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ABSTRAC! 

The number ,of breathing holes in thir.ty-t,wo stuQY plots 

located in Barrow'Strait was used as an., index of r'lnged seal 

(Phoca hispida) abùndance. During March to June, 1984-1986 , 

densities were estimated from a ,cohlbination of dog searches 

and a modified remoyal--- sampling technique. To achieve 

pre c i s ion 0 f 30% 0 r b e t ter, 80,% 0 f the est i mat è d n u m ber 0 f . 
seal holes must be located and the probability of hale 

" , 

detection must be greater than 0.3. 

" Birth lairs were not seen before 4 April, but were found 

l more frequently as the season progressed. Male structures were 

evident, in late March, but were not found after mid-May. In 
• 

1986, density of se al holes was correlated with both date of 

ace consolidation and snow depth. Similar results' 'were not 

obta i ned in 1984 or 1'985. The plots surveyed in these 'years 

were located too close together in ice that consol idated at 

the same time. 

J uv e n i 1 e an i mal s w e r e und e r - r e p'r e sen te d i n a s hot sam p 1 e 

~f seals. The mean ~eproductive rate for females >7 years old 
/ 

was 0.64. The mean date of pupping in Barrow St.rait falls in 

the fourth week of April. lactation lasts for 41-48 days. 

In spring t ringed seals depend on stored reserves to 

'supply 44% of their dajly energy requirements. In"adult seals 

~o diff,erences in body conditi~were detected, but juvenile 

animals collected in 1986 w~ e, in significantly better 

'condi~;on 'thail jllveniles col1ect~ ;n 1984 and 1985. 
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" , 
le nombre de trous de respiratiqfl dans 32 parcelles d' étu~es 

. 
situées dans le 'Oétroit de Barrow/a été utilisé cOlTlTle index d'abondance ( , 

/ 

des phQques annelés (Phoca hispida). De Mars à Juin 1984-1986, les 

;, dens i tés de ~Jious ont été ,dét'ermi nées par. "une' èomb i nai son de r'echerche 
i .' / . 

par chi ens etVltre 'modification de l a méthode d' échant i llonnage par 
, . 

enlèvement. Pour obtenir une précision ~e 30%.ou plus, 80% des trous de 

phoques estimés doiv,ent être localisés et la Rrobabilité de détection 

doit être supérieure à 0.3. 

leS' repères de naissance n'étaient vistbles qu'a partir du 4 Avril; 

l'incidence de ces structures augmentait au cours de la, sai son. les' , 
, J 

repères utilisés par les mâles en rut étaient présents à la fin Mars, 

mais di sparai ssaient après mi -Mai. En 1986, 1 a dens ité des trous de 

phoques était corrélée à' la fois à la date de consolidation de la glace 

et à l'épaisseur de neige. 'Des résultats semblables n'ont pas été 

obtenus en 1984 ou 1985. Ces années-là, les parcelles d'études ont été 

défini es trop pr;oches 1 es unes des autres dans la 91 ace et se sont 

toutes solidifiées en même temps. 

Les animaux juvéniles étaient sous-représentés de l'échantillon,de 

" phoques. le taux d .. e reproduction majeure des femelles >7 ans était de 

0.64. La date approximative de la mis-bas dans -le Détroit de Barrow se 

situe dans la 4ième semaine d'Avril. l'allaitement dure de 41-48 jours. 

Au printemps, les phoques annelés dépendent de leur réserve pour 
\ 

fournir 44% de leurs besoins énergétiques journaliers. Chez les 

. adultes, aucune différence de l'état physi que n'a été détectée mai s -les 

animaux juvéniles collectés en 1986 étaient significativement en 

meilleure condition physique que ceux collectés en 19f et 1985. 
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RESUME 

le nombre de trous 'de respiration dans !~2 parcelles d'études 

situées dans le-Détroit de Barrow a été utilisé comme ind'ex d'abondance 
(, 

d~s p'hoqiJes ,annelés (Phoca rd-spida). De Mars\ à Juin 1984-1986, l~s 

densités de trous ont été déterminées pa~ une\ combinaison de recherche 

par chiens et de modificatiolÎ' de la méthocfe d'échantillonnage par . 

enlèvement. Pour obtenir une précision de 30%'ou 'plus, 80% des trous de 

phoques estimés doivent être localisés ,et la probabilité de détection 

doit être supérieure à 0.3. 

Les reP:ères de naissance n'étaient visibles qu'a partir du 4 Avril; 
t> 

l'incidence de ces'structures augmentait au cours de la saison: "tes 
\ 

repères utilisés,par les mâles' en rut étaient présents à la'fin Mars, 

mais di sparai ssaient après mi -Mai. En 1986, 1 a dens ité des trous de 
• 1 

phoques était corrélée à la fois à la date- de consolidation de la glace 

et à l'épaisseur de neige., Des résultats semblables n'ont pas été 
f .' • 

obtenus en 1984 ou 1985. Ces années-là, les parcel l'es d'études ont été 

définies trop proches les unes des autres dans la glace et se sont 
" 

toutes solidifiées en même temps. t, 

Les animaux juvéniles étaient sous-représentés de l'échantillon de 

phoques. 'Le taux de reproduction majeure desJemelles 7 ans-était de 

0.64. La date approximative de la mis-bas dalils le Détroit de BarrowÔe 

situe dans la 4ième semaine d'Avril. ,L'allaitement dure de 41-48 jours. 

Au p)intemps, les Rhoques annelés dépendent de leur réserve pour 

fournir 44% de leurs besoins énergétiques journaliers. Chez les 

adultes, aucune différence de l'état physique n'a été détectée mais les 

animaux juvénile-s collectés en 1986 étaient significativement en , . . 
meilleure condition physique que ceux collectés en 1984 et 1985. 

\ 
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PREFACE 

The r i n 9 e d s e a 1 ( Ph 0 C èl h i spi da) ; s \ hem 0 s t a b u'n dan t 

marine mammal fOUJld year round in northern waters (King 1983). 

It is an important resource for the'people living in northern 
\1 

coastal regions (Maxwell 1979; Wenzel,1978; Malouf 1986), the 

primary food of the polar bear ,ursus,maritimus) (Stirling and 

McEwen 1975; Stirling and Archibald 1977; Smith 1980; Gjertz 

and Lyderson 1986) and in sorne areas' forms a major compon.ent 
~ 

in the diet of the Arctic fox (Alopex lagopus) (Smith 1976; 
,/) 

Lyderson and Gjertz 1986). Because of the i r i mportance ~o the 

northern economy and the northern ecosystem, ringed seals have 

been the subject of considerable study. , 

Aerial surveys of seals during the spring haul-out period 

have provided minimum population estimate\, and documented the 

species distribution in Canada (Smith 1973; 1975; Stirling et .­

li. 1977; Smith li il. 1979; Finley et li". 1983; Kingsley 

1984, 1985; Kingsley et al. 1985), Alaska {Burns and Harbo 

1972; Lentfer 1972; Burns and Kelly 1982).. .. Finland (Helle. 

1980), and the Soviet Union (Fedoseev ~971, 1975) • 

Reprodu~tive biology, g~owth and population dynamics have been 

studied extensively (~claren 1958; Fedoseev 1964; 1975; 

Na z are n k 0 ~ 1 96 5 ; Jo h n son e t .li. 1 9'66; Sm i t h 1 9 ~ 987; He 11 e 

1978, 1979, 1980). Feeding ecology has also been investigated . 

" ~ ...... ..... ....... . 

, , 
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" 

" 

l' 

,(Dunbar 1941; Mclaren 1958; Johnson II il. 1966; Nazarenko 

1967; Lowry li li. 1980; Gj ertz and Lyderson 1986; Smith 1987 , 

). Parsons"" (1977) studied rlnged seal energeties in captive 

animals and Taugbol (1982) has examined the thermal toleranees .-.-

of neonates.' Information is available on haï'atolo9y, plasma 

constituents and physiologieal responses to ~ess (Gera;i and 

Smith 1975; St. Aubin and Geraci 1977; Geraci et il. 1979; St. 

Aubin and Geraci 1986). Organochloriné and mereury levels have 

been examined in'> })tissl(es from the Canadian Arctie (Addison and 
\ ' 

Smith 1974; Smith and Armstrong 1978; Addison et il. 1986) and 

recent work in Finland has su~gested that high .levels of PCB's 

found in the Baltic Sea ~.~"i~~ht ,be responsible f~r lowered 

reproductive success in' f~fiiiie ringed seals from that area 

(Hell e 1978, 1980). The effects of oil immersion and th~ 
" , 

; n 9 est v6 n 0 f cru de 0 il 0 n ri.n 9 e d se a l s h a v e al S 0 b e e n e x ami ne d 

(Ge,raci and Smith 1976; Englehardt li al. 1977). Underwater 
. 

vocalizations have been described (Stirling 1973) and their 

application to monitoring the distributi.on of ringed seals 

under t'he fast tee has been investigated (Stirling~ll li. 

1983; Calvert and Stirling 1985). 
" 

During the winter, ringed seals maintain breathing h'oles 

in the ice and excavate haul-out lairs under the snow which 

are used for resting and as pupping sites (McLaren 1958). t 

Descriptions 'of the different types of subnivean structures, 

their - function, variation in relative abundanee, and 

qualitative assessments of ringed, seal "habitat ·trav~ been 

/1 '. 
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published in Canada (Smith and Stirling 1975; 1978; snlith li 
J 

il. ' 1978; Smith and Hammi 11 1980), Sp i tzbergen (Lydersen and 
f' 

Gjertz 1986) and in the Soviet"Union (Lukin and Potelov 1918). 
\ ' , 

A natural ,extension of this work is the need to quantify, the 
, \ 

habitat features chosen ~y ringed seàls for building subnivean 

structures and to determine the association .between these 
\ 

features and seal distribution • The present study was 
. 

initiated in 1984 to examine this rel~~ionship . 
• 

As permitted by the Faculty of' Graduate Studies ~his 

thesi s i ncl udes the texts of, two manuscri pts " one to be 

subm.itted to the Canadian Journal o'f Fisheries and Aq~atic 

Sciences and the se'cond to the Canadian Journal of Zoology 

with Dr. T.G. Smith as co-author. 1 carried out the collection 
1. ~ . 

of data, analysis and writing of the manuscripts herein. The , 

thes i s "con"s i sts of three sectî ons. The. f'i rst seot ion descri bes 

the method ~sed to measure seal abundance in the fast ice. The 

second s-ection relates' seal abundance to features ,'of their 
" 

fast ice habitat. The findings from bo~h of these sections are 

new. (The 'third section deals with reproductive rates, growth 

and condition of animals,collected in Barrow Strait. Portions 

of this section will be oombined with data from other areas 

before being published. 

\ 
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THESIS OFFICE STAT~~T' 
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.- The Candidate has the o~tion, subject to -the approva1 of 
• (,j--S 

-the Department, of includ1ng, as par~ of the thesis the text of 

an orig~na1 
1 

paper, or papers, suita~le fol' submission"" to 

learned journal~ for publication: In this càse the thesis must 

st; 11 
. ~ 

c 9 n for m t 0 a 11 0 the r- r e qui rem en t s exp 1 a 1.n e d i n t h i s 

• doc unie nt: ~ n d ad dit ion a 1 m a ~ e r h-'"' ( e . 9 • exp e r i mental d a ta, 
, v 4 ~ 

_ D 1 

detail s of, equipment ànd experimental design) may need to be, 0 

() 
0 - . 

provided. In any case abs t raet , full introduction and .. 
. 

concl us fon ,>must be included, and where more, than one , 

manuscript t' 1 appears, : çonnec l n9 'texts ~nd co~mon abstract --
i"ntroduction and conclusiôn are required'. A mere °collection of 

, "" , 

maquscripts js not acceptable; nor' can reprint"s of published 

paprs be acce~ted. • 0 

r 

While the inclusion of manusc r i pts co-authored 
o 

by fhe 
-

C and i d a t e and. 0 the r sis n 0 t pro h i bit e d for a te s t p e rio d, the . 
Candidate 1s ~arneJi to mate an expli.cit statement on who 

contributed to such work and to wha.t extent, and superv1§ors 

and others wi 11 have ta be;;. wi tn~ss 1:0/ the' accurac0f suc h 
1 - ~ 1') "!I ... <> 

. claims~efore the Oral Committee. It should a1so be,noted that 
, , 

the[\ It,a .. s k of _ the Extern al Éxam ~er ; s ~much. more di ffi cul t ' in 

su ch. cas es. 
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)ttempts to census Tfnged seal . (Phoca hjspida) 

popul at ions in the' fast-ice are hampered by the 
o , 

1 n a c ces s i ~ il i t Y 0 f n 0 r the r n. reg ion san d b Y the r i n 9 e ~ s e al' s 

use of subnivean lairs (McLaren 1958.). One-approach has been 

o to fly a~rial surveys after the lairs have melted and count 

the humber. of seals hauled out on the ice (Kingsley 1984, 
~' 

1986; K; n 9 s le y li li. 1985) . An a d van t age t 0 a e rial s u r~v e y sis 

that they' coyer large areas in a relatively short time. '- . 
Ho~-ever, because not.all seals in the population are hauled 

out 0 n. the i ce a t the sam e .-t i me, cou n t s f rom a e ria 1 S<U r vey s 
, " 

und e r est i m a te pop u 1 a t ion s i ,z e. A fur the r dis a d van t age ; s tlh a t 

the proportion. of the 'seal popul ation haul ed out 0l'! the ice 

may vary d~ il Y from 20% to 80% as a re sul t of wea t her, 

seasonal or -diurnal factors (Smith and, Hammill .1981). 

Therefore, unless. transects ace flown under identital 

conditions~ major changes in • population size may reflect 

differences in the proportion of hauled-out seals, and not 

ri! ale han 9 es; n pop u 1 a t ion s i z e. ." , \, 

An alternative to ~riaL surveys has been to conduct 

ground surveys using seal holes as an_index of seal abundance. 

'1 n the se. sur vey s, con duc t e d du r'i. n 9 the Mar ch t 0 '" M a y wh el pin 9 
, 

p e rio d , t rai n ed do g s h a v e b e en use d t 0 1 0 c a t eth e su b n ive a n 

holes of ~he ringed seal (Smith and Stirling 1975., 1978~. Sea' 

abunda~ce has been expressed as the number of minutes spent 

.. " 
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,searching per seal hole located. Thh method 15 simple and 

easily applied_ It provides additional information on pup 

production and mortality due ta predation (Smith 1976; Smith 
.. 

II al. '1978; Smith 1987), but it only provides an 'index' of 
. 

hole abundance, which is still only an index of seal 

abundance;· it assumes that the hole to seal ratio i~ constant 

and it afso assumes that the abilfty of the .. ,dog to find se!l' 

h-,Oles does not change under variable survey conditions. 

Although the dog survey ,ffiethod has been used extensively 

as part .of ongoing studies into the fast-ic~ ~Ol09y ~f the 

ri n 9 e d se a.l, t he ~ s e as su m pt ion s h a ven e ver b e eh. e x ami ne d . 1 n 
C!> 

this paper, 1 investigate the potential shortcomings qf. the 

dog survey technique. 1 also examine the feasibility of using.', ... 
a catch per "unit of effort model cl'lled the temoval method 

o 
"-

( Mor a n 1 9 5 1; 'Z i pp i n 1 9 5 6, 1 9 58; Se ber 1 98 2) c.o m b i ne d w it h -h 0 l e 
" , 

to seal 'ratios~ to estimate ringed seal density in Barrow 

Strait. 
. 

o \ 1 
MATERIALS AND METHODS 

o 

,The initial study site encompassed a 3100 km 2 area of 

B'arrow Strait lying between Lowther and Griffith Island's in 
. ,,'" 

the north and Russell· and Somerset Islands in -the south (Fig. 

"-1.). Normally this are a is covered by first year fast ice 

whi'ch brgi ns to form in No~mber .and remains in pl ace until 

breakup in July. There i s howev(:!r, cons i derabl e year to year 

( 
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val'h t 1 on in the amount and patte"'n of ice format ion in the 
~ 

area (Lindsay 1975, 1977) • ln 1984, fast ice èxtendéd from the , 

western edge of the study area with its eastern boundary 

against unconsolidated pack ice locafed off Bylot Island 4n 

Lancaster Soun<j. In 1985, the fast ice boundary formed much 

fur the r -. ~ est, al 0 n gal i ne j 0 i n i ng 0 e von ~ s 1 and toP r ; n c e 

Leopo'ld ,Island. In 1986, our study aréa did not freeze' over 1 
1 

dur i n 9 the.L-win ter. Th i s 0 b l i 9 e dus t 0 ex t end the st u d y are a 

northwa rd s to McDo uga 11 Sound and saut h i nto Peel Sound 

rasult i ng . in a naw study àrea of 3400 km 2 - excl udi ng tha't .. 
portion. of, Barrow StraiYth,at remained ice-free' during the ~ 

winter (Fig.1). 
\ 

Seal hol a densities were determined by searching eit~er 
"" 

2.25 or 4.0 km2 pl qts (N=32) with trained dogs (Smith and 

Stirling 1975) , duri ng Harch-May, 1984-1986. Plots werJe 
) 

se 1 ected randomly pri or to the 
"'-

1984 field season. The same 
... ~ --

sites searched in 1984 ~nd 1985 were relocated on the sea ice 

using a satell ite navigati.on system (Magnavox Model HX4102,' 
) 

Torrance, California USA), which has a pree; sion of ± 100 m. 
~ 

s it~s coul d'Îlot be searched in 1986 beeause of -, the , The same 
, 

absence of. i e e co ver. Plo t s 't h a t ye ar , we r e sere c t e a" t 0 

provide a range of water depths, i ce topogré!phy and di stances 

from the open water. in' order to test th'e ef.fect.~ of the se 

variables on the dens'ity of ,seal hales (Fig. 1)'. 
'-l. 

In 1984, two trained labrador retrievers, a 25 kg female 

and a 35 kg male, were used in the surveys. Each dog searched 

( 

n 7'-- --- -.. ----1-- c---

- ,{ ...--t~~ 

) 
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the same plot separately for 40 to 70 min' periods. In 1985 -and 

1986 only the female was used. This dog ran twic~i1y for 30 ~ 

to 40 'mi nutes or unt il the ~Qowmobil e fo11 owi ng Jhe 'dog had 

trave11ed a distance of 6-10 km. Se arch eff,ort measured by 

time spent searching ~r distance covered, was allowed to vary 

between plots, but was kept constant \4ithin plots. In order to 

pro v ide t he do 9 w i t h the gr e a tes t ex p 0 sure ta a 11 ho 1 es, i t 

was run perpendic~lar to the wind d1~rection, beginning from 

the, do w n w i t'I d s ide 1 f the plo t. 'A 11 se a 1 st r u c t ure s l 0 c a t e d b Y 
J 

the dog were marked with numbered stakes. 
. \ 

Two additiona1 plots, situated near plot 10, were 

s'earched by the dog in June 19'85 when most 'of -the snow had 

melted and seal ho1es w~re exposed at the surface. After these 
J 

searches had been comp1etèd, the plD-ts were visually seàrched 

by obse rvers on snowmobil'e s, who scanned 2 Sm 'wi de t ran sec ts 

-unti1 the who1e plot had been covered. 

Temperature and windspeed were recorded a'b>the beginning 

of each search. Snow depths we~e measured to .the nearest cm at 

16, 100 and 54 points, spaced 0 equally throughout the plot 

starting a10ng \the east side from the southeast corner in 

1984, 1985 and 1986 respectively : Each point measurement 
, 

represented an average of six snow depths laken at three Metre 
~ 

intervals using a steel probe . Ice topography in each plot 

was assessed by aerial photographs taken From a helicopter at 

an altitud~ of 300-350 m with a 6.0 x 6.0 cm format camera. 

Photographs were then- covered by a grid-~quare overlay 

; 
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consisting of 121 grids per frame from which the freq.uency 
v • 

occurrence of pressure ridges and rough ice was recorded. -

Ho 1 e: sea l rat i os ~ere determi ned in Màrch and April by . 
'killing a seal at a breathing hole. 1 then counted the number 

,A.--

of holes in the vicinity ·that were subsequentJY found covered 

. b Y a t h i n l a y é r 0 fic e i n d~i ca tin 9 th a t the y we r e no 1 0 n 9 e r 

being'ùsed. 

( 

Qata Analysis -L - '. 

.. 1 

Data were analysed us; ng the max; mum li kel i hoo,d removal 

model proposed by Moran (1951) and discussed in detail by 
• J 

Z 1 P pin (vI 9 5 6 , 1 9 58). The rem 0 val m 0 d e l wa sor i gin a l l Y de v j s e d 

for small mammal trapping studies whf!re the animal was. 

captured and .permanerl'tly removed from the populat'ion. In my. 

appl ication of the model the number of seal holes located by 

the dog constituted a catch. Each time the dog located a new 

hole it was marked with a numbered stake and treated as a 

removal from the population. If the population is closed, the 

probability of detect'ing a hole in a population ;s equal and 

i n de p e l'l den t 0 f 0 the r d ete c t ion s , the 1p rob a b il i t Y 0 f de t e c t ion 

rema i ns constant throughout the experiment and se"arch effort 

1s constant, then the total number of seal holes in the study 

plot eN) can be estimated from; 

( 1) 

/ 

, v , ' 

? 

1 
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where Y is the total number of holes located, q is the ~\Ob­
abil i ty of a hol e not being detected, an~ k i s the number of 

se arc h ses s i ~"n s . The pro b a b il i t Y 0 f a ho 1 e no t b e i n 9 de tee t e d 

(q) is deternfined by solving through iteration the equationj 

k . 
(l-qk). 2: (i:'I). Yi • y-l (2 ) 

i=l J 

, .. 
where p.(l-q) -is the probability that a ho,le wili be located 

and Yi is the number -of hO,l es located for the first tirne 
1 \ 

during t'he ith search, i= 1,2,\3 .. : k. 

The m a x i mu m l i k e 1 i ho 0 d 'lf un c t ion a s s ume s th a t a ma j 0 r 

proportion of the population 'of seal holes i s located and 

rernoved during each survey of 'the plot (O<tis tl. il. 1978). If 

subsequent surveys of a plot do not show a decl ine in numbers 
.... 

of holes located for each unit of survey effort then the 1 eft . 

and right sides of equation 2 do not converge and 'the 

exper; ment fa il s. Conditions for the experiment to fail are 

given by; 

k 
1: (k+"I- 2 d ) • Yi <0 (Seber 1982) .( 3 ) 

\ 

i=l 
~ i 

The variance of N i s est imated by ; 

(4) 

'" <-

\ 

.~), r.: 
,~ ~1'..1~1 

, .~~; 
.4 
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where (5) 

The 95% confidence 1 imits -for N are estimated by + 1.96 

(V(N»0.5. 
. 

The assumpti'on of equal probability of ~apture bétween 

search sessions was tested by; • 

(Zippin 1956) (6) 

with k-2 degrees of freedom. 

RtSUlTS 

Detection of a' seal hole was ind,i-cated by a sudden turn 

upwind by the dog. Detection distances normally ranged From 10 , , 

to 100 m, however one hole was detected from a distance of 1.5 

km. 
~:) 

In June 1985, a combination of, very low snow cover and a 

r api d _ me 1 t w i th v ~ r y lit t 1 e wa ter ace u m u 1 a t ion 0 n the i ce" 

provided an opportunity to ground-truth the removal model at 

t w 0 1 0 ca t ; 0 n s. 1 n the t W'O plo t s, 32 and 1 7 ho les we rel ô c a te d 

b Y the do 9 . The rem 0 val m 0 d e"l est i mat e d , w i th 9 5 % con f ide n ce 

limits in brackets, 3,3 (29-38) a'nd 17 (17-17) holes, while a' 

- - -- -- .... ~ ~ -. ~ ... - ~-.- - . - , - ... -. 

. 
f 
~ , , 

1 

j, 
l 
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total of 34 and 9 holes respectively were located by the 

vi·sual ground searches from snowmobiles. In the second plot a 

l'arge crack. opened up in the plot after the dog surveys had 

been completed, but before the plot could be ground-truthed. 

Since sorne of the holes located by the dog were situated on 

th i s c\-- a c k the y wou 1 d no t h a v e b e e n i n c 1 u d e d i n the 9 r 0 und 

search. 

The ground truthing allowed us to conclude that the 

removal model can be used to estimate the number of seal hales 

within an area. Applying the model to the résults from the 

other plots which were searched by dogs gave estimates for the 

number of seal hole·s present in 31 of 32 plots . Estimates 

were not obtained for one plot, {plot 9 in 1984}, because the 

(l, search results did not satisfy the failure criterion given by 

equation (3). When th'is plot was surveyed the temperatures 
. 

were close to OoC and the snow was very deep making it 

, difficult for both dogs, but especially for the smaller 

female, to run across the soft snow . This could have resulted 

in a variable search effort and violated the assumption of 
'" 

constant probab,ility of hole detection between searches. The 

assumption of equal probability of capture was tes1:ed 'in the 

rem a i n i n 9 plo t sus i n 9 a chi..,s qua reg 0 0 d n e s S 0 f fit tes t. Non e 

of the chi-square values were significant {p>O.05}. 

A major difficulty in population surveys is to obtain es­

timates of sufficient precision to detect differences in , . 
population size. Survey precision expressed as the coefficient 

~ ~ , 

o 
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of variation of the population estimate eN), improved from 

1984 to 1986 (Table 1). Precision was affected by both the 

probability of'a hole being detected (p) and by the proportion 

of the estimated population of holes located during the 

searches (Fi~.2a,b). The probability of detecting a hole , 

ranged from 0.~1 to 1.0 (i=O.45 5E=0.03 N=33). This means that 
~ 

dur i n 9 e a c h s e arc h 0 f a plo t t-h e d 0 9 mis s e d 0 % t 0 80% 0 f the 

structures i t passed. 5ignificant improvements 
'\ 

in the 

probability of detecting a sea1 hole were observed when the 

search area was redu'ced from 4 km 2 to 2.25 km 2 (F=4.4,. df= 
\ 

1,32, p=O.04) and when on1y one dog,was used during the survey 

of'a plot (~=7.6, df~I,32; p=0.~09)(Table 1). The proportion 

of the plot covered by pressure ridges had a negative effect 

on probability ()\f hole detec\ion (p) as shown by the-

regression: p=0.595-0.010 ,(% ridge), 

d f = l , 30, PI= 0 : 0 0 05 ). Te m p e rat ure, . win d s pee d, se arc h t i me, the 

amount of rest for th~ dog between searches an~ snow depth did 

not have any significant effect on p. The mean time required 

for the dogs to run a one km distance averaged 5.1 min 

(SE=0.2, N=7) for the two dogs comb'ined in 1984, and for a 

single dog, 4.5 min (SE=O.I, N=8) in 1985 and 6.4 min (SE=O.I, 

N=14) in 1986. Differences were significant between years 

(F=51.8, df~2,26~ p=O.OOOI). 
, 

Hole densities were highest in 1986 with ap average of 

7.94 holes/km 2 (SE=0.98, N~14), followed by 1984 with a mean 

density of 5.89 holes/km 2 (SE=O.95 N=9). The 1984 estimate 

.. 
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includes the number of holes found by the dog in plot. 9, 

ra ther than" t he est i ma ted n umber of ho 1 es located bec au s e the 

,removal model did not work for this plot. This like~'y' results 

in an underestimate of the 1984 hole density. The 1985 density 

estimates were the lowest at an average of 5.15 hales/km 2 

(SE=O.63, N=11). 

Hole ta seal ratios could only be detennined in March and· 

_April when cdld temperatures 'insured that af'~ would freeze 

i fit h ad no t b e e n a t t ~ n d e d b Y a se a l w i th i n rh e pre v i 0 u s 1 2 

hrs. Hole to seal ratios were obtained from holes that froze 

a ft e r we kil l e d f ive f e mal e oa n d t h r e e mal e r i n 9 e d s e al s. T w 0 

of the females were immature; three were pregnant or 
1 

lactating. All males were adults. The adult seals maintained 

an average of 3.5 (SE=0.22, N=6) hales per seal, the immatur.e 
V' 

animals each maintained 3.b holes per seal. Since the number 

of holes mainta.ined by immature seals lay within the 95% 

confidence interval for adults, the results from the two 

g~oups were pooled to obtain an average ratio of 3.38 

(SE=0.18, N=8) holes per seal. 

Seal densities were calculated by dividing hole densities 

by 3.38. Densities ranged from a high of 2.35 seals/km 2 in 

1986, followed b"y 1.74 seals/km 2 in 1984 and 1.53 seals/km 2 
c 

in 1985 (Table 3). .r; 

,~ 
1;' 
~ 
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i 
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DISCUSSION 

, 
" 

The di fferences in survey prec i sion observed between plots .iJ. 

and the year to year changes in time r:..quired by the dogs to 

travel a one km distance show that the dog's performance does 

vary with sUY'vey conditions. Therefore changes in time spent 
, . 

"searchi,ng per seal hole located may o-nly reflect changes in 

the dog's abiPity) to detect se al holes, not changes in seal 

abundance. Thes~ difficulties may be overcome by combining the 

dog survey technique with removal _samplin'g to obt"ain estimates 
t 

of the total number of seal holes in a plot. 
, 

The removatf mt:!thod assumes that the popul at ion under 

s t u d y i s c los e d. Ho w e ver, the tes t s for clos u r-e are ( 0 ft e n' 
" 

. 
based on the assumption that the probability of 

'" 
capt ur~ 

,/ ' 

remains constant through-out ,the survey. Although seal holes do 

not move, the closure assumption may be violated if seal holes 

are abandorrned due to cont i nued d i stur~ance from 0 u r SU rvey 

activities or new holes in the fast ice might be created. To 

avoid possible violations of," this assumption, mult; ple 
, 

searches of each plot were completed in- as short a time as 

po S s i b 1 e (0 t i s et li. 1 978), u sua l 1 Y w i th i n t W 0 t 0 t h'f" e e d a ys 

whenever we a ther perm; t t ed . 

The removal method also assumes that the probability of 
oF 

capture remains constant. l tested for constant probability t'of -

capture using a chi-square goodness of fit,test (Zippin 1956), 
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but these tests appear to be ver'y insensitive te changes in 
.) 

-capture probabililies (Roff 1971), especially at the low 

pop u lat ion s i z e s 0 b s e r v e d i n my plo t s « 4 0 ho les). 0 uri n 9 the 
., 

surveys, the dog showe,d much more interest in birth lairs than 

in structures maintained by male seals. Variable detection , 

rates likely result in the initial surveys locating more seal 

holes than expected and later surveys locating few,er holes 

than expected. Population estimates obtained from the removal 
.... 

method under these conditions underestimate the total number 

of seal holes 'in the plot. However, 1 do not believe that 

variable capture rates will result in major underestiméites of 

population size provided the conditions required by equation 3 

, 9 lven in the methods are satisfied~ and reasonable 

o coefficients of variation (precision), of 30% or lower are 

obtained. 

o 

. 
Survey precision was affected by the probability of< a 

hole being found and the proportion'of the estimated number of 
-

holes 'in the plot detected during the searches (Zippin 1956). 

Precision levels of 30% or better were not obtained unless the 
- 1 

pro b a b i lit y- 0 f de te c tin 9 a ho l e ex cee d e dO. 3 5 and a t 1 e a s t 80-% 

of the seal structures had been located. Increased pressure 

r i dg i n gin ter. fer e d w it h the d 0 ~4~1 i t Y t 0 1 0 c a t e - se a l 

holes. Pressure ridges either made travel over the ice more 

difficult for the dog, or increased air turbulence near the 

'ridge interfered with the dog's ability to home in on a seent. 

The use of one dog per plot and searching a plot of reduc~dJ 

1 _ 
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size contributed significantly to i mprovement s _ in the 
0 

pr~babi1 i ty of detecti ng a se al hole. Plot size should ,be 

sel e c te d toc 0 n t a i n a t 1 e a ~ ton e s e a 1 in, a ma j p, rit Y 0 f plo t s 
~ Â 

(Greig-Slllith 1964), which sU'ggests a minimum size o'f 0.6 km 2 

for tHe areas survey.ed;in this study. Use of. the 
~" 

removal 

method did not result in arly reduc'tion i,n survey 'effort.' In' 
. 

arder to locate 80% or more of the popu.1ation a 'minimum of 

four searches were required. At two searches per day ihis 
" 

involves 2.6 h,rs or 32 km of searching per plo't by the dog. 1 
, ~ 

examined the p"ossibility of ~ us1ng' mark-recapture and' 
. 
mark-removal estimators which are more 'efficient than remova'l 

techniques (Seber 1982;' Skalski and Rpbson 1982 ; Skalski li 
- 0, 

al. 1984), but the assumption -of constant 'probability of 
";; . .., 

detection ~f marked and unmarked holes was not satisfied. 
). 

The average hale tJ? seal ratio of 3.38 that ·1 O.obt~ined is 
g ) 

lower than the ratio of 4.8 holes per se al reported Smith 

and Hammill (19~1) for' seals occupyin~ br~edin9 habitat in a 

south-east Baffin Island fjord. However,_ if thefr ratio i·s 

corrected ta .account' for a maximûm '<If 80% O,f the estima~~d 
population which they saw on the' ice at one time; then their 

r.atio is reduced to 3.8 holes per s~al, similar to the present 

estimate. Jhese r~tios' fall within the range of two to' four 

'. -h 0 les 
, 

studies 

clearly 

! , 
per ~eal reported from radio-tagging and behaviour 

ind~cating, that sea1 :Q~ are ~ va1id,. but not yet 

defi nea i nde)G,. of sea 1 abundancs (T,a b le 2). 

A comparison of seal qensities obtained us'ing th,~ .dog 
( 

t 

1 • 
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s~arch and removal me,thod, .w,ith- dens1ties ~bta1ned from aerial 
" ... 

survey s of 1 Barrow Strait, indicate that ringed sea1 
, '" 

)opulat!ons may'tfe' two to thr.ee times higher than previously 

thought (Table 3). Th,ese comparisons do not inc1ude estimates 
, 

for the number of p~ps produced in the study area du~ing the 

three years of surveys with· the do,g. Assuming one birth lair 
-

per pup, then the densities o,btained from the dog surveys in 

1984 and 1986 eould be i nereased by" up to ~40% and the 
• .. 

estimates 'obtained- from 1985 by ta 20% (Hammi 11 Section up 
~ \... , 

Icl).:Thesre- estimates may st il1 und e r e s 't i mat e population size 

because juvenile animals 
/ 

are often exc1 uded from the areas 

éovered by the breediRg habitat surveys, towards the tee edge- ~, , 

and open water areas (McLaren 1958; SmitH 1973, 1987). 
T" 

-~ . 
. the use of trained" dogs is pr,esen~ly t!}.,e onl~. method 

°a v â-{l ab l e for· e x.a min i n 9 r i,~ 9 e d se a l d i J tri but ion, d~i n 9 the 

winter and spring months. ·Capitàfilftcosts are low, and the 

method provides otherwi se ·-unava i rabl e information 

~, pop u 1 a t ion' e om po s i t ion, k pro duc t ion and pre d a t ion rat e s 0 f , 
-f' 

..... 

0 

,seals in their breeding habitat (Smith 1976; ·Smith and 

Stirl ing 1975,' 1978). When combined with the removal model, 
~ J 
sur vey qua 1 i t Y ca n b e 'a s ses se dan d cha n 9 e sin pop u lat ion si z e 

ean ,be det::..,~d: Application of the mode1 per~its bet~.~:n 

,\stUdY} comparisons of ringed seal density irresp'éctive of th~ 

d..og used and conditions encountered. However, this metho-d is 

1 abour i ntens ive' and 1 imi ted 1 n the amount of area that t'an ~e 1 

JurVOYOd. ~a"mpl0 sizes could be increa$ed, possibly doubled by 

" 0 , Go 

f / 
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16" , 
a sharp reduction in plot size, but the method' 1s still not 

,. 
1 suitable for surveying large areas. Perhap~ the mo~t effective 

, 

stra~egy for monitoring ringed seal populations i s to combine , 
" .. 

aerial surveys with the dog search/removal method, using fi' 

results from the ground surveys fto Q corr~ct. a~ri.al 
". 

survey 

estimates for seals not hauled-out on the ice. 
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Table 1. Mean number of searches per plot; precision of population estimates. proportion 9f the population located. number' 
of dogs ~s~n-the surveys and average area of 'study plots during 1984 to 1986. 

Proportion of 
Mean-Number Precision Estimated 
Searches of Estimates (%) Popul ation Located 

Year , Per Plot Per Plot (%) 
-
'Plots X SE X SE , X SE 

1984 8 4 0.1 48.0 15.7 81. 7 4.8 

1985 11 5 0.3 20.1 6.0 92.4 2.0 , 

• 
1986 l4 4 0.3 15.6 5.7 94.5 1.8. 
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Probabil ity of 
Hole Detection Number 

Per Plot of 
0095 

X SE' 

.329 .043 2 ~ 

1 . 
-

.454 .068 1 
. " 
.523 .045 1 
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Total 
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T~ble 2. Hole to sea1 ratios calculated from this study, and values 
reported in the literature. The value from,Smith and Hammill 
(1981) has been multiplied by 0.8 to correct for the 
proportion of the population hauled out on the ice. 

Hole to 
Seal Ratio Method 1. Source 

. -3.38:1 Frozen hales Present study 

3.8:1 Behaviour Smith & Hamm11l 1981 . 
0.3 - 2.6:1 Behaviour Fi n1 ey IJ19 

4:1' Behaviour Finley 1979 

2:1 Radio tagging Burns & Kelly 1982 1 

2-4:1 Radio tagging Kelly 1985 

. 

1 Burns, J.J. ~nd B. Kelly. 1982. Studies of ringed sels in the 
Alaskan Beaufort Sea during .winter: Impacts of Seismic,Explor.ation. 
Unpublished Rep. RU # 232 to Outer Continental Shelf Environmental 
Assessment Programs, Juneau, Alaska, 57 p. 
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Table 3. Comparisons between seal densities' (seals/km 2) obtained from 
dog surveys and estimates obtained from aerial surveys of 
hauled out anima1s. Standard errors are in parentheses. Seal 
densities from the present study were obtained by dividing 
the density of seal ho1es by 3.38. 1 

This Study Aeri al Surveys 

Oensity Year Dens ity Source 

. 
2.35 (0.29) 1986 1.17 (0.05) Kings~ey unpublished data, 1 
1.53 (0.19), 1985 1.07 (0.05 ) Barrow Strait transects 1ying 
1. 74 (0.28) 1984 1.07 (0.05 ) between 95°W and 98°W 

1982 0.90 (0.08) Kingsley et al. 1985. 
1981/ 1.16 (0.21) Stratum 6 • 
1980 0.85 (0.09) 

1975 - 0.69 Smith et ah 1978 . . 
" - 1975 0.82 Finley (1976) ,2 average from . 

0 - Smith et al. 1978 

-

1 M.C.S. Kingsley, Freshwater Institute, Dept. Fisheries and Oceans, 
Winnipeg, Manitoba, R3T 2N6. .. 

2 Finley, K. 1976. Studies of the status of marine mammals in the 
central District of Franklin, N.W.T. June-August, 1975. Unpubl. rep. 
prep. by LGL Ltd. Pol ar Gas Project, Toronto, _Ont. 183 p. 
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Figure 1. l~cat1on of study plots surveyed during 
Harch to May, 1984 to .1986. Plots 1 to 
9 were surveyed in 1984 and 1985. The 
remaining plots were surveyed in 1986. 
The dotted line represents the extent( 
of the fa s t :ire e e-d 9 e i n 1 986 . 
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Figure 2a. Relationship between probability of the 
dog detecting a seal hole and survey 
precision. Precision 15 represented by the 
coefficient of variation. 
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Relationship between proportion of the 

• < 

population located during ground surveys . 
and surv~y pr~cisiori. Precision is represented by 
the . co e f fic i en t 0 f var i,a t ion. 
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CONNEIiT 1 NG ~TATEMENT' 

" 

It was nec~ssary ta develap a reliable meth-od o'f measuring 
'", . 

s e a 1 ab und a ne e -- i n the fa s t - ; ce b e, far e fa c t ors 'a f f e c tin 9 the '" . , 

d 15 t r'; but ion of an i mal seo u l d b e as ses se d . 1 n Sec t ion II ' 

population estimates derived from the breeding habitat surveys 
( 

used to determine the relationship were between the 
< ~ 

"distribution,,,of seal\oand features of their fast ice h~bitat. 
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Factors Affecting the Abundance of Ringed Seals 

•. In thelr Fast-Ice Srering Habitat 
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r NTROOUCT ION 

o 

At the---time of freeze-up, in, autumn or early winter, 

ri nged s ea l sare th ought to ,ma i nta in underwater- terri t ori es 

around two to four breathing holes (Mclaren 1958, Smith and 

Stirling 1975; Smith and Hammill 1981). In areas of sufficient 

snow accumulation, seals dig haul-out "lairs, which are used 
.. 

for resting, or as pupping sites during Harch to May. These 

subnivean structures provide protection from predators and 

shelter from cold tt!mperatures (Mclaren 1958,,1963; Smith and 
o 

Stirling 1975; Smith 1976, 1980; Taugbol 1982; Smith 1987). 

The amount of habit~t available for breeding is generally 

considered to be a major factor limiting ringed seal 

popul ation size (McLaren 1958). Suitable habita~ has been 

de s c r 1 b e d as st ab l e an nua 11 y for min 9 l and -fa st ; ce th a t h as 

undergone suff ici ent, de format ; on to enco urage snowd rift 

format i on (Mclaren 1958; Smith and Stirling 1975). Smith 
".- ". 

(1980, 1987) de scri bed hummocky ; ce a s the most produc t ; ve 

habitat in the Amundsen Gulf, and on southeast Baffin Island, 

followed by pressure ridges and snow covered refrozen cracks 

in the'1:leep bays along the eastern Baffin Island coast. In the 

high Arctic the 'greatest number of subnivean structures are 

_____ .. ,-___ ... _____ - ... - ..--_--___ -, -~~"'7~'" -- -- -. ~ -- ... 
_::tIIII _ 

o 
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~ s soc; a t e d w 1 t h pre ~ s ~r e r ; dg e sin the 1 nt e r - 1$ 1 and ~ han ne 1 s 

and at the entrances to large bays. The number of structures 0 

inside the bays are thought to be much lower, because of/ 
1 

insufficient snow (Smith et il. 1978; Stirling llti. 1981). 

Much - Q.f the earl ier -research was cancerned with the 

qual itative description of habitat features and the structures 

used by ringed seals. Recently, aerial surveys, flown in early _ 
. 

fsummer, have quantified the importance of annual fast ice. 

These surveys have identified a preference by ringed seals for 

wa ter s 50 m t 0 1 7 5 m d e oe p ( Kin 9 s 1 e y et al. 1 98 5 ), and fa s tic e 

with leformation of 10% to 20% of the total ice caver (Burns 

and Kelly 1982>. However, aerial surveys arQ" conducted la"te in 
j 

the s p r i n g toc 0 i ne ide w i th the p e a k 0 f ha u 1 - 0 ut, we 11 a ft e r 

breeding has been completed. At th1s time, the postulated un­

derwater territories have broken down and animals have 
~ 

redistributed themselves in the fast ice (Finley 1979; Smith 

and Hamm;ll 1981; Smith 1987). Aerial survey results are also 
, 1 

difficult ta interpret because of weather and seasonal effects 

on the timing and pattern of haul -out (Smith 1973; Smith and 

Hammill 1981; Kingsley 1984). 

In order to test the hypothesis that ri nged _s~~ sare 

limited by the availability of .suitable habitat, it 15 

necessary to assess both habitat conditions and the 

distribution of seals in the fast-ice during the whelping 

periode .Jrn this paper, 1 examine factors affecting ringed seal 

abundance' in Barrow Strait, NWT during _Ma-l'ch ta May, 198~ ta 

. -_~~_~ ~_ ~_ 4 ___ ~ .... "r ,,,. ~ .... - ~., ~ - - ~ -- -_ .. _--~-_ ..... --t. .. - --- .. -
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1986 and' relate changes in seal distribution to quantifiable 
" features 'of their fast-ice habitat. 

MATERIALS AND METHODS 

Study Area 

Res.earch was conducteOd in Barrow Strait near Resolute Bay 

NWT (Fig. 1) .. This area 1s characte.rized by mean Janua 

't~~s of -330 C and annual precipitation of 125 mm to 

150 mm (Maxwell 1981). Water depths are moderate ranging from 

50 m tp 300 m. Net current flow is eastward: water of Arctic 
, 

Ocean iorigin 
, 

flows into Barrow Strait from the adjoining 
, 

channel sand empt i es through Lancaster Sound i nto Ba ffi n Bay 
. 

and Davis Strait (Collin and Dunbar 1964). Total annual 

primary production in Resolu:te Bay 15 est1mated at 45 gC m- 2 

yr- 1 (Welch and Kalff 1975). 

The ice cover consists ~f first-year fast-ice with oc­

caslonal pieces ,of second-year or multi-year ice that has 

dri fted i nto the st ra it from V 1 scount Mel v il1 e Sound ta the 

west or through McDougall Sound from the north. Normal1y the 

fast-ice extends from Viscount Melvillekound towards the east' 

into Lancaster Sound. Its eastern edge varies in position from 

year to year (Lindsay 1975, 1977; Marko 1982). In 1984 the 

fast-ice edge formed .off Bylot Island. (800 00' W longitude), 

r Eacza 7tt tT ~ -m e 
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-in 1985 at' Maxwell Bayon Devon Island (89 0 00' W longitude), 
\!. 

1 

and in 1986 west of Lowther Island (98? 00' W, longitude). Ice 

formation begins in September covering the larger bays and 

sm~ller channels with fast-ice up to 70 cm thick by mid to 

latel November. Peel and McOougal1 Sounds consolidate next in 

lat~ November and ea rl y Decémber. with taXi mum i ce th i ckne.,'e. 

of ..7 0 cm a t t h i s t i me. Th i sis f 011 OiW e d b Y con sol i d a t ion i n 

the ndrthern half of Resolute Passage between Cornwallis 

Island and Grif'(ith Island in December ta February (Fig. 2). 

At the same time, the ice in the area surrounded by lowther, 

Bathurst, Cornwallis and Griffith Islands consolidates. 

Consolidation in this area may be complete as early as 

" Dec~mber or as late as the beginning of March. In sorne years 

continued ice movement results in the formation of an unstable 

pr,essure ridge or a persisten, lead along the south shore of 

Bathurst Island, extending across McDougall Sound to 

Cornwall is Isl and. Barrow Strait \ and the northern portion of 

Peel Sound consolidate last because the newly formed ice is 

constantly broken up by wind 'action and exported to Lancaster 

Sound. During th'e winter, floes up to la km across, consisting 

of 1:e Mp to 70 cm thick, may cover 9D% of th~ strait. Barrow 
(, 

Strait "~sually consol idates from west to east in 1 ate January 
! 

to March. Ice breakup begins in 'late June. Clearing of Barfow 

S t rai t d e pen d son the "P 0 S it ion 0 f the fa s t - i cee d 9 e , S P r i n g 

t e m p e rat u \~ e san d the pre v a il i n g win d s. Nor ma 11 y 0 pen -w a ter 

conditions- exist in this area by early to mid-August {Lindsay 
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1975, 1977; Marko 1982)._ 
ô, 

Data Collection 

Hab i ta t a nd se a l abundance were asses sed in two to four 

km 2 plots (N=32) between 19 Harch and 23 May, 1984 ta -1986 ( 

(Fig. 1). Plots 1 to 9 were surveyed in 1984 and 1985. These 

were established randomly prior to the 1984 season and were 

located on- the ice using a satellite navigation system 

(Hagnavox MX4102,- Torrance, California USA ). In 1986, fast-

ice did not forhl in the main study area. Instead, this area 

was covered by pack. ice varying in concentration from 0 ta 
p 

7/10 depending on the prevailing winds. Selection of plots ta 

be surveyed in 1986 was subjective. Areas were chosen before 

the surveys began to determine the effects of datt of ice 

consolidation and water depth on seal abundance. The actual 

site was established based on rough ice conditions and snow 

caver. These areas were located 0 to 60 km away from the open 

water, over water depths of 40 ta 260 m, with 0% to 40% rough 

ice and mean snow dep'ths of 2.0 to 25 cm. The survey plots 

were reduced from 4 k.m2 ta 2.25 km 2 in order to ; ncrease our 

sample size. A total of 14 plots, numbered 10 ta 23 were 

surveyed (Fig. 1). 

Habitat was described by the variables; snow depth, rough­

ice thickness and height, ice thickness, water depth, and ice 
o 

topog~aphy, distance from open water and date of ice con-

25- - -
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salidatian. Snow depth in eaeh plot was measJ,lred t~ the 

ne are ste mat 1 6, 1 00 and 5 4 e qua 11 y spa c e d p 0 i nt sin ~9 8 4 , 

1985 and 1986 respectively, beginning from the 
} 
southeast 

car ne r and m 0 vin 9 na r th al 0 n 9 the e a s t bord e r 0 f the plo t . 

Eaeh point measurement represented an average of six snow 
-~-

depths taken at three metre intervals with a steel rod. Rough 

i ee th i ckne s sand rough ïce he i ght were recorded on 1 y ; n 1985 

and 1986. Th.e total thickness and height of any piece of roUgh"" 

ice within one metre of a snow depth measurement was measured 

ta the nearest cm. The thickness of the fast-ice eover in 1984 

and 1985, was measured at the four corners of each plot after 

dril1ing a hole through the ice with a 10 cm diameter ;'CI 

auger. In 1986, fast-ice thickness was recorded at 16 'equally 

spaced points beginning a10ng the east border from ,the 

southeast corner. Water depth was measured to the nearest 

metre in 1986 by echo-sounding 'using the holes drilled for the 

ice thickness measurements (N~16). Water depths for the plots 

surveyed in 1984 and 1985 were extracted from a hydrographie 

chart with a coverage of four soundings per km 2 (unpub1ished 

chart file # 3182, Bayfield laboratory, Burlington Ontario). 

Ice surface topography was \ assessed by aerial photographs 
o / 

taken -fr6m an altitude of 300 to 350 m with a 6.0 cm x 6.0 cm 
, 

forma t came ra. Th e phot ograp h s were covered w i th an 0ierl ay 

contain'ing 121 squares per frame. The presence of pressuT"'e 

ridges and rough ice in each square was recorded and expressed 

as a percent age of the total number of squares per plot. In-" 

\ 

-1 
i 
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plots that were not photographed, the amount of 
, 

pressure 

ridging was estimated subjectively. Information on date of ice 
\ 

consolidation was obtai.ned for"each year, from NOAA infra-red 

satell ite imagery (Canadian Centre for Remote Sensing, Prince 
~ 

Al bert, Saskatchewan). An area was considered ta have 

cons'ol idated if it consisted- of gray or white ice, did not 
~ 

conta;n any b'lack coloured ice, indicative of open wa~er or 

very thin ice, and showed no signs of movement between 

consecutive photographs. The resolution of this imagery 1s onè 
o ~ 

km. Date of ice formation was determined from the equation ~ 

(Zubov 1938) 

where 1= ice thickness in cm, I}= the last measured ice 

thickness and rDD= fjeezing degree days, which equals the mean 

, '( daHy temperature below_ O°C. Solving for FOO and subtracting' 

from th i s fi gure the number 0 f freez i ng' d egree d ays from the, 

date of sampling gave the date of ice formation. Information 

( 

on freezing degree days was obtained from published 

meteorological data for Resolute Bay (Monthly Record, 

Atmospheric Environment Service, Environment C~nada, Ottawa, 

Ontario) . 
\ 

) 

The den s i t Y 0 f ,s e a 1 holes in each ,plot was used as, a 
"l 

me a sur e.- of se a l ab und a,n ce. Est i mat es 0 w e r e 0 b t a 1 ne cf by a p ply i n g 

the removal method (Zippin 1956) to the number of seal hales 

located by s~rvey dogs during searches of fixed effort (Smi'th 

and 5fîrling 1975; Hammil1 Section 1). In 1984, two labrador \. 

b Retriever dogs were used for the surveys; a 25 k9. female and a 

, ' 

i , 
" 
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35 kg male. In 1985 and 1986 only the female was used for the 
, . 

sur vey s. A -11 s u b n ive ans e a l s t ru c t ure s 1 0 c a t J d br the do 9 we r ~ 

identified as either a breathing hole, a male breAthing hole, 

a h au l - 0 U t 1 a. i r , a mal e h au 1 - 0 u t lai r 0 rab i r t / lai r ( Sm i t h 

and Stirling 1975). These were classified as active if the 

br e a t h i n 9 ho 1 e 0 r a.Ç ces s ho l e wa sic e f r e e, 0 rab and 0 n n e d i f 

the hole was covered by a layer of ice and showed no signs of 

predation. Each structure was examined for evidence of 

pre da t ion (S m.i th and St i r lin g 1 9 7 5; Sm i th 1 976 , - 1 980) and the n 

,several measurements were made: total snow depth, measured 

beside the\ breathing hole and average snow depth where two 

snow depths weJe measured to the nearest cm, 5 m and la m away 

\ from the breathing hole, on the north, north-east, east, 

o 

south, southwest and west side of the breathing hole for a 

total of 12 measu"rements. These measurement.s pl us the total 
,/ 

sriow depth measurement were then averaged. Average snow depth 

was not recorded in 1984. In 1986 ice thickness and' water 

depth beside the breathing hole were also measured Ice 

thickness was measured to the nearest cm by drilling a hole 2 

m to 5 m away from the breathing hole parallel to the feature 

the seal structure ~ocated on. Water depth. -at the 

structure was reco.rded by l oweri ng the depth soundèr 

transponder down the drilled hole. 

\ , 

} \. fi 
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Data Analysis o 1 

In plot 16,. 25 of 27 structures were located in the 

~ northern half of the plot. This a/~ea consisted 'of ice 116 

thick and had a mean snow depth 01 14 cm. The southern half 

the plot consisted of ice 40 cm thick and was covered by 2 c 

of snow. Because the two areas were so different we decided to ,. 

divide the plot in half, and created a new plot (plot 24), 

with an area of 1.12 km 2. 

Differences between sample means were tested using 

Student's t-test. Homogeneity of variances WiS checked u~ing a 

F max test (Snedecor and Cochran 1980). In cases where the 

variances were unequal, differences between means were' 
" examined using a t-test for unequal va,riances and are denoted 

by't' (Snedecor and Cochran 1980). The relationsh.ip between 

the habitat variables and seal abundance was' examined using 

path analysis (Legendre and Legendre 1983). Pearson and 

partial correlation coefficients were calculated using the 

Corr and GlM procedures of PC-SAS (SAS Institute 1985). 

" RESUL TS 

Habitat' 

In 1984, the mean Septelnbe,r to May wi nd di rect ion was 

from the north at ,an average speed of 20 km/hr. The mean 

\ 
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ter6p~ra t;u re was - 20° C and total snowfa 11-, for the w inter was 82 
l& 

c~le 1). Ice in the study area consolidated in February. 

All ploi~ consisted of first-year ice except for plot 1 which 

contained 20% second-year ice. Habitat conditions were charac-
'(,;J, 

terized by thick. lce, ,a very irregular surf.ace topography and 

l deep snow caver (Tabl e 2). 

In 1985, the predominant winds were east north-east at an . , . 
a,verage speed of 19 km/hr. The mean temperature Qf -230 C, was 

3° C lower than 1984 prim~ilY due to lower autumn temperatures 
1 

tTable/ 1). The fast-ice in the study area consolidated in - t 

Mar c h ,/ 0 n e mon th 1 a ter t han 1 984 . The i ce con sol i d a t e d 

QUiCkry resulting in a very smooth ice surface (Table 2).' 
1 ~ 

Tatal' snowfall was 35 cm, 45% of the 1984 value. Average snow 

'1 deptf on the ice ln the survey plots was 7.9 cm, 42 " less 

\ th. 1 1984 (Tabl e 2). 

! In 1986, windspeeds were the highest of all three years, 

averagi ng 21 km/hr from the north. The mean temperature was 
1 ' 

-1210 C, similar ta the temperature in, 1984, but temperatures 

bJtween December and F ebru a ry a'veraged - 28° C, 4° C warmer than " 

tfe same period durlng the two previous years (Table 1). A 

~olid ice sheet did not form over the initial studyare!l 
1 ... 1 

1 

,forcing us to survey areas on "either side of the open water 
• 1 

1 

!(Fig. 1). ln the areas we examined, the 1ce consolidated 

between 1 ate November and mid-April; from north to south in 
1 

'the McDot.:gall Sound and Intrepid Passage area and -from south 
. 

to north in Peel Sound. All plots consisted of first-year ice 

-~~.-........ "'- - - -- -"-.-
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except for plot 14 which had some multi -year ice forming 1% of 
" 

the total cover. Mean ice thickness and surfàce topography 

were similar to 1985 va-lues (Table 2). However, the pieces of 

ice formi ng the pressure ri dges were l arger in 1986 than io 

1985. This combined with greater precipitation and a greater 

number 'of days with bl owi ng snow between March~ and May, 
" 

r es u l te d i n sn 0 w de p th s sim i l a r t'a 1984 (T a b leI). -

W,e examined the relations<hiPlbetween the different habitat 
1 a • 

vari ables by pool ing the data from all years (Tabl e 3). Snow 

depth was positively correlated with thick, ea rly 

consalidating ice ~and the amount of pressure ridging in the 

plot. The amount of pressure ridging was greater in areas of 
o 

shallow water and in areas of late' consolidating ice. The 
~, 

significant correlation between date of ice consolidation and 

'distance from shoré (r'=0.43, p~0.02) indicates that the ice 

- consol idates l ater as distance from shore increases. We al so 
, 

found a significant partial correl ation between snow depth and 

water depth (r=0.422, p=0.02) but this appears to be a 
.J spurious relationship resultin~ from our Peel Sound surveys. 

This area contained the deepest water of all areas examined 

(200 te 260 m). It also contained' thick ice which consolidated 

early in the winter. 

,. 

Seal Abundance 

Seal structures were focated primarily along preSSlJre 
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ridges approximately one to three metres away from the ridge. 

Som est rue t ure s we r e a s soc i a t e d w i' t h pie ces . 0 f r 0 u 9 hic e 0 r 
, 

along refrozen cracks. The dens i ty of seal structu"res was 

highest in 1986 (5<=7.94 km- 2 , SE=l.O., N=14 ), followed by 1984' 

(x=5.89 km- 2, SE=l.O, N=9), and ~finally 1985 with -the lowest 

den s i t i e s ( x = 4 . 8 3 k'm - 2, S E = O. 7, N = 9). 1 n 1 9 8 4 , 7 2 % ( S E = 5 • 0', 

N=9) of the struct4res located by the dog were 1 airs as 

opposed to simple breathing holes. This proportion declined to 

54% (SE=8.0~ N=-9) in 1985, and increased slightly to 60% 
\ , 

(SE"'4.5, N=14) in 1986. 

Habitat Immediately Adjacent to Seal Structures 
) 

A single observation shows lair formati~n can occur quite . - fi 

rapidly. A breathing hole located 'in" 1985 bec'ame a haul-out 

lair within 24 hrs after the formation of a snow drift over ,'\ 

the hole during a stotm. 0 

There i s 1 i mj tf i nd i rect evi dente' s ugg~~ t i ng th a t'ri nged 

se a 1 s ca n di 9 ne W ;,h 0 les th r 6 ~ 9 h the fa s!- - i ce. 1 n 1 a te A p r il , 
and in early May 1986, two lairs located bYe the dog had small 

access ,hol es approximately 15 cm _ in diameter. These hales had 

smooth sides and were wide at the top indicating they'were 
, ' . 

ha u l - 0 U ~/ ho les and no t br e a th i n 9 ho les. Bec a use 0 f the i r s i z e ' 
• (J 

these holes could only have been made by pups. One hole had 

been formed inside the rim of a larger, refrazen adult sized 

hole that was' cavered by a layer, o~ l'ce 1S cm thick. At the 

.J 
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second structure, the ice beside. the small access hole was 91 

cm thick. In late April, 1986 an'adult seal was 'observed' haul­

- ed out on Flat grey'ice,,34 cm thi-ck, in an are a free of snow. 
o 

'This area had been searched the previous day during whjch no 
, ~ 

hole had been detected by o~rselves or t~e doge 

Sn'ow depths at the di fferent type~ of structures 
1 

! were· ' • 

test in 1984 and 1986 and lowest in 1985 {Table 4}. Thel' , , 
1 1 ~ ! • 1 

est declines in average sn~w~depth, a measure of snowdrift 

observed at undefined haul~out lairs ahd m~]e hauf-
f 

out ·lairs (Tabl-e 4). Snowdrifts at these- structures were 

smaller by 42% and 32% 'respectively in 1985.compared to 1986, 
j :t}\ 

whïle snowdrifts .~t bi.rth lairs orily decreased. by 18%< The 
, 

de cre a s e r es u 1 te d f r a m the l 0 we r s no w f à 1 lin 1 985 ( T a'~ el) 

and lower ice ,hummocks adjacent to ·the seal s.tructures (Table 
l , , 

, .. 
4). Except'· for the 1985 da'ta, total' snow d'epth àt the 

different types of s'tructures were sirnilar ta depths faund in 

. other areas o'f the Canadian Arctic and Spitzbergen (Table 5) .. 
;( , 

Ice thicknesses measured beside the subnivean structures 
" 

were compared to the mean ice thickness of the fast-ice coyer. 

Breathing holes, male bre~ing ~ol~s, haul-aut lair~ and male 

haul-out lairs ~ere located in ice that was ,sign1ficantly 

'thinner th an the surrounding, fast-ice (t'=3.6 df=50, t=4.2 

df.23~, t'-3.8 df-52, and t=3.95 df ... 213 respeciively~ p<O.05)., 
',' 

Little difference was observed between ice thicknesses at 

b i nt h lai r san d the sur r 0 und i n 9 i c e ( Ta b 1 e 4). ,B i r t h 1 air s 
1 
1 

were located in the thickest ice of all structures, but this , 

1 

o 
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d1fference was not sign1fica~t between types of lairs. 

W a ter de pt h s a t . b i r t h 1 air s we r e sig n° i fic a n t 1 Y de e p e r th a n 

. w a ter d e p t h s me a sur e d a t h a u l -0 U t 1 air s " ( t ' - 2 . 9 9 , d f • 5l' 
'" 

o 

p<O.OS), but were similar to dèpths recorded at other 

structures (Table 4). 

'Relationship between Se al Abundance and Hâbitat 

Ouring each year of th. study we observed hi~h densities 

of seal holes under a very wide range of. habitat conditions. 

The hi ghest densities €' were associated. with plots that 
o 

co~sol(dated between January and Harch. They contained ice in 

the form of large ice pans or a fast-ice edge, which formed 

a,~. t W 0 t 0 fou r 'm 0 n t h s p rio r toc 0 n sol i d a t ion. Th è sep lot s h a dan 

average snow depth of 10 cm or greater, with 10 to 40% of the 

o 

l 

jce surface consistin~ of pressure ridges and water depths of 

90 to 170 m (Table 6). 

. 1 n 1 9 B 6 , den s i t yin c re a s e dan d the p e r ce n t age 0 f 

abandonn'ed structures decr'èased with· an increase of pr:essure 

.- r1 d gin 9 and 1 a t e con sol i d a tin 9 i ce. 0 e n s i t y a p p e are d t 0 b e 

related to the amount of pressure ridging in the plot, but the 

correlation was not quite significant (r=O.460, p=O.OB). 
o 

-However, the effects of rough i ce were thought to represent a 

1 inear comb'ination of snow cover and datee of ice 

tonsolida,tion, based o~ the relationships identified earlier 

between the hab1~at ,variables (Table 3). Significant partial 

.. : ~"! 
." 

.. 
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cor.relations between denSitYf seal holes and both snow depth 

and date of 1 ce consol i dat n were found, but not between 

density and rough ice (Tabl 7). 

The results from 1984 and 1985 were examined next to 

determine whether the same factors were affec~ting the 

dolstribution of seals,. The data from 1984, suggested that 

densities increased with date of conso1 idation (Tabl e 6). , .... 
There)was a strong correlation between fast-ice thickness and 

density (r a O.792, p=O.OI, N=9), but with no other habitat-· 

variable. Partial correlation~between density, snow depth and 

date of ice consolidation were not $ignificant. In 1985, no 

relationship between density and any of the habitat variables 

was found. 

No b)rth lairs were observed before April 4. In Barrow 

St~a;t the mean pupping dat~ fa11t in the fourth week of April 

(Hammill Section III). The prop~r\ion of birth lairs in plots 

surveyed after mid-April was 40% (SE=.8.4, N-7) in 1984'; 20% 

(SE=6.2, N=5) in 1985; and 40% (SE=5.3, N=10) in l~86. Male 
• 

structures were i~ntified early in the season during surveys 

conducted in March~ but were not evident after mi d -May. 

Excluding plots surveyed during the 1 as t two weeks in May, 

male structures made up 18% (SE=4.1, N=8) in 1984; 38% 

(SE=8.1, N=8) in 1985 ; and 26% (SE=5.4, Nm 11 ) of all 

structures in a plot in 1986. 

1 compared the frequency of female structures (birth 

lairs) to the frequency of male structures to see if ihe ratio 

1 
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differed from 1: 1. Structures used by males included both 

haul-out 1airs and breathing holes. Females can on1y be 
0 

identified by ,the presence of a birth lair in the plot even 

though they (fTI~intain other structures as part of the birth 

lair complex (Smith and Stirling 1975). Therefore, 1 expected 

the ratio to differ significantly from 1:1 in favour of malas. 
) 

ln 1985~ the ratio of male structures to birth lairs did not 

differ significantly from unity. In 1984 and 1986, there lwere 
, 5S, 

sJgnificantly more birth 1airs than male structures in the 

plot' indicating segregation of sexes in the fast ice (Table 

8). 1 n 1 984 and i n 1 985 , p li' t 9, wh; c h wa son e 0 f the 1 a s t 

areas to, con sol idate in both y-ears, appeared ta contain large 

numbers of non-breeding animals. In 1984, 14% and 22% of 36 

hales were birth lairs and male structures respectively. This 

area was covered by deep snow and thick ice, but had all 

uns t a b 1 e cr a 'c k ru n n i n 9 th r 0 u 9 h the e a ste r n s i}e 0 f the plo t . 

1 n 1 985, , plo t 9 h a d ver y 1 i t t 1 e s no w c 0 ver ( Tf b 1 e 6 ) and h ad 

an unstable pressure ridge along its western boundary. No 

birth lairs were located in the plot. All seal structures 

d by the dog were extremely small in size and were 

ed on the unstable ridge. These structures are thought 

been' made by small immature sea1s. In 1986, 'only plot 

did not contain any birth lairs ,or male structures, 

indicating the presence of non-breeding animals. This plot was 

ated in southern McDougall Sound near a region of unstable 

i c e (, Fig. 1, 2) . The remaining plots all had male structures 

j! f ") r ,!r'J1.~~~Ji 

, ''S 
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or birth lairs. 

In 1986; date of ice consolidation and mean snow depth 

were found to be the Most important factors affecting the 

distribution of birth lairs and undefined structures, which 

includes both haul out lairs and breathing holes (Table 9). No 

rel at i onshi p was found between any of the habi tat var; abl es 

and the distribution of male structures. We did not examin,e 

the results from '1984 and 1985, because of the small sampl e 

sizes. 

DISCUSSION 

The fast-ice in Barrow Strait shows considerable year ta 
" 

year variability in snow caver, ice topography and chronology 

of ice consolidation. Snow depth is tied to precipitation, ice 

thickness, and the amount of pressure ridgfng. The older the 

ice and t~é earlier it consolidates, the longer it provides a 

o stable platforrn for snow accumulation. Pressure ridging acts 

like a snow fence catching blowing snow and encouraging snow 
o 

drift formation. The large variation we observed in habitat 

conditions' is likely related to year to year change~ in 

atmospheric circulation patterns. Ice freeze-up and breakup, 

have been related to synoptic circulation patterns in the 

western arctic, Davis Strait and Baffin Bay (Keen 1977; Rogers 

1978; Hammill 1987). 

' . 



o 
44 

'_ '" '<' - " .... , ,r «' ,; ,~, - -~ , ; " ',,:''!i;~',~,,; '~;;'~ "".,1' V'\-:v~r~:<:~'0~;f:~ 
": 

Lair formation can occur quite rapidly over existing holes 

after snowdrift formation. We also have limited evidence that 

suggests seals search for suitable 'snow drifts for haul-out 

1 air san d the n po s s i b l Y d i 9 n e who les t h r 0 u 9 h the ,i ce und e r 

these drifts. Drifts could be located by the differential 
) 

penetration of light through 'the ice between snowdrift covered 

and snow-free areas. By maintaining several holes -or lairs 

(Smith and Stirling 1975; Smith and Hammill 1981; Burns and 

Kelly 1981 ; Hammill Section 1) and forming new structures 

whe.n neces,~ary, ringed seals reduce their exposure to 

predators. In 1986, the thinnest ice contti_ning lairs was 75 

cm thick. Most seal holes were associated with ice 10 to 30 cm 

thinner th an th'e surrounding ice. By digging "through cracks 

, parallel to the ridge that appeared at the time of ridge 

o 

,formation, seals would be digging through lce 45 to 65 cm 

thick and not the maximum 75 cm. 

! Bi rth 

possible 

1 airs 

these 

were 

sites 

found in the largest drifts. It 1s 

are occupied at the t1me' of' ice 

f 0 rm a t ion, but th i sas s ume s a f e mal e 0 c c u p yin 9 a s i te i n 

January can pr'edict if sufficient snow will accumulate i.n time 

for pu p pin gin A" r il. 1 n ste ad, 1 pro p 0 set h a t a ft e r a f em ale 

oc c u'p i e san are a , s h e se arc h e s for a 1 a r 9 e d r i ft, (j i 9 san e w 

~ hole through the ice under the drift and scratches out a lair. 

This new hole would be located near other holes used by the 

female which later form the birth lair complex (Smith and 

Stirling 1975). 
, ,< ( 
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A major difficu1ty with this study 1s the small samp1e 

size of surveyed plots. The dog search method is the only 

t e c h n 1 que a v a il ab 1 e to s t u d y r i n 9 e d s e a 1 pop u 1 a t ion s 1 n the i r 

breeding habitat. This method 1s very labour intensive. In the 

final year of our study the dog covered o~er 510 km of sea ice 

surveying a total of 14 plots. A reduction in plot size from 

2.25 km 2 'to 0.6 km 2 would permit an increase in sample size ta 
-

ab Q ut 2 0 plot s p ers e a son (Hamm il1 Sect i on 1). 1 have al S 0 

assumed that a constant relationship exists belween density of 

s e a 1 ho 1 e san d the den s i t Y of s e a 1 s. Se a 1 h ole s are a val i d 

index of seal abundance, but there is sorne va'riability in the 

number of holes maintained by different segments of the 

population (Hammil1 Section 1). This variability wou1d tend ta 

obscure any relat10nships between habitat and s~al abundance. 

H1gh denslties of seal structures were observed in a wide 

range of ~ab1tat conditions, 1nd1cating a very flexible 

response to local features. Densities were lower in 1985 than 
, . 

in any other year possibly because of the reduced snow depths 

in the areas we surveyed, but a lo.nger time series o{ data are 

required to confirm or reject this hypothesis. 

The decrease in abandonment rates of breathing holes and 

lairs and increase in density with date of ice consolidation, 

observed in 1986, shows that seal s were following the 

advanc1ng ice edge and were not necessarily remaining in the 

same areas theJ first occupied during the fall months. 

Preference for l ate consol idating ice may be in response to 

1rF"' ~- --. ' ... r .{ 
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increased food availability at the ice edg.e (Bradstreet and 

Cross 1982) or increased mobility because the animals are not 

restricted by the need to maintain access to a breathing hole. 

Very few structures were located i",mediately adjacent to t'he 

open water (Table 4). Instead lairs and breathing holes were 

usually found 0.5 to 1 km away from the ice edge' in thicker 
o 

icepans or in fast-ice that had formed two to four months 
.... 
p r i '0 r t 0 the con sol i da t ion 0 fic e i n the 'p lot. T h i sic e wa s 

more stable and contained suitable snow. drifts for haul-out 

lairs .. In 1984 and 1985, Barrow Strait was completely covered 

by fast-ice. Date of ;ce consolidation was not identified as t 

" an important factor duri ng these two years because the areas 

covered by the surveys were close together and'wer~ located in 

ice that had consolidated at the same time (Fig. 1;2; Table 

4). 1 used NOAA' satell ite infra-red imagery to determine the 

date of ice consolidation, w~ich provided large scale coverage 

ind has a resolution of one km. In future stu~1es the 

,application of more advanced imagery, such as thematic 

mapping, which has a resolution of 100 m in the infra-red 

band, May permit a more precise determination of the date of 

ice consolidation. 

fwother studies examining ringed seal distribution in the 

high arctic,' low densities of ringed seals were associated 

wi th the 

Melville 

consolidating ice of \ McDougall and Viscount 

and increased towards the late consolidating 

ice of B rrow Strait (Kingsley J ~ al. 1985; Fig. 4). Low 
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densities of seals have also been reported inside the bays in 

the high Arctic, apparently because of insufficient snow cover 

for l airs (Smith nli. 1978; Stirl ing II li. 1983), but more 

recent work indicates that there 1s more snow cover inside 'the 

bays th an in the channels (Calvert and Stirling 1985). These 

areas are also among the first to freeze early in the fall, 

which makes them less attractive to seals. Densiti.s are 

higher at the entrao~es to large bays because they consolidate 

later and provide a stable ice edge for 'snow to accumulate on, 

near the more unstable ice in the channels. 

S 0 m"e 0 f the var i a t ion 0 b s e r v è d i n pop u lat ion co m p 0 s i t ion 

of the plots can be attributed to seasonal effects, such as 

the a p p e a r a n c e 0 f b i r t h '1 air s , and the d e c lin e i n n u m ber s 0 f 

male structures. Within the fast-ice habitat immature animals 

are excluded from '-the ni 0 s t( sui t ab 1 e habitat to areas of 
. 

unstable 'i ce or 1 ittle snow cover (McLaren 1958; Smith and. 
~ 

Hammi11 1981; Smith 1987). Birth lairs w_ere associated with 

thick stable ice and deep snow cover in late consolidating 

ice, but no relat{lnshiP was ident1fied between the distribu-.. 
tion of male structures and any of the habitat variables 

examined. During the spring mature males are thought to defend 
CI" 

underwater territories (Stirling 1977; Smith and Stirling 
, 

1975; Smith and Hammill 1981). Defense of underwater 

territories has not been observed directly in this species, 

but the low number of male structures in areas where females 

are abundant, combined with the increase in the incidence of 
'" 
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\ fresh euts on males and the puygent odour associated w-ith ~, 

mature males in the spring support this hypothesis (Mclaren 

1958 ; Sm i th a n<f St i r 1 i n 9 1 978 ; Sm i th li il. 1978 ; S nvf't han d 

Hammill 1981; Smith 1987). 1 believe that the underwCater 

,territories are not established or at least not rigorously 

defended until after parturition. At this time the movements 

of the female un~er the ice are restricted because of the care 

required by the pup. After mating and weaning of the pup, 

ri nged seal s haul out on the i ee tô. moul t, the underwater 

territories start to break down ~nd seals ~redistribute 

themselves in the fast-iee (Finley 1979; Smith and Hammill 

1981). 

Ringed seal populations are regulated by a combination of 

habitat availabil;ty (Mclaren 1958, 1963; Smith and ·Stirling 

1975), social factors (Stirling 1977; Smith and Hamm;ll 1981), 
-

and predation ,Stirling and McEwen 1975; Smith 1976; Stirling ,.., 

and Archibald 1978; Smith 1987). Recently the availability of 

food and its subsequent affects on condition and reproduction ~ 

has also been suggested as a factor limiting ringed seal 

numbers (Lowry li li. 1980; Smith and Hammill 1981; Smith 

1987). Ouring the winter, ringed seals feed primarily but not 

exc~SiVelY on arctic cod (Boreogadus saida) (Lowry et li. 

19S0;,Smith 1987). Very little is known about the winter'"' 

biology of these fish. They appear to be very mobile and , 

patchy in distribution (Bradstreet li .li. 1986). the 

preference bi seals for late consolidating stable iee suggests 

1 

, . 
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that acc'es$ ta food provides the initial attraction for seals 

ta an area. If this 1s the case, one would expect ringed seal 

condition ta be lower in years when thé,mobility of an1mals 1s . ( 

reduced by thick, early consolidating lee, and hi~her in Years 

of thin, late consolidating ice. This hypothesis could b,e 

tested by long term studies monitoring changes in population 
\ 

~ , 
age structure, condition and productivity along with' changes 

in fast-ice conditions. 

\.'"'-
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Table 2. Mean snow depths, ice thickness, water depth, anount of pressure 
ridging and height and thickness of pieces of rOlJgh ice measured in 
the study plots. 

• 0 

. 

1984 1985 1986 

.. N l' SE N r SE N l, SE 
0 

'Snow Oepth 143 23.2 1.3 907 10.3 0.3 750 20.2 0.6 
(cm) \ 

0 

, 

Iee Thiekness 28 ~ 5.3 
. 

33 156.3 3.6 209 154.5 3.2 
(cm) 

( ~ , 

Wat.er Oept h 88 105.5 2.6 - . 203 163.0 4.8 
(m) . 

0 , 
Thickness of - 94 17.0 2.3 116 23.4 4.1 
Rough Ice . , 0 

, 
'" r Height of - , 92 31.5 2.4 56.7 3.7 

Rough Iee 

Amount of 9 24.4 4.4 9 ,,12.3 1.9 15 13.6h-- 3.2, 
Pressure 
Ridging " 

(%) 

, 

/ 

1 
1 

.-' 
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Table 3. Correl ations between the various habitat features examined oetweem 
1984 and 1986 in 32 study plots. Pearson correl ation coefficients 
lie above the diagonal. Partial correlation coefficients lie below 
the

Q 

di agonal. * denotes signifieanee at p < 0.05. 

Pressure Iee Di stance Water Date of Snow 
Ri dgi ng Thickness to land Depth Ice Depth 

(%) (cm) (km) (m) Consol idation (cm) 

Pressure 1 0.2899 0.1086 -0.4518* 0.0519 0.4439* 
Ridging p=0.102 p=0.548 p=0.008 p=0.774 p=0.01 

Ice -0.1413 1 0.2398 0.0109 ~, -0.4461* 0.7949* 
Thickness p=0.465 p=0.179 p=0.952 p=0.009 p=o.ooor 

Distance -0.0166 0.3098 1 0.1486 0.3096 0.0802 
to land p=0.932 p=0.102 p=0.409 p=0.080 p=0.657 

Water -0.5979* -0.1859 0.1518 1~ -0.0632 0.0764 
,Depth p=O.OOl p=0.33'4 p=0.432 p=0.727 p=0.673 

Date of O. 4856~ -0.0548 0.4298* 0.2104 L -0.6065* 
Iee p=0.008 p=0.778 p=0.018 p=0.273 . p=0.OO02 
Consol i-
dation 

Snow 0.6395* 0.5546* 0.0662 0.4225* -0.6023* 1 
Depth p=O.0002 p=0.OO2 p=0.733 p=0.022 p=0.0006 
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Table 4. Mean values of habitat features measured at the different types of subnivean structures of the r1nged seal. 

" 
. , 1 

"', Male Breathing Hole Haulout Lair Male Haulout Lair B1rth Lair Breathing Hole 

Year N l' SE N l' SE N .1' SE ' N l' SE N X SE , 

Il 
\ 

Average 1985 25 30.1 3.3 26 24.4 3.1 22 34.9 2.8 10 ,38.6 2.9 6 50.6 4.1 Snow Oepth -

, (cm) 1986 32 41.8 2.9 25 43.2 3.9 36 59.5 2.6 6 58.6 7.6 43 71.9 12.1 
Height of 1985 10- 48.9 
Rough Ice 

6.5 8 51.9 8.4 15 93.6 9.5 5 70.6 12.7 4 76.5 21.2 
_ Pieces 1986 : 13 85.5 

(cm) 
7.8 12 79.4 10.9 19 114.6 10.5 2 98.0 80.0 10 111.0 19.7 

Thickness 1985 10 10.3 1.3 8 14.0 3.1 15 12.6 1.5 5 12.0 1.0 4 23.7 16.1 of Rough C 

Ice Pieces 1986 13 20.7 4.4 12 20.3 5.1 19 25.7 3.4 2 43.0 16.0 10 16.6 2.5 ' (cm) , 

Fast Ice 1986 30 127.3 5.7 26 124.2 7.4 31 129.1 5.9 4 122.2 12.1 39 143.5 6.4. . Th1ckness 
(cm) -

Water 1986 30 163.2 .12.2 26 160.2 11.0 ·33 136.0 11.4 4 139.0 30.2 35 174.5 9.4 Depth 
(m) ~ 

" .. " 
, ." 

1 
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Table 5. Mean total snow depths measured at seal structures in Barrow Strait and from other areas. 

Male Male 
Area Year Breathing Holes Breathing Hole Haulout Lair Haulout Lair Birth Lair Source. 

N l' SE N Y SE N l' SE H- Y SE N Y SE 
, 

Barrow St. 1984 31 52.8 4.3 15 57.1 2.8 41 66.7 2.8 17 67.9 2.7 51 79.1 3.3 This study 

Barrow St. 1985 28 37.0 3.8 34 29 .. 9 3.1 38 34.9 2.1 Il 50.5 3.7 12 50.7 2.9 This study 
, 

Barrow St. 1986 50 48.0 3.0 31 44.7 3.9 40 69.9 3.1 6 69.3 7.2 52 76.7 3.3 This study 

Amundsen . . . . • • . - 154 59.8 1.7 17 70.2 4.7 112 64.6 2.3 Smith and 
Gulf - , Stirl in9 1975 . -, , , - 1 

K1ngsfjorden . • . • . . • 40 91.0 3.8 22 75.0 3.4 28 89 2.8 Lydersen and 
Sp1tzbergen - Gjertz 1986 

Bridport 1980 1 35.0 .. 3 28.0 3.9 2 55.0 ·r 8 64.0 8.9 6 91 9.3 Smith. 
Inlet. MiT ~ unpub11shed 

data 
Southeast 1979 30 30.0 2.9 12 30.0 4.1 17 59.0 5.2 15 57.0 7.0 60 75 3.0 Smith. 
Baffin Is. unpublished 

- data 
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lle 6. Mean habitat values for dens~al holes grouped by frequency'class. Standard ~rrors are in brackets. 

-Freq. Number Mean Mean Number Mean Mean Ice Mean Snow Mean Water Number Date Ice Class of Density 81rthlair Pressure Thickness Depth Depth Abandoned Consoli- Date Ice Plots -(holesl Plots (holes/km 2) (ho les/km 2) Ridging (cm) (cm) (cm) Structures dation Formation km 2 ) (~) 

> 10 -
1986 4 14 (2) 7 (1) 21 (7) 134 (21) 15 #) 172 (28) 2 (1) 4 Mar. (12) 6 Jan. 14,16,19, 

21 
1984 1 11 6 19 189 19 119 13 22 Feb. 18 Oct. 5 
7-10 -
1986 5 8 (1) 2 (1) 12 (4) 155 (14) 18 (3) 157 (27) 8 (4) 11 Jan. (23) 14 Dec. Il,15,17, 

18,20 ' -" 
1985 2, 7 (0) 2 (0) 20 (0) 182 (5) 10 (1) 115 (11) 2 (2) 6 Mar. (4) 1 Dec. 6,8 1 8 0 38 124 2 67 0 9 Mar. 2 Feb. 9 

c 

1984 4 7 CO) 2 '(1) 30 (7) 186 (6) 19 (1) 9.6 (11) 7 (4) 17 Feb. (2) 20 Oct. 2;4,6,8,9 -
, - , 

3-6 -
1986 5 4 (1) 1 (1) Il (7) 169 (14) 18 (2) 146 (44)~ 31 (7) 17 Dec. (6) 24 Nov. 10,12,13, - 22,23 
1985 5 4 (0) 1 (0) 11 (2) 160 (4) 9 (1) 112 (11) 4 (2) 8 Mar. (1) 7 Dee. 2,3,4,5,7 

-
1984 3 3 (0) 1 (0) 12 (2), 169 (7) 16 (1) 128 (13) 0 24 Feb. (8) 1 Dec. 3,7 

-

. 
-.-
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Table 6. Cont1nued. 
.1 

Freq. Humber Mean +tean Humber Mean 
Class of ' Dens1ty 81rthla1r Pressure 
(holes~ Plots (holes/km 2) (holes/km 2) R1dg1ng 

km ) (%) 

<2 -
1 

-
1986 1 1 0 ' - 0 

1985 1 1 0 10 

1984 1 2 0 27 

.r-

'-

} 

, 
L .1~'-"", •. " \ 

" . 

Ct 

~ 

Mean Ice Mean Snow Mean Water Humber 
Th1ckness Dep'th Depth Abandoned 

(cm) (cm) (cm) Structures 

-

39 2 113 0 

136 7 85 0 

137 23 8~ 0 

-~ 

'. 

~ 

o 

Date Ice 
Consol1- Date Ice 
dation Formation 

" 

7 Apr. 7 Apr. 24 

9 Mar. 14 Dec. l' 

8 Feb. 26 Jan. 1 

,. 

'II 

" 

~I" 1J.~~~ ',,- ~~' 

fi _~.~~ 
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Plots' 
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Table 7. Correlations- between' dens1ty of seal holes (holes/km 2) and habitat 
variables for the 1986 data. Pearson corre' at ion coefficients lie 
above the diagonal. Partial correlation coefficients lie below the 
di agona1. 

fi 

Density, 

Density 1 

( 
Snow 0.6488 
Depth p=0.016 

Pressure -- 0.0456 
Ridging p=0.8825 

Date of 0.7092 
Consolidation p=0.OO6 

;' Snow Depth 

0.2204 
p=0.430 

1 

0.4270 
p=0.1456 

0.8873 
p-0.0001 

\ 

Pressure 
Ridgi n9 

0.4605 
p=O.084 

0.3712 
p·0.173 

' ~" 
1 

0.3284 
p·O.273 

Date of 
Conso1 idation 

.-

0.369~ 
p=0.176 \ 

.- -0.7117 
p=0.OO3 

0.0700 
p=0.804 

1 

P/J, " ~ 1 
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Table 8. 

. Year ;/ 

'> 
1986 

t 

, ' I-'.,.~ ;~ 

1985 

- 1984 

~" " 
Obsery~d and expected frequenc1es'of b1rth lairs and male 
structùres. Plots surveyed before mid-April and after' 
mld-May'ar~ excluded. * denotes signlficance at p <,0.05 

" 

Structure Observed 
Frequency 

' Birth 48 
Lair 

Male 18 
Structures 

Birth " 12 
Lair 

Male 17 
Structures 

Birth ,51 
Lair 

Male 25 
Structures 

\ , 

1 

, . 

, .. 

Expected 
Frequency 

33 

33 

~ 

14.5 

14.5 

38 

38 

Chi-square 
value 

'"~ 
13~* 

./ 0.9 

8.9*, 

r';. 1 
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Table 9. Correlations between dens1ty of b1rth lairs and undefined structures and the habitat variables, snow depth and 
date of ice consolidation. Pearson correlation coefficients lie above the diagonal: 'Partial correlation 
coefficients lie below the diagonal. 

8irth Snow Date of 
lairs Depth - Consol idation . 

, 

Birth 1 0.2938 0.2463 - Undefined 
lairs p-O.3Bl p·O.465 Structures 

Snow 0.6869 1 -0.7102 Snow 
, Depth p-0.0282 - p·.014 Depth 

Date of 0.676 -0.4727 ~7 Date of 
Consolidation p·0.0319 p·O. 088 Conso 1 idat i on 

, . 
-' 

~ 

- 1 

'-~ 

"'--
/ 

Undefined Snow 
Structures Depth 

1 .0.1928 
- p=0.570 -

0.6696 1 
p·O. 034 -, 

0.705 ~0.5439 
pz O.023 p=0.044 

Date of 
Conso li dat-i on 

0.3502 
~.0.291 -

-0.7102 > 

p·O. 014 

1 
, 

- -

. 

, 
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f·i gure 1. Locat i on of s tudy p lots survey~d dur; n9 
Harch to May, 1984 ta 1986. Plots 1 to 
9 were surveyed in 1984 and, 1985. Th e 
remaining ,plots were, surveyed in 1986. 

,t ~ The dot ted 1 i ne rep resen t s the ~xten t 
of the fast 1 ce edge 1 n 1986. 
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Figure 2. 1 General pattern of ice consolidation in 

1 Barrow Strait. Areas denoted py-A 
consolidate first. Areas denoted by F 
consolidatè last. ' ., 
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CONNECTING STATEMENT' r 

~ 

In Section \ II, factor's affeéting. the di str[ibut'Lon of ringed! 

seals in thé 
t 

fast ice were 
• 

; den tif i ed. .1 n forma t; on 
/ 

was, 

'obt~the associ ation between different segments of the, 

popdlation and habitat features. Section III examines the age, 

;t~~cJure, reproductive .rates and body condition of rin~ed 
sealS(OCCUPYing the fast ice between Harch and June. 
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SECTION III , . 
Blology of the R1nged Seal in Barrow Strait, 

Northwest Territori~s 
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INTRODUCT ION· 

~n winter,. ringed seals occupy the, fast-ice,'" where they 

maintain breattting holes and dig lairs under the snow' (McLaren 

19&8). At that time of year they feed primarily on Arctic cod 

(Bor'eogadus sa,ida). Very liftle is known about the winter 

biology of this f;~h. They appear to be very mobile an9 have a 
• . 

patchy distribution u,nder the ice (Bradstreet li al. 1986). 

Although, the availability of food resoprces under the fast 

ice is p~orly understood, if cpnditions are analagous to 

observations of the antarctic Weddel1 sea1 (Leptoriychotes. 

j wedde1li) (Test,a ét al. 1983)~" then ringed seals may either, 

dep,lete food resoureés around their breathing holes, or their 

pre y m i 9 h tac t ive l y a v 0 i d are a s' 0 ecu pie d b Y s e a l s. 0 uri n 9 the 

1970's major fluctuations in age specifie reproductive rates, 

body condition and numbers of ringed seals we~e doeumented in 
1 

the C a nad i an we ste r n Arc tic ( St i r 1 i n 9 et al. 1 9 7 7 ; ,,,: Sm i th 
\, ~r . ......' 

1987) 0- Changes in these parameters w,ere at.tributed. to ,.a.nnua1 

changes in the availabifity of food res,ourees, possibly 

mediated by winter ice eon~itions (Stirl~ng il Al. 1977; Smith 

19~7), but 'this has not been investigated in any detail. 

In section II, 1 proposed that ringed seals oceupying the 

fas t - i ce have redu ced ae ces s ,to .joe,d re s 0 uree s. To t est th i s 

hypothesis 1 eo11eeted ringed 's,ea1s throughout the sp-tiniJ 'in 

J 

... . 

) 
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each year of the study. This collection program a1so enab1ed 
'" 

me to obtain information on ... timing of reproduction, population 
( 

age structure and age-specifie reproductive rates. 
/, , 

ln this paper, 1 examine the hypothesis that .rit!ged seals 

in the fast-ice have reduced access to food resourèes, by 
, ' 

monitoring annual changes in body condition. 1 a1so present 

information on populatiQn parameter~ as baseline data for 

ringed' seals 'in the high arctic and compare these parameters 

w;th results obtained from other studies (Mclaren 1958; Smith 

1973,,1987). . . 

MATERIALS AND METHODS 

The study area was locat~d in Barrow Strait between 
, 

Low'-her Island and Rl:!solute Bay in the' north and- Rus~ell and 

Somerset Islands fn the south (Fig. 1). Water depths are· . 
~oderate, ranging from 50 m to' 300 m. Ice cover consists of 

first year iC 7 which extends from Viscount Melville Sound 

towards Lancaster. Sound' in the east. The eastern edge ~f the 

first year fast-ice varies in position from year to year 

(Marko 1982). In 1984 the fast-ice edge formed off Bylot 

Island; in 1985 at Maxwell Bay.and in 1986 west of Lowther 

Island. The chronology of ice consolidation is a1so quite 

var i ab', e '_ Ge n e ra 11 y the "i ces 0 1 i d i fie s b e t w e e n Jan u a r yan d 

March in Barrow Stra1t, but begins as early as September in 

~he bays and adjoining channels. ln 1986 the ice consolida.ted 

\ , 
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one to two months 1ater than in \the· ... two p~ev10~s years. Ice 
-

breakup begins " early ln July and open water c0'ldi1tions 
,1 

norma11y exist in this area by ear1y to ,mjd-,August (Marko 

1982) . 
~ 

~ 
g 

" Sea 1 s were co 11 ected by shoo~ing at the breathing hole or 

on the ice· with a high-powered rifle. Collections between 
t 

March and May lIlere opportun i stic becaus~e surveys of the . 

'r b r e ~ d i n 9 hab i t a t t 0 0 k pla ë e a t t h i s t i me (H a mm i 11 Sec t ion 1 1) . 

After _mid-May all the effort wet\t into the collecting' of 
.' • 1 , 

seals. 'HlJnting was concentrated "along the east 'and south 

s i d~S of Lowther 1 s\ and 

offshore (Fig. 1). _. 

and Griffith Is1 ands' up to 16 km 

~ Standard 1ength, aXil1ary girth, sternum blubber thickness 

\ C and body weight ~~re measured on each allimal (American Society 

of Mamma10gists 1967).' Body weight was not corrected for loss 

o 

C 

" of fluids. Maximuiil' girth, and blubber weight with the skin 

attached (scu1p) were also récorded. B1ubber was removed from 

27 skins 'and the skins weighed. These weights do not correct 

fy r 0 il r e t a i ne d b Y the pel t . A 11 1 i ne a r me a sur e men t s we r; 

~ecorded to the nearest 0.5 cm except blubber thickness which 

was measured to .the nearest 0.1 cm. Weights ,were measured to 
~ , 

the nearest' 200 g. 
, 

Ages were assigned by, counting the Pnumber ,'of dentina1 
, ",' 

annu1i in thin cross-sections of, lower canine teeth, under 

transmitted 1ight (Mclaren 1958a; Smith 1973). Each tooth was 
J 

read three t ime's on separate occas i ons and the resu1 ts 

, " 

, " 
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7,0 

a ver a 9 el(! t 0 0 b ta 1 n a f, i n ale s t 1 mat e • 
\ 

Female re'productive tracts were p"re'served in 10% formal1n. 

Ovarjes were sect i oned,' by hand and e'xaini~ed for the presence 
'.!. . 1 .4'", 

of mlicles > 5 m'!1, 'In diameter an'd. a:Ctive corpora lutea' 

,(Smith '1973). , . 
The growth of an1mals > 1 year' was described us1ng t~e von 

Be'rtalan{fy growth curvé:' Standard Length~ 80 {l-e (-B1'x + 
, ,,'l" 1 

B2}) where BO 1s -the asymp.to.tic length; BI fs a growth rate \ 

const~nt (cm/~r), x is a9 \1n. years and.B2 -,1s the age at WhiChJ 
" seal s had zero length if théy had always grown in the manner 

-described by the equati6~ {Von Bertalanffy 1934). Com~utations 
ft"", • 

, 
for thé growth cy'rv~s were carried out using the l'Jon-linear 

, , 
procedure in the Statistical Analysis Systems package (SAS 

lnst'itute Inc. l--g~2). ( 

Predictive equat10ns 
\ 

fdrm were of" the 

'calculated for body weight, sculp'weight and skin weight using 

standard ,length, and maxi mum 9 i rth as the i'nd e pend en t 
) , 

,variables (Usher and Church 1969). 

Fat content was determ1ned on 31 animals. Half of the 

car c a· s s s' e ct; 0 n e d l 0 n 9 1 t u d i n a l 1 Y min u s the sc u l p, and ' a 11 ~ f 

the vi scera were" shipped frozen to Montreal. Carcass/ and 
, 

viscera semples were, ground in a large animal grinder (Model 
.' 

q 

a01B, Aut.io Co., Astoria Oreg.), freeze dried (Model 50 SRC, ---

The V i r tus Co., Ga r-d i ne r, N. Y .) and reg r 0 und i n a Tho mas -W il e y 
. "'--

mill (Model 4, Wiley Co. )Philadel~ia, P.). Tota] lipid 

content of the half carcass and viscera was deter.mined 

/. 
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separately follqwipg extraction (chlo~oforlD:methano,l, 2:1 by 
r 

volume) for four hours in a microsoxhlet apparatus (Giese 

1967) . The. crude extract was washed with 0.9% sodium chlorid~, 
l, 

1957) . Blubber 
q 

. (Folch et il . weigtl!t was _ determi ned by 

subt ràct i ng the wei gh t of the skin, ~from the sculp. Skin , 

we'l gh ts were 
~ 

esttmated from skin weight-body l ength 
o , 

relationships presented in the results.\ Total lipid content 

(fat weight (g) x 100/ wet weèight of seal carcass (g» was 
, 

estimated from the equation: %Fat = (carcass f.at + viscera fa~ 
~ . . 

+ fat conte~t of blubber)/ (carcass weight + ~iscera weight + 
~ 

blubber weightr. 8lubber 'tas assumed to have a t~al lipid 
1 

content of 94% (Worthy and' la,vigne 1983). " ~. - ~ 
. 

The mean age at sexual maturi~y and mean age of first 

reproduct ion was dete,rmi ned from the proport i on of fema 1 es 

with an act ive corpus, l uteu~Oll i cl e > 5 mm in di ameter' 
>, 

(DeMa s ter 1978) and the propart ion of pregnant or 1 ,a c t a t i. n 9 

femal es (DeMaster 1981). 
, 

The mean ovulation and end .of l actat ion dates were 
1 

calcul ated by r;,egressing the p'roport ion of ovulating females 

and- proportion of females which had finished lactation 
" 

réspectively on date of collection (Caughley'1977). 
. 

,C a t c h c u r v e s we r e used to test the sampl e for over-

representation ot'o under-representation of different age 

classes in the sample by comparing Chapman-Robson survivorship , 
" 

values .with survivorship values calculated from Heinke (1913) 

u<sing a Chi -square test. Younger age classes are under 

, ~ ".,. , 
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represented in the s amp 1 e 1 f the _Chapman - Robson sury i vorsh 1 p 
,~~ ~ 

valué 15 significantly less than the Heinke value. If the 
" {} 

reverse i s true then the youngest age gt'~up in the cl ass 
- . 

1~terval is over~represented relative to the older age groups. 

(Robson and C~apman 1961; Smith 1973). 

Equalit~ of -variances was tested ~singo an Fmax test 

(Sned ecor 'and Cochran' 1980 f. 0 i fferences between mean s were 
, '\ 

tested using a Student's t-tes,t.' Comparisons between' means 

with unequal variances were examined 4sing a modified t-test 

(~nedecor and Cochrao) and are denoted by t'. All statistical 
< 

analyses were comp1eted using the Sta~istica1 Analysis' System 

(SAS Instiiu~e Inc. '1982). 

, 

RESUL TS . 

, 

Sex ratios' ôf yeu:'l ;ng's, subadults (2-7+) and adu·lts w,ëre: 

1:1, (Table '1). Adults (>7+ years old) comp,risedn,46, 68 and 79 

% of the oat'ch in 1984, 1985, and 1:986 resp'ectively (Fig. 2) . . 
The proportion of immpture animals varied with month of 

sampling, but the ·res'ults were inconsistent. Since the 

locatiOn of hunting a<:thHty' a1so varied with month, this 
- , 
change reflects spatial segregatiQn of age groups r~ther than 

~I 

a seasonal effect (Ta~le 2). In May 1984, 11 juveniles were 
-

obtained near Cheyne Point on the south-east side of Griffith 
'" 

Island. All animals were hauled out a10ng an unstable crack 

\ \ ," , 

" 
" ." 
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running in rsoutherl-y direction from the "Island. These 

animals were reluctant to enter the water when approached and 

readily returned to the ice surface after being di sturbed. In 
~ ~ , 

1 985 the r e we rem 0 r e c r a c k s r. u n n i n 9 sou t h f. rom the sou the r n 

end of the island in May and June( than in the previous year. 

Juveniles again appearèd to be concentrated in this area, bùt 

not ta the same extent as in 1984. The same area was not 

llunted in 1986 beeause of the lack of ice. Seals were hunted 

along the east side of Griffith Island, but no groups of 

ju,veniles were seen. Analys~s of catch C'urves from each year 

iod1cates that juveniles and young adult animals are under-
.. é;:) 

represented in the samples from 1985 and 1986 and over-. 
, 

represented in the 1984 sample (Table 3). 
\ 
\ 

. \ 
Direct evidençe on timing of birth and ,development of pu~s 

i s d i f fic u 1 t t 0 0 b ta i n bec à use the pu p s are h i d den b y t H\e 

subnivean lairs and females f transport their pups to 
v 

alternative lairs when disturbed. Surveys for subnivean lairs. 

began as early as mid-March, but no birth lairs were detected \ 
, \ 

before 4 April. A lactating felnale was collected on 3 April 

1984 but the majority of females collected in early April were 

pregnant. Pupping appears to peak in the fourth week of April 

based on a limited sample of 19 adult females (Table 4). Three 
\ 

neonates collected on 27 April, 8 May 1984 and 16 April 1985, 

had standard lengths of 60.5 cm, 66 cm and 60 cm respectively. 

Assuming a standard length at birth of 57.8 cm and a growth 

rate 0.61 cm/day (Smith 1987), the mean date of birth for this 

',:--M\ 
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sample would be 20 April. Hoteyer, seven full term fetuses 

collected in late Harch and early April had a mean standard 

. '. 

1 

length of 63.6 cm, which ,indicates that the calculated length 0 , 

-<J t .... 4 

at birth of 57.8 cm is an underestimate. Using the same rate 

of growth as above with the longer length at birth results in 

a mean pupping date of 27 April ~ 

Lactation cont,inued into June. A pup with milk in its 

st 0 mac h, wa s coll e c t e don 1 0 J une and a 1 a'ç t a tin 9 f e mal e wa s 

obtained on 18 June 1986, the last day of huntin~. The mean 

d.a te, f,o r the end 0 fla ct a t ion bas e don the pro p 0 r t ion 0 f 

f e mal est h a t h ad fin i s he d 1 a c t a t ion i n fa;,--~ n d J une ~ a s 7 J une 

(SE-3.5). This indicates a lactation period of 41-48 days 
.' 

a' s s u min 9 t h a t p u P pin 9 0 ecu r s b e t w e e n 2 0 - 2 7 A p r il . 

,.. The mean date of ovulation based on the pro.portion of 
j 

r e pro duc t ive t r a-'C t s coll e c t e d a ft e r 20 A p r i l w i t han a c t ive 

corpus luteum or follicle >- 5 mm was estimated as 31 May 

(SE=S.3) one week before end of l~ctation. 

Mean age of maturity using the presence of a large 

fol1icle or an active corpus lùteum in the ovary to indicate 

ovulation, was 7.0 years. The mean age at first reproduction 

based on lactating or pregnant females was 8.6 years. Age 

specifie ovulation rates were calculated from- reproductive 

tracts collected after 20 April. The unweighted mean ovul ation 

rate for adult females (> 7+ years) were 0.889 (N=2), 0.847 

(SE=0.10, N=6) and 1.0 (5E=0.0, N=5) for '1984, 1985 and 1986 

respectively and 0.922 (5E=0.05,\ N=6) for all years combined 



( 

75 
" 

, " " , , 0 

.' 
''1 

(Table 5). ReproductiVe rates calculated usfng pregnant or ~ 

lactating female$ were lower 'than the rates est1mated from the 
-

ovarian evidence. The unweighted mean reproductive rates for 
1 c 

adult animals were 0.583 (5E=0.300 N=3), 0.698 (5E=0.135 N=5) 

and O. 724 (SE=O.1l6~\6) for 1984, 1985 and 1986 respectively 

and 0.634 (5E=0.081, N=6) for all years combined (Table{ 6). 

Seven full-term fetuses collected between Il March and 9 -;> 

Aprll had a mean standard Ùmgth of 63.6 cm (SE=1.2) 'and a 
1.. 

mean weight of 4900 9 (5E=219). The three neonates discussed 
.... 

earlier had a mean length of 62.2 cm (5E=1'.9) and weighed 5900 . " 

9 (SE=223). Nine pups which had moulted into the silver jar' 

pelage (Mclaren 1958a) ,wey;e shot an, thé ice in May and- Jun~ 

(Table 7). The study of· pup growth wa~ not examined qfurther 
. 

beçaus~ of the low sample ,siz'e and difficultie's ain 

ascertaining birth date and pup age. 
! 

Growth curvés were fitted to the- data from Barrow Strait, 
. ~ 

Amundsen Gulf (Smith 1987) and Baffin Island (McLaren 1958a)'. 
. 

l'n a11 localities males were longer than females (Table 8). 

Male ringed sea 1 s from Ba rr'ow 5trait were longer than ma les 

from the Amund soen Gu l f, ~ut were similar in size ~to 
'J 

those from 
, 

Baffin ,Island. Female ri nged sea l s were largest in Barrow 
, 

Strait, i ntermedi ate in size from the Amundsen Gul f and 
"" 

smallest from Baffin IS'land. 

Predictive equations'were developed ~r body weight, sculp 

weight' and skin weight (Table 9). 

~o di fferences, in body weight or sculp weight were found 

, 
.... 

-

, ,~ ... 

J r~',t:' 
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between juvenile (1+,: 7+ yr's) m,ales and' females. For tfie 
, 

lumped~'sample adult male r1nged seals werè sign1f1ca~tly 
1 

" 

;) heavier (x-70.7, kg, SE-!.4, N-94) than females (x-62.4 kg, 
. 

u SE "'!.7, Na 88, t .. 3.8, df=182, p<O.OOOI). In females the sculp 

fdrmed 44.7 % (SE=l.O N=88) of the total, body weight which was 

slightly greater than in males where the sculp comprised 40.6% 

(SE .. 0.4 N=94) of the total body weight. Body and sculp welghts 
c 

of ad'ult seals decllned throughout the spring. An analysis of 

covariance showed that' females were significantly heavier than' 

males-when collections began in late March (F=16.6 p<O.OOOl). 
Q 

The changes in body weight with date expressed as week of cJ 

collection were' described by the regressionsj Ma le Body ? 

Weight (g) = 99999.0 - 1427.7 (Week); (F=11.3,· df=I,92, 

a' R2=0.11, p=O.OOI); Female Body Weight (g) = 111044.0 - 2304.4 
4l 

(Weekl,; (F=20.0, df=1,86, R2=0.19, p<O.OOOI). The dec1ine in 
-r;" 

, ' 

sc u 1 p wei g h t 'wa s des cri b e d b y the reg r e s s ion e qua t ion s; Mal e 
, 

Sc u l p . We i g h t ( g ) = 49925 - 1029 • 7 (We e k) ; ( Fos 2 8 • O,u d f = l , 92 , 

R 2 = 0 . 23;' P < 0 ; 00 0 1 ); F e mal e Sc u l p Wei 9 h t ( 9 ) = 64 5 2 7 - 1 7 2 8 . 5 

(Week); (F=34.3, df=1,86, R?=0.28, p<O.OOOl). Weight 10ss by 
~ , 

pregnant females was described by the regressionj Body Weight 

~ (g) =) 133253-3266.'8(week); ~F~27.2,. df=1~43, p<O.OOOl k2= 

0 0 . 3'9) and Sculp Weight (g) = 76387- 2228.~ (week); (F=39.7, 

d f = 1 , 43, P < 0 . 000 l" R 2 = O. 48) . 
c, 

c 

Fat content was measured in 31 se al s. Body fat increased 
• G 

W i t h age, but no di f fer e n c E! wa S se e n b et w e e n mal es \a n d f e mal es 

(Tà'ble IO). Strong positive correlations were observed' between 

( P 

,', 

\ 

\ 

. a ' 

.. ~ 
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percent body ·Jat and the condition indices; sculp weight 

maximum g~rth-2, s'culp wei'ght - standard length- 2 , and body 

weigh,t standard length- 2 (Table 11). Sometimes 1t is not 
. , 

possible to obtain sculp or body,weight, but 'body measurements 

Inay st i 11 be ~ecorded. St rang pos it i v"e {C~T-@-l-a-1:J 
t observeCf between percent body fat and the condition ind-ices; 

maximum g(frth 2 sta.{!dard. le,ngth- l , and blubber thickness 2' ' 

standard length- l (Table Il). 
~ 

The index -sculp weight maxi.mum girth- 2 was selected to 

r e x ami n e s e a son a l cha n 9 e s i.n con d it ion. Ina d u l t s ( > 7 y'r sol d ) 

no differences in condition were found between sexes or 

between- years. BodY condition dec1ined from March ta June, bu't \ 

considerable scatter was obser,ved in th~ weekly condition 

values (Fi,g. 3). In females, no differences in condition were 

se e n b et w e e n pre 9 n an tan d -b arr ~n an i mal s (t - 0 . 4 d f = 4 0, P - 0 . 4 ) . 
, , 

Adult females collected after the mean pupp1ng date of 20 
G 

April were' examined for ~ifferences in condition between 

ovu1ating and non-ovulating animals. No differences were 
• Q 

observed in 1984 (t-1.2, df .. 29, p .. O.11) a'nd 198~ (t .. 0.9, 
.tl, -

~d f - 6 7 , p. 0 . 37 ) , b u ~ i n 1 985 f e mal es s h 0 win g ev ide n c e 0 f 

ovulation were in signif~cantly better condition (i-2.51, 
. . .,.' 

SE-O.08, t-3. l , df-62, p.O.OO3) than were non-ovul ating 

fema les ( x .. 2 . 26 S E ~ 0 . 04) ."_ 
a!.1l\l? 

Adul ts 'were' in si gni fi ca'nt 1 y better condition than were 

juvenlles in each year,' of the study (Tab1~ 12). No differences 

1n the condition of juveniles wère found between 1984 and 1985 

o 

.. 
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(t-O .'8, af-73, p-O. 4) but juven 11 es 1 n both years were 1 n 

s 1 gn 1 fi c ant 1.y poorer cond i t i on than -j uve" 11 es co 11 eèled i rr 

1986 (t-4.~ df-8S p<O.OOOI and t~4;9 df.14, p<O.OOOI for 1984 

and 1985 resp~ctively) (Table 12). 

DISCUSSION 

Tite sex' ratio of the shot sample did nqt differ 
...... 

sig n ; fic an t 1 Y f rom unit y . Th; seo n t ras f s .' w i th \ r e sul ,t s· f rom .. 
:; sur vey s 0 f the, br e e d i n 9 hab i ta t wh i chi n die a t er t h atm ale s are 

outnumbered by females or males form small aggregations (Smith 

and Stirling 1978; Smith et il. 1978; Smith and Hammil1 1981; 

Hammill Section II). 1 bel ieve the differences between the two 
1 

samples reflects a bias ~/n sampling. 
\ 

Male seals' seem to be 

less wary' than females and .are therefore easier to collecte 

Mature males have a brown face during the ~pring months which 

can be used to distinguish them from females and immature 
-

seals. The possibility of hunting bias could be tested by 

visual surveys of the fast ice and monitor~ng approach 

distances to determine which group is more sensit'ivé to 
J 

'tll 

hunting activity. 

McLarew (195~b) and Smith· (1973) examined the dynamics of 

ringed seal populations by constructi!1g ,static 1ife tables 
If Y 

which assume the population has a stationary age di~tribution 
" , 

\\ 

(Caughley 1977). This approach was not followed in t~is study. 

Variation 'in annual 
éJ 

recruitment over large areas has been 

.. 

" 

.'!~j 
" I~ 

C ~11 

( , '.' 

\ '\: 
\'':1 
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shown to occur elsewhere (Smith 1987) and in this study under­

repres~ntation of -the juvenl1e agê classes, variation in 

predation rates and changes 1n ice conditions make 1t unlikely 
l' 

that the assumption of a stationary population was satisfied. 

Pupping in.ringed seals appears .. to follow a' latitudinal 

gradient. In Barrow Strait, the mean pupping date lies in the 

fourth week of April, one week later than in the Amundsen Gulf 

(Smith 198?> and th-ree weeks later than in 
" 

southern Baffin 

Island and Alaska (Mclarell" 1958a; Johnson et li. 1966). 
" , 

lactation lasts for 41 to 48 days. Ovulation occurs 
. 

approximately one 'week before the end of lactation (Smith 

1987)", not shortly after parturition as previously 'thought 

(Mclaren 1958; Smith 1973). 

The me an- age 0 f s e x u a 1 'm a t uri t yin Bar r 0 W. St rai tri n 9 e d 

,.-5 e al s wa s s ev e n y' e ars 0 l d wh i chi s the sam e as est i mat e d for . 

~\ 

ri nged sea l sin the Okhotsk Sea (Fedoseev 1964), but one to ' 

two years older -than the five to six years estimated for 

Baffin Island, Amundsen Gulf and Alas~an populations (Mclaren 

1958a; Smith 1973; 1987; Johnson et Al. 1966). 1 believe the-
" 

'higher age of sexual maturity _ in seals from Barrow Strait 
\ §} 

results from a combination of differences between studies fn 
u • , 

age determination and under-representation of the yqunger age 
~: j ~ ,"-' ~ 

classes (Mclar~n and Smi~~ 1985) in the fast ice, rather than 
r 

ecological factors. 

Ringed se~l~ -in Barrow Strait had lower reproductive 
) 

ra tes than reported el s ewhere {Mc ~a ren 1958b; John son II li. 
. . -

.... 
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1966; Smith 1987) with the exception of ringed seals'in the 
1 

Balt1c Sea (Table 14), w~ere h1gh pes levels mi9ht have . . 
interfered with reproduct i on (He lle 1980). Seg rega t i on of age 

classes and different methods make comparisons of reproductivê 
1 -

rates between studies difficult (Smith 1987). Juveniles were 
a -

under-represente.d in my samples. 1 recalculated re~r'oductive 

rates from published sources excJuding animals < 8 years {)ld 

(Table 13). 1 al so used the presence of a full term fetuS" or 

laçtation ,as evidence ,_of pregnancy. Most other studies have 

used ovulation, the presence of a blastocyst chamber or early 

term fetus to calculate pregnancy rates (McLaren 1958b; Smith-

1973; Helle '1978; Smith 1987). These methods overestimate 

preg n ancy rates becau s e of reprod UC'_i ve fa il ure be !ween oth~ 

time oJ ovulation and parturition. In humans it ha's been 

estimated that over 50% of prègnancies fail between conception 

and partur:it~on (Shepard and Fante-l 1979). In pinnip'eds \ 

postimpJantation failu-r-e may rangè from 5% to 34% (8igg 1969; 
--

Pitcher and Calkins 1981; Fay 1982). Evidence of reproductive 

failure_ 1s hard t-o detoect, bl~J may,be qliite variable between 
'\ 

years. Comparison of pregnancy rates with ovulation rates from 

samples collected the previous year provides some indication 

of the year ta year changes in' the incidence of reproductive 

failure. 
, 

Male ringed seafs are about 5% longer than females. At 

sexual rnaturity females in Barrow Strait have reached 85.8% of 

the1r asymptotic length whic'h agrees with the generalization 

--

./ 

__ ~_. ______ ........ L __ u 
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for p1nn1peds'g1ven by La~s (1959). 

,/J. 

McLaren (1958) sugg~ted that body s 1 ze 1 ncreased wf th 
• 

1 a t itude. Th e growth' curves 1 con s t ructed support th i s 

hypothesis for fema1es, but males from so~thern Baffin Island 

had an asympto.tic 1ength similar to matle sea1s in Barrow 

,s-trait. McLaren's (1958a) estimate of 135 cm and 138 cm for 

females and males' respectively are °a1so s.imilar to. the 

asymptotic 1engths of the High Arctic population. Large 

di"ffer.ences in body size' are also seen between sea1s fNm the 

Okhotsk Sea, Alaska, Baffin Island and the Baltic Sea, yet a1l 

\hree areas lie ·at the same latitude as southern Baffin 

Island. Body, size may a1so be tied to stability of the fast· 

ice (McLaren 1958a; Helle 1979). Ringed seals in the Okhotsk 

Sea occupy the unstable pack ice and are generally smaller 

t.h an 0 the r pop u lat ion s w i t h the ex cep t ion 0 f s e a l s ; n A las k a 

which are found lin the 'fast ice. This c'omparison of Body size 

between areas is' not completely valid since different methods 

were used to calculate asymptotic l'engths. However, much more 
~ 

information on morphometrics of ringed seals is now available 

than when McLaren (1958a) first proposed his hypotheses. Given 

the. discrepancies identified above a re-examination of these -

1-

hypotheses appears ·-warranted. '\- . 

Body corldition of both male and female ringed seals 

declined throughout the spring mo~ths. At the beginhing of 

hunting in March female ringed seal were h~avier than males, 
" 

but loit weight at'a higher rate. Male seal~ lost 204 9 day-l 
/ 
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'w1th 72% of th1s weight being lost from the blubber. Assum1ng­

a calorie value of 8.77 keal g-1 (Worthy 1982), males would 

lose 1789 kcal day-1. The aver~ge-daily metabolic rate (AOMR) . 
Q fan ad u 1 t mal e s e a 1 wei 9 h i n 9 83 k-g i n 1 a t e Mar ch wou 1 d b e . 
approximated by AOMR-2·(70 W 0.75) wheri~ is body weight in-

kg (Stewart and Lavign~ 1984). This ~esults in a~ AOMR of 3850 

keal, with 46% of this energy being derived from stored . -
1 

reservj!s. The ADMR of an adult female weighing 89kg at the , 

start of lactation would be 4~7 Keal. The cost 'of lactation 

" can be estimated from MP= «G+ (2 x 70 W 0.75» E-l where ~P 

o 

, 

r /\ " 

is milk production (keal), G is the growth inerement (keal) 

and E i~the proportion of energy in the milk available to the 

puP' as net e-nergy (Lavigne et il. 1982). ,1 'assumed a daily 
----- - " 

wei 9 h t gai n 0 f 0 . 44 kg d a y - 1 bas e dJ' 0 n \ a b i r t h wei 9 h t 0 f 5 kg, 

a .. weaning weight of ~kg (TaQle 7), a la_etation period of 45 .. 
dfYs and a calorie value f~r the weight gain of 5.25 keal g-l , 

( S tir 1 i n 9 and MeE w e ,n 1 9 l/?). E wa sas s ume d t 0 b e O. 8 5 ( And ers 0 n 

and Fedak 1987). Oaily milk production costs the femalè 3962 

keal x 1.4 ,(Anderson and Fedak 1987) resulting in a total 

, d a il yen e r,g y r e qui rem en t 0 f 9603 k cal. Fe mal e s los e an, a ver age 

qf 467 g. day-1_ or 4093 keal day -1 which would supply 43% of 

the ire s t i mat e d d a il y r e q'U f rem en t s. A'f ter a 1 a e t a t ion p e rio d .. -
/ 

t. of 45 days females have lost 21 ~g or124% of their body \ . 

.' '. 

. 
weight. This is similar to the estimated 16% to 22% weight 

los s r e p l' rte d for ho 0 d e d s e a 1 s (C y ~ top h 0 ra cri s t a ta) ( B 0 w e n li 

il. 1987) and harp seals (Phoea groenlandiea) (Stewart and 
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~ 

Lavigne 1984) , but 

reported for the 

15 much 

Weddell 

83 

lQwer 

sea15 

than the fi gure of 46% 

(Leotooychotes wedde11l) 
"1 

(Tedman and Green 1987), which occupy the aotarctic fast-ice. 

The accuracy of these ca1cu1at1ons depends on the a5s"umption 

J th~t all females give birth at the same time. In ringed seals 

the p uppi ng sea s on extend's from 'ea r 1 y Ap ril un t il mi d -May and 

it is not possible to determine how 100g animafs have been 

1 a c t a t i 0 g. The r e-f 0 r e , i t i s 1 i k el y th a t the ab 0 v e cal cul a t i 00 s 

underestimate the actual rate of weight loss (Anderson and 

Fedak 1987). , 
, 0 

Al though ri nged sea 1 s do feéd, 'under the fast i ce, i t i s 
, 

apparent that they depend on stored body reserves to suppl y 

much of their dai1y energy requirements. After the pups are 

c: -weaned, the adults continue to lose weight in the spring since 

mue h 0 f the i r \t i me i s s pen t. ha u l e d 0 ut 0 n the i ce for' the 

moult (McLaren 1958a; Smith and Hammill Ig81).· Intensive 
~ 

fee-ding resumes in the ,summer, just after breakup. The 

improvement in' condit ion documented duri ng the fall and early 

winter (McLaren 1958a; Smith 1987) may be 'cruciah to 

. r e pro duc t i v ~ suc ces s ( Sm i th - 1 9,87), bec a use 0 fit s po s s i b 1 e 
- 0 effects on implantation in the early fall and ovarian function 

in the subsequent spring. Foraging aàivity in the fa1~ 
ct 

depends on both overa11 food abundaoce aod access to food 

resources. 1 proposed in sectioo 11- that c'Ondition will be 

higher in years when the ice co0501 idate5 late in the season 

because foraging would not be limited by the need to maintain' 

) 

~~ " .. " t('tl \ r·---~ Jt;: ~: ~!~ 

", 
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breathJng holes. the i ce consol1 dated 1 n 1986, 
~ 

one to two 
. \ 

months later th an in the previous two years and in some areas 
~ 

open water or loose pàck ice persisted throughout the winter. 

ln adults, no differences _in body condition 'were observed 

between years. but ,se. 1 , de~s it i es ln the ~dY are~s ,were; 

lower in 1984 and 1985 than in 1986. Smith anCl Hammill f (1981) 

pr.oposed that female's defe.nd small territories" around the 

birth l.air complex, within territories maintained by males. 

'Adul ts may respond to reduced ava il abi li ty of fO-od _ by 
" r 

increasing the' spacing ~etween individual seals ré$ulting in . 
lower ~eal densities. Juvenile ~eals collected in 1986 were in 

significantly better condition tha~ juvenil~s c~llec~ed in the 

previpus two years.' ThtS' provides some support for' the ,abovÉ! . - , 
- hypothesis, but a l~rgef data set is required b.fore it can be 

adequately tested. 

f 
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Table 1. 

Age 
(-years) 

l, 
1+.- 7+ 

> 7+ 

, 
'Y 

"~" ";;. "", "" "'/ \ "" .," , , 

89 

. 
Sex ratios of an1mals col1ected in Barrow Stra1t betwèen 

-Harch and June 1984 to 1986. 
~ 

0' 

1984 \ 1985 1986, 
M:F M:F M:F 

~ 

3: 1 5:"3 , -'2:2 

18:15 11:6 3:4 

21:15 38:29 20:32 
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'G Table 3. C~apmân-Robson (Robson and Chapman 1961) and Heinke l' 

, , (1913) survivorship est1mates to/test representation of 
age class~s in sample. :~ 1s s1gnff1cant at p <0.05. 

1 
n.s. = not sign1f1cànt. ' 

-,. RI 

fp " 

Year Age Robs.on-Chapnian Heinke X2 Psig. 
. y ± Sp , 

s 

'- - 1984 0-20 0.881 ± O. 013 ., 0.935 2.42 n.s. 
1-20 0.874 ± O. 014 0.944 3.72 n.s. 
2-20 0.864 ± 0.016 0.721 13.66 * 
3-20 0.887 ± 0.015' 0.959 2.90 . n. s. 
4-20 0.877 ± 0.017 0.936 1.14 n.s. 
g-ZO 0.833 ± 0.026 0.943 3.63 n.s~ 

10-20 0.811 ± 0.030 0.909 2.57 n.s. 
12-020 0.755 ± 0.042 0.963 8.41 *" 

1985 0-20 0.899 ± 0.010 0.959 4.35 * 
1-20 0.892 ± O. 011 0.894 0.002 n.s . ... 
3-20 0.892 ± 0.012 0.973 5.79 * 
4-20 0.882 ± O. 013 0.986 8.68 * 

( 5-20 0.868 ± 0.015 0.986 10.16 * , 7-20 0.849 ± 0.017 0.943 <- 5.83 * !-

8-20 0.832 ± 0.019 0.955 8.75 * 
0 9-20 0.807 ± 0.022 0.953 10.91 * 

10-20 0.774 ± O. 026 0.867 3.81 n.s . 

. 1986 0-20 0.909 ± O. 011 0.954 1. 74 n.s. -
1-20 0.904 ± 0.012 0.935 0.J7 n.s. . , 

2-20 0.901, ± 0.012 0.983 4.82 * 
5-20 0:883 ± 0.015 0.982 5.90 * 
6-20 0.869 ± 0.017 0.963 4.79 * 
7-20 0.855 ± 0.019 0.981 7.75 * Q 

8-20 . 0.833 ± 0.022 0.863 0.38 n.s. 
11--20 0.788 ± 0.032 0.917 4.54 * .. u 
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Table 4. Humber of pr-egnant and lactat1ng females shot in e~rlY~ 
spr1ng. 

Date' 

- 1!efore 22 March 
0 

23 Mar - 2 Apr 

3 Apr - 13 Apr 

14 Apr - 24 Apr 

25,Apr - 15 May 
0 

6 May - 1~ May 

17 May - 27 May 

o 

G 

" 1 

NlOber pregn ant 

2 

2 

1 , 
\ 

0 
\' , 

0 

o 

o 

Number 1 actat i n9 

) 

, 
• 

0 

0 
;' 

1 

2 

2 

7 

.L. 

" 

--~_-.~,~--
o 

". " 
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Table 5. Age specifie ovulation rates for females collected in 
1984, 1985 and 1986. 

'ï' 

1984 
, 

1985 198;6 
All years 
comb1ned 

Age~< N Proport ion N Proport ion N a Proport ion' N Proport i on 

1 2 0.0 4 0.0 1 0.0 7 0.0 

2 8 0.12 1 0.0 ) 9 0.11 1 

3 '2 0.0 \ 2 0 .. 0 

4 1 - 0.0 1 0.0 .. , 
5 3 0.0 ,1 0.0 4 0.0 

" , 
.. 6 ~ 3 0.0 .. 0.0 3 0.0 

7 0.0 1 1.0 1 1.0 

8 \ - 2 0:5 2 1.0 (- 0.75 

9 1 1.0 2 1.0 4 1.0 7 1.0 

10 1 1.0 2 1.0 3 1.0 

11 l' 1.0 1 1.0 
-< 

12 3 ·1.0 5 1.0 8 1.Q 

>12 9 0.78 12 0.58 11 1.0 32 0.78 

. . 

. ,~ 

.; j 

, 
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Table 7. Morphometrics o~ neonates col1ected in the spr1ng. AU 
~1mlls had s11ver jar pel age. 

/.": 

( 
'~ \ . ''-..,. ',~ --------: 

" . \ 

Specimen Date Sex Standard 81ubber Body R~kS '. ; 

number len~h th-1çkness we1,ht-
(cm) (cm) (g , . 

, .. 
8619 18 May 86 ,FI - 88 3.4 20000.0 Shot 'bes1de female 

2634 3 Jun 86 M 79 1.6 12045.0 Empty stomach "-

8664 8 Jun 86 F 91 4-.0 227~7 .0 Milk in stomach 
( 

'19091. 0 . Mil k 8565 6 Jun 85 M 82 3.2 in stomach 

8569 10 Jun 85 M 91 3N 23182.0 Milk in stomach , 

8583 13 Jun 85 M 75 1.4 9545.0 Mysids in stomach 

8479 18, Jun 84 M 81 2.0 12045.0 Empty stomach 
" 
" ~ ( 8480 23 Jun, 84 M 83 2.2 1&590.0 Emptj stomach , 

\ 

8482 23 Jun 84 M 85 "2.4 22045.0 Empty stomach 

/ 
~ 

• 

... 
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Table 8. Est1mated parameters and standard errors from von 
Beçtalanffy growth curves calculated for three populations' 
of r1nged seals. Bo 1s asymptot1c length (cm), Blis a 
growth rate constant (cm/yr), and B~ 1s the age (years) 
when length 1s 0 if growth cont1nued as described by, the 

, 

equation. - 1 

, Barrow Strai t Baffin Island, - Amundsen Gulf 
, 

Males Females Males Females Males Females 
N=114 N=106 N=54 N=33 N=629 N=725 .. 

, B 0 141.86 135.63 141.05 120 .. 46 130.10 123.24 
±3.47 ±3. 7~ ±9.40 :15.13 :1:2.32 ±1.14 

BI 0.17 0.17 0.11 0.25 0.18 '0.2.5 
iD. 03 ±O. 04 :t!).05 :iD. 12 :t!).04 :t!).04 

• 

B2 -0.76 -0.87 -1.04 -1.16 -1.11 -1.14, 
:iD. 05 tO.07 ± .11 :iD. 16 j(}.06 j{).08 

tl 
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Table 9. Regression equat10ns to pred1ct we1ghts of dtffer~nt body 
components fram gtrth and length data. Netghts are in 9 • 
g1rth and length are in cm. 
\ 

2.0527 
Body ., • 0.1509· Max 1 mllll St and ard 
Netght (g) G1rth Length 

R 2 • 0.98, df • 2,268, F • 5296 

2.9764 
, Sculp 

Neight (g) 
• 0.0251. Max 1mllll R 2 • 0.92 

Skin = ,Standard 
Ne1ght (g) Length 

G1rth df -.1,265 

1.7545 

. 
/ 

df • 1,25 

0.6891 

F • 3268 

F • 70503 
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Table 10. ,Age, sex, we1ghts of d1fferent body components and body~fat composition of al seals. 
,>, 

) 

Body Sculp _ Percent, Perce'n't Percent Percent 
Weight Weight Body Carcass Blul)ber V1scera 1 

Age_ Sex N kg kg Fat Fat Fat , ~r-! 
;'-'; 

r Range Y Range r Range r Range Y Range Y Range 
. , 

, 

1 F ' 1 6.4 4~8 14.6 6.8 7.4 0.4 ' ' ' ( 

1 M 1 12.5 4.3 20.2 3.1 16.7 '0.4 
, \ 

~ 

2 F ·3 16.1 14.3-17.-5 6.1 5.4- 6.4 24.4 19.3-28.8 2.8 2.4-3.1 21:2 16.0-25.3 0.3 0.2-0.5 : 
, " 

2 M 2 18.8 18.4-19.1 7.6 6.4 .. 8.9 27.9 18.9-36.8 2.4 2.2-2.0 25.2 16.4-33.9 0.3 0.2 .. 0.3 : 
-

5 F 1 28.6 12.3 33.0 5.2 27.6 . 0.3 

7 M 1 45.9 23.2 53.7 3.1 50.4 0.2 

> 8 F Il 65.4 44.3-86.8 28.2 15.0-38.6 ~5.1 28.5-53.7 3.1 1.7-5.0 41.8 25.6-51.0 0.3 0.2-0.3;, - ... 
> 8 M Il 63.8 48.6-82.7 25.5 21.6-32.5 ,40.9 31.8-46.1 • 3.4 1. 9-5.4 37.2 35.0-42.2 0.3 

~ , 

0.2-0.4 : 
# 

~ , 

." 

,,~ . 
1 ~ 

/ 
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Table 11. Pearson correl ation coefficients and probab1l1ty levels. 
between percent body fat (g fat. 9 body wt. -1) and indices 
of condition. . 

r'''--'''' 

/ 
Condition Index Pearson correlat ion 

·.Î ~.-/ coefficient 0 

Seulp we1ght '\ 0.9421 
Maximllll girth,~l J 0.0001 

ft \ 

SCalP weight '0.936 
'St an ara l engt h ~ 0.0001 

Body weight 0.875 
Standard, length 2 - 0.0001 

Maximum ~irth2 0.890 
:-~; 

Standard ength 0.0001 

B l ubber th i cknes s 2 0.8000 
St and ard 1 eJlgt h 0.0001· 

Ax 111 ar* ~irth 2 0.392 
Standar ength -.Jo 0.030 
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Table 12. 

Adults 

1986 

1985 

1984 

Juveniles 

1'986 

1985 

1984 

"/" "-~""." 

Mean condition of adults and juventl~ seals collected in 
1984, 1985 and 1~ us1ng the index sculp we1ght· / 
(max1Mum g1rth)- ... ob , <f . 

N Mean Standard error 

1 

\ 
~~_ê;> 

75 2.38 < ,1 0.04 

69 2.36. 0.04 

38 2.45 

J 
0.05 

18 2.02 0.13 
. 
26 1.61 0.09 

37 1.69 0.07 

• 
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Table 13. Mean reproductive rates of female r1nged seals from 
different populations. Amundsen Gulf data excludes low 
years (Smith 1987). 

A 11 age groups 
" ) 

Barrow Strait 
all ages 

Amundsen Gu 1 f 
(Smith, 1987) 

Baffin Isl and 
(Smith 1987) 

Baffin 1s1 and 
(McLaren 1958b) 

Alaska 
(Johnson et al. --
Baltic Sea 
(Helle 1977) 

;' 
\~ 

, / 

-

Reproductive Rates 

0.45 

0.54 

0.62 

0.779 

0.857 
1966) 

0.261 . 
~ 

9 • 

Reproductive Rates 
An1ma1s > 8 years old -

0.634 

0.747 

0.810 

0.300 

---............ --~,....-~ .... - ---- -#>'., .... -,. .... # + .... "'''' -_ ............ - _ .... ~ ............ :; "'--' ~ ~ -~ -
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Figure 1. ,. 
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1 • 

Map of study area· showing locations of 
ma'i n hunt i ~g effort. 
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'. 

Age frequencies of seals col1ected between 
Harch and June, 1984 te 1986 in Barrow 
Strait. -:} 
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Figure 3. 
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Changes in body' conditiOn of ringed seals 
in Barrow Strait between March and June. 
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SUMMARV AND GENERAL CONCLUSIONS 
' ...... 

At the present time, , surveys us; ng dogs to locate the 

subnivean structures of the ringed seal are the only means of 

studying its distribution and abundance in the fast ice. The 

in10rmation presented in Sectio~ 1 represents the first 

detailed examination of the dog survey method and its 

shortcomings. The results show that seal holes are a vavlid 
o 

index of seal abundance, but the ability of the dog to de~ect 

lairs varies with local conditions. The combination of removal 

sam pli n 9 and the do 9 sur vey te ,c h n i que pro v ide sam e ans 0 f 

estimating seal hole dellsity. This method also provides a '0 

me a sur e 0 f sur vey q t.I a lit Y wh i chi ses sen t i al i f c 0 m p'a ris 0 n s 

are to be made between different studies. 

In Section II, it was shown that the fast ice is a very 

heterogeneous hab i ta t s ub.j ect to marked year to yea r ch ange s 
/ o~ 

in ice and snow èonditions. By occupying this habitat the 

ringed seal has increased its exposu,re to terrestrial 

predators. The utilization of multiple breathing holes or 

haul-out lairs and the ability to scratch new holes in_the ice 

are a direct response to predation pressure. 

The strong positive correlation observed between sea' 

abundance and the habitat featu~es; late consolidating ice and 

deep snow coyer was tne Most signtificant finding in Section 

II. This prov1des - some support for the hypothesis that the 

r 
_ .. _. J_ •. _ 
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amount of h abi tat su i tab 1 e for breed i ng 1 s an important' factor 

lim1t1ng r1nged seal populations, but 1t a1so suggests that 

-• access to adequate food resources before frêeze-up 1s an 

important consideration in the early winter months. Habitat 

conditions had an important effect on the distribution of 

fema1e sea1 s 1'n, the fast ice t but social factots may control 

the distribution of male and Juvenile animals. It has- been , 

proposed in. previous 'studies that males maintain underwater 

territories.- from which other males and Juvenile seals are 
\ 

,excluded. "{t is unlikely that these territories' would be 

estab1ished unti1 aft~r the ice had conso1idated and reached a 

thickness at which seals would be reluctant to dig new holes. 

At·t~is time the movement of seals u~dern~ath the ice would be 

limited by their access to breathing ho1es. Defense of 

terri tori es would not begin in earnest until after 

parturition, when the movements of the female are restricted . . 
by the demands .of the pup and would last until mating which 

takes place in 1ate May, five to six weeks after parturition . ., 

The age composition, age\ s'Pecific reproductive rates and 
r • 

body cond i t i on of ringed sea 1 s occ upyi ng the fast i ce we re 

examined in Section III. The results frQm thi~ section su~port 

the findings in Section II and ptevious Judies that juveA-ile 

anima1s are exc1uded from the breeding habitat. 
~. 

Age specifie reproductive rates for ringed seals in Barrow 
, 

St ra i t were 10wer than reported for· ri nged sea 1 popul at ions 

from other areas. These differences are thought to result From 

~ \ .P ............ T~Z_· ___ ·~~~~~~~~ __ ~~ __ ~~~~ __ ~ ___ ~_ - . 
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the different methods used in other .stud1es to calculate these 

rates. Prev10us studies have used evidence of ovulation, a 

bl as~ocyst chamber ~r a small fetus to i ndi cate pregnancy. 
, . 

These methods overestimate reproductive rates because 

reproductive fa1lure can oceur at any stage between ovulatton 

and parturition. 

Ri nged s ea 1s depend heavll y on body 're serves accumu 1 a ted 

during the autumn months to carry them through the winter and 
1 

spring. Foraging in the fa11 and early winter will be affected 

by both food abundance ·and access to food resourees. Earl y 

consolidating 

aetivity is 

iee interferes with fo~aging be-fause seal 
\ 
1 

restricted by the' need ta maintain breathing 

ho1es. In order to test this hypothesis long-term studies 

monitoring reproductive rates, body conditi~n .and habitat 

·conditions are required. 
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