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i  v 

ABSTRACT 

Smith, Thomas G .  1981. Notes on the bearded sea l ,  Erignathus barbatus, 
in the Canadian arc t ic .  Can. Tech. Rep. Fish. Aquat. Sci. 1042: v + 49 p .  

Data on 260 bearded seals  collected fron 16 di f ferent  Canadian 

a r c t i c  loca l i t i e s  are examined. The largest  harvests 9f bearded seals  

are  taken in Hudson S t r a i t ,  Foxe Basin and eastern Hudson Bay. I n  these 

regions in winter bearded sea ls  inhabit the shif t ing pack ice and leads 

b u t  in other regions, S ~ C I  as Amundsen Gulf, they are found under the 

land-fast ice ,  Ages were determined by counting c: ,$~ annuli o r ,  when 

possible, by counting cementum bands on upper or lower canines or pre- 

molars. No sexual difference in s ize was seen in adult  s ea l s ,  and adult  

seals  from the eastern Canadian a r c t i c  were not d i f fe rent  in size from 

those studied in Alaska. Female reproductive material ind-icated tha t  

annual reproduction occurs with reproductive rates possibly as high as 

0.86. One sample of three female seals  shot in a f a s t - i ce  area rnight 

indicate tha t  discrete  popxlations l imit  the i r  s ize by reproductive 

controls. Sex ra t ios  of adul ts  indicate a preponderance of females, b u t  

the cause i s  obscure. Age frequencies cf seals  taken in the open water 

season contain more adults than adolescents and young of the year, which 

are  probably underrepresented. Bearded seals feed primarily on benthic 

or epibenthic organisms with Decapoda, Pelecypoda and f i s h  being the 

most common food organisms taken. The ecology of the bearded seal i s  

poorly understood, Their patchy dis t r ibut ion and use of areas of high 

benthic production might, in some locations,  make them especially 

vulnerable t o  habitat  disruption. 



Smith, Thomas G. 7981. Notes on the bearded seal, Erignathus barbatus, 
in the Canadian arctic. Can. Tech. Rep. Fish. Aquat. Sci. 1042: v t 49 p. 

Les données relatives a 260 phoques barbus échantillonés dans 16 
localités différentes de l'Arctique Canadien sont analysés, Les prises 

les plus importantes de phoques barbus sont faites dans le détroit d'Hudson, 

le bassin de Foxe et l'Est de la ba-ie d'hudson, Durant l'hiver dans ces 

régions, les phoques barbus occupent les zones de glace flottantes et 

d'eau libre. Dans d'autre régions, tel que le golfe d'Amundsen, on les 

trouve également sur ' la  banquise côtière. L'age des Fchantillons a été 

determiné en comptant les anneaux de croissance des griffes et si possible 

en comptant les bandes de croissance du cément sur les canines superieures 

ou inférieures ou sur les prémolaires. Nous n'avons pas noté de dimorphisme 

sexuel dans la taille des adultes et les phoques barbus de l'Est de 

l'Arctique Canadien ne présentent pas de différence de taille avec ceux 

de l'Alaska. On peut conclure de l'examen des organes génitaux femelle 

que la reproduction est annuelle avec des taux de reproduction atteignant 

sans doute 0.86. Un échantillon de trois femelles tirées sur la banquise 

pourrait indiquer que la tGille des populations de cette espéce est 

limitée par un control reproductif. Le rapport des sexes des adults 

échantillonés laisse apparaitre une prépondérance de femelles. La raison 

de cette prépondérance n'est pas éllucidée. La fréquence des ages des 

phoques capturés durant la saison des eaux libres montre un plus grand 

nombre d'adultes que d'adolescents et de jeunes de l'année qui sont 

probablement sous-représentés dans l'échantillon. 

Les phoques barbus se nourissent principalement d'organismes 

benthiques ou epibenthiques et tout particulierement de Decapoda, Pelecypoda 

et de poisson. L'ecologie du phoque barbu est peu connu. Leur distribution 

trés localisée et leur préférence pour des zones de haute productivité 

benthique pouraient les rendre trés vulnérables aux modifications de leur 

habitat en certain endroits. 





INTRODUCTION 

The bearded sea l ,  Erignathus barbatus, i s  found everywhere in the 
marine waters of the Canadian a rc t i c .  A circumpolar species,  i-t i s  
patchy in i t s  dis t r ibut ion and occurs in much lower numbers than the 
ubiquitous ringed seal Phoca hiçpida, with which 't shares the a rc t i c  
marine habl t a t .  

Because i t  i s  not exploited commercially or in l c , g e  numbers 
( S m i t h  and Taylor 7977), being used for  making domestic products such 
as  boot leather and ravrhide l i n e  by the Inuix, very l i t t l e  research 
has been done on th i s  species in the Canadian north. McLaren (1958a) 
described the growth and reproductive biology of specimens co1lected 
mainly in the Cape Dorset area of southern Baffin Island. He indicated 
tha t  in the eastern a r c t i c ,  bearded seals  appear to  be rnost abundant in 
Ungava Bay and -in Roes Welcome Sound,  northern Hudson bay (McLaren 
l958b). The most recent information on  population ~ ~ t i m a t e s  of t h i s  
species comes from aerial  surveys flown in the soa~theastern Beaufort 
Sea (S t i r l i ng ,  Archibald and DeMaster 1977) and the high a r c t i c  (Finley 
1976; Koski and Davis 1979; Koski 1980; S t l r l i ng ,  Kingsley and Calvert 
1981). There i s  also a limited amount of information on the extent of 
polar bear predation for  several a rc t i c  loca l i t i e s  (S t i r l i ng  and 
Archi bald 7 977; Smith 1980). A smail amount of :mrk has been done on 
heavy metals in bearded seal t issues from several Canadian areas (Smith 
and Armstrong 1975, 1978) and in Alaska (Galster 1971 ) .  

Most of our knowledge concerning the reproductive biology and 
natural history of t h i s  species comes from studies done i n  Alaska on 
the abundant stocks present in the Bering, Chukchi and Beaufort Seas 
(Johnson, Fi scus, Ostenson and Barbour 1966; Burns 1967 Lowry, Frost 
and Burns 1979,  1980). Muci: of the ea r l i e r  work was carried o u t  in 
the Russian a rc t i c  (Plekhanov 1933; Chapski i 1938; P i  kharev 1940; and 
Sleptsov 1943). More recent pub1 i cations have deal t wi t h  reproductive 
biology, morphology and growth (Ti khomirov 1966; Kosygin 1966; Fedoseev 
1973; and Potelov 1975), and methods of age determination (Benjaminsen 
1973). 

Tkejurpose of th i s  pap mmarize data on bearded seals  
col l  ected 'TnTiv-ers Canadi a 
sFKce-1955. Most of the specimens were taken incidentally to  other 
stüdies and only small numbers of animals are available from many of 
the loca l i t i e s ,  The largest  single samples come from the Igloolik area 
(87 specimens in 1961 and 1968-69) and the Belcher Islands (75 specimens 
in 1960 and 1974-75). Altogether, data from 260 bearded seals  from 16 
locati  ons across the Canadi an a r c t i  c are consi dered. 



MATERIALS A N D  ME'THODS 

Specimens were collected in many different  l o c a l i t i e s ,  e i the r  by 
researchers or from the catches of Inuit  hunters. Table 1 l i s t s  the 
s i t e s  of collection and numbers of specimens obtained. 

The age of a large number of the e a r l i e s l  collected specimens was 
determined by counting growth ridges on the claws, as described by 
Plekhanov (1933) and McLaren (1958a). The ages of the more recently 
collected specimens were determined from hard sections of e i the r  upper 
or lower canines, or occasionally from premolars by reading the annuli 
in the cementum, as described by Benjaminsen (1973). Teeth were 
imbedded in a c lear  p las t ic  medium (Nard's Bioplastic) 2 n d  sectioned 
t o  approximately 1 0 0 ~  on '2. dental research saw (Hamco Machines, Inc. ,  
Rochester, N . Y . ) ,  Readings were made using a dissectfng microscope 
and transmitted l igh t ,  

The bacula of males were collected and l a t ~ r  boiled to  remove the 
muscle and connective t i ssues .  Total Iengths were recorded t o  the 
nearest millimetre. Female reproductive t r ac t s  and ovaries were 
collected in the f i e ld  and preserved f n  70% formalin. I n  the laboratory 
the uterine cornua were exarnined for  signs of pregnancy, and the ovaries 
were sectioned se r i a l ly .  These were then examined with a magnifying 
lamp. Counts were made of f o l l i c l e s  with a diameter of 5 mm or greater.  
The two max-imum diameters of the corpora lutea and corpora albicant ia  
were recorded. If foetuses were present crown-rump measurements were 
t a  ken. 

In the f i e l d ,  standâ,-ï rneasurements such as fiose-tail length, 
maximum g i r th ,  blubber thickness over the sternum were recorded and 
the body weights of a few specimens were obtained. Samples of muscle 
and blubber were also taken from some animals for  heavy metal and 
pesticide analyses. 

Stomach contents were removed and preserved in 10% formalin. Net 
weights and volumes were recorded. The contents were then sorted into 
f i s h ,  plankton and benthos, and an estimate of the i r  r e l a t ive  proportion 
was obtained. When possible, food items were identified to  species. 



RESULTS 

NUMBERS DISTRIBUTION A N D  HARVEST 

Estimates of the population s i ze  of bearded seals  a re  very d i f f i c u l t  
t o  make because of the patchy d is t r ibut ion  of  the species. The period 
during which bearded seals haul out on the ice t o  ,noult and thus become 
available for  counting from a i r c r a f t ,  i s  more protracted and l e s s  well 
defined than the haul-out period of the ringed sea l ,  making the date of 
the seasona? peak in numbers d i f f i c u l t  t o  e s t a ~ l i s h ,  ,)osslbly the 
optimum time to count th i s  species would be durin? the pupping season 
which occurs in l a t e  April and May, Since male bearded seals  are  usually 
not seen a t  t h i s  time, counts of females with newborn pups could be used 
t o  provide production indices for  the region surveyed. Soch counts could 
best be accomplished a t  1as- t  one f u l l  rnonth  ea r l i e r  thah aer ial  surveys 
for  ringed seal popul atiovt estimates. 

Only one study has given quant i ta t ive estimates of bearded seals  
hauled u p  on the ice. S t i r l i ng  e t  a l .  (1977) sui..veyed the southeastern 
Beaufort Sea area,  from the Alaskan border t o  the west coast of Banks 
Island and north to  Gore Island. In an area of 743 040 k m 2  they 
estimated 2757 t 728 bearded seals  in 1974 and 1197 t 239 I n  1975. They 
concluded tha t  there was a real change in the nurnbers of bearded seals  
from one year to  the next and tha t  bearded seals  were clumped in the i r  
d is t r ibut ion .  The dis t r ibut ion appeared to be influenced by water depth, 
bearded seals  being more numerous in areas with 25-75 m of water than in 
deeper areas. 

No re l iab le  quantitative data on actual numbers of bearded seals  
ex is t  for  other Canadian ; : :a l i t ies ,  b u t  an index of re la t ive  abundance 
can be derived from catch s t a t i s t i c s .  Table 2 shows the catch estimates 
taken from RCMP game reports (Smith and Taylor 1977), and a harvesting 
study done in northern Quebec (Anon. 1974). While the total  numbers 
harvested are  probably n o t  very r e l i ab le ,  since the bearded seal i s  used 
dornestically, the catch figures probably lndicate the areas of grea tes t  
ava i lab i l i ty .  The largest  harvests are  taken in Hudson S t r a i t  and Hudson 
Bay, with s ignif icant ly lower catches being taken in the high, western 
and central a rc t i c  reglons. Catches recorded in the RCMP game reports 
are  not s t r i c t l y  comparable to  those derived from the Inuit  harvesting 
study (Anon 1974), and are t h o u g h t  generaliy t o  be underestimated. Where 
separate studies have been conducted, e i ther  on harvests or from boat 
surveys, the number of bearded sea ls  has been expressed as a percentage 
of ringed seals  taken or observed. These figures are given in Table 2 ,  
together with the source in parentheses. 

Minimum harvest figures only r e f l e c t  the total  number of bearded 
seals  ki l led when the losses by sinking are  considered. While f igures  
ex i s t  for  the seasonal loss of ringed seals  (McLaren 1958b; Usher 1965; 
Smith 1973), only crude estimates e x i s t  for  the loss of bearded seals  



(Burns 1967; Beaubier, Bradley and Vestey 1970). I t  appears tha t  the 
bearded seal sinks more readily than the ringed seal a t  al1 times of the 
year because i t  remains relat ively thinner and thus has a  higher spec'fic 
gravity. I n  mid summer when bearded seals  are hunted in the open water, 
or in the spring when they are hunted from the f loe  edge, losses can 
exceed 50% of the animals shot, I n  such s i tuat ions the more careful 
Inuit  hunters shoot to wound the sea1,and harpoon or hook i t  before 
k i l l ing  i t .  With the decrease in number of experiênced hunters and the 
increasing phenomenon of weekend hunting, i t  i s  expected tha t  sinking 
losses will  increase in the future.  

AGE DETERMINATION A N D  TOOTH S T R U C T U R E  

Because of the number of d i f fe rent  collectors involved in t h i s  
study, i t  has been necess- ry t o  use claws from both the foref l ippers  
and hind f l ippers ,  as weli as upper and lower canines and premolars, I n  
order t o  deterrii-ine the age of specirnens. T h o u g h  tif4 techniques have 
been developed by other investigators and descrlbed before, i t  i s  f e l t  
that  a  detailed description of the materials examined in th i s  study would 
be useful in clar i fying any ambiguitles that  may ex i s t  in the age 
determination methods used. 

In determining age from the claws of foref l ippers ,  i t  has been found 
tha t  i t  i s  best t o  l e t  the f l ipper  r o t  before removing the fur  and bone 
and preserving the claws in a  mixture of alcohol and 10% glycerin. I t  
i s  important to  take the longest claw from the foref l ipper ,  since the 
claws are  not a17 subject to  the same ra te  of wear. In th i s  study, where 
complete f l ippers  were available,  13  of 21 samples showed claws from the 
same f l ipper  yielding different  estimates of age, 

The claws are divided transversely into a  ser les  of annual l i g h t  
and dark bands, the l igh t  bands being formed in the spring and summer 
as indicated by McLaren ( 1  958a) and Benjaminsen ( 1  973) .  A ridge, rnost 
apparent on the dorsal surface of the claws, appears t o  be associated 
with the l igh t  bands. In young animals (O+ to 2+ years) the dark and 
l igh t  bands are  very indis t inc t  and ridging i s  not prominent, I n  older 
claws the d is ta l  portion begins to  wear away around nine years of age. 
The maximum age recorded from claws of the foreflipper in th i s  study was 
14+ years. 

The claws from the hind f l ippers  of bearded seals  may also be used 
for  determination of age b u t  'chese tend t o  give underestimates (Table 3 ) .  
Although Wear a t  the t i p  i s  n o t  as severe as in claws from the fore- 
f l ippers ,  abrasion along the dorsal surface makes them d i f f i c u l t  t o  read. 
However i t i s  recommended that  claws from hind f l ippers  be col lected 
along with claws froni foref l ippers  when teeth are not available.  

In using teeth for  âge determination, i t  has been found that  
longitudinal unstained hard sections of upper and lower canines and 
premolars yield adequate material fo r  counting l ines  in the cement. The 



upper canines are the best teeth to collect for age determination since 
they are larger and appear to be retained longer than the other teeth 
(Benjaminsen 1973)- However, i t is also possible to retrieve the rocls 
of the lower canines and remains of the premolars in most specimens 
when the upper canines are not available. The greatest number of teeth 
sectioned in the present study are from the lower jaws and have given 
qui te sati sfactory resul ts. 

As Benjaminsen (1973) showed for the upper canines, there is a 
corresponding marked reduction in length of the lower canines by Wear 
(Fig. 1 ) ,  resulting in their d-isappearance beneath the gums usually by 
the time the animal is 4+ years of age. The pulp cavities of the canines 
are rapldly filled with dentine, the opening of the pulp canal at the 
base of the lower canine closing by the time the animal is more than one 
year old. Because of the rapid growth of dentine and t!,e presence of 
many adventitious growth 'ines, the dentine cannot be used for age 
determination. 

Cementum I s  deposited annually on the outsjde of the tooth, especially 
around the base, resulting in gradua1 increase in length of the cementum 
layer (Fig. Za, b). Benjaminsen (1973) indicates that the opaque annuii 
in the cementum are deposited in the suinmer months, while the translucent 
annuli are laid down during the winter, but results from the present study 
do not confirm this. Our material (N=22) shows that in newborn seal s an 
opaque annulus is formed at birth and that a translucent zone does not 
begin to form until March to Play the following year. In 88 percent (14/16) 
of seals greater than one year of age translucent annuli are seen between 
April and September. These observations are in agreement with those made 
on several other pinniped species in which the seasonal presence of 
translucent cementum is related to the period of reproductive effort and 
moult (Mansfield 1958; La,,- 1962; Hewer 1964). Although the sarnple spans 
the entire year the total number of specimens is small (?4=40), and includes 
many young of the year; consequently the definitive statement on the 
seasonal appearance of cementum must await further studies, 

As the cementum becomes much thicker near the base of the tooth, 
the annuli become much more difficult to interpret, Readings were usually 
made distal to the halfway mark of the cementum length on the concave side 
of the longitudinal section. In the premolars the most readable area was 
along the inner portion of the roots. The older the specimen, the 
narrower were the latest formed cementum lines, and these were most 
readable toward the anterior (distal) portion of the section. It was 
also noted that the first formed cementum lines, up to the fifth to 
eighth annulus, were broader and less clearly defined than subsequent 
ones. The change in the thickness of the annuli might correspond to 
the attainment of sexual maturity, as has been suggested for other species 
(Hewer 1964; Bengston and Siniff 1981). This was clearest in the cementum 
of the upper canines, but was also observed in the lower canines and 
premolars. The sarnple size of teeth in this study is too small to 
provide estimates of mean age of sexual maturity by this method, but it 



was evident from four upper canines and s i x  lower canines of both 
sexes t h a t  the change in thickness of the cementum annuli occurred 
between the  four th  and eighth years, (X=6.4). 

Figure 3  shows the  frequency of age c lasses  determined by cementum 
l i ne s  in the  t e e th  and by laminae in the  claws of the  fo r e f l i ppe r s .  
While age determination from claws was the  method most of ten  used in 
t h i s  study, Fige 3  shows c l ea r l y  t h a t  claw wear, possibly begjnning as  
ea r ly  as  the  f i f t h  year ,  biases the  age s t r uc tu r e  derived.  Maximum 
claw Wear appears t o  occur between the ages of 8  t o  12 yea r s ,  as 
shown by the preponderance of those year c lasses  determined by claw 
ages in Fig. 3.  Where claws and tee th  were ava i l ab le  from the  same 
animal f o r  determing age, the  agreement from both methods below the 
age of seven years  was 100 percent (46 t e e t h ) ,  whereas t h i s  dropped 
of f  markedly t o  50 percent ( 5  of 10 t e e t h )  in o lder  a n i ~ a l s .  

GROWTH 

The r e l a t i on  of age determined by t ee th  and claws t o  the  nose-tai l  
length of bearded s ea l s  i s  shown in Fiç. 4a,  b. In order t o  t e s t  f o r  
d i f ferences  between sexes ,  and t o  compare body s i z e  with t h a t  of s ea l s  
from other l o c a l i t i e s ,  s t a t i s t i c s  of nose- ta i l  length were computed 
separately f o r  young of the  year (Oc) ,  adoles tents  ( 1 +  t o  5+)  and adu l t s  
(6+  years and o l d e r ) .  Table 4 l i s t s  the  s t a t i s t i c s  from t h i s  study and 
several o ther  sources. 

Comparison between the  lengths of adul t  bearded s ea l s  of e i t h e r  
sex in t h i s  study (6+ years  and o lde r )  shows no s i gn i f i c an t  d i f ference 
(T=0.67, d . f .=71 ,  b 0 . 5 ) .  Some s tud ies  have indicated t h a t  adu l t  
female bearded s ea l s  a r e  ibi!ger than the males (McLaren 1958a; Benjaminsen 
1973; Burns and Frost  19791 ,  b u t  i t  was not s t a t ed  i f  the  di f ferences  were 
s i gn i f i c an t .  This i s  not supported by the r e s u l t s  from t h i s  study. 

I n  Table 4 i t  i s  seen t h a t  the mean length of adu l t  bearded s ea l s  
from our study and those from other  Canadian a r c t i c  a reas ,as  well a s  
from the Alaskan waters of the  Chukchi and Beaufort seas a r e  very s im i l a r .  
Bearded sea l s  from Svalbard (Benjaminsen 1973) a r e  s i gn i f i c an t l y  smaller  
than those in our study (T=5.71, d , f .=239 ,  P<0.001). I t  i s  a l so  l i k e l y  
t ha t  the bearded s ea l s  described by Kosygin (1966) from the  Bering Sea 
might possibly represent  the  l a rge s t  form of t h i s  spec ies ,  with a  mean 
nose-tai l  length of 239.5 cm. 

The t o t a l  weight of bearded s ea l s  1s re la ted  d i r e c t l y  t o  age and 
thus t o  both the  length and t o  the g i r t h  of the animal, the  l a t t e r  
varying seasonally with the  thickness of the blubber l ayer .  Figure 5 
shows the biweekly var ia t ion  in the index of condit ion (Girth X 100/length) 
of bearded s ea l s  co l l ec ted  in t h i s  study f o r  the  period 1  June t o  30 
September. A reduction i n  the blubber reserve 7s shown t o  occur in the  
mid summer months. 



In order t o  develop a  predic t ive  equation f o r  weight from body 
s i z e ,  a  stepwise mult iple regression analys is  was run on log transformed 
nose-tai l  lengths and maximum g i r t h s ,  as in Usher and Church (1969a). 
Since adu l t  body s i z e  did not d i f f e r  between Alaskan and Canadian bearded 
s e a l s ,  specimens described by Foote (1965) and Usher and Church (1969b), 
who l i s t e d  both lengths and g i r t h s ,  were lumped with those of tne present  
study. The mult iple regression equation obtalned was: log W = 1.4714 
log g i r t h  + 1.3971 log length - 4.7480. The cumulative proportion of 
t o t a l  var ia t ion was reduced by 0.953 with these two independent va r iab les ,  
r esu l t ing  in a  mult iple co r r e l a t i on  coe f f i c i en t  of R = 0.976 (F<0.0001). 
The regression equation may be used t o  est imate weight I n  the  form of :  

~ i r t h '  ' 4 7 1 4  X Length 1.3971 
Weight = 14060.48 

Figure 6 shows the  actual  weights p lot ted  agains t  the  weQhts estimated 
from the  equation. In 2e:ïeral the  agreement i s  qu i t e  good. There i s  
a  tendency fo r  the es t imates  t o  be somewhat low f o r  -dolescent  s ea l s  
and high f o r  l a rger  specimens. Since these samplei a re  a l1  taken in 
the  summer when there  i s  possibly a  g rea te r  var i3 t ion in the  blubber 
thickness between individuals  i t  might well be t h a t  a  p red ic t ive  
equation based on bearded s e a l s  caught i n  l a t e  fa11 o r  winter  would be 
more accurate.  

REPRODUCTION 

No t e s t e s  were ava i l ab le  f o r  determination of the  male reproductive 
season or age spec i f i c  sexual s t a t u s .  However 19 bacula were ava i l ab le  
from the Belcher Island s e a l s  taken in 1974-75 (Fig. 7 ) ,  Although there  
a r e  no specimens from yes- c l a s s e s  1  t o  5  the  general t rend seems t o  
indicate  t h a t  bacula reach t h e i r  asymptotic length between 6 and 8 years  
of age. This agrees with the  f indings  of McLaren (1958a),  Burns (1967),  
and Burns and Frost (1979) who believe t ha t  bearded seal  males a t t a i n  
sexual maturity between ages 6  t o  7 years .  

Evidence of ovulation in the  form of a  corpus luteum i s  taken as 
a  sign t h a t  a  female has a t t a i ned  sexual maturi ty.  In add i t ion ,  corpora 
a lb ican t ia  indicate  t h a t  corpora lu tea  were present in the  previous year .  
Table 5  l i s t s  the  number of females of d i f f e r en t  age c l a s s e s  showing 
corpora lu tea  and corpora a lb i can t i a .  The formula 

i s  used t o  ca lcu la te  the percentage of females in each age c l a s s  t h a t  
a r e  sexually mature, where C L ( n )  i s  the  number in age c l a s s  n bearing 
corpora lu tea  and CA(n+l) the  number in age c lass  n i 1  bearing corpora 
al  b icant ia .  

The sample s i z e  i s  too low (n=87) f o r  es tab l i sh ing  exact  age spec i f i c  
percentages of mature females, e spec ia l ly  in the  younger age c lasses .  



However the resu l t s  indicate tha t  bearded seals  are capable of 
ovulating as young as 4+ years of age. 

Al1 of the reproductive material was collected between ear ly June 
and l a t e  September, and no c lear  picture can be obtained of e i ther  
fo l l i cu la r  ac t iv i ty  or variation in s ize  of the corpora lutea ov corpora 
albicant ia .  Based on macroscopic examination oniy, the corpora lutea 
in t h i s  study appear t o  be f u l l y  luteinized; moreo~er,  no accessory 
corpora lutea or other abnormalities were noticed. 

A decrease in the diameter of the corpus albicanç was seen as the 
summer progressed (Fig , 8 b ) ,  The maximum number of corpora al bi cantia 
observed with a low power dissecting microscope in individual animals 
was two and t h i s  occurred in only 2 o u t  of 42 (4,8%) of the seals  
examined. I t  i s  concluded, therefore,  tha t  corpora albicant ia  usually 
disappear a f t e r  one year, Ovulation a l te rna tes  from one ovary t o  the 
other since 43 (98%) of  the  44 recently formed corpora al bicantia were 
found in the ovary n o t  containing the corpus luteum. 

Four of the 52 females (0.08%) of ages 6+ years or o lder ,  were 
found not to  have ovulated, Three of these were females shot together 
on 5 May 1973 when they were hauled out a t  a single hole in the landfast  
ice  in northern Amundsen Gulf. Beardcd seals  i n  t h i s  area a re  known to 
spend the winter under the f a s t  jce along pressure riages formed between 
Banks Island and Victoria Island. The ovaries o f  al1 three females 
showed a large corpus albicans,  b u t  none had a corpus luteum or any 
f o l l i c l e s  greater than 3 mm in diameter. The uterine cornua were 
assumed to be multiparous, b u t  there was no sign of a recent bir th  or 
abortion, and none of the aniinals was lac ta t ing .  A 1 7  three females were 
in good physical condition with a blubber layer over the sternum 7 mm or 
more in thickness. One o~: , : r  female of 12+ years, collected in open 
water in Ungava Bay on 22 June 9960, had n o t  ovulated. This animal had 
a corpus albicans in one ovary with the largest  f o l l i c l e  l e s s  than 3 mm 
in diameter. 

Fourteen foetuses were avai lable  from the material examined. 
Nose-tail lengths were combined with similar measurements of eight other 
foetuses from the eastern a r c t i c  reported by McLaren (1 958a). Assuming 
1 May as the "mean mating date",  l inear  regression of foetal  length on 
days a f t e r  mating resulted in the foetal growth equation, y = -144.036 + 
l .8Ol(x) ,  Although the date i s  seen to  explain a s igni f icant  part  of the 
variance ( F  = 7.26, P<0.01) the correlation coefficient r = 0.66 i s  low, 
indicating that  t h i s  i s  in f a c t  a poor predictive equation f o r  foetal 
length. Thls 1s obviously caused by the lack of foetal fengths for  the 
winter and the l a t e r  part of the gestation period. Thus the equation 
does not give r e a l i s t i c  predictions of length a t  bir th .  

In order t o  improve the equation, data on foetal lengths from 
Al aska (Johnson e t  a l .  1966; Burns and Frost 1979) were added (Fig. 9 ) .  



The resul  t ing  equation, y = -578.69 + 5.21 ( x ) ,  was highly s i g n i f i c a n t  
( F  = 1968.62, P<0.001) and a high cor re la t ion  coe f f i c i en t  r = 0.99 was 
obtained from those pooled da ta ,  The predicted length of the  foetus  
a t  b i r t h  i s  132.3 cm which agrees well with the  data of Burns and Frost 
(1 979). 

Using the above equation and following the method of Huggett and 
Widdas (1951), a s  described by Hewer and Backhouse (7968),  i t  i s  estimated 
t h a t  bearded s ea l s  have an ac t i ve  ges ta t ion perjod of about 301 days with 
a period of suspended development, o r  delayed implanta-iion, of 64 days. 
The embryo, once implanted, grows a t  a  r a t e  of 4.41 cni per day and the  
spread in implantation da t e ,  a s  shown by the materiat from the  eas tern  
Canadian a r c t i c ,  i s  in the  order of 58 days. 

The r a t e  of reproduction can be calculated e i t h e r  by assuming t h a t  
a l1  ovula t ions ,  a s  indicatod by the  presence of corpora i u t e a ,  r e s u l t  in 
pregnancies o r  by using -Lke percentage of mature animals, co l l ec ted  a f t e r  
the  mean da te  of Imp7antation, t h a t  bear a recognirab'e embryo o r  foe tus .  
I f  the  presence of corpora l u t ea  and corpora a lb rca* , t i a  a r e  assumed t o  
i nd i ca t e  t h a t  the  animals were pregnant, the  meap, r a t e  of reproduction 
f o r  the  bearded s ea l s  in t h ? s  study I s  0.86 (Table 5 ) ,  s imi la r  t o  the  
r e s u l t s  of Burns and Frost (1973). However, they note t h a t  t h i s  approach 
overest imates the  reproductive r a t e  s-irce in the younger age c l a s se s  (3- 
and 4-year-olds) ovulation does not r e s u l t  in pregnancy, as  shown by the  
condit ion of the reproductive t r a c t  and by the aosence of corpora 
a lb i can t i a .  Calculating the  reproductive r a t e  from the  percentage of 
pregnant females taken a f t e r  the  period of delayed implantation (mid 
August) y i e ld s  an est imate of 0.64 (7/11) ,  which i s  thought t o  e r r  on the 
low s ide .  I t  i s  not possible w i t h  t h e  srna11 amount of material  ava i l ab l e  
in this study to  derive an accurate  est imate of the  overa14 reproductive 
r a t e ,  but both methods Indj:ate t h a t  most of the  bearded s e a l s  in the  
Canadian a r c t i c  reproduce annually.  

POPULATION STRUCTURE 

f la te r i a l s  from t h l s  study were divided in to  two groups: ( 1  ) the  
western a r c t i c  a rea ,  incl  uding Amundsen Gu1 f  (Holman) and t he  southeastern 
Beaufort Sea (Brown's Harbour, Sachs Harbour and Herschel I s l and)  ; and 
( 2 )  the  Hudson Bay region (Belcher Is lands ,  Southampton Is land,  Ig loo l ik ,  
Ungava Bay and Cape Dorset) .  

The sample of sea l s  from Hudson Bay showed a preponderance of 
females with a s ign i f i can t  depar ture  from a one t o  one sex r a t i o  (Table 6 ) -  
A f u r t h e r  breakdown of the  Hudson Bay sample in to  young of the  year  ( O + ) ,  
adolescents ( 1 +  t o  5+ ) ,  and adul t s  (0) was analysed. While adolescent  
and adu l t  females were noticeably more numerous, the  sex r a t i o  in these  
cases did not s i gn i f i c an t l y  depart  from unity.  

Of t he  63 animals whose ages were determined from the  cementum 
l i n e s ,  the  o ldes t  was a 25 year o ld  female col lec ted a t  the  Belcher Islands 



The o lde s t  male was 23 years of age and was col lec ted near Winton Bay 
on the  coast  of eas tern  Baffin Island.  The age s t r uc tu r e s  of s e a l s  
co l l ec ted  in the open water of the  western Canadian a r c t i c  and Hudsoii 
Bay were examined by grouping the  ages i n to  young of the yea r ,  ( O + ) ,  
adolescents (1+ t o  5+ y e a r s ) ,  and adul t s  ( 6+  and o l d e r ) .  The smaller  
western a r c t i c  sample shows an almost equal representa t ion of t he  
th ree  age groups, while the  tludson Bay sarnple shows a preponderance 
of adu l t  s ea l s  w i t h  a  very low proportion of pups and adolescents  
(Fig .  10) .  

Most of the s ea l s  col lec ted in Hudson Bay were shot from June t o  
e a r l y  October, A monthly examination of the  age s t r uc tu r e  lnd ica tes  
a preponderance of adu l t s  throughout the  summer, with an increase  in 
the  percentage of adolescents from June t o  a peak in Ju ly .  Young of 
the  year  a l so  reach t h e i r  peak percentages in July and then drop o f f  
noticeably (Fig.  11 ) *  IT; the  few samples taken in the  winter  and ea r l y  
spring months from b o t h  a reas ,  16 out  of 19 (84%) were young of the  
year o r  adolescents.  These s e a l s  were shot while :ying on the  i c e  near 
t h e i r  breathing holes o r  cracks ,  o r  in the  water near the  f l o e  edge. 

FEEDI NG 

A t o t a l  of 106 stomachs contaln-ing Food was examined. Food items 
and t h e i r  percentage occurrence a r e  l i s t e d  in Table 7 .  Whenever 
possible the  organisms were i den t i f i ed  t o  spec-ies. Only the  Hudson 
Bay sample was large  enough t o  be considered representa t ive  of the  
food spectrum of the  bearded s e a l .  There, 28 d i f f e r en t  food Items 
were i den t i f l ed .  Food items ranked in  order of importance, based on 
percentage occurrence, were : Decapoda (49%), Pel ecypoda (34%) ,  F i  sh 
(29%),  Holothuroidea (14%) ,  Gastropoda ( 7 % ) ,  and Polychaeta ( 5 % ) .  

Al1 food items were e l t h e r  benthic,  hyperbenthic o r  f i s h .  From 
35 s ea l s  taken a t  the Belcher Is lands  the  mean percentage volume of 
stomach contents was: 70% benthos, 77% f i s h ,  and 13% p a r a s i t i c  Cestoda 
and Nematoda . 

Of the  deca~od  crus tacea ,  Sclerocranaon boreas was most common 
in the  e a s t   affin coast  sampie, whereas crabs ,  Hyaç coar tacus ,  and 
Argis denta ta  were most f requent ly  found in the % l e  from the  Belcher 
Islands.  Hippolytid decapods were most common in the  Foxe Basin ~ a m p l e .  

The pelecypod most f requent ly  i den t i f i ed  in our samples was 
Clinocardium -- cil-iatum, which occurred i n  Hudson Bay and once in a 
high a r c t i c  local l t y  (Creswell Bay, Prince Regent I n l e t ) .  Se r r ipes  sp. 
was recorded only once, frotx the  Foxe Basin sample. 

The most frequently i den t i f i ed  f i s h  was Boreogadus sa ida ,  which 
appeared equally important i n  a11 l o c a l i t i e s .  Less f requent ly  found 



f i s h  include sculpins, Myoxocephalus scorpius, Gymnocanthus t r i cusp i s ;  
lumpfish, Eumicrotremus spp.; eelpouts, Lycodes sp. ;  f i sh  doctors,  
Gymnel i s  v i r id i s  and unidentified blennies, Blennioidei. 

Holothuroideans were not recorded from the recent Baffin Island 
sample, b u t  they were cominon in stomachs from Hudson Bay and thcy al so 
occurred in stomachs from Amundsen Gulf. The only species posit ively 
ident i f ied was Cucumaria frondosa from the Belche,~ Islands. Gastropod 
opercula and f ee t  were found in al1 b u t  the Belcher Island sample, 
Buccinum sp. was identified from Foxe Easin. Polycha~tes were commonly 
found in stomach contents, b u t  never in s ignif icant  amounts, and none 
were ident i f ied to  genus, 

Only the Belcher Island sample was documented in a  semi-quantitative 
manner. Of 54 stomachs examined, 19 (35%) were empty. No s igni f icant  
difference was found in the  proportion of empty stomachs between young 
of the year and older animals. A greater  proportion cf empty stomachs 
was seen in the wlnter sample from the Bel cher IsS? ,Js (511 1 ,  or 45%),  
b u t  t h i s  was n o t  s ignif icant ly d i f fe rent  from the number of empty 
stomachs in the summer (14143, o r  33%; chi square = 3.20, P>0.05). 

Bearded seals are generally thought t o  reside in areas of pack ice 
and reoccurring polynyas. Such regions as Foxe Basin, Hudson S t r a i t  and 
northern Hudson Bay appear to  support greater numbers of t h i s  species 
than other regions in the Canadian a r c t i c .  I t  i s  not c lear  whether the 
high numbers of bearded seals  r e f l e c t  the presence of open water in the 
winterorwhether they are  111ore d i rec t ly  related to high benthic production 
in these loca l i t i e s .  The l a t t e r  i s  probably the proximate factor  
influencing the dis t r ibut ion and abundance of bearded seals since they 
have been observed to overwinter in f a s t  ice areas elsewhere. I n  
Amundsen Gulf, bearded seals  are  known to inhabit pressure ridges and 
refroren leads during the winter and to  appear in the same general areas 
year a f t e r  year. Breathing holes occupied by bearded seals  a re  s imilar  
to those of ringed seals ,  b u t  are  distinguishable by the presence of 
bottom soi1 frozen into the ice dome. Eoth ringed and bearded seals  a re  
found in close association in such s i tua t ions .  Bearded seals  open u p  
t he i r  hoies with the claws of the foref l ippers ,  as do ringed sea ls ,  and 
they are  sometimes seen to haul out ont0 the ice as early as l a t e  March. 
No subnivean l a i r s  of bearded seals  have been found and pupping appears 
to occur only on the surface of the ice  in May. I n  the high a r c t i c ,  
bearded seals  are known to  overwinter in the f a s t  ice adjacent to  polynyas 
( S t i r l  ing, Cleator and Smith 1981 ) ,  Some of these local i t i e s  support 
overwintering populations of walruses, indicating the probable existence 
of abundant benthic food. The biological productivity of such areas of 
open water in the winter i s  not well understood. 



Manning (1974), from a study of the craniometry of bearded sea l s ,  
assigned Alaskan and Canadian a r c t i c  speciniens to  two separate 
subspecies, E .  b ,  nauticus, and E .  b. barbatus. Results from the 
present study f a i l  to detect anys ign i  f icant  s ize differences between 
specimens from the two areas,  even though i t  i s  çenerally accepted tha t  
the Chukchi and western Beaufort seas have much higher benthic productivity 
than the marine waters of the Canadian a r c t i c .  

Female reproductive material examined in t h i s  study indicates tha t  
f i r s t  ovulation occurs a t  4+ years old,  with 100% of crimals 7 years and 
older being sexually mature, A reproductive ra te  as h l g h  as 0,86 i s  
indicated, though the limited number of samples does n o t  permit accurate 
assessment of t h i s  parameter. These r e su l t s  d i f f e r  from those of McLaren 
(1958a), who concluded that  Canadian eastern a r c t i c  bearded seals  a t ta ined 
sexual maturity a t  6; years of age and reproduced only cvery other year. 
Only one sample in the ?r:?sent se r i e s ,  tha t  of three aduft b u t  non-pregnant 
bearded sea ls  shot together in ear ly May a t  the same sole in the f a s t  ice  
of Amundsen Gulf, fndicates that  reproduction mighi. riot occur every year.  
In such a s i tua t ion ,  where resources might be limi-tjng to  d iscre te  
subpopulations, reproductive control of t h i s  sor t  might be advantageous. 
The high frequency of underwater vocalization and spatial  aggregation of 
bearded seal s probably indicate a h i ~ h l  y developed social s t ruc ture ,  
which could mediate such density dependent adjustments. 

While there were s ignif icant ly more adul t females than males in 
the Hudson Bay sample, the causes a re  not apparent. Several other 
studies have indicated that  females a re  more numerous in the catches 
(Table 6 ) .  Burns and Frost (1979) explain th i s  by noting tha t  male 
mortality ra tes  are higher. Other fac tors  such as increased vulnerabi l i ty  
of females a t  certain times of the year or  d i f fe rent ia l  segregation of the 
sexes might al so be invo? v t d .  

The age s t ructure of bearded seals  shot during the open water period 
appears to  be heavily biased toward adults while winter and early spring 
samples from the f loe  edge are  biased toward adolescent or young of the 
year, I t  i s  possible that  the preponderance of adults in the summer 
harvest r e f l ec t s  a real segregation in the dis t r ibut ion of d i f fe rent  age 
classes.  Adults, which apparently feed predominantly on benthic and 
hyperbenthic organlsms, might act ively exclude the adolescent bearded 
seals  from nearshore areas in the summer. There i s  a limited amount of 
support for  thi  s  assumption from the observations of Lowry e t  a l .  ( 1  980) 
who indicate that  adolescents feed more on pelagic food organisms. 

The most important food items of bearded seals  in Hudson Bay were 
decapod crustacea,  pelecypod molluscs and f i s h ,  mainly the a r c t i c  cod, 
Boreogadus saida. No information was available on seasonal changes in 
food items, b u t  observation of seals  f a r  offshore in the Beaufort Sea 
(S t i r l ing  and Archibald 1977) and in Davis StraTt (Koski 1980) probably 
indicates a çh i f t  to  f i sh  feeding in the winter months by some or al1 age 
classes .  This has been documented in some Alaskan studies (Johnson e t  a l .  



1966; Lowry e t  a l ,  19S0). In areas where bearded seal  s  remain in 
the land-fas t  i c e  throughout the  \vinter, i t  i s  poss ible  t h a t  they 
continue t o  exp lo i t  a  patchy b u t  productive benthic food resource. 
In Amundsen Gulf bearded s ea l s  in such s i t ua t i ons  appear t o  feed 
mainly on Holothuroidea and Cephalopoda. 

The bearded seal  i s  one of the  l e a s t  v i s i b l e  of the  Canadian 
a r c t i c  phocid s e a l s ,  b u t  i t  1s the  most a c t i ve ly  vocal ,  with a varied 
underwater reper to i  re .  Fi r s t  descrl  bed by Dubrovski i (1 937) and then 
by several o ther  authors ,  (ireuchen 7937; Pou1 t e r  1966;  Ray, Watkins 
and Burns l969) ,  t he  frequency modulated sounds a r e  o f ten  heard where 
no bearded s ea l s  a r e  observed. This i s  the  case in both open water 
and i n  a reas  of l and- fas t  i ce .  WC-iile no systematic s tud ies  have ye t  
been conducted on t h j s  aspect  of t h e i r  behavior, vocal iza t ions  appear 
t o  be most frequent in the  spring ana ea r ly  summer months. The function 
of these sounds i s  not k n u w n ,  b u t  might well be involved in pa r t i t ion ing  
of feeding and breed-ing hab i ta t s .  Because of the  pafchy d i s t r i bu t i on  of 
beard2d s ea l s  and t he  d i f f i c u l t y  in deriving e s t i ~ z . , e s  of  t h e i r  numbers 
by ae r ja l  surveys, systematic underwater recordinys might be develoled 
in to  an important tool  f o r  population s tud ies .  Behavioral s tud ies  on 
the  production and function of underwater sounds, both in the  wild and 
on captive bearded s e a l s ,  might provfde important new in s igh t s  in to  t he  
ecology of t h i  s  poorly understood speci es .  

Current offshore  developments in  such areas  as  the  southeastern 
Beaufort Sea include plans f o r  removal of l a rge  amounts of nearshore 
bottom deposi ts  near a reas  where bearded s ea l s  a r e  known t o  overwinter. 
The patchy d i s t r i bu t i on  of t h i s  species and i t s  probable dependence on 
local areas  of high benthic product iv i ty  make i t  l i a b l e  t o  severe 
disturbance by such a c t i v i t i e s .  Studies should be i n i t i a t e d  t o  def ine  
the  ecological niche of these  possibly d i s c r e t e  local  populations of 
bearded seal S .  

ACKNOWLEDGEMENTS 

Thanks a r e  due t o  A .  W .  Mansfield, E .  H .  Grainger and other  s t a f f  
members of the Arctic Biological Sta t ion who over the  years  contributed 
t o  the specimen co l l e c t i on .  Louise Griffin,funded through Dr. M .  J .  
Dunbar, McGil1 University and the Canadian Wildl i fe  Service through 
Dr. C .  Jonkel , col lec ted the  Belcher Island mater ia l .  Logist ic  support 
f o r  part  of t h i s  study was provided by the Polar Continental Shelf Project,  
Department of Energy, Mines and Resources, 1 am gra te fu l  t o  B .  Beck, 
M .  O .  Hammill and G .  A .  Sleno fo r  co l l a t i on  of data and ass i s tance  with 
par ts  of the  ana lys i s .  E. H .  Grainger, J .  W .  Wacasey and E .  G .  Atkinson 
of the Arctic Biological S ta t ion ,  R .  Bailey, Department of Flsher ies  and 
Oceans, Quebec City,  and D .  E .  McAllister,  National Museums of Canada, 
aided g rea t ly  with i den t i f i c a t i ons  of stoinach con ten t s ,  A .  W .  Mansfield 
kindly provided c r i t i c a l  ed i t ing  of the  manuscript, 



REFERENCES 

Anon, 1974. Research t o  e s t a b l i s h  p r e s e n t  l e v e l s  o f  h a r v e s t i n g  by 
n a t i v e  peop les  of n o r t h e r n  Quebec.  P a r t  I I .  A r e p o r t  on t h e  
h a r v e s t s  by t h e  I n u i t  of n o r t h e r n  Quebec.  F i n a l  Repor t .  Unpublished 
MS by t h e  Na t ive  H a r v e s t i n g  Research Committee t o  t h e  Hunt ing,  
F i s h i n g  and Trapp ing  C o o r d i n a t i n g  Committee. 230 p. 

Beaubie r ,  P. H . ,  M e  J .  Bradley,and J e n n i f e r  G .  Vestey 1970. Human 
e c o l o g i c a l  s t u d i e s  - I g l o o l i k ,  N.W.T. Unpublished r e p o r t  by t h e  
Department of Geography, McGi11 U n i v e r s i t y ,  t o  t h e  I n t e r n a t i o n a l  
B i o l o g i c a l  Program Human A d a p t a b i l i t y  p r o j e c t .  180 p. 

Benqston,  J .  L . ,  and D .  B .  S i n i f f .  1981. R e ~ r o d u c t i v e  a s ~ e c t s  o f  
femalë  c r a b e a t e r  s e a l s  (Lobodon c a r c i n o p h a g u s )  a l o n g  t h e  A n t a r c t i c  
P e n i n s u l a .  Can. J ,  Zool .  59: 92-102. 

Benjaminsen,  T. 9973. Age d e t e r m i n a t i o n  and t h e  growth and age  
d i s t r i b u t i o n  from cementum growth l a y e r s  o f  bearded s e a l s  a t  
Sva lbard .  F i s k D i r .  S k r .  S e r .  HavUnders. 76: 159-170. 

Burns,  J .  J ,  1967. The P a c i f i c  bearded s e a l .  Alaska Dept. F i sh  and 
Game, Juneau.  66 p. 

Burns,  J .  J . ,  and Kathryn J .  F r o s t .  1979. Natural  h i s t o r y  and eco logy  
o f  t h e  bearded s e a l ,  E r i g n a t h u s  b a r b a t u s .  F ina l  r e p o r t  t o  Oute r  
Cont inen ta l  She l f  Environmental  Assessment Program (OCSEAP), 
c o n t r a c t  #OZ-5-022-53. 77 p. 

C h a p s k i i ,  K .  K. 1938. Tr l r  bearded s e a l  ( E r i g n a t h u s  b a r b a t u s  F a b r . )  
o f  t h e  Kara and B a r e n t s  S e a s ,  Trans ,  A r c t i c  S n s t . ,  Leningrad.  
123: 7-70. (Can, F i s h .  Mar. S e r v i c e  T r a n s l .  S e r .  3162, MS 145 p . )  

Dubrovsk i i ,  A .  N .  1937. The n u p t i a l  c r y  o f  t h e  bearded s e a l  ( E r i  n a t h u s  
b a r b a t u s  F a b r . )  P r i r o d a  4 :  124.  (Cari. W i l d l i f e  S e r v i c e  T r a n ' h  

Fedoseev,  G. A.  1973. B-iological  d e s c r i p t i o n  o f  and b a s i s  f o r  t h e  k i l l  
l i m i t s  on bearded s e a l s  i n  t h e  Sea o f  Okhotsk. I z v .  TINRO 86:  148-157. 
(Can. F i s h .  Mar. S e r v i c e  T r a n s l .  S e r .  3282, 1 8  p . )  

F i n l e y ,  K, J .  1976. S t u d i e s  o f  t h e  s t a t u s  o f  mar ine  mammals i n  t h e  
Cen t ra l  D i s t r i c t  of  F r a n k l i n ,  N.W.T. June-August 1975. Unpublished 
r e p o r t  by L . G . L .  L td .  f o r  P o l a r  Gas P r o j e c t .  

Foote ,  D. C .  1965. Human geograph ica l  s t u d i e s  i n  n o r t h w e s t e r n  a r c t i c  
Alaska:  The P o i n t  Hope and Upper Kobuk River  P r o j e c t s ,  1965. 
Unpublished r e s e a r c h  r e p o r t s ,  Departrnent o f  Geography, McGill 
U n i v e r s i t y .  



Freuchen,  P. 1937. Mammals. P a r t  2. F i e l d  n o t e s  and b i o l o g i c a l  
o b s e r v a t i o n s ,  Vol. 2 :  68-278. In Report  o f  t h e  f i f t h  Thule  
expedi  t i o n  1921 -24. CopenhagenrGlydendal  . 

G a l s t e r ,  W ,  A .  1971. Accumulat ions  o f  mercury i n  Alaskan p i n n i p e d s .  
Proc.  Alaskan S c i e n c e  Confe rences ,  Alaskan American A s s o c i a t i o n  
f o r  t h e  Advancement o f  S c i e n c e  (AAAS) C o l l e g e ,  22-76 ( A b s t r a c t ) .  

Hewer, H .  R .  1964. The d e t e r m i n a t i o n  o f  age  o f  sexua l  m a t u r i t y ,  
l o n g e v i t y  and a l i f e  t a b l e  i n  t h e  g r e y  s e a l .  P roc .  Zool .  Soc. 
Lond. 142: 593-624. 

Hewer, H .  R. ,  and K.  M .  Backhouse. 1968. Embryology and f o e t a l  growth 
o f  t h e  g r e y  s e a l ,  H a l i c h o e r u s  g rypus .  J .  Zool. 155: 507-533. 

Hugge t t ,  A .  S t .  G . ,  and W,  F .  Widdas. 1951. The r e l a t i o n s h i p  between 
mammalian f o e t a l  we igh t  and c o n c e p t i o n  age .  J .  P h y s i o l .  114: 306-317. 

Johnson ,  M .  L., C s  F.  F i s c u s ,  B.  Ostenson,  and M .  L .  Barbour .  1966. 
Marine Blammals, pages 877-924. In N .  J .  W i  1 lmovsky ( e d .  ) Environment 
o f  t h e  Cape Thompson Region,  Aiaçka ,  Wash., D . C . ,  U.S. Atomic Energy 
Comm. 

Koski,  W, R .  1980. D i s t r i b u t i o n  o f  marine  mammals i n  t h e  Canadian 
Cent ra l  High A r c t i c ,  July-September  1979. Unpublished r e p o r t  by 
L . G . L .  Ltd. f o r  Petro-Canada Ltd.  

Koski,  W .  R. ,  and R .  H .  Davis .  1979,  D i s t r i b u t i o n  o f  m a r i n e  mammalç 
i n  nor thwes t  B a f f i n  Bay and a d j a c e n t  w a t e r s ,  May-October 1978. 
Unpublished r e p o r t  by L , G . L .  Ltd .  f o r  Petro-Canada.  305 p.  

Kosygin, G .  M .  1966. Body d imens ions  and weight  i n  t h e  bearded  s e a l  
o f  t h e  Bering Sea.  From I z v .  TINRO 58: 149-151. ( T r a n s l a t e d  by 
U,S. Bureau o f  Commercial F i s h e r i e s ,  S e a t t l e ,  Wash. 1966 ,  p. 74-77) 

Laws, R. M .  1962. Age d e t e r m i n a t i o n  o f  p inn ipeds  w i t h  s p e c i a l  
r e f e r e n c e  t o  growth l a y e r s  i n  t h e  t e e t h .  Z .  S a u g e t i e r k d .  27: 129-146. 

Lowry, L.  F . ,  K. J .  F r o s t ,  and J .  J .  Burns. 1979. T r o p h i c  r e l a t i o n s h i p s  
aniong i c e  i n h a b i t i n g  phocid  s e a l s .  F ina l  r e p o r t  o f  B e a u f o r t  Sea 
a c t i v i t i e s .  Oute r  C o n t i n e n t a l  S h e l f  Environmental Assessment Program 
(OCSEAP) c o n t r a c t  #03-022-53. 30 p.  

Lowry, L.  F . ,  K .  J .  F r o s t ,  and J .  J .  Burns.  1980. Feeding o f  bearded 
s e a l s  i n  t h e  Bering and Chukchi Sea and t r o p h i c  i n t e r a c t i o n  w i t h  
P a c i f i c  w a l r u s e s .  A r c t i c  33: 330-342. 

Manning, T .  H .  1974. V a r i a t i o n s  i n  t h e  s k u l l  o f  t h e  bearded s e a l ,  
E r i g n a t h u s  b a r b a t u s  ( E r x l e b e n ) .  Alaska Univ. ,  B i o l .  Pap. 16: 27 p. 



M a n s f i e l d ,  A .  W. 1958. The b i o l o q ~  of t h e  A t l a n t i c  w a l r u s .  Odobenus 
rosmarus (L inn .  ) ,  i n  t h e  e a s t e r k -  Canad-ian a r c t i c .  F i s h .   es. Board 
Can. MS Rep. 653, 146 p. 

McLaren, 1 .  A .  1958a.  Some a s p e c t s  o f  growth and r e p r o d u c t i o n  o f  t h e  
bearded s e a l ,  E r i g n a t h u s  b a r b a t u s  ( E r x l e b e n )  . J .  Fi s h .  Res. Board 
Can. 1 5 ( 2 )  : 219-227. 

McLaren, 1. A .  1958b. The economlcs o f  s e a l s  i n  t h e  e a s t e r n  Canadian 
a r c t i c .  F i s h .  Res. Board Can. A r c t i c  Uni t  C i r c u l a ?  No. 1 ,  94 p .  

P i k h a r e v ,  G .  A.  1940, S e a l s  o f  t h e  sou thwes te rn  p a r t  o f  t h e  Sea o f  
Okhotsk.  I z v .  TINRO, Vol. 20: 101-120 ( I n  R u s s i a n ) .  

Plekhanov,  P, G .  1933, De te rmina t ion  o f  t h e  age  o f  s e a l s .  S o v i e t  
North 4: 111-174 ( I n  RassSan) .  

P o t e l o v ,  V .  A .  1975. Reproduc t ion  o f  t h e  bearded ,cal ( E r i g n a t h u s  
b a r b a t u s )  i n  t n e  B a r e n t s  Sea .  Rapp, P . v .  Reun, Cons. I n t .  Exp lor .  
Mer 169: 554, 

P o u l t e r ,  T. C ,  9966. Systems o f  e c h o l o c a t i o n .  In Les Systemes Sonars  
Animaux. R. G .  Busnel ( e d .  ) Lab. Physiol  . A c G s t . ,  J o u y - e n - J o s a s ,  
inra-CNRZ, France.  1 :  157-785. 

Ray, C . ,  W, A.  Watkins,  and J. J .  Burns.  1969. The underwate r  Song o f  
E r i g n a t h u s  (Bearded s e a l  ) . Zoologica  54: 79-83. 

S l e p t s o v ,  M .  M .  1943. On t h e  b i o l o g y  o f  r e p r o d u c t i o n  o f  P i n n i p e d i a  
o f  t h e  f a r  e a s t .  Zool .  Zhur,  22: 109-128 ( I n  R u s s i a n ) .  

Smi th ,  T, G. 1973. P o p u l a t i o n  dynamics o f  t h e  r i n g e d  s e a l  i n  t h e  
Canadian e a s t e r n  a r c t i c .  B u l l ,  F i s h .  Res. Board Can. 181, 55 p.  

Smi th ,  T, G .  1980. P o l a r  b e a r  p r e d a t i o n  of r i n g e d  and bearded  s e a l s  
on t h e  l a n d - f a s t  s e a  i c e  h a b i t a t ,  Can. J .  Zool,  58: 2201-2209. 

Smi th ,  T. G . ,  and F. A .  J. Armstrong. 1975. Mercury i n  s e a l s ,  t e r r e s t r i a l  
c a r n i v o r e s ,  and p r i n c i p a l  food i t e m s  o f  t h e  I n u i t ,  from Holman, N.W.T. 
J .  Fi s h .  Res. Board Can. 32 ( 6 )  : 795-801. 

Smi th ,  T. G., and F .  A.  J .  Armstrong. 1978. Mercury and s e l e n i u m  i n  
r i n g e d  and bearded s e a l  t i s s u e s  from a r c t i c  Canada. A r c t i c  31 ( 2 ) :  75-84. 

Smith ,  T. G., and D .  T a y l o r .  1977. Notes on marine  mammal, fox  and p o l a r  
b e a r  h a r v e s t s  i n  t h e  Northwest T e r r i t o r i e s  1940 t o  1972. Canada, F i s h .  
Mar. S e r v i c e  Tech. Rep, 694,  37 p. 

S t i r l i n g ,  I . ,  and W .  R .  A r c h i b a l d .  1977. Aspects  o f  p r e d a t i o n  o f  s e a l s  
by p o l a r  b e a r s .  J .  F i s h .  Res. Board Can. 34: 1126-1129. 



S t i r l i n g ,  I . ,  W. R. Archibald,  and D.  DeMaster. 1977. D i s t r i b u t i o n  
and abundance of s e a l s  i n  t h e  e a s t e r n  Beaufort  Sea. J .  Fish.  Res. 
Board Can. 34: 976-988. 

S t i r l i n g ,  I . ,  H .  C l e a t o r ,  and T .  G .  Smith. 1981. Marine Mammals, 
pages 45-58. In 1. S t i r l i n g  and H .  C l e a t o r  ( eds .  ) Polynyas i n  t h e  
Canadian a r c t i c  Env. Can., Can. Wildl i f e  Se rv i ce  Occ. Pap. 45. 

S t i r l i n g ,  I . ,  M .  C .  S. Kingsley, and W .  C a l v e r t .  1987. The d i s t r i b u t i o n  
and abundance of s e a l s  i n  t he  high a r c t i c .  Can. Wi ld l i f e  Se rv i ce .  
Unpublished MS, 51 p .  

Tikhomirov, E .  A.  1966. On t h e  reproduct ion  of  s e a l s  belonging t o  t h e  
fami ly  Phocidae'  i n  t h e  North P a c i f i c .  Zoo1 . Zhurnal 45: 275-281 
( In  Russ ian) .  

Usher, P.  J .  1965. Banks I s l and .  An a r e a  economic survev.  D e ~ t .  o f  
Northern Affai r s  and National Resources , I n d u s t r  , a l  ~i  v: ~ e ~ .  ' 65-1 , 
125 p .  

Usher, P .  J . ,  and M .  Church. 1969ar On t h e  r e l a t i o n s h i p  of weight ,  
l ength  and g i r t h  of  t h e  r inged sea l  (Pusa h i s p i d a )  of t he  Canadian 
a r c t i c .  A r c t i c  2 2 ( 2 ) :  120-129. 

Usher, P . ,  and M .  Church. 1969b. F ie ld  t a b l e s  f o r  t h e  c a l c u l a t i o n  of  
r inged s e a l  weights  from length  and g i r t h  measurements. Northern 
Sc i .  Res. Group, Dept. of Indian A f f a i r s  and Northern Development 
Tech. Rep. 3. 





Table 1. Location and numbers of bearded seal specimens included 
in this study. 

Location 

Barrow Strait 
Beekman Peninsula 
Bel cher Islands 

Cape Dorset 
Coppermine 
Coral Harbour 

Cumberl and Sound 

Darnley Bay 

Herschel Island 
Ho1 man 

Poste-de-la-Baleine 
Sachs Harbour 

Coordinates Year 

1975 
1973 
1960 
1974 
1975 
1955 
1973 
1955 
1956 
966 
1969 
1972 
1977 
1971 
1971 
1972 
1973 
1975 
1977 
1961 
1968 
1969 
1978 
1972 

Nuirher of 
specimens 

4 
7 
7 
5 9 
9 
6 
1 
9 
6 
5 

1 O 
3 
3 
1 
13 
1 
1 
3 
1 

1 1 .  . 
3 1 
3 9 
5 

2 5 

Total 2 60 



Table 2. Harvests  of bearded s e a l s  from the  major hunt ing a r e a s  i n  t h e  Canadian a r c t i c  ( *  a r e  from 
Anon. 1974, while percentages in  parentheses a r e  frorn t h e  s e p a r a t e  s t u d i e s  i n d i c a t e d ) .  

Nurnber of  Mean number of Mean number of  bearded s e a l s  
years  with bearded s e a l s  expressed a s  a percentage of  
records caught ringed s e a l s  taken o r  counted 

High A r c t i c  

Alexandra Fiord 
Grise Fiord 
Resolute Bay 

Western A r c t i c  

Holrnan 
Sachs Harbour 

Central A r c t i c  

Cambridge Bay 
Coppermine 
Gjoa Haven 
Pel 1 ey Bay 
Spence Bay 

Hudson Bay 

Akudl i  vi k (Cape Smi t h )  
Ches te r f ie ld  I n l e t  
Coral Harbour 
Eskimo Point  
Inoucdjouac (Por t  Harr ison)  
Poste-de-la-Baleine (Great  Whale River)  
Rankin I n l e t  
Repulse Bay 
Whale Cave 

Hudson S t r a i t ,  Foxe Basin, Ungava Bay 

Cape Dorset 
Fort Chimo 
George River 
Igloo1 i k 
Koartac 
Lake Harbour 
Leaf Bay 
Payne Bay 
Port  Burwell 
Sagl ouc 
Wakeham Bay 

Eastern A r c t i c  

Cape C h r i s t i a n  
Frobisher  Bay 
Pangnirtung 
Pond I n l e t  

1 16 O .  30 
7 5 O 5.00 :5.53; S t i r l i n g  e t  a l .  1977) 

3.91 (4.50;  McLaren 1958b) 
33.91 * 
17.48 * 
2.79 (18.00;  Beaubier 1970) 
5.47 * 
3 .48  

25.82 * 
29.67 * 
11.03 * 
15.06 * 
6.26 "(18.8;  McLaren 1958b) 

5 2 2 1.20 
6 4 O 1.84 (7.69;  McLaren 1958b) 
7 5 4 O .  58 
6 5 O 1 .58  



Table 3. Age determined from the claws of the hind f l ippers  
of bearded seals compared to  ages from the claws 
of the fore-fl ippers or teeth of the same sea l .  

Age from hind claws 

O+ 
54- 
5+ 
6 + 
6 + 
8+ 
9+ 
9 + 

Age from front  claws Age from teeth 

O+ 
7+ 7+ 
7+ 
6 + 

6+ 
9 t- 

1 O+ 
14+ 



Table  4 .  Nose- ta i l  measurements o f  bearded s e a l s  from s e v e r a l  d i f f e r e n t  s t u d i e s ,  

Study O+ y e a r  o l d  l +  t o  5+ y e a r s  o l d  6+ y e a r s  and o l d e r  

P r e s e n t  s t u d y  153  (15 .14 ,  1 9 )  192.62 (15 .49 ,  26) 230.75 ( 8 . 1 1 ,  8 4 )  

Canadian A r c t i c  

Eas te rn  Canadian A r c t i c  141 ,64  (15 .0 ,  1 1 )  183,92 (16 .81 ,  13) 230.63 (10.27,  35)  
McLaren (1 958a) 

Bel c h e r  Is1  ands  162 .0  (10 .21 ,  1 0 )  196 (14 .24 ,  4 )  230.7 (16.71,  22)  
( p r e s e n t  s t u d y  1975-75) 

IV 
r0 

Chukchi and Beaufor t  Seas  152 (14.06,  1 4 )  190 .0  (17 .82 ,  1 3 )  230.76 ( 9 . 5 8 ,  21) 
Foote (1965) ,  Burns (1967)  

Sval bard 
Benjaminsen (1 973) 

Bering Sea 
Kosygin (1966)  

160 .5  ( - - - ,  1 1 )  193 .5  ( - - - 9 8 2 )  239.5 ( - - - , l O 2 )  



Table 5. Age spec i f i c  number of female bearded s ea l s  bearing corpora 
l u t e a  and corpora a lb i can t i a ,  with t he  calcula ted percentaçe 
of sexual ly  mature individuals per age c l a s s .  

Number Number 
wi t h  with 
corpora corpora perce"age sexual ~y [ C L )  

Ag e  Number 1  utea al  b icant ia  mature 



Table 6. Sex r a t i o s  of bearded s e a l s  from t h e  western Canadian a r c t i c ,  
Hudson Bay and several  o t h e r  a r e a s .  

Number of Number of  
Area and source  femal es  mal e s  Chi square P 

Western Canadian a r c t i c  28 18 2.35 >Oel 
(p resen t  s tudy)  

Hudson Bay 
(p resen t  s tudy)  

Kara and Barents s e a s  5 3 58 O .  23 > O .  5 
Chapsky (1 938) 

Sea of Okhotsk 
P i  kharev (1 940) 

Sea of Okhotsk 
Sleptsov (1943) 

Alaska 1962-1966 113 92 7.35* < O .  O1 
Burns and Fros t  (1979) 

Al aska 1975-1 978 4 00 327 7.54* <0.01 
Burns and Fros t  (1979) 

Sea of Okhotsk 
Fedoseev (1 973) 



Table 7. Food species and percent occurrence (number of stomachs with species present / total 
stomachs examined containing food) for the eastern Canadian arctic, Hudson Bay (Belcher 
Islands and Foxe Basin), and the western Canadian arctic (Amundsen Gulf). 

Food species 

Nemertinea (unidentified) 
Polychaeta (unidentified) 
Gastropoda (unidentified) 
Buccinum sp. 

Pelecypoda (unidentified) 
Cl inocardium ci 1 iatum 

. 

Serripes sp. 
Cephalopoda (unidentified) 
Gonatus fabricii 
Rossia sp. 
Bathypolypus arcticus 

Mysidacea 
~ y s i s  oculata 

1 sopodap 
Mesidotea sabini 
Arcturus sp. 

Amphi poda (unidenti fied) 
Anonyx nugax 
Atylus carinatus 
Rhachotropis aculeata 
Ste oce halus inflatus 

E-uunidentified) 
Decapoda (unidentified) 
Crangonidae 
Argis dentata 
Sc1 erocran on boreas 

H b u ~ i  fi ed l . .  - 
~~irontocari; spinus 
Lebbeus groenlandicus 
Lebbeus olaris 

B m a e ( _ ; l d ë n t i  f ied) 
Majidae 
Hyas coarctatus 
Echi noidea 
Strongylocentrotus droebachiensis 

Holothuroidea (unidentified) 
Cucumaria frondosa 

F m e n t i f i e d )  
Boreogadys saida 

Cottidae unidentified) 
~~clopteridae (uni dent if ied) 
Agonidae (unidentified) 
Plant material (unidenti fied) 

Eastern 
arctic 

Percent occurrence 

Hudson BaS 
Foxe Basin Belcher Islands 

Western 
arctic 





F i g .  1 Length o f  t he  lower canine o f  bearded s e a l s  with age. 





F i g .  2a A diagram and photograph of a long section of the canine 
tooth of a bearded seal ( m n a t h u s  -- - barbatus) showlng the 
main t i ssues ,  structures and methods of measurement. 





F i g .  2b Increase in length of the lower canine cernentum zone with addition o f  ceinentuiii layers.  





AG E 

F i g .  3 Frequency of age classes of bearded seals as determined by fore claws and teeth. 





Fig. 4 Relation of nose-tai l  length of bearded sea l s  t o  age determined from 
( a )  claws of the  fo re f l  ipper,  and from ( b )  cementum 1 ines i n  the t e e th .  
(,. ........... 0 ........... + = 95% confidence i nterval . ) 









ESTOMATED WEIGHT kg 

Fig .  6 Actual  w e i g h t s  p l o t t e d  a g a i n s t  e s t i m a t e d  w e i g h t s  d e r i v e d  
f r o n  t h e  e q u a t i o n  i n c o r p o r a t i n g  n o s e - t a i l  l e n g t h  and g i r t h  
( l o g  W = 1.4714 l o g  g i r t h  + 1.3971 l o g  l e n g t h  - 4.4180). 





A Aged from ciaw 

O Aged f rom tooth 

Fig. 7 Lengths of bacula of bearded s e a l s  of d i f f e r en t  ages taken 
from the Belcher Islands (Hudson Bay) in 1974-75. 
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DAYS AFBER MABiNG 

Fig .  3 Regression of foetal length with time. May 1 i s  considered 
to be the mean mating date. 





1 a Western Canadian Arct ic  1 

1 b Hudson Bay Area 

Fig. 10 Percentage of pups ( O + ) ,  ad01 escents ( 1 +  t o  5+)  and adul t s  
(6+ and o lde r )  taken in the  catches of bearded seal  s from 
open water during June t o  November in ( a )  the  western 
Canadian a r c t i c ,  and ( b )  Hudson Bay. ( ) = sample s i z e .  





Fig. 1 1  Seasonal distribution of pups (O+), adolescents ( l t  to  5+)  and adul t (6+ and older) bearded seals 
in the catches froni the Hudson Bay area. ( ) = saiiiple size.  




