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Abstract 

Belween 1974 and 1975, Illere \l' as a drop of about 
50y,: in the numbers of ringecl ,lIlci bea rcl ecl seals in tlle east­
e rn Beau fon Se", follo\\'e cl b) a fu nher 2 yea rs of 1011' n Ulll­

I)ers a!'ter which, in 1978, tlle population more thall c1ou­
hled. The c1ecline in nllmbers appeareclto be associated with 
panicularly hea\'y ice conditions in tll e \l'inter of 197 :1-74 , 
which Illa\, hal'e redu ced the food al'ailahle to se,ds. 
The resu(ting hea\'l' \\'inter mortalit) , cOlllhineci Ilith rc­
duced productil'it) and large-scale el11igratioll. could be re­
spollsible for the drop in nUl11bers. Illlmigration appe<lrs to 
he responsible l'or the large increase in 1978. 

Ringecl seals prefer \l'aler \l'itll high ice cOler and 
Illoclerate c1eplll. Bearcled seals prel'er broken-ice areas OI'e r 
shall()\\' "·,,ter. The greatest densllies 0/ ringed seals \l'ere 
recorcled intlle j'ast ice along tlle Yukon (oast, around ( :a pe 
Parr). and along th e southwest coast of Banks Is land. The 
greatest densities ol'bearded seals Il'ere lound in the sltallow 
\l'ater "reas ofTtlte TukLOl'aktllk PeIliIlSIII,1. 

Ecological conditi(;ns in lite easle lïl Bealliort Sea are 
highl) l'ariablé' ancl cause changes in the cli st rihution ,lIlci 
abunc.lance 01 ringed and bearded seals. Thus, 1Il;lIlagelllcnr 
of tllese species as Il'e ll as ,lsseSSlllent of the possihle cOl\Se­
queIl ces of mall-\ll ,H le c1etrilllelllal elTeets mu st be tlexible , 
d e pe ncling onlhe statll s olthe populations atlhe tillle. 

-" 

Introduction 

Aerial sllrl'eys of' the ringed seal (PII(){({ his/ilr/a ) ancl 
the bearcled seal (Erigllalhus !m rl!nllls) in the e,\s tern Beaulort 
Sea \l'ere lirst conducted m 1974 as pan of the Bea ulon Sea 
Project (Stirling pI al. 1977), The re were t\l'O principal objec­
tives: to provicle baseline inrormation on the distribution 
ancl abunclance or ringed and bearclecl seals in the eastern 
Beaufon Sea; dndLO iclelltily cr itical geographieal areas that 
rnight warran t protectioll Irolll , or Illoclihcdtion 01', hydro­
cdruon exploration and produ ction aclÎvilies. 

Bet\l'ee n 1974 and t97;,) there \l'as a decline of a bout 
5or,;; in t.he nUlllbers of ringed a nd bearded seals (Stirlin g f i 

al. 1977). and a simultaneolls 90 '/( decrease in the nUlllbe r 01 
ringecl sea l pups born in prime breecling habitat (Smith and 
Stirling 1975, 1978). There was also a marked decline in 
both numbers <Incl nawlily orthe polar bear (Linus I//arilimus) 

(Stirling el al. 1975, 1976). This was the lirst time ill the 
Arc:tic that we could quantitalive l)' document su ch large­
scale changes clue to natural causes, even if ail the mecha­
nisms Il'e re not clear. For environlllent<ll assesslllent 
purposes, Il'e lelL it \l'as imp0rLantto cloculllenl lhe reco\'ery 
l'romlhis m,0or dec:lllle, Also, the rime required 1<>1' a sea l 
population to recoller l'rom a n<l tu ral c1ecline mi g ht incli ca te 
the time required [() reco\'er l'rom Olle callsed or <lggra"atecl 
by man . For these re<lsons, the su l'vey of seals I\'<lS re pea led 
anllually l'rom 1 q74 10 1979. 

'This re port analyses ail () years of aerial sune)' d<lta 
and c1escribes the changes in estim<lted populations, We also 
disC1l5S fa c tors th<ll inHuence the distributions or ringecl <Incl 
bearded seals. 

Methods 

1. Studyarea 

The stlldy area \Vas a coastal strip 160 km \Vide along 
the southern and eastern shores or the Beaufort Sea and 
western Amundsen Gui f as fa r east as 123°45' W (Fig. 1). 

The easlern Beaufort Sea is pan or lhe Arctic Ocean. 
The distributions of sea ice, shore leads , ancl polyn y<ls are 
inHuenced lllainly by marine currellls <Incl winds, There is a 
conlinuou s c10ckwise cUITent (the Beaufort Cyre) that flolVs 
south along the west coast of Banks Island and west along 
the mainland coast into Alaska, a her whicll it Hows north 
<lgain to\\'ard the North Pol e, A more localizecl ecldy, in­
Huenced by the outHow ofthe Mackenzie I{iver, c reates east­
bouncl currents close to shore alollg the TukLOyaktllk 
Peninsul a. 

There is a continental shelf of variable width along 
the main land coast and the west coast of Banks Islancl. Near 
the coast, the ll'ater is u]) to 50 m deep, while offshore the 
colllinentai shelrmay be 500 lO 700 m deep. The m ax imum 
depth l'il nher ou t is abou t 1500 m, The continental shelf is 
widest along the Tuktoyaktuk Peninsula, narrowes t west of 
1 he mOllth of the Mackenzie River, and of intermediate 
wiclth ,dong the west coast of Banks Island. 

The area has a cold clinwte.June temperatures may 
reach 25°C a nclthe January minimulll is usually below - 4Doe 
(Thompson 19(2); cl<lily variations are reducccl by the 
maritime inAuence. The sea begins to freeze between late 
Septelllber and earl)' OClober and is Illostly ice-covered by 
late November, allhough the pattern varies from ye<lr to 
l'ear (L.indsay 1975, 1977; Smith and Rigby 1981). 

The seaward bOllndary of the land-fast ice along the 
Tuktoyakluk Peninsula roughly coincides with the 20 ni 

clepth contour (Cooper 1974) and may extend up to 50 km 
ofl'shore . Beyoncl this . a system of recurring shoreleads and 
polynyas, parallel to the 1ll ,1Înla nd coast, extencls into the 
western entrance of Amundsen Culf andnorth along lhe 
west coast of Banks Islancl. The size and distribution of these 
leac\s <Ire largely inHuenced by currents and winds (S mith 
and Rigby 1981). In !l1ost years. there is little multi- yea r ice 
within t he survey area, although the outer limit borders the 
edge or the permanent polar pack. PlIddling on the annual 
ice and break-up in the Cape Balhurst polynya and <Jlong the 
recurring shore-Iead systems begin by rnid-J une in lllost 
years; break-up is usually complete by mid to lateJuly. The 
extent of open water along the mainlancl coast and the west 
coast of Ban ks Island depencls mainly on the strength and 
direction of the wind, 

The biological prod uctivity of the Beau lort Sea is 
generally thoughtto be 1011', although this is poorl y qu,lr1ti­
lied (Davis et al. 1980). Although some short-term site- 5 
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Figure 1 
Stlldy area with strata and transect lines 
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specifie studies have been done (e.g. Grainger 1975), 
no year-round large-scale studies have been conducted. 

2. Survey design 

Ringed and bearded seals are most easily seen and 
counted when they are resting on the sea ice. The greatest 
numbers of seals haul out on the ice to moult in late June, 
immediately before break-up (McLaren 1958a, Smith 
1973a,h). After break-up, seal distributions and densities are 
more variable. There is also a daily cycle in the number of 
se ais hauled out on the ice, usually reaching a maximum in 
early to mid afternoon (Burns and Harbo 1972, Smith 
1973a, Finley 1979). To count the greatest number of seals 
hauled out on the ice, we Aew as much as possible during the 
daily peak and during the moulting period. However, there 
is no accu rate way to deduce the total number of se ais pre­
sent from the number hauled out. Consequently, these 
surveys are indices of abundance rather than counts of the 
total population. 

Aerial surveys for se ais have recently used a number 
of designs (Burns and Harbo 1972, Smith 1973h, Smith et al. 
1979, Helle 1980, Stirling et al. 1981). This survey was a 
strip-transect survey Aown at medium altitude, and was 
based on a systematic sample. 

A series of transects, 15' of longtitude apart and 
160 km long was drawn north l'rom the mainland, and a 
second series, also 160 km long but about 5' of latitude 
apart, was éirawn westward l'rom the coast of Banks Island. \ 

In total there were 100 transects. From our previous 
observations of seals in the study area, we suspected ,that 
their distribution and abundance were not uniform and so 
we divided the study area into four strata. Stratum l, at the 
western end of the stud y area, is most aHected by the outAow 
of the Mackenzie River and, generally, has fairly deep water; 
Stratum 2 has considerable shallow water over the contin­
ental shelf, a wide band of annuallandfast ice and a recur­
ring series of east-west leads running parallel to the coast; 
Stratum 3, which includes the Cape Bathurst polynya, is 
characterized by extensive areas of relatively unstable ice 
over deep water; and Stratum 4, farther north than the 
other three strata, has north-south leads parallel to the 
west coast of Banks Island, a narrower continental shelf 
than Stratum 2, deeper water farther offshore, and 
relatively stable ice that often remains throughout the 
summer. 

Because of the cost, not ail transects could be 
surveyed, so a 60% stratified random subsample was drawn 
from the 8.5% systematic strip-transect sam pie, giving an 
overall sampling fraction of 5.1 % (Fig. 1 ).ln Stratum l, 
10 transects were selected out of 16; in 2, 18 out of 30; in 3, 
15 out of 26; and in 4, 17 out of 28, of which, however, 
only 16 were Aown in 1974. 

Transects had been surveyed in 1972 between Hol­
man and Cape Pany and between Holman and Nelson Head 
(Smith 1973h). In order that we could compare our results 
with those obtained before our surveys were started in 1974, 
we repeated the se transects in 1977, 1978, and 1979. 

3. Data collection 

The survey was Aown in a Cessna 337 at air speeds of 
120-140 knots (220-260 km/hl and at a height of 150 m, 
or 90 m when fog seriously reduced visibility. The transects 
were 800 m wide. The 400 m wide survey strip on each side 
of the aircraft was divided into inner and outer 200-m-wide 
strips. We aligned marks on the wing struts with marks on 
the windows to delimit the strips. ln 1977, we improved the 
method of placing the marks to take into account the blind 
are a directly below the aircraft. 

From 1974 to 1977, navigation was by dead reckon­
ing with a directional gyro. Ground speed was corrected for 

Figure 2 
Field sheet lIsed to record data on the sllrvey 

RINGED SEAL AERIAL CENSUS 

SURVEY DATA FORlI 

Date: '9/~/.2S" 
Observer(s) : WC (/1 $/~E) w/ndNNE 

Sight Angle: 

Alti t ude: 500' 

estimated wind speed and direction. The shoreline ends of 
transects were confirmed from 1 :250000 topographie maps. 
In 1978 and 1979, we used an OMEGA-GNS 500 Global 
Navigation System. 

Seals hauled out on the sea ice were identified to 
species and counted separately for the inner and outer 
survey strips on each side of the aircraft. Records were also 
kept of sightings of bowhead and white whales (Balaena 
mysticetus and Delphinapterus leucas) and polar bears, even 
when outside the transect. 

We used an interval timer to facilitate recording the 
data in units of 2-min duration. A stopwatch was used to 
time intervals Aown over land (small islands, spits, etc.), 

Air Speed: Estimated ground speed: -177 ""ph 

Hap Nunber: 

Transect Number: ~7 Initial coordinates: Headings: .s 
7''''7.0 - f2~J().() 

REHARKS: 
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Time 1,/17/ Observations r'~ "",. Total 0 1 S W 

NPr:IZ.3~ GLA S Z. .y , 7~A tiIVS.' fS'6" /ds 7 

.9 " frhD/e f,. 7 

~ tP~ , 
.2 7.tA ('/~ /eads D!nenfna) 7 

~ 1/",1, f,./~ad .2,,. 7 

/li 7~M 2rh l2r 7 13 
.f' tP.lA JO S 

50 6.lA 6 S 

2 ~LA If.1 ad hel" No n",",w lead. 3h'!! .JS , tP~ 1" .J 
6 3Uf Ifm Ir .15 , 7~A frh Ifm f,6 Floe I2rfD 7 .s 

f.7(7(7 8.tA tri? lm lm l1m l,,. Ps 
2 '.lH frh 1 fI" 3 .,. 

'~A frh If,. l5 
6 " 9m I~r S 
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12- " tDIJ l-vnlq ~r 2heal"s l' S2 
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'J6" 3tIf" 

~rH7~ 2 bears 1 #f ,.,;UTrcT. I~" - 31J16/uaa 
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which were subtracted from the related 2-min intervals. 
We then estimated average values for ice, cloud, and wind 
conditions during each 2-min interval. 

ln 1974, se al counts and ice coyer were the only vari­
ables that we recorded consistently; in later years ice type, 
cloud coyer, and wind speed were added (Table 1). We also 
recorded the size of each group of seals, and whether they 
were at a hole, crack, lead, or floe edge on the field sheets 
(Fig. 2), but did not transfer this information to the data 
forms (Fig. 3). A data file of water depths was compiled from 
hydrographic charts. 

ln each year, the same observer sat on the same si de 
throughout the whole survey. Over the 6 years, seven differ­
ent observers took part and, generally, the quality of the 
surveys improved with experience. 

Table 1 
Frequency of collection of data (in da y,) on habitat and survey conditions 

lce lce Cloud Wind 
cover type cover speed Survey data 

Year Stan End (0)* (1)* (5)* (W)* 

1974 
1975 
1976 
1977 
1978 
1979 

.lune 15 
June 12 
.lune 16 
June 12 
June 13 
June 15 

.lune 29 
June 20 
.lune 25 
June 21 
June 25 
.lune 25 

* Abbreviation used on data forms (Fig. 3). 

Figure 3 
Dal<l transcription sheet used /c,r the surveys 

o 2/3 0 
o 113 1/6 

112 112 112 
1 1 1 
1 1 1 
1 1 1 

MARINE MAMMAL OBSERVATION SHEET 

y M 0 Hr Min T No 
17,91t.:l,~ 12~1, ,.21.1,91 ~,71 1 1 1 1 1 

l' 1 1 '1- ~I,'I "1 1 Il 12
• 1 1 

1 1 1 1 ,1 l,II 1 1 1 1 ,,1 1 
1 1 1 1 1'-01 1 1 1 ,II 1 1 
1 1 1 1 • 1 21 1 l ' 1 1 1 1 
1 1 1 1 1 ,4'1 1 1 ,~I 21 Il Il 
1 1 1 1 1 ~I 1 1 1 1 .21 1 
1 1 1 1 1 ,II 1 1 1 1 1 1 
1 1 1 1 ISol 1 1 1 1 1 1 
1 1 1 f 1 21 1 1 1 1 1 1 
1 1 1 1 1 I,~ 1 1 1 1 1 1 
1 1 1 1 1 ,~I 1 1 1 1 1 Il 
1 1 1 1 1 l,II 1 1 1 1 Il Il 
1 1 1 1/ 316 01 1 1 , .11 1 ~I ,31 
1 1 1 r -1 21 1 1 Il ,"1 /1 1 
1 1 1 1 1 ,fil 1 1 /1 21 1 Il 
1 1 1 1 1 ~I 1 1 ,.21 1 ,91 1 , 1 1 1 1 l,II 1 1 1 1 1 1 
1 1 1 1 Il DI 1 1 1 1 21 ,zl 

1 1 

1 1 

'1 

1 1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

Il 
1 

4. Data analysis 

The sUI-vey area encompasses a wide range of 
longitudes from 123°45'W to 1400 30'W. Because the entire 
area was officially un der Mountain Daylight Time (MDT), 
the time of day at which the sun was highest in the sky varied 
by as much as four hours from noon (12:00). Because the 
seals' diurnal rhythm is related to the position of the sun and 
not MDT, we converted ail time measurements from MDT 
to what we cali "sun time", where 12:00 is defined to be the 
time at which the sun reaches its highest altitude. MDT can 
be converted to sun time using the equation 

sun time = MDT + 6 -longitude/15 
MDT = mountain daylight time 
6 is the conversion to Greenwich mean time 
15 is the earth's rate of rotation in degrees/hour. 

A more accurate time correction is possible, but it 
changes the above calculation by at most 5 minutes. 

We calculated the length and area of each 2-min in­
terval from the recorded ground speed, and then interpo­
lated the offshore co-ordinates (latitude and longitude) of 
the centres of the intervals along the transect. The water 
depth at those co-ordinates was taken from a separa te data file. 

The seal population for the entire area was estimated 
by extrapolating (or weighting) the counts from the flown 
transects. 

1 1 1 1 1 1 1/ 7,71/2013101 LS' .. S'.2 ~ 1 

1 1 

36

1 L .1 l 1 1"- IO,of"I7L~1 1 
60

1 1 

1 1 1 1 1 1 1 1 1 10 ~ 7051 1 1 1 
1 1 1 1 1 1 1 1 1 1071'SI 1 1 1 

1 1 1 1 1 1 1 1 1 10717 S"! 1 1 1 
1 1 1 1 1 1 1 1 1 1077051 1 1 1 
1 1 1 1 1 1 1 1 1 10.717-'1 1 "1 -1 

1 l 1 L 1 1 1 1 1 10 7 Il.§" 1 1 1 1 
1 1 1 1 1 1 1 1 1 107 .SI 1 1 1 
1 l ,31 1 1 1 ~ ~ ~~O~ 1 1 1 

1 1 1 1 1 1 1 1 1 141,91'.11 1 1 1 
1 1 1 1 1 1 1 1 ~ ~oJ1J"sl 1 1 1 

Il 1 1 L 1 1 1 1 1 10," 7 ,51 1 1 1 

1 1 1 1 1 1 1 1 1 10''-'6'1 1 1 1 
1 1 1 1 1 1 1 1 1 10 711~ 1 1 1 1 
1 1 1 1 1 1 1 1 1 10711..4"1 1 1 1 

1 1 1 1 1 1 1 1 1 1"1"'6"1 1 1 1 
1 1 1 1 1 1 1 1 1 10.1I1,JI 1 1 1 
1 1 1 1 1 1 ~ ~, :L o~ ~OAI.#,§"I 1 1 1 

1.211 
1 1 
1 1 1 1 1 1 1 1 1 1 

1 1 1 1 

1 1 1 1 
1 1 1 1 

1 1 
1 1 1 1 

1 1 

1 1 
1 1 
1 1 

The weight for the east-west transects is 

Wij 5.17 x 1.852/0.8045 

where Wij = weight for thej'h interval on i,h transect 
5.17 = transect spacing (minutes of latitude or 

nautical miles) 
1.852 = conversion factor (nautical miles to kilo­

metres) 
0.8045 = transect width (kilometres) 

The spacing of the north-south transects varied with 
latitude - the southerly ends, being farther apart, required 
the assignment of a greater weight. Thus a weight was 
calculate'd for each segment as follows: 

Wij = 15 x cos L ij X 1.852/0.8045 

where 15 
Lij 

transect spacing (minutes oflongitude) 
latitude at centre of j'h interval 

These calculations assume the earth is spherical and 
, one minute of latitude is equal to one nautical mile. 

We calculated densities of ringed and bearded seals 
for each interval, and used multiple linear regression to in­
vestigate habitat selection by seals, employing sets of binary 
variables to represent habitat factors (ice coyer, ice type, 
stratum, and water depth) and survey conditions (sun time, 
cloud coyer, and wind speed) (Table 2). 

Regressions used each 2-min interval as a data point 
and were unweighted. To mitigate the effect of non­
independence in successive intervals, which may produce 
spurious significances, a rather stringent significance level 
(0.005) was used. We ran regressions for ail years (1974-79) 
using ice coyer, depth, and sun time variables, and for 
1977-79 using ice type, cloud coyer, and wind speed as weil. 

We computed density estimates for each year for the 
whole survey area and for each stratum using transects as 
sampling units. The weighted total seals on each transect was 
obtained by: 

mi 

Yi = 2 wi/if 
j= 1 

and the weighted total area by: 

mi 

Xi = 2 wljaij 
j= 1 

where Yi weighted total seals on i lh transect; 
mi number of2-min intervals on i,h transect; 
wij = weight (spacing) of j'h interval on i,h transect; 
tij = number of seals ofj'h interval on i,h transect; 
Xi = weighted total area of i,h transect (km2

); 

aij = area ofj'h interval of i,h transect (km2
). 

A weighted ice surface area was obtained by: 

Zi 
mi 

2 WijaijOij 
j= 1 

where Zi = weighted ice surf~ce area of i,h transect 
(km2

); 

oij = ice coyer fraction on j'h interval on i,h 
transect; 

[1] 

[2] 

[3] 

Zi then replaced Xi in ail the following expressions whenever 
statistics relating to ice area were required. 

Then the estimate of mean density (seals/km2 ice) is 
given by: 

[4] 

where n = number of transects flown. 

Error variances of R were calculated in two ways: 

nf. d l 4 (n-1) . â:Zi)2 [5] 
1 1 

(Cochran 1963), and 

n- l 'n 

n2 (di-di + 1)2/2(n-1) . (2Zi)2 [6] , 
1 1 

(Kingsley and Smith 1981), where di = Yi-RZi. 

Table 2 
Variables used for habitat regressions 

Variable Type Description 

caver 

any 
twoplus 

~ 
sevenplus 
eight 

l' 
dglO 

fast 
Imy 
smy 
lan 
sman 

scatplus 
brokplus 
overcast 

windlp 

~ 
wind4p 

stratl 

~ 
strat4 

stl3 

stl3sq 

s~tlO 

stgtl7 

continous 

binary 
cumulative 

binary 
cumulative 

binary 
exclusive 

binary 
cumulative 

binary 
cumulative 

binary 
exclusive 

continuous 

continuous 

binary 
cumulative 

ice cover, minimum value zero; but 
0.125 is the lowest value occurring in 
regressions of density/km2 of ice 

,surface. 

ice cover classes: set to 1 if ice cover 
equals or exceeds 1/8,2/8 ... 7/8, ' 
8/8; cumulative variables, e.g. if ice 
cover is 3/8, then 'any', 'twoplus', and 
'threeplus' are set and ail the others 
are clear. 

depth class variables: set to 1 if depth 
exceeds class l , , . class 10; depth 
equivalents are 25, 50, 75, 100, 150, 
200,300,400,500, 1000 m; cumula­
tive variables. 

ice types: set to 1 if the ice type re­
corded was respectively fast, large or 
small multi-year Aoes, large or small 
first-year Aoes; large Aoes were more 
than about 400 m across; exclusive 
variables (i,e. only one of them can he 
set). 

cloud cover: set to 1 if the cloud cov­
er on and adjacent to the transect was 
respectively non-zero, greater than 
50%, or equal to 100%; cumulative. 

wind speeds: set to 1 if the wind was 
blowing, but at respectively any 
speed, or more than 5,10, or 15 
knots; cumulative. 

stratum: set to 1 if the transect fell in 
the appropriate stratum. 

a time variable equal to sun time in 
hours minus 13.0, so wecould look 
for declines in density on each side of 
13:00. 

the preceding variable squared. 

set to 1 if the sun time was respective­
Iy greater than 10:00-17:00 cumula­
tive, 9 
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We used the error variance S/ for calculating 
standard errors to be tabulated, because it is more 
appropriate for systematic samples l'rom serially correlated 
populations. We compared S 12 with S22 as a measure of 
the efficiency of a systematic sam pIe relative to a random one. 

An estimated surveyed population (PI) for each 
stratum was obtained by multiplying the weighted mean 
density by the weighted Hown ice al'ea: 

n n 

PI = R 2: Zi = 2: Yi [7] 

and was then grossed up by the stratum sampling fraction to 
give an estÏmate of the total visible population (Pli): 

where N total number of available transects. 

The standard error of Pu was obtained by: 

Total population estima tes were obtained by summing the 
estimates for individual strata. Their standard errors were 
obtained from the root sum of squares of the stratum 
standard err·ors. 

Error coefficients of variation were calculated bv 
el, ShtR.,wherek 1,2. ' 
If seals were randomly and independently distributed 
with uniform average density, eh would be approximately 
IN Li Lj lij' 

Measures of the dumpiness of seal distribution (Ch) 
were calculated by Ch eh 2. LLtij, where k = 1,2. 

[8] 

[9] 

Clump factor C2 is a measure of the short- to medium-range 
dumping of seals: their tendency to haul out in groups and 
their response to small-scale variations in habitat over dis­
tances of the scale of that between transects; Cl is greater 
th an C2 by the variation in densit y OVel" the range of transects. 

A components-of-variance model was created for 
testing differences between observers and between inner 
and outer strips. The error variance of a density estimate is 
assumed LO have two components, one (ab

2
) due to variation 

between observers or strips within transects, and one (a/) 
due to variation between transects. Vnder this assumption, 
the error variance of a density esti!.l1ate obtained l'rom a 
subsample (left or right observer, or inner or outer strips) is 

v,,, = CTa
2 + '(Th;!, 

and that of one ootained when entire transects are used is 

V, and Vu' are estimated by the corresponding values of 
S/ .The appropriate error term for comparing observers or 
strips is ab

2
, which is estimated by a!!2 2 (V, Vu,). 

5. Collection ofspecimens in the field 

Lower jaws and reproductive organs of ringed seals 
were collected 50 we cou Id monitor changes in population 
structure and possibly aid interpretation of the aerial 
surveys. 1 n 1974 and 1975 we collected ringed seals from the 
offshore ice during April, May, andJune throughout the 

10 study area, then during the summers we stationed a techni-

cian at Sachs Harbour to co\Iect specimens from ringed seals 
killed by lnuk hunters. Measurements, lower jaws, and re­
productive organs were collected from as many ringed seals 
as possible. Reproductive material was examined fresh 

. whenever possible and then preserved in AFA (alcohol­
formalin-acetÎc acid). From 1976 to 1979, an Inuk assistant 
at Sachs Harbour collected lower jaws and reproductive 
organs (1976-78) from seals killed by lnuk hunters during 
the summer and preserved them for later examination in 
Edmonton. 

6. Analysis of field specimens 

Ovaries were hand sectioned with a scalpel and the 
presence of a corpus luteum or corpus albicans of recent 
pregnancy, and follicular activity, were recorded. 

Canine teeth from the lower jaws were decalcified. 
then sectioned and aged (Stirling et al. 1977). 

Results and discussion 

1. Comparison of le ft and right observers and of inner 
and outer strips 

We counted in four survey strips so that the quality of 
the survey could be checked by comparing the inner and 
outer strips and the left and right observers. Differences 
between observers may be due to differences in visual acuity, 
experience, or concentration but may alternatively (or 
additionally) be due to errors in marking dle strUls or to a 
tendency for the aircraft to fly with one wing lower. The 
difference between left and right observers had its lowest 
value at 2.2% and highest at 24.9% (Table 3). However, the 
precision of the survey was such that none of these differ­
ences were statistically significant. 

The results of comparing the inner and outer strips 
were more variable, although each year more seals were 
counted on the outer strip (Table 3). This may have several 
possible causes: decreased visibility of seals near the aircraft 
because they dive more readily, are more difficult to see, or 
are in sight for a briefer periocl; a differential increase in the 
width of outer strips over inner whenever the aircraft banks 
to correct or main tain its course; or errors in marking the 
struts. 

The greatest difference was in 1974 when the den­
sities in the outer strips exceeded the inner by 104%. If this 
difference was due to banking or attitude variation in the 
aircraft, then the population could have been over-estimated 
by at least 50%, but if it was caused by missing seals in the 
inner strip, th en the population was under-estÎmated by 
25%. The differences in 1975 and 1976, although still large, 
were not as The differences were statistically 
significant in these 3 years. 

In 1977, the wing struts were marked 50 that the in­
ner survey strips did not begin directly below the si de of the 
aircraft, thus making seals near the inner border easier to 
see. From 1977 to 1979, there were no significant differ-

Table 3 

1974 0.447 0.358 0.541 0.265 8.26 1:1.22 
1975 0.369 0.361 0.410 0.320 10.38 13.72 
1976 0.257 0.231 0.287 0.200 2.58 367 
1977 0.220 0.242 0.245 0.217 2.65 3.91 
1978 0.424 0.444 0.437 0.431 9.99 13.69 
1979 0.356 (J.43 1 0.427 0.3S9 9.75 15.74 

* As a percentage of lhe smaller value. 
t Significanl al 0.00 1. 
1: Significant al (J,O 1, 

ences in the densities of seais in the inner and outer strips. 
ln fact, in 1978 the difference was only 1.4%. 

It would appear that the differences between the in­
ner and outer strips from 1974 to 1976 were aggravated by 
undersampling of the inner strip. Thus, the population esti­
mates for those years, and for 1974 in particular, are liable 'to 
below. 

2. Ice distribution 

ln most years, transects were flown only over areas 
where there was ice. The extent of the ice cover varied be­
tween years (Fig. 4a-c) and, in general, could be inferred 
from the extent of the flying. 

The extent of the total ice cover and the distribution 
of different proportions of cover may also vary within the 
study area over a period of days as wind and weather 
change, 50 the following comments can be of a summary 
nature only. lt appears that wh en ice begins to break up and 
melt, il does so quite quickly in localized areas. Thus, in the 
most common pattern of distribution, there is a large frac­
tion of 7/8 to 8/8 ice cover, much less 4/8 to 6/8 cover, and 
usùally negligible areas at 2/8 to 3/8 (Table 4). The area with 
only 118 cover is usually larger than the 2/8 or 3/8, and main­
Iy represents strings ofbrash ice and fragments in the last 
stages of melting. 

The 2 years of highest ice cover, 1976 and 1978, 
had rèlatively small fractions of 8/8 ice cover wÎlh a shift into 
the 7/8 and 6/8 fractions. 1977 also had a low fraction of 
8/8 cover, with a shift into 6/8, which constituted 27% of tbe 
ice-covered area. 1975 was notable for its particularly low ice 
cover. Open water prevailed over much of the eastern 
Beaufort Sea and western Amundsen Gulf except for nar­
row shelves of fast ice along the mainland coast and the west 
coast of Banks Island. 

9.91 2.00 6.201 24.86 
6.69 0.22 2.45+ 2.22 
2.17 1.26 4.18t 11.37 
2.51 -0.97 1.23 -9.84 12.64 
7.39 -0.50 0.16 -4.55 1.44 

Il.80 -1.53 1.38 -21.04 18.84 

Il 
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Figure 4 
Distribution each year of ice in the survey area 
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Wh en the proportions of ice cover in the different 
strata are compared between years, it is apparent that 
Stratum 1 has the greatest amount of cover and i~ the most 
consistent between years (Table 4a). It had only a 10% dif­
ference between 1978, the year of greatest total ice cover, 
and 1975, which had the least. Stratum 4 was the most 
variable with a ratio of 4.5: 1 between the greatest and the 
least (Table 4d), while strata 2 and 3 were intermediate 
(Table 4b,c). 

Table 4 
Pcrccntagc distribution by stratum ofice cover, area surveyed. and area of 
icc CQver 

3. Influence of habitat and survey conditions on 
ringed seal density 

Ringed seal densities were regressed on cover and the 
binary variables for ice cover classes, depth classes, and sun 
time to give the coefficients in Table 5a. The appearance of 
cover in ail the results (except those for 1978, when cover 
was uniformly high) showed that density of seals would be 
better expressed in seals per square kilometre of ice than per 
square kilometre of the study area. This density was ac­
cordingly calculated and regressed on the same independen.t 
variables; the constant term, which had been optional in the, 
previous regressions, was made compulsory. 

The results obtained (Table 5b) varied between years. 
Although the coefficien'ts of determination were usually low, 
certain general conclusions seem apparent. In 3 years (1974, 
1977, 1979), 8/8 ice cover entered with a positive coefficient, 
indicating a preference for a high proportion of ice cover. 
However, 8/8 ice is usually first-year and landfast, and ice 
age and condition were not offered in thesè regressions. 
A second seJ ofregressions mn for 1977-79 (when ice type 
was recorded), showed a positive preference for fast ice in 
one of 3 years (Table 5c). 

Depth preferences were less clear. Density increased 
beyond 50 m (1977) or 75 m (1979) (Table 5c) and decreased 
again in deeper water beyond 100 m (1976 and 1979) 
(Table 5b). Table 5c also shows a further decline in densitv in 
the very deepest water, over 300 min 1977 and over 400'm 

1 ce cover (/8 J Area 

ice cover 
0 2 4 5 6 

(a) in Stratum 1 
1974 2,82 1.76 0.57 0.0 2.30 1.07 10.79 13.00 67,68 15199 14770 
1975 0.45 0.0 0.0 0,0 0.94 0.0 2.26 22.86 73.48 14186 14 121 
1976 1.55 5.67 0,51 0,48 4.26 2.62 5.85 43,26 35.79 15430 15191 
197ï 0.0 0,0 0,0 0.0 0.54 3.19 12,53 22.09 61.65 15250 15250 
1978 0.0 ' 0.0 0.0 0.0 0.0 0.0 3.69 52,43 43.88 15457 15457 
1979 1.77 12.27 2.62 2.06 3.07 4.03 16.61 52,71 4.86 15305 15034 

(h) in Stratum 2 
1974 2.34 1.03 1.49 0.0 LlI 1.39 4,29 22.67 65.68 23783 2:~ 226 
1975 14.97 16.25 2,95 0.42 2.86 3.13 3.81 23,90 31.72 18722 15919 
1976 4.90 3.16 3.75 2.17 7.85 7.04 21.06 30.84 19.23 27269 259,1,\ 
1977 19.0B 3,29 1.15 2.40 4.29 3.33 24.83 27.10 14.52 26876 21748 
1978 0.63 2,18 1.19 0.91 1.81 2.74 6,71 48.90 34.94 27032 26862 
1979 IB.1B 12.21 5.02 3.82 5.64 5.65 12.89 16.41 20.15 19932 16308 

(c) in Stratum 3 
1971 Ll1 0.58 0,28 0.26 0.88 n.n 2.47 36,54 57.88 25937 25649 
1975 10.94 13.63 3.28 2.52 4.05 3.49 5.25 6.37 50.47 20144 17940 
1976 9.89 11.51 2.94 2.15 6.29 5.35 10.48 37.11 14.29 29399 26491 
1977 18.78 9.00 6.46 4.71 7.33 7.10 19.64 12.3,\ 14.65 29607 24047 
1978 5.13 0,53 0.77 0.21 0.80 2.90 1B,36 57,4:~ 13.87 29 5.~0 28034 
1979 4.57 1.31 0.31 0.35 0.49 0.36 0.0 6,18 86.43 23808 22720 

(d) in Stratum 4 
1974 9.88 0.0 1.39 0.55 3.26 0.0 5.16 43.64 36.12 18296 16488 
1975 11.00 9.50 6,65 5.51 2.64 2.72 4.19 0.0 57.78 6027 5364 
1976 6.14 7.22 3.32 3.13 3.78 4JJ7 18,11 39.77 14.46 25845 24250 
1977 32.66 1.74 2.06 2.72 4.24 10.06 26.18 11.79 8.55 26369 17 757 
1978 0.94 0.0 0.31 0.59 0.30 3.08 14,04 55,91 24,82 26 ]04 25859 
1979 14.56 17,41 3.09 5.21 6.51 8.04 g,20 8.82 28.16 22650 19352 

(e) in entÎre survey area 
1974 3.6 0.8 0.9 0,2 1.7 0,6 5.1 29,6 57.5 83215 BO 219 
1975 9.8 10.9 2.8 1.6 2.8 2.5 4.0 15.2 50.6 59079 532H9 
1976 6.2 7.1 2.9 2,2 5.7 5.1 14.7 37.0 19.1 97941 91869 
1977 19,7 4.1 2.8 2.8 4.6 6.3 2I.7 17.8 20.3 98 104 78778 
1978 2.0 0.8 0.6 0.5 0.8 2.5 11.7 53.!! 27,3 98144 96181 
1979 10,1 10,5 2.7 2.9 3.9 4.5 8.5 18.1 38.8 81697 73446 

• Sum of transect areas expanded for regular transect spacing but not for the 
random samp1ing fraction. 

'1 13 :'1 
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Table 5 

Year 

(a) densities in 
1974 
1975 
1976 
1977 
1978 

Year 

(b) densÎties in 
1974 
1975 
1976 
1977 
1978 
1979 

0.584 
0.406 
0.263 
0.164 

0.511 
0.391 
0.321 
0.090 
0.719 
0.190 

coyer 

total survey area; optional constant 

0.130 -0.86 

8/8 ice 
coyer >75m 

0.143 
-0.678 

0.220 0.662 

tltnc 

>15:00 >16:00 

-0.210 
-0.139 

0.101 
0.082 

0.397 

Sun time 

>IOOm >40(Jm >10:00 >12:00 >16:00 

-0.227 

-0.111 --O.16S 
0.162 

0.353 
-0.495 -0.291 

8/8 ice De pth Fast Cloud cover SUl1time Wind 
Year cov!"r >50111 >75m >IOOm >300nl >400m ice >0/10 10/10 >10:00 >12:00 >5knot 

(c) densities in ice; ice type recorded; constant forced 
1977 0.105 0.143 -0.192 0.187 -0.155 0.108 
J978 0.315 0.349 -0.233 
1979 0.251 0.207 0.686 -0.444 --0.344 -0.175 

* Regressions were stepwise forward; significance le\'cls 0.005 to enter, 
ll.O 1 tu leave. 

t Continuous variable; ail others arc binarv variables. * Compulsory constam terrn significant at 0.002 in ail regressions. 
§ Compulsory constant term significant at 0.001 in 1977-78.0.05 in 1979. 

in 1979. These findings should be free of the effects of ice suggest that, on average, ringed seals prefeT to haul out in 
cover, which was offered simultaneously. We infer that ring- clear calm weather. 
ed seals prefer water of moderate depth, l'rom 50 or 75 m to Finley (1976) also used multiple regression to try to 
perhaps somewhat over 100 m, and avoid the deepest water. elucidate, l'rom survey data, the weather preferences of ring-
No depth preferences were apparent in 1978, probably be- ed seals for hauling out. He obtained simultaneous positive 
cause seals were more widespread when numbers were high. coefficients for both cloud cover and temperature and failed 

The analysis of density with respect to sun time to find effects for wind speed or time of day. 
showed few pronounced results, but they are in accordance The residual densities, after removal of the effect of 
with what is generally known. For 1977 and 1978, times of Table 5b, were regressed on a set of binary variables repre-
12:00 and 10:00 respectively entered with positive co- senting the strata ('l'able 6). Such results as were obtained 
efficients, and for 1976, 16:00 entered negatively (Table 5b). were consistent with each other: strata 1 and 3 each entered 
Finley's (1979) data show an increase in the density of visible in 2 years with positive coefficients and Stratum 2 entered 
seals at about 10: 00 with a fairly Rat peak at about 14:00, negatively once. The year (1977) in which Stratum 2, a shal-
which is similar to what we found. Since most of our low area, entered negatively, was one for which depth vari-
surveying was do ne during the maximum haul-out period ables were in the regression. ln 1974, one of the years in 
between 10:00 and 17:00, it is not surprising that we found which Stratum 1 entered the regression, high ice cover was 
no time preferences within this period. T.he anomalous in the regression. Stratum 3 may have a positive residual 
negative coefficient al 10:00 in 1974 (Table 5b) is due to the effect because of a generally higher level of biological 
sighting of four or five large groups of over 40 seals, ail just productivity. 
before 10:00. 

Ringed seal densities showed a negative association 
with wind speeds greater than 5 knots (9.3 km/hl in 1978 
(Table 5c), which was in agreement with Finley's (1979) Table 6 
results. Coefficients of stratnm binary variables after removal of the effccts of 

Previous findings on the response of seals to sunny 
weather are conRicting. Smith (1965) found no response to 

Year 4 
cloud cover for Weddell seals (Leptonychotes weddelli). In our 

1974 0.180 
surveys, there were negative coefficients for cloud cover in 1975 
1977 and 1979 (Table 5c). Ray and Smith (1968) suggested 1976 0.176 

that Weddell seals oriented their bodies at right angles to the 1977 --0.105 0.143 
1978 0.205 

sun, presumably to absorb the most warmth, but Finley 1979 
(1979) reported that ringed seals retreated into the water on * Effects identified by forward stepwise regression; significance levels 0.005 to 
sunny windless days. The results obtained from our surveys enter, 0.01 to leave; optional constant never entered. 

l 

4. Distribution and abundance of ringed seals 

The ice area by stratum and in total, and t~e esti­
mated visible populations of seals are presented in Table 7. 
The distributions of the counted ringedseals are shown in 
Figures 5-8. 

Generally, densities were highest in the high-ice­
cover areas'of strata 1 imd 3. It mav be that these areas, 
especially Stratum 3, are more biologically productive. This 
hypothesis is supported by the tact that the Cape Bathurst 
polynya, which lies within Stratum 3. Îs the preferred feed­
ing area for white whales and bowhead wh ales when they 
migrate to the eastern Beaufort Sea each summer (Sergeant 
and Hoek 1974, Fraker 1979). In general, densities of ring­
ed seals were lower in strata 2 and 4, but sorne of the fast-ice 
areas of these strata had fairly high densities in spite of the 
amount of shallow water (less than 75 m), which seems to be 
less preferred by ringed seals. This may reRect the resident 
adult population using the fast ice for birth lai l's. 

The estimated visible population of ringed seais in 
the study area varied dramatically l'rom year to year 
(Table 7). Between 1974 and 1975't.he estimate fell by about 
50% and remained relatively constant unti11977. 'The high­
est value for 1975-77 is only 22% greater than the lowest. In 
1978, the estimated population suddenly increased by over 
250% only to drop again in 1979 by 40% from the previous 
year. The amount of ice cover on which seals were counted 
also varied from year to year, but was not the source of the 
variations in our population estimates since, generally, high 
populations were associated with high densities rather than 
with high ice cover (Figs. 7 and 8). 

Tahle7 
!ce area, densities and population estÎmates for ringed and bearded seals 

lce Densityt 
area* (seals! Pop'nt Standard 

Year - Stratum (103 km~) km 2 ice) (103
) . error§ 

1974 1 13.58 0.617(1) 13.39 1.50 
2 2l.36 0.462(2) 16.57 2.70 
3 23.89 0.327(3) 13.36 1.10 
4 13.49 0.227(4) 5.57 0.77 

1-4 72.52 0.403 49.19 3.37 
1975 1 13.17 0.233(3) 4.94 0.59 

2 11.54 0.191(4) 3.68 0.92 
3 13.64 0.540(2) 12.74 2.04 
4 4.15 0.694(1 ) 4.74 0.94 

1-4 42.48 0.365 26.10 2.50 
1976 1 12.78 0.369(1) 7.54 1.06 

2 19.71 0.231(3) 7.58 0.99 
3 18.84 0.249(2) 8.15 0.91 
4 18.14 0.165(4) 4.94 0.72 

1--4 69.47 0.244 28.21 1.86 
J977 1 14.13 0.183(3) 4.13 0.48 

2 16.85 0.102(4) 2.87 0.52 
3 15.62 0.444(1) J2.01 1.26 
4 12.83 0.195(2) 4.13 0.65 

1-4 59.43 0.231 23.14 1.58 
1978 1 14.30 0.457(2) 10.46 3.20 

2 23.32 0.324(3) 12.62 L05 
3 23.77 0.661(1) 27.21 2.46 
4 22.62 0.294(4) 10.97 1.48 

1-4 84.02 0.434 61.26 4.43 
1979 1 10.78 0.273(3) 4.70 0.68 

2 10.92 0.280(2) S.08 0.88 
3 22.07 0.592(1) 22.65 3.10 
4 12.50 0.246(4) 5.07 0.84 

1--4 56.27 0.393 37.50 3.40 

* :2:Zi of equation [3]. 
t Values in parentheses arc the rank (1 highest, 410west) of the stratum density 

that vear. 
t Pli of equation [8J. 
~ SI' of equation [9]. 

Year 

1977 
1978 
1979 

* From Smith 1973a. 

431 
67 

108 
III 

sealslkm" ice 

1.023 
(l.803 
1.745 
0.731 

1.277 
0.273 
1.028 
0.759 

The transects between Cape Parry and Holman and 
between Holman and Nelson Head also showed higher den­
sities in 1978 than il~ 1977 or 1979 but were similar to 1972 
(Table 8). In 1978, in contrast to the high cover elsewhere, 
there was a lot of open water in Amundsen Gulf, and most of 
the seals counted were on Roe ice near Cape Parry and 
Nelson Head. In 1979, the ice cover was 8/8 over most of 
both these transects, and, while the counts were higher, the 
se ais were more evenly distributêâ and the densities lower, 
as they were elsewhere (Table 8). 

Table 7 and Figures 7 and 8 show variations in ice 
cover, density, and estimated visible population. As visible 
population is the product of ice area and on-ice density, 
correlations are expected between these three variables. 
There are four possible models for their relationships. 
If total populations are roughly constant, then: 

a) the on-ice density remains roughly constant and 
the estÎmated population varies with the ice cover, i.e. seals 
with no ice stay in the water; or, 

Bearded seal 

Densityt 
(seals! 

!Uo km2 Standard 
ice) POE'nt error§ 

0.53(4) 114.3 28.5 
3.91(1) 1403.5 170.5 
2.14(3) 887.5 175.3 
2.74(2) 666.6 252.0 
2.48 3071.9 352.4 
1.43(4) 301.9 67.2 
2.31(2) 445.0 196.3 
1.81(3) 426.7 143.2 
3.16(1) 215.6 96.6 
1.96 1389.2 270.0 
0.83(4) 169.4 43.7 
1.63(2) 534.0 138.2 
1.93(1) 631.9 113.1 
1.18(3) 353.3 tlO.9 
1.45 1688.6 200.9 
0.25(3) 57.3 42.7 
3.46(1) 971.1 266.1 
0.96(2) 261.1 63.6 
0.10(4) 19.5 20.4 
1.31 1309.1 277.7 
0.16(4) 37.6 39.8 
5.20(1) 2021.5 455.5 
1.79(2) 736.0 297.1 
0.84(3) 313.9 90.7 
2.20 3109.0 552.8 
1.31(3) 226.3 19.8 
1.39(2) 252.5 77.7 
3.66(1) 1398.1 299.6 
0.86(4) 178.7 45.1 
2.14 2055.6 313.4 
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FigUre 5 
Distribution each year ofringed seals counted in the smvcy area 
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,Figure 6 
Distribution of ringed seals counled in the s\Il'vey area 1974-79 
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Total numbers of ringed seals, square kilomctrcs of icc and densities of 
ringed ,cals in each stratum in the surve}' arca 1974-79 
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Totall1l11nbers of rînged seals, square kilometres of ice and densities of 
ringed seals in the sUITey area 1974-79 
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b) the estimated population stays roughly constant 
and the' on-Îce density varies inversely with the ice cover, 
seals with no ice go and find some. J 

Intermediate between these models: 
c) on-ice density is both negatively correlated with ice 

cover, and positively correlated with population estimate, i.e. 
some seals with no ice go and find some while others stay in 
the water. But if the source of variation was the size of the 
population and not the ice cover, then 

d) the density and the population wou Id show a 
strong positive correlation, and relationships with ice cover 
would be masked. 

Stratum 4 approximated model b, large!y because 
1975 had a low ice cover and high density, which combined 
to yield a normal population estimate (Fig. 8d). Amundsen 
Gulf in ail years also approximated model b, which may 
relate to greater variability of ice cover. 

The other three strata and the full results correspond 
to mode! d (Figs. 7 and 8a-c). There is a small correlation 1 

between density and ice area, which happens to be positive, 
50 that estimated population, their product, is positively 
correlated with bath. 

Stratum 1 provides the best support for this mode! 
(Fig. 8a), because its icè area is sa nearly constant. The varia­
tions in estimated population are therefore almost entirely 
due ta variations in on-ice density, and these variations for 
Stratum 1 are in step with the total population estimates. 
These results confirm that the size of the ringed seal popula­
tion may be quite variable. 

The clump factors ('[able 9) show that ringed seals 
are not randomly and independently distributed but rather 
are very much clumped (see ais a Stirling et al. 1981). 
Clumpiness increases with population: not only are more 
groups of seals seen, but the groups are larger. This clumpi­
ness hinders the assessment of habitat preference in the 

l Correlations are in general not statistically significant cxcept for those be­
tween density and estimatcd population for st rata 1-3. 

Table 9 
Clump factors for ringcd and bearded seals 

Ycar 

1974 1 12.0 il.3 1.45 0.46 0.39 1.17 
2 29.1 22.0 I.:W 2.01 1.20 1.68 
3 20.5 4.1 5.00 1.92 1.72 1.12 
4 9.6 5.1 1.88 4.n 4.98 0.95 

1-4 23.2 12.9 1.80 S.04 2.09 1.45 
1975 1 10.5 3.7 2.84 1.75 0.65 2.70 

2 26.0 12.5 2.08 4.81 4.81 J.OO 
3 14.8 12.5 118 2.86 3.46 0.83 
4 7.:1 6.9 1.06 1.81 1.86 0.97 

1-4 23.0 10.4 2.21 2.98 3.0'l 0.98 
1976 1 8.3 7.8 1.06 0.82 O.ti2 1.32 

2 6.2 7.3 0.85 1.84 1.96 0.94 
3 5.6 3.9 1.44 2.86 1.12 2.56 
4 7.0 5.5 1.27 1.!9 0.90 1.33 

1-4 8.2 6.3 1.30 1.96 1.28 1.53 
1977 1 4.9 3.0 1.63 1.50 1.68 0.89 

2 8.7 4.8 1.81 10.74 3.79 2.84 
3 14.7 6.9 2.13 1.43 0.80 1.78 
4 6.6 3.8 1.74 O.97 1.08 0.90 

1-4 17.6 5.9 2.98 9.20 2.98 309 
1978 1 59.9 50.4 1.19 2.02 2.24 0.90 

2 6.0 4.6 !.:lU 8.38 5.50 1.52 
3 16.2 II. 7 1.38 6.14 6.02 1.02 
4 20.1 10.7 1.88 1.78 1.33 1.34 

1-4 28.2 16.7 1.69 8.67 4.97 l.74 
1979 1 9.2 5.4 1.70 0.33 0.12 2.64 

2 9.9 3.9 2.54 1.17 1.06 1.10 
3 14.8 17.0 0.87 5.09 2.78 1.83 
4 9.3 4.5 2.07 1.12 0.66 1.70 

1-4 23.0 12.1 1.90 3.69 1.89 1.95 

ringed seaI by increasing the variability in the counts in the 
2-min intervals, and is one reason why our regression results 
were not more definite. 

The ratio c,lc'2 i5 a measure of the non-uniformity of 
distribution between the transects in a stratum. This ratio is 
not much greater for the total results than for the individu al 
strata, indicating the strata were not very uniform. Again, it 
appears that stratification was not very effective in improv­
ing the precision of the population estima tes. 

5. Age structure of ringed seals 

Our sam pie sizes are too small to permit a detailed 
analysis of the age structure of the population. However, 
from the data available (Table 10), a number of points are 
clear. ln both 1974 and 1975 there were virtually no young 
of the year in the sam pIe. Thus, although far more pups 
were barn in 1974 than in 1975 (Smith and Stirling 1978), 
apparently few survived from either cohort. Those cohorts 
were also almost absent in the samples collected in subse­
quent years, with the exception of 1976, an anomaly we are 
unable to explain. This suggests that the conditions that pre­
cipitated the decline between 1974 and 1975 had already 
begun to take effect early in 1974 and were felt first by the 
young of that year, of which tew survived. These results 
support the conclusion that few young of the year survived 
from 1974 and 1975. Furthermore, these two missing age 
classes were not replaced by immigration. A similar pattern 
was evident in the age structure of ringed seals killed by 
polar bears (Stirling et al. 1977). ln 1971-73,50% (17/34) of 
those found were young of the year; in 1974 and 1975 none 
were identified out of a total sample of 57. 

In comparison, the ringed seal cohort of 1972 
appears strong in aIl the samples, indicating that was a year 
of high production and survival of pups. In 1972, young of 
the year represented 44% of a sample of292 (Stirling et al. 
1977). Similarly, in samples of ringed seals collected from 
apparently healthy populations in other parts of the Arctic, 

Table 10 
Number of specimens collected from ringed scals of each age dass in the 
eastern Beaufort Sea 

Age Age 
dass (yr) 

l'up 0 
Subadult 1 

2 
3 
4 
5 
6 

1-6 
Adult 7 
Total 

1974 1975 1976 1977 1978 1979 

C O(O.OO)*t [4(0.02) 14(0.17) 26(0.45) 35(0.48) 43(0.53) 
2 2 [7 0 9 8 
6+ 6 5 [0 1 10 
9 14+ ;, 3 [0 () 
o Il 19:1: 5 () [(.) 
1 c) \1 7+ 2 () 
o 4 1 4 6:j: 4 

18(0.30) 42(0.23) 46(0.57) 19(0.33) 18(0.25) 22(0.27) 
43(0.70) 140(0.75) 21 (0.26) 1:-l(O.22) 20(0.27) 16(0.20) 
61 186 81 58 73 81 

* The brackets show the coh"rts bom in 1974 and 1975. 
t Proportions of the total arc givcn in parentheses. 
+ Denotes the 1972 cohort. 

1 

1 
! 

.i 

, .. 
1 

! 

young of the year may mq.ke up over 40% of the sample 
(McLaren 1958a, Smith 1973a). Thus, from Table 10, ring­
ed seal productivity apparently began to recover in 1976 and 
returned to normal in 1977. 

6. Ovulation rates of ringed seals 

The ovulation rates of adult female ringed seals in 
the eastern Beaufort Sea in 1974 and 1975 were roughly hall' 
what they were in 1972, 1977, and 1978 (Table Il), and 
about half whal has been reponed l'rom apparently healthy 
populations from other areas (McLaren 1958a, Johnson et al. 
1966, Smith 1973a). The ringed seals in the eastern Beaufort 
Sea were in poorer physical condition in 1974 than in 1971 
and 1972 (Smith and Geraci 1975); presumably that was 
responsible for the lowered ovulation rates. J udging l'rom 
the lower ovulation rates and low production of pups in' 
1975 (Tables 10 and Il), it seems that the seals were still in 
poor condition that spring as well. Even with the greatly 
reduced ovulation rates in 1974 and 1975, we expected more 
young of the year in the 1975 and 1976 samples than we 
found (Table 10). We do not know if some adult female 
ringed seals that ovulated did not copulate, did not conceive, 
or experienced intrauterine mortality. However, Stirling et 
al. (1977) reported that 4 of 130 reproductive tracts ex­
amined in 1974 and 1975 showed evidence of pregnancy 
being terminated prematurely, indicating that at least some 
copulated and conceived. The samples of reproductive tracts 
From adult female bearded seals in 1974 and 1975 were 
small in size but they also showed a similar reduction in 
reproductive activity. . 

7. Habitat selection by bearded seals 

Regressions of bearded se al densities on habitat 
factors showed consistent preference between years for shal­
low water and open ice caver ('l'able 12). In 4 years (1974 
and 1976-78), preferred depths were 25-50 m. This is con-

Table Il 
Ovulation rates, determined b)' the presence of corpora lutea, of adult* 
Icmalc seals in the eastern Beaufort 

Ycar 
colleClcd 

1972t 
1974t 
1975t 
1977 
1978 

* Six years of age or older (McLaren 1958a). 
t From Stirling et al. 1977. 

Table 12 

27 
23 
80 

4 
10 

Ovulation 

0.74 
0.39 
0.49 
1.00 
Il.90 

Coefficients of habitat variables enlering regressions* ofbearded seal 

Year m 

1974 1.62 ;' .. ~5 -6.01 
1975 1.90 -1.74 
1976 2.49 -1.74 2.71 -3.09 
1977 42.15 -42.4 14.73 -16.26 
197H 9.83 -9.10 5.89 -6.98 
1979 2.25 

* Regressions were stepwisc forward \Vith compulsory constant term; signi-
ncance levels \Vere O.OOS to enter. 0.01 to leave. 

t Scals/101l km2 ice. 
+ Significant at 0.01 in 1974.0.001 in ail other years. 
§ Continuous variable, ail others hinary variables. 

sistent with the generally reported preference ofbearded 
seals for sha\low areas (McLaren 1958b, Burns 1967), which 
would be expected with a demersal feeding habit. 

The preference for broken ice areas is shown by a 
scatter of negative coefficients for various ice cover levels: 
2/8 or more in 1975, 7/8 or more in 1976, and any ice cover 
in 1978. This is in marked contrast to ringed seals. where the 
preference shown was always for high ice caver. 

8. The distribution and abundance ofbearded seals 

Bearded seals are much less abundant in the 
Beaufort Sea than are ringed seals. The highest total num­
ber estimated was 3072 in 1974 (Table 7). The changes in 
their total numbers and densities were essentiallv the saine as 
reported above for ringed seals (Table 7). This similarity is 
important because, in general, the diets and habitat prefer­
ences of the two species are different. 

The cumulative observations ofbearded seals (Fig. 9) 
show areas of concentration. The summarized estima tes 
(Table 7) show that Stratum 2 tends to have the highest 
densities and accounts for a high fraction of the total popula­
tion. This i5 probably because Stratum 2 has the largest 
amount of shallow water, with extensive broken ice. Con­
versely, Stratum l, where there is liule shallow water, seems 
to be least preferred by bearded seals. 

The clump factors for bearded seals are much lower 
than those ca\culated for ringed seals (Table 9), indicating 
they are less gregarious. However, the highest values occur­
red in years and strata of high density, showing that the 
group sizes observed did increase at such times. The lower 
dumpiness ofbearded seals is one reason for the greater 
consistency and therefore ease of interpretation of their 
habitat regression results. 

Figure 9 
Distribution of bearded seals counted in the sun'ev area 1974-79 
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9. Ecological considerations easterlies were fewer than usuai. As a resuIt, the system of which may explain this phenomenon is that in the autumn, change in population management takes place for long l,; 

shore leads and polynyas that usually forms along the 20 m al the end of the open waler period and before freeze-up, periods. The results of this study have clearly shown that ice , 
Before discussing the ecological considerations, we depth contour (Cooper 1974, Smith and Rigby 1981) did not the seals establish the densities al which they can overwinter conditions in the eastcrn Beaufort Sea can be highly vari-

shouldbriefly review sorne of; the more important points. occur and the ice was very heavily compacted for many under the sea ice, probably in relation to the available food able, can influence other ecological parameters, and can Il 

Our aerial surveys began in 1974, and in 1975 we docu- kilometres offshore. Not surprisingly, the sea ice broke up supply. In fast-ice areas where seals maintain their own cause changes in the distribution and abundance of ringed j' 
mented a 50% decline in total numbers. Unfortunately, we later and to a much lesser extent in 1974 than in most years breathing holes du ring the win ter, agonistic behaviour prob- and bearded seals. We expect that similar va riabili t y will be 
have no comparable quantitative survey data l'rom 1972 or (Lindsay 1975, 1977). 'ably keeps the densities fairly constant. Smith and Hammill documented in other areas of the Arctic wh en comparable 
1973, but l'rom the limited data available (Table 8 this paper, These unusual sea ice conditions could have affected (1981) reported agonistic behaviour between seals hauled studies have been completed. 
Smith and Stirling 1978), it is likely that the total population the seals in two ways. First, it may have been more difficult out at breathing holes in the fast ice. Densities are probably What this means in tenns of environmental assess-
size and reproductive rates were higher th an in 1974. The for the large numbers of ringed and bearded seals that more variable around shore leads and polynyas where open ment is that, because conditions are so variable, the conse-
processes that brought about the decline appear to have be- normally occur along the shore lead system to maintain their water recurs during the winter. When the surveys are con- quences of possible man-made detrimental effects will vary 
gun early in 1974. Al' ter 1975, there followed 2 more years breathing holes in the exceptionally heavy ice that was con- ducted, in late spring before break-up, the densities would depending on the status of the seal population al the lime. 
of lower numbers, then the population more than doubled. tinuing to compact through the winter. lt seems that a re- be similar to what they had been during the winter except in When the seal population is low, and in poor condition, a 
The only estimate of a 'normal' population is the 6-year duction in numbers and reproduction began that was at least areas where new cracks have formed, thus creating new similar situation is likely with animais at lower trophic levels. 
mean, and six values are barely enough to establish normal coincidental with the heavy ice winter of 1973-74. Smith and places to breathe or haul out that are not already being Under these circumstances, it is likely that man-made envir-
values for such a variable quanüty. The initial decline l'rom Stirling (1978) reported a higher density of ringed se al birth maintained or defended by resident seals. onmental damage will be considerably more serious and 
1974 to 1975, in these terms, is a drop from 30% above lairs in Prince Albert Sound in 1973 than in 1974, and the Later in the season, as break-up proceeds, densities of long-lasting in its effect. Although it seems that seal popula-
normal to 30% below, and the sud den rise in 1978 is to 63% densities of ringed seals counted in Amundsen Gulf in 1972 seais may increase in sorne areas as the amount of ice de- tions are able 10 recover in only a few years l'rom a 50% 
above normal. These changes were far more rapid than have were similar to those of 1978 (Table 8). Polar bears had creases. Seais move, probably to feed in areas that have not decline, apparently with the aid of large-scale immigration, 
been documented before and the processes involved are of lower natality rates and were in poorer physical condition in t been heavily exploited by winter residents. For example, in we do not know what determines whether or not this can 
the greatest interest. 1974-75 than in 1971-73 (Stirling et al. 1976, Kingsley ,the High Arctic, Smith et al. (1978) and Finley (1979) re- take place. Could immigration occur in any year or only 

There are three possible explanations for the popula- 1979), presumably because of catching fewer seals in the ported that densities of seals in Aston Bay and Freeman's al' ter a minimum period of time that wou Id allow for the 
tion decline: increased mortality, reduced productivity, and latter years. Coye increased duringJuly as break-up proceeded in recovery of populations at lower trophic levels? The fact that 

. emigration. The normal annual mortality of ringed seals, Second, Grainger (1975) reported that thicker ice or Barrow Strait. Stirling (1969) reported a similar pattern of numbers and densities remained low in 1976 and 1977, even 
about 15% (Smith 1973a), is not close to the 50% decline heavier snow coyer reduces the amount oflight passing into behaviour in Weddell seals, the Antarctic ecological count- though ice conditions apparently improved, suggests that 
recorded. Increased mortality, particularly of subadults the water, which cou Id significantly reduce primary pro- erpart of the ringed seal, through the summer in McMurdo there is a lag time before productivity and population size 
(2-5 years), cannot be demonstrated from the data available ductivity. If the ice was thicker in the spring of 1974 and Sound. can recover. 
although we suspect it occurred. there was less open water, less sunlight would have pene- As discussed earlier, the total ice coyer in the survey 

Reduced productivity may have resulted l'rom the trated the water to warm it and stimulate photosynthesis. area rose in 1976 and 1977 but numbers and densities re- ' 
seals being in poorer condition in 1974 than in previous Tummers (1980) studied the heat budgets of the southeast- mained low, indicating that the 1975 decline was not ob-
years (Smith and Geraci 1975). Although more pups were ern Beaufort Sea in 1974 and 1975. He found that the served sol el y because there was less habitat to survey. The ice 
born in 1974 than 1975 (Smith and Stirling 1978), few sur- maximum surface sea tempe rature was 0.62°C lower in 1974 coyer during the winter and the pattern of break-up in the 
vived l'rom either year (Table 10) and ovulation rates were than in 1975 and that the -1.5°C isotherm was at a maximum spring were fairly normal (Lindsay 1975, 1977) but the level 
very low in both years (Table Il). Apparently, not only were of 15 min 1974 compared to over 50 min 1975. The major ofbiological productivity i8 unknown. . 
female seals in pOOl' condition in the spring of 1974, but they source of heat to the Beaufort Sea is the sun and the net ln 1978 the estimated populations of seals on the ice 
did not recover to normal untilI977. radiati<?n in 1975 was double that of 1974. Clearly, the sea and their density more than doubled. Because young of the 

Stirling and Smith (1977) speculated that large-scale received significantly less sunlight and was colder in 1974; year cou Id not account for more th an 15% of any estimate, 
movements of ringed seals.occur in response to environ- both factors would have reduced biological productivity. increased productivity is almost insignificant wh~n consider-
mental changes and this may have happened to sorne extent Grainger (1975) also noted that the Beaufort Sea supported, ing possible explanations for an increase of over 250% in the 
between 1974 and 1975. Smith (1976) reported movements at best, a fairly low rate of prima l'y and secondary pro- . estimates. The amount of ice available to survey \Vas the 
of branded seals l'rom the eastern Beaufort Sea to Point duction and a relatively uncomplicated food chain, so that highest in the 6 years studied, but this did not lower the 
Barrow, Alaska, and Icy Cape, Siberia. Burns et al. (1980) changes at the lower levels could have rapid and significant density. The increase was real and we believe that it could 
reported that densities of seals in the western Beaufort Sea effects on higher level species, Thus, it seems likely that the only have occurred as a result oflarge-scale immigration. In 
(Barter Island to Barrow) were lower in 1975 than in 1970 food resources for seals in the winter of 1974-75 were such a circumstance, one might normally expect the bulk of 
and remained low in 1976 and 1977, but were 50% higher significantly reduced, seals probably entered the winter in the immigrants to be subadults. However, from the Iimited 
farther west in the Chukchi Sea (between Point Barrow and poor condition, and prodllctivity remained low in 1975. data available (Table 10) the proportions of subadlilts and 
Wainwright) in 1975 than in 1970, then in 1976 and 1977 An indication that we are dealing with swings in the adults in 1977-79 (when productivity had returned to 
dropped to levels lower than those of 1970. However, these ecosystem, rather th an with isolated effects on one species, is normal) were qllite similar and the missing cohons of 1974, 
changes can only be noted without further comment because demonstrated by the unexpectedly high correlation (0.968) 1975, and apparently 1976, were not replaced. Thus it 
their direct relationship to our data is not clear. between the population estimates of ringed and bearded appears that if shifts in large portions of the population take 

Ir is weil known locally in the Western Arctic, though seals. These species have different feeding habits, though place, they affect aIl age classes. Why this occurred in 1978 is 
poorly documented scientificaIly, that there is a westward both are opportunistic feeders, and, according to the results not clear. In 1979, the available ice and the total population 
movement of subadult ringed seals along the coast in late given earlier, have distinctly different habitat preferences; decreased although densities did not change appreciably 
summer. This migration is bath large and predictable, so net yet the variations in their populations, over this 6-year and apparently productivity remained high (Table 10). 
fisheries were weIl established at several sites in earlier years period, have been very closely in step. That this correlation is Because the age structure data indicate that productivity re-
to catch ringed seals each faIl for winter dog food. The size not caused by counting both species on the same varying ice mained high in 1978 and 1979 (Table 10), the population 
of the l'ail migration might vary between years, depending coyer is shown by the almost equally high (0.947) correlation data (Fig. 7) probably indicate the magnitude of variation 
on environmental conditions. AIso, nothing is known about in on-ice density. that may occur within a healthy ringed seal population. In 
possible migrations or other movements that might be made An aspect that appeared in the data but was not weil this instance, it was 3 years after the initial decline before 
by specific age or sex classes of ringed seals. understood was the relationship between the total area of ice productivity returned to normal and 4 years bel' ore numbers 

We cannot be certain what the ultimate factor was in the survey area, the estimated population, and the density recovered, apparently largely through immigration. We do 
that caused this large-scale reduction in numbers. However, of seals per square kilometre of ice. To recapitulate, except not know if these are minimum times for recovery. 
we can speclilate on the basis of what i5 known and this may for 1976, there appeared to be a positive correlation between Until recently, management of marine mammals in 
provide a useful point of departure for testing relevant these three factors. For example, density of seals did not the Canadian Arctic, to the extent that the y are managed at 
hypotheses. The only major factor that we are aware of was drop in 1978 even though the total ice area suddenly dou- aIl, seems to have been based on the assumption that 
the condition ofthe sea ice. In the winter of 1973-74 the bled. It is curious that total densities did not increase when ecological conditions show little variability. Thus, once 

20 winds blew predominantly l'rom the northwest and south- the total ice area before break-up was less. An hypothesis populations are counted or quotas are established, little 21 
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