formed 
early and develops a sufficient snow cover. 

In the far north t he ice may be extremely heavy, a nd this too may be a 
limiting factor. Immature seals live offshore in southwest Baffin Island, 
apparently to avoid t he fast ice, but little open wa ter is avai lable in win ter to 
offshore seals in some of the channels of the northern a rctic archi pelago and in the 
Polar Sea. Stefansson (1944) found seals in t he Polar Sea "in numbers in 
winter only under such ice as represents water of the preceding season ." Peder-
sen (1942) speculates that the greater abundance of adu lt seals in active-glacier 
fiords of East Greenland is determined by t he presence of leads, fissures and 
relatively thin ice, which resu lt from the activities of glaciers and icebergs in 
such fiords. 

Local wind conditions may affect the stabili ty of the fast-ice, and springtime 
river outflow certainly aids in clearing ice from bays a nd fiords. The la tter 
influence may be of greatest importance on continental coasts. The shore ice 
may be cleared from t he mainland of the western Canadian arctic long before 
the departure of the heavy offshore pack (J enness, 1953), a nd the same is true 
of Ungava Bay and southwestern Hudson Bay, both a reas of re lative seal scarcity. 
The river outftow from the arctic islands is much smaller, and in soutl.1west 
Baffin Isla nd the offshore waters were navigable befo re the departure of much 
ice from the bays in 1954. 

Coastal configura tion is probably of greatest importa nce in inftuencing seal 
production, for it is the primary control on fast ice in southwest Baffin Island. 
The east coast of Foxe Bas in (see Manning, 1943), the Hudson Stra it coast of 
Quebec, and most of Hudson Bay are relatively unindented and are poor in 
ringed seals. Frobisher Bay, Cumberland Sound, t he lglooli k a rea, the fiord 
coasts of eastern a nd northern Baffin Island , and most of t he high arctic islands 
are all complex in coastline and plentifully supplied with seals. The coasts of 
Ungava Bay and northwestern Hudson Bay, intermedia te in complexity, are 
intermediate in hunting productivity. Although no exact correlation may be 
drawn between seal abundance a nd coastal topography, nevertheless, a connec-
tion seems to be established on the basis of known seal distribution. 

I t appears, then, that population make-up, seal productivity, and abundance 
a re related chiefty to natural geographical circumstances, as these affect the 
formation of stable fast ice for the purposes of reproduction. 
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SU MMARY 

1. The materia l consists of large collections of stomach contents, jaws and 
claws for ageing, reproductive organs, and body measurements from Phoca 
hispida of southwest Baf-fin Island and northern Foxe Basin, with smaller collec-
tions from other a reas of the eastern Canadian arctic. 

2. Over 750 seals were aged by the dentinal an nuli of the canine teeth. 
Incompletely calcified dentine, which may be thin and transparent or vacuolar 
and reftectiv , is la id clown in the spring, generally during the fasting season. I t 
may be that Vitamin D , which has been found to be an active agent in dentine 
deposition, is required in la rge quantities for the formation of the densest dentine, 
although seal fatness may be maintained by smaller amounts of food. The 
Eskimo method of ageing by pelage is of li mi ted reliability. The claws a re marked 
by a lternating light a nd da rk bands, the light band being formed in the spring 
and early summer; these are usefu l for ageing seals up to about the tenth year, 
beyond which wearing makes them unreliable. 

3. The nose-tai l length increases from a bout 65 cm. at birth to about 135 
cm. in adults, the females being slightly smaller. An extreme adult size of about 
5.5 feet (168 cm.) and 250 pounds (113 kg.) is suggested. There is li ttle antero-
posterior growth grad ient, but the flippers grow Jess rapidly than the animal as 
a whole. 

4. At least 72 food organisms were detected in stomachs from seven loca lities. 
The crustaceans Themisto libellula and Mysis oculata, and the polar cod (Boreo-
gadus saida) were the most common food elements. The seal may dive to about 
50 fathoms or 100 metres, but genera ll y turns from inshore fe ing on Mysis, 
decapods, or fish to st rictly planktonic feeding when in deeper offshore waters, 
and in southwest Baffin Island its offshore food is a lmost exclusively Themisto. 
The patterns of feeding suggest that food is nota limiting factor in the distribu-
tion and abundance of the ringed seal. 

5. Ther is a general relaxation of feeding in the early spring, but intense 
fasting does not take place un til June and early J uly, when most seals are basking 
on the fast i e. Feeding is resumed and blubber is restored after departure of 
the ice. ot much blubber Joss occurs before the baskingseason, and immediately 
after the departure of the fast ice, seals killed in the open water are more inclined 
to sink. There is some evidence that seals li ving inshore in deeply indented 
coastlines, where the Jate departure of the ice may facilitate a more prolonged 
basking and fasting season, show a greater lag in t he return to ftoating condition 
in the summer. Annual variations in the departure time of the ice may also 
affect the proportion of seals which sinks in the summer. 

6. The moulting season extends from mid-May to mid-July, with a peak in 
June. Some abnormal individuals may moult much la ter. 
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7. Studies of the testes and bacula reveal that the male does not mature, 
on the average, unti l 7 years old. Most females ovula te for the first time, usually 
in the left ovary, when about 6 years old; 123 were mat ure in the fifth year, 223 
in the sixth year, and 793 in the eventh year. Early ovula tions are not as 
likely to result in pregnancy. 

8. The males are in rut from sometime in 1arch until mid-May at the latest, 
and the females normally ovula te shortly after parturition, while still lactating; 
the peak of mating activity probably occurs in mid- pril. 

9. The contrai of folliculation by the corpus luteum imparts an alternation 
of ovulation between right and left ovaries. Transmigration of the ovum or 
blastocyst to the uterine cornu opposite its side of origin may be one of t he 
factors upsetting this alternation. 

10. The corpus luteum increases in size and develops more connective ti ue 
and vascularization at the time of implantation of the blastocyst. I t regresses 
rapidly after parturition, freeing the opposite ovary for ovulation. 

11. First ovulations do not a lways result in pregnancy, and it appears that 
the newly matured female may ovulate outside t he normal breeding season. 

12 . The blastocy t implants, on the average, in early August, after about 
3İ months, delay in development. Embryos may implant over a period of 
about 45 days, corresponding to the length of the breeding season. The curve of 
human embryonic growth fits the data on ringed eal embryonic growth very 
well, when adjusted for birth-size and gestation period. 

13. The young seal is born on the fast ice in a !a ir hollowed out by the female 
in the overlying snow or in a natural hollow in a pres ure ridge nea r shore. Seals 
may move into areas of broken ice in autumn or appear at tide-cracks in winter; 
in both situations d ri ft ing results in suitable depths of snow for construction of 
pupping-lairs. 

14. The peak of pup production occurs near the beginning of April, or perhaps 
somewhat lat rat higher latitudes. The new-born seal weighs about 10 pounds 
(4.5 kg.) and measures about 25İ inches (65 cm.) in standard length. The 
foetal hair is completely shed in May or Ju ne. The females may attend t he 
young seals until the break-u p of winter ice, a lthough weaning may occu r sooner 
in most cases. 

15. The ex ratio of immatures is about 53.5 males to 46 .5 females. 

16. The habit of pupping on t he fast ice makes ice quantity and quality of 
prima ry importance in t he reproductive ecology of this species. Coastal con-
figuration governs the amount of fas t ice a nd a lso the depth of snow cover which 
is available for construction of t he pupping-lair. Ice stability is affected too, 
and this is importa nt, for pups born on the unstable ice of si mple coasts a re in 
danger of premature separation from the females. Starvelings a re most common 
in such a reas, and t here may be a difference in t he average size of first-year seals 
from complex a nd from simple coasts. The most suitable ice for pupping 
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purposes is inhabited by the older adults, and younger adults a re proportionately 
more common in Jess stable ice. This may result from experience with age, or 
from competition for more suitable areas. There is a size difference, without 
respect to age, between seals of simple and complex coasts. This probably 
results from the larger average size of pups produced on the stable-ice complex 
coasts. Seals of higher latitudes are considerably larger, probably through the 
same effect of better ice conditions in more northerly localities. 

17. The adul ts tend to be sedentary in the areas delimited by the fast ice of 
winter, while the immatures a re generally offshore residents. There is a move-
ment of immature seals into the fast ice at break-up, a nd a less pronounced 
movement in the same direc tion at freeze-up. Coastal complexity may exert 
a damping effect on seal movements, and this may be the factor behind the 
greater abundance of immature seals inshore on complex coastlines and the 
smaller numbers of inshore summering adults on simple coastlines. Ringed 
seals do not disperse very far offshore, and dispersal in southwest Baffin Island 
seems to be directed from the more productive complex coasts to the simple 
coasts of lesser production potential. 

18. The factors affecting ice formation appear to determine the distribution 
and abundance of the ringed seal, throughout its wide range in the eastern 
Canadian arctic. 
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PPE -orx 

Tables giving body measurements of ringed seals, and detai ls of the food found in their 
stomachs. 

TABLE I. Detailed body measurements of 102 Phoca hispida from southwest Baffin Island and 
northwest Foxe Basin. The measurements are defined in the text . 

c c 
E E 
c E o. 

.c 
> c oc c z 

----------------------
cm. cm . cm.. cm. cm. cm. cm. cm. cm. mm. lb. 

Full-term 
foetus ...... SD-33 M 61 . . 40 16 9 12 7 . 5 15 18 10 9.8 

0.3 S0-267 F 78 72 72 22 n.a. 15 10.5 21 27 18 32 
0.3 S0-282 F 74 54 55 21 n.a. 14 9 19 24 17 20 
0.4 S-8 M 76 68 65 24 . . .. 11 .. 27 25 .. 
0.4 S-10 F 87 68 66 24 n.a. .. ���� 5 .. 28 25 . . 
0.4 S-26 M 86 64 64 23 11. 5 .. �� .. 30 25 33 
0.4 S-49 F 77 65 64 21 n.a. .. 9 . . 24 28 29 
0.4 S-50 F 77 65 65 19.5 n.a. .. ��� . . 27 .5 25 29 
0.4 S-51 F 86 72 70 24 n.a. . . ��� . . 27 32 38 
0.5 S-55-6 M 101 86 .5 86.5 2 . 5 15 15 11.5 23.5 29 29 61 
0.5 S-55-16 F 85 77 75.5 26 n.a. 14.5 l l. 5 23 27 .5 27 45 
0.5 S-55-17 M 95 82.5 8 1. 5 28 16 16 12 22 29 32 59 
0.5 S-55-32 M 90.5 83 79 29.5 15 14 11 21 27 .5 28 .. 
1.0 SD-3 M 102 98 88 31 16 .. .. .. .. 43 83 
1.4 S-7 F 95 79 76 25 .5 n.a. .. 11.5 .. 29 32 . . 
l.4 6-9 F 8 1 70 68 24 n.a. . . 11. 5 .. 28 25 . . 
1.4 S-12 M 104 83 83 29 14 .. 14 .. 35 25 63 
l.4 S-29 M 98 77 71 27 13 .. 11. 5 .. 29 22 48 
1.4 S-31 F 92 73 70 25.5 n.a. .. 11.5 . . 28 . 5 28 45 
1.4 S-47 M 102 79 77 29 14.5 .. 13 .. 32 25 57 
1.4 S-48 F 90 77 75 26 n.a. . . 11. 5 . . 30 25 48 
1.5 S-55-29 M 99 94 88.5 29 . 5 17 18 12 19.5 27 37 88 
1.5 S-55-33 M 102 83 83 . 5 30 15.5 16 12.5 23 30 3 1 .. 
1.5 S-55-51 F 109 97 93 32 n.a. 16 .5 14 24 34 43 .. 
1.5 S-55-54 F 105 91 89 . 5 31 n.a. 15 13 23 32.5 31 81 
1. 5 S-55-57 M 109 88 . 5 87 31. 5 16 17 .5 12 .5 25 32 27 .. 
1 . 5 S-55-66 F 79 75 72.5 24 n.a. 13 10 19 26 32 . . 
2.4 S-11 M 102 85 83 30 15 . . 14 .. 35 32 . . 
2.4 S-22 M 93 84 8 1 28 14 .. 66 .. 28.5 .. .. 
2 .4 SD-482 M 106 9 1 90 29 15 16.5 14 26 33 26 82 
2.5 S-55-11 F ll l 94 91 30.5 n.a. 15 11. 5 21. 5 3 1.5 30 .. 
2 . 5 S-55-53 M 93.5 74.5 72 23 13.5 13 . 5 11 20 24 30 49 
2.5 S-55-55 M 115 96 92 34 . 5 18 16 .5 13 24 3 1 38 92 
3.0 S0- 22 M 101 92 90 27 13 . . .. .. . . 40 76 
3.2 S0-119 F 105 85 83 29 n.a. 19 14 29 32 30 75 
3 . 4 S-32 F 98 80 79 26 n.a. .. 12 . . 30.5 28 57 . 5 
3 .4 SD-479 M 106 91 9 1 3 1 16.5 18 15 27 34 29 81 
3 . 5 S-55-3 M 114 96.5 94 33.5 18 18 14 .5 28 35.5 42 84 
4.4 S0-2 15 M 95 .. .. 29 14 16 13 . 5 24 33 33 63 
4 . 4 S0- 266 F 104 80 8 1 29 n.a. 17 13 26 34 . 5 32 67 
4.4 SD-275 M 108 80 78 3 1 16 15 13 . 5 24 33 18 66 
4.4 S-14 F 111 99 95 28 n.a. .. 14 . . 37 38 90 
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TADLE I. Continued 

E E o. o. z E 

c z o.. 
------------------------ ------- --

cm. cm. cm. cm .. cm. cm. cm. cm. mm. lb. 

4 . 4 S-16 M 101 83 76 29 15 .. 11. 5 .. 32 .. . . 
4 . 4 S-19 M 106 86 8 1 30.5 16 . 5 .. 13 . . 32 .. .. 
4 . 4 S-33 M 11 4 88 88 33 18 . . 14 .. 36 32 .. 
4 . 5 SD-496 F 109 84 83 36 n.a. 2 1 14 26 33 33 .. 
4 . 5 S-55-28 F 114 113 105 35 n. a. 20 13 23 . 5 31 49 122 
5 . 4 S-17 M 102 80 .. .. 16 .. 11.5 . . 32 .. .. 
5 . 4 S-18 M 101 84 82 30.5 16 . 5 .. 13 . . 33 .. .. 
5 . 4 S-34 M 103 83 8 1 28 15 .. 12 .. 33 32 . . 
5 . 4 S-39 F 101 76 75 30 n.a . .. 11. 5 . . 30 28 54.5 
5 . 4 S-45 M 11 5 93 89 33 18 .. 13.5 .. 36 35 J2 
5. 5 SD-516 M 103 94 91 33 17 . 5 18 14 25 32 36 . . 
5.5 S-55-1 F 122 102 99 33 . 5 n.a. 16 13.5 29 33 . 5 48 117 
5 . 5 S-55-2 M 106.5 81.5 8 1. 5 31. 5 17 16 12. 5 25 . 5 33 28 64 
5 . 5 S-55-4 M 11 6 99 97 .5 33 19 18.5 15 28.5 37 44 95 
5 . 5 S-55-15 F 11 4 . 5 96 . 5 94 30 n.a. 16.5 13.5 23 .. 48 94 
5.5 S-55-19 M 122 103 102 35 18.5 18 14 28 37 40 119 
5.5 S- 55- 52 F 109 98 96 31 n.a. 17 . 5 15 22 5 .. 49 97 
5 . 5 S-55-56 M 121 99 99 36 20 16 12 . 5 27 . 5 32 .5 44 .. 
6 . 4 SD-296 F 11 9 99 95 37 n.a. 19 14 28 38 42 .. 
6 . 4 S-3 F 102 .. 86 3 2 n.a. .. 12 .5 .. 33 45 .. 
6 . 4 S-15 F 11 5 92 9 1 30 n.a. .. 14 .. 36 32 84 
6 . 4 S-21 F 106 90 85 30.5 n.a. .. 13 .. 33 .. . . 
6 . 4 S-41 M 120 89 86 33 19 .. 12 .. 34 27 81. 5 
6 . 4 SD-485 M 127 97 95 39 18 19 . 5 14 . 5 27 38 38 114 
6.5 SD-493 M 110 94 9 1 33 15 .5 15 12 . 5 22 29 44 .. 
6.5 66s6666666666 M 139 . 5 107 .5 103.5 41.5 22 20.5 15 . 5 29 43 3 1 135 
6.5 S-55-14 M 127 110 108.5 39 . 5 19 18 14 . 5 30.5 . . 55 142 
7 . 3 SD-274 M 113 94 93 32 16 . 5 16 14 22 34 31 90 
7 .3 SD-276 M 107 83 8 1 29.5 16 17 12 . 5 22 . 5 30 24 .. 
7 . 4 S-36 F 11 5 95 94 36 n.a. .. 13 . 5 . . 34 42 91 
7 . 4 S-46 F 113 98 95 34 n.a. . . 13 . 5 .. 33 44 97 .5 
7 . 5 S-55-49 F 11 2 91 91 31 n.a . 15.5 12 26.5 33 . 5 33 .. 
8.4 S-28 M 126 105 103 33 19 . . 14 . . 37 44 . . 
8 . 4 SD-480 M 126 96 92 37 20 18 15 27 36 26 104 
8 . 5 SD-523 M 117 97 92 32 17 17 13 23 36 49 106 
8.5 SD-527 F 111 110 103 31 n .a. 17 14 25 32 52 118 
8 . 5 S-55-47 M 129 11 7 . 5 11 3 36 2 1 17 15 28 . . 52 .. 
9 . 4 S-20 F 105 84 85 28 n. a. .. 11 . . 30.5 . . .. 
9 . 4 S-38 F 11 2 94 88 34 n.a. .. 13 .5 . . 32 32 81 
9 . 5 S-55-26 M 136 .5 119 114.5 40 21. 5 .. . . .. .. 56 .. 

10.3 SD-273 F 128 103 102 37 n.a. 20 15.5 29 37 34 121 
10.3 SD-279 M 110 98 93 32 18 17 14 27 34 33 97 
10.4 SD-464 M 126 102 102 35 19 19 15 27 39 29 . . 
10.4 S-25 M 120 100 98 33 17 .. 14 .. 33 37 100 
10.5 S-55-13 M 140.5 11 6 11 6 40.5 21.5 19 14.5 30.5 38 . 5 54 169 
10.5 S-55-20 M 150.5 114 . 5 111 42 . 5 24 23 16 3 1. 5 39 . 5 30 150 
10.5 S-55-39 F 123 111 110 37 .5 n.a. 17. 5 14 .5 27 38 4 1 .. 
11. 4 SD-301 M 11 8 99 95 36 20 17 13 26 35 31 .. 
11. 4 S-4 F 11 8 .. 104 36 n.a . .. 14 .. 38 44 .. 
13 . 4 SD-461 F 130 106 104 38 n.a . 18 15 26 39 33 .. 
13 .4 S-30 M 127 105 105 38 20 .. 14 . . 36 38 123 
13 . 4 S-40 M 127 106 102 38 20 . . 13 . 5 . . 38 33 121. 5 
13. 5 S-55-18 F 120 11 8 . 5 11 3 5 33.5 n.a 18 . 5 14.5 28 35 . 5 52 153 
15 + S-27 F 113 86 84 33 n.a. . . 13 .. 33 25 73 
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TABLE I. Concluded 

., ., 
c .. ., 

c .. > c c .. .. oc c 
------ ------------ ---------------

cm. cm. cm. cm. cm. cm. cm. cm. cm. mm. lb. 

16.5 S-55-12 M 153.5 129 127 48.5 25.5 26 16 33 .. 63 214 
ca. 20 S-55-3 1 M 141 122 119 . 5 45.5 23.5 23 18 30 43 47 .. 
20+ SD-302 M 117 102 97 35 16.5 18 13 28 34 29 .. 
20+ S-55-50 M 156 131 131 49 24 20.5 16 30 41 52 222 
25+ S-37 M 117 95 94 38 20 . . 13 .. 34 35 94 
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TABLE II. Certain measurements of Phoca hispida, expressed as percentages of standard lengths. 
These are derived from regression lines for which standard errors of the estimates are given. 

Navel Penis Fore- Fore- Hind- Hind-
to to flipper flipper flipper flipper 

anus anus length width length width 

FEMALE: 
Percentage of standard length of 60 cm 28.46 .... 19 . 41 13.04 26 .65 34 .86 
Percentage of sta ndard length of 160 cm .. . 29.07 .... 12.00 10.46 18 . 85 26.00 
Standard error of estimate .... . .. . . ...... 1. 79 .. .. 1.44 o. 74 1.68 1.45 

MALE: 
Percentage of standard length of 60 cm 27.97 14.57 18 . 26 13 . 79 24 .83 33.08 
Percentage of standard length of 160 cm . .. 30.07 17 .05 13.70 10.17 19.42 27.43 
Standard error of estimate 1.57 0.97 1.23 0.78 1.59 2.00 

. ) 
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TABLE III. Food specimens taken from Phoca hispida of Ungava Bay a nd northern Labrador 
in 1947to 1950. 

Origins of stomachs: 

A. Near Inuksilik, approximately 58° 47' N. by 68° 23' W. (1 stomach) . 
B. Mouth of Koksoak River, approximately 58° 32' N. by 68° JO ' W. ( 11 stomachs). 
C. Mouth of Leaf Bay, approximately 59° OO' . by 68° 40' W. (5 stomachs). 
D. Tunnusaksuk Fiord, approximately 60° 15' N. by 64° 30' W. (7 stomachs). 
E. Keglo Bay, approximately 59° 10' N. by 65° 45' W. (1 stomach). 
F . Port Burwell a nd Forbes Sound, approximately 60° 22' N. by 64° 50' W. (3 stomachs) . 
G. Button Islands, approximately 60° 25' . by 64° 50' W. (1 stomach). 
H . Adlorlik F iord, a pproximate ly 59° 30' N. by 65° 25' W. ( 1 stomach ). 
I. Near Imi lik, approximately 60° 45' N. by 69° 27' W. ( 1 stomach). 
] . West of Cape Hope's Advance, approximately 61° 05' N. by 69° 37' W. (2 stomachs). 

umber umber umber Areas 
Food species of of t imes in of t imes of 

specimens stomachs dominant occurrence 

Tu rri tell idae (unident ified ) . .. .. . . . . . 1 1 . . . G 
Limacina helicina (Phi pps) .. . . . . . . . . 2 1 ... G 
Cephalpoda ( unident ified squ id beaks). 6 5 .. . J, H, F 
Ca/anus hyperboreas Krßyer . . .. . . . . . . 1 1 ... B 
Pareuchaeta norvegica (Boeck) . .. . . .. . 1 1 ... F 
Mysis oculata (Fabr icius) . .... . . . .. .. 8535 6 5 D,F,G,L 
Mysis mixta Lill jeborg . . . . . . . ..... . . 2346 21 4 A,B,C,D,F,H 
Gammaridea (unidenti fied ) .... .. . . . . 5 5 . .. B,C,F,H 
Orchomenella pinguis (Boeck) . . .... .. 1 1 . . . F 
A mpelisca eschricti Krßyer ... . . ... . .. 1 1 ... J 
Haploops setosa Boeck .. . . . .. . . . . . .. . 2 1 .. . F 
Ampeliscidae ( unidentified ) .. . . . .. .. . 1 1 . . . F 
A mphithopsis longicaudata Boeck ..... 1 1 .. . F 
Atylus carinatus (J. C. Fabricius) . . . .. 1 1 . . . G 
Rachotropis aculeata (Lepechi n) ... .. . 1 1 ... H 
Pontogeneia inermù ( Krßyer) .. .. . . . 1 1 .. . B 
Weyprechtia pinguis (Krßyer) . . . . . . . . 1 1 . . . F 
Gammarellits homari (J . C. Fabricius). 1 1 . . . H 
Gammarus oceanicus Segerstra le ....... 7 4 . . . A, B, I 
Gammarus wilkitskii Biru la .. .. . . . . . . 11 5 ... A,B,C,D 
Ischyrocerus anguipes Krßyer .. ... .. . 1 1 ... F 
Themisto libellula (Mandt) ... . . . . . . . 36 10 .. . A,B,C,D,F,H 
E upha usiacea ( unidentified ) . ... . . .. . 1 1 . . . J 
T hysanoessa inermis ( Krßyer) .. ...... 270 5 2 A,C,D 
Thysanoessa raschi (M. Sars) .. . . . . .. 800 9 4 A,B,C,E,F 
Decapod la rvae (unidentified ) .. . ..... 3 1 .. . c 

atantia (unidentified ) .. .. . .... . ... . 9 2 1▒ F, I 

▒Dominance as a groupj specimens identified to species where possible. 
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TABLE III. Concluded. 

Number umber umber Areas 
Food species of of times in of times of 

specimens stomachs dominant occurrence 

Serges tes arcticus ( Krßyer) . .. ... . .... 1 1 ... D 
Panda/us montagui Leach ....... . . . .. 29 2 1 ], F 
Hippolytidae ( unidentified) . . . .. ..... 31 6 1a B, E, F, I , ] 
Lebbeus groenlandicus (J. C. Fabricius). 1 1 .. . B 
Lebbeus polaris (Sabine) . . . . ......... 5 1 ... F 
Eualus fabricii (Krßyer) ... . ......... 20 4 .. . C,F 
Eualus gaimardi (Milne-Edwards) . ... 23 3 ... E,F 
Eualus macilentus ( 6r66er66 ..... . .... 3 3 ... F,] 
Spirontocaris spinus (Sowerby ) . .. .... 1 1 ... F 
Argis dentata Rathbun . ... . . ... .... . 3 1 ... c 
Fish (unidentified) ............ .. . ... 39 19 sa A,B,C,D,F 
Boreogadus saida (Lepechin ) .... . .... 2 2 1 B 
Reinhardtius hippoglossoides 

(Walbaum) ............. . ...... 15 3 1 ], F 
Ammodytes sp ............ . .. . ...... 55 1 1 B 
Small sculpins (unidentified) ......... 7 4 .. . B, J 
Triglops pingeli Reinhardt .... ....... 9 1 ... B 
Triglops sp ........ . . . . . . . . . . . . . . . . . 4 . 1 . .. c 
Lumpenus fabricii Reinhardt .... . .... 2 1 ... B 
Lumpenus sp .. . .... ... ........ .. .. . 2 2 ... B,C 

•Dominance as a group; specimens identified to spec ies where possible. 



TABLE IV. Food specimens taken from Phoca hispida of southwest Baffin Island in 1953 and 
1954. The contents of 153 stomachs, of which 30 were empty, are listed here. The geographical 
distribution of the dominant food forms is outlined on Figure 5. A plus sign following the number 
of specimens indicates that, due to examination of stomachs in the field or to subsampling for 

laboratory analysis, a full count cannot be given. 

Food species 

Maldanidae (unidentified tubes) ........ . ... . 
Pelecypoda (unidentified) . ........... . . . ... . 
Astarte elliptica Brown .. . . ....•............. 
Astarte sp .. ................... . . . ..... ... . 
Cephalopoda (unidentified squid beaks and 

fragments) . . ... . .. ... . .... ..... ... . .. . 
Balanus sp. (shell fragments) ............... . 
Mysis oculata (Fabricius) . . . . ... . . . ........ . 
Mysis mixta Lilljeborg . .... . . .. . ........... . 
Mysis sp ... .. . .. . . .......... ............. . 
Gammaridea (unidentified) ... .. ....... .... . . 
Pseudalibrotus littoralis ( 6r66er6. . . ... ...... . 
Pseudalibrotus sp ..... ........ . .. . . .. ...... . 
Ampeliscidae ( unidentified) . . .. .. . . . .... .. . . 
Haploops setosa Boeck .. .............. . .... . 
Pardalisca cuspidata 6r6er .... . . .......... . 
Calliopius laeviusculus ( 6r6er6 ....... ... ... . 
Gammarellus homari (Fabricius) .... .... ... . . . 
Gammarus setosus Demen tieva . ... ... ....... . 
Gammarus oceanius Segerstràle ............. . 
Gammarus wilkitskii Birula .. .. ............. . 
Hyperia galba (Montague) . ................ . 
Themisto libellula (Mandt) .... .. .. .. . ...... . 
Euphausiacea ( unidentified) . . .. .. . . . .. ... . . . 
Meganyctiphanes norvegica (M. Sars) .. ..... . . 
Thysanoessa inermis 66r6er). .. . .. ...... .. . 
Thysanoessa raschi (M. Sars) . ....... ....... . 
Thysanoessa sp .... ...... . .... . ....... ... .. . 

atantia (unidentified ) . . .. . . . .. . .. .. ... . .. . 
Hippolytidae (unidentified) ...... .. ........ . 
Lebbeus polaris (Sabine) . . .. .. . . . ...... . ... . 
Lebbeus groenlandicus (Fabricius) ..... .. .. .. . 
Spirontocaris phippsi (Sowerby) .. . ......... . 
Spirontocaris spinus ))r)er)......... . ..... . 
Eualus gaimardi (M ilne-Edwards) ........... . 
Eualus fabricii ))r)er)... . . ....... . . . .... . 
Argis dentata Rathbun .... ............... .. . 

umber 
of 

specimens 

2 

1 
2 

8 
1 

6,365+ 
7 

350 

4 
300 
106 

1 
3 
2 

269 

2 
55 

18,645+ 
24+ 
34 
29 

328 
64 
76+ 
13 
50 
15+ 
5 
1 
6 

11 
81 

 ▒ Dominance ) a group; specimens identified to species where possible. 
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Number of 
times in 

stomachs 

3 

14 
6 

1 
2 
1 
5 

2 
4 
1 
1 
2 

93 
5 

10 
5 

25 
8 
2 
7 
8 
7 
3 
1 
3 
4 
3 

Number of 
times 

dominant 

9 

75 

1▒ 
l▒ 
3 
3 



TABLE IV. Conclu<led. 

Number Number of Number of 
Food species of times in times 

specimens stomachs dominant 

Sabinea septemcarinata (Sabine) ........ .. .... 2 2 ... . 
Hyas coarctatus Leach .......... ....... ..... 1 1 .... 
Fish ( unidentified) .......... .. . .. ........ .. 56+ 11 7 
Boreogadus saida (Lepechin ) . ..... .. . .... . ... 94+ 22 19 
Lycodes sp.? .. . .. . ........ . . ....... ... . . ... 1 1 1 
Small sculpins (unidentified ) . ... ....... . .... 35+ 5 ... . 
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TABLE V. Food speci mens taken from Phoca hispida of northern Foxe Basin in September and 
October, 1955. The contents of 51 stomachs, of which 6 were empty, are listed here. The 
geographical distributions of the dominant food forms are outlined on Figure 6. A plus sign 
following the number of specimens indicates that, due to examination of stomachs in the field or to 

subsampling for laboratory analysis, a full cou nt cannot be given. 

umber umber of umber of 
Food species of times in times 

specimens stomach dominant 

Polychaeta ( unidentified setae) . . ............ ? 1 .... 
Maldanidae (unidentified tubes) ... .......... 6 1 .... 
Pelecypoda (unidentified) ..... . .. . . .. . .. . ... 1 1 .. . . 
Nucula tenuis (Montague) .. . ..... .. .... . ... 3 2 . .. . 
Portlandia arctica (L.) .. . .... ..... . . ....... . 2 1 ... . 
Gastropo<la (unidentified operculum) . . ...... . 1 1 ... . 
Margarita helicina (Phipps) .. ....... . ....... 6 1 ... . 
Fusus sp . ............ . ................ .. .. 1 1 . . .. 
Buccinum sp .................. . . .. . . .. . .. .. 2 1 . . .. 
Cephalopoda (unidentified squid beak) ....... 1 1 . .. . 
Balanus sp. ( unidentified shell fragment) ..... . 1 1 .... 
Calanoidea (unidentified) ... . ...... .. ..... .. 1 1 .. . . 
Calanus hyperboreas Krßyer ...... . .. . .... . .. 1 1 .... 
Mysis oculata (Fabricius) .. . .... .. . . ... . . . .. 8,933+ 26 20 
Gammaridea (unidentified) ... ............... 1 1 .... 
Pseudalibrotus glacialis G. O. Sars .......... .. 147 9 .... 
Pseudalibrotus nanseni G. O. Sars ..... . .. . .. . 70 6 .... 
Stegocephalus inflatus Krßyer . ... . .. . .. ..... . 9 2 . . .. 
Acanthostephia malmgreni (Gßes) ...... . ...... 2 2 .... 
A pherusa glacialis (Hansen) ................. 2,252 3 2 
Atylus carinatus (Fabricius) ..... . ... . .. . .... 5 2 .... 
Pontogeneia inermis ( Krßyer) . ..... . ... .... .. 12 1 ) ... 
Gammarus wilkitzkii Birula . .... . . .. ......... 489+ 15 3 
Gammaracanthus loricatus (Sabine) . ........ . . 28+ 10 ... . 
Themisto libellula ( Mand t) . . . . . . . . . . . . . . . . . . 1,746 16 2 
Hippolytidae (unidentified) ..... . ......... . .. 6 3 .... 
Lebbeus polaris (Fa br ici us) ........... . .. . ... 6 3 1 
Spirontocaris spinus (Sowerby) . .. . . .... . .... 2 1 .... 
Spirontocaris phippsi ( Krßyer) ... .......... . . 1 1 ... . 
Eualus gaimardi (Milne-Edwards) .. ..... . .. .. 12 4 .. .. 
Eualus fabricii ( Krßyer) . ................... 4 3 . ... 
Argis dentata Rathbun ...... . ...... . . ....... 2 2 .... 
Chaetonymphon hirtripes (Bell) .. ... .......... 1 1 .. . . 
Fish ( unidentified) ................... . . .. .. 40+ 14 5 
Boreogadus saida (Lepechin) .. .. . . ... . . .. .. . . 66+ 14 11 
Cottidae (unidentified) ............. . .. .. . .. 5 1 1 
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TABLE VI. Food specimens taken from live Phoca hispida of Frobisher Bay in 1948, 1951 
and 1952. 

Origins of seals: 

A. Estuary of Sylvia Grinnell River, approximately 63° 45' N. by 68° 36' W. J uly 22, 1948. 
B. ey Harbour, a pproximately 62° 51 ' N. by 67° 21' W. August 28, 1951. 
C. Head of Frobisher Bay. September 2, 1951. 
D. Same posit ion as A. July 10, 1952 . 
E . J ackma n Sound, a pproximately 62° 15' . by 66° 18' W. August 19, 1952. 

umber umber Number Areas 
Food species of of times in of times of 

specimens stomachs dominant occurrence 

Margarita helicina (Phipps) .. .. .. ... . 19 1 ... c 
Limacina helicina (Phipps) .... . ..... 1 1 . . . D 
Calanus finmarchicus (Gunnerus) . .... 1 1 ... E 
Mysis octtlata (Fabricius) . . .. . ....... 701 4 2 A, B,D,E 
Pseudalibrotus littoralis (Krßyer) ..... 1 1 .. . D 
Gammarus sp .. . .... . . . . . . . . . . . . . . . . 1 1 .. . c 
Themisto libellula ( Ma ndt) ...... . . ... 105 4 ... A,B,D,E 
Thysanoessa inermis ( Krßyer) .. . . . . .. 3 1 .. . D 
Thysanoessa raschi ( M . Sars) ........ . 12 3 ... B, D,E 
Thysanoessa sp . ......... . . . ........ 4 1 .. . D 
Lebbeus microceros ( Krßyer) ...... . . .. 1 1 .. . A 
Fish (u nidentilîed ) ....... . .......... 11 3 2 B,C, D 
B oreogadus saida ( Lepechi n) . . . . .. .. . 1 1 ... D 
Small sculpins (unidentilîed ) . . .... . .. 310 2 1 D,E 
Icelus p . ... .. .. ... . .... . .. . . . . . .. . 1 1 . .. D 
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TABLE VII. Food specimens taken from Phoca hispida of three high arctic localities in 1951, 
1952 and 1955. 

Origins of stomachs: 

A. Parr Inlet, approximately 82° 30' . by 67° 30' W. August, 1951. (3 stomachs). 
B. Slidre Fiord, approximately 79° 50' N. by 86° 10' W. August and September, 1955. 

(3 stomachs). 
C. Mould Bay, approximately 76° 20' N. by 119° 30' W. August 23, 1952. (1 stomach). 

Number umber umber Areas 
Food species of of times in of times of 

specimens stomach dominant occurrence 

Pelecypoda (unidentified shell frag. ) .. 2 2 . . . A 
Cephalopoda ( unidentified beaks) .... 2 2 ... A,B 
Polychaeta ( unidentified) .. .......... 1 1 ... B 
Polynoidae ( unidentified) .......... . . 1 1 .. . A 
Mysis oculata (Fabricius) ... .. .. ..... 11,511 6 4 A,B,C 
Pseudalibrotus glacialis G. O. Sars ..... 5 2 ... B 
Pseudalibrotus nanseni G. O. Sars .. .. 28 2 ... A,B 
Anonyx nugax (Phipps) ...... . .. ... . 480 1 1 A 
Socarnes bidenticulatus (Ba te) ....... . 127 1 ... A 
Apherusa glacialis (H. J. Hansen ) .. .. 100 1 ... A 
Atylus carinatus (J . C. Fabricius) ..... 49 2 . .. A 
Gammarus setosus Dementieva . .. . . . . 50 1 1 A 
Gammarus wilkitzkii Birula ... . . . . . .. 21 2 ... A, B 
Gammaracanthus loricatus (Sabine) ... 5 1 .. . A 
Themisto libellula (Mandt) . .... . .. ... 25 2 ... A,B 
Natantia (unidentified) ...... ........ 1 1 .. . B 
Lebbeus polaris (Sabine) ....... . .. . .. 1 1 ... B 
Spirontocaris phippsi ( Krßyer) . . .. .. . 1 1 . .. A 
Sabinea septemcarinata (Sabine) . . . . . 13 4 .. . A,B,C 
Small fish (unidentified fragments) ... 2 2 .. . B 
Boreogadus sp. (and larger Gadidae?) .. 5 1 1 A 
Cottidae ( unidentified) ........ .. .. .. 1 1 

1 

. .. A 
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TABLE VIII. Food specimens taken from Phoca hispida of Southampton Island in 1955. 

Origins of stomachs: 

A. Off ative Point, 63° 41' . by 82° 38' W. May 5. (1 stomach). 
B. Near Seahorse Point, approximately 63° 47' N. by 80° 10' W. August 31. (2 stomachs). 
C. South Bay, 64° 04' N. by 82° 24' W. September 1. (2 stomachs). 

Number Number Number Areas 
Food species of of times in of times of 

specimens stomach dominant occurrence 

Mysis oculata (Fabricius) ... ... . .. .. . 6603 3 1 B, C, 
Halirages nilssoni Ohlin . ... . . . . . . . 1 1 ... B 
Themisto libellula ( Mand t ) .. .... . .... 980 3 2 B,C 
Thysanoessa raschi (M. Sars) ..... .... 122 3 1 A,B,C 
Thysanoessa inermis ( Krßyer) ... .. ... 1 1 .. . c 
Lebbeus polaris (Sabine) ..... .. .... 4 1 1 A 
Spirontocaris spinus ( Krßyer) . . . . . . . . 3 1 ... A 
Fish (unidentified) ............ . .. .. . 4 2 . .. c 

TABLE IX. Food specimens taken from two Phoca hispida near the mouth of the Churchill River, 
Manitoba, at 58° 54' . by 94° 10' W. February 22, 1954. 

Food species Stomach 1 

Lysianassidae ( unidentified) .. .. . . . ....... .. ............... . 
Hippolytidae (unidentified). ......... . ... . ... . ... .. . ... .. .. 4 
Lebbeus polaris (Sabine).... .. ... ... ..... ..... . ............ 3 
Lebbeus groenlandicus (Fabricius). . . . . . . . . . . . . . . . . . . . . . . . . . . 4 7 
Eualus gaimardi (Milne-Edwards). . . . . . . . . . . . . . . . . . . . 11 
Eualus fabricii ( Krßyer).. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12 
Small fi sh (un identified).. ..... . . . . . . . . . . . . . . . . . . 2 
Cottidae (u nidentified).. . . . . . .. . . . . . . . . . ......... . 
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Some Aspects of Growth an d Reproduct ion of the 
Bearded Seal, Erignat hus barbat us (Erxleben) 1 
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ABSTRACT 

This preliminary study is based on material from 113 specimens from the eastem 
Canadian Arctic. Animais may be aged from the claws up to 9 to 16 years. The male 
matures at 7 and the female at 6 years. The pup is produced around May 1 and the males 
are probably in full rut in rnid-May. Females which have produced a pup forego ovulation 
until after the male rut, thus establishing a two-year cycle of pup production. The embryo 
implants during a 1İ-month period around early August, after 2İ months of delay in 
development. The animal grows from 120 cm. in nose-tail length at birth to about 235 cm. 
The female increases her length by about 33% in the first year and reaches about 91� of her final 
length at puberty, at 6 years; these figures are somewhat larger than expected from the 
growth patterns of other Pinnipedia. 

INTRODUCTION 

THE BEARDED SEAL, Erignathus barbatus ( Erxleben), is rather sparsely distri-
buted in the eastern Canadian Arctic. It is utilized as food by seal-hunting 
Eskimos, and its thick skin is particularly valuable for use in dog-team traces, 
harpoon lines, footgear, and other native products which require strong, durable 
hide. Material from 113 specimens has been collected from 1947 to 1956 by the 
M.V. Calanus and associated parties, in Ungava Bay, southwest and northern 
Baffin Island, northern Foxe Basin, and northern Hudson Bay. 

Application of the tooth-aging technique has elucidated the patterns of 
growth and reproduction in several species of Pinnipedia. A number of workers, 
utilizing the recent findings, are engaged in comparative studies of this group. 
For example, some of the relationships between growth and sexuality of Pinni-
pedia have been published by Laws (1956a). The bearded seal has been the 
subject of two important papers by Russian workers ( Chapsky, 1938; Sleptsov, 
1943 ), but the animal has not been studied in detail in the American Arctic. The 
present study, though preliminary, may be of value, since it is the first to utilize 
an accurate aging method. 

The method of aging seals from sections of their canine teeth ( Laws, 1953; 
Fisher and Mackenzie, 1954; McLaren, in press) was found to be not applicable 
to the bearded seal, whose teeth are degenerate and often missing. Aging harp 
seals, Phoca groenlandica, from their claws was fust practised by Plekhanov 
( 1933) and has been fully described for the ringed seal, Phoca hispida, by 
McLaren (in press). The same method off ers a valid indication of age of the 

lReceived for publication May 27, 1957. 
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bearded seal. A study of 62 claws, collected since 1954, indicates that a light band 
is laid down in the spring and summer, and that generally a ridge is formed 
during the period of moult in the spring. Wearing at the tip eliminates the first 
year's growth after 9 to 16 years of life. 

GROWTH AND AGE 

The size at birth of the bearded seal has not been well established. The pup 
is rarely taken, and most lengths of young bearded seals in the literature are from 
animals which have achieved independence of their parent. Sleptsov ( 1943), 
working with a large number of specimens, considered the birth size to be about 
120 cm., from extrapolation of known summer lengths. A new-bom pup observed 
east of Belle Isle on April 19, 1952, was 47 inches ( 119.5 cm.) from tip of nose 
to end of tail ( D. E. Sergeant, persona} communication). A full-term foetus was 
taken in Cumberland Sound on April 28 by Kumlien ( 1879) and was 4 feet 
7 inches in extreme length. The hindfüppers were 12 inches ( 30 cm.) long, and 
the tail of an animal of this length would be about 3 inches or 7.6 cm. (from 
regression line of 13 older animals); this suggests a nose-tail length of about 
3 feet 10 inches ( 117 cm.). Another advanced foetus from Greenland measured 
112 cm. from nose to end of tail on March 17 ( Vibe, 1950). The youngest animals 
taken in the present study, from June 17 to July 4, ranged from 117 cm. to 
147.5 cm. in length. 

Figure 1 outlines the sizes of seals of known ages. Seals from all areas are 
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F1c. 1. Relation between nose-tail length and age in years of the bearded seal. Animals with 
indicated ages from 9+ to 16+ years could not be fully aged, due to the Joss through wearing 

of the first year's growth band on the claws. 
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included together, since there is no evidence for geographical variation in size. 
Older seals, whose claws did not permit determination of full age, appear to 
average about 235 cm. in length. Some authors suggest that the male bearded 
seal averages somewhat larger than the female, but there is only slight evidence 
of this in the figure. 

REPRODUCTIO
AGES AT SEXUAL MATURITY 

Thienemann ( cited by Mohr, 1952) considered bearded seals of four years to 
be fully grown, and Sleptsov ( 1943) deduced from size-groupings that both 
males and females mature after their third year-a few females were supposed to 
mature at a younger age. Size-groupings of Pinnipedia have been found to be of 
little value in indicating age, in the light of recent studies in which the animals 
have been aged from their teeth. 

The testis of a five-year-old seal on April 3 was small and inactive, although 
a few spermatids were detected. A larger tes tis was secured from a seal which 
was six years and two months old on July 2. This testis was quite active, with 
enlarged epididymis and testis tubules, but there was no evidence of spermia or 
their degenerate remains, as found in older testes at this season; the specimen 
probably represents the limited sexual activity of adolescence. An eighth-year 
testis on August 9 contained large numbers of spermatids, and the associated 
epididymis was filled with colloïdal matter, degenerate cell remains, and spermo-
togenetic cells; the condition resembled that of older males at this season. Another 
testis of the same age on August 29 was similarly active. Table I summarizes the 

TABLE I. Spermatogenetic activity , length and width of testes in millimetres, a nd dia meters of 
testis and epididym is tubules in microns, of bearded sea ls of va rious ages. Twenty-five tubules 
from each specimen were measured to determine the mea n. Not all tubules could be measured, 
due to distortions of preservation, bu t the spermatogenet ic stages in such tubu les could be 
evaluated. An "X" indicates the presence of sperma tids or spermia in the situation indicated. 

Diameter of Diameter of Spermatids ��er�i� ��er�i� 
Testis Testis testis epididymis iQ iQ iQ 

Age length width tubules tubules testis testis epididymis 

years mm. mm. µ µ 
0.2 24 15 61 75 
1.3 25 15 67 87 
1.4 28 1 65 68 
2 . 2 35 24 
2 .4 38 15 77 89 
4.9 32 18 88 187 X 
6 .2 44 22 121 136 X 
7 .3 43 28 149 213 X 
7.4 54 37 122 X 
7.4 46 33 
8 .3 60 40 

10.1 64 38 193 322 X X X 

Age9+ 
to 16+ 56 .4 34.8 142 .9 184 .8 X ▒ X b X ▫ 

(av. ) 
Specimens 
examined 19 19 14 10 14 14 12 

  ▒Spermatids present in all 14 specimens. 
bSpermia present in 5 of 14 specimens. 
 ▫Spermia present in 3 of 12 specimens. 
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activity of testes of various ages, as this is reflected in stages of spermatogenesis, 
sizes of testes, and diameters of testis and epididymis tubules. It is apparent that 
there is a marked increase in activity in the early eighth year, and that the male 
probably breeds for the first time when seven years old. 

The baculum, or penis bone, exhibits a spurt of growth in the sixth and 
seventh years ( Fig. 2). This bone appears to attain almost its full length when 
the animal is seven years old, although the weight continues to increase in older 
seals. 

Sexual maturity of the female is attained when the first ovulation occurs. 
Sorne development of follicles, both during and outside the breeding season, 
occurs in the years before maturity. The youngest female with any extensive 
follicular development was about five years old on July 3. Ovulation is succeeded 
by the development of the corpus luteum at the site of ovulation. This gland, or 
its regressed form, the corpus albicans, is thus an indication of maturity. Of four 
animais between six and eight years old, three were mature. The avaries of the 
youngest, a seventh-year animal taken on August 8, showed an abnormal develop-
ment of seven large follicles , which were from 7 mm. to 10 mm. in maximum 
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Frc. 2. Relation between size of baculum and age in years of the bearded seal. Animais with 
indicated ages from 9+ to 16+ years could not be fully aged, due to the Joss through wearing 

of the first year's growth band on the claws. 
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diameter. Each of these presented the appearance of a small corpus luteum, with 
plications from the follicle wall and luteinization of the tissue. They were not true 
corpora lutea, since they had developed deep within the ovaries and could not 
have ruptured at the surface, nor did they resemble the luteinized follicles 
described by Laws ( 1956b) in the elephant seal, Mirounga leonina. Whatever 
their significance, they almost certainly reflect, if abnormally, the hormonal state 
of maturity. A seven-year-old female on April 29 showed several large follicles, 
up to 5 mm. in diameter, but no corpus luteum. The ovaries of another of the 
same age on May 9 were relatively inactive, but a corpus albicans of the previous 
year's ovulation, which had been unaccompanied by pregnancy, signified 
maturity. An animal killed in her eighth year on June 30 had been pregnant in 
her seventh year; one corpus albicans indicated that this pregnancy had probably 
resulted from her first ovulation. 

Thus the limited evidence suggests that the male bearded seal is mature by 
age of seven and that the female may mature, on the average, when six years old. 
These are exactly comparable with the ages at maturity in the ringed seal 
(McLaren, in press). Further collections will undoubtedly establish a range of 
variation in these ages. 

THE BREEDING SEASON AND THE SEXUAL CYCLE 

The young bearded seal is, according to most accounts, born in April or May. 
Some variation in the timing of birth may be related to latitude. Thus Mohr 
( 1952) considers that the birth season is earlier in northern European waters 
and off Newfoundland than in the higher arctic seas, and Sleptsov ( 1943 ) sug-
gests that pupping occurs in March-April in the Okhotsk Sea, or even earlier in 
the southerly Tartar Straits. May 1 may be considered to be the average birth 
date in the eastern Canadian Arctic. The mating season according to some authors 
( Kumlien, 1879; Chapsky, 1938) occurs shortly after the period of birth. Sleptsov 
( 1943), who amassed considerable material, believes that the bearded seal mates 
a full three months after the birth season, at the end of the moulting period. 

The season of male rut is less subject to variation in timing than the season 
of ovulation, for the females of several species have been known to ovulate 
outside the breeding season (Hamilton, 1939; Rand, 1954; McLaren, in press). 
Five adult male bearded seals have been taken with spermia in the testes-on 
May 30, June 19 ( 2), July 2, and July 3. The epididymis of the May 30 specimen 
was unfortunately not collected, but scattered spermia in the ductuli efferentes 
suggest that the animal was potent. The epididymis tubules of one of the June 19 
specimens were not fully packed with spermia, and the epididymis of the other 
was aspermous. Only scattered spermia were mixed with the spermatogenetic 
cells and degenerate products in the July 3 specimen, while the epididymis of 
the July 2 male was devoid of spermia. No other testes taken between July 3 and 
October 8, including three taken in mid-July, were active. It is apparent that 
the series represents a decline in spermatogenetic activity and that the peak of 
male potency occurs before June. 

Measurements of testes and diameters of tubules demonstrate this same 
decline in activity in early summer. These measurements are displayed on Figure 
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3, and the freely drawn curve suggests the best estimate of the period of rut in 
May, shortly after the pupping season. 

Chapsky ( 1938 ) and Sleptsov ( 1943 ) both suggest that the bearded seal 
produces one pup every second year. Neither speculates on the mechanism by 
which this two-year cycle, which is unique among the Phocidae, is established. 
The limited material of the present study suggests that the female may forego 
ovulation until after the breeding season of the male, when she has recently 

65 

__ 

\ 
\ 

/ X 

, 

X 
X 

X 
XX 

X 

sperm ia ore 
o projecting 

bar indicotes spermio in 
epididymis os 

X 

225 

m 
c 

25 
z 

MAR. 
DATE 

FIG. 3. The seasonal variation of testis size and tcstis tubule diameter in the bearded seal. 
The curve is drawn to indicate the presumed peak of sexual activity in May. 

given birth to a pup. Thus, two specimens whose tracts showed placenta! scars 
of recent pregnancy were taken on May 30 and June 19. The ovaries opposite 
to those which controlled the previous pregnancies contained large follicles (the 
largest were 14 mm. and 11 mm. in the respective specimens) which had not yet 
erupted. Another recently pregnant female on July 6 had a very new corpus 
luteum; the granulosa cells of the follicle wall were streaming into the unfilled 
centre, and little luteinization of these cells had taken place. Other females in 
which no embryos were found were taken in July to September, with corpora 
lutea in various stages of de.velopment. Sorne were quite recent in appearance, 
while others were older and approached those of pregnant seals in degree of 
vascularization and connective tissue development. One specimen on July 29 
was pregnant, with a very recently implanted embryo. Its corpus luteum was 
rather free of vascular tissue, suggesting that those females in which no embryos 
were found, and whose corpora lutea were of more advanced appearance, were 
pseudopregnant. 
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Embryos were removed from nine females in late July to late October, and 
these are listed in Table II. If we consider, from this small series of specimens, 
that the embryo implants around the beginning of August, a delay in implanta-
tion of about Q½ months is implied. Embryos of less than 1 mm. on July 29 and of 
2--3 mm. on September 17 suggest that the period covering implantation is at least 
�½ months. This probably reflects the length of the breeding season. 

TABLE l I. Size of embryos of the bearded seal in J uly to October. 
Embryos were measured in mi llimetres from tip of nose to t ip of 
ta il a long curva tures a nd flexures. 

Da te 

July 29 
August 22 
August 2 
August 29 
eptember 2 

September 17 
September 20 
September 21 
October 29 

Geogra phical origin 

Nor thern Foxe Basin 
Southwest Baffin Jsland 
Nor thern Foxe Basin 
Southampton Isla nd 

ngava Bay 
Northern Foxe Bas in 
Southa mpton Isla nd 
Northern Foxe Bas in 
Northern Foxe Basin 

Length 

mm. 
Newly impla nted 

14 .5 
120 
109 
114 

2 .5 
222 
86 

240 

Sleptsov ( 1943) did not acknowledge delayed implantation of the embryo of 
this species, contrary to the findings of Chapsky ( 1938). Although Sleptsov dealt 
with a very large series of animals, he appears to have made some errors in bis 
analysis of the material. He observed one case of apparent copulation on July 7, 
although active ovulation, as indicated by the presence of corpora lutea, had 
occurred in all specimens taken after the commencement of seal collecting in 
late May. He states that between June 1 and 31 the testes of all adult males 
were swollen, but emphasizes that only small quantities of spermia were observed 
in the ducts, wbile suggesting that this should not be taken as an indication that 
breeding bas already occurred. To justify this view, be considers that there is 
probably never much ejaculate in the ducts of Phocidae in general, an assumption 
which is certainly not borne out by recent studies. It is quite apparent that 
Sleptsov's male specimens were passing out of rut, and that bis female specimens 
had ovulated before the peak of supposed breeding activity in the second half 
of June to the second half of July. The large series of embryos wbich he removed 
in early stages of development indicates an average implantation time around the 
beginning of July, a full month before the suggested implantation time in the 
eastern Canadian Arctic. A delay in implantation of ½½ months would place the 
peak of the breeding season in the beginning of April; this coïncides with bis 
statements that the pup is produced in March or April in the Okhotsk Sea area. 

Sleptsov reaffirmed his views on the timing of the breeding season of other 
Pinnipedia in a later paper ( 1948 ). In this study he examined female harp seals, 
for wbich there is very well documented evidence of ovulation shortly after the 
birth of the pup, and considered that this species, tao, mated considerably later 
than had been supposed; obviously his views on reproduction of this species are 
also untenable. 
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RELATIONSHIPS BETWEEN GROWTH AND SEXUALITY 

At the time of Laws' ( 1956a) preliminary analysis of growth and sexuality in 
marine mammals, little information was available from published accounts of 
this species. Laws makes use of the findings of Chapsky (1938), whose seal ages 
were based on length-groupings, and subject to the inaccuracies of this technique. 

Laws found that, on the average, 86% of the final length is attained at puberty 
in the females of the species which he studied. For the bearded seal, he gives 
figures of 79 inches ( 201 cm.) at puberty and 98 inches ( 249 cm.) at physical 
maturity; thus 81% of the final adult length is reached at the age of sexual 
maturity. It has been shown in the present study that the female ovulates for the 
first time when she is about six years old, when she would be ( from Figure l) 
about 210 cm. in length. It may be considered that females older than nine years 
have reached physical maturity; the average length of such females is about 
230 cm. Thus, in the present material, the female at puberty appears to have 
reached fully 91% of the final adult length, a figure considerably in excess of 
that suggested by Laws. 

Laws also relates the increase in length in the first year of life of the females 
of several species to their ages at sexual maturity. These are inversely propor-
tional, the regression line plotted by Laws indicating that females maturing at 
the age of two years increase their length in the first year by about 80%, while 
females maturing at the age of six years have a length increment of about 20% in 
the first year. The female bearded seal, as suggested in Figure 1, increases from 
about 120 to 160 cm. in the first year, an increment of about 33%. This suggests 
an age of maturity at five years, whereas the actual age of sexual maturity ob-
served in the small collections available is at six years. 

SUMMARY 

l. The material on which this study is based was collected from 113 
specimens of bearded seals in the easlern Canadian Arctic. 

2. The method of aging from dentinal annuli in the canine teeth cannot be 
applied to the bearded seal, whose teeth are degenerate. Bands on the claws give 
a valid indication of age, up to 9 to 16 years, and 62 specimens were aged by this 
technique. 

3. The bearded seal grows from about 120 cm. in nose-tail length at birth to 
a final adult length of about 235 cm., with little sexual dillerence. 

4. The male matures at seven and the female at six years of age. 
5. The pup is produced in April and May, averaging around May l in the 

eastern Canadian Arctic. The males are going out of rut in June and are probably 
most potent in mid-May. Females which have produced a pup probably forego 
ovulation until after the season of sexual activity of the males, thus es tablishing a 
two-year cycle of pup production. 

6. The embryo implants during a period of at least ½½ months around the 
beginning of August, after a delay in development of about ½½ months. 

7. The female at puberty has reached 91% of her final adult length, a some-
what greater development than the average of 86% which has been suggested for 
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other Pinnipedia. The females of other Pinnipedia have been used to establish a 
relationship between growth in the .first year and age of sexual maturity. Females 
maturing at the age of six are expected to exhibit a length increment of about 20% 
in the first year; the bearded seal increases its length by 33%, and is thus somewhat 
at variance with the theory. 
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THE DETERMINANTS OF PRODUCTION IN NORTHERN SEAS: 
A STUDY OF THE BIOLOGY OF THEMISTO LIBELLULA 

MANDT. 
"CALANUS" SERIES NO. 141 

M. J. DUNBAR 

Abstract 
The level of production in the sea is determined not only by the extrinsic 

factors of the environ ment, but also by the intrinsic response of the organism 
to those factors, temperature in particular. In cold seas, the degree of adaptation 
to low temperature as regards activity, metabolism, growth rate, and the onset 
of maturity is therefore of great importance. This matter is reviewed and 
discussed here, and illustrated by a s tud y of the growth rate, breeding cycle, 
and longevity of a dominant arctic pelagic am phipod, Themisto libellula Mandt. 

Themisto libellula, in Hudson Bay, Hudson Strait, a nd the waters of southeast 
Baffin Island, is shown to have a normal length of life of 2 years, a lthough a 
1-year or 15-month life cycle is a possibility in a small proportion of the popu-
lation. Material from the months of Nove mber and December is lacking, 
but it appears that spawning extends from September through the winter unti l 
some time in May or June. If a temperature st imulus is involved in the onset 
of breeding, it appears to be a fa ll below, nota rise above, a critical point, since 
the temperatures during most of the breeding period are below -1.5° C. The 
spawning in the autu mn , however, suggests that temperature is in fact not 
involved. 

The alternating, or two-phase, breeding cycle is confirmed in this species, 
but the evidence shows that dislocations in the cycle (owing to the possibi lity 
of ma turation after approximately one year in some individua ls) may destroy 
the supposed reproductive isolation between ad jacent year-classes. 

In t roduction 

This paper is a contribution to t he study of prod uction in northern waters, 
prod uction being described in terms of (1) the rate at which organic stuff 
is made in the seasonal cycle, and (2) the size and density of the resul tan t 
standing crop at the height of the seasonal cycle. These, in different trophic 
levels, depend on a variety of factors, some of them probably still unknown. 
There is no reason to assume that diatoms, dinoflagellates, zooplankton, 
fishes, in fact a l! the poikilothennal clements in the biomass, should be 
influenced in the same way by the determining environmental factors, or 
that the production at each level is used to the fu ll by the level above. A 
large and fast production of phytoplankton, for instance, will make possible 
a large production of planktonic Crustacea, but it does not follow that t he 
crustacean production will in fact be large, or that it will use the phytoplankton 
production to the greatest degree possible. There is normally a considerable 
wastage of plant food by the animais when the former is in great abundance, 
and a greater or smaller proportion of the plant food will a lways d ie uncon-
sumed. The element of wastage was recognized by Volterra (1928 (44)), 
amongst others, who introduced into his equation for the growth rate of 

1 Ma nuscript received August 15, 1957. 
Contribution from the Department of Zoology, McGi ll University, and Arctic Unit, 
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predator populations a coeffi c ient of food utilization , and Riley (1953 (32)) 
describes t he faeca l pellets of zooplankton as being green with discard ed and 
unused plant materi a l following the phytoplan kton bloom. 

J n terres trial polar and moun ta in environments there is a nother elemen t 
which apparently operates so t ha t the maxim um possible density of wild li fe 
population is se ldom if ever reached, namely the consta nt or intermittent 
adverse effects of t he climate (W y nne-Edwards , 1952 (47)). In describing 
the redpoll population in the region of C lyd e River, eas tern Baffin Island, 
\Vy nne-Edwards wri tes: "Except perha ps among carn ivorous predators, 
competition between indi v idua ls for space a nd nourishment seems commonly 
to be reduced to a low level among members of the arctic f'lora and fa una; 
they live somewhat like weeds, the secret of whose success li es in their a bility 
to exploit transient cond itions while they last, in t he absence of serious 
compet1t1on. ln the arctic the struggle for ex istence is overwhelmingly 
aga inst the physical world, now su ffi cientl y ben ign, now below the threshold 
for successfu l reproduction , and now so violent that life is swept away, a fter 
which recoloni zation a lone can restore it". This factor, if it applies at a il in 
ma rine environ men ts, might be expected to ta ke effect on ly in transition 
areas between the main zones (arctic, subarctic, boreal), where sudden changes 
in marine climate might have drastic a nd possibly differentia l consequences 
on parts of the system . 

A heot loss 

somotic 
en ergy growth 

input 
gonodial 

growth 

FIG. 1. See text. 

part from this strictly extri nsic factor, the extent to which the basic (plant) 
production is used , and theref ore the size to wh ich the animal production 
develops, wi ll depencl upon the manner in which the energy obtainecl from 
the food itse lf is used. The energy inpu t fed into an an im a l (Fig . 1) has to 
be ha red between a number of processes , the relat ive clemands of which, 
upon the energy capita l, a re not the same in all environm ents , or in all animal 
groups, or at all times of year. lt has long bee n recognizecl that the activity, 
for example, of po ikil otherm s living in very cold circumstances is very mu ch 
greater than our knowleclge of temperature effects upon activ it y in warmcr 
regions wou ld lead us to expect. There must therefore be regulation, or 
adapta tion, of t he determinants of ac tiv ity which a llow the unexpected ly 
high level in cold regions. Such regula tion may be, for all that is a t presen t 
known about it, either genetically established or a matter of individ ual 
ontogenetic adaptation , but it is not difficult to imagine t he high probabi lity 
of the true evolution of such regulation, a nd its high selective value, since a 
minimum of activity is required for the business of food-getting and of escaping 
from predators which a re not bouncl by t his temperature condition (homo-
t herms, especia ll y la rge homotherms). 
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Regulation in activity with respect to ternperature has led zoologists in 
the past to expect a corresponding, perhaps an enabling, regulation in standard 
metabolisrn, and there is evidence that this in fact occurs in man y instances. 
The literature has recently been reviewed by Bu ll ock (1955 (8)). Among 
the pioneers in the fie ld are Fox (1936 (17a), 1939 (17c)), Wingfielcl (1939 
(4b)); a lso Fox and Wingfi eld (1937 (18)) in Engla ncl, and Thorson (1936 
(43a), 1950 (43b), 1952 (43c)) and Spªrck (1936 (41 )) in Denmark. Thorson, 
studying the metabolic rates (measurecl by oxygen consumption) of inshore 
molluscs in east Greenland, Denmark, and the Persian Gu lf, fou nd that the 
rates were approximately equal in the same species or in closely related species 
living in t he three regions, each being measured at its normalenvironmental 
temperature; thus if the a rct ic individuals were placed in water of normal 
Danish range of temperature, their metabolic rates were considerably higher 
than those of the Danish form, and the same, mutatis mutandis, for the Danish 
and Persian Gulf popu lations. Regulation thus appears to be common, 
or at least present in a number of species studied. 

The work of Fox and Wingfield clid not agree with that of Thorson, or of 
Spªrck. Fox (1936 (17a)), work ing on the oxygen consumption of pairs of 
species (each pair being in the same gen us) of echinoderms, annelids, and 
crustaceans, found that "for seven pairs of species inhabiting respectively 
English waters and more northern seas (Kristineberg in Sweden) , the oxygen 
consumption of the warmer-water species is greater than that of the colder-
water species (measured at the normal temperatures at which each species 
lives) a lthough the locomotory activity of the former is a pparently no greater". 
Fox suggested "that the simi lar locomotory activities of the two species 
require approximately equal amounts of oxygen, but tha t the non-locomotory 
oxygen consumption of the warmer-water species is higher than that of the 
cold-water species". The same results were found for two species of prawns 
(Fox and Wingfield, 1937 (18)). ln this 1937 paper there is a note on the 
work of Spªrck and Thorson, which a ppeared at t he same time. Fox and 
vVingfield, in commenting on the disagreement between their results and t he 
Danish work, point out that Spªrck and Thorson were workin g on lamelli-
branchs, which were not used in the English work. Thorson (1952 (43c)), 
and also Berg (1953 (3)), have shown that the an ima is used in Fox's work 
were not truly com parable, on account of differences in size and age, and that 
if these factors are taken into consideration, t hen metabolic adaptation in 
the Kristineberg popu lations was in fact demonstrated. 

Wingfi.eld (1939 (46)) showed the danger of clrawing too cletermined 
concl usions in this matter from comparisons of two clifferent species (which 
has been the method used by man y), by dernonstrating that if the polychaete 
Pectinaria granulata from east Greenland is compar cl with P. auricoma from 
Millport it does not show metabolic regu lation, but if compared with P. koveni, 
also from Mi ll port, it does show regulation. Finally Schola ncler, Flagg, 
Walters, and Irving (1953 (38)), using this same technique of comparing 
groups from tropics and arctic which are more or Jess closely related taxonomi-
cally, found that in certain Crustacea there is evidence of metabolic adaptation, 
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the arc tic forms showing somewha t higher metabolism than tha t which wou ld 
have been expected sim ply by extrapolation from the tropical performances. 

The species which have been studied a re mainl y sha llow-water benthonic 
forms; there a re as yet no data for the metabolic rates of holoplankton ic 
species in cold water. Research in this field is now urgently needed and 
is in fac t being pla nned for the next Ca/anus expedition. 

In poikilothermal vertebrates, Fry (195 1 (19)) and his collaborators have 
shown that the speckled trout (Salvelinus fontinalis) is capable, individua ll y , 
of a certain limi ted metabolic accl imation with respect to temperature, but 
there is no evidence yet that an establi hed regulation exists in populations 
living in very cold water. Power (unpublished data), working on meta bolic 
rates of the speckled trout at the northern limit of it range in northern Quebec, 
has so fa r found only very low rates which show lit tle or no ada ptive regulation. 
On the other hand Scholander, Flagg, \Val ters, and Irving (1953 (38)), 
comparing tropical with arctic fishes in th is respect (interspecific and inter-
generic comparison) found a consid erable adaptation, the arct ic species and 
genera lying in a n intermedia te position as regards oxygen consumption 
between the tropical fish a nd the "expected" or extrapolated position for 
fishes living at 0° C. Peiss and Field (1950 (29)) compared the oxygen 
consumption of excised brain a nd li ver tissue of the polar cod (Boreogadus 
saida) with that of the golden orfe (!dus melanolus), a nd found that the Q,.. 
values for the cod tissue remained steady over the whole temperature range 
of 0-25° C., whereas the values for the orfe tissue increased markedly 
below 10° C. This resulted in oxygen consumption values for the polar cod 
which were several t imes as great as in the orfe at low temperatu res, clearly 
advantageous in the adaptation of the polar cod to cold environ ments. These 
experimen ts , however, showed a breakdown in metabolic adaptation in the 
orfe, the warm-water form, at low temperatures, rather t han metabolic 
regulation in the cod. 

There rema ins the question of growth rates. Both Bullock (1955 (8)) a nd 
Dehnel (1955 (9)) have observed that if growth in marine poikilo therms shows 
ada ptation with respect to temperature, as has been shown to be t he case 
for the metabolism in some species, t hen the high production of certa in 
northern waters wou ld be in large part explained. (I t shou ld be empha-
sized, however, that the high production is in the subarctic waters, not in the 
coldes t, or arctic, regions.) Orton seems to have been one of the first to 
draw attention to the possibility of adaptat ion in growth rates. Writing 
in 1923 , he refers to his earlier paper (Orton, 1920 (28a)) as drawing attention 
to the Jack of evidence bearing on t heories (those of Murray an d Loeb, for 
instance) "to explain (a) the abundance of li fe in polar regions , and (b) t he 
occurrence of several generat ions of species li ving sicle by sicle in polar waters". 
This latter point, the coex istence of several generatio ns, can now be explained 
by the preva lence of two-phase or pol yphase breeding cycles, such as have been 
demonstra ted for eupha usid s, the chactognath Sagitta e!egans and the amphipocl 
Themisto libellu!a (Ruud , 1932 (3 5); Dunbar, 1940 ( lla), 1941 (llb) , 1946 
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(lld) and this paper). Orton urges "(a) that we know nothing about the 
rate of growth of organisms in polar regions, and (b) that the kind of metab-
olism of animais in polar regions and in deep-sea situations is not necessarily 
the same as that in tempera te and tropical regions". 

Orton (1923 (28b)) found that sea urchins (identified as Echinus miliaris) 
observed in west Spitsbergen showed a rate of growth of the same order as 
is found in related forms in Plymouth waters in the English Channel. Again, 
this is the comparison of different species, not of populations of the same 
species. Thorson (1936 (43a)), studying lamellibranchs in east Greenland 
inshore waters, found slow growth rates, and generalizing from his work on 
the Iamellibranchs, concluded "that the bottom invertebrates in the northeast 
Greenland seas will on the whole have a slow growth, a long Iife, and a Iate 
maturity which means that the production must be extremely small". He 
adds that this generalization is provisional, and that investigation of more 
species is necessary. Later ( 43b), finding that larval growth in arc tic waters 
appears to be fast, he treats adaptive regulation of both metabolism and 
growth as a generally accepted phenomenon, and on those grounds dismisses 
Wimpenny's (1941 (45)) paper on "Organic polarity" as being out of date, 
since Wimpenny assumed that Iife cycles were shorter in tropical than in 
polar waters. He makes the observation that the larvae of benthonic inverte-
brates, northern as well as tropical, "seem on the average to spend a similar 
time (about three weeks) in the plankton", at the temperatures to which 
they a re normally exposed, but he adds that in arctic regions abnormally low 
temperatures can have an adverse effect, and that "wastage caused by 
temperature. Iike that due to starvation, seems mainly to be an indirect one: 
low temperatures postpone growth and metamorphosis, and give the enemies 
a longer time to feed on the larvae". 

Dehnel (1955 (9)) compared the growth rates, expressed as instantaneous 
relative rates, of the larvae of gastropod molluscs in southeastern Alaskan 
and southern Californian waters, and found that the rates for the northern 
populations were from two to nine t imes greater than for the southern popu-
lations of the same species over given ranges of temperatures. This comparison 
was intraspecific, populations of the same species being used. In spite of 
the fact that species with yolky telolecithal egg masses· were chosen, to 
minimize the importance of food availability on growth, it is still possible 
that factors other than temperature were responsible for the fast growth of 
the Alaskan embryos, as Dehnel himself points out. Two other comments 
on these very interesting results are relevant here: (1) the surface temperatures 
of the southeastern Alaskan waters are not low when compared to arctic or 
even subarctic regions (the annual range at Sitka is from about 4° C. to 15° C.); 
and (2) the growth measured was embryonic and Iarval. I t has been pointed 
out by several workers, including Thorson (1936 (43a), 1950 (43b)) that 
there are special problems for the colder-water benthonic forms, in that it is 
essential, for survival, that metamorphosis be accomplished within a certain 
short time after hatching, the time being determined by the length of the 
high production period in the phytoplankton, which is usua lly short in cold 
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regions, owing to t he great stability of the surface waters in summer. Most 
a rctic benthonic mol luscs have solved this problem by eli minating the pelagic 
larval stage. 

A high growth rate in embryon ic development was a lso found by Fox 
(1938 (17b)) in ea urchin s, those of Bri t ish waters deve loping faster than 
those of the Med iterranean, at given temperatu res. 

The growth rates of la rval and embryonic stages, however, are only a very 
small part of the problem. From the point of v iew of the student of production 
in t he northern seas, t he important thing is the Lime taken to reach matur it y 
and breeding. Moreover, t here is no reason to assume t hat what is found 
in t he molluscs and in the ech inoderms is true of all groups; and fina lly , 
t he benthonic an d littoral forms may behave quite differently in this respect 
from the holopla nktonic. Dehnel (1955 (9)) writes: "Generally, the 
assumption is made that species of marine poiki lotherms which inhabit the 
colder waters of the higher latitudes grow more slowly, grow to a larger size, 
and have a greater longevity than individuals of the ame or closely related 
species from warmer waters''. In fact, this i much more than an assumption, 
as Dehnel indicates Iater in bis paper. There is a great dea l of evidence in 
the literatu re for the slowing down of growth rates in cold water as compared 
with warm, not only in the comparison of different species within one gen us 
but a lso in the comparison of different populations within one species. T hus 
Schneider (1891 (37)) concludes that several of the common gammarid 
amphipods of the Tromso coast have a 2-year Ii fe cycle, some even longer, 
and comments that increase in Iife-time, and time taken to reach maturity, 
with increasing geographic latitude is a well-known phenomenon in insects. 
I n the Lepicloptera, for instance, many specie have a 1-year life cycle in 
German y and a 2-year cycle in orway. chneicler ment ions also the tiger-
moth, Arctia caja, which !ives 1 year in th e O Io area but which requires 
2 years to reach maturity at Trom º. 

In the chaetognath Sagitta clegans, Russell (1932 (34)) recorclecl four, 
possibly five broods, procluced in 1 year at Plymouth, each brood being 
parental to the next. I n the same species in Baffin Island waters, Dunbar 
(1941 (llb)) found the normal Iife cycle to be probably as long as 2 years 
before spawning. Bogorov (1940 (5)) found a 2-year Ii fc cycle for both 
S . eLegans and Eukrolmia hamata in the Barents Sea. I n the Euphausiidae, 
Macdonald (1928 (23)) recorded a breeding cycle in Thysanoessa rascltii. 
in the Clyde Sea area, which appeared to involve a 1-year life cycle. Einarsson 
(1945 (13)) also found a 1-year cycle for the same species in southern Icelandic 
waters, hut conclud ed that in northern Iceland and in west Greenland T. 
raschii took 2 years Lo rea h maturity. Bogorov (1940 (5)) recorded a 2-year 
cycle for Thysanoessa inermis and T. /ongicaudata in the Barents Sea. In the 
deep-water shrimp Pandalus borenlis, Hjort and Ruud (1938 (22)) concluded 
that maturation (to maleness) occurred in the second summer of life in 
Norwegian waters; in the same species Rasmussen (1942 (30)) describecl 

a 3-year maturity age in Spitsbergen. 



DUNBAR: THEMISTO LIBELLULA 803 

The copepod Calanus finmarchicus has been exhaustively studied. The 
researches have recently been reviewed and consolidated by Marshall and Orr 
(1955 (25)), who write (p. 64) : "As is natural, the lower the ternperature the 
slower is the rate of developrnent, and the later does the first spawning occur". 
In the Clyde Sea area, where the ternpera ture at the tirne it is hornothermic 
in March is about 7° C., Calanus finmarchicus spawns at least three times 
during the period between rnid-Fcbruary and la te July. Thus the life span 
in spr ing is about 2 rnonths. The winter stock may live up to 7 rnonths. 
In east Greenland (Digby, 1954 (lüb)) , where the winter ternperature is 
about -1.5° C. for a considerable period, the sarne species spawns only once 
a year, in rnidsurnrner, and the individua l normal life span is t herefore 1 year. 
There is evidence that a proportion of the population may survive a second 
winter. In Ungava Bay, Fontaine (1955 (16)) found 1-year life cycles in 
Calanusfinmarchicus and Pseudocalanus minutus. Other pla nktonic copepods 
follow the sarne pattern. Digby (1954 ( lüb)) comments tha t in view of 
this, copepods in the a rctic can not be considered to be particularly well 
adapted to living in cold scas. There is, however, sorne likelihood that the 
ava ila bility of food rnay be an important factor, besicles ternperature, in 
deterrnining the growth rate. 

An exception to th is a pparent rule of slower growth in colder wa ter was 
reportecl by Moore (1934 (26)), who founcl that the comrnon barnacle, 
Ba/anus balanoides , has a faster growth at Herda, in Norway, than at Port Erin 
in the Irish Sea, where the growth was in turn faster than at St. Malo in France. 

In vertcbratc poi kilotherrns the evidcnce is conf using, as indeecl i t is a lso 
in the invcrtebrates. The a rctic char (Salvelinus alpinus) in Frobisher Bay , 
Ba ffin Island, takes 12 ycars to reach rn aturity in the fernalc (Grainger, 
1953 (20a)). The Atlantic cod (Gadus callarias) of Port Burwell, Ungava 
Bay, grows considerably rnore slowly than the cod of west Greenland, New-
foundland, or Nova Scotia (Dunbar, unpublishcd) . In these instances there 
is no evidcnce that the food supply is involved. In the Amphibia, however, 
the work of Moore (1939 (27a), 1942 (27b), etc.) has shown that the embryonic 
developme nt of species of Rana is faster, the colder the environment, the 
northern Rana sylvatica developing at about twicc the rate of the southern 
Rana catesbeiana. Differences in the type of lifc cycle a re probably at the 
root of the ul t imate (as opposed to the proximate) causes for th e differences 
between groups in this respect, which, as bas been suggested above is the 
case bctwccn the benthonic invertebrates a nd the holopl an ktonic form s. 

Material and Methods 

The hyperiid a rnphipod s have bcen g iven scant attention biologically. 
The tropical and tempera te species a re difficult taxonomically a nd appear to be 
of secondary importance in the econorny of the seas. The cold-water species , 
however, T. libellula in pa rticu lar, arc abundant a nd often dominant. As a 
group the hyperi ids a re well suitecl to studies of t he present sort, being large, 
easily caught , holopla nkton ic or holopclagic, with direct clevelopment. 
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Themisto libellula is a dominant species of the plankton of the waters of 
Hudson Strait, north and east Baffin Isla nd, and Hudson Bay. I ts ecologica l 
position farther north is not yet known (it is not a bunda nt in Foxe Bas in), 
but it a ppears to be arctic rather than subarctic, being not com mon in the 
west Greenland waters except in their northern part. It extends, however, 
in to the subarctic on the Canad ia n side, decreasing in abunda nce southward 
a long t he Labrador Current. ln the subarctic it can be relied upon as an 
indicator of arctic water. I t has been recorded from all a rctic seas explored, 
except that information from the Arctic Ocean itself is lacking. The most 
southerly records are the Strait of Belle Isle (Bousfi.eld, 1951 (6)), off Cape 
Farewell and t he southeast coast of Iceland (Stephensen, 1923 (42)), the 

orwegian, Barents, and Murmansk seas, Kara Sea, Bering and Okhotsk 
seas (Behning, 1939 (2)). 

The species figures prominently in the food of the arctic char (Grainger, 
1953 (20)), and especia ll y of the ringed seal (Dunbar , 1941 (llc)) . It forms 
the most important li nk in the food chain between t he copepods and other 
smaller plankton ic forms on the one hand , and the vertebrates on the other, 
and in fact it takes the place, in cold water , of the eupha usids in this respect. 

The material used in the present paper was collected on the Calanus 
Expeditions of 1947 to 1955, t he details of the collection being shown in 
Tables I and Il. Open plankton nets were used, and most of the Themisto 
were taken in horizontal hauls. The nets were the 1- and 2-meter stramin 
nets, a ha lf-meter No. 6 net and o. 5 net of the same size, and 1-meter o. 0 
a nd o. OO nets. D epths of hauling are approximate only, being calculated 
from the wire angle and t he length of wire. An error of about 10% can be 
expected in the depth calcu lations. Material was a lso obtained from stomachs 
of t he ringed seal (Phoca hispida) in the waters of southwest Baffin Island 
(Cape Dorset) and from lgloolik in Foxe Basin; and from stomachs of a rct ic 
char at the head of Frobisher Bay. 

TABLE I 
COLLECTION DATA FOR THE Themisto libellu.la MATERTAL (IN THE "NET" COLUMN, 

NUMBERS REF ER TO THE BOLTING SILK GRADE, EXCEPT THAT "STR. 1" 
MEANS "1-METER STRAMIN; "STR. 2", "2-METER STRAMIN") 

Depth, m. Ti me, Du ration. Numbers 
Year Dale Station Station ll a ul Net E.S.T. min. Taken Measured 

1947 24 / 6 1 18- 31 5 6 1420 25 7 7 
29/6 3 28 2 Str. 1 1100 30 2 2 
29/6 3 28 4-5 6 1104 25 9 9 
29/6 3 28 5-7 0 1104 25 42 41 
13/7 13 46-55 6 0 1000 30 80 80 
17 /7 18 84 17-21 0 1240 30 50 50 
10/8 33 15 11 - 13 Str. 1 0810 30 2 2 
10/8 33 15 �� 0 0810 30 9 9 
11/8 37 3-4 0 6 1040 30 1 1 
11 /8 37 3-4 0 Str. 1 1048 30 l 1 
17/8 41 240 27-35 6 1300 60 1 l 
17/8 4 t 240 200 0 1300 60 15 15 
17/8 41 240 54 Str. 1 1300 60 Sevcral 2 

hundreds 
19/8 44 80 70 0 1330 40 1 1 
19/8 44 80 70 Str. 1 1334 36 18 18 

1949 26/6 101 18 6-8 Str. 1 1045 30 8 8 
26/6 101 18 1 6 1055 30 3 3 
6/7 103 145-275 90 OO 20 20 20 
6/7 103 145-275 200 Str. 1 45 14 14 

14/7 103 145-275 105 Str. 1 0930 45 44 44 
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Depth , m. Ti me, �ur�tio�� Numbers 
Year Date Station Station Ha ul Net E.S .T. min. Taken Measu red 

1949 7/ 8 103 145- 275 5-10 OO 1120 12 Q 9 
10/8 123 15 1-7 5 15 15 35 1 1 
10/8 123 15 5-10 OO 1645 22 3 3 
21 / 8 125 18 0 Str. 1 90 l 1 
23 / 8 126 70-90 2-10 Str. 1 1057 35 37 37 
24 / 8 128 185 27 OO 1445 70 43 43 
24 / 8 128 185 137-162 Str. l 1455 70 25 25 
25 / 8 129 16- 19 Str. l 1340 60 3 3 
25/8 129 3 OO 1340 60 3 3 
25 / 8 129 13-15 6 1345 50 4 4 

1950 28 / 6 201C 80-100 1 00 0935 55 11 �� 
28 / 6 201C 80-100 20 Str. 1 0955 20 13 13 
15 / 7 206 55-90 3 Str. 1 1020 45 60 60 
20/7 209 183 75 Str. 1 1305 25 78 78 

3 / 8 222 80-90 8 5 1800 20 42 42 
195 1 4 / 7 303 120 Str. 1 1715 30 64 64 

28 / 7 309 165 75-87 Str. 1 2000 30 43 43 
14 / 8 326 550-640 225 St r. 1 1015 60 139 139 
2 1/ 8 329 183 150 Str. 1 11 53 50 47 47 
26 / 8 335 320 50 St r. 1 17 15 15 55 55 
26 / 8 335 320 92 Str. 1 17 15 l5 11 �� 
26 / 8 335 320 155- 215 Str. 1 1855 30 90 90 
26 / 8 335 320 0 0 2016 15 24 24 
26 / 8 335 320 50 Str. 1 2016 15 77 77 
26 / 8 335 320 92 Str. 1 2016 15 11 5 11 5 
26/8 335 320 0 0 231 2 15 192 192 
26 / 8 335 320 50 Str. l 23 12 15 72 72 
26 / 8 335 320 92 Str. 1 23 12 15 67 67 
26 / 8 335 320 154 Str. 1 2352 30 86 86 
27 / 8 335 320 0 0 0209 15 207 207 
27/8 335 320 50 Str. 1 0209 15 48 48 
27 / 8 335 320 92 St r. 1 0209 15 46 46 
27/8 335 320 20-25 Str. 1 0250 15 105 105 
27 / 8 335 320 250 Str. 1 0407 15 30 30 
27 / 8 335 320 0 0 0505 15 7 7 
27 / 8 335 320 50 Str. 1 0505 15 10 10 
27 / 8 335 320 92 Str. 1 0505 15 3 3 

1952 29 / 7 407 228 11 5 Str. 1 1010 15 12 12 
29 / 7 407 228 10 5 11 22 15 12 12 

2 / 8 4 11 83-Q l 0 18 0920 12 48 48 
5 / 8 4 14 275-365 105 Str. 1 1810 35 2 16 2 16 
6 / 8 4 16 275-285 11 5 Str. 1 1535 20 37 37 
6 / 8 4 16 275-285 175 Str. 1 1620 45 512 5 12 

1953 13 / 7 502 22-27 20 0 16 15 10 2 1 21 
21 / 7 503 65-90 35 0 1520 25 86 86 
21 / 7 503 65-90 17 Str. 2 1700 15 53 53 
31 / 7 514 20 9 0 1703 30 15 15 

4 / 8 520 137 87 0 1250 30 55 55 
4 / 8 520 137 40-52 Str. 2 16 15 15 Several 12 1 

hundred 
9 / 8 527 355-415 62 0 1110 20 43 43 

11 / 8 531 183 62 0 1710 25 16 16 
17/ 8 535 140- 155 7 5 1320 15 66 54 
4 / 9 549 75 7 5 1210 20 63 63 
4 / 9 549 75 46 Str. 2 1345 15 43 43 
8 / 9 5 12 2 1 14 Str. 2 1440 25 32 32 
8 / 9 512 21 15 0 1545 20 49 49 

1954 24 / 7 603 90-110 40 Str. 2 1600 30 6 6 
27 / 7 603 90-110 26 St r. 2 172 1 15 Sevcral 76 

hundred 
5 / 8 606 99 26 Str. 2 0000 30 87 87 
5 / 8 606 99 43-65 Str. 2 0140 15 265 265 

12 / 8 613 189 78-115 Str. 2 0955 30 175 175 

TABLE II 
COLLECTION DATA FOR Thernisto libellula MATERIAL 
FROM STOMACHS OF RINGED SEAL (Phoca hispida) 

Y ea r Date L ocatio n N umber measured 

1953 23 / 8 Cape Dorse t 230 
1954 22 / 3 Cape Dorset 315 
1954 13- 19/ 7 Cape Dorset 184 
1955 27 / 10 l g loolik 11 2 
1956 31/ 1 l gloolik 3 
1956 27 / 2 l g looli k 17 
1956 28/ 2 l g looli k 10 
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The 1947 and 1949 materia l cornes entirely from Ungava Bay; the 1948 
materia l consists of a co llection of Themisto taken from the stomachs of a rctic 
char a t the head of Frobisher Bay (see map Fig. 2). The 1951 collection is 
in t he ma in from F robisher Bay, 1952 from C umberland Sound. (For the 
identification of the stations in Table I , see the station lists already published 
(Dunbar and Grainger, 1952 (12); Grainger , 1954 (20b); Grainger a nd 
Dunbar, 1956 (2 1).) The 1953 a nd 1954 materia l is from northern Hudson 
Bay and the western end of Hudson Strait. Collections from ri nged seal 
stomachs in 1953 and 1954 are from the region of Cape Dorset, southwest 
Baffin Island (August 1953, Ia rch and July 1954), and the material from 
October 1955 to March 1956 is taken from ringed seals off Igloolik , in the 
north of Foxe Basin. 

Measurements were made with a low-power binocular microscope, the 
specimens being placed on a th in glass slide over a ha lf-millimeter scale. 
The over-all lengths, from the front of t he head to the t ip of t he longest 
uropods, were read to t he nearest qua rter-millimeter and then grouped on 
integer centers, all individua ls from x·5 to (x+ 1) ·25 being grouped under 
(x+l) mm . The length frequencies of t he samples are presented in the 
histograms (Figs. 3 to 5 and 11 to 13). 

Frc. 2. 
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The Environment 

The deta iled hydrography of the area will be published in a pa per to a ppear 
shortly in this series. Hudson Bay, Foxe Basin , a nd the western part of 
Hudson Strait a re arctic a reas in which the influence of Atlantic water is 
minimal if indeed it is present at a il. Frobisher Bay, a lthough probably 
con taining a small proportion of west Green land wa ter , wi th Atla n tic ad mixture, 
in the summer, is nevertheless predominantly a rc tic. Ungava Bay, on the 
other hand, shows considerable Atlantic influence, both hydrographically and 
in its fauna . I t is an uns tab le region with very large tidal interva ls a nd is 
slightly warmer below 25 meters than the rest of the region considered here. 
July temperatures in Hudson Bay and Hudson Strait (western pa rt), below 25 
meters, a re normall y below -1° C., whereas they range from -1.5° C. up to 
a bout + 1.5° C. in Ungava Bay. In August, t he 50-meter water may be up 
to 2° warmer in Ungava Bay than in the rest of the region, including Frobisher 
Bay. The 100-meter water in August in Ungava Bay is similar in temperature 
range to the wa ter at the same depth in Frobli sher Bay, between 0° a nd -1° C., 
and abou t 0.5° warmer tha n t he Hudson Bay level, where the 100-meter water 
is below -1.0°. Hudson Bay, being highly stratified in summer owing to 
the influx of fresh water from the la rge la nd area it drains, is distinctive in 
having the surface wa ter warmed up to the level of about 10° C. As far as 
the present pa per is concerned , however, these exceptional temperatures 
are of no significance, since Themisto is a pparently inhibited by t hem from 
invading the surface layers. 

Growth Rate and Breeding Cycle 
In an earlier paper on Themisto in Baffin Island waters (Dunbar , 1946 (lld)) 

it was shown t hat the size frequenci es of the samples were strongly bimodal, 
the two size-groups being statistica lly qui te separate a nd therefore representing 
two separate broods. The same bimoda l distribution is demonstrated in the 
present materia l, shown in Figs. 4, 5, 11 , and 12. The division between the 
two groups occurs, in the summer period of collecting, at about 20 mm. 

24-29 

26/vi 32 -lIIlIIIl 
4 8 20 24 28 mm. 

FIG. 3. Size distribution in Themisto libellula taken at different times during the 
summer seasons of 1947 and 1949, Ungava Bay. 
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ln the separation of the broods for statistical treatment, the lowest point in 
the distribution has been taken, and this point is seen (Fig. 12) to coïncide 
with the point a t which, in the ascendi ng series of length, adolescent individua ls 
begin to appear , in contrast to the juveni le population to t he left of the low 
point. 

Figs. 3, 4, and 5 show the material from 1947 and 1949 (Ungava Bay), 1951 
(Ungava Bay, Lake Harbour, and (predom inantly) Frobisher Bay), and 1953 
(northern H udson Bay, and the western end of Hudson Strait), arranged 
according to date of collecting, to demonstrate change in size during the sum-

4 8 

4 8 

[]]]]]) 
26-27 

-

mm. 

FrG. 4. Size distribution in Themisto libellula taken on 5 days in 1951, in Ungava Bay 
(4/VII), La ke Harbour (28/VII ), and Frobisher Bay. 

FIG. 5. Size distribution in Themisto libellula taken at different times during the 
summer season of 1953, in northern Hudson Bay and the western entrance of Hudson 
Strait. 
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mer season. In F igs. 6, 7, and 8 the increase in body-size in the popula tions 
is shown graphicall y on either side of the mean by lines representing one 
sta ndard deviation (thin lines) a nd one standard error (thick lines), the total 
length of each line being therefore two standa rd devia tions. 

mm 

! j 
2 6 

i 

mm mm 

t j j 

8 
7 i Vil i 

FIG. 6. Cha nges in mean individua l size, Ungava Bay , 1947 and 1949. The total 
length of the vertical lines represents two standard deviations, that of the broad sect ion 
two standard errors. Months on the horizonta l axis. 

FrG. 7. Changes in mean individual size, Ungava Bay (early July), Lake Ha rbour 
(late July), and Frobisher Bay (August). (For detai ls see Fig. 6. ) 

FIG. 8. Cha nges in mean individual size, 1953 (northern Hudson Bay and west 
entrance of Hudson Strait), and 1954 (Hudson Bay). (For detai ls see Fig. 6.) 
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F IG. 9. Part of the fifth peraeopod of a female in the stage referred to as "adolescent" 
in the text. 

Abbreviat ions: bl. , brood lamella ; gp., gi ll plate. 
F IG. 10. Second leg of a fema le in the "maturing" stage, in which the brood lamella 

( bl. ) is increasing in size. 
Abbreviat ion : gp., gill pla te. 

130 1952 

2 
3 
4 

100 -5 
6 

8 

FIG. 11. Size distribu tion of Themisto libellula f rom Cumberland Sound , 1952, showing 
maturity stages. 

T he key refers to Figs. 11, 12, and 13; (1) immature; (2) "adolescent" females; 
(3) "maturing" fema les; (4 ) mature fe males; (5) adolescent males ; (6) ma ture ma les. 
Vertical axis, numbers of indi vidua ls; horizontal axis, length in mm. 
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The materia l from 1952 (Cumberland Sound), 1954 ( Torthern Hudson Bay), 
and from stomachs of the ringed seal (Cape Dorset area, 1953 , 1954, and 
Igloolik, 1955) has been divided into maturity stages, and the results shown 
in Figs. 11, 12, and 13. The stages are based on the development of the brood 
lamellae, or oostegites, in the female, and on the growth of the antennae in 
the male. Mature specimens were not taken in the net hau ls, a nd the seal 
stomach material was too far digested to allow the use of the avaries and 
testes. The delimitation of the stages is as follows: 

54 

20 

20 

a 28 32 mm. 

FrG. 12. Size distribution of Themisto libellula from northern Hudson Bay, 1954, 
taken on various dates, showing maturity stages. (Detai ls as in Fig. 11. ) 

5 

20 

20 

20 

27/x 

20 2 8 mm. 

FIG. 13. Size dist ribution of Themisto libellula , with maturity stages, from ringed seal 
stomachs. 1953, 1954 : Cape Dorse t; 1955 Igloolik. 
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Immature: Antennae very short, no sign of development of oostegites. 
Adolescentfemale: Oostegites present, but rud imentary, as in Fig. 9. Ovaries 

small, usually Jess than 5 mm. in length, cells very smal l. 
Maturing f emale: Oostegites increasing in size from the "adolescent" 

condition (Fig. 10). Ovaries larger, with cells. abou t 0.2 mm. in diameter 
or la rger . 

Mature female: Oostegites fully developed, a lmost twice the length of 
the gill plates. Specimens often with eggs or young in the brood pouch. 

Adolescent male: Antennae increasing in length (Dunbar, 1946 (lld) , Fig. 5). 
Mature male: Antennae fully developed, the first antennae reaching to 

the hind margin of the first pleonal segment, the second antennae reaching 
beyond th e hind margin of the last pleonal segment . 

It has been demonstrated (Dunbar, 1946 (lld)) that in Themisto libellula 
there is an a lternating or two-phase breeding cycle, such that two generations, 
or broods, exist at t he same time, the two broods being apparently isolated 
from each other so far as reproduction is concerned, un less the cycle goes 
out of phase or unless a few individuals breed twice. During the breed ing 
period itself, three broods a re present, the breeding group, the adolescent 
group, and the very young group wh ich is being produced at the time. 
Breeding cycles of this sort have a lso been shown to be the rule in certain 
other cold-water pelagic forms. It was not clear, howevcr, fro m the earlier 
work, whether there were breeding periods in the fall and in the early part of 
the year ( 1arch- May), in which case the length of life would be 1 year, or 
whether there was only one breeding period, in which case the length of life 
would of necessity be 2 years at least. 

Figs. 6, 7, and 8 are not growth curves; they show the manner in which 
the size-frequencies of Themisto in the plankton samples change as t he sum mer 
advances. It wi ll be seen that in 1947 and 1949 (Ungava Bay) and in 1951 
(predom inant ly Frobisher Bay) there is an orderly progression of advancing 
average size in the youngest, or juveni le, group. This increase is Jess clear 
in the 1954 material, and in 1953, a lso from Hudson Bay, the slope is definitely 
reversed by the reduction in average size of the population in September. 
Fig. 5, dea li ng with the same 1953 popu lation, shows that this effect in 
September is caused by the entry into the sample of numbers of very small 
individuals, down to 4 mm. in length, recently freed from the parental brood 
pouch. A simila r a rriva! of very sma ll specimens, this time in late August, 
is a lso shown in the Frobisher Bay collection of 195 1 (Fig. 4), but here the 
average size of the juvenile population is not reduced compared to samples 
from earlier in the season owing to the presence of large numbers of larger 
juveniles, up to 19 mm. in length. There is no such late appearance of small 
individuals within the collecting season (June-August) in Ungava Bay (Fig. 3). 

Another important difference between t he Ungava Bay samples on the one 
hand and those from Frobisher Bay, Hudson Bay, and western Hudson Strait 
on the other is the a lmost complete absence of the larger (adolescent) group 
in Ungava Bay. In the net plankton, only one individual taken in 1947 
belonged to the adolescent group , and only nine in 1949. The ringed seal 
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{Phoca hispida) feeds ha bitually on the la rger individua ls of the Themisto 
popu lat ion (D unbar , 1941 (llc)) yet of 36 ringed seals taken in the 1947- 1950 
seasons, only 10 had Themisto in the stomach, and those 10 had a total of 
only 36 specimens between t hem. Of these 36 specimens, only one ha lf were 
over 20 mm. in length, and the la rgest was only 25 mm. This is in strong 
contrast to the seal stomachs taken a t Lake Harbour, Frobisher Bay (Dunbar, 
1941 (llc)), and in the Cape Dorset area (McLaren , in press), which were 
frequently found to be full of Themisto libellula, often to t he exclusion of 
other food organisms. A swarm of adolescent individuals was observed and 
sampled in 1948 a t the western end of Ikeresak, or McLelan Strait, which 
separates the island upon which Port Burwell is situated from the mainland 
of Labrador, but in that highly turbulent region it is impossible to determine 
where the swarm came from or whether it represented a permanent population. 
The evidence is in favor of the conclusion that Themisto does not breed in 
Ungava Bay, that the juvenile population is brought into the bay from the 
northwest, in t he Hudson Strait outgoing current, and that it is swept out 
of the bay aga in before it reaches adolescence; or that it does not survive 
with in the bay for some other reason. There are in fact certain hydro-
graphie differences between Ungava Bay and the rest of the area exam ined 
here which are referred to above and which might be adequate to expla in 
the matter. 

Not one mature specimen, male or female, was taken in the plankton nets 
in a ny season . The maturity stages of the net catches of 1952 and 1954 a re 
shown in Figs. 11 and 12, and they a re typical of all years. Nor were there 
any mature specimens taken in seal stomachs in summer. As shown in 
Fig. 13 , however, seal stomachs taken in March 1954, in the Dorset a rea, 
contained mature males and females, and mature females occurred in stomachs 
taken in February 1956 at Igloo li k. Stomachs examined in August 1953 and 
J uly 1954 contained females in the maturing condition. The absence of 
maturing females from the net hau ls is unexplained. I t is improbable that 
individua ls of this size can escape a 2-meter stramin net hauled at 3 knots , 
especia lly at night; it may be, however, t hat the maturing females maintain 
a lower level of verti cal distribution than the others, a lthough the net was 
lowered close to the bottom on several occasions and hauled obliquely, still 
without taking the maturing individuals. 

Mature females, with and wit hout eggs and young in brood pouches, were 
taken only in late J an uary, February, and March. The young are released 
at a size of 2 to 3 mm. In the present series no collecting was done earlier 
in the winter than the end of J an ua ry, and summer field work was carried out 
only between la te June and early October. H owever, since the juvenile 
samples taken in June and early J uly show a fairly wide range of body length, 
and in clude individuals of on ly 4 mm., it may safely be assumed that the 
breeding period ex tends over a considera ble period and that new broods are 
still being shed in t he first half of June. The absence of spent individuals in 
spring a nd summer is evidence that each individual breeds once only (see 
below) . We do not know how long the young are retained in the brood pouch. 
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One mature male was taken in the stomach of a n a rctic cha r in Frobisher 
Bay in August 1948 (precise date in August not given). This was an ind ividual 
31 mm . in length with antennae fully developed (fi rs t a nten na 17.5 mm., 
second a ntenna 20.5 mm. ) , with sexual papillae developed, a nd with the 
testes silvery, rounded, and swollen and the semina l duct da rkly pigmented. 
Another male 22 mm. in length hacl a second antenna 11 mm. long, first 
antennae missing. The females in the char stomach materia l from the 
same month were not mature, but some were in the "maturing" category , 
up to 32.5 mm. in length. 

The prese nce of t he mature male in August, t he maturing femal es in seal 
and char stomachs in July and August, the one mature fema le ta ken in a seal 
stomach in October 1955 at lgloolik (Fig . 13), and t he recruitmen t o f very 
small juveniles into the stock in late August 195 1 (Fig. 4) a nd early September 
1953 (Fig. 5)-all ind icate that breecling begins in t he late summer and early 
fall. It is possible that this aut umn breed ing period is Jess important tha n 
the breeding periocl in the early part of t he year. However , the lack: of 
rnater ia l in November, December, and J a nuary rna kes it impossible to rule 
out the poss ibili ty of a sustained breed ing per iod throughout the ,,-inter , 
from September perha ps to June, and indeed for the greate r part of the year. 

Themisto libellula does not appear to be abundant in Foxe Basin, bu t t here 
is a lit t le material from ringed seal stomachs taken at Igloolik in J anua ry 
and February 1956, which is helpful. From Janua ry 31 there arc three 
rneasurable specimens, 28. 30, and 31 mm . long, all with fully devcloped 
oostegites, and parts of 13 other specimens of similar size. From Fcbruary 27 
there are 20 speci111 ens , one male of 27.5 111111. with t he antcn nae broken but 
clearly well dcvelopccl, and 19 fcmales of which thrce a rc not mcasurablc. T he 
remai ning 16 range from 20.0 to 35 mm. in leng th , a nd they all have fu lly 
developed oostcgites, somc with cggs and carly young. The small size of the 
smaller of these spccimens (20- 21.5 mm.) suggcsts that at least some of the 
juveniles of each year may come into brecding condition the following winter. 
From February 28 thcre is a collcctio11 of 11 spccimens of which nine a re 
mature females ranging from 26 to 36 mm., one is a mature female of simila r 
size with t he head missing, and one is a juvenile of 11 mm . Clearl y spawning 
has startccl by the month of February if not before, and although it is 
improbable that many of the juveniles of the ycar breed in the following 
winter, sorne apparen tly do, as shown by the s111all speci mens taken on 
February 27, 1956. Most of the breeclers each winter, however, must be the 
adolescents of the previous summer; indeed, the strong bimodality of the 
size-frequencies in summer makes it impossible t hat many of the juven iles 
shou ld breed the winter after thcy a re produced. This means that the life 
cycle of the individual is between 18 months and 2 years, but t hat a life cycle 
of 1 year is not impossible. This argument is illustra ted in F ig. 14, and rests 
on the assu mpt ion that each inclividual brcecls only once. The fact that a 
1-year life cycle is possible means that the reprod uct ive isolation of the two 
coexisting year-classes is not complete. 
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FIG. 14. Schematic diagram representing the probable breeding cycle of Themisto 
libellula. The two horizontal li nes represent the time-cont inua of the two populations 
which exist together in the same space, between which reproductive co ntact is probably 
quite small , or absent. The heavy black portions represent the breeding periods; 
(1) immature group; (2) adolescent grou p ; (3) mature breeding group. The possible 
extension of breeding throughout the long winter is indicated by the horizontal dotted 
lines. The diagonal lines represent the cases in which the a lternating cycle may go out 
of phase either by the holdover of breeding until the fa ll , or by the precocious maturation 
of sma ll individuals (Group 1). 

Discussion 

1. The question of whether Themisto libellula breeds more than once in 
its life is obviously highl y important in reaching an understanding of the 
breeding cycle. The evidence on this point is not entirely conclusive, and 
in the past t here has been some difference of opin ion on this point as regards 
the amphipods as a group. Schneider (1891 (37)) quotes three authorit ies 
on the (question and gives some observations of bis own. Thus Siebold and 
Stannius (1854 (40)) describe the brood lamellae or oostegites of the female 
amphipod as developing rapidly at t he approach of the breecl ing season and 
later disappearing or becoming atrophied. Bate (1856 (1)) considered that 
there was no eviclence for the loss of the brood lamellae. Bruzeli us (1859 (7)) 
was wi lling to a llow the possibility of dccreasc in sizc of brood Iamellae after 
breeding, but did not bclieve that they clisappeared completely. Schneider 
himself pointed out that al! thrce authors appeared to have assumed that 
amphipod individuals breed more than once, but that there was no eviclence 
of that. He suggcstecl that the absence of spen t specimens, and of large 
females without oostegites, coule! most simply be explained by supposing that 
breeding only once per lifetime was normal, as it is in insects. 

Blegvad (1921 (4)) records "Gammarus locusta" (probably G. zaddachi) as 
breecling seven or eight times per female in Danish waters, within a short 
time in one breeding season, and finds that the stock procluced after the 
month of May can b reed in two seasons: that is, after breecling once in late 
summer they may survive the winter and breed again the following spring. 
In Segerstr¬le's (1950 (39)) paper on the amphipocls of Finnish waters, on 
the other hand, there is no indication that Gammarus zaddachi (or its "salinus" 
form) breeds more than once; the cold-water Gammarus oceanicus, simi larlv . 
appears to breed only once per incliviclual. 

In the present study it has been conclucled that the Thenusto libellula 
individual breeds once and dies. There is no eviclence whatsoever to the 
contrary. 1 o spent spccimens of either scx were takcn, except in i\Iarch at 
the height of the breeding season . 
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2. The stimulus for the final ripening of the gonads and the onset of the 
breeding, if it has anything to do with temperature at al!, appears to involve 
a fall rather than a rise in temperature. Orton (1920 (28)) suggested that 
"Most animais under normal conditions begin to breed either at a definite 
temperature, which is a physiological constant for the species, or at a definite 
temperature change, namely at either the maximum or the minimum temper-
ature of the locali ty", and added that man y continued to breed so long as 
the temperature remained above or below a certain figure, critical for each 
species, and that a given species might be a winter breeder in wanner situations 
and a summer breeder in colder areas, a situation which appears to be illus-
trated in the invertebrate fauna of Norwegian waters, where the northern 
elements breed in the winter and the southern elements in the summer (Ekman , 
1953 (14)). Orton took the argument further: "It fo llows that in those 
parts of the sea where temperature conditions a re constant or nearly constant, 
and where biological conditions do not vary much, marine an imais will breed 
continuously". He suggested that this condition might be found in the arctic. 
In the abyssal depths of the sea, where there may well be no seasonal variation 
in temperature, breeding all year may well be t he case, as is stated, apparently 
on rathcr slim evidence, by Reibisch (1927 (31)), a lthough even in the abyssal 
region there must be a seasonal variation of the food suppl y, which cornes from 
the surface layers. On the other hand, year-round breeding is known to 
occur in species where habitats certainly do show considerable seasonal 
temperature variation, as in Gammaris zaddachi zaddachi on the coast of 
Finland (Segerstr¬le, 1950 (39)). In arctic waters, however, Orton's prognos-
tication has not been realized. All arctic and subarctic forms so far studied 
have shown well-marked breeding periods, often extending over only a short 
part of the year. Indeed, year-round breeding appears to be far more corn mon 
in tropical waters, not in the arctic. 

There is to begin with a significant variation in the annual temperature 
cycle at the depths in which the animais of the arctic and subarctic continental 
shelf live. Thus in Godthaab Fjord, a decidedly subarctic region as opposed 
to arc tic, the an nual range of tempera turc at 7 5 meters is of the order of 1° C. 
to 2.75° C. (Dunbar, 1946 (lle)). Surface temperatures of course show a 
wider range, but Lhey are not ecological ly significant in the present argument. 
In Scoresby Sound, east Greenland, Digby (1953 (lOa)) recorded, at 50 
meters, -0.95° C. at the beginning of October, -1.78° in January, and 
-1.47° at the end of July. From November to May inclusive the temperature 
was not above -1. 72° C. at 50 meters depth. In the waters of northern 
Baffin Island, El lis (1956 (15)) measured, again at 50 meters, temperatures 
of -0.90° C. in September and October, -1.00° in ovember, -1.05° in 
December, -1.70° to -1.75° in April and again in June, -1.65° in late June, 
and -1.45° in J uly. A similar cycle was recorded at Igloolik by the Calanus 
wintering expedition of 1955- 56: from November through the winter and 
spring to June, the temperatures at 50 meters were below -1. 70° C., 
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in Jul y rose to - 1.63°, in August to -0.07°, and in September the temperature 
measured was -0.24°. Hudson Bay conditions are essentiall y similar. 
In the a rea between Southampton I land, Coats Island, and Manse! Island 
temperatures at 50 meters in July and August range from -1.50° to about 
0.05°, a nd in the months of Apri l, May, and June they are below - 1. 70° down 
to -1.80° C. Winter temperatures in Frobisher Bay and Ungava Bay are not 
known, but the upper 50-75 meters in Ungava Bay in summer are bath 
warmer a nd Jess stable, temperatures as high as 2.16° C. having been recorded. 

The coldest time of the year, t herefore, in the depths at which Themisto 
libellula lives, in arctic regions, is from 1 ovember to June inclusive, when 
t he temperature is close toits "floor" level of about -1.70°. From Jul y to 
early October temperatures a re about 2° higher. T herefore, if temperature 
contrais the onset of breeding, and since Themisto breeds in t he coldest part 
of the year, it is indicated t hat the stimu lu s is a fall below certain th reshold 
value a nd not a rise a bove it. H owever, the fact that breeding begins, 
apparently, in September, close to t he warmest part of the year in the water, 
suggests that the temperature threshold is not t he overriding or effic ient 
st imulus, but that some other factor such as light is involved. I t is possible 
t hat the autumn breeders shou ld be considered as "hold-overs" from the end 
of the previous winter, breeding la te for one reason or another , a nd that they 
a re not in the normal physiological condition. More information is needed 
on the winter biology of the species. 

I t is well known that arc tic species which ex tend sou th in to the boreal 
region tend to breed during the winter, but it is not yet establi shed t hat 
winter breed ing in the a rctic itself is a common habit . As a winter breeder 
of egregiously arctic affini ties, Themisto libellula contrasts with another 
importa nt member of the arc tic pelagic fauna, Sagitta elegans arctica Aurivilli us, 
which breeds in the summer (Dunbar, 1941 (llb)), and with the planktonic 
copepods (Fontaine, 1955 (16) ; Digby, 1954 ( lüb)). Samtter and Weltner 
(1904 (36)) reported of Mysis relicta in Europe t hat it produced eggs on ly 
in cold water, below 7° C., and that the chie[ production was in the winte r , 
at temperatures between 0° and 3° 

The appearance of la rge numbers of ve ry small amphipods released from 
the parental brood pouches in t he dead of win ter raises the question of what 
they ea t. T he density of the visible or sed imentable phytoplankton during 
the winter is extremely low, and the first sign of phytoplankton development 
at lgloolik du ring 1955- 56 did not appear unti l t he first half of May (Grainger , 
unpublished). Two possibilities remain: either the young feed almost 
entirely on detritus, perhaps close to the bottom or on it, or el e there must 
be a conti nuing production of microplankton which, as Rodhe (1955 (33)) 
suggests for subarct ic lakes in Sweden, becomes heterotrophic in the winter, 
using di ssolved organ ic matter. Indeed, dissolved organ ic matter, in the 
form of leptopelic detritus, rnay play an important part in the direct diet 
of the young a mphipocl s. 
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