Tl

'CANADIAN THESES ON MICROFICHE

“THESES CANADIENNES. SUR MICROFICHE

l* National Library of Canada
,Gollections Development. Branch

Canadianh Theses on
Microfiche Service - .
- L
Ottawa, Canada

‘K1A ON4

- sur microfiche

NQTICE
" The quality of this midrofiche is heavily dependent upon the

quality of the original thesis submitted for microfilming. Every

‘eﬂorthasbeenmadetoensurethehighestmﬂtydreproduc
tionposslbie :

degree

‘ Somepages may have indistinct print especially if the original

weretypedmmapoortypewnterribbonorifmeumver
sity sent us an inferior photocopy. .

-

. Previousiy copyrighted materials (joumal articies published

-tests, etc ) are not filmed

Reproduction in full or in part of this film is govemed by the
Canadian Copyright Act R.S. C. 1970, c. C-30. Please read
T _the authonzatioh forms which accompany this thesis -

THIS DISSERTATION -

'HAS BEEN MICROFILMED -

- EXACTLY AS RECEIVED

.
R

NL 330 (r. 85/00) .

it pages ‘are.missing, contact the umversity which granted the .

Bibliothéque nationalé du Canada
Direction du développement dés collections

Service des théses canadiennes

AVIS s

La qualité de cette microfiche dépend grandement de la qualité-

de la thése soumise au microfiimage. Nous avons tout fait pour
assurer .une qualite supérieure de reproduction.

\\.. '--" \ _.,'

!

‘ S'it manque des pages, veuiliez cornmuniduerl a\{ec I’univer-'
sité qui a conféré le grade. ' '

La' qualité d'impression dé”certaines pages peut laisser a .
désirer, sutoutsilespagesbngindesontetédactylogrephiées

- & Paide d’'un ruban usé ou si I'université nous.a fait parvenir

une 'photocopie de qualité lntérieure

A ‘Les documents qui font déja I'objet d' un droit d'auteur (articies :
’ de raVue examens publiés, etc.) ne sont pas microfiimés.

La reproduction méme parhelle de.ce microﬁim est soumise
a la Loi canadienne sur le droit d'auteur, SRC 1970, c. C- 30\

" Veuillez prendre connaissance des formuies d'autorisation qui

accompagnent cette thése.

LA THESE A ETE
MICROFILMEE TELLE QUE
NOUS L-AVONS_REQUE

Canad"' |



O-M\S -\ d\3-b

. Nationak Library Bibliothéque nationale /
of Canada : du Canada !
Canadién Theses Division  Division des théses canadiennes : : : -
¢ . " B e
Ottawa, Canada
- K1A ON4
. | | N \
PERMISSION TO MICROFILM — AUTORISATION DE MICROFILMER
o Please print or type — Ecrire en :lettres moulées ou dactylographier c
Full Name of Author — Nom complet de I'auteur .

L onn

l\} | g\f\ o) \CLS - TO\\Y\

Date of Birth — Date de naissance

May 26 1960

Country of Bjrth < Lieu de naissance .

Permanent Address — Résidenc.» fixe
o Gev\e(‘c&\_ De \\\Jc)ckg'
RANK W INLET

)

N T

\

& . EY\ICJ\\CAV:\L‘)l . A ,’ :

Xoc oGoy )

" Title of Thesis — Titre de la these

ka\e' Q(\ Q"\\')C}\Q(*‘ \ 'S-\th‘¥\hé e, S ‘r

.‘So(‘).P\O W\"Q‘V\:‘LC\[‘

JV\GQJCB ' \LQ' ()C\)K(‘_\(‘ | .h,o_c)\(fg Oh \Q\h& é‘\h(\ \V\’(S \kh\’\e

KP ‘{}Wi>PéTVGO¥'W< weotarn **~3§°W '@%S

University — Univer_sit_é )

. V\\’\)G(‘(‘\LX’

ycf&‘\':“ : AK\S@IC&C\ | .

Degree for which thesis was presented — Grade pour lequel cette thése fut.présen@ée-

M. <Sc.

Year this dégree conferred — Année d'obtention de ce'grade.

Name of Supervisor — Nom du directeur de thésg'

H b\ ‘f‘xé;

Spewne, 985

Permission is hereby granted to the NATIONAL LIBRARY OF
CANADA to microfilm this thesis and to lend or sell copies of
the film.- - : . o .

-The author reserves other publication. rights, and neither the
thesis nor extensive extracts from it may be printed or other-
wise reproduced without the author’s written permission.

1D T Skelng e T

1

L autorisation est./paf la présente, accordée a la BIBLIOTHE-'
QUE NATIONALE DU CANADA de microfiimer cette thése et de
préter ou de vendre des exemplaires du film.

L'auteurA se rései/'\/e les autres droits de publication; ni la these
ni de longs extraits de celle-ci ne doivent étre imprimés ou
autrement reproduits.sans I'autorisation écrite de I'auteur.

'

Date

Signature

Decembec 27 1984

NU-91 (4/77)



THE. UNIVERSITY OF ALBERTA

The ecologicél'significance of supplemental food to polar
bears on land during the ice-free period in western Hudson
Bay |
| by
PR Nicholas John ‘Lunn

A THESIS S )
, _ L o
SUBMITTED TO THE. FACULTY OF GRADUATE STUDIES AND RESEARCH
'IN PARTIAL FULFILMENT OF TEE REQUIREMENTS FOR THE DEGREE

OF Master of Sc1encg

-

Depaftment,of Zoology

EDMONTON, ALBERTA _ o,

' SPRING 1985 -



" DATED .2.0. . .‘?ﬁce.m RC...1984

THE UNIVERSITY OF ALBERTA

RELEASE FORM .

NAME OF AUTHOR ~ Nicholas John Lumn
TITLE OF THESIS  The ecologlcal s1gn1f1cance of
supplemental food to polar bears on land

duflng the 1ce free per1od in western

o5
Hudson Bay

EEGREE FOR WHICH THESIS WAS PRESENTED Master of Sc1ence
YEAR THIS DEGREE GRANTED SPRING 1985 EL ‘.
Permission is hereby granted to THE UNIVERSITY OF
ALBERTA LIBRARY. to reproduce single coples of thlS
thesis and to lend or sell such copies for private,
scholarly or scientific research pdrposes on1¥g
- 'TheAauEHor reservgs.0thér publication riéhts,';nd

ne1ther the thesis .nor exten51ve extracts from it may

be prlnted or otherw1se rqprodﬁced w1thout the author's

1

(SIGNED} ,.Tf\@i%ég&%&x.&ﬁNQxa.

. PERMANENT ADDRESS:

written perm1551on.

Groses),. Delivsey. ...
o RAENKIN L INLET L NWT
o L Gonede . X0.4.06Q:.
,

fzf) ‘A’,

Ly



- Date..c20 be“-k‘“\BQ.

r -
- Fs

E “(//4;E UNIVERSITY OF - ALBERTA

. FACULTY OF GRADUATE STUDIES AND RESEARCH

v The undersigned certify that they have read, and

recommend.to ‘the Faculty of Graduate Studies and Research,

‘for acceptance, a' thesis entltled The ecologlcal

significance of supplemental food .to polar bears on-land

during the -ice-free period in western Hudson Bay submitteq

by NlChOlaS John Lunn in part1al fulfilment of the

i ,requ1rements for the degree of Master of Science.

A%’

Superv;sor

(¢>_‘_,—J\
n--o- e o s 0 s o 00 8 s




L hbstract : - | tﬂ
Durlng the summers and\ falls fromy 1981 to 1983 polar

bears were stud1ed in the Céurchlll ﬂanltoba area to T

I

exatiine how bears have evolvéd to deal with extended per1ods

of t1me away from thEII prlmaty food source,and also to

vL

determine- 1f supplemental food sources wereﬁlmportant. Once

! . f

\ »
'ashore, bears segregated by age and sex class‘ females’ wlth

cubs and pregnant females moved 1nland into a denning area,
} .
whlle S1ngle bears, espec1ally adult males, - ined along

the coast. Bears along the coast v e obs: - engaged_in

870vhours of activity Bears were inactive .1d >~ very
little Ev1dence from analy51s of . blood samplecs .aken fpom
bears in the dennlng arba suggested that they «<re aiso not
feedlng By remaining 1na¢t1ve, polar beats are arv -

minimize energetlc demands and also m1n1mlze the r of

«

hyperthermla.‘ Lo ' .
After approx1mately two months ashore, a small

v

proportion of the bear population arr1ved in the Churchlll

LY

dump and began to feed "Bears were observed engaged in 1215

r/

hours of act1v1ty The dump was used ma1nly by - females with «

e

cubs and by subadults. The data 1nd1cated that individual
i S . , ,

. . » ) N
need and.the”learning of. its location werée major factors

" ‘determining which bears used the dump. However, adulb\mi;e

i : ~ 8
as a cub or subadult. G ol

i

Those bears that fed im the dump were 51gn1f1cantly'

heav1er than thelr counterparts that did not feed whlle

iv

g

’

bears did not.use the dump eyen though they may have us e



n
v

ashore. There was no eviderce that bears that fed in the

[ R

dump had either reproductive or'surviVal,advantages;over

bears that were not feeding. My conclusion is that polar

[

bears will use suppiémental.food soppcgs?&f they are readily

available or if they have learhed its location; however,
. . N - . : ..‘ . ‘}

most polar bears do not need to. : . .
- : _ oW

bime® ein et o,
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I. INTRODUCTION . > .
Polar bears (Ursus maritimus) have a qirgumpdlar

distribution on the Arcticjfea ice. However, they do not

-

'_éccur as one.large population throughout the Arctic, but

rather as’ smaller discrete pbpulatiéns (e.q. Larsen.1972; -

»

Lentfer-1972} Stirling 1976; Stirling et al. 1980). Tﬁere is
agpareﬁtly‘some variation in_ﬁhe si;e of'polar bears.from
different geographic areas (Manning 1971).

Ringed seals (Phocé hispida) and. the larger but less
abundant bearded sealS.(EPignathus baﬁbatbsj are the main
prey of polar bears (Stirling and Archibald 1977; Smith
1980; Stirling et al. 1981), élthoﬁgh they %ay occasionaily
kill walrus (Odobenus rosmarus) and hooded §Eals (Cystophora‘.
CPistata},(Stirling and Archibald 1977; Kiliéan_and Stifling'
1978). Poiar'bears are opportunistic feeders éhd_ﬁill
scavenge on‘the carcasses of walrus, beluga whales
(Delphinapterus leucas), and bowhead whéles‘(BaIaena
myst icetus) (Lentfer 1972; Uspenski aﬁd'Kistchinski 1972;
Christiansen 1981). - |

On the sea iée; polar bears hunt by staiking bésking”
seais, by breaking into seal birth lairs, and by lying at
seal breathing holes and along lead systemsl(Leﬁtfer 1972}
Stirling 19747 Stirling and Latﬁur-1978; Smith 1980;
Stiriing et ‘al. 1981). Seals are not.caught often (Stifling
1974; Stirling and Latour 1978); however, once caﬁght, they

have a large caloric content (Stirling and McEwan 1975).

Larger, more domihant bears may sometimes displace family

1 .



groups and smaller bears from their kills. Therefore, .
scavenging on seal carcasse may be important te the

~

surv1val of smaller bears and/or family groups (Stlrllng
1974). Polar bears feed on hlgh'energy foods in order to
meet the metabollc requ1rements'of thermoregulation and- the
higher energetic_costé associated with walking and hunting
(Sstirling and McEwen"l975; @ritsland et al. 1976; Hurst et

. al. 1982). Typically; oolar bears feed mainly on seal fat
l(Stirling.and McEwen 1975). As a food source, fat yielas
more.than.twice the energy ‘per gram oxidized than either
‘carbohydrate or protein (Schmidt-Nielsen 1975; Young 1976).
Fat metabolism also produces more water per gram metabolized
than other nutrients (Nelson 1973"Young 1976). By using
metabol1c water for body requ1rements, polar bears may

" minimize the1r external water requirements, mainly snow and
1ice, and therefore.minlmize the amount of energy required to
raise exogenous water sources to body temperature. Nelson et

- al. (1973) noted that -denning black bears (Ursus americanus)
use only internal water sources‘throughout the winterland it
,ﬁas been sugoested that polar bears that feed on seal
blubber probably do not require any external water sources
(Nelson et al. 1983). )

Seal aveilability varies both reglonally and .seasonally
(McLaren_1958r Smith 1973; Stirllng and McEwan 1975;
Stirling et al. 1977a; Smith énd Stirling 1978; Stirling et
al. 1982). Doring spring ano summer, as temperatures

increase, the annual ice in the Arctic breaks up (Lentfer
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1972; Lindsay 1975, 1977, 1982; Stirling et gl. 1982). In
these regions, polar bears must either move with the

\

remaining sea ice or go ashore and wait for the sea ice to

reform (Stirling et al. 1980)." The extent to which the sea -

.
~

ice breaks up and the geographical location of the
population will determine which of the two options polar

bears choose’ (Uspensk1 and KlStChlnSkl 1972; Stirling et al. 4

-

1977b Lutzyuk 1978; Stirling and K111aan 1980;_St1r11ng et

" al. 1981Y..It is important to those bears that'go ashore,

and do not find alternative food sources, to'accumulate

adequate fat reserves for the entlre period:they spend on

land. | o . ) : -
Polar bears mate on the sea ice during April and May.

Pregnant females construct matern1ty dens.in drifted snow

durlng Octpber and give birth to one or, usually, two cubs

in December or January (Har;ngton 1968; Jonkel et al. 1972;;

Lentfer and Hensel f980°-Rémsay and Stirling 1982). Family

groups emerge from their dens from 1ate February through

Apr;l, dependlng on latltude, and move onto the sea ice to .m ..

hunt seaIS"(Harington 1968; Ramsay -and Stirling 1982;

'olenosky:and Prevett 1983) In most areas cubs remain with
th91f mothers until they are about two to two and one half
years of age, except in southern Hudson Bay where up to half

of them’ may be weahed at one to one and one half years of

age (St1r11ng et al.1975, 1977b; Stirling and Latour 1978;

Lentfer et al. 1980; Ramsay and St1r11ng 1982)



o

The sub-population of polar bears resident Tn
southwestern Hudson Bay epends seyeral months aehore each
year (Stirling et al. 1977b). From mid—November'to late
July, all polar bears except denning females are out on the
sea ice hunting seals. Family groups emerge from dens and
move onto'the sea ice in late February and March. From late
July to mid-November, Hudson Bay is ice-free. Polar bears
cannot move to areas still covered by ‘ice and come ashore
along the coasts of Manitoba and Ontarlo (Nero 1971; Russell .

1975; Jonkel:et al. 1976; Stirling et al 1977b; Latour

1981a;b;‘Prevett and Kolenosky 1982). In order ‘to meet their

- metabolic demands while ashore for the next three and one

half to four months, polar bears must lower their activity
rate, use stored fat réserves built up during the odlice
period, find alternative sources of food, or some
combiFarien of the three. Russell (1975) documented food
habits ef polar bears during summer and autumn but was
unable to determine how oftea‘polar bears fed. Previous
research in Churchill. indicated that while ashore, adult
male, subadult male, and subadult female pplar bears
remained inactiQe and fed Qery littie, 70.8 percent and 1.25
percent of the total time budget respectively (Latour
1981a). Knudsen (1978) found that, on the islands in James
Bay, polar bears were inactive 86.8 percent‘of the observed
time apd fed for 3.2 percent of the time. &

From these pre11m1nary data, 1t appeared that most

polar bears fed little while ashore. During the period spent



~‘on land, there is one reliable source of food, although
variable in quality and quantity, available to polar bears
in northeastern Manitoba: the Churchill dump. However, this
fSOd source is used only by approximately one péfcent of the-
totél population'in the area, and primaéily from October to
November. As a seasonal food supply, used only by some
individuals, ‘the Churchill dump can be considered |

) ecologically similar to some paturaI food sources that are
also used'qnly seasonally. For'example each summer, some
black bears (Frame 1974) and brown bears (Ursus arctos)
(Gard 1971; Stonorov and Stokes 1972; Martinka 1974; Egbert
and Stokes 1976; Lugue and Stokes 1976).cbngregate to feed
ét salmon (Oncorhynchus spp.) spawning streams. Salmon_
.return to Alaskan streams to spawn from quy through October
(Gard 1971). Brown bears in Alaska’feed on salmon only from
mid-July to the erd of August; a period of about 40 days
(Stonorov and Stokes 1972; Egbert and Stokes 1976; Lugue and
Stokes 1976). Like poiar bears, only some individuals feed
at these seasonally reliable food sources, with maximum
numbéis each year at some locatjons, ranging between 30 and
40:iqdividuals (Egbert and Stokes 1976). Use of dumps as
food sources by both black bears (Rogers et al. 1976; Roger§
1977; Beeman and Pelton 1980; Young and Ruff 1982; Herrero
1983) and brown bears (Cole 1971; Craighead and Craighead
1971; Mundy and Flook 1973; Mcgullough 1982) has been well
docﬁmented in the liter&lure. However; there are differences

between the use of salmon streams and the use of garbage

a



dumps: 1) the use of salmon streams by bears has had a
Ianger time to evolve, and 2) there is no major human
activity at theéé'streams. ‘

Both Kihlman and Larsson (1974) and Horton et al.
(1953) investiggted the importance of garSage dumps to
populations of gulls (Larus spp.). Both studies found that .
when natural fooés were abundant, use of dﬁmps was low.
However, in times of low naturafﬁ?BB&&avhilability, the
‘numbers of gulls feeding in dumps increased. Hubert et al.
(1980) haa similar observations of a captive herd of
white-tailed deer (Odocoileus virginianus); they used
supplemental foods only when natural foods were scarce. *
Bears aiso preferlpatural foods, but will use garbage dumps
when mast and ber;y crops fqii (Rogers 1976; Greﬁfell and
Brody 1983). Although Rogers (1976) and Rogers et al. (1976)
suggested that bears usingvdumps.produced larger litters and.
may have increased cub survivorship, most studies of the use
of garbage dumps have not related the use of dumps to
reproduction or survival.

A comparison of polar bears that used supplemental
food, -in this case, the Caurchill dump, with those that did
not, was conducted in order to acquire a better
unders?anding of the nutritional and behavioral strategies
that polar bgars have evolved to bé able to.spend an )
" extended periodwof timé away from their primary food source.

Since the early 1960's, bears that used the dump have

received much attention, to the point that now popular myth



hés labelled them as 'garbage' bears, using and depending
upon the dump each year. Is this valid? Have bears used the
dump through necessity or preférence? A natural experiment
was conducted with those bears Ehat fed in the Churchill
dump as the experimental group and bears that did not feed
there as the control group. An evaluation of the importance
of supplemental food sources for poiaf beafs, while ashore,
may be used to aid in the management 6f the species. The
specific objectives of this study were to:

| 1) Document thg numbers of polar begrs of each age and
sex class that use the Churchill dump as'a sﬁﬁplemental food
source and those that do not. ¢

2) Construct act;vity budgets for bears of each age and

sex class that use the Churchill dump and those that do not.

3) Look at possible factors that may determine which

'
1
9

bears use the dump as a food source.
4) Try to assess any benefits or costs, in'termlef
survival and reproduction, to polat>~bears that use theudump

compared to those bears that do not.



II. MATERIALS and METHODS

A. Study Area

. Reseafch was conducted in the province of Manitoba,.inu
the southwestern region of Hudson Bay, bounded-by'latitudes‘
S?“ 30' N'and 58° 50' N and by longitudes 92° 30' W and 94°
10" W (Figure 1). The study area lies within'the Hudson.Bay
Lowlands (Ritchie 1962; Robinson 1968), a region where the
topography has been greatly influenced by past glaciationé;
With the break-up of the Wisconsin Laurentide.ice—sﬁeet,
approximately 8,000 years ago, the entire study area became
submerged beneath the Tyrrell Sea (Lee 1968). Following the
helting of the Wisconsin Laurentide ‘ice-sheet, the Tyrrell
Sea began to retreat (Lee 1968), resulting in the formation
of raised beaches. Tﬁese ;aised beaches are prominent along
the coast of Hudson Bay. Eskers formed by the last
degiaciation are found throughout thé study?érea, but are
ﬁore common near  the coast. Poof drainage” throughout most of
the study drea has resulted from recent uplifting,Afrom low
gradient of reliéf, and from the underlying permaffost.(Lee
1968) . Numérous lakes, ponds, small rivers, étreams, and
expanses of fen dominate thé-inland region 6f the study
afea. ¢

Ice/formation and break-up on Hudson Bay varies

annually and geographically; howéver, except for shore
leads, the Bay is'usually completely ice éovered from

Januarf to April (Larnder 1968; Danielson 1971). Shore leads

/
/

/ o
,/ |
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1. Location of the study area along .the southwestern

coast of Hudson Bay (after Stirling et al. 1977b).
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are areas of open water that form between fast ice anchored
" to the coast. and ffee-floating icé of deeper waters (Larnde{»
1968). The widest and most persistent shore lead in Hudson
Bay occurs along the west coast and is ﬁaintéined by winds
blbwing from the north, northwest, and Qest (Larnder 1968;
Danielson 1971).‘Break—up begins in May, and in general
proéeeds from north to south (Larndef. 1968). As the ice
breaks uﬁ; the wind and the general'counter—clockwise
circulation in Hudson Bay cause the unmelted ice to move
gradually southward (Barber 1968; Larnder 1968). By the end
of July, the Bay is almosﬁ completely iée-free except for an
accumulation of iceloff the coasts of Manitoba and Ontério
(Danielson 19?1)._In gineral, the Bay remains ice-free from
the end of August to about.the end of October, when
freeze-up begins along the southwest coast (Danielson 1971).
Usualiy two to three weeks elapée between the appearance of’
coastal ice and the time it becomes firm (Larnder 1968).
Shdre}ast ice is well established along most coasts by the
end of November, but is widest off the wesf and éouth coasts
of Hudson Ba? (Larnder 1968) . Freéze—up>is nearly complete-
by the end of December (Larnder 1968; Danielson 1971). '

Th;'climate of the Hudson Bay Lowlands,-which has been
described as subarctic (Scoggan 1959; Thompson 1968), is
.greatly influenced by the close proximity of Hudsén Bay. ’
Sﬁring is delayed by the peréistent influence of the sea ice

(Thompson 1968). Mean daily temperatures recorded at the

Churchill airport for May and June are -2.3° C and 6.1° C,
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regpectively. During these two mon%hs, 17 percent (6.8
cm/39.6 cm) of the total mean anhual-precipitation falls
(Canada Atméspheric Environmént Servicé 1973). Low-lyiqg
clouds increase in freqﬁency which cause a large percentage
of the sun's radiation to be reflected, further delaying
spring warming (Thompson 1968): Summers tend to be short and
cool as the cold waters of the Bay affect air temperatufe
(Thompson 1968). Mean daily temberatures reach 12.0° C in
July and August but drop to 5.7° C in Septghber. Summer is
the wettest season as 40 perceﬁt (15.9 cm/39.6 cm) of the
“total mean‘annuallprecipitation falis during this périod.
During autumn,rcold Arctic air masses move south over the
Bay more frequently (Thompson 1968) resulting in mean daily
temperatures dropping 20° to 25° C below summer means.
Nearly one half of the total mean snowfall (88.7 cm/183.8
cm) falls from October through December. Winters tend to be
long and cold as mean daily temperafures for January, .
February, March, and April are —27:%° C, -26.7° C, —2q.3; c,
and =11.0° C§ respectively. '

The study area was dividéd into five main regions:
Denning Area, Coast 1, Coast‘2, Intermediaté'Area and Dump
(Figure 2). fﬁe Denning Area, by far the largest of the
regf&ns, was defined by‘latitudes 57° 30' N.and 58° 15' N
and by longitudes 93° 10' W and 94° 10" W. Numerous lakes
. and 'ponds occur in this region as well as several rivers and

creeks. Mosses and lichens dominate the area between water

bodies except along the_rivér systems. Here, black spruce
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Figure 2. Locations of the major regions within the study

area (after Stirling et al. 1977b).
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(Picea mariana), tamarack (Larix sp.), willow (Salix sp.),
bearberr,y (Arctostaphylos uva-ursi), crowberry (Empetr*um‘
nigrum), and cloudbérry (Rubus chamaemorus) are abundant. .
Arctic foxes (A'loopex lagopus), red foxes (Vulpes vulpes) ,
wolves (Canis ‘Tupus), and caribou (Rangifer tarandus) occur
in the Denning Area.

The coastal regions encompaésed the entire coastline
within the study area.except for the émall section of coaét
immediately north of.the dump (Figure 2). The width of the
coastal strip was arbitrarily set at five kilomeErés, There
is 1imited access to the coastal region, by track vehicles
énd all terrain vehicles, from the easfern edge of the dump
astfaf east as Knigﬁt's_Hillf As 'the effect that limitéd

human activity may have on péﬁar bears was unknown and there

‘were few observations of bears in the area, the coastal

region was divided into two parts: Coast 1, the area»east of
the dump to Knight's 11ill; and Coast 2, the rest of the
coastal{region (Figure 2). The vegetation along(thé coasfai
beéch Eidges consists mainly of coarse grasses (Elymﬁs sp.);
one ;% further inland, mosses ana lichens are dominant. In

the wetter depre&sed areas, salt meadow grass (Puccinellia

nuttalliana) and sedges (Carex sp.) are present. Willow and

alder (Alnus sp.) patches occur'throughoht the coastal

‘regions. Willow ptarmigan (Lagopus ]agopus) are common both

in Coast 1 and Coast 2. From the end of May to the beginning
of October, large colonies of lesser snow geese (Anser

caerulescens) and smaller colonies of Canada geese (Branta
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éanadensis) are found, pfedominantly in the Coast 2 region.
Arctic and red foxes are present in both coastal areas,
while wolves and caribou occur mainly in the Coqst'2 region.

"Thevbump_region (Figure 3) was arbitrarily défined to '
encompéés the Areé within a three km radfus of the town
garbage dump. The téwn'of Churchill is approximately eight.
km from the dump and is tﬁerefore*not included in~this
region. The du;p'was created in the 1960's and is'ﬁow_
approximately 150 m long, 75 m wide, and 20 m high. Agcess"
to both the top and bottom of the dump is maintained by
narrow gravel roads. A small creek flows ngrth through this
region and empties into Hudson Bay, which is about 600 m
‘from the garbage dump.- Exposed bedrock lies to :he west,
northwest, and northeast of the dump. The ﬁain vegetation
consists of grasses and éedges{ although- immediately south
of the dump.lichens and mosseé are dominant. Clumps of whife
spruce (Picea glauca), willow, and alde;'are found to the
west, south and east. Gulls, ravens (COFQUS corax), red
squirrels (Tamiasciufus hudsonfc&s), short-tailed weasels
(Mustela erminea), arctic foxes, and wolves have also been
seen at theiggmp.

The area between the northern boundary of the Denning
Area and the southern boundaries of tgé‘Dﬁmp and Coast i,
regions was called the Intérmediate~A;ea (Figure 2). As this
area was not représentative'of any’of the other regions, I

made it a separate region. Although the vegetation was

similar, the Intermediate Area lacked thelnumbers of lakes,
i



15

HUDSON .
BAY

rock

grass . flats

alder, white spruce,willow

m

tundra -

¢

Figure 3. Major features of the Churchill dump and the .
~ surrounding area, . . . .



16
” ' -

ponds, creeks, and rivers_found in the Denning Area.

B. Methods -

Since 1966 both the Canadian Wlldllf&*S&fVlce and the
Wildlife Branch of the ‘Manitoba Department of Natural
Resources have been involyed in ecological studies of polar
bears in Manitoba (Stirling et al. 1977b). Many polar bears
have been handled and the resultant data are in the nationgl
computerized data base stored by the Canadian Wildlife
; Service in the University of Aiberta computer. Through the
use of pre-existing computer programs, Lnformation

perta1n1ng to the age and sex classes of polar bears,
; .- ,-\7’

3
» i

previous hlstorles of individual bears, Velghts, and other
information on all polar bears captured by 5esearchers,
killed as problem bears, or. taken by Inu1h§§unters could be

.' .
extracted. To 51mp11fy extract1on, each reﬁﬁon was defined

7

by latitudes and longitudes. As polar. bears typ1cally do not
begin feeding in the Churchill dump unt11 Sctober (St1rl1ng
et al. 1977b), two seasons, summer and fg}%% were used both;
for computer extractions and for field obsg%vatlons. The
months of July, August, '~ and September compréped the summer
season, while October, November, and December comprlsed the
fall season. The extracted data were analyaed using the
Michigan Interactive Data Analysis System (Fox‘andJGuire
1976). '

In the field, polar bears were 1mmob1112ed using

methods "described by Lentfer (1968) and by St1r11ng et al.

S
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({9775, 1980). The straight—iine length and the axillary
-éirth were measured and recorded. A fa&fly’accurate estimate
fof Qeight could be derivea from thé axillary girth using a
cattle weigh tape, as a high'corré;ation (f=0J97) e;ists
between thé defived tape Weiéht énd the scale weight

(Stirling et al. 1977b). All‘weights reported are derived
from cattle weiéhbtapes dnless otherwise mentsoned. Bears
captured for'the‘first.t}me had unique identifying numbers
tattooed on the inside Qf_bogh upper lips. Identically
numbered plasticbDelrin tags were placed.in each ear. A
large nﬁmber was painted onifhe.animal with hair dye fo~
fa?glitaﬁe idéntification throyghout the field seasoﬁ.'Blood
'saﬁples were collected from some individhals and analyzed
fo; various blood parameters by Dr; R. Nelson at the Carle
Fouhdation‘Hosbital, Univ. of Illinois, Urbana. A small
first prémolar-waS'egtraéted~from each bear for age
determination using’methoas similar to Thomas énd Bandy

(1973). Based on this age, each bear was placed in one of

the following classes:

1) cub\of the year (COY) less than one year of age
2) yearling ' - between thé ages of one and
two years
3) subadult - from age fwo to four Years
4) adult - five Y¢ar5wof aég or older
Adult females that were not accompanied by cubs of any
~age were.classified as solitgry, whereas adult females énd,

accompanying offspring were classified as fémily groups. Up
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to about one half of the adult female polar bears in

Manitoba show-a two-year breeding cycle as opposed to .the

more usual three-year cyclebin more northerly populatione
(Ramsay and Stirling 1982), so a number of yearling bears
may be on their own. These beafs were classified as
independent yearlings. Any bear without cubs that had no
kﬁown age or was not captured was placea in the category
"unknown".‘Activities of bears that were handled were not
recorded until three days after capture in orde} to minimize®
the chance that the behavior observed could have been
influenced by the drugs usedein immebilizing bears.

Field research began in the fall of 1981 and concluded
in the fall o{ 1983. Direct observations of polar bears were
conducted during each of five field seasons. Since there
were few, if any, bears in the vicinity of thevChurchill
dump until feil, both summer seesoes, 11 July to 8 AuguW®
ﬁ982, and 27 July to 24 August 1983, were spent in the Coast
2 region. During ehe fall of 1983, 26 days (24 Septembe; to
19 October) were spent in the Coast 2 region to determine if
the'acfivities of polar bears varied between the summer and

fall. Bears were also observed at the Churchill dump for

~ three successive fall periods: 5 October to 11 November
1981, 24 September to 14 November 1982, and 12 $eptember”to

.23 September and 20 October to 4 Novembsr 1983 Except for

1dent1fy1ng whlch bears were forag1ng in the dump, no
observatlons of thelr act1v1ty were recorded while I was in

the Coast 2 reglon durlng part of the fall of .1983.

U

&

~ ey
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In the Coast 2 reéion, most“polar bears were observed
either from a 13.5 m tower loéated>at Cape Churchill or from
a 6 m tower, 12 km south of Cape Churcﬁill. Polar bearé weré

\\\?lso observed from the ground after being located by |
tfavelling along gravel beach ridges on Honda Moé%l 110 and
200 All Terrain Cycles. All bearé were obserQed through |
Leitz Trinovid 10 X 40 binoculars or Bausch and meb 15-60 X
Zoom spotting scopes. In the Dump region, polar bears wefe
observed from a parked vehicle 200 m northwest of the dump
site. As q}l observations were madé_between 0700 h and 1930
h, the data were biased towafds daylight hours.

Observed activities were placed into one of the
following categories:

1) Foraging - characterized by feeding; head down
investigation of potential food sources; digging; or ﬁoving
within a 100 m.area, but still investigating potential food
sources. | |

v , v

2) Travelling - characterized by walking or running

ﬁhroﬁgh an area wffhout stopping, except for short (less

than one minute) rests; or swimming over 10 m in one
direction. ‘

3) Resting - characterized by lying; standing; sitting;
moving less than fO m and then lying; or swimming less than
.10 m in one direction. & e
) 4) Aggre.ssive Interact_ion}'- characterized by hissing;
charging; locking of jaws; or swiping with front paws with

or without contact. Less overt aggression was not
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detectable; as a result, aggression may be under-représented
in the time budgets.x

5) Non-aggressive Interactions - characterized by‘
social play, -such as described by Latour (1981b), between
two or more bears. ‘

The duration of each activity was. recorded to the
nearest minute and a time budget was constructed, using the
percentage of the total observed time accounted for by each
of the five activities. To make comparisons between time
budgets, an arcsi;e transformation was uéed in order that
the data approximated a normal aistribution (Sokal‘and'Rdhlf
1981).

In order to assess night movements, .twelve bears, Four
in the Coast 2 region and eight in the Dump region, had
small radio transmitters attached to their ears. Four
individuals in the Dump region had these transmitters
attached in tﬁe féll of 1982, while four bears in the Coast
2 region and.four more bears in the Dump region, had them
attached in the summer and fall of 1983, These individuals
represented, as best possible, the spectrum of age and sex
" classes preéent in each area. Before leaving each night,
visual fixes or triangulalion were used to determine th
location of as many of the instrumented bears as possible.
The next morning, the bears were relocated; if they had-not
moved more than one km, I assumed that they had not

travelled far“during the night. In the dump, but not in .the

Coast 2 region, locations of instrumented bears were
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determined, by triéngulation once almost every‘otﬁer night,
betwéen 2000 h and 0100 h as a further gauge of night
movement. Apprbximately three weeks after being attached,
some transmitters were ébserved with their antennéé broken
off. Theéefore, it was uncertain whetheE a lack of signal _
reception was.dué to movements of polar'béars, or to broken
transmitters. However, because of the road system, 1 was
able to get closer to bears in the Dump region and therefore
managed to pick up faint signals and record the bears’
locations when radioed bears were checked in'tée night.

In order tb determine whether polar bears were deriving
measurable.nutritional benefit from the Churchill‘dump, it
was necessary to compare weight changés of fndividual bears,
hardled twice in one year, Ehat had fed in the d&mp with
those that had not fed there. However, from 1966 to 1980,
the sample size of bears feeding. in the dump, and caught
twice during the same fall, was one, while the sample size
of beérs not feeding thére was eleven. Therefore, from 1981
to'19é3, forty more bears were handled twice in order to
increase sample sizes. Of these forty bears, twelve were
bears that were not using the dump (nine from the Coast 2
region and three from the Denning Area region) and the

remaining twenty-eight bears were using the dump.



III. RESULTS

A. Segregation of polar bears

To assess the value of the Churchill dump to‘polar
bears, I determined the frequency of occurrence of bears of
different age and sex classes in the different reéions of
the study area. The records of polar bears handled in the
ﬁast were analyzed to look ét the extent that bears of each
age and sex class segfegated. In the past there may have -
"been some capture biasnfowards féhiiy'groups in the Denning
Area region and single bears in the Coast 2 region. Alth6ugh
1 spent little time in the Denniﬁg Area reéion, when I was
there I saw mainly family groups; I also observed mainly
single bears in thg Coast 2 region. Therefore, I felt that
the capture records were a good rgpresentation of the age
and sex classes of bears present in éach fegion.

Since 1966, a total of only 27 polar bears have been
captured in the Intermediate Area region. Since few bears
have been seen in this region, aAd I did not observe the
activities of any bears there, I did not include the
Intermediate Area region in any analyses.

' Although the‘sample sizes‘Of bears of most age and sex
classes captured in tﬁe summer were admittedly small, the
‘data available indicate that poXar bears segregated'by age
.and sex class.once they came ashore (Table 1). Adult males
tended to remain in the Coast 2 region, wheréas most family

groups and solitary adult females moved inland to the

22 -
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Table 1. Numbers of polar bears captured during the summer,
from 1966 to 1983, in each region by age and sex

class.
. Denning

Coast 1 Coast 2 Dump Area
Family
Groups 3 - 8 7 23
Independent
Yearling
Males 1 C 3 0 o1
Independent
Yearling . :
Females ' ‘ 0 2o 0 0
Subadult : ] ,
Males . 3 - 12 9 5

/

Subadult
Females 2 : 6 4 6
Adult . :
Males 2 17 3 3
Solitary
Adult . !
Females 0 2 1 7
Total 11 49 24 45




IDenning Area. Subadult females appeared to be more evenly
distributed, and subadult males tended to be foﬁndvmainly in
the Coast 2 and Dump regions. Although 9 of 29 subadult
males were captured in the pPump region, overall, the Dump
and Coast 1 regions>did not appeér to be major areas used by
pqlar bears during the summer. These two regions only
"Taccounted for 27 percent (35/129) of the total bears
captured. Records of'thé.Manitoba Wildlife Branch ng{
Patrol and the observatioﬁswof local Churchill resi&&&ts
also indicated that bears were uncommon in the Coast 1 or
Dump regions dufing the summer.

During the fall, bears began to move byck towards the
coast. During ;he fall, polar bears also,szregated by age
and sex class (Table 2, G test, p<0.001). Adult males'teﬁded
to remain in the Coast 2 region and solitary adult females
were most abundant in the Degning Area. Both the ‘Denning
Area and Dump were regioné ugea‘by family groups; however,
the Dump was used much more ;n the féll than'in the summer.
During the summer, only 17 percent (7/41) of family groups
caught were in the dump,iwhereas during the fall 33 percent
(42/127) of family groups were caught there. Subadult maies
were more abundant in both ghe’Dump and Coast 2 rggions.
Independent yearlings, both maies and females, and subadult
females were most abUnéaqt in the Dump regioﬁ. Younger bears
(independent yearlings and subadults) used the Coast 1
region:mﬁre than family groups or adult -bears, but overall

it did not appear to be a major area of use.

e
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‘Table 2. Numbers of polar bears captured during the fall,
from 1966 to 1983, in each region by age and sex

class.
' ' ' * Denning
' Coast 1 Coast 2 Dump Area
Family "
Groups . 19 15 - 42 51
Independent
Yearling :
Males ‘ . 117 5 24 0
Independent :
Yearling : . :
Females. _ ‘ 13 - 8 21 2
Subadult )
Males : 37 ‘ 59 ~75 6
Subadult )
Females 4 B 25 26 45 11
Adult
Males . 12 83 32 21
Solitary .
Adult (»
"Females 6 ; 5 10 - 33
Total 123 201 . 249 124
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B. Age structure 6f polar bears in the study area
" As a result of polar bear fesearch_conducfed along the
western coast of Hudson Bay since 1966, the age structure of '
.bears in the study area haswvbeen fairly well recorded over
‘the past éighteen yeafs. Female bears.in the Denning Area
were significantly older (ANOYA, p<0.001) t%an females in‘
any of the other three regions of the study area (%able 3);
The digference between the mean aée of females in the |
Denning Area and their mean ages 1in the other three areas

was due to an bver—represehtaéion of older femalés and an
under-representation of independent yearlings and subadults
in the Denning Area. Altgbugh 63 percent (64/102) of female
bears handled in the Dump region were subadults or
independent yearlings, all ages of females were represented
there. Male bears were'significantly older (ANOVA;‘p<0;OO])
in the Coast 2 and Deﬁning Area .regions, than in the Dump

énd Coast 1 regions (Table 4). Howéger, onEX 7 percent
(8/118) of all males handled in the Dump region were older
than 6 years. It appeared.thatlage or some age-reléted

factor .was more important in determining which male bears

used the“dump than which female bears used it.

v

C. ﬁehavior of polar bears in tﬁe Coast 2 region

In order to determine strategies used by poiar bears to
deal with an extendéd‘period of time away from primary food
_sources, I documented their aFtivities while ashore. Table 5

shows the percentage of observed time that polar bears spent

=
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Table 3. Numbers of female polar bears, not including
offspring, handled by age, in each region of the
study area, from 1966-1983.

=

Age ‘. : ) Denning
(in years) Coast 1- Coast 2 Area Dump
1 13 S 2 21
2 14 11 5 23
3 7 16 2 12
4 4 4. 9 8
5 4 0 6 4
6 1 2 S 3
7 4 4 11 4
8 3 6 5 3
9 4 2 2 3
10-14 5 7 35 12
215 1 3 27 . g
Total . v 60 64 113 102
Mean Age 4.5 5.4 10,4 5.4
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Table 4. Numbers of male polar bears, not including-: o
offspring, handled by age, in each region of the
study area, from 1966-1983. ‘

Age " Denning

(in years) Coast 1 Coast 2 Area Dump
1 12 8 1 24

2 16 21 8 29

3 16 . 25 1 26

4 6 22 2 15

5 4 1 2 B

6 o (. 10 2 9

7 2 6 | 2 0

8 1 9 2 2

9 2 9 T 2
10-14 1 22 8 2
215 2 22 4 2
Total 63 . 165 33 © 118
Mean Age 3.6 7.2 7.5 3.4

SD 3.3 5.5 5.1 2.9




engéged in each activity during the summers of 1982 and
1983. Because there was no sighificant difference between
the percentage of time accounted for by each activity by
bears of each age and sex ctass between summers, the data
for both years were pooled. A total of 299.7 hours of
activity were observed on 100 polar bears in the Coast 2
reg;onf As the~91‘bears of unknown age and sex were not
capture? and marked, I could not be certain what age and‘sex
classés were represented or How many different individualé
theré were. However, for the most part, they were probably
adult and subadult males. B

Resting was the dominant actiQRty, as it accounted for
between 77 pefcent and.97 percent of fhe total observed
activity. When resting, most of the bears lay in day-beds in
the grass'along the coast. A déy—bed was an area of
flattened grass, approximately 2 m by 1 m, formed by the
weight of a lying polar bear. Polar bears would sometimes
lie in similar sized pits dug in the sand along the coast.
Family groups did the greétest amount of travelling, 21
percent of their total observed activity. Two factors
probably contribufed to the ‘amount of observed time family .
groups travelled. Firstly, after about one week ashore, they
tended to move.inland, énd_secondly, because cubs were |
usually aétive and stimulated their mothefs to move, family
groups moved around more bften thanm single bears. Oniy one
solitary adult female was observed_duriné_the,summer, and

for only-oné‘day..This sample size was too 'small for



\

Table 5. Percentage of observed time different dge and sex
classes of polar bears spent engaged in each
activity, during the summers of 1982 and 1983 in

~ the Coast 2 region. . -

Forage Travel Rest Ag  Nag Total(min)

iy
[}

Family ‘ ‘
Groups (7) 2 21 77 0 0 3085

Indeperdent
Yearling
Males . - - - - -

Independent
Yearling
Females - - = - -

Subadult ,
Males - - - - -

Subadult .
Females - - - - -

Adult , A
Males (1) - 0 3 97 0 0 225

Solitary
Adult
Females (1) 0 9 91 0 0. 402

Unknown

Bears (91) 0 9 91 14268

AL
‘o
o

aggressive interactions
non-aggressive interactions

N
Nag



comparisen of activities etween females with and without

N

-cubs. Most of the other ars made short movements between

day-beds once or twice eaqh_day. Famvly groups, were the only
bears observed feedlng Beth cubs and mothers were seen
consuming moss and the seed heads of grasses. Even so,
feeding accounted for only 2 percent of their tctal
activity. Although numerous flocks of flightless grese were
present in the Coast 2 region throughout the summer, no.
polar bears were observed attempting to capture them. No
bears were observed interacting, either aggressively or
non-aggressively. _. s

By the beginning owactober, temperatures decrease,
deylength shortens, and polar bears have been ashore for at
least two monthe with little or no access to food. As it was
unknown whether aey of these factors mightﬂalter the
behavior ofrpolar'bearenin the Coast 2 region, I observed
‘bears .in this reglon from 24 September to 19 October, 1983.
A total of 570 6 hours of observatlons were made on 91 bears
(Table 6). Although sample sizes for most age and sex -
clesses in both summer and fall were too small for rigorous ‘\V
comparison, the data in Tables 5 end'6 indicated that the
ectiGity patterns‘of polar bears were similar during the
semmer and fall in the Coast 2 region.'Resting was the
. predominant activity, accounting fo: over'85’percent of the
activity of bears of most age and sex claéses. Fer both

independent yearling females and subadult females, the

periods of observation were probably not long enough to be
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Table 6. Percentage of observed time different age and sex
: classes of polar bears spent engaged i™ each
activity, during the fall of 1983 in the Coast 2
region.
Forage Travel Rest Ag Nag {Total(min)
Family, ‘
Groups - - i - - -
Independent-
Yearling ) e
Males = - - - -~ - -
Independent ’
Yearling . o . '
Females (1) <1 —22 78 0 0 832
Subadult A
Males (2) 1 10 88 0 0 1392
Subadult .
Females (1) 0 43 57 0 0 218
Adult . ‘ "
Males (3) R 5 90 0 4 5760
Solitary
~ Adult _
Females - - - - - -
Unknown o
Bears (84) <1 .3 97 0 <1 26020

-

aggressive interactions
‘nen-aggressive interactions
R

>
Q
nou

Nag
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representative. Except for the above two age and sex classes
of bears,'traveliing accounted for ten percent or less of
observed activity. Foraging on fresh kelp, grassesl and
mosseé‘was observed, but occurred less than one percent of
the time.ﬁNo aggressive interaetions between any bears were
seen. Non-aggressive interactions were not observed until \
the middle of Bgtober, ard made up from <1 percent to 4
percent ef the time budgets. The numbers of bears in the
Coast 2 region, in the vicinity of the Cape Churchill tower,
appeared to increase at this time and probably contributed
to my observations of 1nteract10ns at . thlS time.

I was only able to relocate 3 of the 4 bears that had
redio transmitters. Out of. 15 days that“I tried to locate
these ‘bears, one was located 4 ‘times and®wo were eech
located 3 times. When located, they were always near where
they were last seen. The raised Eeach ridges may have hidden
these bears from my view and also prevented my reception of
the radio signals. However, as I could not—tell if these
bears had moved oot of the area, had malfunctioning
transmitters, or werexhidden from view, I was unable to
determine the extent of night movements by bears in the
Coast 2 region.

D. Behavior of polar bears in the Denning Area
It was/not>possible to observe the behavior of polar

7

bears in the Denning Area during any season. However, it was

possible to determine to what extent polar bears were
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feeding in the Denning Area by the analysis of samples of
blood collected from bears captured in this region and
‘comparing thosée results with those from bears in regions
where the activities of bears have been recorded.

Metabolism of both carbohydrates and fats results in
the formation of carbon dioxide and water as the ultimate
end-products of oxidation. However, when proteins and
nucleic acids are metabolized, carbon dioxide, water, ana
ammonia, a highly toxic and highly soluble compound, are
formed (Sthidt—Nielsen 1975; Eckert and Randall 1978). In
mammals, ammonia is converted to urea and subsequently
excreted. Other nitrogen-containing products are also formed
‘and must’be removed. Creatinine is an end product of muscle
metqbolism; its production is relatively constant for .an
individual and is proportional to muscle mass (Morgan—Hugh;s
1974) .

‘Blood urea concentration depends upon the degree of
protein intake and catabolisﬁ kBritton 1974). Bears that
feed at a source of protgin,should have hiéher blood urea
concentrations than those that do nét feed. However, to be
able to pobl blood urea concentratiens of all bears from one
region for comparisons between regions,Aurea—creatinine
ratios were calculated for all bears. Nelson ‘et al. (1973,
1983) fbund that mean ufea—creatinine f;tios*of non-feeding
black bears, during winter sleep,‘were beiow ten, while Eor

feeding black bears, mean urea-creatinine ratios were above

ten. Therefore for the purposes of determining the extent of
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feeding by polar béars, ten was used as the critical value.
During the summer, mean urea-creatinine ratios suggested
that bears in the Coast 2 and Dump regions were feeding
while those in the Denning Area were not (Table 7). As bears

& .
in summer had recently come ashore from the sea ice, the

mean urea-creatinine ratio of bears in the Coast 2 and Dump

~regions may merely indicate that these bears fed recently.

However, bears in the Denning Area had also come ashore
recently, yet their urea-creatinine ratio indicatea they
were not feeding. However, these bears also moved inland to
the Denning Area, which suggests that activity may lower
blood'ureé levels. Bears in the.dump were also_acfive in
getting to £his region, however they were able to feed upon
arrival.

After being ashore for two to three months, the blood
urea concentrations of non—feedingvpolar bears §houid héve
decreased from summer levels, resulting in lower
urea-creatinine ratios. In the Dump region, this ratio was
weli above a ratio of ten, indicating that these bears were
still feeding. In the Coast 2 region the ratio decreased and
ig the Denning Area the ratio remained anbanged. Hdwever,
on one fliéht throﬁgh the Denning Area, one family group was
observed feeding oﬁ a faribou éareass. When subsequently
captured three days laterh they were still at the carcass. A
blood sample‘wasjtaken only from.khe adult female and iater

analysis showed the urea concentration and the

ureg-creatinine ratio to be the highest values in any
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Table 7. Mean concentrations, plus one standard deviation,
of urea (mg/dl) and creatinine (mg/dl) in the blood .
of polar bears, during the summer and fall, at
different locations in the study area, sample size
in parenthesis.

Location Urea . Creatinine Urea/Creatinine
Dump
AUG-SEP ( 4) 24.7 £ 8.3 1.1.+ 0.3 22.9 ¢+ 8.4
OCT-NOV (16)  24.3 % 13.0 1.2 + 0.5 22.0 £ 12.9
Coast 2 ~ .
AUG-SEP (19) = 21.8 * 7.7 1.5 + 0.4 16.§ + 9.9
OCT-NOV (75) 14.0 % 7.é 1.8 £ 0.4 7.9 &+ 4.5

Denning Area

1+
N .
S

AUG-SEP ( 7) 18.4 + 3.7 1.9 + 0.4 10.1
OCT-NOV (61) 18.3 * 15.7 1.9 =+ 0.4 10.4 + 11.8
OCT-NOV (60)' 16.6 £ 7.5 1.9 z 0.4 9.0 £+ 5.3

' - adult female feeding on caribou carcass not included
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régiont When this single record was removed and.the
urea-creatinine ratio redete%mined, a value of 8.0 * 5.3 was
calculated. As di;eét observations of polar bear foraging
activities in the Dump and Coast 2 regions supported the
conclusions drawn froh fhe blood analysis, I concluded‘by
- inference that polar bears in the Denning Area did not feed
to any significant}exten;. It appeared that bearé in the
Denning Area and Coast 2 regions were not ordinarily
feeding, yet those in the~Dump,region Qere.
E. Behavior of polar bears in the Dump region

The activities of polar bears in the Churchill dump
were alsc oBserved and récorded. The effect that a food
source‘may have on the activitiés of bea;S, while aéhore,
was examined by comparing time budgets of bears that foraged
in the Churchill dump with those of bears that did not. As
there was no significant difference in the percentage of
time engaged in each activity by polar bears of each age and
sex‘class, between 1981 and 1982, the data for'both years
were pooled. During the falls of {981 and 1982, a total
683.2 ﬁours of observations were méde on 82 polar bears o
(Table 8). By the first week and a half of each fall field
season, most of the bears using the -dump h&d been captured .
and marked. By the end of October and beginning of November
more unmarked beafs arrived; The maximum -number 6f Qnmarked

bears observed at any one time was six. Most were caught

within a day or so after their arrival in the dump and were
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Table 8. Percentage of observed time different age and sex
, classes of polar bears spent engaged in each
activity, during the falls of 1981 and 1982 at the
Churchill dump.
Forage Travel Rest Ag Nag Total(min)
Family
Groups (7) 48 14 38 <1 0 25473
Independent
Yearling .
Males (3) 49 21 24 6 0 191
Indépendent
Yearling
Females - - - - - -
Subadult -
Males (4) - 62, 14 13 <1 10 4800
Subadult , } :
Females (2) 17 9 70 0 . 4 2728
Adult , : i .
Males (2) 21 16 52 <1 11 3049
Solitary
Adult
Females - - - - - -
Unknown
Bears (44) 30 - 19 44 <1 6 4752
Ag aggressive interactions -

Nag

non-aggressive interactions
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A
/
subadult males and females. I estimated that no more than.

seven or eight different unmarked ind&viduals used the dump }
.briefly before being captured, observations of which

amounted té only 12 percent of the total time (4752

min/40993 min).

The activity budgeés of bears of each age ahd‘sex class
in the Dump region were different from thei;-cdﬁnterparts in
the Coast 2 region. Resting, which was%the most. -dominant |
aétivity in terms of time allocétion,in the Coast 2 region,
'was not as coﬁmon.in the Dump regioq. Except for subadult
females and adult males, all bears of each age and sex class
in the dump rested for less than 50 percent of the observed
time. This may reflect a tendency for polar bears not to
rest in the same areas where they feed. As éxpected,

. foraging accoun;ed for a much gfeater percentage of the
obferved activities of bears in the Dump région than in the
Coast 2 region. Garbage was delivered twice a day, four days
a week. The two loads were dumped around 1100 h and 1500 h.
Most bears that foraged in the dump arrived between 0800 h
and 1000 h and left between 1700 h and 1900 h. When they
left each afterneon, gndividual bears tended to select
specific sites, within a'twofkm raéius:of the dump, and used
them for resting throughout the fall. Movements to»thgse .
specific sites from the dump in late afternoon and movements

back to the dump thé following morning accounted for most of

the observed travelling by bears in this region.
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Except fo; family groups and independent yéﬁrling |
males, bears of each age and sex class engaged in
non-aggressive inﬁeractions, such dé described by Latour
(1981b) between adult males at Cape Churchill. These
intéractions usually involved only two bears, although on
two separate occasions, three bears wére involved. Mean
dufation of all non—aggressive encounters was’ 19 minutes
(n=32) and varied in length between 2 and 66 minutes. These
interactions usually occurred in the grassy éreas adjacent

to the dump.-

1
-

Unlike in the Coast 2 region, aggressive interactions
did occur in the dump, although they accounted for less than
one percent of the aétivity budget for all groups except
independent yearling males. However the period bf
observation of inde dent yearling males may not have been.
long enough to be representative. Typically, aggressive
interactions (n=52) were brief: the mean duration was| 1.2
minutes, and ranged from 1 to 3 minutes. All but one
aggressive encounter, were initiated by adult females with
cubs (Table 9). Initiation of aggressioﬁ among bears
resultederOm4contéct between a female's cubs and other
bears. Family éroups‘won all but one.of the 51 bouts they
initiated, and appeared to be the most dominant bears in the
Dump region., I considered a bear Eq.have won an interaction
when ﬁhe'othér bear ceased interacting and moved away.

Family group - famiiy group interactions were ‘the most

common, accounting for 45 percent -(23/52) of all observed
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Table 9. Numbers. of aggressive encounters initiated b}‘each
age and sex class of polar bears, and the outcomes
of these bouts, observed in the Churchill dump
during the falls of 1981 and 1382,

INITIATORS
5 " Total Total
Family Subadult Bouts Bouts
| Groups Males Defended Won
-Family A
Groups 23 : 0 23 1.

D Adult ' .

E Males 4 1 5 - 1

F , \

E Subadult

N Males 11 0 ’ 11 ' 0

D _ v

E Independent , |

R Yearling

S Males - : 4 0 . 4 0

Unknown .

Bears 9 . 0 9 -0
Total

Bouts _

Initiated 51 ' 1

Total

Bouts

Won 50 0




aggressive encounters. One subadult male initiated a bout
with an adult male, but lost. The adult male was fgeding on
what appeared to be meat scraps. Excépt for'tﬁis 6ﬁe case;
no other éggression between bears of the other age and sex
classes were observed.

| During the fall of 1982, three of the four bears with
radio transmittets ghdsé specific sites near the dump and
returned to these sites each night.,Altthgh £he dump was
not monitored continuously, of 24 trips éo the dump at
night, on only'4 occasions were one or two small bears
observed foraging there. This indicated that for the most
part, the.dump was not an importané feeding site for bears
at night. Three of the four bears with transmitters weré
found in the vicinity of their selected sités from 20 to 22
- of the 24 nights, suggegting that bears that used the dump
.during the day moved littie during the night. I was unable
to locate these beérs on the nights Ehey were not near their
selected sites. In the morning,.these same bears were
observed lying in the same site where they were seen the day
before and located the previous night. One subadult male:
with a transmitter left the dump region for.seven days,
returned for six days, and tﬁen left for another six days. I
was unable to locate this ihd;Qiauél'while it was away from
‘the  dump, although several local tour operators occasionally"
saw this bear 25 to 30 km east of the dump. During the six
days in.the Dump region, I located this bear in three

separate areas on five nights.
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In 1983, bears came into the dumpbmore than a month
earlier (late August compared to early Octoberg and there
were about twice as many (20 vs 10-11) as in the previoos
two falls. A total of 532.1 hours of observations were made
on 27 bears (Table 10). There was a significant difference
(G test, p<0.05) between the time budgets in 1981/1982 and
1983 for bears of each age and sex class observed in the
Dump tegion, except for subadult males and females..Family
groups and unknown bears foraoed less and rested more during
1983 than in 1981/1982. Adult maﬁéS'fofaged more in 1983
than in 1981/1982. All groups of bears travelled less in
1983 than in the previous two falls. Except for family
groups, the percentage of activity accounted for by
non—aggressive-interactdons remeined the same or decreased
from 1981/1982. Mean dutation of all non—aggressive
encounters (n=44) was 18 minutesL and varied between 2 and
50 minutes._Family groups did not engage ih non-aggressive
interactions in 1981/1982, yet in 1983, this activity
accounted for 6 percent of their time budgets. Two family
groups always left the dump and arrived at the dumg,together
, ever} day. While away from the dump, both family.groups
stayed within 50 m of each othet. Although one set of cubs
were COYs and the other set were yearlings, both adult
females tolerated each other's offspring. This essociation
accounged for most of the observed non- aggre551ve act1v1ty
of family groups The percentage! of “activity accounted for

!

/
by aggre551ve interactions decreased 1n 1983. The mean

i



Table 10. Percentage of observed time different age and sex
. classes of polar bears spent engaged in each
activity, during the fall of 1983 at the Churchill

dump.

Forage

Travel

Rest

Ag

‘Nag

Total (min)’

Family
Groups (4)

Independent
Yearling
Males

Independent
Yearling
Females (2)

Subadult
Males (6)

Subadult
Females (4)

Adult
Males (2)

Solitary
'Adult
Females

Unknown
Bears (9)-

35

61

45

40

33

11

48

29

36

49

48

74

<1.

<1

<1

13812

1821

6337

4063

4088

1806

>
0
non

Nag

aggressive interactions
non-aggressive interactions

B
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durat%on‘of these encounters (n=11) was 1 minute, and ranged
between 1 and 2 minutes. All except one encounter were
initiated by family groups (Tabie 11). As inwthe previous
two/falls, family groups that initiated encounters were the
dominant bears, as they won, §#1 10 bouts. Of the total of
eleven observed aggre551ve encounters, only one wasvan
1ntrac1ass confrontatlon between family groups \\\\{&
Although the sample size was small, it appeared that
bears did not use the dump during the n1ght. They were’
observed thereeohly on one out of the ten trips made duging
the niéht As before,'individuals selected specific sites
for restlng durlng the evenlng when away from the dump.
Three of four bears with radio transmLtterS'we;e found near
their selected sites, ranging from 8 to 10 out of the 10
ftrlps made at night. Only ong bear: was found in another
location at night. In the morning, I found these bears stall
in their selected areas, suggesting as before that they |
moved little during the hight. One old adult male (15 yrs)
was caught in the Coast 1 region, held near. town and )
released w1th a transmltter AlthoUgh I never locateg this #
«bear again, it was seen several weeks later in the Northwest
Territories. Individual bears that were in the dump bdth in
1982 and 1983 selected'different.speeific sites each year;
however, the éites“dsed ihl1953 had been used by other bears

in 1982:

e

-
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Table 11. Numbers of aggressive encounters initiated by each
age and 'sex class of polar bears, and the outcomes

“a of these bouts, observed in the Churchill dump

’ during the fall of 1983.

wImMmUZWMEER®

INITIATORS
' A Total Total
Family - Subadult Bouts ‘Bouts
Groups Males Defended Won
Family
* Groups 1 0. 1 0-
w¢ Subadult :
" Females ' 2 0 2 0
Subadult
Males 5 0 5, 0
Adult
Males 1 1 2 1
Unknown
Bears 1 0 1 0
_Total
Bouts
Initiated 10 1
Total
Bouts .
wWon 10 . 0
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F. Annual fidelity of polar bears to the Churchill dump

Since 1965, 33.individual adult females, handled in the
Churchill dump, have brougat 57 litters and 101 offspring
there; Thirty-nine percent (13/33) of theée.adult females
have returned to the dump in subsequent years with different
litteré. One female has returned with four different litters
and one femaie has returned with five different litters. The
mean litter size and one standard devigtion was 1.8 = 0.7.
Once weaned, 21 percent (15/72) of the offspring were known
to have returned to the‘dump.'One feméle cub that came to
the dump with her mother, subsequently returned there with
two differént litters of her own.

Since 1966, 207 individual polar bears have been
captured at the Churchill dump; of these, 67 (32'percent)
have been rec;ptured there in years éubsequent to their
first capture. One female caught in the Chﬁrchill,dump in
1967, at the age of two, haé returned there almost every
other year over the past sixteen years. Three females have
each returned to the dump over an eleven year time spén,
while two females have beeh returning over g\ten yeaf
period. Male polar bearg did not return as often as females
even if they were in-the dump as cubs. Since 1966, a total
oﬁ_23 ;ubs and .subadults that were originaaly caught in t@e‘
dump have not returned there but have been recaught
elsewhere as adults. Of this total, 2 males (9'percent) and
2 females (9 percent) were recaught in the Denning Area. By

contrast, 17 males (74 percent) and 2 females (9 percent)
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‘'were recaught along the coast. Although the sample size 1is
‘admittedly small, the data available indicated that once

male bears reached the age of six they no longer returned to

the dump.

G. Benefits and costs of a large supplemental food source

In order to see if there were any benefits gained by
using the Churchill-dump, I determined if béars of the same
age and se# class came ashorg in comparable condition,
Weights of bears that both fed and did not feed in the dump
during the summer were used to compare overall condition.

/

Sample sizes of bears handled in the dump during the summér
were small. Except for COY females, there were no
significa&t differences betweeﬁ the weigﬁts of bears in the
dump and bears not in the dump (Table 12). This suggested
that polar bears of each age and sex class came ashore in -
comparable nutritional condition. |

By comparing the mean weights of bears in the summer

o
with those in the fall, it should be possible to determine

=)

<

if bears gained any nutritional benefit by feeding in the
Churchill dump. Bears from six age and sex classes that were
not féeding in the Churchill dump were significantly lighter
in the fall than they were in the summer, while bearsvfrom
four age and sex classes were not significantly lighter |
(Table 13). By contrast, there were no significant
differences between summer ahd fall weighté of bears feeding

4

in the Churchill dump (Table 14). As the sample size of
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Table 12. Mean summer weight (kg) of bears captured in the
' dump and not captured in the dump from 1966 to
1983, sample size in parenthesis.

Non-dump Dump \’ t p
Adult
Females 193 + 31 (29) 217 + 52 ( 5) -1.403 NS
coy | )
Females 54 + 13 (18) 74 + 22 ( 4) -2.616 S
Coy .
Males 57 + 7 (11) | 54 (1) -
Yearling
Females 116 + 21 ( 6) 102 + 1 ( 2) ~0.899 NS
Yearling
Males 110 = 25 ( 5) 143 (1) -
Independent
Yearling
Females 112 (1 - -
Independent
Yearling ’
Males 118 = 22 (1) - ol
Subadult
Females 171 = 46 (12) 163 £ 44 ( 5) 0.341 NS
Subadult : ' _
Males " 224 % 46 (18) 221 = 49 ( 6) 0.141 NS
Solitary
Adult .
Females 226 * 20 ( 4) - -
Adult :
Males 323 + 72 (15) 266 * 57 ( 3) 1.281 NS
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Table 13. Mean summer and fall weights (kg) of polar bears

. captured in areas other than the dump from 1966 to

1983. ' '
Summer . Fall | t P

Adult :
Females 193 + 31 (29) 159 + 28 ( 61) 5.197 S
coy }
Females 54 + 13 (1‘&;_ 41 + 10 ( 36) 3.803 S
coy . _ , :
Males 57 + 7 (11) 44 £ 13 ( 27) 3.238 S
Yearling |
Females 116 + 21 ( 6) 93 + 20 ( 13) 2,337 S
Yearling
Males 110 £+ 25 ( 5) S 112+ 15 (21) -0.237 NS
Independent
Yearling _ ; .
Females 112 (1) 85 + 34 ( 22) -
Independent
Yearling : o
Males 118 + 22 ( 4) 107.+ 26 ( ™)  0.800 NS
Subadult i
Females 171 £ 46 (12) 144 + 33 ( 57) 2.356 S.
Subadult _
Males 224 + 46 (18).. 178 + 43 ( 88) 4.136 S
Solitary
Adult . :
Females 226 £ 20 ( 4) 227 £ 57 ( 33) ~0.03¢ NS
Adult

Males -

70 (102) 0.668 NS

+

72 (15) 310

323

I+

AT
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Table 14. Mean summer and fall'weights (kg) of polar bears
captured in the Churchill dump from 1966 to 1983.
Summer Fall t p
“Adult
Females 217 + 52 ( 5) 197 + 56 (31) 0.745 NS
coy . -
Females 74 + 22 ( 4) 64 = 24 (28) 0.808 NS
coy '
Males . _ 54 (1) 46 + 11 (19) -
Yearling | : :
Females 102 =+ 1 ( 2) 141 + 32 ( 8), -1.656 NS
Yearling
" Males 143 (1) 121 £ 27 ( 4) -
Ihdépendent
Yearling
Females - 105 + 24 (16) -
Indepehdent
Yearling
Males - 128 + 42 (22) -
Subadult - : .. &
- Females 163 + 44 ( 5) 150 + 40 (39) 0.655 NS
Subadult S
‘Males 221 + 49 ( 6) 198 +-60. (58) 0.902 NS
Solitary
Adult
Females - 196 £ 41 ( 5) -
Adult '
Males 266 £ 57 ( 3) ¢ 61 (22) -0.739 NS
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bears ‘in the dump during the summer:was small, I also
éompared the mean weigﬁté of bears in the dump in the fall
with the mean weights of non-feeding bears in the summer.
Except for COY females, fberé were no significant:
differences between the méan weights of bears feeding in the
dpmpiinAthé‘fall and the mean weights of bears ih the other
areas in the summer. From these data, ;}/was clear that by
foraging in the dump, polar bears had a nutritional benefit
oyér’non—feeding bears in tha£ their fall weights, prior to
goiné onto the sea ice,.were similar to theilr summer weigh£s=
when they came aéhore.

In order to determine whether individual bears lost -
weight between coming ashore and the onset of feeding in the
dump, and also to determine benefits td individﬁals, some
bears were captured twice in one year. Except for one
subaault female, all bears in tﬁe Coast 1 and Coast 2
regions iost between 0.3 percentiahd 0.4 percent of their
total initial body weight per day (Table 15). The single
subadult feﬁale gained 37 kg in 13 days, or‘2.5 percent of
total initial body weight per day. Iﬁ orderAtg gain so much
('Weight in such a short time, this bear must have found a
carcass to scavenge upon. Bears in the Denning Area either
losf no weight or lost between 0.1 percént and 0.8 percen£
of their total initial body weight per day. In contrast,
individual bears foraging in the dump either gained betygén
0.1 percent and 0.6 percént of total initial body weight ber

day or showed no weight loss. The greatest increase was 2.8



Weight changes of polar bears that have ,been
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Table 15.
handled twice in one year from 1966 to 1983,
sample size in parenthesis.
« Mean Mean % Wt.
' " Age/sex Mean Wt. 1 Wt. 2 change
Région Class Days (kg) (kg) /day
COAST Adult o ‘
Females, (1) 105 164 115 -0.3
coy )
Females (1) 105 54 35 -0.3
Independent
Yearling A “
Males (2) 84+18 118+£13 « 83t 6 -0.4
Subadult o
Females (1) 13 15 - 182 2.5
_ Subadult Posre
Males (6) 42+473 23459 206+£50 -0.3
Solitary
Adult .
Females (1) 108 188 115 -0.4
Adult '
Males (5) 64127 243%57 197445 -0.3
DENS- Adult :
Females (1) 24 157 127 -0.8
Coy
Females (2) 24+ 0 52+ 3 44+ 2 -0.6
Subadult
Males (2) 70% 7 232+14 231+15 0.0
Solitary
Adult .
89 201, 185 -0.1

Females (1)
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Table 15. Continued.
Mean Mean % Wt.
Age/sex . an Wt 1 Wt. 2 change
Region Class Days (kg) (kg) /day
DUMP' Adult .
‘ Females (5) 46+£25 22883 239127 0.1
| coy -
Females (6) 38£32  71%29 80+ 18 0.3
CcoY
Males (1) 27 37 " 65 2.8
Yearling :
Females (2) 57+ 0 102+ 140+23 0.6
Yearling . , )
Males (1) 53 143 147 0.1
Independent
Yearling
Females (2) 24+ 2 73£20 73+ 1 0.0
Independent -
Yearling .
Males (1) 98 109 112 0.0
Subadult
Females (2) 34t 1 134 6 159429 0.6
. Subadult . : ‘
Males (6) 33+14 206%789 220x89 0.2
Solitary
Adult
Females (1) 7 180 210 2.4
Adult
Males (2) 5513 25577 264151 0.1

jincludes one female and her 3 feﬁale COY¥s
that all lost weight while in the dump.
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percent per day for one COY male.,The only bears-to lose
weight in the Dumb region were.all members of the same.
family group. Three COY females lost up to 11 kg in fifteen
days, while their mother lost 88 kg in the séme time period.
It was unknown why they lost weight; however, when their
weights were removed from the analysis, the,weight change of
adult females ip the dump increased from 0.1 percent to 0.4
percent of total initial body weight while the weight change
of COY females increased from 0.3 percent to 0.7 percent.A

It appears that); once asho;e, all bears iost weight.
Those bears that foragedAin the dump were able to replace
thé lost weight, going back onto the sea ice weighiﬁb about
the same as théy did when they came ashore. However,'this
nutritional benefit did not appear to translate &nto a
reproductive benefit. There was no significant difference
(t-test, 0.5<p<0.9) between the mean litter size of bears
that'féraged in the dump (mean=1.8#0.7, nN=58) and those that
did not forage there (mean=1.7i0.6, n=152).

Another considerétion in determining benefits of
supplemental food sources is the effect on survivorship: It
was not possible to get an accurate estimation of
Survivorship; however, a crude value, based on recapture,
was determined. Of the total number of polar bears that have
fed in the dump and could have been recaptured, 49 percent
(89/183)vwere recaptured throughout the study area in
subsequent years. By comparison, only 24 percent (99/410) of

‘bears not feeding in the dump have been recaptured. However,
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‘ 4 '
these results are biased as bears returning to the dump are

much more.easily recaugpt. Therefore, the recapture rates
need to be weighted differently to attempt to make any
comparisons. Essentially 100 percent of bears in the dump
are captured each year; however, 1in tﬁe other areas this is
not the case. The total number of bears tagged, therefore
potentially recapturable, increases each year. In .1983 the
_recapture rafe was approximately 40 percent. In past years
the recapture rate was not this high. Therefore I“used a
conservative estimate og a 30 percent recapture rate in ‘the
other areas. Of the bears in the dump, approximate 1/3
were recaught there., As an iqdi?idual bear had a 3 1/3 times
greater chénce of Being'caught in the dump than in‘the other
areas (100 percent vs 30 percent), vaeighted 1/3 of those
bears that were recaught but had never been in_the dﬁmp, by
a factor of 3 1/3..The weighted reqapture fate of bears
never feeding in the duﬁp increased to 43 percent (176/410).
Therefors, although the method is admittedly subjective, in{ﬂ
general it apggared that there was no advantage 6r
disadvantage, in terms of survivorship, to those bears that
fed in the'dump. | .‘ Q
Algﬂough there were nutritional Benefits to bears
feeding in the dump, there wete ¢osts as well; One bear was
found.dead 200 m from the dump, with no visible signs to
suggest cause of death. During our field autopsy, two pieces

of lead batteries were found in the stomach. We concluded

that this bear probably poisoned itself. Although there was



no way to determine how many bears poisoned themselves while
feeding in the dump, the large ﬁumber’of tagged bears that
have returned 'in subsequent years suggested that accidental
poisonings were rare. B N B
Another cost of feediﬁg in the dump was the effect that

the agclimation of polar bears to‘humans may have. Each
fall, some polar‘bears walk into the town of Churchill,
become groblems, énd heve to be destroyed.’A significantly
higher number of tagged bears that have gsed the dump, than
heve not, have been destroyed as problem bears (G—test;
p;0,001). Of 207 tagged bearsittat have fed in the dump, 12
percent (24) have been destroged,as problem Bears compared
to only 2 percent (11/496) of tagged bears that have not fed
there. Of the 24 "dump” bears destroyed 19 were subadult
malés |

' When Hudson ﬁay freezes, polar bears move ntrth along
the Keewatln coast where they.are hunted by natlves\from
‘several Inuit communities. A significantly higher number of’
tagged polar bears that have fed in the dump than have not,
were harvested by the Inuit (G-test, p<0.001). Of 496 tagged .
bears not feeding in the dump, 4 percent k19) have been
killed by Inuit hunters, while 8 percent (17/207) of taggeg

bears that have fed in the dump have been killed.



I1V. DISCUSSION

A. Segregation of polar bears

Segregation did. not appear to result from competitfon

for resources. In two summers spent in the Coast 2 region,

no interactions over any discernable resource were observed

between any bears. As far as could be determined, there was

abundant unoccupied space available to family groups in the

Coast 2 region, or to adult males in the Denning Area.

Family'grbups tended to come ashore at the same time as

adult males, but were not seen in the Coast 2 regﬁon after

one week, suggesting that they had moved into the Denning

Area. Although I observed no adult males moving inland, some

had as they have been caught in the Denning Area.

Segregation may

be based on the avoidance of males by

family groups. Intraspecific mortality of polar bears has

been reported. Claws

.
of cubs were found in two polar bear

scats collected from the Hudson Bay coast and the islands in

James Bay (Russell 1975). Adult males have occasionally

Killed entire family
occasions durf%g the
féund; an adult male
pers. comm.). It was

ikilled the cub or if

groups (Russell 1971). On two ‘separate

\ 4
summer of 1983, carcasses of cubs were

was feeding on one carcass (M. Ramsay

unclear if this male had actually

he was scavenging. Although over

shorter distances females with cubs are probably able to out

run adult males, over longer distances cubs will tire. As a

‘result, those cubs that tire may become easier prey for

58
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o adurtfmaleé,'svén though adult females will defend their
cubs it is probably a better reproductive strategy, in terms
'of-cuo‘surugudl,_fdrq%amily groups to move inland to the
,Denning Ared éoon after coming ashore~and therebgkminimiZe ,ié
potentiaf encountegs”with adult males. . T

Intraspecific mortality caused bynadult_male_black

bears (Kemp 1976 Rogers 1977; Beecham 1980; Bunnell and

Ty

v

Ta1t 1981) and’ brown bears (Troyer and Hensel 1962

strihgham 1980; Bunnell and Tait 1981; McCullough 1981;
‘Strfingham 1983) has been reported, but some of the cases
involwed trapped animals. Therefore the extent to which it
occurs in these species, under natural conditions, is sti1ll
uncertaln ‘Both adult male Pions (Panthera leo) (Schaller
1972) and iangurs (Presbytis sp{? (Mohnot 1971; Rudran 1973;
Hrdy 1974) are’ known to killJoffsprino of other males, but ;y
thlS occurs after the dlsplacement of previous domlnantv

:f 1a1 grgzgséyg

Durlngy the fall “bears oﬁgﬁt&{ﬂd& and sex class have

4y l‘\ ol

used,%he Dump region. ThlS suggésts tbat around % fdod

* ? source, tngrdegree of segregatlon éecreased However, bears

| were‘not comp%etely tolerant of each other and some
-%ééggessive behavior was observed;MPolar‘bears used thﬁs

region more in the fall than in the sumner. The increase in

the relative use of. the Churchillldumppwas most evident in
family groups. For mpst bears in'tﬁe study area in the %ali;w} N
the shortest route back to Hudson Bay_is.to the east or

northeast instead .of north toward the dump. Therefore, the.
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use of the Dump region was not due to_bears taking the
shortest route back to the-éoast but rather, tdvsome.other

~factor intrinsic to the Churchill dump.

B. gehhvior of polar bears in the Coast 2 region
" Knudsen (19%8)"con5tructed time budgéts of poiar bears
. during the summer on North Twin Island in James Bay. His
results, based on RN hdu;s of activity on a minimum of five
family groups and nine lone béars,‘were similar tdymine in
that‘resting was the dominant activity. Lone bears and
family groups rested 86.4 percent and 87.7 percent of the
. ; ~ total ohse}ved time, respectively. The percentage of "W'D
activity accounted for by foraging was‘similar in the two
studies. Knudéen found that feeding accounted for 2.4
bercent of the activity of lone bears and 4;9 pefcent of thé
.activity of family-gréupg._ ; North Twin Island, bears féd..
mainly upon crowberries and §énaaa geese. Russell (1975)'
found that birds cgéprised a larger part of the diet of

polar bears on the islands in James Bay- than along the. &4

e

Manitoba and Ontario cgaété. He suggested thét-the abundance .
of duckéland water tyrbidity around the islands may have
créated-a situétion wheteAtapture-of birds was relatively
easy:hThe genefal lack of observations of bears attempting
to capture flightless geese in the COas£.2 region squeSteé
that 1) the success rate méy be lower than for segbiras on

pﬁ water, 2) that neﬁ energy returned per caéturedubi;d'makes
‘hunting on land energetically inefficient,_3) thhtégéars‘on

’ Ty

&
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the mainland may.not have associateé birds as potential
prey, or 4) a combinaﬁio%‘bf the three. Over the past 20
years, scientists from-two fiéla camps Have conducted
. researéﬁ on geese in the Coast 2 région. M. Gillespie (pers.
comm.) indicated thét although bears hadvbeen observed mvh
walking through flocks of geese,.no attémpts were made to
capturé them.

Latour (1981a) documented activities of polar bears qﬁ

Cape Churchill during two successive fall periods. He alsc’

found that resting was a major activity, as adult and

- subadult males rested 78.6 percent and 73.2 percent of the

totél observed time, resbectively. His results also
indicated that polar bears along the coast remained inactive
most of the time. He found that subadult feméles rested the
least,. 56.3 percent of theytime. My sample for this age and
sex class was"small,‘but'the similarity suggests that it may
nol have been uﬁre?fesentative. Eoraging”acéounted for
apprdximate@y 1 percent in both stﬁdies. Travelling was not
' a separate category im Latour's study; howeyer, active-

behavior ranged between 18 percent and 36.5 percent. Adult

hales'wepe the least active while subadult females were the

-

~

most actiye. I found a similar>tggﬁanwith‘trévelling
accounting for 5 percen: of the adult male time budgets and
43 percent of subadult female time budgets. However, I
attributeizhé variation between studies to a éeaéonal

.. difference in when the gbservations'were made. I finished

‘observing bears in the Coast 2 region approximately one



month earlier than Latouf. Although the numbers of bears
1ncreased at Cape Churchill and non-aggressive interactions
occurred, the bears did not- appear to move around more.
Latour also notéd that the numbers of bears began to
increase in his study area in October,.but he did not report
-an increase in non-aggressive interactions. He foun? that
non-aggressive be%avior 56Coun§ed for between 3.1¢percent
and 7.6 percent of the timeﬁgﬁéget, similar to my results:
_which ranged‘begaeen 0 and 4 percent. In both studies béars
were observed.during daylight hours.fHowever most of
Latour s observatlons were. made at a later date than mine.
-As . the numbers of bears along Eh; Léésﬁ%ﬁbntlnues to )
increase throughout the fall, the opportunlty for
interactions should alsé incréase. Therefore, interactions
between bears may.have,increaSed later in.tgé fall when I
Qas not. there.

While ashore, most polar bears remained inactive. As a

result, polar beats cduld minimize their metabolic demands

Y b3

by minimiziﬁg"tﬁﬁgg energetic costs. As polar bears are
energetically inefficient walkers (gritsland et al. 1976;
Best 1982; Hurst et al. 1982), being active would be a *
particularily péor strategy; in terms of energeticwcosts,
especiallylwhen there is little or no access to.food
sourceg. The high energetic cost of walking, to polar bears;

may also explain why they do not attempt to caprre-

flightless'geese.

.
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Ankney and MacInnes (1978) determined the body
composition of nesting female lesser snow geese at the
McConnell River in,the Northwest Territories. They weighed
the gizzard, sternal muscles, and leg mgscles as aﬁ index of
‘protein reserves and also weighed subcutaneous, mesenteric,ﬁﬁ
and abdominal fat as an index of fat reserves from gemale
geese éé?inq the post hatch period (6 July to 13 July). Thej
found that in trese females (n=3é) meaa pretein resefvea
accountec for “mperceat (163 g) of total body weight while
fat reserves were negligible.

Hurst et al. (1982) studled polar bear locomotion and
derived the follow1ng equatlon to measure oxygen
consumptlon:

.
Cw - 0.0
gVOZ = 0.62e eV

, Lo . .
where VO,; = oxygen consumption in ml O, per gram per hour, e

-

=vnatural'log = 2,718, and V = walking speed in km/h. Using
this equation'and the data of Ankney and Maclnnes, an
estimate was calculated to determine how quickly a bear .  must
catch a goosemin order foeAit’to be anrenergetié benef;t.
The following'asgumptions were made: 1) bears only used fat
as an energy source while catching geese, 2) body |
composition of lesser snow geese in Churchill was similar to
that ef geese at the MCConneli River, and 3) bears onl; fed
on the protein and fat reserves of:geese. When only fat is.
metabolized, 4 7 kcal of heat are produced for each litre of

O, used (Schmldt—Nlelsen 1975). Therefore, using the above

equation, a 320 kg bear (average weight of adult males)
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running at 20 km/h wquld use 55 kcal/second. The energy. =

returned by consuming femalg lesser snow geese would be 701

" kcal. In order to get a net energy gain, a polar bear must

catch a goose 'in approximately twelve seconds. It doés not
appear that it is energeticadlly efficient for polar bears to
feed on flightiess geese whiie'ashore. Bears scavenging on
geese carcasses in the dump did not consume the entire
carcass, but only ate the remaining flesh. Grizzly. bears

would appear to expend more energy than returned when

digging out and trying to catch ground squirrels. This may

suggest‘that energy efficiency may not be the only reason
that polar bears do not hunt geese, but‘that they may. also
have little interest.\‘

By remaining inactive, polar bears may also be able to .
cope with another potential problem, high temperature. Fur,
blubber, and peripheral tiSsueslprinde significant
insulation in. and out of the water (@ritsland 1970).

However; under warm weather conditions, mechanismé for heat
dissipation may be insufficient_to prevent increases in body

: - - _ | -
témperatupé (gritsland 1970). As the ambient temperature

increases, the amount of heat dissipated decreases and

hyperthermia may occur (Best 1982;:; Hurst et al. 1982). Best
i Q

(1982) concluded that the pélaée of an active polariggér;way

be an adequate insulator for ambient conditions ranging up
to 7.0° C. Mean summer temperatures of M2° C may be near the
upper limit at which polar bears can maintain their body

temperature at a-relatively constant:leVel. Activity

~
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increases. the amount of metabolic heat that must be

dissipated. Therefore, heat load dufing hunting may be

) vA

another reason for the lack of ihterest in geese. However,
lnactive polar bears can reduce the chance of hyperthermia
by minimizing the amount of metabolic heat produced

Wind can increase the thermal gradlent between the body
and the air by decreasing skin temperature.(¢rits}end 1970;
Best 1982). Bears in the Coast 2 region, wefe maidly found
on the seaward sides of Beach ridges and eskers, and along
the edge of the coast,“woere(they were exposed to 'the cool
winds blow;ng of f the Bay. Bears were also observed lying in
the waters of Hudson Bay, presumably to keep cool. In the
Denning Area, polar bears sometimes lie at theé edge o£~ia%ge
lakes where they can take advaotage of breezes coming‘off
them, or dig dens down to the permaffostdin’order to keep

cool (Jonkel et al. 1872, 1976; Stirling et al. 1977b).

C. Behavior-offpolar'bearsvin the Dump region

Studies of black bears feeding at dumps (Herrero’1983)
and brownfbeers feeding et salmon streams (Stonorov and
Stokes 1972; Egbert and Stokes 1976) found that ﬁost
*individuals fedﬁlgfe in tﬁe afternoon and early evening.
Acoording to my‘reeults, polar bears fed much earlier,
jairiving in the'mdroind and'leavindf{n the late afternoon or
early e&ening. Animals that make use of congeptrated food;
sources should forage when‘;hey can maximiézgzheirugpance of

‘successfully obtaining food. Large guantities of garbage
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were brought into the Churchill dump oncé in the morning and
once 'in the middle of the afternoon. By lataﬂafternoon, most

of the edible.garbage had been consumed. Therefore, foraging

success is greatest during the morning and afternoon. In ‘the
Canadian Arctic, Stirling (1974) observed that polar bears

were hunting most often during the early morning, when the

\
4
\

probability of seals surfacing at any partﬁfular location
was greatest. Egbert and Stokes (1976) also|observed that
the greatest success of fishing by brown bedgs occurred

}
\

during the late afternoon and early evenlng, \the same time

\

§
4

that most bears were observed feeding.
Typically, polar bears, like black and bﬁown bears, are
asocial., Family groups and matlng oears are UsLally the only
extended assoclations out on the sea ice. Concentrations of
polar bears at the Churchill dump and along the \coast as
well as the more individually spaced bears inlanq,
i%lustrate'fhe flexibility of their soclal organfzation

while on the land during summer.

At concentrated food sources, social systems amongst

‘black and brown bears are built and maintained through a

dominance hierarchy. Adult males are typically the most

Fominant, because of their larger size (Stonorov'and'Stokas

1972; Egbert and Stokes 1976; Rogers 1977; Herrero 1983).
Stonorov and Stokes (1972) observed about 600 aggresslve

encounters between brown bears fishing at a salmon stream
over a 6 week per1od while Herrero (1983) obse;f

®
aggre551ve encounters between black bears feedlng in a Bump,
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-over a 20 week pgriod. In a total of 16 weeks, spanning
three successive fall field seasons, 1 obséfved only 63
aggressive encounters.‘Eamily groups initiated 61! aggressive
encounters and won 60 of theT. Single bears usually remained
outside of the dump or foraged at the peripHery when two or
more” family groups foraged there. In the tﬁree yeags that I
observed bears in the Churchill.dump, only family groups
were ever avoided by bears of-other age and sex clagsgs.A
Polar bears appeared to assess dominance without engaging in
aggressf&e encounéers. Family groups appeared to be dominant
in the Dump region. ’ ‘ A

‘This result differs from studies of black bears at\
dumps (Rogers 1977) and brown bears (Egbert and Stokes T976;
at salmon streams where adult males are dominant. This
difference probably occurs because few adult males use the
Churchill dump and polar bears have different energeticd
requirements than do other bear species at this time of_
year. Bbth‘blaék and brown bears den ,in the fall (Rogers
1977; Pelton et al. 1980; Vroom et al. 19@0;'Beecham et al.
1983; Servheen and Klaver 19%3%. It is important that these
bears build up adequate_.fat reserves for use during the
winter dénning period kRogers 1976 Beeman and Pelton 1980;
Garshelis and Pelton 1980? Nelson et &l. 1983). Both- bI%ck

-~

and brown bears may be more aggressive at concentrated food
sources in an effort to maximize the amount of stored fat
reserves that they build up before they den. Polar bears, on

the other hand, move back onto the sea ice and begin hunting
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seals Ey the end of Novgmber and beginning of December,
except for pregnant fémales which are already in the denning
area and do-not feed in the dump anyway. Therefore, it is
not necessary for polar bears td bﬁild up fat reserves prior
to going on the sea ice.

Latour (1981a, b) observed non-aggressive interactions
between polar bears at Cape Churchill. The mean duration of
those bouts was 3.7 minutes. The difference between the
duration of bouts in his study and mine may have been
related to the number of family groups foraging in‘thé dump,
as their presence affected>the behavior of single. bears 1in
the Dump region. Single bears avoided contact with family
groups as much as poésible. Therefore, while family groups

fed in the dump, single bears would stay at the edge of the

dump, thereby increasing the opportunity for encounters

. between single bears. When family groups left the dump or

moved to other areas within the dump, single bears usually

moved into the vacated locations and began to forage. As a

result, the length of\time thdt two or more family groups
spent in the dump may have limited other bears from using it
and thereby increased Ehe‘opportunity for interactions
between single bears.

D. Age structure and annual fidelity of polar beéfq in. the

Churchill dump S

F

As a large and reliable food source, the Churchill dump
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In this relatively short period of time, some individual
polar bears have learnéd the location of the Churchill:éump-
and have shown a‘high degree of seasonal fidelity. Two ways
in which animals may learn the locatiéh of a particular
resource are by imitating the experieﬁEes of otﬁersiand byv
positive reinforcement of investigative behav&ors . ‘
‘(Ma;kintosh 1974; McCullough i982). Young bears typically
\ygarn from their mothers, although Qggz'afso lea;n from
association with other bears (McCullough 1982). Weaned
offspring have returned to th\dump which suggests that
these bears have learned the abpation of the Chufchill‘dump
from their mothers. How many -of Ebe adult females that have
used the dump learned this.assécﬁétion from their mothers is
unknown because the tagging record-is4incdmplete.

Bears on the.islands ihiHudson and James Bay prey more
on birds than their mainland counﬁerpar;s (Russell 1975). .
Russell speculated that cubs méy have learned .to catch birds
by imitating their mothers. Why the first bears Began to
prey on bifds is unknown; itvmay have oécurred as a result
of positive reinforcement.

3

/ By associating witﬂ unrelated bears in the vicinity of
the dump, individual bear$~méy‘€§arn of its location by
fdllowgng‘others. In 1983, i observed a grogp of ?hree
pnrelated'subadult bearé enter the dump;,feed theré, and
leave tbgether. This cccurred on ten déys over a two week
period. One of the three bears had never been captured in

-

the dump before whereas the other two had. Social

" 69



intefactions betwéen unrelated individuels are not only
‘important in the determination of dominanqe hierarchies and
- assessment of opponwntsv(Geist 1971; Stonordv'and;Stokes

1972; Egbert and Stpkes 1976; Rogers 1977; Alcock 1979;

Latour 1981b),/99 also be important in learning the
) ( ’

locations of boj/ﬁburcés.
. - ) :
Polar Hears-/may also learn of the Churchill dump by

positive reinforcement of investigative behavior. Any

-

behavior or behaviors used by an animal that are rewarded,’
for éxample by food, may become positively reinforced
(Mackintosh 1974; Gould 1982; McCullough 1982). If the
behavior is con;inually rewarded, the animal soon associates
the reward with the behavior and may‘ultimately learn the
location of the source of the reward. Bears, in general, are
opportunistic feeders and are adept at locating food sources
by smell. As pola} bears move back }oward the coast ir _.ne
.1'Mjgff' féll, individuals that smell the dump and investigate will
be rewarded by finding food there. By continuing to feed in
the dump each‘day, iﬁvestigation of dumé smells becomes

positively reinforced. From repeated exposure and reward,

the location of the dump is learned. In subsequent years,

Rp smells may cause the same investigative behavior to r

*?w\J . 'fpr\ahd the bear returns to the dump) or the Jlocation may
5N» . : o - . ’

”’;j:;:- sufficiently learned that no stimuli are needed.

A Similarily, other studies have shown that black and brown

bears learn locations of food sources and return in
' s
and Craighead

3

subseduent years to feed there (Craighead

Lo
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1971; Lugue and Stokes 1972; Roéers et al. 1976; Rogers
1977; McCullough 1982). ' '

On the sea ice, independent yearling and subadult polar
bears may*be displaced from their kills by iarger, more
dominant bears., Cohsequently, smaller bears may have more
difficulty’maintéihing adequate fat reserves. In addition to
basal metabolic needs théy also have energetic costs
associated with growth. Therefqre, when these bears come
ashore, they are hore likély to be nuﬁritionélly stressed
than oldef bears that do not have ;hese added costs. Any
nutritionally stressed bear that is able tb use'a food
source; such as a dump, would be expected to have a
nﬁtritional advantage over sihilarly nutritionally stressed
bears that do not have the same oppoféunities to feed. Adult
females with cubs may also have additional needs for energy

. p
because of milk prdduction. I had autgfal ~f six
observations of mothers suckliﬁg their‘%ubs.‘Like younger
bears, there may be'é"nutfitioﬁalfadvantage to those-adult
females with cubs that feéévin the dump.

However, once male bears reach the ége of ﬁive or s{k;
they approach adult size, so that it would be eXpécted that
they should have less energetic demands due to growth. Not
only‘are older bears larger and more capableﬁé& defending

' ¥

their kills, but they are probably more experienced and

competent hunters than younger bears and may therefore feed

more often. Once ashore, older bears may have sufficient fat

reserves to draw upon throughout the summer, and therefore

3
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may not become nutritionally stressed,

S

This result differs from what has been observed, for

Y

both black bears (Rogers et al. i”s’a‘ln; Rogers 1977) and brown
bear&l(Craigheéd and Craighead 1971; Stonorov and étokes ‘
.1972; Luque Qnd Stokes 1976), in which males continued to
use supplemental food sources; whether natural or
artificial, regardless of their age. .

The negative reinforcement of human activity may be.an
alternative or additive explanatiqn.vJust as_a'beh;vioral |

response to a stimuli may be rewarded, it may also be

punished. If continually punished, that behavior becomes .

-

negatively reinforced and the animal may soon learn to avoid
areas where it has been punished (Mackintosh 1974). The

Manitoba population of polaribears is hunted by Inuit living

along the Keewatin coast. In the Northwest Territories it is
illegal to hunt bears that are less than 150 cm in length

(Stirling et al. 1976,1977b), a length attained byféég"éﬁd

<

oﬁe half years of age. Polar’bear hides have an ecénq@ié
value %o the Inuit, the larger the bear ﬁhe greater‘the
monetary return. Therefore there would be an incentive for
Inuit to hunt largér bears. As a result, the ggeatesf

hunting pressure would be expected to be on adult and

s

subadult males, as these béars'a;e typicaliy the largest.
o AN 3

‘ ) S o i
Throughout the hunting seagagmsf being shot at and chased by
3 ar : ..

dogs and Inuit mighgabe exﬁgctqp to. negatively reinforce
. S
polar bears and they may learn to avoid areas where Inuit

hunters are. Stirling et al. (1975, 1977b) found thétlgl@er

o
]
Y]
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modified'bhbtgun shells°that produce both. loud ;éﬁ 3

’relnforcements to polar be@
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bears were hnder—represented in the harvest and_suggested

5

that. tht larger, older bears may have,frequented areas less
Coy. X .

{

accessible to Inuit hunters and thereby have av01ded being

shot “Through the process of generallzatlon (%%oklntosh

£ ) P

41974), adult males ashore in Manltoba, may learn to avoid

areas where they receive st1mu11 51m11ar to those of Inuit
Q

hunters. As I travelled from base - camp to the observatlon‘

g

tqyers 1n the Coast 2 region, all bears along the c0ast

mOved away as b approached ff , .’ oo o @i;’

In and around Churchlll bears have been chasgd*b& Ehe

Manitoba Wlldllfe Branch Bear Patrol and Shot at',;.;hluli»

1Y - o f—"s:

br1ght,flash &% Some bears have also been caught 1n‘c rt:ff
éxu,v L

traps, held- in holdung fac111t1es and drugged by sc1entlsts.l
"‘*31 <

',

All these varlous forms of b ar cq?&rol may act as negatlve

Iy

. -
as’ some bears have )

R

returned to. the Churchiil area, aveﬂs1ve cotf1tlon1ng is not

completely effectives w 01 ¢ sy iy
o ey 0 LR ‘ . R A
c fv.r?‘, : BRI

E. Benefits and costs of. a large Suppxgm!n;a:':ln

Once ‘polar bears came ashore mé%t hadgllttle

L N v i

access to food. However, Spme bears used’ the Chu?chllﬁgﬁump
as a supplemental<food sourcq What were the p0551ble .ﬁgw‘d

advantages of feedlng when most 1nd1v1duals were fasb&ng’
g e

The most obv1ou§ advantage would be in m1n1mlzlng welght

loss. Bears not u51ng a supplemental ‘food source should

contlnue to lose welght throughout the ﬁastlng perlod
- . g A
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Dependlng on the quallty of the supplemental food/and also

)

A,
nn when the food'50urce is used,: Hnd1v1duals that do feed

J. .

should be able to limit overali welght loss. Therefore, “

.

feeding bears should be Sxpected to be heav1er than thelr

non-feeding counterparts 'My results supported what was

‘@xpected By feeding 1n the dump, polar bears were able to

vproductldﬁh should be the mgst llkely to. b& nutr1t1on1lly

L
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put back on the welght that - they had lost since com1ng

-ashore.

Other studles of supplemental feedlng have glVen
&
similar resuﬁbs For example, Rogers et al (1976) reported

2

that black bears feeding in garbage dumps, in northern

.~

Mlch1gan, were 51gn1f1cantly ‘heavier than their counterparts
not feedlng 1n~@umps POpulat1ons of white- talled deer
(Ozoga and Verme 1982), Japanese monkeys (Macaca Fuscata@

(Suglyama and Oheayawl982l, and Townsend‘s chlpmunk M ot
(Eutamias‘townsehdiil’(Sulllvan et al. 19830 that receryed Qi
supplemental feed were&all 51gn1f1cant£% hédvier than
populat1ons that did not. HLA

&

A second potentlal adyantage of a sugplemental food

source: is the 1ncreased surv1va1 og?nuorlﬁionally stressed
s ﬁi“ -
-
J‘)lv

1nd1v1dd%ls that use 1t After four months of fastlmg bears %

'wlth the greatest energetrc?demandéiabove basalnm%fabollc

LR f EY k)

: Ineeds, ‘such as those assoc1ated~ wlth growﬁ:'h or m%lk ?

H

° S

stressed. Therefore, by feeding 1n'the gump, bear% Me aave
1ncreased thelr chance of surv1val Nlthough my method for

) %
de;erm1n1ng surv1vorsh1p was subjgct1ve, 1t appeared that 1r1i§

Ch . Y2

Y
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‘as measured by litter size.

L

géneral there was no advantage in terms of survival, to

bears that fed in the Churchlll dump

A thlrd potentla!"advantage may be t@at bears that" feed

‘may produce more offspring per litter than bears that do not

> “ \
feed. By feedlng, adult females should be able tmealntaln

higher levels of'stored fat. These fat reserves can then be
used later to meet the energy needs of both offspring and

mother. If the female has 1nsuff1c1ent fat reserves, both

$'. she and sher offspring may suffer. Thereforeyffemale;bears

with larger fat reserves may be more successful in raising
a3 R \

| more offspring per litter. Howevet, by feed1ng in the

Churchlgl dump, there was no: apparent reproductlve*advantage

R
R

.
J

Black bears that fed in dumps had signific¢antly higher

mean litter sizes than non-dump bears (Rogers'et al. 1976).
: Q oy e
However,_these data, need to-pe put into perspectlve Female

black bears 1n dumps den and glve b1rth to ¢ubs within ~

o

three months of feeding tbere Rogers (1976) reported that

+

females that did not galn suff1¢1ent we1ght prior to dennlng

usually falled te
k»;

.roduce cubs. Any reproduétive advantage,

©

is- reallzed wit jthree months Pregmant female lear bqars

1

do not forage 1n the dump as they begln to den 1n laty

[

.*.

.October Ei’emale polar beaﬂg in the dump go out onto the sea

:'_1ce durlng the winter: and at the eaplliﬁt would ‘den the

'follow1ng fall. Therefore the earllest that females in the

dump could produce a lltter would be about fourteen months s
N %

'after feedlng theéer In that time span, all pregnant

° . . ) -

t‘v_“~:c,. L
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females, reéardless o?wwhetheriéhey'fed or not vhiie—ashore,
have had the opportunlty tb fdy on seals and build up fat
reserves prlor to enterlng dens and giv1ng birth. Although
‘females that fed in the dump were heavier when they went
onto'the sea ice it did not appear to be enough of an
ad%antage to 1ngrease litter size. :
Polar B@ard that foraged in the Churchlll dump had a o

,nutrlt“%hal advantage over their counterparts that did not
feed' Although all bears came ashore at the end of July,
bears did not typlcally arrive in the dump untll the
beginning‘of October. Why do polar bears. that know the
_}ocation of the dump'wait two months before‘gOing.there?

» Individual need is probably the mainvreason what —
determines‘when,bears use the Humb.fAll bears .of each age
and sex class were of similar weight when they came ashore.
Naturally, those bears with higher_energetic demands would -

use up their reserves faster and may beCOme nutritionally

Although it was not p0551b1e to determlne when or
if bears became nutrltlonally stressed, it may have occurred
‘around the onset of their use of the dump. Major movements
pf bears back towards the cefast do nofqbegln untll the end

of ‘October. Therefore, most of the bears that fed in-the
. dump did not do so as a result of the1r overall movement
' = B

back towards the coast The lack of adurt male“bﬁars ﬂ; the

dump, & group that should be the least nutrltlonaﬁ$§
> u}-‘

Er g
stressed further suggested $hat nutxltlonai condltlon of
.; V"‘“«-

1nd1v1dual bears may be 1mportantﬁﬁn determlnlng if they use

®

-
“

T , ' - . ' -
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the dump.?

f«-"f“

As some bears do benefit by”feeéf%g in the Churchill

Idump, why do some not remain ashore all year and feed there?
As polar ﬁgars are adapted for the cold they requ1re a high

energy dlegﬂﬁﬁhlch they get by prey1ng %pon seals. It 1s

unknown whether a steady twelve month diet of garbage could

!

supply all the nutrients and energy required by polar bears.

Certalnly during the winter, the amount of garbage decreases

."'

as ‘all the tourists have left, Bear‘.may also prefer seals iv

and sé% ice to~ garbage They do. nqg?arr1ve in ‘the dump as Jgrr
soon as they come ashore but %ﬁlt sever;l months, which may ;*;‘
suggest that they do not want to be therefand take the flrst —

.

.

9 oppettunity to leave. Remaining in the dUmp all year is alsoﬁfﬁé-
' RSN

a poor reproéuctive'strategy Except for those bears
\ 'rema1n1ng 1n the dump, all reproduct1vely active bears, both

males &m snd females, are on the sea 15e. By staying all yea% e
; 5

JJ
in the dump, bear’ m.7ht have dlffléulty flndlng mates.

However, there ‘are no records of bears remaining in'thé,dump
n S SR . ©
all year.' R - : |
Because of repeated rewards'obtaihed at the dump, polar
bears may leqﬁh to*associate certain human stimuli with o

food.'Through geheralization bears may- soon learn that any

.areas that have human stimuli Wbll reward them with food.

&

foungepgbears arggprobaghy less experlenced than the older'

"bears and thegefore may be more prodﬁ to 1nvest1gate a more
o .dlvetse .array ¢of stimuli. This suggestegl that accllmatlon to

people in the Churchill dump, was a cost to young male bears
} . . . Fd
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that fed there. By feeding_in the dump and becoming
habituated to man, the sights and sounds of Inuit hunters

may evoke less avoidance behavior in some bears.



V. CONCLUSIONS

i

_ The population of polar bears resident in Hudson Bay-
comes ashore and spends three and a half to four months each

é}year along the coast of Manitoba. While on land, most

H

‘¥1nd1v1duals do not.qxdlnarlly feed yet a small portion of s

kY

this® populatloa feed ﬁn the Churchill dump Both groups of
bears’ have adopted dlfferent strategles to cope w1th thev
Qperlod of time that they spend ashore.

~ The, strategy of most polar béears that spend the summer

5.
on land appears to be to come ashor& with ample fat reserves

-and rémain inactive. Inactive ﬁgars_can minimize metabolic

demands and minimize the chance of hyperthermia. Staying in
areas where cool winds help to'lower skin temperature and
~thereby increasing theﬁthermal gradient between body coré . -
temperature and ambient temperature; aids in minimizing the
chance of hyperthermia. These polar bears are in a
biochemical state similar to that of ‘hibernation, in which
they are capabie of going Without food and water. Lean body
mass is conserved by using only fat as.an energy source,
which produces enough metabolic water to meet all'body'
requirements. v .

Younger‘bears and ﬁamily groups are the main ‘users of

the domp Ind1v1dua1 nutr1t1onal COﬂdlthﬂ and the learnlng

of its locatlon appear to be 1mportant factors in

i

’determlnlng which. bears .use the dump By foraglng ‘there,

polar bears do. not appear. to gain a reproductlve advantage

in terms of 1ncreased 11tter‘srze, over those bears that do

na L S —J-%a-ﬁ@ Lo
. } . . - .l ¥ 2 oM
T © : . ~ . a
. . :
\ . e
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4

3 X .
w N . . . ' .
e . onot feed wﬁ&}p-ashore. Young male bears feeding in the dump
RUHJ' ’ v b’i:" e B q@ﬁ‘ . |
# ' “%%ay have a lower survivorship than their non-feeding
' vV .

cou&terparts. However, bears using the dump are heavier than
those non—féeding bears when they return%fo thé séa 3cé.4:
As most bears probably cétch seals withinwé‘ﬁé§ days~of
returning to the sea ice, the nutritiénél édvanta@é'%hat
feeding polar bears have over non-feeding bears ma¥ not be a
critical factor. After all, they have had to déaldwith this
period on landilong before the Churchill dﬁmp was there.
Polar bears;%g}l'use supplemental food sources if gpey'are
reqdily available, or if they have learned their locations,’
but most bears have no heed to. It appears tﬁat pblar bears
are able to deal with a three or four month period of little

or no access to food.



a ° Best, R?C. %982, Thermoregulation in resting and active A=

Bibliography

Alcock, J. 1979. Animal behavior: an evolutionary approach.

Sinauer Associates, Inc., Sunderland, Mass., 7532

pp. | :

Ankney, C.D.ngyd C.D.‘Maclnnes. 1978. Nutrient reserves and
repfé?ucti@e performance of female lesser snow
geese. The Auk 95:459—47].

Barber, F.G. 1968. The water ‘and ice of HUdS%&%ﬁaﬁ? Part I,

. . ’ RS

The water. ‘Pp. 287-318 IN: C.S. Beals and D.A.
Shenstone (eds.), Science, History and Hdason Bay.
Vol. 1. Dept:.. Energy, Mine; and Reégurces, Ottawa,
501 pp. |

Beecham, J.J. 1§80. Some population characteristics of two
black bear populétions in Idaho.:Int. Conf. Bear
Res. and Manage. 4:201-204: 7

Beecham, J.J., D.G. Reynolds, and M.G. Hornocké}. 1983.

| .Black beaf denning activiéﬁ%& and den w
charactéristics in west-central Idaho. Int. Conf:
Bear Res. and Manage. 5:79%g6, |

‘Beeman,wL.E., and M.R. Pelton. '1980. Seasonal fo§ds and
feeding egglgéy of black beéars in the Smoky
Mountains. quﬁﬂponf. Bear Res. andrManage.

< B asia-1a7. 40 -~k
" . ‘%;}-4{1"" .-

y

'polag,bears%ﬁ%. Comp. Physiol. 146:63-73.

, ‘

81



82

7

P
o

Britton, K.E. 197- The kidney. Pp. 166-231. IN: E.J.M.
Campbell, ‘C.J. Dickifson énd J.D.H. Slater"(éds),
Clinical physiology. 4th-@dition.-Blackwell
Scientifio Publicat ‘ons, London, 850 pp.

Bunnell,_F.Ll, and D.E.N. Tait. 1981. Population dynamics of
bears - implications. Pp. 75-98 IN: C.¥. Fowler and>
T.D. Smith (eq%,). DynaTics of large mammal
populations. John Wiley énd Sons, Torgpto, 477 pp.

Canada, Atmospheric Environment Service. 1973. Temperature |
and precipitation, 1941—1970, prairie prpvincés.
Ottawa, 159 pp.

Christiansen, B.O. 1981. A uniqhehobservation of a herd qf’
polar bears (Ursus maritimus). Fauna (Oslo)
34:129-130. ”

‘Cole, G.F., 1971. Preservation and manageméntfgf ggizély

bears in Yellowstone National Park. BioSciencev

21:858-864. .

Craighead, J.J., and F.C. Craighead, Jr. 1971.‘Grizzly bear

- man relationships_in Yellowstone National Park.
ﬁioScience 21:845-857. /

Danielson, E.W. Jr. 1971. Hudson Bay ice conditions.’Arctiq
24:90-107. . |

Eckert, R., and D. Randall. 197é. Animal physiclogy. W.%% ‘

Freeman and Co., San Francisco,® 558 pp.



83 ﬁ\

Egberé, A.L., and A.W. Stokes. i976. The social behavior o
brown béars‘on anwAlaskan sqimon stream. Iﬁt: Conf;
J$  Bear Res. and.Ménage. B:Q%;Séu
Fox, D.J., and K.E. Guire. 1976 f Documentation for.MIDAS,
3rd edition;,Statistical:Researach Labor;tory,'The
 Universi£y of Michigan,u203:gp.
Frame, G.W. 1974. Black bear predation on salmon at Olseﬁ
Creek, Alaska. Z. Tierpsychol. 35:23-38.
Gard, R. 1971. Brown bear:predation on sockeye salmon ‘at
| Karluk‘Lake, Alaska. J. Wildl. Manage..35:193—204.
Garshelis, D.L., and M.R. Peltord 1980. Activity of black
bears in the Great Smoky Mountains National Park.
J. Mammal. 61:8-19, "
Geist, V. 1971. Mountain sheep: a siudy in behavior and
.evolution. The University of Chiéago_Pregs,
.ﬁg>.‘g?hicago, 383 pp.
Gould, %gL.ﬁ1982. Ethology: the mechanisms and evolution of
"behavior. W.W. Norton and Co., New.York, 605 pp.

Grenfell, W.E. Jr., and A.J. Brody. 3983. Seasonal foodsﬁof %A

Rl

blacksbears (Ursus americanus)~yn Tahoe Natiofial

Forest, California. Calif. Fish (§

/Harihbton, C.R. 1968. Denning habits of tHe—po Bear

(Ursus maritimus Phipps). Can. Wildl. Se

Ser. No. 5,.30 pp.




=% 60:40-44, . : o «

84

£

Herirero, S. 1983.'

x]l behavior of black bears at a
garbage &ump in"Jasper National Park. Int., Conf.
_.Bear Res. and Manage. 5:54-70.

~

'Horton; N.,; T. Brough, and J.B.A. Rochardy 1983. The
] iﬁ;ortance of refuse tips te gulls Qintering in an
| inlénd étea of south-east England.-Jz Applied Ecol.
"20:751-765. |
Hrdy, S.B. 1974, Male-male competition and infanticide amng
langurs (PﬁesbytisgenteIIUS) of Abu, Rajaéthan.
Foiia Primatol. 22:19-58,. |
Hubert, G.F7 Jr., A. Woolf, and G. Post. 1980. Food habﬁtS;} W
of a supplementally - fed captive herd of | o
white-tailed deer. J. Wildl. Manage. 44:740-746.
Hurst,vR.J., M.L. Leonard, P.D. Watts,.P.,Beckerton, and
. N.A. @ritsland. 1982. Polar bhear locomotion: body
temperature and enefgetic cost. Can, .J. Zool.

:Jonkel, C.J., G.B. Kolenosky, R.J. Robertson, and R.H.
'Russgil. 1972. Further notes on polar bear éenning'
habits. Int._Conf. Béar Res. and ﬁéﬁage.véz{42—158.
.Jonkel, C.J., P. Smith, I. Stirling,'andfé.ﬁ.'Koienosky.
1976. The'presént status of.the¢polar béar in the

James Bay and Belcher Islands area. Can. wiidl.

i Serv. Occas. Pap. No. 26, 42 pp.
L : o



85

Kemp, G.A. 1976 The dynamics.and regulation of black bearp“

Ursus americanus, populations in northern Alberta'

v

, Int. Conf._Ban Res. and Manage.h3:l91ll97u e

Kihlman,.J., aq@ L. Larsson. 1974, On the importdnce of
refuse dumps as a food source for wintering Herring
GUllSAEaPUS argentatus Pont. Ornis Scand. 5:63-70.

Kiliaah, H;P.L.,‘and I. Stirling.'1978. Observations on
over-wintering walrusea in the eastern Canadian
Arctic. J. Mammal. 59:197- 200

Knudsen, B. 1978. Time budgets of polar bears (UPSUS
maritimus) on North Twin Is’ James Bay, during
summer . Canl J. Zool. 56: -

Kolénbsky, G.B., and J.P. Prevett. soductivity and
maternity denning of polar bears in.Ontario. Int.
Conf. Bear Res. and Manage. 5:238-245. o |

l,Larndev, M.M, 1968, The waler and ice of Qudson ggy._Part

1I. The ice. Pp. 318—3@? IN: C'S Beals”ahd D.A.

- ~

Shenstone (eds.), Sc1ence, Hlstory and Hudson Bay.

¥ol. 1. Dept. Energy, Mines and Resources,'Ottawa,

.\ S
IR

972. Norwe91 n polar bear hunt management'and

Vearch Int f.- Bear Res. ‘and Manage
@ o ’ I
159—164 : o




A}

. ey
T

Latour,

Latour,

86

P.B. 1981a. SpatiallrelationshipS'and behavior of
polar bears (Ursus maritimus Phipps%#&oncentrated
on land during fhg ice-free season gf Hudson Bay.
Can. J. Zool. 59:1763-1774. N

P.B. 1981b. Interactions bepweén free—ranging[‘adult
maleipolar bears (Ursus marit’ Phipps)i a case

of adult social play. Can. J. . 1. 59:1775-1783.

Lee, H.A. 1968. Geology. Part I. Quaternary geoclogy. Pp.

Lentfer,
Lentfer,

Lentfer,

| ?.4§%g1—16%2“.

Lentfer,

Lindsay,

503-543 IN: C.S. Beals aAd D.A. Shenstone (eds.),
Science, History and Hudson Bay. Vol. 2. Dept.
Energy, Mines and Resources, Ottawa, 556 pp.

J.W. 1968. A techniqug for immobiliéing and marking

polar bears. J. Wildl. Mgmt. 32:317-321. ‘

J.W¥ 1972, Polar bear - sea ice relationships. Int.

Conf.. Bear Res. and Manage. 2:165-171.

~

JW., éﬁﬂ-R.J; Hensel. 1980. Alaskan polar bear

denning. Int. Conf. Bear Res. and Manage.
4 v »

<
A

1980. Populétion characteristics of Alasﬁan polar
bears. Int. Conf. Bear Res. and Manage.'4§109—115.
D.G. 1975, Sea ice atiasepf Arctic Canada, .

9

1961-1968. Dept. Energy, Mines and Resources,

~Ottawa, Ont., 213 pp. : ' .

. i .
*\ " B . ’
- ~ N
. : ;

oy

ey - : , .
J;?ﬁ” R'J-<§5n5e1, J.R. Gilbert, and F.E. Sorensen.



'

-'Lindsay, D.G. 1977. Sea ice atlas éf.Arctic Canada,

’

1969-1974. Dept. Energy, Mines and Resources,
Ottawa, Ont., 219 pp. l{

Lindsayk;D.G. 1982. Sea ice atlas of Arcti¢ Canada,

1975-1978. Dept. Energy, Mineés and Résources;

Ottawa, Ont., 139 pb. - ¢

Lugue, M.H., and A.W. Stokes. 1976. Fishing gehavion-of
Alaska brown bear. Int. Conf. Bear Res. and Manage.
3:71-78. | - "

Lutzyuk, O.B. 1938. A ¢ont;ibution to the biblogy of the
bo)ar bear (Ursus maritimus) on Wrangel Island
during the summer-autumn period. Zool. Zhur.
57:597%603. (Translated from Russian).

Mackintosh, N.g. 1974. The psychology éf animal learping.

i ~ Academic Presé, San Franéisco, 730 pp.

Ménnihg, T.H. 1971. Geographical variation in the polar
! i
bear, Ursus maritimus Phipps. Can. Wildl. Serv.
< . i

Report Selr. No. 13, 27 pp.

Martinka, C.J. 1974. Population cBardcﬂeristics grizzly

bears in Glacier National Park) Montana. J. Mammal.

55:21-29.

B s : :
'McCullough, D.R. 1981. Population dynamics oﬁlthe

Yellowstone grizély bear. Pp. 175“96 IN: C.W.._
Fowler and T.D. Smith (eds.). Dynamics of large
mammal populations. John Wiley and Sons, Toronto,

477 pp.

LN



McCullough, D.R. {982. Behavior, bears_and humans. wildi.
Soc. Bull. 10:27-33. ) |

McLaren, I.A. 1958. The biology of the ringed»seall(Phoca
hispida Schreber) in th; eastern Canadian arctic.

, Fish. Res. BoardFCan. Bull. No. 118, b? Pp.

Mohnot, S.M. 1971, gbme aspects of social chanaes and
infant—killing in the .Hanuman langur, PP%FbytiS
entellus (Primates: Cercopithecidae), in western
Inéia;'Mammalia 35:175-198. | -

Morgan-Haghes, J.A. 1974, Skeletal muselé. Pp. 416-454. IN:
E.J.M. Campbell, C.J. Dickinson and,J.D;H..Slater
(eds), Clinical physiology. %th edition..Blackwell
Scientific Publications, Lohdpn, 850 pp. )

Munéy, K.R.D., and D.R. élook:\1973)-Béékgrbuﬁd for managing
grizzly bears in ghe national “parks of Zanada. Can.
Wildl. Serv. Report Ser. No. 22, 34 pp.

Nelson, R.A. {973. Winter sleep in the black bear: a
physiologic and metabolic marvel. Mayo Clin. Proc.,
48:733-737. |

.Nelson, R.A., H.W. Wahner, J.D. Jones, RLD. Ellefson, and
P.E. Zollman. 1973. Metagolism of bea;s before,
during, and after winter éleep. Am. J. Physiol.

f

224:491-496.



‘39_
Nelson, R.A., G.E. Folk, Qr., E.W. Pfeiffer, J.J. Craighead,
C.J. Jonkel, and D.L. Steiger. 1983, Behavior,

D biochemistry, and hibernation 'in black, grizzly,
and polar bears. Int. Conf. Bear Res. and Manage.
5:284-290. |

Nero, R.W. 1971. The great white bears. Dept. Mines,
’ Resources and, Environmental Management, Province of
Manitoba, 16 pp. N
¢riFsland,'N.A..1970. T;mberature‘regulation of the polar
bear (Thalarctos maritimus). Comp. Biochem.'
Physitol. 37:225-233. |
@gritsland, N.A., C. Jonkel, -and K. Ronald. 1976. A
respiration chahber for exercising polér bears.’
Norw. J. Zool. 24:65—67. | | |
Ozoga, J.J., ard L.J. Verme.‘1982z Physic;l and reproducti?e
.characteristics of a supplemenfally - fed |
vhite-tailed deer (Odocoileus v'i,nginianus)' herd. J.
Wildl. Manage. 46:281-301. |
P?lton,'M.R.;”L.E. Beeman, and.D.C. Eager. 1980. Den
selection by black bears in the Great Smoky
Mountains National Park. Int. Conf. Bear Res. and
' ~ Manage. 4:149-151, ) |
Prevett, J.P., and G.B. Kolendéky..1982. Th; status .8f polar

. bears in Ontario. Naturaliste can. (Rev. Ecol.

Syst.), 109:933-939,

b



90 .

Ramsay, M.A., and I. St{fling. 1982, Reprodﬁctive biology
and ecology of female polar ‘bears in western}&udson'
Bay. Naturaliste can. (Rev: Ecol. Syst.), |
109:941-946%

Ritchie, J.C{ 1962. A_geoboténicél survey of northern ]
,Maﬁitoba. A;ctic'Institg€e of North America
:?echnical Paper No. 9. 48 pp. ) .

'iRobinson} J.L. 1968. Ggq?raphy,of Hudson Bay. Part 'I.

| Regional geqérgihy. Pp. 201-235 IN: C.S. Béals and

D.A. Shenstone (eds.), écience, History and Hudson, |,

-
- &

Bay. Vol, 1.’bept..Energy, Mines and Resources,
- Ottawa, 501 pp. | ]
_ Rogers, L. 1976. Effects of mast and berry crop failures oﬁ N
sprvival, growth, and reproductive success of black |
‘bears. Trans. N. Ah, wi}dl. Nat. Resour. Conf.
i1:431-438. | o |
.Rogerg,vt.L., D:w.,kuehn,:A.w. Erickson, E.M. Hargér,'L.J.
1‘iVJ?me, ana J.J. Ozoga. '1976. Characteristics and
'méﬁagement of black bears that ~feed in garbage
dﬁﬁbs,-campgrqunas or residential areas.-Int.:Conf.
;Beéf Res. and Manage:. 3:169-175. |
| Rbgers, L.L. 1977, Sociél relationships, movements, and
populétion dynamics of black bears in northeastern

ol Minnesota. Ph.D. Diss. Univ. Minnesota,

Minneabolis,‘194 pPp.



91

Rudran, R. 1973. Adult male replacement in one-male troops

Russell,

" Russell,

Schaller,

" Press, Chicago, 480 pp.

of Purple-faced langurs (Presbytis senex senex) and
its effect on, population struétu;e. Folia Pqimatal.
19:166-192, |

R.H. 1971. The food habits of mafﬁland and island
populatioﬁs of bolar bears. M.Sc. The;is
Un1ver51ty of Alberta, Edmonton, 87 pp. a

R.H. 1875. The food habits ‘of polar bears of James
Bay and southwest Hudson Bay in summer and' autumn.
Arctic *28:117-129, "
G.B. 1972. The Serengeti}lion:'a study of

predator—prey relations. The University of Chicégo'

[y

Schmidt-Nielsen, K. 1975. Animal physiology: adaptation and

Scoggan,

Servheen,

SmiEh, T.

environment. Cambridge Univeréity Press, Cambridge,
England, 699 pp. ) _
H.J. 1959. The native flora of Churchill, Manitoba.
National Museum of Cénada. 51 pp.

C.,land R. Klayer. 1983, Grizzly beaf dens and
dénning activity in the Mission aﬁd Rattl?snake
Mouﬂtains, Montana. Int. Conf. Bear Res. and
Manage. 5:201-207. ’

G. 1973. Popuiatio? dynamics of ‘the ringed seal in
the Canadian eastegn'a:ctic. Fish. Res. Board Can.

L4

Bull. No. 181, 55 pp.



1
1 3 ,
A
¥
\\ )
v
4

s in the land-fast sea ice habitat. Cén. J.
zZood. 58:2201-2208, -

<A N , ' : ' )
Smith, T.G., and I. Stirling. 1978, Variation in the den?ity
o

!

Yoy

of ringed seal (Phoca hispida) birth lairs in the

A oot
Amundsen ®ulf, Northwest Territories. Can. g
56:1066-1070.

. 2001,
o

Sokal, R.R., and F.J. Rohlf. 1981. Biometry. 2nd edition.
hé- W.H. Freem: ~nd Co., San Franciéco, 859 pp.
ptirling, ~. 197:. M =summer‘observétiohé on the behavior of
g wild pela: be . }
sZiira1- 1198,
5 Stir;ﬁng; I

(Ursus maritimus). Can. §
. 1976. Pc

Zool,

~

i bear conservation in Canada. IN
Mosquin and C. Su

s T.
(eds) .

Canada's threatened
' species and habit

proceeuirgs af the sympbsium
on Canada's threatened species and hébitats.
pp.41;452ln
Stirling, I., D. Andriashek, and W. Calgéru. 1981. Habitat
- preferentes and distribution éf polar bears in the
| . ’wesferﬁfCanadian'Arctic. Report prepaﬁed for Dome

Petroleum Limited, Esso Resources Canadh Limited

/Serv., Edmonton,‘iv‘i 49

: . . .
R 1, . o !
PP. T ) ,

\\.‘ q |

and .the Canadian Wildlife Service. Can., wWildl.

E%mith,;T.G. 1980. Polar bear predationsof ringed and bearded
\\ | seal

92



. 93
Ng

Stirling, I., D. Andriashek, P. Latour, and W. Calvert.

« -

1975. The‘distéibdfion and}abundance of pqlar'bears
in the eagte;p.BeéuEOrt Sea. A final report to the
'Béadfbrt’Sea Proj.-Fish. Mar. Serv. Dep. Environ.
Victoria, B.C."S§ Pp. ' :, ’
Stifling, 1., and WQR.'Apchibald. 1977. Aspects of bredation
of seals b; polar bears. J. Fish. Res. Board Can.
34:1126-1129.
2, . , , >
"Stirling, I., W.R. Archibald, and D. DeMaster. 1977a.
Distribution and abundance of seald'in the eastern
Beaur fort Sea. J. Fiéﬁ. Res. Board Can. 34:976-988.
Stirling,.l., W. Calvert, and D. Andriashek. 1980- -
. Population ecology studies of the polar bear in the
~area of souteastern Béffin‘Island. éan. wildl.
Serv. Occas. Pap. No. 44. 33 pp. “
Stirling, I., C. Jonkel, P.ESmiﬁh:’R.‘Robértson; aq& D.
Ctbss. 1977bf The ;cology of the polarAbe;r (Ursus
maritimus) along the western coast of Hudson Bay.
Can. wiidl._Serv; Occas.~Pap. No. 35, 64 PP.
Stirling, I., and H.P.t.‘Kiliaan. 1980. Population ecoiogy,
- 'studies of the polar bear in northern Labfador.

Can. Wildl. Serv. Occas. Pap. No. 42. 21 pp.

\\

Stirling, 1., M. Kingsley, and W. Calvert. 1982, The
distribution and abuﬂﬁance of seals in the eastern
Beaufort Sea, 1974-79. Can. Wildl. Serv. Occas.

Pap. No. 47, 23 pp.



- - G
Stirling, I., and'P;B.'hét0ur. 1978. Coﬁpa;ative hunting ,1
. abilitie§ of polar bear cubs of different ages.

‘Can. J. Zool. 56:1768-1772.
Stirling, I., and:E.H. McEwan;‘1975.:?hevca\?ri¢ va;ﬁe\;f
- whole rinéea seals (Phoca hispida) in ref;;jﬁnito
polaf bear (UPSUS maritimus) ecolog sgd.,unfing'
behavior. Can. J. z00l. 53:1021-1027.

Stirling, I., A.M. Pearson, and F.L. Bunnell. 1976.-"

Population'ecology étudiés of polar and grizzly
\beafs‘in northern €gnada. Trans. N. Am. Wildl. Nat.
' Resour. Goﬁf. 41:421-430. !

Stringham, S.F. 1980. Possible impacts of hunting on the
grizzly/br'own bear, a threatened sbeéies. int.

. Conf. Bear Res. and'Mahage, 4¢337-349..

‘Stringham, S.F. 1983.‘Boles of.adﬁlt males in grizzly beaé
population biology. Int. Conf. Bear Res. and- |
Manage. 5:140-151, '

Stonorov, Df, and A.W, Stokes. {972. Social behavior‘of the
Alagka brown bear. Int. Conf. Bear Res. and Manage.
21232-242.

Sugiyama, Y., and H. Ohsawa. 1982. Population dynamics of

~'Jap;;mese monkeys with special reference to the

effég; of.artificial feeding. Folia Primatol.

39:238-263.



