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ABSTRACT ) ‘

*

The number .of breathing holes in thirty-two study plots

located in Barrow Strait was used as an_index of ringed seal

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

densities were estimated from a .combination of dog searches
§

and a modified remoyal- sampling technique. To achieve

precision of 30% or better, 80% of the estimatéed number of

fe

seal holes must be (1ocated and the probability of hole

detection mus§ be greater than 0:3.

: Birth Tairs were not seen before 4 April, but were found
more frequently as the season progressed. Male structures were
evident, in 1atg March, but were not found after mid-May. In
1986,~density of seal holes was correlated with both date of
dce consolidation and snow depth. Similar results"wgre not
obtained in 1984 or 1985. The plots surveyed in thesecyears
were located too close together in ice that consolidated at
the same time. e ‘

" Juvenile animals were under-}epresented in a shot sample
f seals. The mean reproductive fate for females >7 years &1d
;was 0.64. The mean date of pupping in Barrow Strait falls in

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

In $pring, ringed seals depend on stored reserves to

~supply 44% of their daily energy requirements. In‘adult seals

no differences in body conditigqn were detected, but Jjuvenile

>

animals collected in 1986 we e in significantly better

"condi;ion than juveniles collected/ in 1984 and 1985.

\
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Le nombre de trous de respiratioﬁ dans 32 parceHes d etudes i

* situées dans le Detroit de Barrow,d 6té utilisé comne index d'abondance ’ ;

o des phoques anneles (Phoca hispida). De Mars a Juin 1984-1986, les

densités de t;zous ont été determmees par ‘une ‘combinaison de recherche
par chiens et ﬂ“e modiﬁcatwn de 1a méthode d' echantﬂlonnage par
“enléve{nent. Pour obtenir une précision de 30% ou plus, 80% des trous de
phoques ‘estimés doivent &tre localisés et la probabilité de détection
N \ doit &tre supérieure a 0.3, ‘

Les repéres de naissance n'étaient visiples qu'd partir du 4 Avri];'

% A =
- -

1'incidence de ces structures augmentait au cours de la,saison. Les. .-

'
J

B reperes utﬂisés'par les males en rut étaient présents a 1a fin Mars,
mais disparaissaient aprés mi-Mai. En 1986, la densité des trous de
© o phoques était corrélée 3 la fois a la date de consolidation de 1a glace
et a 1'épaisseur de neige. 'Des résultats semblables n'or;t pa; été i
' obtenus en 1984 ou 1985. (Ces années-la, les parcelles d'études ont été
définies trop proches les unes des autres dans la glace et se sont
g toutes solidifiées en méme temps.

' Les animaux juvéniles étaient sous-représentés de 1'échantillon de ‘

phoques. Le taux de 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 4iéme semaine d'Avril, L'allaitement dure de 41-48 jours. -
Au printemps, les phoqueg annelés dépendent de leur réserve pour
fou}'nir 44% de leurs besoins énergétiques journaliers. Chez les
N ; adua1tes, aucune différence de 1'état physique n'a é'té détectée mais Jes
a‘nimaux juvéniles collectés en 1986 étaient significativement en

meilleure condition physique que ceux collectés en 19&4 et 1985. . Lo

\
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RESUME
i
Le nombre de trous ‘de respiration dans 32 parcelles d'études
situées dans le -Détroit de Barrow a été utilisé comme index d'abondance
|

des phoqyes‘annelés (Phoca hispida). De Mars! 3 Juin 1984-1986, Tes

densités de trous ont été déterminées par une combinaison de recherche
par chiens et de modification de 1a méthode d'échantillonnage par

enléevement. Pour obtenir une précision de 30% ou ‘plus, 80% des trous de

phoques estimés doivent &tre localisés .et la probabilité de détection

doit &tre supérieure a 0.3, ’
Les reperes de naissance n'étaient visibles qu'd partir du 4 Avril;
. | | .
1'incidence de ces structures augmentait au cours de la saison: Les

|
- - . » ~ Id . » - ~ . N
reperes utilisés par les males > en rut etaient présents a la'fin Mérs,

mais disparaissaient apres mi-Mai. En 1986, la densité des trous de

phoques était corrélée a la fois a la date de consolidation de 1a glace

et a 1'épaisseur de neige., Des résultats semblables n'ont pas été 3
obtenus en 1984 oy 1985. Ces années-]ﬁ, les parce]Tes d'études ont été
définies trop proches 1esﬂunes dés autres dans la glace et se sont
toutes solidifiées en méme temps. ’ i

Les animaux juvéniles étaient sous-représentés de 1'échantillon de
phoques. Le taux de reproduction majeure desgfemel]es 7 ans-était de
0.64. La date approximative de la mis-bas dans le Détroit de Barrow se
situe dans la 4ieme seﬁaine d'Avril. L'allaitement dure de 41-48 jours.

Au printemps, les phoques annelés dépendent de 1eu; }éserve pour
fournir 44% de leurs besoins énergétiques journaliers. Chez les
édultes, aucune différence de 1'état physique n'a été détectée mais les
animaux juvéniles collectés en 1986 étaient significativement en

meilleure condition physique que ceux collectés en 1984 et 1985,
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The ringed seal (Phoca hispida) is %he most abundant
marine mammal foqhd year round in northern waters (King 1983).
It is an important resource for the people living in northern

coastal regions (Maxwell 1979; wgnze1blg78; Malouf 1986), the

primary food of the polar bear gUrsus.maritimus) (Stirling and
McEwen 1975; Stirling and Archibald 1977; Smith 1980; Gjertz
and Lyderson 1986) and in some areas forms a major component
in the diet of the Arctic fox (Alopex lagopus) (Smith 1976;
Lyderson and Gjertz 1986). Because of tﬂéir impqrtance to 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

al. 1977; Smith et al. 1979; Finley et al. 1983; Kingsley

1984, 1985; Kingsley et al. 1953), Alaska (Burns and Harbo

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

1980), and the Soviet Union (Fedoseev 1971, 1975).
ReproductiQe biology, growth and population dynamics have been
studied extensively (MclLaren 1958; Fedoseev 1964; 1975;
Nazarenko' 1965; Johnson et al. 1966; Smith 19&&;41987; Helle
1978, 1979, 1980). Feeding ecology has also been invesgigated




& a

- (Dunbar 1941; Mclaren 1958; Johnson et 3l. 1966; Naiarenko
1967; Lowry et gl. 1980; Gjertz and Lyderson 1986; Smith 1987
). Parsons = (1977) studied ringed seal energetics in captive
animals and Taugbol (1982) has examined the thermal tolerances
of neonates. Information is ava?]ab]e on haematology, plasma
constituents and physiological responses to ¢tress (Gerafi and

Smith 1975; St. Aubin and Geraci 1977; Geraci‘gg_gl. 1979; St.

Aubin and Geraci 1986). Organochloriné and mercury levels have
b;en examined in' tissues from the Canadian Arctic (Addison and
Smith 197;; Smith and Armstrong 1978;\Add1;on et al. 1986) and
\recent work in Finland has suggested tﬁat high .levels of PCB’s
found in the. Baltic Sea ‘Tjght _be responsible fﬁr lowered
reproductive success in féﬁ%%e ringed seals from that area\
(Helle 1978, 1980). The qffects of oi1§ immersion and thg
‘: ) ingestidn of crude o0il on ringed seals have also been examined
(Geraci and Smith 1976; Englehardt et al. 1977). Underwater

vocalizations have been described (Stir]fng 1973) and their

- application to monitoring the distribution of ringed seals
. under the fast ice has been investigated (Stirling-et al.
1983; Calvert and Stirling 1985).
¢ During the winter, ringed seals maintaiq breathing holes
* in the ice and excavate haul-out Tairs uﬁder the snow which
are used for resting and as pupping sites (Mclaren 1958).
_ Descriptions ‘of the different types of subnivean structures,
their - function, ‘ariation in relative abundance, and

qualitative assessments of ringed. seal ‘habitat ‘have been
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pubTished in Canadaa(Smith and Stirling 1975; 1978; Sdith g;
al. 1978; Smith and Hammill 1980), Spitzbergen (Lydersen and
Gjertz 15@5) and in the Soviet"ynion (Lukin and Potelov 1978).
A natural extension of this work is the need to quantify the

%
habitat features chosen by ringed seals for building subnivean

structures and to determtne the association between these

features and seal distribution. The present study was

initiated in 1984 to examine this reldtionship. .

As permitied by the Faculty of Graduate Studies Fhis
thesis includes the texts of .two manuscripts,- one to be
submitted to fhe Canadian Jourﬂhl of Fisheries and Aquatic
Sciences and the second to the Canadian Journal of Zoology
witq Dr. T.6. Séith as co-aut;or. Ilcarried out the collection
of data, analysis and writing of the maﬁuscripts herein. The
thesis consists ot three sections. The first section describes

the method used to measure seal abundance in the fast ice. The

second section relates  seal abundance to features of their

fast ice habitat. The findings from boph of these sections are

new.LThe~third section déa]s with reproductive rates, growth
ang condition of animals collected in Barrow Strait. Portions
of this section will be combined with data from other areas

before being published.

L
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INTRODUCTION -
AN

Mttempts to " census ringed seal -~ (Phoca hjsgi-da)
;opulations in the fast-ice are hampered 'by the
“inaccessigility of northern regions and bf the 'ringegi seal’s

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

uto fly aerial surveys after the lairs have me]ted and count

the humber,‘of seals hau]ed out on the ice (Kings1ey 1984,
1986; Kingsley et al. 198?). An advantage to aena] surveys is
that {hey’coyer large areas 1in a‘) relatively shortﬁtime.
However, because not a1l seals in the population are hauled
out on_ the ice at the same -time, counts from aerial Snurvé‘ys
underest imate popu'lation size. A further disadva“ntage is that
the proportion of the sea'l population hauled out on the ice
may vary dajly from 20% to 80% as a result of weather,
seasonal or -diurnal factors (Smith and Hammill 1981).
Therefore, un1essj transects are flown under identical
conditions; major changes in population size mey reflect
differences in the proportion of hau]ed-out.seals, and not
real changes in population size. - . \

An alternative to aerial. surveys has been to conduct

ground surveys using seal holes as an index of seal abundance.

‘In these surveys, conducted dur‘i_ng the March to_May whelping
period, trained dogs have been used to locate the subnivean
holes of the ringed seal (Smith and ‘Stir'h‘ng 1975, 1978). Seal

abundance has been expressed as the number of minutes spent
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searching‘ per sea1'hole located. This method is simple and
easily applied. It pfovideg additional information on pup
production and mortality due to predation (Smith:1976; Smith
et al. 1978; Smith 1987), but it only provides an “index of
hole abundance; which s ‘stil1 only an index of seal

abundance;-it assumes that the hole to seal ratio ig constant

and it also assumes that the ability of the,dog to find segf

hb]és does not change under variable survey conditions.
‘Although the dog survey method has been used extensively

as part of ongoing studies into the fast-ice etology of the

ringed'seaJ, these assumptions have never beeh examined. In

¢
this paper, I investigate the potential shortcomings af the

dog survey technique. I also examine the feasibility of using_ -.

L Y
a catch per wunit of effort model called the removal method

o

(Moran 1951; ‘Zippin 1956, 1958; Seber 1982) combined with hole

to seal ‘ratios to esti@ate ringed seal density in Barrow

Strait.

a ' '\ g .

MATERIALS AND METHODS ] -

&

s
o

‘;The initial stuay site encompassed a 3100 km2 area of
Barrow Strait lying between Lowther and Griffith Islands in
the north and Russell- afid Somerset Islands in the south (Fig.

*1.). Normally this area is covered by first year fast icé

whith begins to form in Nowxember and remains in place until

*

a\§a§; breakup in July. There is however, considerable year to year
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variation in the amount and vpatte?‘n of ice formation in the
area (Lindsay 19\75, 1977). In 1984, f:ast ice extended from the
western ‘edge of the study area with its eastern bounc_iary
against unconsolidated pack ice located off Bylot Island dn

Lancaster Sound. In 1985, the fast iEe boundary formed much

further west, along a*Hne Joining Devon JIs—1and to Prince
Leopéld Island. In 1986, our study ar%a did not freeze' over 4
duri.ng the winter. This obliged us to extend the study area

‘ northwards to McDougall Sound and sout’h into Peel ‘Sound

* resulting "in a new study area of 3400 l.gszexc]uding that \

portion*of Barrow Strai;/thlat remained ice-free: during the ~°

winter (Fig.l1).

Seal h’o'le densities were determined by searc\hing eitrker
' ( 2.25 or 4.0 l\<m2 plots (N=32) with trained dogs (Smith and
Stirling 1975) . during March-May, 1984-1986. Plots werk
selected randomly prior to_the 1984 field season. Thé same
o sites searcﬁed in 1984 and 1985 were relocated on the sea ice
¢ ' using a satellite navigation system (Magnavox Model MX4&02,
Torrance, California USA), which has a precisioﬁp of + 100 m.
The same sites could “not be searched in 1986 because of .the |
absence of .ice cover. Plots that year, were selected to
pruovide a range of wéter depths, ice topography and distances
‘ : from the open water in: order to test the effects of thése
variables on the density of,sea]\aho]es (Fig. 1).
In 1984, two trained labrador retrievers, a 25 kg female

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

« . -
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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 twicJ‘i?ily for 30

he dog had

L

to 40 minutes or until the spowmobile following
“travelled a distance of 6-10 km. Search effort measured by
time spent searching or distance covered, was allowed to vary

between plots, but was kept constant within plots. In order to

provide the dog with the greatest exposure to all holes, it

was run pe}pendic lar to the wind direction, beginning from
the downwind side|&f the p)ot. ‘A1l seal structures located by
the dog were marked with numbered stakes. '

Two additional plots, sithatéd negr plot 10, were
searched by the dog }n June 1985 when most ‘of the snow had
melted and seal po]es wetre exposed at the surface. A¥ter these

'searche; had been completed, the plots were visua]]& searched
- by observers on snowmobiles, who scanned 25m wide transects
-until the whﬁ]e plot had been covered.

Temperature and windspeed @ere recqrded atnthe beginning
of each search. Snow depths weﬁ? measured to .the nearest cm at
16, 100 and 54 points, spaced.equally throughout the plot
starting along ithe‘ east side fré; the southeast corner in
1984, 1985 and 1986 re%pective]y . Each point measurement
represented an average of six snow depths taken at threesmetre

-

intervals using a steel probe. Ice tépography in each plot

s

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.

Photdgraphs were then <covered by a grid-square overlay -

<
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consisting of 121 grids per frame from which the frequency

occurrence of pressure ridges and rough ice was recorded.

Hole:seal ratios &ere determined in March and April by

‘kil!ingAE seal at a breathing hole. I then counted the number
of holes in the vicinity 'that were subsequently found covered

by a thin layer of ice jnd?cating that they were no longer

being used. »

Data Analysis . 4 > | : —

J 0 . ‘

Data were analysed using the maximum likelihood removal

model proposed by Moran (1951) and discussed in détat] by
Zippin (1956, 1958). The removal model was originally devijsed

~ for small mammal trapping studies where the animal was .

captured and,permaneﬁt]y removed from the population. In my,
application 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 ;nd treated as a
removal from the population. If the population is closed, th;
probability of detecﬁing a hole in a population is equal and
independent of other detections, theJ;robabiiity of detection
remains constant throughout the experiment and search effort
is constant, then the total qumber of seal holes in the study

plot (N) can be estimated from;

N=Y . (1-qk )-1 (1) ’




»
( ~ x g

where Y is the total number of holes located, q is the ;rob-
ability of a hole not being detected, and k is the numbef of
search sessikhs. The probability of a hole not being detected

(q) }s determined by solving through iteration the equation;

Y

k -
Qep~1 - (kegk) (1-gK)= Y (it1) .y . v-] (2)
i=] - ’
ﬁ [] | ‘,

where p=(1-q) "is the probabjlity that é'hbJe will be located
and y; .is the number of hd]es located for the first time
during the ith search, i= 1,2,\\3 k. °

The maximum Tikelihood function assumes that a major
proportion of the population of seal holgs i§ located and

removed during each survey of the plot (dlis et al. 1978). If

subsequent surveys of a plot do not show a decline in numbers
of holes ]ocatedﬁfor each unit of survey effort then the left '
and right sides of ‘equation 2 do not converge and ‘the
experiment fails. Conditions for the experiment to fail are

given by;

-
'
_~Y
ot

ko
? 3 (k+1-241) «y; <0 (Seber 1982)

izl

o {3)

The variance of N is estimated by ;

VEN)= N o (1-6K) e [N« (-F) (1-0K) - (kep) 2171 (a)

~
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where ‘ ‘ (5) ¢
Frale [N-(1-qK) (kK -(1-q2K))(2+N.q2K + (1-q3K))(6-N2.q3K)]"]

"
]

The 95% confidence 1limits -for N are estimated by + 1.96
(V(N))O-5. ‘
The assumption of equal probability of paptu?e between

-

search sessions was tested by;"

k

X2- Z] (yi-Nepiqi-1)2 (Nep.q 1-1)-17  (zippin 1956) (6)

with k-2 degrees of freedop.

RESULTS

,7' o

Detection of a seal hole was indicated 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 ;

) , D .
km. :
3

In June 1985, a combination of very Tow snow_cover and a
rapid melt with very little water accumulation on the ice,
provided an opportunity to ground-truth the removal model at

two locations. In the two plots, 32 and 17 holes were located

L4

arr gy - v s

by the dog. The removal mode] estimated, with 95% confidence

R

limits in brackets, 33 (29-38) and 17 (17-17) holes, while a’
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total of 34 and 9 holes respectively were locéted b} the
visual ground searches,from snowmobiles. In the second plot a
Targe crack opened up in the plot after the dog surveys had
been completed, but before the plot could be ground-truthed.
Since some of the holes 1oc;ted by the dog were situated on
this crack they would not have been included in the ground
search. ¥ ‘

The ‘ground truthing allowed us to conclude that the
removal model can be used to estimaie the number of seal holes
within an area. Applying the model to the results ffom the
other plotsrwhich were searched by dogs gave estimates for the
number of seal holes present in 31 of 32 plots . Estimates
were not obtained for one plot, (plot’9 in 1984), because the
search results did not satisfy tﬁe failure criterion given by
equation (3). When this plot was surveyed the temperatures
we}e close to 0°C and the snow was very deep making it
difficult for both d;gs, but especially for the smaller
female, to run across the soft snow . This could have resulted
in a variable igarch effort and violated the assumption of
constant probability of hole detection between searches. The
assumption of equal probability of capture was tested 'in the
rehaining plots using a chi-~square goodness of fit test. Noﬁe
of the chi-square values were significant (p>0.05).

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
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of variation of the population estimate (N), improved from
1984 to 1986 (Table 1). Precision was‘affected by both the
probability of ‘a hoie being detected (p) and by the proportion
of the .estimated population of holes TJlocated during the
searches (Fig.2a,b). The prpbabi]ity of 'detecting a hole
;anged from 0.21 to 1.0 (x=0.45 SE=0.03 N=33). This means that
during each search of a p]Bt the dog missed 0% to 80% of the
structures it passed. Significant improvement§ in the
proﬁability of dgtecting a seal hole were observed when the
search area Was reduced from 4 km2 to 2.25 km2 (F=4.4, df-=
1,32, p=0.04) and when only one dog.was used during t%e survey
of'a plot (g57.6, df=1,32; p=0.009)(Table 1). The proportion
of the plot covered by pressure ridges had a negative effect
on probability of hole deteégion (p)" as shown by the-
regression: p=0.595-0.010 ‘(% ridge), (R2=0.34, F=15.4,
df=1,30, p=0.0005). Temperature, ‘windspeed, search time , the
amount of rest for the dog between searches ;nq 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 combined in 1984, and for a
single dog, 4.5 min (SE=0.1, N=8) in 1985 and 6.4 min (SE=0.1,
N=14) in 1986. Differences were significant between years
(F=51.8, df=2,26; p=0.0001).

“ Hole densities were highest in 1986 with an averége of
7.94 holes/km? (SE=0.98, N=14), followed by 1984 with a mean
density of 5.89 ho]es/km2 (SE=0.95 N=9). The 1984 gstimate
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includes the number of holes found by the dog in plot 9,

rather than the estimated number of holes located because the

removal model did not work for this plot. This likely results

in an underestimate of the 1984 hole density. The 1985 density
estimates were the lowest at an average of 5.15 ho1es/km2
(SE=0.63, N=11).

Hole to seal ratios could only be determined in March and-

Ny
Py a2

April when cé1d temperatures insured that as/hole would freeze
if it had not been attended by a seal within fﬁe previous 12
hrs. Hole to seal ratios were obtained from holes that froze

after we killed five female .and three male ringed seals. Two

of the females were immature; three were pregnant or -

lactating. A1l males were adults. The adult seals maintained
an average of 3.5 (SE=0.22, N=6) holes per seai, the immature
animals each maintained Bib holes per seal. Since the number
of holes maintained by immature seals lay within the 95%
confidence interval for adults, the results from the two
groups were poo]edh tov obtain an average rat%o 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 Jf 2.35 seals/km2 in
1986, followed by 1.74 sea]s/km2 in 1984 and 1.53 sea1s/km2
in 1985 (Table 3).
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DISCUSSION .

-

The differences in survey precision observed betﬁeen plots
ang the year to year changes in time rgggired By the dogs to
travel a one km distance show that the dog’s performance does
vary with suvvey conditions. Therefore changes in time spent
se;rchtng per seal hole located may only reflect changes in

the dog’s abiltity to detect seal holes, not changes in seal

" abundance. These difficulties may be overcome by combining the

dog survey technique with removal,sgmp]iﬁb to obtain estimates
of the total number of seal holes in a plot.

The removal method assumes that the poph]ation under

study is closed. However, the tests for closure are:often

based on the assumption that théﬁ probability of c;ptune
remains constant throughout the survey. A]thdﬁéh sga] ho}es do
not move, the caosure assumptibn may be vjo]ated‘i; seal holes
are abandonned due to continued distur%ance from our survey
activities or new holes in the fast ice might be created. To
avoid possible “viqlations of this assumption, multiple
seﬁrches of each plot were completed in._as shbr; a time as
possible (0Otis et al. 19?8), usually within two to three days
whenever weather permitted . ‘

4

The removal method also assumes that the probability of

capture remains constant. I tested for constant probability "of -

capture using a chi-square goodness of fit-test (Zippin 1956),

J

2

\
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but these tests appear to be very insensitive to changes in

Mca;;ure probabilities (Boff 1973), especially at the 1low
population sizes observed in my plots (< 40 holes). During the

surveys, the dog showedjmuch more interest in birth lairs than

in structures maintained by lnalg seals. Variable detection

rates likely result in the initial surveys locating more seal

holes than expected and Tlater surveys locating fewer holes

than expected. Population estimates obtained from the removal

method unher these éBndifions underestimate the total number

of seal holes in the plot. However, I do notﬁbelieve that

variable capture rates will result in major underestimates of

population size provided the conditions required by equation 3

‘given in the methbds are satisfied, and reasonable
coefficients of variation (precision), of 30%Abr lower are

obtained. - _ 0 ‘ |
Survey precision was affected by the probabi]it& of a
. hole being found and the proportion of the estimated number of

ho]es:in the plot detected during the searches (Zippin 1956).

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

probability of detecting a hole exceeded 0.35 and at 1east(80%,

of the seal structures had been located. Increased pressure
ridging interfered with the do§7; abiflity to Jlocate _seal
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 scent.

The use of one dog per plot and searching a plot of reducgd\\/)
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size contributed significantly to improvements in the

probability of detecting a seal hole. Plot size should  be

selected to contain at least one sea] in a majprity of p]ots
{(Greig- Sm1ty 1964), which suggests a minimum size of 0.6 sz

for the arees surveyed—in this study. QlLse of . the removal
method did ?ot result in any reduction ifn survey effort. In-
order to 1ocate—é0% or more of the population a minimum of
four eearches were required. At two searches per day this
1nv01ves 2.6 hrs or 32 km of search1ng per p1ot by the dog. I
examined the possibility of ° using mark recapture and’

!

mark-removal estimators which are more efficient than removal

‘

technijques (Seber 1982;  Skalski and Robson 1982 ; Skalski et -

al. 1?84), but the assumption .of constant ‘probabi}ity of
detection of marked agé unmarked ho]es was not satisfied.

The average hole to seal ratio of 3.38 that j‘bbt"ined is
Tower than the ratio ef 4.8 holes per seal reported :E Smith
and Hammill (1981) for seals occupying breeding*hebitat in a
south-east Baffin Istend fjord. However, if their retto is
corrected to .account for a max1mum of 80% of the estimat—e
population which they saw on the ice at one tlme, then the1r

ratio is reduced to 3.8 holes per sea1, similar to the present

estimate. These rat1os "fall within the range of two to four

L
. holes per seal reported from radio-tagging and behaviour

studies indicatinq that seal he}ef\ are a valid, but not yet
clearly defined index of seal Abundance (Table 2).

A comparison of seal densities obtajned‘usﬁng the .dog

b
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search and removal method, with densities 9bt;ined from aerial
surveys of . Barrow Strait, indicate th;t ringed seal

k¥\\ ;pobul;;ions may ‘e two to three times higher than previoqs]y
thought (Table 3). These comparisons do not include estimates
for the number of pups broduced in the study area during the
three years of surveys with- the dog. Assumiﬁg one birth lair
bér pup, then the densities\qbtained from the dog surveys in
1984 and 31986 could be incfegsed by+ up to ,40% and the )
. . estima?es'gbtaine@_ffom 1985 Py up t? 20% (Hammil) SectioQ
Id).'These’estimates may still underestimate population size
because juvenile apimals ére often excluded from the _area§ﬁ‘
Eovered by the Breeding habitatdsurveys, towards the iceyedgé‘ ¢
and open water areas (McLaren 1958; Smith 1973, 1987).
@E’ -'T%e use of trained . dogs s presently the only method
* c;vi’ﬁable for examining riaged seal digtribution dEbjng the
winter and spring months. 'CapitST‘§costs are low, and the
f " method provides otherwise -—unavailable information on
3 popu]ation' composition, °‘production and predation rates of
seals in their breeding habitat (Smith 1976; ‘Smith and
§tiﬁling 1975,'1978}. When combined with the removal model,

survey quality can be ‘assessed and changes in population size

can .be detect&d. Application of the model permits between
— - . ?

\\S:udﬂ comparisons of ringed seal density irrespective of”%hg

g used and conditions encountered. However, this method is ‘s

~labour intensive and limited in the amount of area that can ble

o Ay

. };urveyed. Sample sizes could be increased, possibly doubled by




2 sharp reduction in plot size, but the method is still not

‘[é ‘ suitéble for surveying large areas. Perhaps the most effective

‘strategf4for monitoring ringed seal populations is to combine
aerial surveys with }he dog search/removal method, Qusing -

results from the ground surveys "to “correct: aqyig] survey

estimates for seals not hauled-out on the ice.
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1. Mean number of searches per plot precision of pOpulatlon estimates, proportlon of ;he population located, number-
of dogs -used—in-the surveys and average area of 'study plots during 1984 to 1986.

Y

4 Proportion of
Mean Number Precision Estimated Probability of . Total
Searches of Estimates (%) |Population Located| Hole Detection Number Area Search
Year|. Per Plot Per Plot (%) Per Plot of Searched” Effort
: Dogs (4km?2) (hrs)
#Plots} X SE X SE X SE X SE
1984| 8 4 | 0.1 48.0 15.7 81.7 4.8 .329 .043 2 4 30
19851 11 5 0.3 20.1 6.0 92.4 2.0 .454 .068 1 4 36
1986 14 4 0.3 15.6 5.7 94.5 1.8 .523 .045 1 2.25 54

cezine




Table 2. Hole to seal ratios calculated from this study, and values
reported in the literature. The value from Smith and Hammil)
(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 . . Source
o
-3.38:1 Frozen holes Present study
3.8:1 Behaviour . Smith & Hammill 1981
0.3 - 2.6:1 - Behaviour Finley %9?9

4:1 Behaviour Finley 1979 i ‘
2:1 Radio tagging Burns & Kelly 1982 !

2-4:1 Radio tégging Kelly 1985

«

1 Burns, J.J. -and B. Kelly. 1982. Studies of ringe) sels in the
Alaskan Beaufort Sea during winter: Impacts of Seismic.Exploration.
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/km2) obtained from
dog surveys and estimates obtained from aerial surveys of
hauled out animals. Standard errors are in parentheses. Seal
densities from the present study were obtained by dividing
the density of seal holes by 3.38.

1

This Study Aerial Surveys

Density Year Density Source

2.35 (0.29) 1986 1.17 (0.05) Kindggey unpublished data, !

1.53 (0.19). 1985 1.07 (0.05) |[Barrow Strait transects lying

- 1.74 (0.28) 1984 1.07 (0.05) |between 95°W and 98°W
1982 0.90 (0.08) [Kingsley et al. 1985.
19814 1.16 (0.21) |[Stratum 6 ’
\ 1980 0.85 (0.09) \
1975 | 0.69 . Smith et al. 1978 {:
1975 0.82 . Finley (1976) 2 average from
. - |Smith et al. 1978

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

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. Polar Gas Project, Toronto, Ont. 183 p.

»
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Figure 1.

22

Lpcation of study plots surveyed during
March 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 fast jce edge in 1986.
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Figure 2a. Retationship between probability of the .
dog detecting a seal hole and survey . )
precision. Precision is represented by the )
coefficient of variation. _
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- population located during ground surveys - T

and survey precision. Precision is represented by @
the coefficient of variation. ‘
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“disiribufionnof sea1§\and features of their fast ice habitat.
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CONNECTING STATEMENT

i

It was necessary to develop a reliable method of measuring

"é

sea] abundance in the fast ice bgfore factors affect1ng the ©

distrqbut1on of animals could be assessed. In Section I

populat1on estimates derived from the breeding habitat surveys

were used to determine the re]at1onsh1p between the ’

A
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SECTION ?I o
Factors Affecting the Abundance of Ringed Seals

_in their Fast-Ice Bre ding Habitat




A o

INTRODUCTION

At the time of freeze-up, 1in autumn or earlylwinter,_

ringed séa1s’are thought to\ﬁhintain underwater territories
around two to four breathing h61es (MclLaren 1953, 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 March to May. These
subnivean ‘structures provide protection from predators and

shelter from ¢old temperature§>(McLaren 1958, 1963; Smith and

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

The amount of habitgt available for breeding is generally
considered to be a major factor }imiting ringed seal
population size (McLaren 1958). Suitable habitat has been
described as stable annualfy'form1ng Tand-fast iqe that has
undergone sufficient deformaéion to encourage snowdrift
formation (McLaren 1958; Smith and Stirling J1975). Smith
(1980, 1987) described hummocky ice as tPe mos£ productive
habjtat in the Amundsen Gulf, and on southeast Baffin Island,
followed by pressure ridges and snow covered refrozen cracks
in theeep bays along the eastern Baffin Island coast. In the

high Arctic the -greatest number of subnivean structures are

e e = e —rmn
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2assoc1ated with pressure ridges in the inter-island channels

and at the entrances to large bays. The number of st}uctures

inside the bay§ are thought tb . be much lower, because of

t al. 1981).

inSufficient snow (Smith et al. 1978; Stirling
Much = of the earlief ‘research was concerned with the

qualitative description of habitat features and the structures

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

‘summer, have quantified the importance of annual f;st ice.
These surveys have identified é preference by ringed seals for
wate}s 50 m to 175 m deep (Kingsley et al. 1985), éﬁd fast ice
with deformation of 10% to 20% of the total ice cover (Burns
ahd Kelly 1982) . HoweQer, aerial surveys are conducted 1itg in
the spring to coincide with the peak of haul-out, well after
breeding has been completed. At this time, the postulated un-
derwater territories have broken do&y and animals have
redistributed themselves in the fast ice (Finley 1979; Smith
and Hammill 1981; Smith,1957); Aerial survey results are also
difficult to interpret because of weather and seasonal effects

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

~ Hammi11 1981; Kings]gy 1984).

In order to test the hypothesis that ringed sedlls are
limited by the availability of .suitable habitat, it is
necessafy to assess both habitat éonditions and the
distribution of seals in the fast-ice during the whelping
period. Tn this paper, I examine factors affecting ringed seal

abundance in Barrow Strait, NWT during March to May, 1983 to

© o L ve remage e a n g A e
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1986 and relate changes in seal distribution to quantifiable

features of their fast-ice habitat. .

MATERIALS AND METHODS

Study Area ‘
)

, - Research was conducted in Barrow Strait near Resolute Bay

NWT (Fig. 1)..This area 1is characterized by mean Janua

' témﬂﬁzﬁm}fs of -33°C and annual precipitation of 125 mm to

150 mm (Maxwell 1981). Water depths are moderate ranging from
50 m t? 300 m. Net current flow is eastward: water of Arctic
Ocean /origin flows into Barrow Strait fram the adjoining
chaﬁneis and empties through Lancaster Sound into Baffin Bay
and Davis Strait (Collin and Dunbar 1964). Total annual
primary production in Resolute Bay is estimated at 45 gC m-2
yr-1 (Welch and Kalff 1975). |

The ice cover consists of first-year fast-ice with oc-
casional pieces of second-year or multi-year ice ‘that has
drifted into the strait from Viscount Melville Sound to the
west or through McDougall Sound from the north. Normally the
fast-ice extends from Viscount Melville /Sound 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. (80° 00’ W 1ongitude),
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-In 1985 at Maxwell Bay on Devon Island (89° 00’ W loﬁgitude),

{
and in 1986 west of Lowther Island (98° 00’ W longitude). Ice
formation begins in September covering the Tlarger bays and
smaller channels with fast-ice up to 70 cm thick by mid to

Tate| November. Peel and McDougall Sounds consolidate next in

late November and early Decémber, with/waximum ice thicknesses
of 70 cm at this time. This is followed by consolidation in
the ﬁdrthern half of Resolute Passage between 'Cornwal1is
Island and Grif{ith Island in December to Febfuary (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
Decgmber‘or as late as the beginning of March. In some years

continued ice movement results in the formation of an unstable

pressure ridge or a persistenq lead along the south shore of

Bathursft Island, extending across McDougall Sound to

Cornwallis IsTand. 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 the winter, floes up to 10 km across, consisting
of ice up to 70 cm thick, may cover 90% of the strait. Barrow
Strait‘psually consolidates from west to east in late January
to Marc&. Ice breakup bedins in late June. Clearing of Bar;ow
Strait depends on the position of the fast-ice edge, spring
temperatures and the prevailing winds. Normally open-water

conditions exist in this area by early to mid-August (Lindsay

RSN "“‘&1{’: ":ﬂlg‘;&
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1975, 1977; Marko 1982).

Data Collection .

Habitat and seal abundance were assessed in two to four
kmZ plots (N=32) between 19 March and 23 May, 1984 to 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 .ﬁavigation system

(Magnavox MX4102, Torrance, California USA ). In 1986, fast-
ice did not form in the main study afea. Instead, this area
was covered by pack ice varying in concentration from 0 to
7/10 depending on the prevailing winds. Selection of ;1ots to
be sgrveyed in 1986 was subjective. Areas were chosen before

1

the surveys began to determine the effects of date of ice

consolidation and water depth on seal abundance. The actual

site was established based on rough ice conditions and snow

cover. These areas were locéted 0 to 60 km awaylfrom the open
water, over water depths of 40 to 260 m, with 0% to 40% rough
ice and mean snow depihs of 2.0 to 25 cm. The survey plots

were reduced from 4 km? to 2.25 km? in order to increase our

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

surveyed (Fig. 1).
Habitat was described by the variables; snow depth, rough-
ice thickness and height, ice thickness, water depth, and ice

topography, distance from open water and date of ice con-
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solidation. Snow depth in each plot was measyredg to the

nearest cm at 16, 100 and 54 equally spaced points in(?384,

1985 and 1986 respectively, beginning from the 'goutheast
corner and moving north along the east border of the plot.
Each \Eéﬁ“t measurement vrepresented an average of éix SNow
depths taken at three metre intervals with a steel rod. Rough
ice thickness and rough ibg height were recorded only in 1985
and 1986. The total thickness and height of any piece of rough
ice within one metre of a snow depth measurement was measured
to the nearest cm. The thickness of the fast-ice cover in 1984

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

drilling a hole through the ice with a 10 cm diameter icg

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

spaced points beginning along 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 hydrographic
chart with a coverage o% four soundings per km2 (unpublished
chart filé # 3182, Bayfield laboratory, Burlington Ontario).
Ice surface topography was = assessed by aerial photographs
taken‘frgm an altitude of 300 to 350 m with a 6.0 cm x 6.0 cm
format ;amera. The ﬁhotographs were covered with an qyer]ay
contaiming 121 squares per frame. The presence of pressure

ridges and rough ice in each square was recorded and expressed -

as a percentage of the total number of squares per plot. In-

r , " ‘ - i !
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“plots that were not photographed, the amount of pressure
ridging was estimated subjectively. Information on date of ice
con;olidation was obtained forﬁpach year, from NOAA infra-red
satellite imagery (Canagian Centre for Remote Sensing, Prince
Albert, Saskatchewan).g'An area was considered to have
con§o]idqtgd if it consisted of gray or white ice, did nog
" contain any black coloured ice, indicative of open water or
very thin ice, and showed no signs of movement between
consecutive photographs. The resolution Qf this imagery is oné
km. Date of ice formation was determined from the equation <

I= -25+ ((25+ I)2 + 8(FDD))0-5 (Zubov 1938)

where I= ice thickness in cm, Ij= the 1last measured ice
thickness and FDD= freezing degree days, which equals the mean

daily temperature below 0°C. Solving for FDD and subtracting

from this figure the nupber of freezing degree days from the:
date of sampling gave the date 6f ice formation. Information
on freezing degree days was obtained from published
meteqrologica1 data for Resolute Bay (Monthly Record,

Atmospheric Environment Service, Environment Canada, Ottawa,

Ontario).
\

h)

. The density of seal holes in each plot was used as _a
measure- of seal abundance. Estimates ,were obtained hy applying
the removal method (Zippin 1956) to the number of seal holes
Tocated by survey dogs during searches of fixed effort (Smith
and Stirling 1975; Hammill Section I). In 1984,—two Labrador ‘l

Retriever dogs were used for the surveys; a 25 kg female and a
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35‘kg male. In 1985 aﬁd 1986 only the female was used for the
sur;eys. A11 subnivean seal structures locatdd bg the dog were
identified as either a breathing hole, a male br;}thing hole,\
a haul-out lair, a male haul-out lair or a birtH Tair (Smith
and Stirliné 1975). These were classified as active if the
breathing hole or access hole was ice free, or abandonned if
the hole was covered by a layer of ice and showed no signs of
predation. Each structure was examined for -evidence of
predation (Smith and Stirling 1975; Smith 1976,  1980) and then
several meaSUﬁgments were made: total snow depth, measured
beside the, breathing hole and average snow depth where two
snow depths were ﬁeasured to the nearest cm, 5 m and 10 m away
from the breathing hole, on the north, north-east, east,
south, southwest and west side of thé breathing hole for a
total of lé measureggnts. These measurements plus the total
snow depth me§surement 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 byldrilling a hole 2

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

the seal structure wgﬁ\\located on. Water depth ‘at the

structure was recorded by Tlowering the depth'\soundér

tranéponder down the drilled hole.

\
,
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Data Analysis M 0 j

In plot 16; 25 of 27 struciures were located in the
northern half of the plot. This area consisted of ice 116 cm
thick and had a mean snow depth of/i4 cm. The southern half of
the plot consisted of ice 40 cm thick and was covered by 2 ¢
of snow. Because the two areas were so diffgrent we decided\to
divide the plot in half, and created a new plot (plot 24),
with an area of 1.12 km2. . A -

Differences between sample means were tested using
Student’s t-test. Homogeneity of variances was checked using 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 variances and are denoted
by t’ (Snedecor and Cochran 1980). The relationship between
the habitat variables and séa] abundance was examined using
ﬁath analysis (Legendre anJ Legendre 1983). Pearson and
partial correlation coefficients were calculated using the

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

RESULTS

o

Habitat

In 1984, the mean Septembe} to May wind direction was

from the north at an average speed of 20 km/hr. The mean
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teﬁpgrature was -20°C aﬁd total snowfall for the winter was 82
CC Table 1). Ice in the study area conso]idéted in February.
A11 plots consisted of first-year ice except for plot 1 which
contained 20% second-year ice.uHabitaé Fonditions were charac-
terized by thick ice,-a very irregular surface topography and

, deep snow cover (Table 2). | n
In 1985, the predominant winds were east north-east at an

average speed of 19 km/hr. The mean temperature of -23°C, was

3°C lower than 1984 pri;§hi1y due to lower autumn temperatures

(Iablﬂ/l). The fast-ice in the study area consolidated in .,
MarchJ one month Tlater than 1984. The ice consolidated
quick{y resulting in a very smooth ice surface (Table 2).
‘ TotaT}snowfall was 35 cm, 45% of the 1984 value. Average snow
f% dep?% on the ice in the survey p]ois was 7.9 cm, 42 % less
tha7 1984 (Table 2). “
In 1986, windspeeds were the highest of all three years,
averaging 21 km/hr from the north. The meanwtemperature was
-21°C, similar to the temperature in 1984, but temperatures
b%tween December and February averaged -28°C, 4°C warmer than
the same period during the two previous years (Table 1). A
solid 199 sheet did not form over the initial study area

J [} »
forcing us to survey areas on ‘either side of the open water
-

| /(Fig. 1). In the areas we examined, the ice consolidated
/between late November and mid-April; from north to south in
Jthe McDougall Sound and Intrepid Passage area and -from south

to north in Peel Sound. A1l plots consisted of first-year ice

t
) a
l
!
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except fon plot 14 which had some multi-year ice forming 1% of

'E: the total cover. Mean ice thickness and surfdce topography
were similar to 1985 values (Table 2). However, the pieces of
ice formi;g the pressure ridges were Targer in 1986 than in
!985. This combined with greater precipitation and a greafer
number_‘of days with blowing snow between March- and May,

, resulted in snow depths simi]ﬁr to 1984 (}able 1).

) We examined‘the relationship)between the different habitat

vari;b1es/by pooling the data from a]] ye;rs (Table 3). Snow

depth was positively correlated with thick, egrly

; ' consolidating ice "and the amount of pressu?e ridging'in the

'p]ot. The amount of pressure ridging was greater in areas of
shallow water and inunareas of Tate consolidating i;e. The

i ‘: s}gﬁifiZant correlation between date of 1ice consolidation and“

“distance from shore (r=0.43, pf0.02) indicates that the ice

-consolidates later as distance from shore increases. We also

found a significant partiai correlation between snow depth and
water depth (r=0.422: p=0.02) but this appears to be a
spurious relationship resulting from our Peel Sound surveys.
This area contained the deepesf water of all "areas examined

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

early in the winter.

Seal Abundance

Seal structures were located _brimari]y along pressure
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Habitat Immediately Adjacent to Seal Structures ,
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ridges abproximately one to three metres away from the ridge.
Some st;hctures were associateg with pieces.of rough ice or
along refrozen cracks. The density of seal strhctuves was
highest in 1986 (X=7.94 km-2, SE=1.0, N=14 ), followed by 1984 "
(x=5.89 km‘2,¥SE=l.0, N=9), and finally 1955 with -the lowest
densities (X=4.83 km-2, SE= 0.7, N;Q). In 1984, 72% (SE=5.0}
N=9) of the structures located by the dog were lairs 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.

»

1 ¥
5 o
b4 .
.

A single observation shows Tair formation can occur quite

rapidly. A breathing hole 1ocated in. 1985 became a haul out

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

the hole during a storm.

There is limitgd indirect evidence suggesting that fidged

seals can dig new ho]es through the fast- 1ce In Tate Apr11

‘and in early May 1986 two 1a1rs 1ocated by the dog had small

access holes approx1mate1y 15 cm.in d1ameter These holes had
smooth sides and were wide at the top 1nd1cat1ng they “were

haul-out” holes and)not‘breathing holes. Because of their size’

© . ¢ g
~these holes could only have been made by pups. One hole had

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

hole that was covered by a Tayer oﬁsfce 15 cm thick. At the

~
~ -
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second structure,nthe jce beside the smaHJaccess hole was 91

c cm chick. In Tate April, 1986 an adult seal was observed haul-

. ed out on flat grey'ice,c34 cm thick, in an area free of snow.
*This area had been searched the previous day during whgc;m no
hoTe had been detected by ourse]ves or the dog. - /

Snow depths at the different type§ of structures wereo,"/
gre testl in 1984 and 1986 and lowest in 1985 (Table 4). The/'q

. lay est declines in average snowvdepth, a measure of snowdr1ft

- sfze, were observed at undefined haul-out Yairs and male hau]'-

.
out ~lairs (Table 4). Snowdrifts at these structures were

Fo
smaller 'by 42% and 32% respectively in 1985 compared to 1986,
while snowdrifts at birth lairs only decreased by 18% The
e decrease resulted from the Tower snowfall in 1985 (TaMe 1)
( . and lower ice hummocks adjacent to the seal structures (Tab1e

4). Except for the 1985 data, tota]c 'snow depth at the
different types of structures were similar to deﬂths found in

Vs

'cther areas o'f the Canadian Arctic arld Spitzbergen (Table 5),
‘Icei thicknesses measured beside the subnivean structures
were compared to the mean ice thickness of the fast-ice cover.
" Breathing ho?es, male brea{»hing holes, haul-out lairs and male ,
haul-out 1lairs were located in ice that was significantly
‘thinner than the surroun.ding> fast-ice (t’=3.6 df=50, t=4.2
df=239, t’=3.8 df=52, aund t=3.95 df=213 respectively; p<o.05).',"
‘Little difference was observed between ice thicknesses at

binth leirs and the surrounding ice (Table 4). Birth lairs

were 1oca1_;ed in the thickest ice of all structures,{ but this

C - ‘
- ¢ ¢+ e n
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difference was not significant between types of lairs.
Water depths at birth lairs were significantly deeper than
‘water depths measured at haul-out Tlairs t(g:=2.99, qf-5}
p<0.05), but were similar to depths recorded at other

structuresn(Table 4). . : .
‘Relationship between Seal Abundance and Habitat

s . \ During each year of the study we observed high densities
of seal holes under 3 very wide range of,habitaé conditions.
The highest densities . were associated. with plots that
consolidated between January and March. Ihey contained ice in
the form of large ice pans or a fast-ice edge, which formed

two to four months prior to consolidation. Thése plots had an

o
[

Q::‘é
e

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

ice surface consisting of pressure ridges and water depths of

<

1

90 to 170 m (Table 6).
K“In 1986, density increased and the percentage of
abandonned structures decrtased with- an increase of ppessufe
"?TQging and late consolidating ice. Density appeared to be
related to the amount of pressure ridging in the plot, but the
correlation was not quite significant (r=0.460, p=0.08).
" LHowever, the effects of rough ice were thought to represent J
finear combination of snow cover and date of ice

consolidation, based on the relationships identified earlier

between the habitat variables (Table 3). Significant partial

.

-
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correlations between density of seal holes and both snow depgh
and date of ice consolidation were found, but not between
density and rough ice (Table 7).

The results from 1984 and 1985 were{ examined next to
determine whethér the same factors were affec%ing the.
distribution of seals. The data from 1984, suggested that
densities increased with date of consolidation (Table 6).
There’:as a strong correlation between fast-ice thickness\and
density (r=0.792, p=0.01, N=9), but with no other habitat--
variable. Partial correlationg&fetween density, snow depth and
date of ice consolidation were not significant. In 1985; no
relationship between density and any of the habitat variables
was found.

No B?rth lairs were observed bgfone April 4. In Barrow
Strait the mean pupping date fallg in the fourth week of April
(Hammill Section III). The prop{rgjon of birth Tairs 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 1986. Male

structures were fﬂenfified early in the season during surveys

" conducted in March, but were not evident after mid—ﬁay.

Excluding plots surveyed during the last two weeks iﬁ May,
male structures made wup 18% (SE=4.1, N=8) in 1984; 38%
(SE=8.1, N=8) in 1985; and  26% (SE=5.4, N=11) of all
structures in a plot in 1986.

1 compared the f}equency of fema]e structures (birth

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

L N G 7 A D e N ﬁﬂr{f;&f‘w“ YRR, 3N
' Wt R . N LA Sy ] ) . H




o 42
differed from 1:1, Structures used by males included both
haul-out Tlairs and breathing holes. Females can only be
identified by -the presence of a birth lair in the plot even
though they maintain other structures as part of the birth
lair complex (Smith and Stirling 1975). Therefore, I expected
the ratio to differ si%nificantly from 1:1 in favour\of males.
In 19857 the ratio of male structures to birth lairs did not
differ significantly from unity. In 1984 and 1986, there  were
significantly more birth lairs than male strﬁ%tures in the
plo€§ indicgting segregation of sexes in the fast ice (Table
8). In 1984 and in 1985, pypt 9, which was one of the 1last
© areas to,conso1{date ip both years, appeared to contain large
numbers of non-breeding animals. In 1984, 14% and 22% of 36
hples were birth lairs and male structures respectively. This
area was covered by deep snow and thick ice, but had ay
unstable crack running through the eastern side of the plot.
In 1985, . plot 9 had very little snow cover (WZL]e 6) and had
an “unstable pressure ridge along its western boundary. No
birth lairs were located in the plot. A1l seal structures

d by the dog were extremely small in size and were

situated on the unstable ridge. These structures are thought
to have been made by small immature seals. In 1986, only plot
did not contain any birth lairs .or male structures,
indicating the presence of non-breeding animals. This plot was
loeated in southern McDougall Sound near a region of unstable

ice (Fig. 1,2). The remaining plots all had male structures

-
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Al

or birth lairs.

In 1986, date of ice consolidation and mean snow deﬁth
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
relationship was found between any of the habitat variables
and the distribution of ma{e structures. We did not examine

the results from 1984 and 1985. because of the small sample

sizes.

DISCUSSION

The fast-ice in‘Barrow Strait shows gonsiderable year to
year variability in snow cover, ice tbpog;aphy and chronology
of ice consolidation. Snow depth is tied to precipitation, ice
thickness, and the amount of pressure ridg%ng. The older the
ice and thé earlier it consolidates, the longer it provides a
stable platform for snow accumulation. Pressure ridging acts
lTike a Snow fence catching blowing snow and encouraging snow
drift formation. The large variation we observed in habitat
conditions is 1likely vrelated to year to year changes 1in
atmospheriF 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).
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Lair formation can occur quite rapidly over existing holes
after snowdrift formation. We also have limited ev;dence that
suggests seals search for suitable 'snow drifts for haul-out
lairs and then possibly dig new holes through the ice under
these drifts. Drifts could bg located by the differential
penetration of 1ight throggh'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
Kel]j 1981 ; Hammill Section 1) and forming new structures
when necegsary, ringed _seals reduce their exposure to
predators. In 1986, the thinnest ice confﬁfping 1;irs was 75
cm thick. Most seal holes were associated with ice 10 to 30 cm
thinner than the ;urrounding ice. By digging .through cracks
parallel to the ridge that appeared at the time of ridge
. formation, seals would be digging through ice 45 to 65 cm
thick ana not the maximdm 75 cm. /
Birth lairs were found in the largest drifts. It is

;

possible these sites are occupied at the time: of ice
formation, but this assumes a female occupying a site in
“January can predict if éuffic{ent snow will accumulate in time
for pupping in April. Instead, I propose that after a feméle
occupies an area, she searches for a large drift; digs a new
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 Tlater form the birth Tlair complex (Smith and

Stirling 1975).

N
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A major difficulty with this study is the small sample
size of surveyed plots. The dog search method is the only
technique available -to study ringed seal populations in their
breeding habitat. This method is very labour intensive. In the
final year of our study the dog covered over 510 km of sea ice
surveying a total of 14 plots. A reduction in plot size from
2.25 km2 to 0.6 km? would permit an increase in sample size to
about 20 plots per season (Hammill Section I). I have also
assumed that a constant relationship exists between.density of
seal ﬁo]es and the density of seals. Seal holes are a valid
index of seal abundance, but there is some variability in the

number of holes maintained by different segments of the

population (Hammill Section I). This variability would tend to

obscure any relationships between habitat and seal abundance.
High densities of seal structures were observed in a wide
range of ‘habitat conditions, indicating a very flexible

response to local features. Densities were lower in 1985 than

_in any other year possibly becaﬁse of the reduced snow depths

in the areas we surveyed, but a longer time series of data are
required to confirm or reject this hypothesis.

The decrease in abandonment rates of breathing holes and
Tairs and increase in density with date of ice consolidation,
observed in 1986, shows that seals were following the
advancing ice edge and were not necessarily remaining in thg
same areas they first occupied during the fall months.

Preference for late consolidating ice may be in response to

LA
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increased food availability at the ice edge (Bradstreet and
Cross 1982) or increased mobility because the animals are not
restricted by the n;ed to maintain access to a breathing hole.
Very few structures were located immediately adjacent to the
open water (Table 4). Instead lairs and breathing holes were
usually found 0.5 to 1 km away from the ice edge in thicker
icepans or in fas;-ice that had formed two to four months
prior to the conﬁo]ida}ion of ice in the plot. This ice was
mo}e stable and contained suitable snow drifts for haul-out
lairs. In 1984 and 1985, Barrow Strait was completely covered
by fast-ice. Date of ice consolidation was not identified as
an important factor during these two years because the a}eas
covered by the surveys Qere close tqgether and*werellocated in
ice that had consolidated at the same time (Fig. 1,2; Table
4). I used NOAA satellite infra-red imagery to determine the

date of ice consolidation, whdich provided large scale coverage

and has a resolution of one km. In future studies the

application of more advanced imagery, such as thematic

mapping, which has a resolution of 100 m in the infra-red
b;nd, may permit a more precise determination of the date of
ice consolidation. ‘

In other studies exémining ringed seal distribution in the
high arctic, low densities of ringed seals were associated
with ihe arly consolidating ice of\ McDougall and Viscount
Melville [Sounds and increased towards the late consolidating

fce of Barrow Strait (Kingsley et al. 1985; Fig. 4). Low

F e o
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densities of seals have also been reported inside the bays in
the high Arctic, apparently because of insufficient snow cover
f;r Tairs (Smith et al. 1978; Stirling et al. 1983), but more
recent work indicates that there is more snow cover inside the
bays than in the channels (Calvert and Stirlin; 1985). These
areas are also among the first to freeze early in the fall,
which makes them 1less attractive to seals. Densities are
higher at the entrances 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. l

Some of the variation observed in population composition
of the plots can be attributed to seasonal effects, such as
the appearance of birth Tairs, and the decline in numbers of
male structures. Within the fast-ice habitat immature animals
are excluded from "the MOst< suitable habitat to areas of
unstable ‘ice or 1itf1e snow cover (MclLaren 195%; Smith and
Hammi11l 1981; Smith 1987). Birth lairs were associated with
thick stable ice and deep snow cover in late consolidating
ice, but no re1a£?§nship was identified between the distriPu-
tion of male structures and any of the habitat variables
examined. During the spring mature males are thought to defend
underwater territories (Stirling 1977; °~%mith 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 cuts on males and the pq?gent odour associated with
mature males in the spring support this hypothesis (Mclaren
1958; Smith and Stirling 1978; Smith et al. 1978; SmAth and
Hammill 1981; Smith 1987). 1 believe that the underwater

territories are not established or at least not rigorously

defended until after parturition. At this time the movements
of the female under the ice are restricted because of the care
required by the pup. After mating‘ and weaning of the pup,
ringed seals haul out on the ice to.moult, the underwater
territories start to break down and seals ”red%stribute
themselves in the fast-ice (Finley 1979; Smith and Hammi11
1981). - R ' .-

Ringed sea]rpopu]ations are reguiated by a combination of

habitat availability (McLaren 1958, 1963; Smith and”Stir]ing:l

1975), social factors (Stirling 1977; Smith and Hammill 1981),
and predation (Stirling and McEwen 1975; Smith 1976; Stirling
and Archibald 1978; Smith 1987). Recently the availability of

food and its subsequent aff%cts on condition and reproduction

has also been suggested as a féctor limiting ringed seal
numbers (Lowry et gl,‘dlgso; Smith and Hammill 1981; Smith
1987). During the winter, ringed seals feed primarily but not
exclusively on arctic cod (Boreogadus saida) (Lowry et al.

1980;\ Smith 1987). Very 1little is known about the winter

biology of these fish. They appear to be very mobile and
patchy in distribution (Bradstreet et al. 1986). The

preference by seals for late consolidating stable ice suggests
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that access to food provides the initial attraction for seals
to an area. If this is the case, one would expect ringed seal
condition to be lower in years when thé,mobili;y of animals is
reduced by thick, early consolidating ice, and higher in years
of thin, late consoﬁidating ice. This hypothesis‘ could be
tested by iong term studies mdnitgring changes in population

age structure, condition and productivity along with changes

in fast-ice conditions.
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Table 1.

and days of blowing snow recorded at Resolute Bay, Northwest
Territories from September to May 1984-1986.
Record, Atmospheric Environment Service, Environment Canada,
Toronto, Ontario.

Mean wind direction, speed, temperature, snow depth, total snowfall

Data from Monthly

" Year --Mean Wind Mean Mean Total Mean Days' of
" ‘Direction Windspeed Temperature Snowfall Snow Depth Blowing
. o (km/hr) (°c) (cm) (cm) Snow
1984
Sept.-Nov. - N 23 -6 34 9 20
Dec.-Feb. N 19 -32 18 25 27
MY . May NNE ' 18 22 TN 30 U
1985 |
Sept.-Nov.  NE 25 -14 A 10 35
Dec.-Feb. N 18 32 7. 16 37
Mar.-May E 15 -22 4.4 12 17
1986
Sept.-Nov. N 28 \-14 59 23 2T
Dec.-Feb,  NE 23 " 28 11 28 3
Mar . -May NNW 23 -22 25 29 30
v ¥

“+
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Table 2. Mean snow depths, ice thickness, water depth, amount of pressure
ridging and height and thickness of pieces of rough ice measured in
the study plots.

1984 1985 1986
N X SE | N X SE N T SE

Snow Depth 143 23.2 1.3 ] 567 10.3 0.3 | 750 20.2 0.6

(cm) ¥

Ice Thickness| 28 Qqs 5.3 | 33 1%.3 3.6 | 209 1545 3.2

(cm) .

( -

Water Depth 88 105.5 = 2.6 - 203 163.0 4.8

(m) ‘

Thickness of - 9 170 2.3 |16 234 4.1

Rough Ice : .

Height of - 92 315 - 2.4 3 56,7 3.7

Rough Ice

Amount of 9 2.4 44) 9 123 19 15 3.6 3.2

Pressure

Ridging

(%)

~
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Correlations between the various habitat features examined betweem
1984 and 1986 in 32 study plots. Pearson correlation coefficients
lie above the diagonal. Partial correlation coefficients lie below

Table 3.

the diagonal. * denotes significance at p <0.05.

Pressure Ice Distance Water Date of Snow
Ridging Thickness to Land Depth Ice Depth
(%)_ (cm) (km) (m) Consolidation (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=0.0001"
Distance | -0.0166 0. 3b98 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 | -0.5979x  -0,1859  0.1518 ‘1. -0.0632  0.0764
Depth |[p=0.001  p=0.334  p=0.432 p=0.727  p=0.673
Date of 0.4856* -0.0548 0.4298* 0.2104 1. -0.6065*
Ice p=0.008 p=0.778 p=0.018 p=0.273 ° p=0.0002
Consoli-
n dation |
Snow | 0.6395%  0,5546*  0.0662  0.4225% -0.6023* 1
Depth |p=0.0002 p=0.002 p=0.733 p=0.,022 p=0.0006 |

v ne o g mmam gyt ome tn mem s v v ma dn e e

vyt e’ wm. n oo
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Table 4.

~

L\

Mean values of habitat features measured at the different types of subnivean structures of the ringed seal,

a ‘ o
Breathinggﬁgle Male Breathing Hole Haulout Lair Male Haulout Lair Birth Lair
: Year N X SE N X SE N X SE N X SE N X SE
) 5
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 Depth ) - ]
(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 6.5 8 651.9 8.4 15 93,6 9.5 5 70.6 12.7 4 76.5 21.2
Rough Ice
. Pi?ce§ 1986 | ‘13 85.5 7.8 12 79.4 10.9 19 114.6 10.5 2 98.0 80.0 10 111.0 19.7
cm
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 °
Ic? P;eces 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
’ "~ Thickness ‘ ) .
X (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 -
i .
1

I - S




Table 5. Mean total snow depths measured at seal structures in Barrow Strait and from other areas.

Male Male B
Area Year| Breathing Holes Breathing Hole Haulout Lair Haulout Lair Birth Lair Source
N X SE N X SE N X SE N X SE N X 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 |17 0.5 3.7} 12 50.7 2.9 |This study
Barrow St. }1986] 50 48.0 3.0 ]| 31 44.7 3.9 ] 40 k9.9 31 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 i Stirling 1975
‘ . . -t
Kingsfjorden| . . . . . . . 40 91.0 3.8 )22 75.0 3.4 28 89 2.8 |Lydersen and
Spitzbergen - Gjertz 1986
Bridport 1980 1 35.0 . 3 28.0 3.9 2 55.0 o 8 64.0 8.9 6 91 9.3 |Smith,
Inlet, NWT ' - unpublished
. 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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, Table 6. Mean habitat values for densities of-‘eal holes grouped by frequency"class. Standard errors are in brackets.

Freq. Number Mean Mean Number| Mean Me;n Ice |Mean Snow|Mean Water| Number Date Ice i
Class of Density Birthlair [Pressure|Thickness| Depth Depth Abandoned Consoli- Date Ice Plots
(holesé) Plots ](holes/km2)|(holes/km?) Ri?g;ng (cm) (cm) (cm) Structures dation Formation
km . i
> 10 ) )
1986 4 14 (2) 7 (1) 21 (7) | 134 (21)| 154) | 172 (28) 2 (1) 4 Mar. (12)] 6 Jan. 12,16,19,
) . ' 2
. | 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,;g,l?,
8, ‘
n,;\ °
; 1985 2, 7 (0) 2 (0) 20 (0) | 182 (5) | 10 (1) | 115 (11) 2 (2) | 6Mar, (4) | 1 Dec. 6,8
: 1 8 0 38 124 2 67 0 9 Mar. 2 Feb. |9
1984 4 7 (0) 2 (1) 30 (7) | 186 (6) 19 (1) 96 (11) 7 (4) |17 Feb. (2) | 20 Oct. 2,"4,6,8,9
| 36
; 1986 5 4 (1) 1 (1) 11 (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 Dec. |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




~ Table 6. Continued. ®
Freq. Number| Mean |Mean Number| Mean ([Mean Ice [Mean Snow|Mean Water| Number Date Ice _
Class of Density Birthlair [Pressure|Thickness| Depth Depth Abandoned Consoli- Date Ice Plots:
(ho)es/z\ Plots |(holes/km?)|(holes/km?) Ric(lg;ng (cm) (cm) (cm) Structures dation | Formation
km<)
{2 |
1986 1 1 0 0 39 2 113 0 7 Apr. 7 Apr. |24
1985 1 1 0 10 136 7 85 0 9 Mar. 14 Dec. |1
1984 1 2 0 27 137 23 85 0 8 Feb. 26 Jan. |1
, : .
B - K 4
3
-~ N . 33
3
\ . N

—i




& Table 7. Correlations. between density of seal holes (holes/km2) and habitat
: variables for the 1986 data. Pearson correlation coefficients lie
above the diagonal. Partial correlation coefficients lie below the

diagonal.
. -
Density, /  Snow Depth Pressure Date of
Ridging Consolidation

Density 1 0.2204 0.4605 0.3693,

) ‘ p=0.430 p=0.084 ] p=0.176"

Snow 0.6488 ) A 0.3712 < .0.7117

Depth p=0.016 | : . p=0.173 p=0.003

Pressure - 0.0456  0.4270 1 ~0.0700
! ¢ Ridging - p=0.8825 © p=0.1456 p=0.804

Date of ' 0.7092 . 0.8873 : 0.3284 1

Consolidation] p=0.006 p=0.0001 p=0.273
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Table 8. Observed and expected frequencies of birth lairs and male :
structures. Plots surveyed before mid-April and after .
mid-May are excluded. * denotes significance at p <« 0.05 g

" Year " Structure Observed Expected - Chi-square
" Frequency Frequency value ¥
1986  Birth 48 33 13,6+
Lair ; '
9‘ . R o . : ) !
Male 18 33 S -
Structures ' \ - S
" ¢ | ’ - _
1985 Birth ~ 12 14.5 Y 0.9
Lair . '
Male 17 14.5 . ~
Structures -
) ; 7
1984 Birth 51 .. 38 8.9*% ‘
Lair ’ ‘ ’
Male 25 38 '
- Structures ; .
o
|
0y 1 ‘
s

n
;s

AR T T T
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Table 9. Correlations between density of birth lairs and undefined structures and the habitat variables, snow depth and
date of ice consolidation. Pearson correlation coefficients 1ie above the diagonal.” Partial correlation :
coefficients 1ie below the diagonal. S

Birth Snow Date of Undefined Snow Date of
Lairs Depth - Consolidation Structures Depth Consolidation
Birth 1 0.2938 0.2463 - Undefined 1 .0.1928 0.3502
Lairs p=0.381 p=0.465 Structures - p=0.570 - v=0.29l
Snow 0.6869 1 -0.7102 Snow 0.6696 1 -0.7102 >
Depth p=0.0282 p=.014 Depth p=0.034 p=0.014
Date of 0.676 -0.4727 T Date of 0.705 :0.5439 - - 1
Consolidation |p=0.0319 p=0.088 g Consolidation p=0.023 p=0.044 p
< ’ 1 .
;. , - -
e
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Figure 1. Location of study plots surveyed during s ?
March to May, 1984 to 1986. Plots 1 to - . ) i
9 were surveyed in 1984 and 1985. The . :
remaining .plots were, surveyed in 1986. : ’ !
T The dotted 1ine represents the extent , - - ‘
of the fast ice edge in 1986. !
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. Figure 2.l\ General pattern of ice consolidation in / ' .0
Barrow Strait. Areas denoted py A B
consolidate first. Areas denoted by F . : - )
consolidate last. | /
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' ' CONNECTING STATEMENT ’ o
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) In Section 'II, factors affecting the distribution of ringed. ’
seals in the fast ice were identi}"ied. -Information was:
‘obi;ﬁNthe association between different segments of the.
popdlation and habitat features. Section IIl examines the age
strucyure, reproductive .rates and bady condition of ringed )
seals\occupying the fast ice between March and June. .
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SECTION III
of fhe Ringed Seal in Barrow Strait,

Northwest Territorfes

~»



INTRODUCT ION- S,

A

In winter,. ringed seals occupy the‘fast-icef'where they
maintain breathing holes and dig lairs under the snow (McLaren

1998). At that time of year they feed primarily on Arctic cod

(Boreogadus saida). Very 1iftle is known about the winter

biology of this fish. They appdaf to be very mobile ang have a
p;tchy distribution under the ice (Bradstreet gi al. 1986).
Although, the availability of food resoprces dnder the fast
ice 1is poorly understood, if cpqddtions are analagous to

observations of the antarctic Weddell seal (Leptonychotes

. weddel1i) (Testa et al. 1983)% then ringed seals may either .

deplete food resources around their breathing holes, or their
prey might actively avoid areas occupied by s;als. During the
1970’s major fluctuations in age specific reproductive rates,
body condition and numbers of ringed seals we?e documented in
the Canadian western Arctic (Stirling et al. 1977; Smith
1987). Changes in these parameters were attrlbuted to annua]
changes in the availability of food resources, possibly
mediated by winter ice conditions (Stirling et al. 1977; Sdith
1987), but this has not been investigated in any detai]

In section 11, I proposed that ringed seals occupying the

fast-ice have reduced access to‘gqu resources. To test this

hypothesis I collected ringed 'seals throughout the sp?ing'in



68

each year of the study. This cq}lectioh program also enabled
me to oﬂigin information on, timing of reproduction, populatipn &\
age stnucture and age-specific reproductive rates.

In|}his paper, I examine the hypothesis th;t.rigged seals
in tpe fast-icé have reduced access to food resources, by .
moniioring annual changes in body condition. I‘§1so present
information on popu]aiibn parameters as( baseline data fﬁr
ringedhseals'in the high arctic and compare these parameters
with results obtained from otherastud%es (McLaren 1958; Smith
1973, .1987). »

9

MATERIALS AND METHODS

@ ’ The study area was located in Bar‘row Strait be:cween
Lowther Island and Resolute Bay in the north and Russell and
Somerset Islands in the south (Fig. 1). Water depths are
moderaie, ranging from 50 m to 300 m. Ice cover consists of
first year ice which extends from Viscount Melville Sound .
towards Lancaster.Sound in the east. The eastern edge of the
first year fast-ice varies in position from year to year
(Marko 1982). In 1984 the fast-ife edge formed off Bj]ot
Island; in 1985 at Maxwell Bay\aﬂd in 1986 west of Lowther

Island. The chr5nology of idce con;olidation is also quite

variable. Generally the kice solidifies between banuary and
March in Barrow‘Strait, but begins as early as September in

the bays and adjoining channels. In 1986 the ice consolidated
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one to two months later tha; in ‘the- two previous years. Ice
breakup \begiﬁs in early July and open Qater conditions |
norma]]y exist in this area by egrly to mid-August (Marko
1982). N, e \

fSéals were collected by shooting at the b(eathing hole or
on ‘the ice- with a high-powered rifle. Collections between
March and May ueré opportunistic because surveys of the
bregdi;g habitat took place at this time (Hammill Section II).
After mid-May all the effort weft into the co11ecting° of/
seals. Hunting was concentrated along the east ‘and south

-~

sides of Lowther Is?and and Griffith Islands up to 16 " km
offshore (Fig. 1). —- ‘ ' ' )
ﬁ.Standérd length, axillary girth, sternum blubber thickness
And body weight yere measured on each animal (American Society
of Maméalogists 1967). Body weight was not corrected for loss
of fluids. Maximum girth, and blubber weight with the skin
attached (sculp) were also récorded. Blubber was removed from
27 skins and the skins weighed. These weights do not correct
fpor o0il1 retained by the pelt. A1l 1linear measurements wérg
recorded to the hearestvéls cm except blubber thiFkness whiéh
was meésured to the nearest 0.1 cm. wejghts were measured to

Ages were assigﬁed by . counting they’number ‘of dentinal

P

annuli in thin cross-sections of: lower canine feeth, under
transmitted light (Mclaren 1958a; Smith 1973). Each tooth was

read three times on separate occasions and the results

]

<4
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. averaged to obtain a final estim;te. “ | ‘ |
aﬂb _‘ Female reproductive tracts were preserved in 10% formalin.
f 'Ovar;es were sectioned’ by hand and examined for the presence
of F8111c]es > 5 mm.irl diameter and, active corpora Tlutea:
(Sm1th 1973) . . L
The growth of anima]s > 1 year was descr1bed using the von S
Bertalan{fy growth corve. Standgrd Lquthf 30 (1-e (-Bl-x +
B2)}) where Bg is "the asymptotic length, Bi is a growth rate
constant (cm/yr), X is age.in years and.Bp -is the age at ‘which
o seals hgd zero length if :re& had alwoys grown in the manner
~described by the equatioh (Von Bertalanffy 1934). Computations
for theé growth curves were carried out u31ng the non- -linear
procedure in the Stat1stica1 Ana]ys1s Systems package (SAS
gﬁ . Irsfitute Inc. 1982). ¢ .
"~ predictive equations of - the form Y=aX;S- X9 were
‘calculated for body weight, sculp weight and skin weight using
standord E]ength, ﬁnd maximum girth as the ihdepcndont
\variables‘(Usher and Church 1569). ‘ *
Fat content was determined on 31 animals. Half of the
carcass soctioned 1ongitudina11y minus the sculp, and ‘all of
the riscera were ~ shipped frozen to Montreal. Carcass/’and
riscera somp1es were‘groond in a large animal grinder (Model
801B, Autio Co., Astoria Oreg.), freeze dried (Model 50 SRC, —
The Virtus Co., Gardiner, N.Y.) and reground in a Thomas-wilfy h

mill (Model 4, Wiley Co. )Phi]ade]ggia, P.). Total lipid

content of the half carcass and viscera was determined

o




séparately following extraction (chloroform:methanol, 2:1 by

volume) for four hours in a micros&kh]et apparatus (Giese
1967). The crude extract was washed wi?h 0.9% sodium chloride
(Folch et al. 1957). B]upper weig%t was determined by
sybtrécting the weight of the skin, ifrom the sculp. Skin
weights wgré estimaféd from skinwj weight;body length
relationships presented ino the results.i Total 1lipid content
(fat weight (g) x 100/ wet weight of seal carcass (g)) was
estimated from the equation %Fat = (carcass fat + viscera fat
+ fat content of blubber)/ (carcass weight + viscera weight +
blubber weight). Blubber was assumed to have a to@a] 11p1d
content of 94% (Worthy and Lavigne 1983). N

The mean age at sexual maturipy and mean aée of first
reproduction was determined from the préﬁortion of females
with an act%;e corpus -Tuteum or ¥ollicle > 5 mm in‘diametgf
(DeMaster 1978) and the proportionpof pregnant or 1actat{ng
females (DeMaster 1981).

The mean ovulation and end .of lactafion ‘dates were
calculated by regressing the p?oportion of ovulating females
and prqPortion of females which had finished Tlactation
réspectively on date of collection (Caughley 1977).

Catch curves zbere used to test the sample for over-
representation or. under-representation of different age
classes in the sample by comparing Chapman—Robsog survivorship -

values with survivorship values calculated from Heinke (1913)

using a Chi-square test. Younger age classes are under
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represented in the sample if the Chapman-Robson survivorship

4
v

value }s sign{ficant1y less than the Heinke value. If the
Sy

- reverse is true then the youngest age gﬁgup in the class

1wférva1 is over-répresented relative to the older age groupé.
(Robson and Chapman 1961; Smith 1973).

Equa11tx of . var1ances was tested /931ng an Fpax test
(Snedecor "and Cochran 1980). Differences between means were
tested using a Student’s %-tes;.' Comparisons between- means
with unequal vafiances were examined using a modified t-test

(Snedecor and Cochrap) and are denoted by t’. A1l statistical

" analyses were completed using the StaQist%ca] Analysis  System

(SAS Institute Inc. 1982).

&

RESULTS

Sex ratios of yearlings, subadults (2-7+) and adults were

1:1 (Table 1). Adults (>7+ years old) comprised .46, 68 and 79
% df the catch in 1984, 1985, and 1986 respectively (Fig. 2).

_ The proporiion of immature animals varied with month of

sampling, but the -results were inconsistent. Since the

location of hunting activity also varied with month, this

hhange reflects Sp?tial segregatiqn of age groups rather than

a seasonal effect (Table 2). In May 1984, 11 juveniles were

oPtaiﬁed near Cheyne Point on the south-east side of Griffith -

Island. A1l animals were hauled out along an unstable crack

* ¥ :
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_represented in the 1984 sample (Table 3). » ) Q\

?

. ‘ 73 \ _
running in southerly direction from the d4sland. These
animals were reluctant to enter the water wﬁen approached and
readily returned to the ice surface after being disturbed. In
1985 gheﬁe were more cracks runnin§ south }rom the southern
end of the island in May and June than in the previous year.

Juveniles again appeared to be concentrated in this area, but

not to the same extent as in 1984. The same area was not

. hunted in 1986 beecause of the lack of ice. Seals were hunted

along the east side of Griffith Island, but no groups of
ju&eni]es were seen. Analysis of catch curves froM each year
indicages that juveni]eg and young adult animals are under-
represented in the samples }rom 1985 and 1986 aﬁé~ over-

Direct evidence on timing of birth and development of pups
is difficult to obtain becduse the pups are hidden by thf

subnivean lairs and females - transport their pups to

£1ternative lairs when disturbed. Surveys for subnivean lairs 

began as early as mid-March, but no birth lairs were detected
before 4 April., A lactating female was collected on 3 April
1984 but the majority of females collected in early April were
pregnant. Pupping appeérs 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 1585,
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




h

s . S TN ¢

v
.
*3
/—7 o
a
.

3

74 o
sample would be 20 April. Hoﬁéver, seven full term fetuses
collected in late March anJ early April had a mean standard
length of 63.6 cm, which indicates that the calculated length
at birth of 57.8 cm is an underestimate. Using théjgam;irate
of growth as above with the longer length at birth results in
a mean pupping date of 27 April:

Lactation continued into June. A pup with milk in its
stomach, was collected on 10 June and a lactating female was
bbtaihed on 18 June 1986, the last day of hunting. The mean
date .for the end of lactation based qi the proportion of
femaleg thit had finished lactation in Mg; ;nd June Qas 7 June
(SE=3.5). This indicates a lactation perﬁod of 41-48 dax;
a;suming that puppigé occurs between 20-27 April. .

- The mean date of ovulation based on the proportion ’of
reproductive tracts co]]ecfed after 20 April with an active
corpus Tuteum or follicle > 5 mm was estimated as 31 May
(SE=5.3) one week before end of lactation,

Mean age of maturity using the presence of a Tlarge
follicle or an active corpus luteum 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
specific ovu]a;?;n rates were calculated from- reproductive
tracts collected after 20 April. The unweighted mean ovulation
rate for adult females (> 7+ years) were 0.889 (N=2), 0.847
(SE=0.10, N=6) and 1.0 (SE=0.0, N=5) for 1984, 1985 and 1986

respectively and 0.922 (SE=0.05, N=6) for all years combined
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(Table 5). Reproductive rates caicu]ated using pregnant or ¢

lactating fgma1es were lower ‘than the rates estimated from the
ovarian evidence. The unweidﬁted mean reproductive rates for
adult animals were 0.583 (SE=0.300 N=3), 0.698 (SE=0.135 N=5)
and 0.%24 (SE=0.116, is) for 1984, 1985 and 1986 respectively
and 0.634 (SE=0.081, N=6) for all years combined (Tab1% 6).
Seyen full-term fetuses collected between 11 March and 9
April had a mean standard tength of 53.6 cm (SE=1.2) and a
mean weight of 4900 g (SE=219). The three neonates discussed
earlier had a mean length of 62.2’£h (SE=1:Q) and weighed 5900

g (SE=223). Nine pups which had moulted into the silver jar’

pelage (Mclaren 1958a)~wene shot on the ice in May and- June

(Table 7). The study of- pup growth wags not examined:further

because of the low sample . size and difficulties ,in

‘ascertaining birth date and pup age.

Growth curves were fit%ed to the data from Barrow Strait,
Amundsen Gulf (Smith\1987) and Baffin Island (McLaren 1958a).
I'n all localities males were longer than‘females (Table 8).
Male ringed seals from Barrow Strait were longer than males
from the Amundsen Guif, But were similar in size to those from
Baffin ;slahd. Female ringed seals were Tlargest in Barrow
Strait, ‘intermedi;te in size from the Amundsen Gu]ﬁ and
smallest from Baffin Island.

Predictive equations’were developed %or body”weight, scu]é
weight and skin weight (Table 9). v

ﬂ@ differences. . in body weight or sculp weight were found

Dy
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Bbetween Juvenile (1+ - 7+ yrs) males and femafes. For the
1umpeq,'samp1e adult male ringed seals were significantly
- heavier (X=70.7.kg, SE=1.4, N=94) than females (%X=62.4 Kg,
"SE=1.7, N=88, t=3.8, df=182, p<0.0001). In females the sculp

formed 44.7 % (SE=1.0 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 weights
of adult sea]g declined throughout the spring. An analysis of
co;ariance showed phat’fema1es were significantly heavier than’
males-when collections began in late March (F=16.6 p<0.0001).
The changes in body weight with date expressed as week of
collection weré' described by the regressions; Male Body

Weight (g) = 99999.0 - 1427.7 (Week); (F=11.3, df=1,92,
- R2=0.11, p=0.001); Female Body Weight (g) = 111044.0 - 2304.4

L)

(Week); (F=20.0, df=1,86, R2=0.19, p<0.00011{ The decline in
sculp weight ‘'was described by the regressio;/équations; Male

| Sculp ,Weight (g) = 49925 - 1029.7 (Week); (F=28.0, df=1,92,
R2=0.23f p<0:0001); Female Sculp Weight (g) = 64527 - 1728.5
(Week); (F=34.3, df=1,86, R2=0.28, p<0.0001). Weight loss by

s pregnaqt females was described by the regression; Body Weight
T (9g) ;> 133253f326618(week); £Ff27.2,, df=1V43’ p<0.0001 R2=

'0.39) and Sculp Weight (g) = 76387- 2228.§ (week); (F=39.7, .

 df=1,43, p<0.0001, R2= 0.48). }
Fatccontent was measured in 31 seals. Body fat increased
with age, but no difference was seen between males jand females

(Table 10). Strong positive correlations were observed between

D



‘females (X=2.26 SE=0.04)...
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percent body -fat and the condition indices; sculp weight

. maximum g{rth‘z, sculp weiéht‘ standard 1ength'2, and body

weight standard length-2 (Table 11). Sometimes it is not
possible to obtain sculp or body.weight} but -body measurements
may still bé fecorded. Strong po§?f1Ve ¢ ns were also

observed between percent?body fat and the condition indices;

_maximum girth?2 stapdard _ lgngth'l, and blubber thickness?

)

standard 1ength‘1 (Table 11).

The index .sculp weight maximum gir‘th‘ZLf was selected to
examine seasonal changes in condition. In adults (>7 yrs old)
no differences in condition were found between sexes or
between years. Body¥ condition declined from March to June, but
considerable 'scatter was observed in the weekly condition
values (Fig. 3). In females, no differences in coﬂdition were
seen betwee; pregnant and barren animals (t-6.4 df=40, p=0.4).
Adult females collected after the mean gupp1ng date of 20
April were: eiaminéd for differences in condition be£ween

ovulating and non-ovulating animals. No differences were

observed in 1984 (t=1.2, df=29, p=0.17) d&nd f98§ (t=0.9,

-df=67, p-6:37), bﬁt in 1985 females showing evidence of

_ovulation were in significant]y better condition (X=2.51,

SE;0.0B, i;3.1, df=62, p;0.003) than were non-ovulating
&o‘é

Adults ‘were’in significantly better condition than were
juveniles in each year:of the study (Table 12). No differences

in the condition of juveniles were found between 1984 and 1985

o
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(t=0.8, df=73, p=0.4) but juveniles in both years were in
significantly poorer condition than -juvehiles collefted in

1986 (t=4.3 df=85 p<0.0001 and t=4.9 df=74, p<0.0001 for 1984

and 1985 respectively) (Table 12).

¢

DISCUSSION
'
The sex: ratid of the shot sample did pqt differ
significantly from unity. This contrasf; ‘Wwith \resh1¢s- from
Jsurveys of the breeding habitat which indicate that males are
outnumbered by females or males form small aggregations (Smith
and Stirling 1978; Smith et al. 1978; Smith and Hammill 1981;
Hammill Secti;n II). I believe the differenc;s between the two
samples reflects a bias fﬁ sampling. Male séals seem to be
less wary than females and .are therefo;e easier to collect.
Mature males have a brown face during the spring months which
can be used to distinguish them from females and immature
seals. The possibility of hunting bias could be testedu by
visual surveys of ’the fast ice and monitoring approach
distaﬁges to‘ determine which group is more §ensitive to
hunting actjvit;. 5
McLaren (1958b) and Smith - (1973) examined the dynamics of
ringed seal populations by constructing s?atic life tables

4

which assume the population hag a stationary age diktribution

. (Caughley 1977). This approach was not fqllowed in this studji

’ 4] -
Variation in annual recruitment over large areas has been
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shown to occur elsewhere (Smith 1987) and in this study under-
representation of ‘the juvenile age classes, °variation in
predation rates and cﬁanges in ice conditions make it unlikely
that the assumption of a statioﬁ%ry population was satisfied.
Pupping ing ringed seals appears,tog}ollow 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 three weeks later than in_southern Baffin

"Island and Alaska (Mclaren.. 1958a; John§on et al. 1966).
Lactation lasts for 41 to 48 days. Ovulation occurs
approximately one ‘week before the end of lactation (Smith
1887), not shortly after parturition as previously ‘thought
(McLaren 1958; Smith 1973).

,': The mean“age of sexual maturity in Barrow. Strait ringed

._seals was seven years old which is the same as estiméted for
. ringed seals in the Okhotsk Sea (Fedéseev 1964), but one to
two years older .than the five to six years estimated fof

Baffin Istand, Amundsen Gulf and Alaskan populations (McLaren

1958a; Smith 1973; 1987; Johnson et al. 1966). I believe the-

‘higher age of sexual maturity in seals from Barrow Strait
N\ & - ;
results from a combination of differences between studies in

‘ . ’ |
age determination and under-representation of the younger age
<« 3 ‘r- §

classesh(ﬁcLaren and Smith 1985) in the fast ice, rather than
3 ,; » ,

ecological factors.

Ringed seals-in Barrow Strait had lower reproductive

rates than reported elsewhere (McLaren 1958b; Johnson’gl al.
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1966;»Sm1th 1987) with the exceptibn of ringed seals'in the
Baltic Sea (Table 14), where high PCB levels might have
}nterfered with reproduction’(Helle 1980). Segregatioﬁ of age
classes and different methods make comparisons of reproductive
rates between studies difficult (Smith 1987). Juveniles were
under-rebresented in my samples. I recalculated reprodﬁctiVe
rates from published sources excluding animals < 8 years old
(Table 13). I algo used the presence of a full term fetus or
lactation |, as e;idence-pf pregnancy. Most other studies have

used ovulation, the presence of a blastocyst chamber or early

term fetus to calculate pregnancy rates (MclLaren 1958b;s Smith

1973§ He}]e"1978; Smith 1987). These methods overestimate
pregnancy rates because of reproduc?ive fai]ure be}ween the
time of ovulation and parturition. In humans it has Eeeﬁ
estimated that over 50% of prégnancies fail between conception
and parturition (Shepard and Fantel 1979). In pinnipeds
postimplantation failure may rgngé from 5% to 34% (Bigg 1969;
Pitcher and Calkins 1981; Fay 1982). Evidence of reproduétive

failure is hard to detect, but may be qdife variable between
3 : .

years. Comparison of pregnancy rates with ovulation rates from )

samples collected the previous year provides some indication

of the year to year changes in the incidence of reproductive

failure.
Male ringed seals are about 5% longer than females. At
sexual maturity females in Barrow Strait have reached 85.8% of

their asymptotic length which agrees with the generalization

11
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for pinnipeds-given by Laws (1959). ‘

McLaren (1958) suggested that body size increased with
Iatitude.' The growth curves I constructed support this
hypothesis for females, but males from southern Baffin Island
had an asymptotic 1length similar to male seals in Barrow
,Strait. Mclaren’s (1958a) estimate of 135 cm and 138 cm for
femaies and males respectively a;e “also similar to. the
asympéotic 1engths of the High Arctic population. Large
differences in body size-are also seen between seals fhom the
Okhotsk Sea, Alaska, Baffin Island and the Baltic Sea, yet all

%hree areas Jie -at the same latitude as southern Baffin

Island. Body size may also be tied to stability of the fa§t~

ice (ﬁcLaren'1958a; Helle 1979). Ringed seals in the Okhotsk
Sea occupy the unstable pack ice and are gepera]]y smaﬁ]er
than other popu]atibns with the exception of seals in A]aské
which are found in the fast ice. This comparison of 6ody size
‘between areas is not completely valid since different methods
were used to calculate asymptotic Yengths. However,muchhmore
information on morphometrics of ringed seals is now available
than when MclLaren (1958a) first proposed his hypotheses. Given

the. discrepancies identified above a re-examination of these

~

hypotheses appears warranted. )

Body condition of both male and female ;1nged seals
declined throughout the spring mornths. At the begjnhing of
hunting in March female ringed seal$ were Eéavier than ma1e§,

but lost weighi at ‘a higher rate. Male seals JTost 204 g day-1

ol
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s %
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‘with 72% of this weight being lost from the blubber. Assuming-
a caloric value of 8.77 kcal g'1 (Worthy 1982), males would
Ilose 1789 kcal day-l. The averége-dai1y metabolic rate (ADMR)
of’an adult male seal we{ghing 83 kg i; late March would be
approximated by ; ADMR=2.(70 W 0-73) where' M is body w;ight in
kg (Stewart and Lavigne 1984). This results in an ADMR of 3850
kcal, with 46% of this energy being derived from stored
reser&gs. The ADMR of an adult female weighing 89kg at the
start of lactation would be 4057 kcal. The cost of lactation
can be estimatgd from MP= ((G+ (2 x 70 W 0-75)) E-1 where Mp
is milk.p;oduction (kcal), G is the'é}owfh increment (kcal)
and E j§m£he proportion of energy in thg milk available to the
pup as net energy (Lavigne et al. 1982). I ‘assumed a daily
weight gain of 0.44 kg day-l basedf;;li birth weigﬁt of 5 kg,
a-weaning weight of 2% kg (Table 7), a 1agta§jon period &f 45
days and a caloric value for the weigpt gain 6f 5.25.kca1 g-1
(Stirling and McEwep 19&;). E was assumed to be 0.85 (Anderson
and Fedak 1987). Daily milk production costs the female 3962
kcal X 1.4 (Anderson and Fedak 1987) resulting in a total
.daily energy requirement of 9603 kcal. Females lose an.average
of 467 g,day;l.or 4093 kcal day -1 which would supply 43% of
their e§t{mateq daily requ{rements. After a Tlactation perioa
of 45 days females have"Iost 21 7Kg org 24% of their body
weight. This is similar t& the estimated 16% to 22% weight
loss reported for hooded seals (st;OQhora cristata) (Bowen et

gl: 1987) and harp seals (Phoca groenlandica) (Stewart and
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Lavigne 1984), but is much lower than the figure of 46%

reported for the Weddell seals (Leptonychotes weddelli) -

(Tedman and Green 1987), which occupy f%e antarctic fast-ice.
The accuracy of these calculations depends on the assumption
‘that all females give birth at the same time. In ringed seals
the pupping season extendﬁ from‘early April until mid-May and
it is not Possib1e to determine how long animals have_geen
lactating. Therefore, iibis likely that the abovg calculations
underestimate the actual rgte of weight loss (Anderson and
Fedak 1987). | y%

Although ringed'seals do feed. under the fast ice, it is
apparent that they depend on stored body re§erveg to ;upply
much of their daily energy requirements. After the pups are

_weaned, the adults continue to lose weight in the spriné since

much of their\fime is spent. hauled out on the ice for°tﬁe

moult (McLaren 1958a; Smith and Hammill 1981). Intensive
Q

feeding resumes in the summer Jjust after breakup. The

" improvement in condition documented during the fall and early

winter (McLaren 1958a; Smith 1987) may be cruciale to
reproductive success (Smith- 1987), because of its possible
effects on implantation in the early fall and ovarian function
in the stsequent spring. Foraging agkivity in the fa]t
depends on both overall food abundance and access to food
resources. I proposed in section II-that condition will be

higher in years when the ice consolidates late in the season

because foraging would not be limited by the need to maintain’




s - v L AL T R LA LU S et 4 2" SR AN A AR I Sl A R leta 04 St P
a8 BT - SO TR R T A T PR T
v ' B .

- )
N
' ;
84 DU
.

Lo

breathjng holes. In 1986, the ice consolidated one to two
\

months later than in the previous two years and in some areas
open water or loose pack :ce persisted throughout the winter.
In adults, no differences .in body condition ‘were observed
bgtween years, but sealldensities i& the? dy areés were; 4
lower in 1984 and 1985 tban }n 1986. Smith and Hammill:(1981)
propbsed that females defqnd small territories’ around the

birth lair complex, within territories maintained by males.

‘Adults may vrespond to reduced availability of food ,by
: : g

increasing the spacing between individual seals rééulting in
Tower seal densities. Juvenile seals collected in 1986 were in

significantly Qetter condition than Juveniles collected in the o

previpus two years. Ths provides some support for the .above
)

hypothesis, bu% a larger data set is required before it can be
. -

adequately tested. 9 f\

LA
[\

%
¢




85

REFERENCES

American Society of Mammalogists. 1967. Standard measuﬁkments
.of seals. J. Mammal. 48: 459-462. \ o
- ) B - vy
Anderson, S.S. and M. A. Fedak. 1987. Grey seal, Halichoerus
—grypus, energetics: females invest more energy in male
offspring. J. Zool., Lond. 211:667-679.

Bertalanffy, L. von. 1934. Untersuchungen ubber die
Gesetzlichkiet des Wachtums. I. Roux Archiv. 131: 613.

Bigg, M.A. 1969. The. harbor seal in British Columbia. Bull.
+” Fish. Res. Board Can. 172:1-33. ,

Bowen, W.D., D.J. Boness and 0.T. Oftedal. 1987. Mass transfer
from mother to pup and subsequent mass loss by the weaned
pup in ‘the hooded seal,_Cystophora cristata . Can. J.
Zool. 65:1-8. Lt

Bradstreet, M.S.W., K.Jd. Finley, A.D. Sekerak, W.B.
Griffiths, C.R. Evans, M.F. Fabijan and H.E. Staltlard.
1986. Aspects of the biology of Arctic Cod (Boreogadus
sajda) and its importance in Arctic marine food chains.
Can. Tech. Rep. Fish. Aquat. Sci. 1491. 193 p.

Caughley, G. 1977. Analysis of vertebrate populations. John
Wiley and Sons. Toronto, Ont. 234 p.

DeMaster, D.P. 1978. Calculation of the average age of séxual
maturity in marine mammals. J. Fish. ‘Res. Board Can] 35:
912-915. s

DeMaster, D.P. 1981.“fstimating the average age of first bigzﬁ
in marine mammals. Can. J. Fish. Aquat. Sci. 38:237-%39.

Fay,F.H. 1982. Ecology and biology of the Pacific¢ walrus,

Odobenus rosamarus divergens) Illiger. North American
Fauna No. 74. U.S. Dept. of the Interior, Washington, DC.

Fedoseev, G.A. 1964. On the embryonic and postembryonic growth
and sexual maturity of Okhotsk ringed seal. Zool. Zh. 43:
1228-1235. (Trans. from Russian. Can. Trans. Fish Aquat.
Sci. No. 5277: 14 p. 1986. |

t

Folch, J., M. Lees and G.H. Scoane-Stanley. 1957. A simple
method for the isolation and purification of total lipids
from animal tissues. J. Biol. Chem. 226: 497-509.

\)

v




&

86

Frost, K.J. and L.F. Lowry. 1981. Ringed, Baikal and Caspian
seals-Phoca hispida, Phoca sibirica, and Phoca
p. 29-53. In S.H. Ridgway and R.J. Harrison (ed.) Handbqok
. of marine mammals. Vol. 2. Academic Press. Toronto, Ont.
359 p.

Giese, A.C. 1967. Some methods for the study of the biological
constitution of marine invertebrates. Oceanogr. Mar. Biol.
Ann. Rev. 5: 159-186.

Heincke, F. 1913. Investigations on the plaice. General
report. I. The plaice fishery and protective measures.
Preliminary brief summary of the most important points of
the report. Rapp. Proces-Verbaux Reunions Cons. Perma.
Int. Explor. Mer 16: 67 p.

Helle, E. 1978. On the reproductive success in the Bothnian
Bay population of the ringed seal and future prospects for .
the species. Proc. Symp. on the.Conservation of Baltic
Seals. Finn. Game Res. 37:32-35.

He]1e,, E. 1979. Growth and size of the ringed seal, Phoca
(Pusa) hispida Schreber, in the Bothnian Bay, Baltic.
1979.- Sonderdruck aus Z.f. Saugetierkunde Bd. 44: 208-
220. " )

Helle, E. 1980. Lowered reproductive capacity in female ringed
seals (Phoca hispida ) in the Bothnian Bay, northern
Baltic Sea, with special.reference to uterine, occlusions.
Ann. Zool. Fennici 17:147-158.

Johnson, M.L., C.H. Fiscus, B.T. Ostenson dand M.L. Barbour.
1966. Marine mammals. p. 887-924. In N.J. Wilimovsky (ed.)
Environment of the Thompson region, Alaska. U.S. At.
Energy Comm., Div. Tech. Inf. Ext., Oak Ridge, TN. 1250 p..

Lavigne, D.M., W.W. Barchard, S. Innes and N.A. Oritsland.
1982. Pinniped bioenergetics. FAO Fisheries Series No. 5.
4:191-235. ’

Laws, R.M. 1959. Accelerated growth inm seals,. with special
reference to the Phocidae. Hvalfangst-Tidende 9: 425-452.

Marko, J.R. 1982. The ice environment of eastern Lancaster
Sound and northern Baffin Bay. Indian and Northern Affairs
Program. Environmental Studies No. 26. 215 p.

McLaren, I.A. 1958. The biology of the ringed seal (Phoca
hispida) in the eastern Canadian Arctic. Bull. Fish. Res.
Board Can. 118: 97 p. ¢




87

McLaren, I.A. 1958b. The economics of seals in the eastern
Canadian arctic. Fish. Res. Board Can. Arct. Unit .Circ. I;

94 p.

McLaren, I.A. and T.G. Smith. 1985. Population ecology of
seals: Retrospective and prospective views.” Marine Mammal

Science 1:54-83.

Pitcher, K.P. and D.G. Calkins, 1981. Reproductive biology of
Steller sea lions in the Gulf of Alaska. J. Mammal.

62:599-605.

Robson, D.S. and D.G. Chapman. 1961. Catch curves and
mortality rates?/Trans. Amer. Fish. Soc. 91:181-189.

SAS Institute Inc. 1982. SAS user’s guide: Statistics, 1982
edition. Cary, NC. 584p. (

Shepard, T.H. and A.G. Fantel. 1979. Embryonic and early fetal
loss. Clin. Perinatol. 6: 219-243. '

/

Smith, T.6. 1973. Population dynamics of the rﬁnged seal in

the Canadian eastern Arctic. Bull. Fish. Res. Board Can.
- 181: 55p.

Smith, T.G. 1987. The ringed seal,Phoca hispida. of the
Canadian western Arctic. Can. Bull. Fish. Aquat. Sci. 216:
81 p.

Smith, T.G. and M.0. Hammill. 1981. Ecology of the ringed
seal, Phoca hispida, in its fast ice breeding habitat.
Can. J. Zool. 59: 966-981. -

Smith, 7.6. ,K. Hay, D. Taylor and R. Greendale. 1978. Ringed
seal breeding habitat in Viscount Melville Sound, Barrow
Strait and Peel Sound. ESCOM Report No. AI-22. Department
of Indian and Northern Affairs, Ottawa, Ont. 85 p.

Smith, T.6. and I. Stirling. 1978. Variation in the density of
ringed seal (Phoca hispida) birth lairs in the Amundsen
Gulf, Northwest Territories. Can. J. Zool. 56: 1066-1071.

Snedecor, G6.W. and W.G. Cochran. 1980. Statistical methods.
7th edition. Iowa State University Press. Ames,lowa.
“ 507 p.

Stewart, R.E.A. and D.M. Lavigne. 1984. Energy transfer and
female condition in nursing harp seals Phoca groenlandica.
Holarct. Ecol. 7: 182-194. ‘




88

Stirling, I. and E.H. McEwan. 1975. The caloric value of whole 4&
ringed seals (Phoca hispida) in relation to polar bear
(Ursus maritimus) ecology and hunting behaviour. Can. J.

Zool. 53:1021-1027.

Stirling, I., W.R. Archibald, and D. DeMaster. 1977. The
distribution and abundance of of seals 1in the eastern
Beaufort Sea. J. Fish. Res. Board. Can. 34:976-988.

Tedman, R. and B. Green. 1987. Water and sodium fluxes and
lactational energetics in suckling pups, of Weddell seals
(Leptonychotes weddelli). J. Zool., Lond. 212: 29-42.

\

Testa, J.W., D.B. Siniff, M.J. Ross and J.D..Winter. 1985.

’ Weddell seal-antarctic cod interactions in McMurdo Sound, »

~» + Antarctica. p. 561-565. In W.R. Siegfried, P.R. Condy- and '

R.M. Laws (ed.) Antarctic nutrient cycles and food webs.
Springer-Verlag, Berlin.

Usher, P.J. and M. Church. 1969. On the "relationship of f
weight, length and girth of the ringed seal (Pusa hispida)
of the Canadian arctic. Arctic 22: 120-129.
Worthy, G.A.J. 1982. Energy sources of harp seals,Phoc
aroenlandica, during the post-weaning period. M.Sc.
éﬂ? thesis, University of Guelph, Guelph, Ont. 100 p.
Worthy, G.A.J. and D.M. Lavigne. 1983. Energetics of fasting
and subsequent growth in weaned harp seal pups, Phoca

groenlandica. Can. J. Zool. 61: 447-456.

. T g
‘ . . 3




: [N o v Y - : L\ o - S TR
‘ N - . B
’ R
; . - ¥ ¢ ' -~ Y
. . - S
+ A ‘ '

, Table 1. Sex ratios of animals collected in Barrow Strait befween '
‘March and June 1984 to 1986.

\ Age 1984 1985 1986 _
(years) M:F \ ‘ M:F M:F .
IT 3:1 T, B3 u2 '
1+ - 7+ 18:15 " 11:6 3:4
L ©21:15 o 38:29 20: 32 |
| s - ) ¢ .
- ’ | , - 7
€ : ‘ q
; Y ~ ;
- ' ) o
! .
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Table 2. Percent monthly changes in age composition of harvest. N
@ is number of animals. Age is in-years,
Percent Age Composition
N o+ T+ RRL R
1 ! O
APR 10 10 . 20.0 70.0
MAY 33 3.0 - 9.1 69.7 . 18.2 )
JUNE 32 9.4 - -:=F1 . 2.9 |\ 65.6 « 'y
| S . + %
T
. —
igas - ., o
: ARR 6 ' 16.7 0 0 . 83
MAY 51 0 15.7 118 72.5
JUNE 40 ‘7.5 5.0 21.5 160.00

g - 1986 .
. AR 4 0 0 s L T8
my 14, 71 0 7.2 8.7 - -

JUNE 47 - 43 .85 | 10.6 87.2
. % ,
. |
4.
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—
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Table 3. Chapman-RobSOn (Robson and Chapman 1961) and Heinke 4
(1913) survivorship estimates to, test representation of
age classes in sample. .* is significant at p <0.05,
‘ n.s. = not significant. - .
m ’ o
Year Age Robson-Chapman Heinke X2 Psig.
- X +SD
- 1984 0-20 0.881 +0.013 - 0,935 2.42 n.s.
1-20 0.874 + 0.014 0.944 3.72 n.s. R
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 1.74 n.s.
il 9-20 0.833 + 0.026 0.943 3.63 n.s,
10-20 0.811 + 0.030 0.909 2.57 n.s.
12-20 0.755 + 0.042 0.963 8.41 *
1985 0-20 0.899 + 0.010 0.959 4.35 *
1-20 0.892 + 0.011 0.894 0.002 n.s. .
3-20 0.892 + 0.012 0.973 5.79 *
4-20 0.882 + 0,013 0.986 8.68 *
5-20 0.868 + 0.015 0.986 10.16 *
7-20 0.849 + 0.017 0.9443 ° 5.83 * "
8-20 0.832 + 0.019 0.955 8.75 *
© 9-20 0.807 + 0,022 0.953 10,91 ~ *
10-20 0.774 * 0.026 0.867 3.81 n.s.
" 1986 0-20 0.909 + 0.011 0.954 1.74 n.s.
1-20 0.904 +0.012 . 0.935 0.77 n.s.
2-20 0.901 + 0,012 0.983 4,82 *
5-20 0.883 * 0.015 0.982 5.90 *
r o 6-20 0.869 + 0.017 0.963 4,79 *
7-20 0.855 + 0.019 0.981 7.75 _* °
8-20 " 0,833 £ 0.022 0.863 0.38 n.s.
11-20 0.788 + 0.032 0.917 4.54 * ’
‘ )
3 4
-
!m
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Table 4. Number of pregnant and lactating females shot in ear13;/’1“$7\\ .

spring. ~
Date Number pregnant Number lactating
- Before 22 March 2 .0
23 Mar - 2 Apr 2 0. ]
3 Apr - 13 Apr 1 . 1 N
14 Apr - 24 Apr 2 2
25 ppr - 5 May . ) ‘
6 May - 16 May 0 L 2
17 May - 27 May 0 7
- ]
S
e ‘o
- O ¥
. ‘ " —
[v] N
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1984, 1985 and 1986

1984

'Proportion N Proportion

1985

1986

»

Table 5. Age specific ovulation rates for females coﬂected in

AH years
combined

Proportion® N Proportion

- Age-. N N,
1 2 0.0 0.0 1 0.0 7 0.0
- 2 8 0.12 0.0 - - ;9 0.1
3 2 0.0 . ; - - v 2 0.0
4 - - © 0.0 - - 1 0.0
\ 14
5 3 0.0 0.0 - - 4 0.0
.6 3 0.0. 0.0 - 3 0.0
7 - ; 0.0 1 1.0 1 1.0
" 8 - - 05 2 1.0 .4 075
9 1 1.0 1.0 4 1.0 7 1.0
10 ; . 1.0 2 1.0 3 1.0
1 . ] 1.0 - . 1 1.0
-< .
12 - - 1.0 5 ' 1.0 8 1.0
. 512 9 0.78 0.58 11 1.0 32 0.78
. : \
| CJ\
- R \./‘

o
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Table 6. Age specific reproductive rates. The presence of a fetus
or evidence of lactation was used to’ indicate pregnancy.
Smoothed age specific reproductive rates were estimated
from the regression for all years combined. Arc sine
‘" (pregnancy rate) = 0.066 (age), (F = 64.5, df = 1,17).

‘i 1984 1985 + 1986 : /
Smoothed
Age N Proportion N Proportion N Proportion reproductive
w” pregnant pregnant p[egnant rates
4 2 0.0 1 0.0 1 0.0  0.260 L
5 2 0.0 1 0.0 I 0.0 0.323 a
6 3 0.0 - . - - - 1 0.384
7 - - 1 0.0 1 0.0 0.444
g - - 2 05 5 04 0.502
9 - - 2 00 .4 10 ' 0.557 y
10 2 0.0 3 1.0 2 0.5 ©0.611 b
11 1 1.0 32 1.0 1 1.0 0.661
12 - 4 0.67 4 0.5  0.709 N
>12 7075 14 0.32 13 0.945 0.914
z . ,
. o .
~ . v




Table 7. Horphomefrics of neonates collected in the spring. All
animals had silver jar pelage.

) f ‘ D
- Specimen Date Sex Standard Blubber  Body Remarks )
: " number length thickness weight mg
“ (cm) L(cm) (g B
' 8619 18May 8 F 88 3.4  20000.0 Shot beside female
234 3dunt M 79 1.6  12045.0 Empty stomach ~
8664 8Jun8 F 91 4.0  22727.0 Milk in stomach
' 8565 6Jun8 M 82 3.2 19091.0.Milk in stomach
Z 8569 10 Jun 8 M 91 33  23182.0 Milk in stomach
* | 8563 13Jun 8 M 75 L4  9545.0 Mysids in stomach
; .- 8479 18 Jun 8 M 81 2.0 12045.0 Empty stomach
- C \ 8480 23 Jun 84 M 83 2.2 1659.0 Empty stomach
; 8482 23Jun 8 M 85 2.4 22045.0 Empty stomach
|
/ "
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Table 8. Estimated parameters and standard errors from von
Bertalanffy growth curves calculated for three populations'
' of ringed seals. B, is asymptotic length (cm), B, is a
growth rate constant (cm/yr), and B, is the age (years)
when length is 0 if growth continueé as described by. the

equation.
‘Barrow Strait Baffin Istand. - Amundsen Gulf
Males Females Males Females Males Females
N=114 N=106 ~ N=54 N=33 N=629 N=725

/,Bo 141.86 135.63 141.05 120.46 130.10 123.24

I 13,47 3,76 19.40 5,13 2.3 #.14
By 0.17 0.17 . 0.11 0.25 0.18 0.25
. 40.03 10,04 . 40,05 10,12 10.04 0,04
B,  -0.76 -0.87 -1.04 -1.16 -1.11 -1.14.
10,05 0,07 .11 10.16 10.06  10.08
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Table 9. Regression equations to predict weights of different body ‘
components from girth and length data. Weights are ing ,
girth and length are in cm.

s «q;
o SET O TAY

\ \
- o 2.0527 © 0.6891 .
Body s 0,1509 - Maximum St andard
Weight (g) Girth Length
R2=0,98, df = 2,268, F = 5296
: ; 2,9764
. Sculp = 0.0251 e Maximum R2 = 0,92
Weight (g) - Girth df =.1,265 F = 3268 )
_ 1.7545
Skin = Standard daf = 1,25 F = 70503 .
Weight (g) Length .
’ \ /
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‘Table 10. Age, sex, weights of different body components and body .fat composition of 31 seals. |,

Body Sculp g Percent Percent Percent Percent

Age. Sex N : He;ght - Heli(ght ng{ Ca;g:ss Blubber Vi::g:rai B

X  Range X Range = X Range X Range X Range X Range

1 F 1 6.4 4.8 14.6 6.8 % T WO

1 M 1 125 4.3 T 2.2 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 2.2 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 2,226 25.2 16.4-33.9 0.3 0.2-0,3

5 F 1 28.6 123 33.0 5.2 . 27.6 0.3 ‘
7 M 1 459 2.2 53.7 3.1 | 50.4 0.2

28 F 11 65.4 44.3-86.8 28.2 15.0-38.6 45.1 28.5-53.7 3.1 1.7-5.0  41.8 25.6-51.0 0.3 0.2-0.3;

M o1l 63.8 48.6-82.7 25.5 21.6-32.5 . 40.9, 37.8-46.1 - 3.4 1.95.4 37.2 35.0-42.2 0.3 0.2-0.4-

A
o«
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" Table 11. Pearson correlation coefficients and probability levels, °
between percent body fat (g fat . g body wt.~!) and indices

of condition.
SN
Condition Index Pearson correlation ~
- ) - coefficient T =
o Sculp weight . — 0.9421
— nMaximum girth<! 0.0001
Scylp weight . 0.936
Standard length% 0.0001
Body weight 0.875
Standard. length“ - 0.0001
Maximum girth? 0.890
Standard Tength , . 0.0001
Blubber thickness? 0.8000 o
Standard lepgth 0.0001* .
Axillary girth? . 0,392
Standard Jength ] -~ 0.030
- o
J
' \
I v-
J |
( o
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Table 12. Mean condition of adults and juvenile seals collected in
1984, 1985 and 1286 using the index sculp weighte ya

(maximum girth)- ‘ ’ . |
N Mean ‘ Standard error
Adults . - ] e
1986 75 2.38 . 0.08
1985 69 2.36 0.04
1984 " ' 2,45 / 0.05
Juveniles ' ’ -
1986 18 202 0.13
1985 2b 1.61 0.09
1984 37 1.69 - © 0,07 )
. G B -
\
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Table 13. Mean reproductive rates of female ringed seals from
different populations. Amundsen Gulf data excludes Tow
years (Smith 1987). ;

Reproductive Rates

- A1l age groups Reproductive Rates Animals > 8 years old

Barrow Strait 0.45 2. 0.634
all ages CL o
Amundsen Gulf ‘ 0.54 ° 0.747
(Smith 1987) | , :
Baffin Island 0.62 - “ 0,774

- (Smith 1987) R ' )
Baffin Island 0779 0.810 . -
(McLaren 1958b) T

" Mlaska 0.857 -
(Johnson et al. 1966) - ﬁ .
Baltic Sea 0.25} - 0.300

(Helle 1977)
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Age frequencies of seals collected between
March and June, 1984 to 1986 in Barrow
Strait. ~ N
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Figure 3. Changes in body condition of ringed seals
in Barrow Strait between March and June.
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SUMMARY AND GEQFRAL CONCLUSIONS

At the pr;sent timefa surveys using dogs to locgte fhe
subnivean structures of the ringéd seal are the on1¥ means of
studying %ts distribution and abundance in the fast ice. The
information presented in S€ction I represents the bfirst
detailed examination of the dog survey method and its
shortcomings. The results Ehoﬁ that seal holes are a vadid
index of“seil abund:nce, but the ability of the dog éo detect
lairs varies with local conditions. The combination of removal
sampling and the dog survey technique provides a means of

estimating_ seal hole density. This method also provides a

measure of survey quality which is essential if comparisons

are to be made between different studies.

In Section II, it was shown that the fast ice is a very
heterogeneous habitat subject to marked year to year changes
in ice -and ;ﬁow conditions. By ocgﬂgying this habitat the
ringed seal has increased its exposure to terrestrial
predators. The wutilization 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 seal
abundance and the habitat featu%es; late consolidating ice and

deep snow cover was the most significant finding in Section

II. This provides -some support for the hypothesis that the
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amount of habitat sui}able for breeding is an important factor
Timiting ringea seal populations, but it also suggests that
access to adequate food resources before fréeze-up is an
important consideration in the early winter months. Habitat
conditions had an important effect on the distribution gf
female seals in.the fast ice, but social factor's may control
the distribution of male and juvenile animals. It has been
proposed in. prevjous‘studies that males maintain underwater

territories - from which other males and Jjuvenile seals are

6 - ‘
excluded. Lt is un1ike]y that these territories’ would be

established until after the ice had consolidated and reached a
thickness at which seals would be reluctant to dig new holes.
At .this time the movement of seals underneath the ice would be
limited by their access to breathing holes. Defense of
territories would not begin in earnest until after
parturition, when the movements of the female are restricted
by the demands of the pup and would Tast until mating which

takes place in late May, five to six weeks after parturition.

The age composition, age specific reproductive rates and

t

body condition of ringed seals occupying the fast ice were

examined in Section III. The results from this section support
the findings in Section II and previous y@hdies that juveni]é
animals are excluded from the breeding habitat.

Age specifig reproductive rates for r1ngedmseals in Barrow
Strait wére lower than reported for . ringed seal popu]ationé

from other areas. These differences are thought to result from
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the different methods used in other studies to calculate these
rates. Previous studies have used evidence of ovulation, a
~ blastocyst chamber or a small fetus to indicate pregnancy.
These methods overestimate reproductive rates because
reproductive failure can occur at any stage between ovu]agion
and parturition .

Ringed seals depend heavily on body ‘reserves accumulated

during the autumn months to carry them through the win?er and

spring. Fdraging in the fall and early winter will be affected
by both food abundance -and access to food resources. Early
consolidating ice interferes with foraging' befause seal
activity 1is restricted by the- qeed to maintain> breathing
holes. In order to test this hypothesis long-term studies
“‘monitoringv reproductive rates, body condition and habitat

"conditions are required.
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