


l * Environment Canada  Environnement Canada
Wildlife Service Service de la Faune



The northern
interior
grizzly bear

Ursus arctos L.
by Arthur M. Pearson

Canadian Wildlife Service
Report Series Number 34



Issued under the authority of Cover: Grizzly family enjoying undisturbed
the Minister of the Environment wilderness domain

Photo by Park Warden Bill Vroom, Warden
Canadian Wildlife Service Service, Banff National Park

® Crown Copyrights reserved
Available by mail from
Information Canada,
Ottawa, K1A 0S9
and at the following
Information Canada bookshops:

Halifax
1687 Barrington Street

Montreal
640 St. Catherine Street West

Ottawa
171 Slater Street

Toronto
221 Yonge Street

Winnipeg
393 Portage Avenue

Vancouver

800 Granville Street

or through your bookseller
Price:

Canada $4.50

Other countries $5.40
Price subject to change
without notice

Information Canada
Catalogue No. CW65-8/34
Ottawa, 1975

Design: Gottschalk+ Ash Ltd.
Printing: RBT, Printing, Montreal
Contract No. KL 131-5-9125



Contents

5 The author 30 2.5. Eye lens weight 64 8.3. Kill statistics
5 Acknowledgements 31 . Food habits 64 8.3.1. Size of the harvest
5 Perspective 31 3.1. Introduction ! 8.3.2. Chronology of the kill
5 Abstract 31 3.2. Results 75 8.3.3. Sex ratios of the kill
5 Résumé 31 3.2.1. Seasonal changes 75 9. Management
7 Russian abstract 33 3.2.2. Feeding techniques 75 9.1. Problem
8 Introduction 33 3.2.3. Utilization of 75 9.2. Solutions
8 Study area soapberries 78 References
8 1. Location 34 3.3. Discussion 82 Appendices
38 2. Climate 34 . Reproductive biology
9 3. Topography and geology 34 4.1. Introduction List of tables
9  4.Physiography and glaciation 35 4.2. Gross description of ovaries 12 Table 1. Relative success of trapping
9 5. Habitats and vegetation and female reproductive tract mechanisms for 5 years of the study
9 5 1. Zone 1 35 4.3. Gross description of male (black and grizzly bears included)
10 5.9. Zone 2 reproductive tract 13 Table 2. Average doses of phencycli-
10 53 Zone3 35 4.4. Breeding season dine hydrochlm:ide \\‘ith‘time to tsze
38 4.5. Minimum breeding age effect and duration of effect for grizzly
10 54.Zone 39 A5, Littaraises = bears captured by helicopter pursuit
10 Materials and methods 39 4'7' Fre u;inc;f o Titters as compared to grizzlies trapped and
10 1. (];apture of animals 39 4.8' Lac?'ltionJ - f}rﬁg;d ;rom the g;ciund f
12 2. Drugs = - able 3. Progress of live capture of
13 3. Meazuring and marking 39 : Behaviour' grizzly bearsgthrough entil‘gstudy
13 4. Telemetry 39 5.1. }]73;}::;10‘“' of female to 16 Table 4. Average weight by age class
> D et 10 5.2 Agonistic behaviour Captured n Southmeiern Yukon
14 6. %011pberry plots 42 5.3. Behaviour of grizzly to 18 Table 5. Ratios of head measurements
14 7. Faeces samples human of 67 grizzly bears handled at various
14 8. Collection of harvest data 49 . Activity and movements times in the year in southwestern
14 9. Processing specimen material 49 6.1. Daily activity patterns Yukon
14 10. Age determination 43 6.2. Seasonal movements 18 Table 6. Measurements and ratios of
15 Results and discussion 13 6:2.1. Homarange head measurements of an immature
5N a3 o ot dnge
pelage source ’ age It goma
15 1L eiabthes armtl ariemurorptiaris . breadth measurements for northern
15 1.2, Seast(’)nal weight changes ig 6 ;ililee: e sterion grimly bears
16 1.3. Pelage = P‘O : - g e 26 Table 8. Comparison of the age of male
- Fopulation parameters grizzly bears predicted from zygomatic
16 1.3.1. General colour 57 7.1. Alsck study area breadth using formula for entire
17 1.3.2. Moult 58 7.1.1. Density and number sample and formulae for sub-groups
18 2. Age determination 59 7.1.2. Sex and age composition 32 Table 9. Percentage by frequency of
18 2.1. Cementum deposition 60 7.2. Life table analysis occurrence of food items identified in
23 9 9. Bkl Teasurements ) y: — 128 grizzly scats from the Alsek study
: . area
o 23 iii;};f;;ﬂg?: and 23 g; 322225 ijg;ﬁiggns 34 Table IQ. C{)mparison of soapberry
29 2.4. Baculum development L 8 ; production indices for southwestern

Yukon




59 Table 11. Age distribution of northern 27 Figure 7. Curvilinear relationship
interior grizzly bears in 1969 in south- between zygomatic breadth and age in
western Yukon compared to results northern interior grizzlies
reported for black and grizzly bears 27 Figure 8. Relationship of basioccipital-
from other parts of North America, basisphenoid suture closure to age in
shown as a percentage of total popula- northern interior grizzlies
nha 28 Figure 9. Relationship of age to closure

61 Table 12. Life table for male grizzly of internasal and nasofrontal sutures
bears from Yukon Territory and in northern interior grizzlies
Mackenzie Mountains, NWT, 1965-69 59 Figure 10. Relationship of “length of

61 Table 13. Life table for female grizzly neck” of upper canine teeth to age in
bears from Yukon Territory and 138 male northern interior grizzlies
Mackenzie Mountains, NWT, 1965-69 59 Figure 11. Morphological variation in

64 Table 14. Chronology of registered bacula from grizzlies
outfitters using guiding areas in Yukon 3 Figure 12. Relationship of baculum
Territory, 1954-72 weight to age in 23 northern interior

67 Table 15. Numbers of grizzlies killed grizzlies
in Yukon Territory, 1954-72 30 Figure 13. Relationship of dried eye

67 Table 16. Comparison of successful lens weight to age in 47 northern
non-resident hunters from Europe and interior grizzlies
North America 36 Figure 14. Seasonal histological

71 Table 17. Breakdown of non-resident, changes in the testis and epididymis
guided huntgr success by area in of grizzlies in southwestern Yukon
Yukon Territory, 1968-72 44  Figure 15. Long range movements

recorded for males captured and
List of figures marked on study area

11 Figure laand b. Location and details 45 Figure 16. Minimum home range
of study area in the Kluane Ranges polygons of five adult male grizzlies,
of the St. Elias Mtns., SW Yukon determined by radio-telemetry
Territory 46 Figure 17. Minimum home range

17  Figure 2. Weight patterns of northern polygons of three immature male
interior grizzlies over denning period, grizzlies, determined by radio-
1968-69 telemetry

19 Figure 3. Cementum annulations in 47 Figure 18. Movements of an immature
(a) upper PM; and (b) lower PM, male through 3 complete years
from grizzly 67-1751 and early spring of a 4th year

20 Figure 4. Cementum annulations in 48 Figure 19. Minimum home range
a complete series of teeth from the polygons of eight adult female grizzlies,
lower jaw of grizzly 69-2168 determined by radio-telemetry

22 Figure 5. Cementum annulations in 51 Figure 20. Home range core areas of
PM,’s from grizzlies live captured in the eight adult female grizzlies shown
consecutive years in Figure 19

24  Figure 6. Cementum annulations in 54 Figure 21. Temperature profile and

grizzly teeth removed at different times
throughout the year, showing timing
of deposition

physical characteristics of snow and
soil at grizzly denning sites, April 2,
1972

56

Figure 22a. Measurements of a grizzly
den taken 4 years apart

57

Figure 22b. Example of complex
variations seen in some grizzly dens

58

Figure 23. Home range core areas of
total female grizzly population on
study area in 1969

60

Figure 24. Age structure of Yukon
grizzly population as indicated by kill
records

63

Figure 25. The registered guiding areas
in the Yukon Territory in 1972

68

Figure 26. The total non-resident
grizzly kill in each guiding area in the
Yukon Territory, 1968-72 inclusive

69

Figure 27. Distribution of grizzly bear
harvest in the Yukon Territory, 1968

70

Figure 28. Distribution of grizzly bear
harvest in the Yukon Territory, 1969

12

Figure 29. Location of hunts of two
Yukon outfitters in 1967 and 1968,
showing (a) restricted and (b) multiple
utilization of guiding areas

74

Figure 30. Chronology of the grizzly
kill by non-residents in the Yukon
Territory in 1968 and 1969

List of appendices

82

Appendix A. Raw data recorded from
live-capture of male northern interior
grizzly bears in southwestern Yukon,

1965-69

84

Appendix B. Raw data recorded from
live-capture of female northern inte-
rior grizzly bears in southwestern

Yukon, 1965-69




The author

Dr. Arthur M. Pearson is a research
scientist with the Canadian Wildlife Service
in Edmonton, Alberta. He has been with
the Service since 1962 and lived in White-
horse, Yukon, during the period of this
study. He has a B.Sc. (Honours) and an
M.Sc. from the University of British Co-
lumbia and a Ph.D. from the University of
Helsinki, Finland. He is continuing to
study grizzly bears in the mountains of
northern Yukon, the Tuktoyaktuk Penin-
sula of the Northwest Territories, the boreal
forest of Alberta, and the mountain Nation-
al Parks of Canada.

Acknowledgements

I thank the following people who,
during the course of the study, were em-
ployed directly or indirectly as field assis-
tants and without whose help the study
could not have been completed: R. M.
Bradley, R. T. McLaughlin, T. Kennedy Jr.,
P.McNabb, W. Sinclair, N. A. Olsen, D. W.
Morrison, D. W, Halloran, G. M. Lortie,

R. Taylor, H. Stelfox. I also acknowledge
the assistance of J. G. Stelfox, J. McGillis,
J. P. Hatfield, and L. Allison who were bor-
rowed from other duties wiihin the Cana-
dian Wildlife Service. I thank the Yukon
Forest Service for their generous logistic
support and particularly thank T. Kennedy
and his wife Jerry for their unending as-
sistance and friendship during the many
years at Haines Junction. The Yukon Ter-
ritorial Game Department has kindly made
allits records available to me and provided
assistance and cooperation when asked.

V. Hawley and Dr. W. E. Stevens of
the CWS and Dr. S. Herrero and D. Hamer
of the University of Calgary read the manu-
script and provided helpful suggestions.

B. Chubb did the graphic layout.

Acknowledgements would not be
complete without sincere thanks to my wife
Sandra and children, David, Cynthia, and
Brent who stood behind me during the
many years of the study and continue to
support me when field activities take me
away from them for long periods of time.

Perspective

From 1963 to 1972 a study of the
ecology of the northern interior grizzly eco-
type was carried out on a selected study
area in southwestern Yukon Territory,
Canada. The study was initiated by the
CWS as a result of acknowledged concern
over the continuing reduction of grizzly
bear numbers and distribution,and the need
for sound ecological data on which manage-
ment decisions could be based. One of the
terms of reference for the CWS during that
era was to carry out long-term research on
northern mammals. It was anticipated that
results from this study would be most use-
ful in comparison with information ob-
tained from studies that were in progress
in Montana and Alaska on two other eco-
types of grizzly.

The population studied was assumed
to be representative of the ecotype inhabit-
ing the extensive, relatively dry and non-
productive interior mountains of northern
B.C., Yukon, NWT, and Alaska. A study
area was chosen that did not reflect a se-
rious coastal influence (presence of spawn-
ing fish runs). It also was in an area that
afforded complete protection from hunting
and the population was thus assumed to be
self-regulatory.

Animals were captured and individ-
ually marked. Ecological data were col-
lected from subsequent observations of
animals that could be identified by sex
and age. Radio-telemetry was also used to
locate animals. It is hoped that the results
will be useful to wildlife agencies, particu-
larly the Yukon Territory Department of
Game, in formulation of wise management
programs for the grizzly bear.

Abstract

Fifty-three different grizzly bears
were captured on a 1,110 km? study area in
southwestern Yukon Territory. At least 41
were considered residents and possibly as
many as 49, or a density of one grizzly per
27.1 or 22.7 km? respectively.

The age composition of the popula-
tion showed a high percentage (76 per cent)

of adult animals. Productivity was relatively
low with an average litter size of 1.7 cubs
and 1.5 yearlings, late maturation of fe-
males (6.5 to 8.5 years), and a minimum of
3 years between litters.

A definitive technique of age determi-
nation was proven by counting cementum
annuli in the teeth. The increase in breadth
of skull was correlated with age and an ac-
ceptable, much simpler age determination
technique was developed.

Specimen material was collected from
320 grizzly bears and age data from 239
were used to prepare sex specific life tables.
Mortality was generally higher in adult
females than in adult males and higher in
adults than in the young and subadult
classes.

The northern interior grizzly is a
rather small ecotype in stature. I found that
the average weight was 139 and 95 kg for
adult males and adult females, respectively.
Maximum weights were 240 and 125 kg,
respectively. Weight loss over the winter
was as great as 43 per cent of the pre-denn-
ing weight. The animals added weight ra-
pidly in the autumn when feeding on soap-
berries (Shepherdia canadensts).

Information was collected on general
colour, moult patterns and colour changes,
food habits and habitat selection, behav-
iour, activity patterns and home range
movements, and den site characteristics.
The harvest of grizzlies in the Yukon was
analysed in detail.

Information obtained during the
study was synthesized and used as a basis
for management proposals. An estimate of
the total population of grizzlies in the
Yukon Territory was extrapolated from the
available data.

Résumé

Un total de 53 grizzlis différents ont
été capturés sur un territoire d’étude de
1,110 km?, dans le sud-ouest du Yukon.
Aumoins 41 et peut-étre méme 49 de ces
ours ont été considérés comme résidents,
soit une densité d’un grizzli par 27.1 km?

ou par 22.7 km? respectivement.



The author traversing a grizzly denning area of
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subalpine snow accumulation in SW Yukon
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La population se composait majori-
tairement (76 pour cent) d’animaux
adultes. Le taux de reproduction était rela-
tivement inférieur a la normale: portée
moyenne de 1.7 ourson et de 1.5 jeune
d’un an, maturité tardive des femelles
(6.52 8.5 ans) et minimum de 3 ans entre
chaque portée.

Le comptage des anneaux de cément
des dents a servi a prouver la validité
d’une technique qui, & partir de la corréla-
tion entre ’augmentation de la largeur du
crine et le vieillissement, permet de déter-
miner ’4ge d’une fagon acceptable et beau-
coup plus simple.

Des échantillons ont été recueillis
sur 320 grizzlis et les données concernant
I'age de 239 animaux ont servi & préparer
des statistiques vitales en fonction du sexe.
Les femelles et les adultes avaient respecti-
vement des taux de mortalité plus élevés
que les méles et les classes jeunes.

Le grizzli des régions intérieures du
nord possede une taille assez petite. J’ai
constaté que le poids moyen des males et
des femelles adultes se situait respective-
ment a 139 kg et 95 kg, et leur poids maxi-
mum, a 240 kg et 125 kg. Les pertes de
poids enregistrées pendant I’hiver pou-
vaient atteindre 43 pour cent du poids
d’avant I’hibernation. A I'automne, les
animaux prenaiént rapidement du poids
en se gavant de shéphardies du Canada
(Shepherdia canadensis).

On arecueilli des données sur la
couleur en général et ses changements, la
structure des tendances manifestées par
la mue, les habitudes alimentaires, le choix
des habitats, le comportement, I’organisa-
tion des activités, les déplacements dans
I'aire d’habitat et les caractéristiques du
site des taniéres. Les grizzlis capturés au
Yukon ont fait ’objet d’une étude détaillée.

Une fois synthétisés, les renseigne-
ments obtenus pendant I’étude ont servi
a formuler des propositions de gestion. Les
données disponibles ont permis, par extra-
polation, de faire un estimé de la population
totale de grizzlis au Yukon.

Pesiome

Ha woro-samaje reppuropun IOkoH B
00J1aCTH H3YUIEHILS TL.T011a/1b10 B 1110 KB.

KM OBLJIO0 TIOTIMaHO TTATHIeCAT TPH
OKR3eMILIAPa Mepe/isT rpisian. He MeHee
41, a BO3MOJRHO 1 49 113 HIX — 00HTAa-
TEJIU TAHH0I 00,1aCTII, 9YTO TI0 TIOTHOCTH
3QCCEJEHIIA PABIO 0HOMY I'PH3IN Ha 27,1
i 22,7 KB. KM COOTBETCTBEHHO.

Bospacrunlil coctas Ipynnns moKa-
371 BBICORTIT mpowent (769%,) B3pocanix
SREBOTHBLIX. T[pOI3BOAIITC IBHOCTE OKA3a-
JIACh CPABHIITETLHO HIBKOI — cpeHuii
moyer — 1,7 JeTennimeil m 1,5 rogoBa-
JIBIX ;) MEIBEIIIIIH 03PEeBAIOT T03aHO (B
Bospacre or 6,5 710 8,5 1er), U IpoMe-
SRYTOK BPOMCOHIL MESRTY TTOMETaMU
COCTABIT He MeHee 3 JIer.

IIposepke MO IBEPICST TOYNEIT MCTOJ
OITPEJICJICHIIST BO3PACTA Iy TeM I0CIeTa
FOJITIIION0 OCAYRICHTIA 1eMeHTa Ha 3Y-
0ax. Y BCIIHYEHITC TITPHIL depera OBJI0
COTIOCTABTEHO ¢ BO3PACTOM U OBLT paspa-
Goram ropas;o 0o.1ce IpocToil MeToz
OTIpeIe ICHIIT BO3PACTA.

Boicir coopalint ganmnie 0 320 BK3eM-
TISTPAX Me;[Bes [l IPIBIH, I TAHHBE BO3-
pacra 239 ye;isejacil OBl TH HCI0L30BATLL
JU1S COGTABICHIIA CTATIICTIINeCRIY Ta0-
JIII TTPITMEPHOIT TPOJI0IsRUT eIbHOCTI
SRIIBHIL TT0 0. 1aM. CMepPTHOCTD Cpe/it
B3POCIIBIX PPHSII G112 B 00IITeM BLIIIe
MEBEIIII, YeM V MejiBe/ell, a Taxsixe
BLIIIE OHA CPC;I B3POCIHX B CPABHEHHH
¢ PPYIIAMIL MO I0ALIX Me/Be el I
MEIBE/RAT.

CeBepHBIT IPIB.IHM BHY TPHKOHTHHEH-
TAJILHBIX 00;1aCTeIl ABIACTCS 10 CTPOe-
U0 GPABHIITCILHO HEKPYIIHEIM 3KO-
TIIITOM. §I 00HAPYIRILT, YTO CPeTHUII Bec
B3POCIBIX MCeIBEICIT I MeBC/II] COCTa-
BILT 139 1 95 kT coorpercrBento. Maken-
MAJIBHBIC 3HaUeHug seca Oniy 240 1
125 xr coorpercrrenno. IToTeps peca B
TEUCHIC BIIMIICIO0 IEPIOIa OCTUrasa
43 9, or peca 710 3IMHCIT CILTIRIL.
Jnpornnie 06ICT)0 HAGHPAJIH Bec 0CEHbIO,

KOPMSACDH IIOAMII MBI THHOT0 iepesa
(Shepherdia canadensis).

Brita co6pana mdopyaimsa 06 00-
el pacuBerTke, JMHbKe U M3MEeHCHIH OK-
PACKIT, TUITAHIIT I BBIGOpe 00HTANHINA,
TIOBEICHILH, JRIBHCEATETLHOCTH Me/IBe-
Jeit 11 06 IX IIepe;IBIIK eI 00 cBoeil Tep-
purop; 0bliIa Tak:KRe COCTABIeHa Xa-
PARTEPICTIRA MeCTOPACTIONO0KCHI 0ep-
07, J1eTasIblo alna m3mpoBascs IPIpoCT
rpsai Ha IOxowe,

Hudopyanms, mo.rydeHHaa B pe-
3yJILTATC HICC/Te/I0BAHIIT, OplIa CHHTe3M-
POBama II IICII0.1530BaTach B kadecTBe 0C-
HOBBI J17IST TP e/ I05K CHITIT TT0 METOaM XO-
saifcrsopannd. IHa ocHoBe J0CTYIHLIX
JAHHLIX ObITa CIC TaHa OIIeHKA 00IIero
HACEJCHIST IPI3IH Ha TePPUTOPHHE
IOxomna.
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Introduction

The disappearance of the grizzly bear
(Ursus arctos L.) from large portions of its
pre-1900 range and the reduction in total
numbers of the species in North America
have been well documented (Storer and
Trevis 1955; Stebler 1972; Cowan 1972).
In Canada the species ranged as far east as
Ontario (Peterson 1965) and was recorded
commonly from the Prairie Provinces when
early white explorers first visited the re-
gion (Burpee 1907; Coues 1897). The
species has sometimes been referred to as
rare and endangered but there is little jus-
tification for that classification when con-
sidering the total number of grizzlies in
Canada. However, there is no doubt that
populations and even ecotypes (one or more
populations with similar ecological char-
acteristics) continue to be threatened. The
rapid increase in resource exploitation and
human settlement in North America that
resulted in extermination of the species
from much of its original range are acce-
lerating.

If grizzlies are to survive in the face
of human intrusion it will only be through
wise management based on sound ecolo-
gical data. In 1963, when this study was
being planned, it was known that field
studies were in progress on the grizzly bear
in Yellowstone National Park, Montana,
and on the coastal grizzly on Kodiak Island
and the Alaska Peninsula. This study was
initiated by the Canadian Wildlife Service
to obtain information on the ecology of the
northern interior grizzly. It is assumed that
this is the ecotype of grizzly living in the
mountains of northern British Columbia,
south and central Yukon, the Mackenzie
Mountains of the NWT, and central Alaska,
although future studies may show varia-
tions in characteristics within that rela-
tively large geographical unit.

The study commenced in July 1964
and continued until September 1972. The
main objective was to obtain detailed in-
formation on the ecology of this particular
ecotype of grizzly from a self-regulating
population on a study area in the interior
mountains of the Yukon Territory. I also

obtained information on the status of the
ecotype through analysis of specimen ma-
terial obtained from animals killed as nui-
sances or by sport hunters.

Fifty-three different grizzlies were
captured on the study area and were indi-
vidually marked to ensure positive sub-
sequent identification.

I determined the population size by
total enumeration of all grizzlies on the
study area. Ecological information was col-
lected from observation of free-roaming
marked bears.

Specimen material from 320 grizzlies
from the range of the northern interior
ecotype was examined to determine the sex
and age distribution of the population. I
determined final age of an animal from an
analysis of cementum annulations in the
teeth. A technique to determine age from
measurements of the breadth of the skull
was refined. Grizzly bear harvest data from
the Yukon Territory were collated and
analysed to establish a base with which to
compare and appraise subsequent harvest
patterns. Some ideas regarding grizzly
management in general were formulated.

Study area

1. Location

I considered four prerequisites to be
essential in the selection of a suitable study
area:

a. That the grizzly population did not utilize
spawning salmon as a food item.

b. That no killing of grizzlies by man occur-
red.

c. That the grizzly was present in sufficient
numbers to provide the quantitative data
required to evaluate the population.

d. That access by and movement of re-
searchers would not be unduly restricted

by logistic problems.

The Kluane Game Sanctuary in south-
western Yukon Territory was able to fulfil
all four requirements. Figure la and b
shows the area of approximately 1,110 km?
within the Sanctuary in the Kluane ranges
of the St. Elias Mountains that was finally
selected. Although access by traditional
means was limited, helicopter support
allowed penetration into the back country.

2.  Climate

The area has an exceedingly dry cli-
mate averaging about 25 cm of total pre-
cipitation during the year (Day 1962). The
most common climatic feature of the area
is the winds, described by Johnson and
Raup (1964) as foehn winds because they
usually blow from the coast through the
valleys towards the interior. However,
during the summer they are rarely warm
and it is possible they are caused by tem-
perature differences between the vegetated
interior and the colder ice fields. The mean
daily temperature during the summer is
moderate, 10.4, 12.2, and 10.4°C for June,
July, and August, respectively (Webber
1973). Winter temperatures sometimes
reach as low as —53.8°C but the chinook
winds often change temperatures rapidly.
Mean daily temperatures during the winter
are —19.9, —21.6, and —15.8°C for De-
cember, January and February, respectively
(Webber 1973). Winds blow regularly
during the winter and disperse snow in
great banks in leeward areas of the moun-
tains.



3. Topography and geology

The Kluane Ranges form the outer
front of the St. Elias Mountains and drop
abruptly on the northeast side into the
Shakwack Valley. The massifs have pre-
cipitous slopes with peaks between 2,100
and 2,400 m above sea level. Nearly all
the higher slopes contain alpine glaciers,
particularly the north and northeast ones.

The Kluane Ranges are composed
mainly of sedimentary rocks of Lower Cre-
taceous age, underlain on the west by vol-
canics of Mesozoic age (Kindle 1953).
Stocks and dykes of peridotite and serpen-
tine intrude throughout the area. The
southwestern edge of the study area is
blanketed by relatively recent lavas, brec-
cias, and tuffs. There are very few of the
granite coastal intrusions that occur else-
where in the Frontal Ranges.

4. Physiography and glaciation

All the rivers and streams draining
the area run into the Alsek River and thence
to the Gulf of Alaska. The Dezadeash River
is the largest in the area, receiving water
from Dezadeash Lake, Kathleen Lake and
Aishihik-Sekulmun Lake. The other major
river, the Kaskawulsh, flows strongly dur-
ing the summer due to runoff and melt from
large glaciers such as the Kaskawulsh and
the Dusty, and is heavily silt laden.

During the Pleistocene ice age, great
masses of ice accumulated in the ice field
ranges deep in the St. Elias Mountains.

The maximum elevation of the glaciation
was 1,800 m, and the mountains protruding
above this were not overridden with ice,
even during the peak of the Pleistocene
glaciation. As the ice melted, a great lake
formed, known as Glacial Lake Champagne
(Kindle 1953). The old shorelines are well
marked in the study area by beach deposits
of sand and gravel between elevations of
700 and 850 m.

Since the eventual draining of Glacial
Lake Champagne, the Alsek River has been
blocked off at least twice by advances of the
Lowell Glacier across its path at Goatherd
Mountain, some 40 km downriver from the

study area. According to Kindle (1953) the
last phase of recent flooding ended approxi-
mately 125 years ago. The uppermost beach
formed by that lake was at an elevation of
683 m, and in many areas a series of very
distinct beach terraces can be observed,
each representing a pause in the level of
the waters as they drained through the ice
to the ocean. Those beaches form natural
terraces in stable areas where spruce and
other trees and shrubs have invaded more
rapidly than on the surrounding slopes. It
is probable that the last surge of the Lowell
Glacier excluded the salmon run from the
entire upper Alsek drainage system. The
fact that salmon once used this drainage was
established from the occurrence of the
kokanee (Oncorhynchus nerka kennerlyi)

in Kathleen Lake.

Sand and dust storms are frequent
within the study area. The daily fluctua-
tions in the water levels of the various silt-
laden streams create ideal conditions for
deposition of fine silt on the valley floor.
As the silt dries, winds sometimes whip it
as high as 300 m into the air. A large sand
point has been formed on the northwest
corner of the confluence of the Kaskawulsh
and Dezadeash rivers. The time and crea-
tion of this sand dune is not certain but it
does not seem to be increasing as rapidly
as other silt flats in the area.

5. Habitats and vegetation

The study area is in the boreal-
montane coniferous forest biome (Shelford
1963). However, because of the many
physiographic and climatic influences in the
area, the vegetative pattern forms narrow
bands of mosaic patterns. The Yukon sec-
tion of the boreal forest zone (Halladay
1937) most closely describes the dominant
type. In some areas, however, this white
spruce forest forms only a narrow belt
between a prairie-alluvial zone and an alpine
complex. [ divided the study area into four
general zones, some of which contain more
than one important biotic type. All are im-
portant for the support of grizzlies in the area
and a vegetational description is given below.

Zonel
The valley bottom (550-610 m above
sea level) contains several biotic types and
sub-types which are all seral stages in the
community. The Dezadeash, Kaskawulsh
and Alsek are all typical braided rivers
(Williams and Rust 1969) and cover the
major valley floors in the study area with a
complex system of bars, channels and is-
lands. Williams and Rust (1969) described
four levels within the system. Their level 1,
being the active part of the river and devoid
of vegetation, is used infrequently by the
bears in the study area. The other levels
show varying degrees of vegetative cover
and all have an important vetch—willow
(Hedysarum alpinum — Salix spp.) com-
munity. The older areas (level 4) also have
woody species invading. Some of these are
bearberry (Arctostaphylos uva-urst), soap-
berry (Shepherdia canadensis), balsam
poplar (Populus balsamifera) and white
spruce (Picea glauca). In areas where the
water is slower and the banks more stable,
a dense narrow stand of alder (A4lnus crispa)
occurs on the moist edge of the river.
In a few areas the braided river com-

plex covers the valley bottom from slope

to slope. More generally, however, the val-
ley is segmented by floodplains of gravel
and silt deposited in fans at the mouths of
the streams entering from side valleys. The
presence of recent Lake Alsek modified
some of the outwashes and, at the same
time, prevented invasion of the areas by
vegetation until the lake drained (about 125
years ago). Some small, isolated areas of
the outwashes support prairie vegetation,
the plant composition being interpreted as
evidence of earlier, more widespread oc-
currence of prairie habitat (Neilson 1968).
However, where stability of the outwash has
been established, herbs, shrubs and trees
have invaded. Notable species are vetch
(Hedysarum mackenzii), shrubby cinquefoil
(Potentilla fruticosa), raspberry (Rubus
idaeus), gooseberry (Ribes oxycanthoides),
soapberry, trembling aspen (Populus tremu-
loides),and white spruce. Moist areas gener-
ally have dense cover of willow (Salix sp.).

5.1.



5.2. Zone2

The boreal forest itself extends from
the edge of the valley floor upwards to the
900-1,200 m level, depending upon aspect
and slope. In most places it forms a nearly
closed stand of pure white spruce. Willow
occurs on moist areas and, in association
with trembling aspen, along the lower
edge of the forest. Grasses, cinquefoils
(Potentilla sp.), artemisias (Artemisia sp.),
rose (Rosa acaulis), junipers (Juniperus
communis, J. horizontalis) and stunted bal-
sam poplar are found on steep, dry slopes.
In boggy areas, horsetail (Equisetum sp.)
forms a solid mat under the white spruce.
On a few moist north-facing slopes, dense
stands of alder occur.

The extent of the intergrade between
the spruce forest and the alluvial valley
bottom depends largely on the extent of
outwash and subsequent slope of the area.
The more gentle the grade, the larger is the
intergrade or open forest parkland area.
The open intergrade zone supports heavy
concentrations of soapberry and other
shrub species.

5.3. Zone3

At the upper limit of the spruce
forest, a subalpine willow belt occurs which
gradually gives way to alpine tundra, ex-
tending in some areas up to a maximum of
nearly 2,000 m.

The subalpine zone is dominated by
various species of willows which, from the
air, appear uniformly low. However, most
of the shrubs grow to a height of 2-3 m and
conceal the gently undulating ground in
the zone. Where excessive snow accumu-
lates and seasonal or subterranean down-
slope drainage occurs, swales or open
troughs with a lush growth of grasses and
herbs extend up and down the slope. Com-
mon herbs are saxifrages (Saxifraga sp.),
Jacobs ladder (Polemonium acutiflorium),
buttercups (Ranunculus sp.), and aconite
(Aconitum delphinifolium).

With the increase in altitude through
the zone, the willow cover gradually de-
creases and the height of the other shrubs
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similarly lessens. The willow is gradually
replaced by dwarf birch (Betula glandulosa)
about 30-60 cm in height. Herbaceous vege-
tation includes avens (Dryas octopetala),
wintergreens (Pyrola sp.), heather (Cas-
stope sp.) and alpine bearberry (4rctosta-
phylos rubra).

The dwarf birch thins out at higher
altitudes and dwarf willows (Salix reticulata,
Salix arctica) comprise the main shrub
cover but are not dominant. Low herbs of
various kinds form the dominant vegetative
cover. Avens form large mats. Eskimo po-
tato (Hedysarum alpinum) occurs common-
ly with other vetches (Astragalus sp.),
oxytropes (Oxytropis sp.), heather, alpine
bearberry, and crowberry (Empetrum nig-
rum). The ground is either wet or dry
depending upon slope, aspect and sub-
strate. Price (1971) described typical types
of alpine communities for an area near the
present study area.

5.4. Zone4

Above the 1,800 m level, vascular
plants are absent except for a few grasses
and alpine herbs growing in local micro-
habitats. Some lichen communities occur.
The area is characterized by bare rock and
permanent snow and ice fields. The amount
of permanent snow fluctuates from year to

year (Marcus and Ragle 1970).

Materials
and methods

1.  Capture of animals

Initially, we trapped in accessible
areas along an old mining road on the west
side of the Alsek River and the north side
of the Kaskawulsh River (Fig. 1b) and oc-
casionally in areas along rivers reached by
boat. In the final years of the study, we
used helicopters to expand the capture area.

Bears were captured with the grizzly-
size Aldrich spring-activated snare (Troyer,
Hensel, and Durley 1961), the No. 150
Newhouse bear trap, or the No. 15 New-
house bear trap. Table 1 records the use
and the relative success or failure of each
capture device. We used snares exten-
sively during the first season, but their low
capture rate prompted the more intensive
use of traps in later years. However, the
No. 150 and No. 15 traps, with jaw measure-
ments of 22 and 26 cm respectively, had
the disadvantage of weighing 10-15 times
more than the snares. We cut away the
large jaw teeth with an acetylene torch
leaving a 2-cm offset jaw on the traps. We
found only one broken metacarpal among
all the grizzly and black bears captured with
these traps. One yearling black bear, which
was caught abnormally by the hind foot,
and which had the jaws close above the foot
pad, had a broken tibia and fibula. We
found skin abrasions in most cases, and
occasional separated metacarpals, but they
all healed quickly with no permanent
damage.

The most common type of set used
was that described as the cubby-hole by
Erickson (1957), Black (1958), and others.
The cubby-hole, or cubby, was usually
designed with the apex against a large tree
or under the root of a tree on a cutbank of
a stream bed. Natural features were used as
much as possible in the formation of the
sides of the cubby. We used Stickley’s mod-
ification (Stickley 1960) i.e., the trap was
set so that the jaws were perpendicular to
the midline of the set. The trap was buried
and covered with leaves or moss, or some
other natural substance. Stepping sticks
were used in all cases to direct the bear’s
foot squarely on to the trigger of the



Figure la
Location of study area in the Kluane Ranges of
the St. Elias Mtns., SW Yukon Territory

Figure 1b
Details of study area
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trap or snare. A few malfunctions were
caused by birds and smaller mammals dis-
turbing these stepping sticks. Both traps
and snares were fastened by a 3-6 m cable
to a drag made of a “green’ log with
branches attached, which often formed
part of one side of the cubby. It was not
anchored solidly but placed so as to en-
tangle the bear quickly. The long cable
provided additional entanglement. In no
case did the bear chew the cable free from
the drag.

Various baits were used alone or in
combination. Canned substances such as
herring, sardines, and molasses were tried
but generally were not very successful.
Fresh meat from a number of species, wild
and domestic, was used during the course
of the study. We attempted to replenish
bait as soon as it became depleted or dried.
During the heat of summer, fresh bait

Kilometres 0 5
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Table 1
Relative success of trapping mechanisms for 5
years of the study (black and grizzly bears included)

Trap nights Captures/100 Trap nights Failures/100 Trap nights
No. 150 No. 15 No. 150 No. 15 No. 150 No. 15
Year Snares Trap Trap Total Snares Trap Trap Total Snares Trap Trap Total
1965 1056 437 408 1901 0.76 2.52 2.94 1.63 4.74 4.35 3.92 4.42
1966 70 710 637 1417 0.00 1.13 2.67 1.45 1.43 3.38 1.73 2.38
1967 72 861 707 1640 0.00 1.20 1.69 1.40 4.17 2.79 0.85 2.01
1968 272 1097 619 1988 0.39 1.91 1.62 1.71 3.32 3.72 1.11 2.85
1969 12 657 465 1134 0.00 1.07 0.89 0.97 — 1.98 2.15 2.03
Total 1482 3762 2836 8080 0.61 1.54 1.94 1.50 4.25 3.22 1.76 2.90

became fly-blown and dry in about three
days. Artificial scents were sometimes used
but were generally found unnecessary.

Early in the study it was assumed
that free-roaming grizzlies could be cap-
tured very easily by shooting a tranquilizing
druginto them from a helicopter. The first
experiments were tried in 1965 but lack of
funds precluded any concerted attempt
until the autumn of 1967. During 1967,
1968, and 1969 a total of 26 different an-
imals were captured 29 times by helicopter.

The Bell 47G3-B1 three-seater heli-
copter proved best for the mountainous
and windy conditions encountered in
southwestern Yukon. The only modification
was a mechanism allowing quick and easy
removal of the passenger door. When we
saw a bear, we maneuvred the helicopter
into a position about 3 m above the ground
and 6 m behind the bear, in order to drive
the animal into an open space. When it
was running ahead at a constant pace the
passenger leaned out and fired a dart. The
best location for successful injection of the
drug was the large hip muscle. However,
many successful injections were made
elsewhere.

2. Drugs
Techniques changed during the

course of the study, depending upon the
type of drug being used for immobilizing
the animal. During the earlier years of the
study, we used a combination of succinyl-
choline chloride and a barbiturate anaes-
thetic; information on dosages and evalua-
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tion of the technique have been published
elsewhere (Pearson et al. 1968). The suc-
cinylcholine chloride was delivered with a
CO,-powered Cap-chur exploding projectile.
The immobilized bear was tied, rolled on to
a canvas sling and weighed. We used a

680 kg (1,500 1b) capacity Wright Come-
along Hoist and a Chatillon WT-10-2000
dial scale, attached to a telescopic alumi-
num tripod. An intraperitoneal injection of
the barbiturate was then administered in
the inguinal region. Later in the study
Sernylan (phencyclidine hydrochloride)
became available and was used alone in
tranquilizing captured bears. It was admin-
istered with a Cap-chur projectile, and pre-
cluded the necessity of tying the animal
(Pearson et al. 1968).

For capturing free roaming grizzlies
from a helicopter, only Sernylan was used
as a tranquilizing agent. The use of succi-
nylcholine chloride was deemed unsuitable
for this type of capture (verbal communica-
tion 1966, Frederick C. Dean, Dept. of
Wildlife Management, Univ. of Alaska,
College, Alaska; Flyger et al. 1967). A larger
relative amount of Sernylan was required
when fired from the air than when given
in an orthodox manner on the ground.
Table 2 gives average drug dosages and re-
action times for helicopter capture and for
animals trapped and drugged on the
ground. The marked difference is mainly
the result of abnormally high dosages re-
quired to drug large adult males after
having been chased by the helicopter. There
also seemed to be a threshold level around

2.2 mg/kg (1.0 mg/1b) of body weight
below which the effect of the drug was
greatly reduced in helicopter captures.
There was also an indication that animals
which had recently emerged from the den
were more easily drugged than those that
had been out a week or more. To minimize
flying time and to avoid the danger of an
overdose, we concluded that the optimum
dosage to use for helicopter capture was
about 2.64 mg/kg (1.2 mg/1Ib) of body
weight, compared to 1.76 mg/kg (0.80
mg/1b) on the ground (Pearson et al. 1968).
We used the extra long range (pow-
der) projection Cap-chur gun to deliver 2
and 3 cm? projectile darts. We found the
strength of powder charge to be critical
since an excessively high charge drove the
entire dart into the flesh of the animal.
Even at a lower charge excessive velocity
sometimes caused the dart to torque
strongly, breaking off the needle and eject-
ing the drug along the fur. The low (yel-
low) or very low (crimped brown) powder
charges were found adequate for delivering
the dart accurately from a helicopter.
After the animal had been hit with
a dart that had apparently functioned prop-
erly, i.e., stayed in for several seconds, the
helicopter was backed off and the animal
observed. If it appeared that the bear might
move into an area where access would be
difficult, the helicopter was used to herd
the animal to a more suitable location. If
no signs of drug effect were observed in
20-30 minutes, the whole procedure was
repeated.



3. Measuring and marking

Appendices A and B show the various
measurements recorded. We used three
types of ear markers — metal tags, hollow-
braid polypropylene rope, and polyvinyl-
chloride tape. From 1965 through June
1968, one coloured aluminum ““Kurl Lock”
ear tag, No. 2 size, numbered and bearing
the words “Notify Canadian Wildlife Serv-
ice”, was placed in the tip of each ear of
captured animals. From June 1968 through
1969, ““Visa” coloured ear tags were used.
The skin of the ear was so thick that we
had to use a scalpel to pierce it. The best
method of locking either type of tag was to
insert the pronged “kurl” through the slit
in the ear and close it by hand until the tip
of the kurl entered the slits in the female
arm of the tag. Special pliers were then
used to seal the tag. These tags, because of
their good staying record, served as per-
manent identification.

We used 30-cm lengths of hollow-
braid polypropylene rope in both ears as
colour markers. A leather punch 9.5 mm
(3% in.) diameter was used to cut a hole
through the base of the ear close to the
posterior edge. The ends of the rope were
sealed together with a propane torch, leav-
ing as small a loop as possible in order that
the bear would not snag it on something.
Although the hollow-braid rope was avail-
able in many different colours, it was not
clearly visible at a distance, and some of
the colours had very poor stability. We
therefore used it primarily as an anchor for
amore visible colour flag.

Flag colours were coordinated with
rope colours so that even if a flag was lost,
a bear could still be identified when recap-
tured. Pelage colour and differences in size
between sexes were used as identification
characteristics to reduce the duplication of
colour combinations. Lengths of polyvinyl
chloride tape, 38 cm long, 1.27 cm wide and
0.16 cm thick were used as flags.

4. Telemetry
In the spring of 1968 we initiated a
program to locate and record movements of

Table 2

Average doses of phencyclidine hydrochloride,
with time to take effect and duration of effect, for
grizzly bears captured by helicopter pursuit
compared to grizzlies trapped and drugged from
the ground (ranges in parentheses)

Ave. dose

Ave. time to take Ave. duration

No. bears (mg/kg) effect (min) (min)
Ground 37 1.65 (0.68-3.30) 10.6 (4.0-21.5) 60+
Helicopter 20 1.98 (1.32-2.55) 18.1 (7.0-45.0) 90+

bears by radio-telemetry. The transmitters
were attached around the neck of the bear
by a collar made of battery cable. The collar
also served as the transmitting antenna.
Several techniques were used to locate the
animals. We established several semi-
permanent 9-m towers on prominent van-
tage points and a 5-element yagi antenna
that could be rotated through 360° was
placed on the top of each. Two or more fixes
were made from the antennae and the
bear’s location determined by triangula-
tion. We also covered the study area on
foot, by vehicle and by boat, and searched
for signals using a portable receiver with

a handheld loop antenna. Finally we
mounted a dipole antenna on both a Super-
cub airplane and a helicopter and searched
the inaccessible areas. We determined
exact locations by closing in on the bear
until the signal strength indicated its posi-
tion, or visual contact was made.

We monitored the area daily from
the tower positions and along the road and
watercourse. If an animal was located, we
always checked its position every morning
and evening and often monitored it at a
distance several times during the day. We
attempted to fly over the entire study area
and surrounding valleys at least once a
week during the early summer, and more
often as the period of denning approached.

We used several prototypes of trans-
mitters and receivers during the study.
Transmitters and receivers were built by
F. W. Anderka of the Bioelectronics Unit
of CWS, Ottawa, Ontario. Additional trans-
mitters were purchased from Davidson
Electronics Company, Minneapolis, Min-

nesota, and receivers from Sidney L. Mar-
kusen, Esko, Minnesota.

The collar of the transmitter was
sized to fit snugly around the neck of the
bear. It was then wrapped firmly with 5-cm
wide strips of foam plastic 2.5 cm thick.
The foam plastic was wrapped in plastic
electricians’ tape. The collar then fitted
tightly when slid over the head of the bear
and rested firmly and comfortably around
its neck, being held on by the larger head
size and erect, heavy ears. One large bear
captured during the breeding season could
not be fitted with a collar because its neck
was very swollen from infection of several
wounds, and a collar large enough to go
around its neck slid off its head too easily.
The battery pack and transmitter were
enclosed in acrylic or epoxy, which water-
proofed and shockproofed them, and then
the unit was also wrapped heavily with
plastic electricians’ tape before being put
on the bear.

We tried transmitters with either
pulsed or constant signals. The pulsed
signal was much easier to detect, so all later
models were of that type. Theoretical
battery life varied from 6 to 15 months
depending upon the type. The actual life
was much less than expected and the long-
est transmission was for 7 months, with
many failing after only a few weeks. The
performance of the units improved steadily
through the study as modifications were
made.

Receivers were both crystal control-
led and continuous scan controlled. The
Anderka models were compact and powered
by a nickel-cadmium rechargeable battery.
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The Markusen unit was much larger and
was powered by size D flashlight cells.
Fluid-filled ear-muff headphones (Willson
Sound Barrier) were required when mon-
itoring from the aircraft.

5. Observations

We carried out systematic observa-
tions with 6-8x binoculars and with vari-
able power spotting scopes. We used reg-
ular observation posts for short periods in
the mornings while checking traps, and at
least one member of the team searched for
bears in the afternoon. If observations were
reported in the morning the intensity of
scanning was increased in the afternoon.
All members of the crew in camp spent 2—4
hours in the evening watching for bears.

We used fixed-wing aircraft and heli-
copters whenever possible in our searches,
particularly in areas where ground access
was difficult. The vagaries of aircraft avail-
ability precluded the use of a definite survey
schedule.

Local residents, personnel of the
Yukon Forest Service, guides and outfitters
operating on the periphery of the study
area, members of the Icefield Ranges Re-
search Program, and other scientists in the
area were asked to report any bears seen in
the general area.

6. Soapberry plots

We delineated four permanent vege-
tation plots, each 12 x 12 m, to measure the
annual production of soapberries. Plots
were selected from areas that differed in
gross habitat appearance and quality, in
order to compare plot production over sev-
eral years. The plots were mapped for total
shrub and tree cover and the production of
each soapberry plant was evaluated on the
following scale:
0 —no berries
1-light berry production
2 — medium berry production
3 —heavy berry production on part

—heavy berry production

The total value for each plot gave an

index of production, discussed in the sec-
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tion on utilization of soapberries, which
was compared for each year. Occasionally
a plot was visited several times during a
single year but generally only one annual
visit was made.

7. Faeces samples

Whenever possible, we collected
samples of grizzly bear faeces that were
fresh enough to be dated within a few days.
The samples were preserved in 10 per cent
formalin and subsequently dried for future
examination. They were later screened, ex-
amined and recorded for percentage content.

8.  Collection of harvest data

From 1964 to 1967 and in 1970 we
gathered as much information as possible
from grizzlies killed throughout the Yukon.
Skulls, reproductive tracts and/or whole
carcasses were solicited. Additionally, in
1966 and 1967, we sent biologists and bio-
logical technicians into the field to accom-
pany guided non-resident hunters in order
to be on hand when a grizzly was killed.
Information was collected on physical
characteristics, parasites, stomach con-
tents, and organ weights. The skull, eye
lenses, and baculum or reproductive tract
from each bear were preserved and brought
in for more detailed examination.

In 1968 and 1969, a special Order-in-
Council was passed by the Commissioner
of the Yukon Territory making it manda-
tory to bring in the skull of every grizzly
killed in the Territory and to turn it over
to the CWS. Information had to accompany
the skull giving the sex of the animal, date
and place of kill and whether it was selected
or randomly taken. The air drjed skulls
were grossly fleshed and then cleaned by
dermestid beetles. The cleaned skull was
measured and a premolar tooth removed to
determine the age of the animal. The clean-
ed skulls were returned to the owners if
requested.

9. Processing specimen material
The reproductive tracts were stored
in A.F.A. solution until examined. The

testes and epididymis were blotted dry,
weighed to the nearest gram, sectioned at

6 1, and stained with hematoxylin and

eosin for microscopic examination. Several
representative cross sections of the testicles
were taken. The ovaries were sectioned with
arazor blade at 0.5 to 1.0 mm intervals.
Corpora lutea or developing follicles were
recorded and measured. The uterine horns
were flushed to locate unimplanted blasto-
cysts (Hamilton and Cook 1955).

Eye lenses were preserved in 10 per
cent formalin for at least one month. The
ciliary muscles and aqueous humour were
teased away and the lenses blotted dry. Wet
weights were taken to the nearest 0.001 g.
The lenses were oven dried at 90°C until
constant weight was attained (about 48
hours). Oven dried weights and percentage
water content were recorded.

Bacula were boiled free of tissue.
They were measured and dried to constant
weight in an oven at 90°C. Weights were
recorded to the nearest 0.01 g.

10. Agedetermination

The teeth collected in 1964 and 1965
for determination of age of bears were pro-
cessed by Don Thomas under contract at
the University of British Columbia. Sub-
sequent collections were submitted to the
Pathology Section, CWS, Ottawa, Ontario.

A total of 522 teeth of grizzlies were
sectioned, stained, mounted and read in
order to refine and corroborate the tech-
niques and to obtain an age structure for
the sample. A regression analysis was per-
formed to compare the relationship between
the age and zygomatic breadth of grizzlies
in this study. A Univac 1108 computer
was employed, using the UCLA Biomed
program BMVO2R.

Initial plotting indicated a curvilinear
relationship and a series of relationships
(eqs. 1-5) were tested.

Mly=a+4 bx

2ly =a-4 bx + cx2

]y—a—%—b(logm)
logy = a+ bx

[3
(4]
[5] 1ogy =a + b (logx)



where x = zygomatic breadth of skull, y =
age of animal. In all test cases, eq.5 resulted
in the highest simple correlation and cor-
responding R®. After regression equations
were established, the corresponding 90 and
95 per cent confidence limits on the popula-
tion mean age were calculated. These con-
fidence limits (CL) contained a range for

the mean age of bears having a specified
zygomatic breadth. Equation 6 was used:

[6] CL (logy) = a + b (log x) + sk

where ¢ is the appropriate percentage point
of Student’s t with n—2 d.f., sis the stand-
ard error about the regression equation, and

1. (logx—logx)?

2 _ T
~ n7 2 (log x; — log %) 2

This expression gave confidence lim-
its for log y; these were then antilogged to
give corresponding confidence limits for y.

Results
and discussion

1. Weights, measurements and
pelage
1.1. Weights and measurements

During the five years of the study,
we captured 53 different grizzlies on the
study area. The sex ratio was 36 males:17
females. During the same period, we also
captured 31 different black bears (23 males:
8 females) on the area.

Table 3 shows the capture success for
grizzly bears throughout the study. The
total number of grizzlies captured was in-
fluenced by two factors. First, certain griz-
zlies became accustomed to our trapping
techniques and were less easily caught.
Second, in the last two years, increased
captures from helicopters more than offset
this reduced success.

The measurements for all grizzlies
captured during the study are presented in
Appendix A (males) and Appendix B
(females).

Body weights of grizzlies captured are
correlated by age for each sex (Table 4).
The annual fluctuations will be discussed
later. Males were heavier than females of
corresponding age in all but cubs and year-
lings. Unfortunately, since so few young
females were captured during the study, an
accurate description of weight patterns
during the early years was not possible.
The average weight of 40 mature males was
139 kg whereas that of 21 females was 95
kg. The maximum size of each sex shows
even greater dimorphism. The largest male
weighed 240 kg, nearly twice the weight of
the largest female (125 kg). The large boar
class can be recognized from size alone
when observed free-roaming. It is not likely
that many northern interior grizzlies reach
a weight greater than the 240 kg recorded
in the study. Weights were also obtained of
several mature males killed by hunters
throughout the Yukon. The five heaviest
weighed 218, 203, 192, 175, and 164 kg. All
were killed in the late autumn and should
therefore have reflected the heaviest annual
weight. All were described as very large by
both guide and hunter. Mature females
probably never weigh more than 140 kg;

the largest killed by hunters weighed 125,
120, 109 and 104 kg.

1.2.  Seasonal weight changes

The extremes in energy regimes expe-
rienced by northern interior grizzly bears
during the annual cycle induce major fluc-
tuations in body weight. For atleast 6
months, the animals have to survive from
energy produced within the body by the
utilization of fat deposits laid down during
the active period.

Black bears can increase in weight
rapidly when provided with sufficient ener-
gy (Cowan et al. 1957; Rausch 1961; Jonkel
and Cowan 1971). Jonkel and Cowan (1971)
reported significant weight increases dur-
ing the summer in adult female black bears
but not in adult males. Their speculation
that the adult males endure the winter den-
ning period more efficiently than the fe-
males, and thus have less weight to gain
back, did not seem to be the case in grizzly
bears in this study. In the late autumn of
1968, we captured four animals (2 adult
males; 2 subadult females) shortly before
they entered their dens. They were recap-
tured in the spring of 1969 as they emerged
from the winter sleep. Figure 2 shows the
astonishing weight changes. The average
rate of weight loss for the four animals was
0.20 kg per day per animal for an average
period of 220 days. One other adult male
was captured in July 1968 (before the pe-
riod when the animals add fat rapidly) and
again in early May 19609. Its projected
weight change is also shown in Figure 2.

No adult females were measured for
the same time span but inasmuch as the
four animals lost 30.2, 28.8, 43.2 and 28.0
per cent of their fall weights respectively,
it is improbable that the adult female class
would lose more and still survive. No mor-
tality was recorded in the adult female class.

Itis difficult to estimate the rate of
weight increase during the period in the
autumn when the animals were feeding on
soapberries. It is obvious that, given a food
source, bears are capable of assimilating
energy and increasing in weight rapidly.
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Table 3

Progress of live capture of grizzly bears through
entire study. Numbers in parentheses represent
helicopter captures

1965 1966 1967 1968 1969 Total
£ & = £ @ £ ® ® £ @ - = & . g ” g
g £ g g g = g g 8 s & ‘s 3 L = 8 ‘g
= 2 2 = 2 & 2 2 2 2 s = 2 Z 8 °
° e S S S =) ° c =) ° S 3 =) o o S °
Z Z Z Z Z z z Z z Z Z Z Z Z Z Z Z
Male 8 11 8 S 5 3 LL 15 8 17 (6) 19 (7) 13 (3) 12 (7) 13 (7) 4 (2) 63 (14) 36 (5)
Female 4 7 a4 4 4 2 3 3 2 8(6) 11(8) 6(3) 8(7)  8(H 30 33 (15) 17 (6)
Total 12 18 12 9 9 5 14 18 10  25(12) 30(l5) 19(6)  20(14) 2L(14)  7(5) 96 (20) 53 (1)
Table 4 One adult male increased at an average rate
Average weight by age class of northern interior of 0.413 kg per day over 126 days. The most
grizzly bears captured in southwestern Yukon rapid increase recorded was of a free-
___ Male __Female roaming immature female that added weight
Age class(yr) n  x (kg) Range (kg) n x (kg)  Range (kg) 41 0.635 kg per day overa 16-day period
0.0-0.9 1 12 — between August 10 and 26. At this time,
1.0-1.9 6 40 18- 50 1 28 —  the bears were feeding exclusively on soap-
2.0-2.9 5 45 35- 51 2 37 F-B  hasries,
3.0-3.9 4 73 66-100 ) 57 45— 74
4.0 3 70 43— 88 3 63 42- 94 1.3, Pclage
5.0 3 87 84— 93 4 89 79-102 1 .3.1. General colour
6.0 3 115 102-127 2 73 72- 74 The northern interior grizzly shows
7.0 9 110 61-148 1 118 — a broad spectrum of colour, varying from
8.0 2 156 106-205 4 89 79- 96 very light yellow to a uniform dark brown,
9.0 6 148 129-159 2 86 74- 98 although very few animals were found at
10.0 4 145 119-164 — — — either end of the spectrum. The most com-
11.0 1 240 s 2 108 97-118  mon colour is a chocolate brown underfur
12.0 2 169 145-170 1 89 — with silver-yellow guard hairs over the neck
13.0 2 178 163-193 L 99 — and shoulders. There is usually a darker
14.0 2 166 149-182 1 124 —  dorsal stripe.
15.0 3 161 147-184 = = - Of the 53 grizzlies handled during the
16.0 2 181 166-195 1 124 — study, 38 (72 per cent) were basically
17.0 1 163 — — — — brownand 15 (28 per cent) were blonde or
18.0 — — — i — — yellow. However, there seemed to be rela-
19.0 2 118 = — — — tively more females of a lighter colour and
20.0 — — — — — — 7 (41 per cent) of all females handled were
21.0 — — — — — — basically blonde.
22.0 = — = = — == There are obvious genetic links in
23.0 1 97 colour variation, and identification of these
24.0 1 102 relationships is used to develop a hypo-
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thesis on the home range pattern of the
species, discussed in the section on activity
and movements.

Erickson (1965b) reported that most
cubs of the year in Alaska had distinctive



Figure 2
Weight patterns of northern interior grizzlies over

denning period, 1968-69
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white collar bands. Collars were also ob-
served in the present study. However, not
all young had even a vestige of a collar and
those with distinctive collars were all fe-
male young of adult females with equally
distinctive collars. Several cubs were seen
with slight traces of the collar but in these
cases the female did not show the feature.
Two distinct phases of blonde bears
were identified. The more common was a
golden yellow colour with a dark dorsal
stripe and dark brown lower legs. These
animals appeared much like the extreme
case of the brown animal with the silver-
yellow guard hairs that covered not only
the neck and shoulders but almost the en-
tire body. Two sows in particular displayed
this colour, and were seen with young of
similar coloration. One immature boar with

this coloration was captured in the same
area. The less common blonde colour was
alight yellow that extended over the entire
body. It was observed in two sows, in a
yearling boar in company of one of the
sows, and in an immature boar (158-106)
in the same general area.

The latter blonde colour phase may
be related to the bleaching phenomenon
found to some degree in all grizzly bears.
The young boar mentioned above (158-
106) was observed from July 17 to Sep-
tember 3, 1965, during which period the
animal was described as: a ““small, light
blonde bear. Forelegs with brown stockings
on lower legs. Back of hind legs dark. Top
of head and muzzle a dark yellow.” The
bear disappeared until September 29, when
it was seen again and kept under observa-

tion until October 7. The description then
was: “‘basic colour brown. Front quarters
have heavy silver sheen but hind quarters
dark. Dark leggings on all legs. Dorsal strip
dark brown. Light patch around tail gives
impression of a dark V. Face mask-like with
darker hue anterior to ears.”” This descrip-
tion could have fitted many grizzlies seen
on the area but only the one underwent
such extensive bleaching during the vear.
Unfortunately the boar was not seen again
so it could not be determined whether the
darkening was a permanent change with
age or an annual change with moult.

We found bleaching to be a common
characteristic of grizzly bears and this
added to the difficulty in identifying an-
imals, particularly for observers with little
experience. After becoming familiar with
the phenomenon, we found that the degree
of bleaching for a particular animal was
predictable and obviously a feature of the
genetic make-up of that individual. It was
not found to any extent in black bears, thus
the silver or golden appearance was one
characteristic that differentiated grizzlies
from brown-phase black bears on the study
area.

1.3.2. Moult

The timing of the moult showed dif-
ferences between the sexes in southwestern
Yukon. There was also the possibility of
an age-related difference. By the first week
of July, all mature males appeared shaggy
with long matted hair. In some animals,
rubbing and bald spots occurred much
earlier. Some animals had completed the
moult by July 31 but the new coat was
sparse and the hair only about 2.5 em long.
Several animals had still only partially
moulted by as late as August 19. All mature
males had completed the moult by Sep-
tember 1 and the fur was thick but not
particularly long. There was an indication
of a delayed moult in immature males. The
moult was approximately 10 days later for
females. Shaggy, matted individuals first
occurred about mid-July and the earliest
completed moult was by mid-August.
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Although the sample size was small, sows
with young appeared to moult even later.

The more northern interior grizzlies
apparently have an earlier moult pattern.
No measurements were available during our
study, but verbal reports from outfitters
and guides indicate the moult is completed
in grizzlies in the Ogilvie and Wernecke
Mountains by early August.

There have been numerous refer-
ences, particularly in popular literature, to
races of grizzlies described as “‘long-
headed,” “‘square-headed” or ““long-
nosed.” The phenomenon was apparent in
bears on the study area but it appeared
related to the moult and as such, a dynamic
phenomenon, not a true morphological
feature. When a grizzly was captured, it
was noted as being a “square-head” or
“long-nose” animal. Three specific mea-
surements (p, q, and r of Appendices A and
B) were taken of the head which related
them to the described configuration.

Table 5 shows the changes in ratios
of various head measurements for males
and females as calculated for half month
periods through the active season. The
consistency of the ratio of the zygomatic
breadth to muzzle width is shown for both
sexes throughout the year. There is a slight
decrease in the ratio of the width between
the hair tips of the zygomatics to the zygo-
matic breadth from spring to summer, and
areverse trend in the autumn. The clearest
indices of change in external morphology
are the ratio of the greatest breadth between
hair tips of the zygomatics to that at the
muzzle and the ratio of length of ear from
notch to the length of ear exposed above
the hair on the top of the head.

When the moult occurs, the long hair
on the head is shed and replaced by the
short compact new coat. The entire length
of the ear is thus exposed which greatly
reduces the apparent size of the head. The
appearance of the muzzle does not change
much during the moult, and the hair on
the muzzle remains short and compacted
even at maximum growth. Table 6 shows
the measurements and ratios of an imma-
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Table 5

Ratios of head measurements of 67 grizzly bears
handled at various times in the year in south-
western Yukon

No. of Ratios, No. of Ratios, Q
Date bears, & a* b ¢ d bears, @ a b c d
April 2 1.62 3.23 2.40 2.80 — = — = =
May 1-15 1 1.60 3.38 2.50 3 1.83 3.58 2.46 3.12
May 16-31 6 1.67 334 239 3.18 6 1.77 335 241 3.1
June 1-15 2 1.67 3.13 2.16 3.07 4 1.88 3.51 2.49 3.05
June 16-30 1 1.05 1.95 2.29 1.04 1 1.77 3.34 2.44 4.10
July 1-15 4 1.49 2.52 215 2.03 = == = ==
July 16-31 7 1.32 2.48 2.21 1.38 1 1.38 2.31 2,13 2.43
Aug. 1-15 11 1.25 2.30 2.34 1.89 1 1.65 3.42 2.49 2.20
Aug. 16-31 6 134  2.35 2.16 1.92 4 1.35 2.19 2.31 2.09
Sept. 1-15 == — = — = == — — == ==
Sept. 16-30 3 1.66 3.04 2.26 3.02 — — — — —
Oct. 2 1.47 2.88 2.50 3.23 2 1.70 3.13 2.37 2.70
*a = width of head to tip of hair over zygomatic arch/zygomatic breadth
b = width of head to tip of hair over zygomatic arch/width of muzzle to tip of hair
¢ = zygomatic breadth/firm muzzle width over canines
d = ear length, from notch/length of exposed ear measured medially from tip of head hair
Table 6
Measurements (cm) and ratios of head measure-
ments of an immature male through configuration
changes
Date a* b c d e f a/b a/c b/d {/e
July 2 20.1 13.9 7.5 6.5 3.5 9.5 1.45 2.68 2.14 2,71
Aug 18 19.6 13.8 8.0 6.6 5.0 10.0 1.42 2.45 2.09 2.00
May 5 32.2 15.3 8.6 7.1 3.0 11.0 2.10 3.74 2.15 3.67
*a, width of head to tip of hair over zygomatic d, firm muzzle width over canines
arch e, length of exposed ear measured medially from tip

b, zygomatic breadth
¢, width of muzzle to tip of hair

of head hair
f, earlength, from notch

ture male taken in July and August of one
year and in May of the following year. In
July, the moult had started but the animal
was not classed as typically long-nosed. In
August, all the long head hair had moulted
and the animal had a long-nosed configura-
tion. In May, the appearance was of a
typical square-headed grizzly.

2. Age determination
2.1. Cementum deposition

Since the first work on annulations
in teeth as a technique for determining the

age of mammals (Scheffer 1950; Laws 1952,

1953), considerable literature has been
produced on the subject (Sergeant and
Pimlott 1959; Low and Cowan 1963 ; Mc-
Ewan 1963 ; Novakowski 1965; Gilbert
1966; Ransom 1966; Adams and Watkins
1967; Linhart and Knowlton 1967. A brief
review of methods for determining the age
of mammals from differential calcification
of odontogenic tissue was presented by
Sergeant (1967).

The first use of the technique in the
Ursidae was reported by Rausch (1961)
when he observed externally visible growth
zones in the dentine of black bear canines.



Figure 3
Cementum annulations in (a) upper PM; and (b)
lower PMj from grizzly 67-1751

b

The nomenclature used to identify teeth is
I, incisor; C, canine; PM, premolar; M,
molar. Numbers indicate position in the
jaw. Mundy and Fuller (1964), using the
M; of grizzly bears, were the first to report
on the annulations in the cementum of the
Ursidae. Other workers have reported on
techniques using various teeth from both
black and grizzly bears (Marks and Erickson
1966; Stoneberg and Jonkel 1966; Sauer

et al. 1966; Rausch 1969; Craighead et al.
1970).

A finite age determination was neces-
sary in this study to properly describe pop-
ulation parameters. The cementum annula-
tion technique was first explored in 1964
with encouraging results, and we designed
several tests to determine its usefulness.

Figure 3 shows the upper and Jower
PM/’s from specimen 67-1751, a 4.5-year-
old bear killed on August 19, 1967. The
teeth were sectioned and stained to deter-
mine if differential calcification was con-
sistenl. The figure shows that, although the
thickness of the annular ring is not iden-
tical, the annulations are consistent in
number.

‘xaminalion of known age material
has shown that the deposition of cementum
begins just prior to, or at the time of, occlu-
sion. Rausch (1969) sectioned canine teeth

of brown bear and showed that some cemen-
tum was laid down during the second sum-
mer, but most was first laid down during
the third summer. This agrees with the fact
that the canine tooth erupts late in the
sccond summer and is in occlusion early in
the third summer. Similar correlations
were shown for PMy (Craighead et al. 1970)
and for My (Stoneberg and Jonkel 1966).
In this study, the time of deposition of the
first cementum for a particular tooth was
not consistent. In some instances the first
clear layer of cementum in the canine tooth
was quile narrow. Apparently the first
cementum had been laid down late in the
second summer. Other canines showed a
very wide first layer of clear cementum in-
dicating the first cementum had been de-
posited during the third summer. However,
in PM; the first layer of cementum was
always very narrow and was laid down dur-
ing the first summer of life.

Figure 4 shows the cementum an-
nulations in nine teeth removed from speci-
men 69-2168, a 4-year-old grizzly bear killed
on August 11. It can be seen that I, I,
PM,, PM, and M, have four dark annula-
tions. In all but PM, the first or inner light
zone is very narrow. The inner clear zone
in PM, is as wide as the second zone in-
dicating a relatively early eruption of that

tooth. All these teeth erupted during the
first summer and had some clear cementum
laid down the first year. The first dark an-
nulation thus signifies 1 year of age. The

I, and M, did not occlude until early in the
second year, and show a relatively wide
inner layer of clear cementum with a total
of three dark annulations. The clear wide
inner zone suggests an early eruption with
a full season of deposition. The first dark
annulation in these teeth indicates 2 years
of age. The C and M, did not erupt until
late in the second year. The dark inner
layer was laid down during the second win-
ter, consequently it was counted as 2 years
of age. However, in most cases, the C and
M, show a wide inner clear zone of cemen-
tum and the first dark line represents

3 years of age. If the inner clear zone in
these teeth was narrow, the first dark annu-
lation was counted as 2 years whereas if
the inner zone was wide, it was counted

as 3 years.

During the handling of grizzly bears
captured alive, teeth were removed from
the same animal over a period of 2 or
3 years. Figure 5 shows the annulations
in PM,’s removed from a male grizzly on
July 25,1968 at 4.5 years of age and on
July 26, 1969 at 5.5 years. In both years

clear cementum was being deposited on the
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Figure 1

Cementum annulations in a complete series
of teeth from the lower jaw of grizzly 69-2168.
(a) I1; (b) Ia; (¢) Is; (d) C: (e) PMy; (f) PMy:
(g) Mi; (h) Mo; (5) M

Figure 4




Figure 4, cont’d

periphery by late July. Only one growth
ring, i.e. one wide light plus one narrow
dark zone, had been laid down per year of
the animal’s life.

In one case, a pair of sibling males
were captured twice over a period of 3
years during which teeth were removed and
processed and the annulations photogra-
phed (Fig. 5). When they were captured
between July 1 and 15, 1967 at 2.5 years of
age, both had two dark annulations and
clear cementum had been deposited on the
periphery of the PM,’s. One was captured
again on July 31, 1968 and the PM, showed

three dark annulations and a clear zone on

the periphery. The other was captured on
May 20, 1969 at 4.3 years of age and the
fourth dark annulation was present on the
periphery of the cementum with no new
clear cementum having been deposited.
Only one pair of annulations was deposited
per year, confirming the validity of this
technique for determining age.

Previous authors have not agreed
upon the time during the annual cycle when
the wide clear zone and the narrow dark
zone are formed in the cementum. Figure 6
shows teeth from several bears taken at
various times throughout the year. On
May 3 there was a narrow, dark zone on the

periphery (a). On May 23 a very narrow
zone of clear cementum was visible peri-
pheral to the dark annulation (b). On June
4 there was a narrow clear zone visible on
the periphery (c). All bears taken after
May 20 showed some clear cementum on
the periphery which thickened as the sca-
son progressed (d), (e), and (f). The time
of deposition of the dark zone was not clear.
One specimen taken on September 17
showed signs of a dark zone forming (g).
However, other animals captured in Sep-
tember and October did not show anything
but clear cementum on the outer edge. It is
reasonable to assume thalt most of the dark
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Figure 5

Cementum annulations in PMy’s from grizzlies live
captured in consecutive years. (a) and (b) A male
bear captured on July 25/68 and again on July
26/69. (c¢) and (d) A pair of sibling bears, one cap-
tured on July 1/67 and the other on July 15/67.

(e) One of the same siblings recaptured on July
31/68. () The other sibling recaptured on May
20/69

Figure 5
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zone is laid down during the winter dor-
mancy. Since it is laid down densely and
probably slowly, it would be difficult to dif-
ferentiate until well into the deposition
period. Under the conditions of this study,
clear cementum was laid down between late
May and late September.

Previous authors have all referred to
a change in the thickness of the annular
zones which occurred at various ages in the
specimens they studied. Craighead et al.
(1970) found that the narrower zones oc-
curred first at 5 years of age. Similar timing
was found by Mundy and Fuller (1964).

On the other hand, Rausch (1969) found,
in brown bears from Alaska, that the change
in the thickness of the zones did not occur
until the 8th or 9th year. In the Yukon,

I found that the change in the thickness of
the cemental zones was not a consistent
feature but in no case did it occur before
the 8th year. In some cases, the change did
not occur until the 11th or 12th year. It is
quite possible that the change in thickness
of annulation is in some way related to the
sexual maturity and/or growth patterns of
the animal, because grizzlies do not reach
sexual maturity as early in the north as they
do in the south. However, this change in
thickness is a definite feature of the cemen-
tum pattern in grizzly bear teeth, whatever
its reason. In many cases it was quite easy
to distinguish annular rings up to and
including the change, but afterwards the
annulations became very narrow and
sometimes obscured.

Whenever possible during the study,
when a cleaned skull was available we re-
moved a canine tooth, as this provided the
best results. However, in many cases the
hunter requested the return of the skull
and so a tooth had to be removed that did
not damage its appearance. In the case of
live-captured animals the lower PM, was
the tooth removed.

2.2. Skull measurements

The removal of teeth from every live
animal captured, and the problems inherent
in decalcifying, sectioning and preparing so

many sections, made the technique im-
practical for normal use in determining age
of grizzly bears. Consequently, the use of
morphological attributes for age determina-
tion was investigated.

Marks and Erickson (1966), using
known-age black bears, showed that after
the 8th year only the suture between the
zygomatic process of the maxilla and the
squamous portion of the temporals re-
mained open, thereby allowing the skull
to increase in width. Rausch (1963) and
Mundy and Fuller (1964) demonstrated
that the age of grizzly bears as determined
by cementum rings is positively correlated
with the zygomatic breadth of the cleaned
skull.

Mundy and Fuller (1964) combined
measurements of male and female grizzlies
for analysis. However, considerable sexual
dimorphism was evident in body size of
grizzly bears in the Yukon and it was
thought that this difference might be re-
flected in skull size. Because the age deter-
mined from cementum annulations ap-
peared to be accurate, a regression analysis
was calculated from the comparison of this
determination with the zygomatic breadth
of the cleaned skull, or with the width of
the skull in live animals. This was done for
each sex separately. A correction factor was
calculated to convert the live animal mea-
surement to the equivalent breadth of the
cleaned skull. During the study, 26 grizzly
heads (19 males, 7 females) were measured
for zygomatic breadth with the hide and
flesh in place and again when the skulls
were cleaned. The width of the fleshed and
cleaned skulls averaged 94.4 per cent of the
natural head width for both sexes. This
figure was used as the correction factor in
calculating regression lines.

Rausch (1963) elaborated on the
variation in the condylobasal length of
grizzly bear skulls in North America. In
grizzlies found in the western United States
and Canada, he demonstrated a decrease in
condylobasal length from south to north.

I hypothesized that within the Yukon Ter-
ritory, or at least within the area of this

study, there could be a decrease in the ac-
tual age-specific size of the skull from south-
ern to northern Yukon and into the North-
west Territories. To determine whether
inherent differences in relative skull di-
mensions existed within the population, the
zygomatic breadth was plotted against the
total skull length for all grizzlies measured
during the study. No difference in relative
skull size could be related to specific areas.
There remained, however, differences in
skull breadth relative to age of bears from
different areas, and for that reason the

total sample was divided into subsamples
representing various regions for regression
analyses of skull breadth and age. The skull
material collected came from several areas
that formed a semicircle north and east of
the Central Yukon, and analyses of variance
were run for the various areas.

For males, the samples from the
Ogilvie, Wernecke, and Mackenzie Moun-
tains showed no significant differences
among themselves but each showed a sig-
nificant difference from southern and cen-
tral Yukon samples. However, the latter
two samples were not significantly different
from each other. The subsamples were
grouped accordingly and two regression
lines calculated for the male segment. The
regression formulae for the two samples are:
1. Ogilvie, Wernecke, and Mackenzie
Mountains
logy = 4.510008 log x — 9.29264
n=67r=0.922
2. southern and central Yukon
logy = 3.95651 logx — 8.10861
n=121,r=0.924
The regression lines are shown in Figure 7.
Male grizzlies from southern and central
Yukon have a wider skull at a particular age
than do animals from more northern loca-
tions in the Yukon or the Mackenzie Moun-
tains. There is good evidence that the trend
is reversed on the North Slope of the Yukon
but the data have not yet been analysed.

In the female segment no significant
differences were found among any of the
subsamples. All material was grouped and
a single regression line calculated (Fig. 7).
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Figure 6

Cementum annulations in grizzly teeth removed at
different times throughout the year showing timing
of deposition. (a) May 3; (b) May 23; (c) June 4;
(d) June 15; (e) June 24; (f) July 25; (g) Sept. 17

Figure 6

d

The regression formula for females is:
logy = 5.50499 log x — 11.39523

n = 129, r = 0.865.

The regression line for all females is sig-
nificantly different from both male lines.
At any age older than 2 years, males have
a significantly wider skull than females of
equal age.

Table 7 presents the predicted age
with the 95 per cent confidence limit on
the means for zygomatic breadth measure-
ments of the three sample classes of north-
ern interior grizzly bears.

The curvilinear relationship between
age and zygomatic breadth indicates that
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perhaps two regression lines would produce
a better fit of the data. From a subjective
inspection of the male sample, it appears
that a break in the growth curve occurred
at about 10 years of age. Therefore the

male sample was divided into those 10

years and younger, and those over 10 years.
Separate regression lines were calculated
for each group. The first group show high
linear correlation (r = 0.956), but the
second group demonstrate a weak relation-
ship (r = 0.277). The data of Mundy and
Fuller (1964) also appeared to divide into
two groups and a visual estimation pre-
dicted a relationship similar to ours.

Although there seems good evidence
that the growth of the skull in width does
not maintain a constant rate throughout
the life of the animal, it is not practical to
break the growth into smaller units for
the purpose of predicting age from the
zygomatic breadth. This can be demon-
strated best by an example taken from
my available data.

A formula for predicting age from
zygomatic breadth for the central and
southern Yukon sample as a whole is:
log y = 3.95651 log v — 8.10861
For the subgroup of 10 years and under:
logy = 3.43823 logx — 6.97982




Figure 6, cont’d

and for the subgroup over 10 years:
logy = 24.51975 log x — 56.09356.

Skulls were included in the data with
zygomatic breadths that measured 160,
195, 209, 218, 222, 225, 230, and 233 mm.
The linear regression equation for 10 years
and under was used to predict ages of anim-
als with zygomatic breadth of 210 mm
or less. Ages of animals with larger skulls
were predicted from the over-10-year
equation.

Table 8 shows the predicted ages for
the above eight animals using firstly the
equation derived from the entire sample,
secondly the subgroup equations and final-

ly the actual age as derived from the annuli
in the cementum of the teeth. Although a
more accurate prediction of the age of
grizzly bears under 10 years of age can be
obtained by using the subgroup equations,
particularly around 10 years of age, this
advantage is offset by a very large error
found in older animals. It is concluded that
the formula for the entire sample provides
amore suitable basis on which to predict
the age of a grizzly bear from the zygomatic
breadth.

We carried out analyses on other
skull measurements and on suture closure
to assess their usefulness in determining

age. The condylobasal length of the skull
increased with age but stopped increasing
in size too early in life to be of much value.
Rausch (1961) and Marks and Erickson
(1966) reported similar facts in black bears
in Alaska and Michigan respectively. Skulls
from grizzlies in the Yukon stopped growing
in length in the 9- to 11-year class. It was
impossible to determine age on the basis of
skull length in older animals. The cessation
of growth in length of the skull resulted
from the closure and obliteration of the
basioccipital-basisphenoid suture (Rausch
1961). In black bears in Alaska, Rausch
(1961) found that the suture was closed in
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Table 7
Predicted age from zygomatic breadth measure-
ments for northern interior grizzly bears

Ogilvie, Southern
Wernecke, Mackenzie Mtns., & and central Yukon, & All areas, 9
Zygo. Predicted 95% conf. Predicted 95% contf, Predicted 95% conf.
breadth age limit age limit age limit
(mm) (yr) on mean (yr) on mean (yr) on mean
100 0.53 0.40- 0.71 0.64 0.53— 0.77 0.41 0.31- 0.56
105 0.67 0.51- 0.87 0.77 0.65- 0.92 0.54 0.41- 0.71
110 0.82 0.64- 1.05 0.93 0.79- 1.09 0.70 0.54— 0.89
115 1.00 0.80- 1.26 1.11 0.95- 1.29 0.89 0.71- 1.11
120 1.22 0.99- 1.50 1.31 1.14- 1.50 1.12 0.92- 1.37
125 1.46 1.21-- 1.77 1.54 1.36- 1.75 1.41 1.18- 1.68
130 1.74 1.47- 2.07 1.80 1.60— 2.02 1.75 1.49- 2.04
135 2.07 1.77- 2.42 2.09 1.88- 2.32 2.15 1.87- 2.47
140 2.44 2.11- 2,81 2.41 2.19- 2.66 2.63 2.33- 2.96
145 2.85 2.51- 3.24 2,77 2.54- 3.02 3.18 2.87- 3.53
150 3.32 2.96- 3.73 3.17 2.93—- 3.43 3.84 3.52— 4.19
155 3.85 3.48- 4.27 3.61 3.36— 3.88 4.60 4.27- 4.95
160 4.45 4.06— 4.88 4.09 3.83- 4.37 5.48 5.13- 5.84
165 5.11 4.70—- 5.55 4.62 4.35- 4.91 6.49 6.12- 8.87
170 5.85 5.42— 6.31 5.20 4.92- 5.50 7.64 7.23- 8.09
175 6.66 6.20- 7.15 5.83 5.54— 6.15 8.97 8.45- 9.52
180 1.57 7.06- 8.10 6.52 6.20—- 6.86 10.47 9.80-11.19
185 8.56 7.99- 9.17 7.27 6.91- 7.65 12.18 11.29-13.13
190 9.65 8.99-10.36 8.08 7.67- 8.50 14.10 12.94-15.37
195 10.85 10.07-11.70 8.95 8.49- 9.44 16.27 14.76-17.93
200 12.17 11.23-13.19 9.90 9.35-10.47 18.70 16.77-20.86
205 13.60 12.46-14.84 10.91 10.28-11.59 21.43 18.98-24.19
210 15.16 13.79-16.67 12.00 11.26-12.80 24.47 21.41-27.95
215 16.86 15.22-18.68 13.17 12.30-14.11 27.85 24.08-32.21
220 18.70 16.74-20.89 14.43 13.40-15.53 31.61 27.01-36.99
225 20.70 18.37-23.32 15.77 14.58-17.06 35.77 30.21-42.36
230 22.85 20.11-25.97 17.20 15.82-18.70 40.37 33.70-48.36
T the 9- to 11-year class and obliterated in the  skulls of animals in the 13th year showed
able

Comparison of the age of male grizzly bears
predicted from zygomatic breadth using formula
for entire sample and formulae for sub-groups

Zygo. Age from Age from  Age from
breadth sample sub-group annuli
(mm) eq. (yr) eq. (yr) (yr)
160 4.1 4.0 4.5
195 9.0 7.8 8.0
209 11.8 9.9 10.5
218 13.9 17.6 18.5
222 15.0 27.4 22.5
225 15.8 38.1 12.5
230 17.2 65.4 19.5
233 18.1 89.8 19.5

124--year animals. Marks and Erickson
(1966) found that, in female black bears in
Michigan, the animal was at least 4.5 years
of age if the basioccipital-basisphenoid
suture was completely obliterated. Grizzly
skulls were examined and classified as to
whether the basioccipital-basisphenoid
suture was open, closed or partially closed.
Figure 8 shows the percentage of animals
in each category for various age classes. The
sexes are treated separately. It can be seen
that for males no animals in the 8th year
had closed or partially closed basioccipital-
basisphenoid sutures. At the same time no

partially closed or open sutures. It was
concluded that a male was less than 8 years
of age if the suture was open and more than
11 years if it was obliterated. Comparable
values for the female segment were less
than 7 years if open and more than 10 if
obliterated.

Three other characteristics of the
skull also showed a relationship with the
aging process. Some skulls had grossly
bulbous frontal bones which were asso-
ciated with a porous bone consistency.
When the ages of these animals were deter-
mined by cementum annulations, it was



found that the characteristic lasted until
the 4th year. No skulls from animals over

4 years showed the feature. The sagittal
crest developed with age, being absent in
animals under 5 years. Old animals showed
greater ossification of the crest but no
objective measure could be found that cor-
related accurately with age. Marks and
Erickson (1966) showed that the internasal
and nasofrontal sutures closed as black
bears aged. They found the earliest oblitera-
tion in females at 7.8 years of age and in
males at 6.8 years. The grizzly skulls were
classed as having sutures obliterated or
open and the feature was correlated with
age from cementum annulations. Figure 9
shows the percentage of skulls having open
sutures for various age classes. In males,
no sutures were obliterated in animals in
the 11th year or younger. One male of 23
years showed open sutures. In the females,
no sutures were obliterated in the 9th year
or younger and the oldest animal with an
open suture was 16 years of age. The useful-
ness of the progression of closure of the
internasal and nasofrontal suture is limited
by the great variability within the popu-
lation. A male grizzly with the sutures
closed can be classed as 12 years or older
and the female as 10 years or older. No-
thing can be said definitely at the other
extreme.

2.3. Tooth eruption and measurements
As discussed in the section dealing
with age determination from cementum
annulations, the exact month of tooth
eruption varied. However, there was never
any difficulty in determining age in years
up to the time of occlusion of all permanent
teeth. Rausch (1961, 1967) diagrammed
the sequence of eruption in black bears in
Alaska. The eruption of permanent teeth
in the grizzly proved similar but somewhat
slower than that described for the black
bear. At 8 months of age, as the animals
enter the den for winter sleep, the first and
second pairs of incisors, all premolars, and
both upper and lower first molars are in
place. At about 15 months the third pair of

Figure 7
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Figure 8
Relationship of basioccipital-basisphenoid suture
closure to age in northern interior grizzlies

Figure 7

Zygomatic [ I [T 1 I I I T 1
breadth (mm)

1260

— — Males, southern and
central Yukon —

140 —— Males, Ogilvie, Wernecke —_|
and Mackenzie Mtus.
_1_20 ——=—Allfemales
_ i
1100 -
1 T (S (S T A o A S S S Iy A S O |
0 2 4 6 8 10 12 14 16 18 20 22 24
Age (yr)
Figure 8
% animals with | I l I | I % animals with | I f l | I
sutures visible sutures visible
100 07\ n=121 9 n =103 n
[ Partially ™ Partially
= closed areas closed areas |
50 .
- _
10 _
L | | | | | [ | | | | | | | | | | | |
4 6 8 10 12 14 4 6 8 10 12 14
Age (yr) Age (yr)

27



Figure 9
Relationship of age to closure of internasal and
nasofrontal sutures in northern interior grizzlies
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incisors and upper and lower second molars
are erupting. By 18 months the permanent
canine is about the same length as the milk
tooth, the anterior half of the lower third
molar has erupted and the third pair of in-
cisors and the second molars are in occlu-
sion. In some animals, the canines and
lower third molar are in occlusion late in
the second year while in others they do not
reach occlusion until 27 months. All the
animals inspected during the third year

had all teeth in occlusion. Thus, from per-
manent tooth eruption alone, it is possible
to age animals precisely up to 1 year 8
months and even to 2 years 6 months, but
in the latter case, it is necessary to consider
tooth wear, or more precisely, lack of it, in
determining age.

The fact that the teeth of mammals
continue to erupt slowly after all are in oc-
clusion has long been acknowledged. Nu-
merous workers have attempted to find a
measure of eruption that would correlate
with age. Churcher (1960) and Macpherson
(1969) tried with the eruption of the ca-
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nines of the red fox (Vulpes fulva) and the
arctic fox (4lopex lagopus), respectively,
finding fair success in the measurement of
the dentine exposed outside the alveolus.
Rausch (1969) found a positive relation-
ship between the “exposed dentine” of ca-
nines and age in grizzly bear in Alaska. The
total length of the exposed canine was not
useful since the enamel tip underwent con-
tinual wear as the tooth erupted and, in
carnivores, the canine tooth often had the
tip broken off. Rausch (1969) speculated
that the rate of eruption was affected by the
rate of abrasion so that the total length of
the exposed canine remained constant.
Specimens with damaged teeth were omit-
ted from the samples of all the above in-
vestigations.

In a sample of 138 male grizzlies from
the Yukon, we measured the amount of ex-
posed dentine for both upper canine teeth
and plotted the average value against age
obtained from cementum annulations.
Although a positive relationship was estab-
lished between age and ““length of neck” the

variation was great, as shown in Figure 10.
Perhaps the high incidence of canine tip
damage we found in grizzlies in the Yukon
could have influenced the rate of eruption
and created the large variation. The
measurement had little value for determin-
ation of age of grizzlies.

Rausch (1969) showed that the clo-
sure of the apex of the root of the canine
was completed in the sixth summer in
brown bears in Alaska. To remove the ca-
nine tooth from a grizzly skull is a difficult
task involving some cutting away of skull
bone. In 29 specimens examined in the
present study, it was found that at 4.5 years
of age the apex of the root was barely open
and in one specimen of 5.5 years and one
of 6.3 years the root apex was fully closed.
Associated with the apex closure was the
deposition of dentine, reducing the size of
the pulp canal. In 2-year-old animals, in
which the canine was still erupting, the
largest diameter of the pulp canal measured
14.6 and 18.3 mm in two specimens. The
canal became filled rapidly after occlusion



Figure 10

Relationship of ““length of neck” of upper canine
teeth to age in 138 male northern interior grizzlies

Figure 11
Morphological variation in bacula from grizzly
bears. Key to a-g given in the text
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olds and one 4-year-old animal. It then ap-
peared to close much more slowly. Several
specimens showed a maximum diameter of
2.0 mm which was the smallest found. All
were over 15 years of age.

2.4. Baculum development

The baculum has been used as an
indicator of age in many species of carni-
vores. The earliest work was that on the
long-tailed weasel (Mustela frenata) by
Wright (1947). He only distinguished be-
tween juvenile and adult type bacula. Sub-
sequently, the classifications were refined
slightly (Friley 1949; Elder 1951; Wright
and Rausch 1955; Hamilton and Eadie
1964 ; Wright and Coulter 1967; Rausch
and Pearson 1972). The most prominent
feature was the effect of maturity on the
size of the baculum. Many researchers di-
vided their samples into immature and
mature and did so with great confidence.
From a management standpoint, this phys-

iological differentiation was important.

Nothing has been published about
the baculum of the grizzly bear. Lgng
(1970) described the growth in the baculum
of polar bears (Ursus maritimus) and con-
cluded that the weight of the bone was
useful in determining age up until the time
of sexual maturity (about 5 years). Rausch
(1961) and Erickson and Nellor (1964)
discussed the baculum growth in black
bears in Alaska and Michigan, respectively.

Wright (1950) with long-tailed
weasels and Rausch (1961) with black bears
demonstrated the influence of androgens,
particularly testosterone, on the growth of
the baculum. Rausch (1961) concluded
that the hormones influenced growth in
length less than growth in weight. Other
authors have confirmed that the sudden
increase in weight was correlated with
spermatogenesis and production of andro-
gens. The findings in grizzly bears were
similar.

Figure 11 shows seven grizzly bear
bacula, demonstrating the changes that
occur with age. In cross-section, the grizzly
bear baculum is cylindrical with a prom-
inent dorsal ridge. The proximal end is
larger than the distal even in the youngest
animals (ain Fig. 11). Growth in length
occurs slowly until it reaches 120 mm at
about the time of sexual maturity. The
proximal end is only slightly larger than
the distal end which has reached its full
size (bin Fig. 11). In one 6-year-old speci-
men (cin Fig. 11) growth appears not to
have occurred at all. The reason is un-
known although the experiments of Rausch
(1961) in castrating a black bear indicate
that something of that nature could have
happened to this animal. The great increase
in weight on reaching maturity results
from deposition of bone on the proximal
end (compare b and d in Fig. 11). Subse-
quent growth increases the massiveness of
the proximal end, accompanied by a slight
increase in length (gin Fig. 11).

Figure 12 shows the relationship
between baculum weight and age for 23
grizzly bears from the Yukon. Thereisa
marked difference between the weights of
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the immature 5- and 6-year-old class and
the 8- and 9-year-old group. One of the 5-
year-old animals has a baculum approach-
ing the mature weight with the typical mas-
sive proximal end of a mature animal (d in
Fig. 11). After reaching maturity, the ba-
culum continues to grow but at a slower
rate. The large variation that can be seen
in Figure 12 makes the weight of the ba-
culum unsuitable for age determination.
The baculum can be used only to separate
immature from mature animals.

2.5. Eyelens weight

The dried weight of the eye lens has
been used as an indicator of age in four
species of carnivores: gray fox (Urocyon
cinereoargenteus) by Lord (1961); raccoon
(Procyon lotor) by Sanderson (1961); red
fox (Vulpes fulva) by Friend and Linhart
(1964) ; and the wolverine (Gulo gulo) by
Rausch and Pearson (1972). These studies,
and similar studies on other families of
mammals, demonstrated a positive corre-
lation between lens weight and age. How-

ever, the accuracy of the measurements was

sufficient only to differentiate young from
adult animals. Friend (1967a) listed several
variables, occurring both before and after
extraction of the lens, that influenced the
subsequent weight.

Figure 13 shows the relationship
between dried eye lens weight and age in
47 grizzly bears from the Yukon. If both
lenses were available from an animal, they
were excised, fixed in formalin, dried,
weighed, and the average weight plotted
against age. All lenses were handled simi-
larly but no control was possible over the
time between death and fixation. Some
were frozen before fixation, others were
fixed fresh. Only lenses that had a smooth,
whitish-yellow surface after drying were
used. The effect of the nutritive condition
of the animal on the weight of the lens is
not certain. Friend (1967b), under experi-
mental conditions, found no significant
effect in white rats, although Friend and
Severinghaus (1967) found an effect in
white-tailed deer (Odocoileus virginianus).
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Figure 12
Relationship of baculum weight to age in 23

northern interior grizzlies

Figure 13
Relationship of dried eye lens weight to age in 47
northern interior grizzlies
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Inaspecies such as the bear, which reaches
prime condition in the autumn and is in
relatively poor condition in the spring,
there could be an annual cycle of lens
weight change superimposed on the long-
term growth curve.

The great variation in the lens
weights as correlated to age precludes the
use of this technique for determination of
age in the grizzly bear.

3.  Food habits
3.1. Introduction

One of the first aspects of grizzly bear
populations usually investigated by re-
search workers is the food habits of the
ecotype in question. Information has been
published on Montana (Martinka 1972),
interior mountains of British Columbia
(Mundy 1963), Kodiak Island (Clark 1957),
interior mountains of Alaska (Murie 1944),
Kamchatka Province of USSR (Ostroumov
1966, 1968a, 1968b; Lobachev 1966),
mountains of northeastern Siberia (Kist-
chinskii 1972), Baykal region of eastern
Siberia (Ustinov 1960, 1965), Leningrad
region of USSR (Sokov 1969), the Trentino
province of the Italian Alps (Krott 1962),
Abruzzo National Park, Ttaly (Zunino and
Herrero 1972), and Sweden (Haglund
1968).

From a review of these studies, some
general conclusions can be drawn. In no
area where the grizzly bear has been studied
does the species feed exclusively on one
particular item throughout the annual
cycle. Food items important in the early
spring are often insignificant later in the
season. The grizzly bear can utilize a wide
selection of foods ranging from a nearly
completely herbivorous diet to a heavy
dependence on animal matter. Thus the
diet varies greatly from one geographical
area to another and within areas, de-
pending upon the season and the relative
abundance of various food items.

Most workers reported that grizzly
bears fed heavily on vegetable matter im-
mediately after emergence from the den in
the early spring, although the actual type

of plant varied from one area to another.
Novikov et al. (1969) reported that bears
fed heavily on aspen leaves (Populus spp.),
Sokov (1969) found bears eating fennel
shoots, (Foeniculum vulgare) while others
reported predominant use of grasses and
roots (Clark 1957; Murie 1944; Mundy
1963; Martinka 1972; Ostroumov 1966;
Ustinov 1960, 1965). However, inter-
spersed in the literature are references to
other food items used locally by grizzly
bears during the spring to supplement or
supplant the vegetable diet for short pe-
riods. Ustinov (1960, 1965) observed brown
bears along the shore of Lake Baykal that
fed almost exclusively on newly emerged
caddis flies and fresh roe of gobies or chub
for 7-10 days in June. Krott (1962) re-
ported grizzly bears feeding heavily in the
spring on common frogs (Rana temporaria)
where they were abundant in some swamps
in the Italian Alps. And Martinka (1972),
in Glacier National Park, Montana, and
Cole (1972) in Yellowstone National Park,
Wyoming, found ungulate carrion, par-
ticularly elk (Cervus canadensis), an im-
portant food item for bears in the spring.
The findings of our study present yet
another variation in the feeding pattern
adapted to fit the peculiarities of south-
western Yukon Territory. The results are
based on 970 observations of grizzly bears
feeding, from 1964 through 1969. Addi-
tionally, 128 faeces were collected and the
contents identified. This analysis is present-

ed in Table 9.

3.2. Results
3.2.1. Seasonal changes

a. Spring (April-May)

As bears emerged in early spring they
first searched out open hill sides near the
den. The favourite food was the roots of
Hedysarum alpinum. Some animals remain-
ed on the alpine and subalpine meadows
for the entire month of May, feeding mainly
on Hedysarum but also on willow catkins
(Salix spp.) and other green vegetation,
particularly grasses, as it appeared. As the
snow cover cleared, some animals moved

down to the vegetated alluvial flats where
Hedysarum grew in abundance. The choice
of food items on these flats was the same as
for alpine meadows. Although grizzly bears
feed on carrion at this time of year if it is
available, only two cases were actually
observed, both involving moose (Alces alces
gigas) that had been killed in spring snow-
slides.

b. Summer (June—July)

During June, the bears disappeared
from the open areas. During the early years
of the study, it was thought that they were
using the heavy spruce (Picea glauca) for-
est, feeding on shrubs and herbs. During
the last two years, the animals were traced
with radio-telemetry to the upper edges of
the forest and more importantly to the sub-
alpine willow flats. Of the 108 observations
of grizzlies in June 1969, 80 were recorded
from the heavy willow zone above the tim-
ber line. Also, throughout the study, willow
occurred most frequently in faeces collect-
ed in June or, in 1965, in late May (Table 9).
As patches of grass appeared in the swales
above timber, bears were observed grazing.
Grass also occurred commonly in June fae-
ces. Early in June bears were observed feed-
ing on dry bearberries and, although they
did not appear in any of the faeces collected,
this food item could be important locally.

The pattern in early July was similar
to June although the faeces analysis indic-
ated greater feeding on grasses and slightly
reduced feeding on willow catkins. This
change may have been related to the emer-
gence of lush green grasses at all altitudes.
As the month progressed, bears began ap-
pearing along the lower edge of timber,
moving in the transition zone between for-
est and alluvial flats. As the soapberries
ripened (July 12-25), grizzlies were com-
monly observed browsing on the large
patches growing in the transition zone and
in the scrub zone on the alluvial flats. The
immediate utilization of ripe soapberries is
shown in the faeces analysis (Table 9). The
early July sample showed four faeces (50
per cent of samples) containing soapber-
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Table 9

Percentage by frequency of occurrence of food
items identified in 128 grizzly scats from the Alsek
study area. 1965 is shown separately because of
the total failure of the soapberry crop that year

Food item

No. Soap- Animal Crow-
Date scats Grass berry Roots Wasps Willow matter berry
1964, 196669
May 10 50 0 100 0 20 0 0
June 1-15 9 67 0 0 0 89 0 0
June 16-30 8 75 0 0 0 75 0 0
July 1-15 8 100 50 38 50 25 13 0
July 16-31 20 70 85 45 55 0 30 0
Aug. 1-15 19 53 90 16 21 0 21 5
Aug. 16-31 14 57 86 64 0 0 0 21
Sept. 1-15 10 0 70 90 0 10 0 10
Sept. 16-30 6 0 33 100 0 17 33 33
Oct. 1-15 8 0 25 88 0 13 50 38
1965
May 3 0 0 67 0 100 0 0
June 1-15 0
June 16-30 4 100 0 0 0 0 0 0
July 1-15 0
July 16-31 1 100 0 0 0 0 0 0
Aug. 1-15 0
Aug. 16-31 2 50 0 100 0 0 0 0
Sept. 1-15 2 0 0 100 0 0 0 0
Sept. 16-30 2 50 0 50 0 0 0 0
Oct. 1-15 2 0 0 100 0 0 0 0

ries; all four were collected between July
12 and 15. Nearly all faeces (17 of 20) col-
lected during the latter half of July contain-
ed soapberries.

The heavy use of soapberry habitat
by grizzlies was evident from our observa-
tions of bears from the ground. Our activi-
ties (trapping and daily observations) were
severely limited by accessibility, and as a
result, our travel was mainly along the val-
ley bottoms. There were 47 trap actions
and 9 observations from the ground from
July 1 to 15 over the 5-year period between
1965 and 1969 inclusive. The corresponding
figures were 102 and 77 for July 16 to 31 for
the same years. All but 15 of the 77 observ-
ations were of bears feeding on soapberries.
We made an effort to locate grizzlies in
other habitat types, perhaps feeding on

32

other sources, but our complete lack of suc-
cess indicates the relative insignificance of
other food items at that time of year. Roots
of Hedysarum, grasses, remains of wasps,
and carrion were found in faeces collected
during late July. The three faeces collected
that did not contain soapberries were com-
posed entirely of Hedysarum roots. These
roots are found in abundance on the alluvial
flats in the same areas as the soapberries.
The preference for berries, if and when
available, was supported by the fact that
later in the season after the berries had
ripened and disappeared, the bears frequent-
ed the same locations but fed almost exclu-
sively on roots.

In 1965, there was a total failure of
the soapberry crop. Grizzlies appeared at
the normal time in late July along the lower

edges of the forest zone but no bear was
seen more than once and the number of
observations was drastically lower than in
the other years. Between July 15and August
151in 1965, we observed only 12 grizzlies
(12 out of 139, or 8.6 per cent of the grizzly
observations for the year). As a compari-
son, in 1966, 25 out of 102 (24.5 per cent)
and in 1967, 54 out of 132 (40.9 per cent)-
of the grizzly observations occurred during
this period.

c. Fall (August—October)

During the first half of August, the
bears continued feeding on soapberries
along the alluvial flats. By mid-August,
however, most of the berries had dried up
or fallen from the bushes and the bears
either moved up the creek bottoms into
higher country, where the soapberry crop
was later in maturing, or moved on to the
more open alluvial islands and dug roots.
With a few local variations, bears continued
these activities until late September. Occa-
sional concentrations of crowberry, blue-
berry (Vaccinium spp.) and bearberry in
alpine regions attracted bears for short pe-
riods, although there were not sufficient
quantities on the study area to have a major
influence on the feeding pattern. However,
wherever they did grow intensively, they
were used heavily by grizzlies in September.
For example, on September 5, 1969, 16 of
21 grizzlies observed during four hours of
flying by helicopter, mainly in the area
just south but including the southern and
eastern segment of the Alsek study area,
were in the upper subalpine and alpine zone
feeding on berries. Crowberry, and more
frequently blueberry, occurred in denser
patches down the Alsek River from the
study area. The other five bears were feed-
ing on roots within the study area.

In 1965, the year of complete soap-
berry crop failure, the bears appeared
on the alluvial islands digging roots on
August 20 and continued this activity
until at least October 4. In the July 15—
August 15 period of this year we recorded
12 out of 139 (8.6 per cent) observations,



but the August 16 — September 15 period
produced 65 out of 139 (46.8 per cent) of
the year’s observations.

With one variation, roots and late
developing berries constituted the major
food source until denning. During the year,
bears were occasionally observed trying to
dig out arctic ground squirrels (Spermo-
philus undulatus) although in the rugged
mountain terrain this was seldom success-
ful. The ground squirrels, even when forced
from their burrows, usually found cover in
rocks before the bear could turn and cap-
ture them. In late September and October,
however, when the alpine areas were cov-
ered with an even, fresh snow layer, bears
were commonly found traversing large
areas digging for ground squirrels. Once
the prey was forced from the burrow on to
the surface of the snow the bears had good
success. One bear was tracked on snow for
four miles during which he dug out, cap-
tured, and ate at least seven ground squir-
rels. A further six attempts appeared to be
unsuccessful.

3.2.2. Feeding techniques

I observed grizzlies using a tech-
nique to dig Hedysarum that was slightly
different from that described by Murie
(1944) . The bear placed himself with the
plant directly in front of his body, reached
forward with one or both front paws, and
with a sweeping rocking motion pulled sur-
face soil and plant top under his body. The
long fibrous root was extracted from the
ground with the long claws of either front
foot. The claws were used to lift the root
to the mouth and one end was grasped firm-
ly between the teeth. The root was placed
against the front of either foreleg and held
there by placing the paw and claws of the
other front foot over it. The root was drawn
through this “vise” by a firm pull of the
head. The result was a white, shredded,
spaghetti-like object which was moved into
the mouth by alternate tooth and tongue
movements.

When bears were feeding on the al-
luvial flats they consumed about one root

per minute of feeding activity. In some
cases as little as 20 seconds was spent on
the entire process of digging, shredding and
eating. In the daytime a typical root digging
activity sequence was seen to last about 90
minutes. This was followed typically by

a 30-50 minute rest period and then the
sequence was repeated. However, at some
time during the day, usually early in the
afternoon, the bear scraped out a small
depression in the mud or used the cool

edge of a pond to rest for an average of 2
hours, during which he slept soundly for
15-20 minute periods broken by drowsy
activity, testing the wind, rolling or scratch-
ing. The feeding sequence often covered

an area of less than one acre on the

alluvial flats.

No descriptions of bears feeding on
soapberries could be found in the literature.
During the peak berry season in a year of
heavy crop, bears fed throughout the day.
However, a sequence similar to the root
digging activity occurred. The bears fed for
about 75-minute periods followed by 20-30
minute rests, with a major sleep of approx-
imately 2 hours at some point in the day.
Movement during feeding was sporadic.
Bears never completely consumed all the
berries on a single bush. The most intensive
feeding occurred when a bear sprawled in
the middle of a bush and systematically
stripped berries from each branch with his
lips, some leaves being ingested at the same
time. This sometimes took 10-15 minutes,
after which the bear moved leisurely to
another bush. Many berries dropped to the
ground during feeding and even without
seeing tracks this indicated a bear had fed
there.

Murie (1944) accurately described
the method used by grizzlies to hunt arctic
ground squirrels. We observed successful
captures which all followed a fairly stereo-
typed pattern such as the following. The
sow selectively removed large rocks from
around the mouth of the hole while the cub
sat watching 5 m away. Small shrubs were
also removed and the bear frequently stuck
her nose in the hole. The usual dig was a

single pawed scoop, and an occasional
double pawed thrust cleared dirt or rock
between her legs for 3 to 5 m. The bear then
stretched down into the excavation with her
head held high and reached into the tunnel
with a forepaw. Two squirrels managed to
leave the hole and were caught after a short
chase. The first was captured by mouth
after a quick pivot and a single lunge. The
second squirrel ran downhill between the
bear’s legs. The bear spun and gave chase.
Ils cub was already running beside the
squirrel but did not appear to know how to
catch it. The female rushed past the cub
and pounced on the squirrel with both front
feet. The chase took the animals at least

6 m from the squirrels’ hole. Several times
prior to forcing squirrels from the hole, the
sow turned and pursued small rocks which
she had sent rolling downhill. She chased
one rock nearly 100 metres.

Bears fed on willow catkins during
spring and early summer. If the bushes
were low, the bear fed by drawing its mouth
over the branch, breaking off the catkins
and buds. For higher branches, the bear
stood on its hind feet, reaching the catkins
with its mouth. Where branches were too
high, the bear pushed the tree over and
stood on the main branch to feed.

3.2.3. Utilization of soapberries

The correlation between grizzly oc-
currence and soapberry production was
noticed at the outset of the study. An index
of soapberry production was obtained for
the four designated vegetation plots every
year (Table 10).

In 1964, it was estimated that produc-
tion peaked about August 27 and the index
was taken on that date. In 1965, no berries
were produced so the index was again taken
on August 27. However, in 1966 when the
index was taken on August 27, some berries
had already dried and fallen from the
branches. Production that year was local
and spotty but it was thought that the index
suggested somewhat lower production than
was the actual case. From 1967 through
1969, the berries ripened earlier than in
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Table 10

Comparison of soapberry production indices for
southwestern Yukon

Plot no.

Date ! 2 3 4 Total
27.8.64 32 29 12 2% 100
27.8.65 0 0 0 0 0
27.8.66 2 0 0 1 3
28.7.67 18 24 18 18 78
22.8.67 — —_— - 12

6.9.67 3 2 1 3 9
21.7.68 14 16 11 26 67
19.7.69 10 19 14 33 76

1964 and the index was accordingly taken
in late July as the berries ripened.

The period of increase in grizzly body
weight corresponds to the ripening and
utilization of the soapberries. When the
crop failed in 1965, the grizzlies turned to
digging roots instead. Decreased body
weight indicated that this source supplied
insufficient energy, and the condition of
the animals deteriorated. However, because
the bears used a different habitat type dur-
ing 1965, too few animals were captured to
determine the extent of weight reduction.
No overwinter mortality was detected, so
the grizzlies can obviously extract sufficient
energy from roots alone to survive one
winter.

The average soapberry weighed 0.2 g,
so enormous quantities of berries had to
pass through the bear to provide the energy
necessary for maintenance plus a gain of
450 g of body weight per day, especially as
many berries passed intact through the
gastrointestinal tract.

A number of complete faeces con-
taining only soapberry matter were col-
lected. Each soapberry contained a single
large seed. The seeds were separated from
the berry pulp and each component was
weighed. The seeds were counted and the
following formula derived for calculating
the number of seeds in one faecal sample:
55.88 X w = no. seeds = no. berries,
where w is dry weight of faeces sample in g.

The average water content of ripe
soapberries was 76.2 per cent and their av-
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erage dry weight was 0.0486 g. The com-
bined weight of the seed and pulp of a berry
that had passed through the gastrointes-
tinal tract of a grizzly averaged 0.0179 g dry
weight. Thus, each berry yielded an average
of 0.0307 g dry weight of digestible matter.

The average number of soapberries
in 24 faeces consisting entirely of berries
was 20,210, which represented 620.5 g of
digestible matter to a grizzly. Observations
showed that more than 10 large faeces were
voided each day during the period of heavy
feeding on soapberries. Therefore the total
digestible matter was in excess of 6,205 g
per grizzly per day.

No information is available on the
chemical, caloric, or nutrient content of
the soapberry.

3.3. Discussion

The northern interior grizzly bear in
southwestern Yukon, although displaying
obvious characteristics of an omnivore,
functioned as a herbivore. The type of vege-
tation consumed changed with the season
but the only period when grizzlies showed
active signs of searching out a protein diet
was the late fall when they were hunting
ground squirrels.

Murie (1944) reported observations
on food habits of grizzlies in Mt. McKinley
National Park, Alaska, and concluded “‘the
grizzly is for the most part a vegetarian.”
He went on, however, to suggest that meat
would be chosen over a diet of vegetation
if it were available. This could be the case
in McKinley just as refuse and garbage may
be preferred in Yellowstone National Park
and spawned out salmon on Kodiak Island.
There are, however, indications that previ-
ous food habit experience plays an impor-
tant role in determining preferred food. As
an example, even where garbage or fish
becomes available, grizzlies that are not ac-
customed to it may remain vegetarians, fol-
lowing the emergence of each new food crop
up and down the mountains (Clark 1957).

In southwestern Yukon, it was found
that fresh meat and carrion were not espe-
cially attractive to grizzlies. On several oc-

casions, bears were seen feeding on soap-
berries in close proximity to bait stations.
In most cases, the bear finally took the
meat, but only after gorging berries. Clark
(1957) found that on Kodiak Island, griz-
zlies appeared to be more attracted by ripe
berries than by fish, indicating a herbivor-
ous tendency. The importance of previous
food habit experience was pointed out by
Novikov et al. (1969) when discussing griz-
zly depredation in Leningrad Province of
the USSR. He reported that such conflicts
resulted from specific individuals and that
the problem could be solved by removal of
the offending animal.

I conclude that the grizzly is a true
omnivore, capable of utilizing any food
item but concentrating on those that occur
in sufficient quantity to provide the neces-
sary energy input. The quality and quantity
of the available food items are important in
determining the growth and development
of the animal and the great variation in size
of grizzlies throughout the world can be
related directly over a long time span to the
energy supply within the ecosystem.

4. Reproductive biology
4.1. Introduction

Within the past decade, several pa-
pers have been published about the repro-
ductive biology of the Ursidae. Murie
(1944) was the first to report on breeding
dates for grizzly bear in Alaska. Recent
studies partially confirm Murie’s report that
breeding takes place in the spring and early
summer and that grizzlies presumably mate
every two years or sometimes at longer in-
tervals. Erickson et al. (1968) reported on
the breeding biology of the male brown
bear based on examination of reproductive
tracts of 127 animals from coastal Alaska.
Craighead et al. (1969) published a compre-
hensive treatise on the reproductive biology
of female grizzly bears from Yellowstone
National Park. Their data described the
situation for the southern interior ecotype
of brown bear. Hensel et al. (1969) dis-
cussed reproduction in the coastal bears

inhabiting Kodiak Island, Alaska. Most of



the previous work concerned the European
brown bear and the American black bear
(Dittrich and Kronberger 1963; Rausch
1961; Wimsatt 1963 ; Erickson and Nellor
1964; Jonkel and Cowan 1971).

4.2.  Gross description of ovaries and
female reproductive tract

Generally, the reproductive tract of
the female northern interior grizzly bear
differs only in size from that of the black
bear (Erickson and Nellor 1964) and the
coastal grizzly (Hensel et al. 1969). The
body of the uterus averages 50 mm in
length and splits into two uterine cornu
that, in the unbred adult, are approximately
150 mm long. Considerable variation oc-
curs depending upon the stage of the repro-
ductive cycle and the age of the animal. The
uterine cornu increase in circumference
prior to the breeding season mainly as a
result of a substantial increase in the longi-
tudinal folds of the internal mucosa.

Early in June our study showed that
the vulva increased several times in size,
returning to non-breeding size in late July.
The ovaries increased in size on attainment
of sexual maturity but there were also
changes correlated with the phases of the
reproductive cycle. Placental scars were
obvious in freshly prepared material but
soon faded when placed in formalin preser-
vative. The placental scars were evenly dis-
tributed between the cornu and usually oc-
curred about 50 mm from the distal end of
the cornu or the bifurcation of the uterus.

4.3. Gross description of male reproduc-

tive tract

Erickson et al. (1968) described the
gross features of male reproductive tracts in
detail. The observations made during the
present study agree closely with their find-
ings. The right and left testis showed con-
sistent agreement in weights regardless of
the age of the animal or the stage in the re-
productive cycle. The weight of a testis
from an immature bear was approximately
10 g. Variability was found in the resting
weights of testes from mature bears outside

the breeding season. The lightest recorded
weight was 20.3 g for a testis from an animal
in a pre-breeding condition. Single testes of
other animals, judged to be in a pre-breed-
ing condition both from the date of death
and from histological examination of the
testes, weighed up to 70 g. The largest testis
was from an animal taken on May 27 and
weighed 106 g. Other animals taken at the
height of the breeding season had single
testis weights of as little as 72 g. Testis
weights from animals in a post-breeding
condition varied from 23 to 61 g. Histo-
logical examination of the testis was neces-
sary to ascertain the breeding condition of
the animal with certainty. An annual cycle
in testicular weights was found, but varia-
tion between animals was too large for this
technique to be used alone in determining
reproductive status.

4.4. Breedingseason

The specimens of grizzly reproduc-
tive tracts were obtained almost entirely
from animals killed by sport hunters. For
this reason, it was difficult to obtain materi-
alin June or July when reproductive acti-
vity was at its height. Animals killed from
April 28 to May 26 showed varying stages
of pre-breeding condition. The seminif-
erous tubules appeared with (Fig. 14a)

and without (Fig. 14b) distinct lumina and
occupied, in gradations, the major portion
of the mass of the testes. Before May 22

the epididymis did not contain spermatozoa.
The tubules were filled with cellular
material and the fibrous tissue surround-
ing them was prominent (Fig.14c¢). An
animal collected on May 22 was the first

to show spermatozoa in the epididymis

and it appeared that the animal was very
near the productive state. Animals collected
on May 27 and June 1 both displayed
characteristics of mature animals at the
height of the breeding season. The semi-
niferous tubules were bulging and filled
virtually all of the testis. Lumina were
visible (Fig. 14d). The tubules of the epi-
didymis were filled with a packed mass of
spermatozoa (Fig. 14€). An animal collected

on August 23 showed similar signs of be-
ing at the height of the breeding season.
However, by September 3, characteris-

tics of a post-breeding state appeared. The
seminiferous tubules were relatively empty
of spermatozoa and the epididymal tubules
were empty and surrounded by connective
tissue similar to a pre-breeding condition.
The lumina of the seminiferous tubules be-
came closed with large, clear cells. The tu-
bules appeared collapsed and inter-tubule
spaces were obvious (Fig. 14f).

By September 22, the reproductive
organs were in a resting state. The semi-
niferous tubules had completely degenerat-
ed and were occupying a small portion of
each testis. The degeneration of the tubules
left open spaces, not yet filled by fibrous
connective tissue (Fig. 14g). At a later stage
of testicular rest the area between semi-
niferous tubules became completely filled
with connective tissue, seen in a specimen
collected on December 5 (Fig. 14h). During
that stage the epididymis showed greatly
reduced tubules surrounded by heavy con-
nective tissue (Fig. 14i).

The condition of a sexually immature
animal was similar to that seen in the rest-
ing mature stage. The tubules of both the
testis and epididymis were atrophied and
nearly solid, surrounded by heavy connec-
tive tissue (Fig. 14j-k). There was no
change during the annual cycle.

Information about the female re-
productive cycle was limited by the lack of
good specimens. It was difficult to instruct
hunters how to remove and preserve the
necessary organs. During the study only 19
reproductive tracts were examined. The
ovaries of two animals killed on May 16
and June 8 showed large developing folli-
cles, in both cases bulging on the surface of
the ovary. The ovary of an animal killed on
June 14 contained a recently formed cor-
pus luteum. No blastocyst could be re-
covered nor could the ovary be examined
histologically because of deterioration. The
majority of the animals inspected were
killed from August 14 through October
21. All mature animals that showed re-
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Figure 14
Seasonal histological changes in the testis and

epididymis of grizzlies in southwestern Yukon.

See text for explanation

Figure 14
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Figure 14, cont’d
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productive activity during that period had
corpora lutea in the ovaries and unimplant-
ed blastocysts in the uteri. As late as Octo-
ber 21, unimplanted blastocysts were re-
covered from the uterus of a bear that had
already denned for the winter.

Observations of free-roaming grizzly
bears in southwestern Yukon confirmed the
general timing of the reproductive cycle.
The bears normally stayed in the forest and
subalpine zones during this period and the
opportunity for observation was limited.
However, 12 observations of male-female
associations with sexually aggressive male
behaviour were made from May 21 to July
16. Even when the grizzlies appeared on
the open valley bottom about the last week
of July to feed on berries, we did not ob-
serve a single case of complete copulation
during the 6 years of the study. As late as
September 21, a male grizzly showed at-
tention to a sow but the latter did not toler-
ate the approaches and the association was
quickly discontinued.

Enders and Leekley (1941), studying
marten (Martes americana), were the first to
show the correlation between vulvar swell-
ing and the approach of estrus. We record-
ed the condition of the vulva from live-
captured female grizzly bears. The vulva of
one sow captured on May 20 and accom-
panied by a boar had a normal anestrus ap-
pearance. This condition, plus the fact that
the boar deserted immediately on hearing
the helicopter, indicated that the female was
not in estrus. An animal trapped on May
25 showed slight vulvar swelling. Females
captured on June 5, June 30, and July 13
showed a great enlargement of the vulva. In
one case a boar tried to stay with the sow
even with the helicopter hovering overhead.
Two sows captured on August 4 and August
19 showed normal vulvar condition.

Follicular development within the
ovaries of grizzly bears had commenced as
early as May 16, and by May 25 the vulva
showed some swelling. The males showed
sexual behaviour as early as May 21 and
spermatozoa were presentin the epididymis

on May 22. The height of the breeding sea-
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son was during June and early July, as evi-
denced by maximum vulvar swelling in
females and heavy spermatogenesis in the
testes of the males. The cessation of breed-
ing was not clearly delineated but vulvar
swelling had receded by August 4 and no
follicular activity was observed in ovaries
taken on or after August 14. Unimplanted
blastocysts remained inactive for at least 4
months and did not implant immediately
even when the animal denned for the win-
ter. This information agrees closely with
that presented by other workers (Ustinov
1960; Craighead et al. 1969; Hensel et al.
1969; Sokov 1969) and indicates that the
timing of the reproductive cycle in grizzly
bears does not vary significantly from one
geographical location to another.

The only reference to the gestation
period in grizzly or brown bears was by
Dittrich and Kronberger (1963) who stated
it varied from 194 to 298 days. If we assume
June 5 is the date of ovulation and fertili-
zation and February 1 is the birth date, a
gestation period of 251 days is indicated. If
the February 1 birth date is accurate, the
251 days is probably the maximum gesta-
tion period, and breeding that occurs after
June 5 will reduce the period accordingly.
Since all breeding has apparently finished
by August 4, the minimum gestation period
is probably about 189 days.

4.5. Minimum breeding age

Erickson et al. (1968) estimated that
male grizzly bears reach pre-puberty in their
4th year and become sexually mature at 4.5
years of age. They were, however, handi-
capped by the lack of known-age specimen
material. The limited information on known-
age animals available in this study supports
previous findings that no animals of 3 years
or under displayed active production of
spermatozoa. On the other hand, two ani-
mals showed signs of being in a pre-breeding
condition at 5.25 years of age and would in
all probability have produced viable sperma-
tozoa during the breeding season of their
Sth year. In the section about development
of the baculum, it was reported that one

5-year-old animal showed a rapid increase
in baculum weight correlated with sperma-
togenesis. However, two others in that age
group and two 6-year-olds had bacula cha-
racteristic of sexually immature animals.
No animals 8 years or older had immature-
type bacula. All the evidence shows that
male grizzlies in the Yukon reach sexual
maturity between the 5th and 7th year of
life.

Craighead et al. (1969) found that the
earliest sign of sexual maturity in a female
grizzly was at 4.5 years of age in the grizzly
population in Yellowstone National Park.
Some of their animals did not produce their
first litter until 9 years of age. Hensel ez al.
(1969) reported successful conception in
3-year-old Kodiak bears. A growing accu-
mulation of data indicates that the mini-
mum breeding age in black bears depends
upon latitude and nutritive status. The
youngest black bear reported to have given
birth was a 3-year-old captive animal
(Stickley 1960). Baker (1912) and Rausch
(1961) reported successful breeding in
captive black bears at 3.5 years of age.
Rausch (1961) concluded that the captive
animal was physiologically equivalent to a
wild bear of much greater age. However,
Erickson and Nellor (1964) recorded suc-
cessful breeding of known-age wild black
bears in Michigan at 3.5 years of age. On the
other hand Rausch (1961) reported that a
black bear kept captive but with regular
denning periods bred first at 6.5 years of
age, and Jonkel and Cowan (1971) reported
black bears in Montana that reached sexual
maturity at 4.5 years of age but did not
successfully raise litters before 6.5 to 7.5
years. Both authors ascribed this late mini-
mum breeding age to nutritive status. How-
ever, it is possible that the heavier morta-
lity from hunting in Michigan elicited some
compensating natality mechanism that re-
sulted in the earlier successful breeding.

In the Yukon neither known-age ob-
served animals nor specimen material ex-
amined from hunter-kill indicated a female
that was pregnant or in estrus at under 6.5
years of age. Two females known to be 5.5



years of age were seen in the company of
males during the breeding season but they
presumably did not conceive, since they
were not accompanied by young the follow-
ing summer. Three females were known to
breed first at 6.5 year of age. Two of these
successfully conceived litters; the other,
subsequently killed, had corpora lutea pre-
sent in the ovaries. Three other females
were observed through the 7th year of age
but were not accompanied by young, and
therefore had not successfully conceived at
6.5 years of age. These three animals were
not observed in the 8th year so it is not
known if they bred successfully at 7.5 years
of age. Three further animals were observ-
ed to have bred first at 7.5 years of age, in-
dicated by the presence of a litter during the
8th year. One animal was observed to have
bred successfully for the first time at 8.5
years of age.

Very little information is available on
the age when successful breeding ceases. In
one instance, a female 24.5 years of age was
observed to be in estrus, evidenced by a
swollen vulva. The same animal was known
to have successfully weaned a 2.5-year-old
cub earlier the same year.

4.6. Litter sizes

Previous studies have shown average
litter sizes of two or slightly more cubs for
grizzly bears throughout the world. Lentfer
(1966) recorded an average litter of 2.19
bears on the Alaska Peninsula. His observa-
tions included cubs of the year and year-
lings. Hensel et al. (1969) reported on litter
size in the species on Kodiak Island, Alaska.
They divided their information into females
with cubs, females with yearlings, and a
combined class of females with litters. For
the combined observations, the figure of 2.1
young per litter agreed closely with the
value from the Alaska Peninsula. The ob-
served mean litter size was 2.23 for females
with cubs and 2.00 for females with year-
lings. The mean corpora lutea count was
2.10 per pregnant female. On a concentrat-
ed study area in the Kodiak National Wild-
life Refuge the mean litter size was 2.36 for

cubs, and 2.17 for yearlings (Troyer and
Hensel 1964). Mundy and Flook (1973) re-
corded a mean litter size of 2.0 in both cub
and yearling groups in Glacier National
Park, B.C. Martinka (1971) reported aver-
age litter size was 1.7 for cubs and 1.8 for
yearlings in Glacier National Park, Mon-
tana. He noted that the reported yearling
litter size was larger than that of the cub
owing to easier observation of complete
yearling litters. The cub litter size was
therefore underestimated. Zunino and
Herrero (1972) reported cub litter size of
2.00 per female in Abruzzo National Park,
Italy in 1970. The only mention of litter
size in the USSR was for the Province of
Leningrad where the average number of
embryos was 3 and the average number of
cubs was 2.1 (Novikov et al. 1969). These
authors reported a high juvenile mortality,
the average yearling litter being 1.2. In that
aspect the North American figures differ
from these estimates.

Nine female reproductive tracts of
grizzlies from the Yukon Territory con-
tained 17 corpora lutea, giving a mean
ovulation rate of 1.9 per female. On the
study area in southwestern Yukon for a
stable non-hunted population, 11 observa-
tions of sows with cubs of the year totalled
19 cubs or 1.7 cubs per female. For 11 year-
ling litters observed, the figure was 16, or
1.5 yearlings per female. In some cases the
same litter was recorded in consecutive
years, first as a cub and then as a yearling
litter. The combined litter size was 1.6
young per litter. These figures show the
lowest litter size so far recorded for grizz-
lies in North America.

4.7. Frequency of litters

We found the normal interval be-
tween litters in the Yukon Territory to be a
minimum of 3 years. The exception to this
occurred when the previous litter was killed
prematurely, and breeding occurred again
in less than 3 years. We never observed
normal weaning before the young were 2.3
years of age. In one case there was an inter-
val of 4 years between successful breedings.

One litter, although aged 3.7 years, re-
mained with the mother and presumably
they denned together for a fourth time that
autumn.

The mechanism controlling estrus
in bears is poorly understood. We observed
slight lactation in females accompanied by
yearling animals, which could have pre-
vented the sow from going into heat. In two
cases, the activities of human intruders
separated a sow from her yearling young; in
both cases the female was observed in the
company of a bear within two weeks of the
separation.

4.8. Lactation

All the females captured in the pre-
sent study that were accompanied by year-
lings showed some lactation. It was difficult
to extract milk from the mammary glands
of those animals and in no instance were
yearlings observed to suckle. Hensel et al.
(1969) reported that 9 of 10 females with
yearlings inspected in July and August
showed lactation, although at greatly re-
duced levels from those accompanied by
cubs.

One sample of grizzly bear milk was
extracted from a female accompanied by a
yearling. The milk contained 37 per cent
fat, somewhat higher than milk obtained
from polar bears, although no general as-
sumption can be made on the basis of such

a small sample (Cook et al. 1970).

5. Behaviour
5.1. Behaviour of female to young

Two types of behaviour were observ-
ed in female-to-young interactions. One in-
volved a defensive reaction and was strong-
ly related to the intensity of the sow—young
bond. The other was instructional, related
to life-sustaining activities.

The bond was greatest immediately
after emergence from the den, and remain-
ed high through most of the first summer.
As noted in the section on activity and
movements, they sought out remote and
inaccessible areas and avoided contact with
other grizzlies. During this period, the sow
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remained solicitously with the cub. When
approached closely by a helicopter, the sow
ran no more than 6 m ahead of the cub be-
fore stopping, waiting for it to catch up, and
making aggressive gestures at the aircraft.
She often positioned the cub beneath her
abdomen and moved slowly and menacingly
away from an intrusion. Movement was al-
ways uphill toward more rugged rocky areas.
In only one case was the strength of pro-
tectiveness tested to the breaking point. A
cub was captured in a trap in mid-June and
the sow was present when we arrived. The
sow remained beside the cub until we ap-
proached openly to within 40 m; she then
attacked but quickly broke off the rush
when we retreated. She returned to the cub
and awaited another approach. This hap-
pened eight times, and each time the work-
ers made a lot of noise by shouting, firing
weapons in the air, and lobbing exploding
shell-crackers in the direction of the sow.
After the eighth approach, the sow moved
slowly away from the cub and disappeared
behing a ridge. She was not observed again
even though the cub bawled incessantly
while we weighed and measured him. The
sow and cub were not reunited subsequent
to the capture.

By the first autumn, a different re-
action was observed when a sow and cub
were approached by a helicopter. The sow
rushed blindly away as far as 50-60 m
before stopping. After sighting the cub,
which followed her as best he could, she
would then flee again.

During the yearling year, the sow—
young bond was greatly reduced. When
harassed by aircraft, the sow sought im-
mediate escape for herself, generally into
heavily timbered areas. The yearlings were
left to escape by themselves, resulting in
the escape and reunion pattern described
in activity and movements section.

Seven yearlings were caught in traps
and in only one case was the sow even seen
near the site. This particular sow was an
aged animal that made three or four charges
at the approaching truck before being
driven off.
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Six cases were observed of sow-
yearling pairs denning together, while no
yearlings were captured or observed sep-
arate from the sow. Upon emergence in the
third spring, the sow—young bond was
quite loose. In a case followed closely by
radio-telemetry, two 2-year-olds often
fed several hundred yards from the sow,
but the group was reunited sometime each
day until late May. The young were ob-
served with the sow on May 21 but had
separated on May 24. The group thus
gradually drifted apart. The 2-year-olds
remained separate from the sow even
though there was no boar in evidence.
Three cases were recorded of 2-year-olds
being with the sow late in the season. It
is possible that continued association re-
sulted due to either the lack of a boar
during the breeding season or lack of
subsequent conception.

Two cases of sibling 2-year-olds
maintaining a loose association after wean-
ing were observed during the study. In one
case, the young were observed separately
for as long as 4 days before reuniting.

Yet upon contact there was no aggression
by either young and frolicsome play ensued.

The attachment of weaned young to
the maternal home range is covered in the
section on movements.

In normal activity, the responsibility
of maintaining contact is chiefly that of the
young animal. Even in rough rock areas,
the sow moves slowly and steadily. How-
ever, whenever the cub shows anxiety by
emitting a loud bawl, the sow pays immedi-
ate attention. She stands on her hind feet
to regain visual contact and finally replies
with alow “whoof”” which orients the
young in her direction. After such a separa-
tion, the pair are generally not satisfied
with visual contact; the sow waits for the
cub to catch up with her, whereupon it
raises its head under hers and the sow
stoops and touches noses, which appears to
satisfy them both.

The young watch the sow gathering
food, and by the time they are yearlings can
actively and successfully dig roots, chase

and capture excavated ground squirrels,
and eat berries and willow catkins.

The type of food preferred by grizz-
lies shows indications of being a trait learn-
ed from the sow, and of being interrelated
with the presence of the animal in a specific
area at the time the food was present. For
example, one area with abundant crow-
berries was visited often by a sow—yearling
pair. The only other time we observed a
grizzly feeding there was when the year-
ling used it alone when 3.5 years of age.

It is possible that the same process of
learning the location of food sources from
the parent is critically important in the
problem of grizzly bears and garbage or
camps.

In six cases, young grizzlies, after
they were weaned, were observed to den in
the same general area they used when
they were with the parent. One young male
denned twice, but not in consecutive years,
on the same hillside (Fig. 18). Unfortunate-
ly, the maternal denning site for that animal
was not known. It may be that the learning
process during the extended period of
maternal companionship is of great im-
portance to the eventual survival of young
grizzly bears.

5.2.  Agonistic Behaviour

The existence of the ability to form

a hierarchical social structure has been
shown for grizzly bears under certain con-
ditions (Hornocker 1962). There is no
doubt that a dominance hierarchy tends to
reduce actual fighting within a population
(Tinbergen, 1953). Jonkel and Cowan
(1971) described the various agonistic ac-
tions found in a naturally occurring popu-
lation of black bears. The extent of the de-
velopment of such actions indicated a high-
ly developed social structure and an intra-
specific communication system functioning
to reduce physical contact. Stonorov and
Stokes (1972) described in detail the differ-
ent components involved in agonistic be-
haviour in grizzly bears.

During the breeding season, the
presence of fresh wounds—some heavily



infected—found on most large males cap-
tured indicated considerable fighting within
the mature male segment of the population
(Pearson and Halloran 1972). We did
observe actual fights but at that time of
year grizzly observations were few.
Hornocker (1962) noted an increased ag-
gressiveness in males during the breeding
season but in the Yellowstone National
Park the dominance hierarchy was accentu-
ated at the same time. The formation and
maintenance of a dominance hierarchy re-
lies on frequent contact between members
to reinforce the positions of individuals. In
the naturally occurring population of
southwestern Yukon the avoidance reaction
of grizzly bears tended to minimize physical
confrontations and to inhibit the formation
of arecognized hierarchy, at least among
adult males. However, the aggressiveness
exhibited during the breeding season result-
ed in the breaking down of the avoidance
reaction and the increasing of physical con-
tact. The continual fighting shown to be
necessary to form and maintain a domin-
ance hierarchy in Yellowstone National
Park developed only as a consequence of
direct conflict for a sow in estrus in the
natural population of southwestern Yukon.
Agonistic contacts were generally
atalow level of intensity on the study area.
They resulted from a violation of an indi-
vidual grizzly’s critical distance (see section
on activity). We observed situations where
both physical contact and display were used
in cases of such violation and where display
alone served to decide the conflict.
Agonistic behaviour did not always
involve physical contact to settle a chal-
lenge. Nor, when strange bears met, did the
initial reactions always explicitly define the
dominance status of the animals involved.
A typical encounter involving both ele-
ments went as follows. A small blonde grizz-
ly charged a large brown one which fled for
about 45 m. When the brown grizzly turned
to face the charge, the blonde animal stop-
ped 6 m away. After facing one another with
heads lowered for 15 seconds, the brown
bear charged and the blonde one fled. Just

as the brown bear was about to overtake it,
the blonde stopped abruptly and wheeled
about. The brown one stopped short and
the bears faced one another about 1.5m
apart with heads lowered. Only head move-
ments were observed for 20 seconds. The
brown grizzly turned slowly and began to
feed on soapberries. The blonde bear re-
mained perfectly still until the brown one
had moved about 50 m away. Then the
blonde animal began feeding on the nearest
berry bush. The animals fed for about 25
minutes, 200-300 m apart. Finally the
blonde bear moved to within 100 m of the
brown animal which turned with lowered
head and purposefully faced the blonde.
The brown then took one or two slow stiff-
legged steps forward and the blonde turned
and fled. The brown pursued until it nearly
caught the blonde, and the confrontation
sequence was repeated.

Not all conflicts between bears were
without mortality to one of the animals.
Although the conflict was not observed, one
instance was recorded of a large boar dig-
ging a mature sow out of an exposed den
and killing her. I postulated that in this
instance there was intense competition for
a denning site.

Only one case was recorded of one
grizzly killing another during what should
have been a low intensity confrontation.
The victim, found on August 22, was dis-
covered about 1,370 m from where it had
been captured and tagged on July 27, and
found to weigh 73 kg. It is possible that the
animal was killed while still under the
effects of the immobilizing drug our team
had administered. About 216 hours after the
drug was administered, the animal was able
to raise its head, and the team left the area,
with the bear resting peacefully. We ex-
pected, as in other observed instances, that
the animal would remain resting until fully
recovered. Tracks indicated that the bear
had moved 1,400 m and crossed Beachview
Creek, a 5-m wide, very turbulent moun-
tain stream. It is probable therefore, that
the fight occurred after the animal had full
control of its faculties. Death was caused

by several crushing bites to the head. The
entire skeleton was collected. Other injur-
ies observed were a hole in the hide be-
tween the shoulders and damage to both
scapulae. The right scapula was bitten and
fractured. The dorsal end of the left scapula
showed multiple fractures and several
pieces could not be found.

The fact that the encounter had oc-
curred on a large, partially vegetated gravel
wash enabled us to backtrack from the car-
cass and reconstruct the fight. Tracks indi-
cated that both bears emerged from the
bushes along the edge of the gravel flat. The
site of the first struggle was evident from
the disturbed gravel and large bunches of
hair on the ground. Several metres away the
site of a second struggle showed hair and.
for the first time, blood on the ground. From
there, blood and hair were both present at
each struggle site. The injury to the sca-
pulae of the victim would have seriously
impeded his movement. However, no sign
of crawling or dragging was seen on the
gravel, and it was impossible to determine
precisely where this injury occurred.

During this period of the year, late
July through August, the bears were feed-
ing on soapberries and digging roots on
the alluvial lowlands. Several intra-specific
encounters, as described earlier, were
observed but none were of high intensity.
Each observed encounter involved some
biting and much parrying with the forelegs.
The skirmishes often ended when one
bear fled and the other pursued only briefly,
after which both bears apparently fed
placidly a few hundred metres apart. No
bears captured during this period showed
fresh wounds that could have resulted from
fighting.

However, if one bite should inflict a
crippling blow, such as crushing of the sca-
pulae, the bear might appear vulnerable to
an opponent. Alteration of the normal ag-
gressive-submissive agonistic behaviour
pattern found in grizzly bears (Hornocker
1962; Stonorov and Stokes 1972) could ex-
plain the unusual intensity of the battle
described above.
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5.3. Behaviour of grizzly to human

A definite learning process was ob-
served in grizzly reaction to traps and
harassment by helicopter. There appeared
to be different learning capacities among
individuals.

Two adult males, both trapped several
times, showed evidence of learning to re-
cognize and avoid traps. In consequence
they were able to raid the cubby sets most
successfully.

The general pattern of learning was
first to avoid approaching the bait from the
front of the cubby. A specific method was
employed; either tearing away the side of
the cubby or squeezing through the ob-
struction. At this stage the bear could usu-
ally be caught by placing a trap where it
approached the set.

The second lesson learned was to de-
tect the presence of the trapping device
itself. The bear often threw litter on to the
trap, springing it and making the device
ineffective. One bear actually picked a set
trap out of the ground and dragged it to the
end of the cable where it was out of the way.
The animal then devoured the bait.

There was some indication that the
presence of a set and bait caused the bears
to expect a trap. One animal that became
nearly impossible to capture was eventu-
ally taken in a trap set blindly along a bear
trail without bait or guide barriers.

We observed that some animals as-
sociated the helicopter with capture.

After having been harassed and captured
the first time, grizzlies would subsequently
react by running in panic as soon as the
machine was heard. The reaction was most
intense if the bear was surprised in an
open area.

One adult male that had previously
been pursued and captured by helicopter
fled into a heavy growth of willow when
chased a second time, and could not be
forced out. It was necessary to approach on
the ground and dart the animal in the
shrubs. Anether animal was located by
radio-telemetry, apparently on a large al-
pine meadow. The source of transmission
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was determined to be a small stand of dwarf
willow on the meadow. The bear could not
be seen and since it was difficult to believe
that it could be concealed by the few shrubs
involved, we thought that the collar might
have been shed in the area. However, the
animal had been hiding in the brush, and
after prolonged hovering a few metres off
the ground and raking the bushes with the
skids of the machine, it was finally forced
from cover.

The reactions of grizzlies to the pres-
ence of humans were observed under a vari-
ety of conditions. Grizzlies generally moved
with little alertness to their surroundings,
and it was relatively easy to approach free-
roaming animals. The grizzlies’ position as
the dominant species, at the top of the food
chain, may be the origin of this character-
istic. However, the species still possess a
keen physical ability for detection of the
presence of humans by scent or other
stimuli such as a strange noise, an un-
natural image or amovement.

The first reaction of a grizzly to such
a stimulus was to stand upright with ears
erect, moving the head back and forth and
sniffing the air. Obviously all senses were
working in the attempt to identify the stim-
ulus. However, it was concluded that the
grizzly relies on smell for final and absolute
identification. Four cases were observed
where the direction of the wind prevented
bears from identifying a scent, and where
visual and aural identification were not pos-
sible. In these situations the animal moved
cautiously in a circle until the scent was
obtained. We observed more than 10 in-
cidents where, after human scent had been
identified, the grizzly retreated hastily.
There were three cases where the grizzly re-
treated with only visual or sound identifica-
tion. In two cases where young were caught
in traps, the sows attempted to drive away
the humans, but did not press the attack
when the humans withdrew a short dis-
tance. One sow attacked a student on a
motorcycle when he approached too close
to her and her yearlings even though none
of the young were captured. The student

may have inadvertently come between the
sow and one of her young.

I postulated that aggression by griz-
zly bears towards humans resulted from
a defensive mechanism. The intensity of
the aggression was related to the type of
threat posed to the grizzly, resulting in
three possible defence situations; response
to a violation of individual distance; protec-
tion of young; or defence of a possession
such as food supply or den. Each situation
provoked degrees of aggressive behaviour,
with the first and second posing the greatest
hazard to humans. The greatest degree of
aggression was created when a grizzly was
wounded by a man whose whereabouts was
known to the bear and where no obvious
escape route was available. The lowest level
was when a grizzly became aware of a
man but had ample time and distance to
retreat undetected. All levels inbetween
occurred.

Aggression resulting from protection
of young was related to the intensity of the
sow—young bond as well as to the possibility
of escape from the threat. It was shown
earlier that a sow with a very young cub
displayed greater protectiveness than one
with older offspring. A sow and cub with
no escape route could be expected to display
a high degree of defensive aggression.

Cases of aggression to defend food
supply or den have been reported verbally
and in popular literature. We observed one
instance of a mature male attacking a
human near a food cache. However, the
grizzly had not identified the cause of the
intrusion at the time he charged. Once the
intruder was recognized as a human, the
bear retreated.

6. Activity and movements
6.1. Daily activity patterns

Throughout most of the year, the
daily activities and movements of grizzlies
were associated with the gathering of food.
The one exception could possibly have been
during the breeding season. Even then,
however, observations indicated that the
female continued to search for food and



the male followed her, so that, even if he
did not move specifically to feed, his activ-
ity and movements were governed by the
food search of the female. Similarly, a sow
with cubs continued to search for food
throughout the daily cycle. Thus the cubs,
although engaged in play and simple ex-
ploration rather than direct food gathering,
still had their activity and movements gov-
erned by the quest for food. The other
major activity during the day was rest and
sleep.

During the daylight hours, it was
possible to determine the activity level by
direct observation of bears feeding on the
alluvial flats or alpine meadows, although
as pointed out in the section on food habits,
this was only possible during May, early
June, late July, August and September.
However, observations from aircraft sur-
veys during the June and July breeding
season indicated that the daily rhythm did
not change significantly. The level of noc-
turnal activity, obtained by comparing day
and night incidence of trap disturbance,
also indicated no change throughout the
year.

The results of the present study are
similar to those reported for the Alaska
Peninsula by Erickson and Siniff (1963).
Grizzly activity in the early morning was
moderately high, interrupted only by short
rest periods described in the section on
food habits. Activity dropped from approx-
imately 11:00 a.m. until 3:00 p.m.We ob-
served some active bears during this period
but many more observations were made of
bears resting or sleeping, particularly in
the late autumn when the animals were
digging roots on the alluvial flats and resting
in plain view on the gravel or mud beaches,
Activity increased in the late afternoon
and reached a peak at dusk.

The number of trap disturbances
after dark was greater than during daylight
hours. Of 94 captures, only three were
made during daylight, indicating that the
markedly increased activity observed at
dusk continued for at least part of the night.
There was also evidence that animals

moved farther during the dark. We often
followed tracks made during the night for
many miles along the trails. Very few cases
of movement of this magnitude were ob-
served during daylight. Bears observed
feeding during daylight often moved no
more than a few hundred metres over a
span of 12-16 hours. In several instances,
these same bears appeared in traps the next
morning several miles from where they
were observed at dusk the preceding day.

Old males seemed to spend more time
resting than younger animals. They fed
more purposefully and rested more often.

The few observations of sows with
young indicated that they followed a similar
daily pattern. However, they spent less time
in one place and moved more during the
daylight hours when they were feeding in
the area of grizzly concentration along the
valley floor. When the sow—young com-
binations were dispersed in the alpine areas,
it was observed on several occasions that
they spent up to 2 weeks within an area less
than 500 m across. I postulated that their
frequent movements on the valley floor
were related to uneasiness over protection
of young in the presence of other bears.

Bad weather curtailed the bears’
activity. Capture success was poor during
rainy periods, and fewer bears were ob-
served feeding in the open.

6.2. Seasonal movements
6.2.1. Home range

Considerable discussion has centred
on the definition of home range and ter-
ritory. Etkin (1964) discussed the problem
and concluded that ““the distinction be-
tween home-range and defended territory
is not an absolute one.” Hornocker (1969)
adopted Etkin’s terminology and used “ter-
ritory” to describe what mammalogists
have generally termed “home range.”
These authors made it a point to refer to
“defended territory” if aggression towards
others was involved. The term “home
range’’ will be used in this paper to define
that area covered by an animal in its normal

daily routine (Burt 1940).

It has been reported that both black
bears and grizzlies have definite home
ranges. Erickson and Petrides (1964) re-
ported a mean annual home range of 38.9
km? for black bears in Michigan, with the
males having an area about one-third
greater and females one-third less than the
average. Erickson (1965a) described the
black bear in Alaska as a “homebody,” with
some individuals spending “‘the greater
portion of their lives within five miles of
their birth sites.” He noted that males have
larger ranges than females. Jonkel and
Cowan (1971) reported average maximum
movements of 2.7 km for females and 6.28
km for males in the spruce—fir forest of
Montana. Murie (1944) described annual
movements of grizzlies in Mt. McKinley
National Park, Alaska over an area 14.5—
16.1 km long. He also reported a 38.6 km
regular movement of one bear between
garbage dumps. Mundy (1963) concluded
that grizzlies in Glacier National Park, B.C.
had a definite home range but no size was
described. Erickson (1965b) reported that
movements of grizzlies in excess of 48.2 km
were unusual in Alaska. Sokov (1969)
described the Tien Shan grizzly as a “settled
bear” in Tadjikistan, USSR.

Home range or site attachment has
been shown to offer some advantage to
mammals (Darling 1937). Sanderson
(1966) presented an excellent review of the
study of mammal movements and pointed
out that although a great deal of attention
has been paid to the size and shape of home
ranges, they probably have little signif-
icance in themselves. However, for cal-
culating density of animals, particularly
animals as difficult to enumerate as grizzly
bears, the average size of the home range
for bears of different ages and sex has con-
siderable importance. Similarly, for man-
agement of a species, the movements of the
animals are significant. For these reasons
we spent considerable time and effort in
determining the home ranges of grizzlies in
southwestern Yukon. Because habitat type
and population density affect the size of
home ranges, the sizes calculated for this
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study apply only to the circumstances
found in this study area and similar areas.

Much has been written about the
various techniques used to determine home
range size and the problems of interpreting
and presenting data gathered by these
means (Schaller 1963; Toll et al. 1960;
Murie 1944; Haglund 1968; Blair 1951;
Tanaka 1963a, 1963b; Hayne 1950; Stickel
1954; Jennrich and Turner 1969). Mohr
and Stumpf (1966) presented a compre-
hensive review of the methods of calcula-
ting home range from various point location
observations. Sanderson (1966) concluded
that “no one technique for determining
locations, and no one technique for analys-
ing the data, gives a complete answer.” Dis-
cussion of the problems associated with all
techniques of home range calculation was
presented by Hayne (1949).

The system of data collection used
in this study was a combination of live
capture, direct observation, and radio-
telemetry location. A simple means of in-
dicating home range was to plot the location
points on a map and to join the extreme
peripheral points. The area within the poly-
gon was measured, and has been termed the
“minimum home range” by Mohr (1947).
Recently the minimum home range polygon
technique has been more commonly used
with birds than with mammals (Odum and
Kuenzler 1955; Craighead and Craighead
1956), but was described by Davis and
Golley (1963) and used by Hornocker
(1969) with mammals. We found the tech-
nique particularly useful in recording the
mass of data recovered from the biotele-
metry program.

Fifty-three individual grizzly bears
were captured a total of 94 times during
the study. Forty-two free-roaming marked
bears were observed 318 times. Only 11
bears were captured, marked and never seen
again. Additionally, 403 locations were de-
termined for 22 bears fitted with radio
transmitters. Using the radio-telemetry
equipment, several animals were tracked
throughout each active season and their
consecutive den locations were plotted.
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Figure 15
Long range movements recorded for males captured
and marked on study area
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Figure 16
Minimum home range polygons of five adult male
grizzlies, determined by radio-telemetry
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There were obvious differences in
the bears’ movements according to sex and
age. For example, adult males were often
lost immediately after fitting radio trans-
mitters and were subsequently located
many miles from the capture site with the
transmitter still functioning properly. Fe-
males, on the other hand, were always
found for at least several days—sometimes
weeks—relatively close to the point of ini-
tial capture. Figure 15 shows extended
movements of four male grizzlies tagged on
the study area and subsequently recovered.
A 20-year-old male grizzly (66-1160) was
killed 61 km from the point of capture 122
days later. An 8-year-old male (66-1158)
was shot 45 km away 45 days after release.
The longest movement was by a male (71-
2258) that was 3.5 years old when captured
in 1968. In October 1971, the animal was
killed 145 km from the capture site. One
13-year-old male (20-68) was captured and
fitted with a transmitter on August 19.
Eleven days later, the animal had moved
13 km. Six days after that, it was located
another 9.7 km away. During the next 25
days, it had moved at least a further 22.5
km before it was killed. However, the hunt-
er reported tracking the bear to the point
of kill from the direction opposite to that
where we had last located it. Figure 16
shows minimum home ranges of five adult
males determined by radio-telemetry. The
average minimum home range for each of
these animals was 287 km? The actual
home range was probably much larger but
the difficulties of tracking such large move-
ments in mountainous terrain prevented
more precise measurements.

One adult male (103-8) was first cap-
tured on the study area in July 1965. He
was observed five times in the area later the
same year, but then not again until recap-
tured in July 1966. He was next seen in
May 1968. All observations were within an
area of 18 km®. It was postulated that the
reason the bear was not observed more
often (eight observations in 4 years) was
because he spent much of his time out-
side the study area, otherwise the intensive
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survey flights would have located him more
often or he would have been observed
feeding on the open valley bottom. Thus,
although the adult males travelled over
large areas, these areas appeared to be def-
inite home ranges. If boars moved random-
ly, itis unlikely that 103-8 would have ap-
peared in the same area at about the same
time in 3 out of 4 years. The home ranges
of adult males overlapped one another and
those of other sex and age classes.

Immature males had smaller home
ranges. The minimum home ranges of three
animals were calculated by radio-telemetry
(Fig. 17), and the average was 70 km?.

There was evidence that this area also re-
flected the home range of the mother, as

will be discussed later. It was not known if
the larger home range of adult males also
reflected the maternal range or if it was an
independent area established by the young
males on reaching sexual maturity. A young
boar (179-129), first captured in 1967 at

2.5 years of age, was subsequently observed
or tracked by telemetry until 1970 (Fig. 18).
During that period, the animal showed a
definite affinity for a single mountain massif
and the surrounding valley. The animal
denned twice on the same hillside, although
not in consecutive years, but it was not
known whether the same den was used.

The minimum home ranges for adult
females were considerably smaller than for
adult males. They compared in size with
those found for immature males, supporting
the theory that young males remained in
the maternal home range after they were
weaned. Figure 19 shows the minimum
home ranges of eight adult females. The
average size was 86 km®. The largest range
was 137 km® determined over a 5-year
period, the smallest was 29 km?. However,
insufficient data were available to prove
conclusively whether or not the range
varied in size with the reproductive status
of the animal. Indications were that the
home range contracted when sows had cubs
of the year but expanded to normal size
when the young reached yearling status.
The reduction in size appeared to be related
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Figure 17
Minimum home range polygons of three immature
male grizzlies, determined by radio-telemetry
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Figure 18

Movements of an immature male (179-129)
through 3 complete years and early spring of
a 4th year
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Figure 19
Minimum home range polygons of eight adult
female grizzlies, determined by radio-telemetry

Figure 19 to security of the sow and cub. The area uti-

T
\ 1B

lized was as rugged and isolated as possible,
particularly in the spring and early summer.
All but one of 10 observations of sows with
cubs in the spring were made in the rock
and snow zone above 1,670 m elevation;
additional evidence of the presence of these
groups was detected from tracks in the
snow. On the few occasions that sows and
cubs were observed on alpine tundra, the
flight to avoid the aircraft was always into
the rugged mountain peaks. Sow and year-
ling groups, on the other hand, were reg-
ularly observed on the lower slopes of the
mountains and even on the alluvial flats in
the presence of other grizzlies feeding on
berries, but sows with cubs were rarely ob-
served there. A sow (102-157) without
young was observed for three consecutive
years on a restricted area on the alluvial
flats. She was not observed at all in the
fourth year but reappeared in the fifth year
in her usual location with three yearlings.
This provides indirect evidence that sow—
cub groups use isolated areas. One addi-
tional observation indicated the extensive
use of the rock and snow zone as a refuge
for sows with cubs. On several occasions
the capture procedure separated sows from
yearlings. The sow generally fled toward the
heavy timber, leaving the yearlings behind.
The yearlings always climbed into the rocks
and snow-covered crags and were observed
to wait there for many days if necessary to
be located by the sow. In two cases the

sow and yearling were not reunited, but in
nine others the sow and yearling(s) were
subsequently observed together.

Four immature females showed a
mean minimum home range of 88 km? One
sow (25-121) was originally captured as a
yearling with her mother (118-22). Subse-
quent observations of 25-121 during the
~ X  2.5-4.5 age period indicated a strong pre-

N 7| dilection for the range occupied by the
\

7
OIS
4 ,%\

N\ mother, being observed on areas where it

L \\V il

1Y}  had been seen as a yearling with the old
Miles 0 5 sow. The area of familiarity experienced by
the young during the dependence period
Kilometres 0 5 carried over into sub-adult independence.
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No young sows were followed directly
through from weaning to the time of sexual
maturity. However, in several cases indirect
evidence strongly indicated a permanent
attachment of young females to the home
range of the mother. The first such instance
was in 1966 when a 4.5-year-old sow (153-
101) was observed throughout the summer
moving in conjunction with an untagged
sow and her two yearlings. Eleven observa-
tions were made of the young sow that year
and six times the old sow and yearlings were
located in the same habitat zone less than
0.5km distant. During the spring of 1967,
the old sow with her 2-year-olds was ob-
served on five occasions with the young
female (153-101) nearby. Subsequently it
was noted that young bears, particularly
young sows, had the physical coloration of
the mother. Several sows of similar color-
ation were found using approximately the
same home range: at the same time that one
sow (118-22) and her female offspring (25-
121) were being tracked around their geo-
graphical area, an immature sow of the
same coloration (60-82) was using approxi-
mately the same area. Although other sows
were located on parts of this same range,
none were recorded using all of the same
geographical area. All three of the sows
(118-22, 25-121, and 60-82) were a uni-
form dark brown with very distinct white
collars. Two other young of the oldest fe-
maule (118-22) were located in the last year
of the study and both showed distinct
collars.

One aged female (81-4) had very
yellow coloration. She was captured on the
western edge of the intensive study area and
was subsequently tracked to a home range
just bordering the area. While searching for
her, a second sow, nearly identical in colour
was observed several times. It was ac-
companied by a young animal, and there
were thus two sexually mature females, al-
most identical in colour, using approxi-
mately the same home range. No females
with this very light colour were observed
elsewhere on the study area or in the vicin-
ity. I postulated that under normal con-

ditions there is a predilection for young
females to remain on the maternal home
range and to adopt it as their adult home
range. Dispersion from the familiar area
could be the result of population pressure.
However, under conditions of low pro-
ductivity (natality minus mortality) found
in southwestern Yukon there would be
little such pressure, and young females
would replace older ones on the home
range. Under these conditions, there are
important management implications with
regard to repopulating ranges where the
population has been over-exploited. They
will be considered in the management
section.

6.2.2. Response to food source

Home ranges have been plotted to in-
clude all locations utilized by an individual
over several years, regardless of season or
food supply. In reality, the total home range
is a composite made up of several seasonal
ranges. In mountainous terrain, the season-
al ranges tend to be distributed by altitude
rather than by the more familiar block type
of distribution. The early spring range was
related by altitude to the den sites, which
were located between 1,200 and 1,400 m
above sea level. Lateral expansion of the
range was blocked by topographic barriers
and the early snow melt pattern. In several
instances, bears were observed to occupy a
range of less than 1.5 km? on a snow-free
slope for up to three weeks in the spring.
Bears were thus spatially segregated in the
early spring by the distribution of denning
sites. Adult boars were liable to disrupt this
pattern much earlier than other sex and age
groups.

After the snow had melted from the
entire area, physical barriers to movements
no longer played a part in distribution.
However, food source and supply played an
important role in habitat selection. Until
the period in the autumn when the bears
concentrated on the valley floor to eat
berries and dig roots, they were dispersed
over an area sufficient to ensure minimum
conflict among groups occupying the same

range. During the period of feeding on
berries, all groups — except the sows with
young of the year — concentrated along the
valley bottoms. However, the adult females
and immature animals did not move ran-
domly along the valleys, but maintained a
distinct home range restricted to the berry-
rich section of valley adjacent to that range.
It was not possible to determine whether
this spacing was maintained by intraspecies
aggression as ‘“‘defence’ of the home range
or by preference for a familiar area which
kept them separated without aggression.
Jonkel and Cowan (1971) discussed the
situation in black bears and concluded that
territoriality was exhibited toward bears
from surrounding areas even though over-
lap of ranges did occur. Their evidence,
however, was indirect and open to specula-
tion. In southwestern Yukon, the adult
males were not restricted only to sections of
the valley bottom but travelled long dist-
ances, even though they did return to the
same place yearly. There seemed to be com-
plete overlap of such male home ranges
without any evidence of defence. It is un-
likely, therefore, that the female and imma-
ture animals would display territorial de-
fence, or that intraspecific aggression in
defence of home range was the mechanism
that maintained the spatial patterns. It
seems logical that attachment to an area of
familiarity was the reason for the continued
use of definite home ranges. This suppo-
sition is also compatible with the formation
of matriarchal home range areas on which
several sows live.

There are advantages for several
female grizzly bears to use an area con-
currently rather than to partition it into
smaller exclusive-use territories. The larger
area provides the diversity of habitat types
required by grizzlies to survive and repro-
duce during years of fluctuating food pro-
ductivity. Itis hypothesized that the mini-
mum size of a home range is determined by
the physical ability of the female to main-
tain familiarity with the area.

The failure of the main autumn food

supply was observed during 1965. The lack
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of berries forced the grizzlies to turn to dig-
ging roots for food. Feeding was intensified
and continued much later in the year but
the bears did not attain a physical condition
equal to that of a good berry year. Never-
theless, no emigration or significant break-
ing of home range patterns was observed as
aresult of the food scarcity. However, the
lack of a primary food source for several
years or a complete food failure for one
year (e.g. valley bottoms flooded), would
probably result in emigration of grizzlies

or compensatory adjustment of home
range. The homing instinct of grizzlies
would probably mean that even after dis-
persal some would return to the familiar
home range. If conditions had improved,
the old home range pattern might be
re-established.

Even if intraspecific aggression in
defence of a home range does not occur,
there does exist intraspecific and also inter-
specific intolerance around the individual
grizzly. The area is not related to a specific
geographic territory but centres on the ani-
mal wherever he ranges. This concept has
been called personal space (Marler and
Hamilton 1966) or individual distance
(Hediger 1950). The intolerance zone does
not always imply that an area will be de-
fended aggressively — avoidance of a phys-
ical contact also occurs. We found that the
specific response to a violation of the zone
of intolerance varied according to the situa-
tion. Similarly, the size of the intolerance
zone varied with the season and the situa-
tion. For example, during the breeding sea-
son there was evidence that the presence of
a sow in the vicinity of a boar increased the
size of the boar’s zone of intolerance to-
ward other males, and the violation of this
zone provoked aggressive defence. At other
times of the year, a much smaller zone of
intolerance was maintained and the boar,
regardless of social dominance or subordi-
nation, avoided conflict by moving away
from other grizzlies before violation of the
zone occurred. This avoidance behaviour
was also shown by mountain lions (Felis

concolor) in Idaho (Hornocker 1969). Lack

50

(1954) and others have shown that in birds
with defended territories the avoidance
reaction was more important in dispersal
than was aggressive behaviour. The intra-
specific intolerance of grizzly bears, and
subsequent avoidance, could explain the
dispersal of young females and others from
their areas of familiarity. It could also play
an important part in limiting population
density on areas where habitat factors
apparently do not limit the carrying capa-
city for bears. The frequency and duration
of intolerance reactions are the important
consideration.

Because of the seasonal variation in
home range utilization, the true core home
range was obscured when the data were
transmitted to maps. Hence, the best
method of depicting home ranges, at least
of female animals, may be to exclude the
large valleys, which are used seasonally by
home range groups that border on them.
In this way, the core home ranges would be
massif areas separated by topographic
features that were common feeding areas
(Fig. 20). Considered in this manner, the
minimum home ranges on the Alsek study
area, shown in Figure 19, would appear as
shown in Figure 20. However, even in the
smaller core area these would be locations
the females preferred.

6.2.3. Den sites

The first record of denning dates for
grizzlies was given by Murie (1944). Farther
south, the time of final entry into the den
by grizzlies varied from October 21 to No-
vember 21 over a 9-year period (Craighead
and Craighead 1972). These authors men-
tioned late March and April as emergence
times in Yellowstone National Park. They
also noted that mature single males and
females emerged earlier than females with
yearlings. The last to emerge were the fe-
males with cubs. Lentfer et al. (1972) did
not give dates of denning for the Alaska
Peninsula and Kodiak Island but noted that
the females with young entered the den be-
fore the solitary males. Ustinov (1960,
1965) reported mid-April emergence for

grizzlies in the Baykal region of the USSR,
with animals denning at higher altitudes
delayed some 5-6 days. No differences be-
tween sex and age were noted and possibly
the animals he recorded as denning at
higher altitudes were actually different sex
and age groups. He observed that grizzlies
denned from October 25 to November 5,
the last tracks being seen on November 10.
Sokov (1969) reported that the Tien Shan
grizzlies of Tadjikistan, USSR denned be-
fore the snow came in late November or
early December in the Darvasa Range. In
the higher Peter I Range, the date was
early November. The males and immature
animals emerged in late February or early
March and the adult females at the end of
March. He noted that, at this latitude, some
grizzlies remained active all winter. Jonkel
and Cowan (1971) reported that in Mon-
tana adult black bears emerged earlier in the
spring than subadults.

Ten grizzly dens in southwestern
Yukon were located in 1968 and 1969 by
radio tracking. Den locations of five other
grizzlies were identified by direct observa-
tion. Other den sites in the area were ex-
amined and described, although their
occupants were unknown. Other informa-
tion on the period of denning was obtained
from observation and identification of
active grizzlies in the early spring and late
autumn.

In the autumn of 1968, the last sows
still out of the den were observed on Octo-
ber 15. One sow with two yearlings was ob-
served on that day, as well as three sub-
adult females. Heavy snow which fell during
the night drove all these sows into their
dens. Boars were not affected in quite the
same way. Two adult males with radio
collars moved to the den site during the
snowfall but did not stay in the den after it
had stopped. They remained in the den
area, and the last sign of activity was seen
on October 25. A further two males with
radio collars remained active on the alluvial
flats after the snow but were also in their
dens by October 25. However, a fifth ani-
mal, without a collar, was active on October



Figure 20
Home range core areas of the eight adult female
grizzlies shown in Figure 19

Figure 20 25 and was tracked for over 15 km along
the alluvial valley floor. The scarcity of
grizzlies at this time indicated that very few
animals were still active.

In 1969 the snow did not come until
October 26 but most grizzlies denned ear-
lier. On October 16, the snow line was at
about 1,150 m on north slopes and 1,400 m
on south facing areas. On this date a sow
(161-114), accompanied by three cubs, was
already in her den at 1,400 m on a south-
west facing slope. There was no snow
around the den entrance. At the same time
another sow (63-67), with a yearling, was
in her den at 1,280 m on a south-southwest
facing slope. There was no snow around the
den opening and she had blocked the en-
trance with shrubs (mainly Arctostaphylos
uva-ursi). On the same date an immature
male (179-127) was in his den at 1,280 m on
an east-northeast facing slope. The entrance
to the den was partially visible but snow had
drifted in around the top and side.

On October 19, an adult and an im-
mature boar were observed. The adult was
feeding on the alluvial flats, but the younger
animal was at 1,150 m on a south-facing
slope in the process of excavating a den.
The site did not look suitable and it was
subsequently determined that the animal
had not denned there.

On October 20 an adult boar was
captured near a known denning area on a
south-facing slope at 1,300 m. There was no
snow on the ground. The boar had dug a
mature sow out of a den on the open slope
and killed her. We postulated that the adult
boar was preparing to den and had discov-
ered the sow already occupying a den site
on the preferred slope. Intraspecific
intolerance caused the conflict.

By October 21, even though the

N ( 2 \ lower valleys were still free of snow, bears
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and no snow was on the ground, the bears
did not come out of the dens.

The stimulus to den in the autumn
was not a single environmental factor such
as a “‘final” snowstorm, as suggested for
grizzlies in Yellowstone (Craighead and
Craighead 1972). Grizzlies were observed
in decreasing numbers from the first to the
last week in October. Some of the decrease
could have been caused by dispersal to den-
ning sites and not by actual denning, but it
was evident that all grizzlies did not den at
the same time. Some grizzlies denned with-
out any visible environmental stimulus and
remained denned even in the absence of
snow. It appears that females with cubs
tended to den earlier than other grizzlies.
On the other hand, the adult boar class defi-
nitely stayed active longer than bears of
other sex and age groups. A heavy layer of
snow throughout the area was not enough
to send all adult boars into the den immedi-
ately. There was probably considerable
overlap in denning time among the various
sex and age groups, the sows with cubs den-
ning first but some of them still active at
the time the first adult boars denned. The
other sex and age groups denned between
the extreme times.

Denning must result from the com-
bination of many environmental and phy-
siological variables that affect various age
and sex cohorts to different degrees.

There was good evidence that the
adult males emerged from the dens earlier
in the spring than other sex and age groups.
They also spent less time around the den
site after emergence. Of the grizzlies other
than adult males radio-tracked to their
dens, only one immature female had moved
away from the den site by May 15 in 1969
or 1970. One adult female emerged on May
5, 1969 but stayed high on the mountain
near the den site until May 19. Immature
animals of both sexes also stayed higher on
the mountains near the den sites until later
in May, even if they emerged earlier.

The adult males, however, emerged
in late April and moved down to lower
country even if they had to traverse deep
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snow to get there. Deep trails were ob-
served in the snow where animals had
forced their way through the soft melting
subalpine snow fields. Adult boars were al-
ready active on April 25, 1969 and also on
April 23, 1967, the two earliest dates we
reached the study area. Craighead and
Craighead (1972) reported that mature
grizzlies of both sexes tended to leave the
den areas earlier than other age groups.
They observed that females with cubs of the
year were the last to leave the den sites.
Emergence in Yellowstone started in late
March; it appears that grizzlies are active
there one month earlier in the spring and
half a month longer in the autumn than
those of southwestern Yukon and Alaska
(Murie 1944).

The physical and ecological charac-
teristics were measured for 10 grizzly dens
known to be used the previous winter. An
active den was easily differentiated from
one that had not been used recently by the
amount of caved-in material filling the de-
pression that characteristically forms the
bed in the den chamber.

The elevation of the dens ranged
from 1,100 to 1,350 m above sea level with
amean of 1,250 m. This figure does not
necessarily apply elsewhere, as can be seen
by comparing it with elevations found in
Yellowstone National Park and in Alaska.
Craighead and Craighead (1972) reported
dens of grizzlies between 2,377 and 2,804 m
in Yellowstone. Lentfer et al. (1972) found
a preponderance of dens on Kodiak Island
at 549 m, and on the Alaska Peninsula at
396 m. They ascribed the difference to a
higher vegetative zone on Kodiak Island.

The aspect of the den opening was
measured and assigned to northerly if
315°-360° or 0°-45°; easterly if 45°-135°;
southerly if 135°-225°; and westerly if
225°-315°. There were no dens facing
north, but the other directions had a rough-
ly equal number: four faced east, three
faced south, and three faced west. The pres-
ence of permafrost on north-facing slopes,
which made digging very difficult, was
thought to be the reason for no dens facing

north. Craighead and Craighead (1972)
found 10 out of 11 dens in Yellowstone fac-
ing north. Lentfer et al. (1972) reported
north-facing slopes being preferred on Ko-
diak Island and east-facing slopes on the
Alaska Peninsula. Sokov (1969) reported
that all dens in Tadjikistan were located on
south-facing slopes. Ustinov (1965) found
dens facing west in eastern Siberia.

The angle of the slope on which the
den was dug showed consistency in south-
western Yukon. The range was from 30° to
40° with a mean slope of 35° for the 10
dens measured. Lentfer et al. (1972) re-
ported a greater number of dens on slopes
0f 30° to 45° than on slopes either more or
less steep in a sample of 28 dens in coastal
Alaska.

Although the physical measure-
ments characterizing den sites may vary
from one area to another, the ecologically
important factors are consistent.

In Yellowstone, coastal Alaska, and
in the southwestern Yukon all grizzlies dig
their dens. All were in soil except a single
den from Alaska dug in the snow, which
can be considered an aberrant situation.
The Russian authors did not agree about
this matter: Ustinov (1965) reported all
dens dug in soil, usually under tree roots,
whereas Sokov (1969) reported that cre-
vices and hollows in rocky piles were used
in the warmer climate of Tadjikistan.

The soil must allow reasonably easy
digging and, at the same time, have suffi-
cient cohesiveness to prevent slumping. In
southwestern Yukon, the surface organic
layer at the den sites varied between 14
and 32 cm in depth. Soil samples from the
organic layer at a depth of 10 cm were taken
in early April and an average of four show-
ed a 36 per cent moisture content. The
deeper mineral soil was generally fine-
textured and compact, with sparse shale-
scree-size rock content in a few areas. The
moisture content was 18 per cent for four
samples of mineral soil taken in early April
ata depth of 25 cm. The fine texture of the
soil and the low moisture content was
favourable to easy digging. The cohesive



qualities of the soil were aided by root sys-
tems of shrubs growing over the den. Dur-
ing the winter the frost level was also
thought to be important in binding and
stabilizing the soil.

All dens were located in subalpine
areas where local microenvironments had
allowed a cover of shrub willow, dwarf
birch, shrub poplar, high bush cranberry
(Viburnum edule), and in one case, dwarfed
white spruce to develop. The roots of these
shrubs permeated the soil above and beside
the den and many fine, fibrile roots hung
from the roof of most dens. Those roots
provided soil stability, particularly during
the excavation period when the soil was not
frozen.

The entrance to the den was always
partially obscured by overhanging branches
of willow, the use of the shrub cover pro-
bably being for snow-catchment. A thick
snow cover was measured over all the dens;
the first drifting snow in the autumn ac-
cumulated in the shrubby subalpine areas,
unlike the more exposed areas at the same
altitude which were often blown nearly
clear of snow throughout the winter. Strong
winds and chinook conditions made a snow-
catch necessary to ensure a thick cover
from time of denning to emergence. The
SNOW COVer was required to moderate tem-
peratures within the den from the —40°C
ambient values often reached in the area.

Figure 21 shows that the snow cover
near the end of the winter was at least 100
cm thick. All profiles showed evidence of
previous melting and refreezing to form ice
bonds. There was a granular area with large
macronivean spaces close to ground level.
Although the temperature profile varied,
the subnivean temperatures were much
warmer than the ambient ones, and the sub-
surface temperatures at 30 cm depth show-
ed amazing constancy (41.3°C, —1.1°C,
—1.4°C).

One unoccupied den was located and
temperatures recorded inside the chamber
under the snow where the average of 10
measurements was 1.2°C. In all cases very
little energy would need to be expended by

a grizzly in the chamber to increase the
temperature to a thermal comfort zone.

Although the altitudes, slopes of hills,
and angle of den openings varied in Yellow-
stone, coastal Alaska and southwestern
Yukon, several ecological factors were
common to all. In all areas, the grizzlies dug
dens and suitable soil was required. In each
case the den was located in a site that was
characterized by a thick layer of insulating
snow that stayed throughout the winter,
without an early melt causing flooding
problems. It can be expected that suitable
den site characteristics, but with different
physical descriptions, will be found in other
areas. However, since there are several
necessary ecological characteristics for a
den site, it is possible that the lack of
suitable sites could limit the distribution
and abundance of grizzly bears, particu-
larly in northern areas where permafrost
becomes a significant geomorphological
feature.

The grizzly dens found in south-
western Yukon had a single entrance, usu-
ally opening into a short tunnel that led to
the den chamber. The entrances were oval
or circular and averaged 54 cm wide by 58
cm high. The tunnel was about 83 cm long
and the same size as the entrance. The
bottom of the chamber was always lower
than the tunnel and nest-shaped. Only
three of the dens investigated were lined
with twigs and grass, but this could not be
correlated with any particular sex or age
class. The chambers varied in height from
76 to 119 cm, in width from 91 to 178 cm
and in length from 126 to 226 cm.

One den was measured twice, 3 years
apart. At the second measurement the den
was still in good condition but its shape had
changed, which was interpreted as resulting
from re-use of the den. Another den was
also known to have been re-used. It was
first located in 1966 but was not believed to
have been used that year or in 1967. In the
autumn of 1968 it was used by a sow with
two yearlings. It was measured in June 1968
and again in September 1972, The changes
are shown in Figure 22a. The chamber was

lengthened by digging toward the opening,
thus reducing the length of the tunnel. The
height was reduced, presumably by filling
with dirt dug from around the tunnel. This
den was observed for six years and remained
in good condition throughout the period,
illustrating the considerable stability of the
areas chosen by grizzlies for dens in south-
western Yukon.

We inspected one den that had the
opening nearly straight down through a very
short tunnel to a chamber set at right an-
gles. In another variation (Fig. 22b) it ap-
peared that a grizzly had reactivated a nor-
mal den that had collapsed. It was impossi-
ble to tunnel further into the hillside be-
cause of bedrock, so the new chamber was
dug at right angles to the opening. Undoubt-
edly other variations exist. The important
factor regarding the physical features of the
den is probably the size of the air space that
must be warmed by the grizzly. There must
be a compromise between thermodynamic
considerations and hindrance of movement.
A chamber slightly larger than a curled bear
would require very little heating but would
allow the animal to turn over, stretch, or
otherwise move during the winter. It would
be expected, therefore, that the larger
grizzlies on the coast of Alaska would exca-
vate larger chambers and tunnels. Accord-
ing to Lentfer et al. (1972) the tunnels there
average 177 cm in length and 91 cm in
diameter, much larger than those in the
Yukon. The chambers were also larger.

Re-use of dens has been demon-
strated in southwestern Yukon but the ex-
tent of this practice is unknown. However,
even if the same den was not used again,
grizzlies often constructed new ones in the
same general area. This was to be expected
because of the paucity of suitable den sites
having the necessary ecological character-
istics. Hensel (1968) reported a similar den
honeycomb on Kodiak Island.

6.3. Homing

One of the basic methods of dealing
with problem grizzly bears without killing
them has been to capture an animal alive
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Figure 2la and b

Temperature profile and physical characteristics
of snow and soil at grizzly denning sites, April 2,
1972, at an air temperature of approximately 5.8°C

Figure 21a
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Figure 21b
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Figure 22a
Measurements, in cm, of a grizzly den taken 4
years apart

Figure 22a
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and move it to a new location, away from
the problem area, in the hope that it will
establish a new home range (transplant) or
at least break the habitual frequenting of
the problem area in the normal home range
(translocate). Mundy and Flook (1973)
have reported several instances of long-
range homing of grizzlies moved about
Glacier National Park, B.C. The natural

movements of grizzlies, particularly adult
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males, in southwestern Yukon suggest that
transplanting animals is not likely to suc-
ceed. It is obviously difficult to transplant
an animal that has a zone of familiarity at
least 80 km long. In addition, the effect of
introducing a new animal into a stable,
natural population has not been studied.
One young sow, which had just
reached sexual maturity, was live-captured

on July 14, 1967 and moved 32 km (straight

line distance) from a campground and dump
in southwestern Yukon. Although moved
at night in a tranquilized state it was back

at the campground 22 days later. It was
moved a second time 85 km to the south-
east. It was killed, 5 days later, within 8 km
of the original capture site. Since it was un-
likely that this bear was released within its
normal home range, homing capacity was
demonstrated. Therefore, transplants must



Figure 22b
Example of complex variation seen in some grizzly
dens. All measurements are in cm

Figure 22b
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section B-B

be accompanied by some habitat manipu-
lation to induce an introduced animal to
establish a new home range. The effect of an
intraspecific encounter after transplanting
may increase the tendency of a bear to seek
out its original home range. Transplants, to
have any chance of success, should thus be
made to areas having no resident grizzlies.
Translocations, can, in certain in-
stances, be a useful management tool. In

this exercise, the bear is simply moved
away from the problem area and physically
placed in a favourable, more remote part of
its home range. This relieves the immediate
pressure and the conflicting human activity
can be removed or tidied up so as to prevent
arecurrent problem. If the bear is one not
strongly habituated to the conflicting activ-
ity, e.g. garbage, and if it is moved into an
area possessing sufficient natural food

items, there is a good chance that the an-
imal will revert immediately to a natural life
pattern. Grizzlies habituated to a conflicting
behaviour pattern simply home to the prob-
lem area or, as happened in one recorded
case, transfer their problem pattern to an
alternate site. There is some evidence of

a negative repulsion from an area where a
grizzly has been caught in a foot trap, han-
dled, and moved. Trap shyness, described
earlier, is the result of a repulsion from
such a negative experience.

7.  Population parameters
7.1. Alsek study area

We encountered many problems in
determining the population density, com-
position and dynamics of grizzly bears. The
major problem was the relatively low pop-
ulation in an area with inaccessible and in-
hospitable terrain, so that conventional
survey techniques were impossible. Addi-
tionally, there were problems in delineating
home ranges and in separating resident
animals from transients. However, the pop-
ulation parameters are of great importance,
consequently we made considerable efforts
to obtain accurate figures.

The study area was not outlined as a
static entity during any part of the study.
For the 6 years of the study conditions
dictated that intensive work be done in
limited areas, but enumeration of grizzlies
through direct observation, capture and
marking, and radio-telemetry was carried
out in as much detail and over as wide an
area as physically possible. The final pop-
ulation characteristics were derived from
direct classification of identifiable animals,
and from observations of unmarked animals
during the latter years of the study. Other
authors have also used direct counts of
bears, or their signs, to determine popula-
tion parameters on intensive study areas
(Troyer and Hensel 1964 ; Martinka 1974
Jonkel and Cowan 1971; Zunino and Her-
rero 1972; Mundy and Flook 1973). Appli-
cation of the Petersen Index method (Pe-
tersen 1896), as used by Jonkel and Cowan
(1971), or the Schnabel method (Schnabel
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Figure 23
Home range core areas of total female grizzly
population on study area in 1969

1938), as used by Troyer and Hensel Figure 23
(1964), was rejected. It was felt that in our
situation these techniques would create
variables that were difficult to interpret,
rather than provide more precise popula-
tion estimates.

7.1.1. Density and number

For the purpose of computing pop-
ulation density and numbers of grizzlies,
the intensive study area of 1,110 km? was
delineated (Fig. 1b). The intensive trapping
and observation program was conducted
approximately in the centre of the area.
Aerial surveys and helicopter capture pro-
grams were concentrated in the massifs
southeast and northwest of the camp. The
final population figure was derived from
the number of animals known to occur on
the area during 1969, the last year of the
study. The figure included only animals
that had all (or an important part) of their
home range within the boundaries outlined.
Animals caught once and not seen again
were excluded, as were animals caught
during the early years that disappeared and
were considered victims of natural mor-
tality or to have emigrated.

During the 6-year study, 17 different
female grizzlies were known to have had
home ranges entirely or mostly within
the study area. Two, one adult and one im-
mature, disappeared during the course of
the study. Another two, one adult and one
immature, were known mortalities. In
1969, 13 females remained; 10 tagged or
identified by physical features and three
(two of which had young) that were ob-
served occasionally within the study area
and that probably had their home ranges
there. Three additional bears, possibly
females, were in the area but they were not
included in the figures. The distribution of
the female population, as revealed by plot- 2 : , (N ‘
ting core areas, is shown in Figure 23. ' ' ' (=i AL /Y Y

It is probable that no mature males - < *%SJ i AN
had their home range entirely within the i\ @7?% (\\ AN ]
study area. However, based on the fre- Milee ¢ i
quency of observation and home range
delineation, it was considered that 18 males

Kilometres 0 5
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Table 11
Age distribution of northern interior grizzly bears

in 1969 in southwestern Yukon compared to results

reported for black and grizzly bears from other
parts of North America, shown as a percentage of
total population

SW Yukon Glacier
(Alsek study Kodiak Nat. Park* Yellowstone*

Age class area) Michigan* Montana* Island*  (Montana) Nat. Park
Cubs 7 28 12 26 17 19
Yearlings 17 18 17 22 15 o
Total 24 46 29 48 32
Subadult 32 30 21
Adult 44 41 25
Total 76 54 71 52 68

* Data taken from Erickson and Petrides (1964)
for Michigan; from Jonkel and Cowan (1971) for
Montana; from Troyer and Hensel (1964) for
Kodiak Island; from Martinka (1974) for Glacier
National Park, Montana; and {from Craighead and
Craighead (1971) for Yellowstone National Park.

were inhabitants of the area, including
immature males who were still resident and
known to be alive in 1969.

Ten young animals accompanied by
females were also present on the study
area in 1969.

The total grizzly population was
therefore calculated to be 41 animals (13
females, 18 males, 10 young)— one grizzly
per 27.2 km?. Forty-one was a minimum
figure but one that could be definitely sub-
stantiated by direct enumeration. As many
as eight additional animals could have been
resident, giving a population of 49 animals
and a density of one grizzly per 22.8 km?.

Mundy and Flook (1973) reported a
density of between one grizzly per 18.1 km?
and one per 28.5 km? for an unhunted
population in Glacier National Park, B.C.
Martinka (1974) computed a density of one
grizzly per 21.2 km? in Glacier National
Park, Montana. The density we observed in
southwestern Yukon compares well with
the results from the other interior un-
hunted populations in North America. On
the other hand, Zunino and Herrero (1972)
reported a population density of one grizzly
per 5.14 km? in Abruzzo National Park,
Italy. This figure compares more closely to
the values given by Troyer and Hensel

(1964) for a coastal population on Kodiak
Island, where densities were one bear per
1.6 km? and concentrations as high as 10
bears per 2.59 km?. Similarly Jonkel and
Cowan (1971) reported densities of black
bear from one per 4.4 km? to one per 2.1
km? in the spruce—fir forest of Montana.

The results of this study, in con-
junction with the figures of Martinka (1974)
and Mundy and Flook (1973), indicated
that the grizzly population in interior
mountain ecosystems stabilizes at about
one grizzly per 26 km?2 This figure is suffi-
ciently accurate to evaluate the effect of
hunting and/or environmental distur-
bances on equivalent ecosystems.

7.1.2. Sex and age composition

All the animals captured during the
study were aged either by the cementum
annulation count of extracted PM,’s or by
prediction from the zygomatic breadth
measurements.

The 41 animals included in the mini-
mum population in 1969 were grouped as
cubs, yearlings, 2- to 6-year-old immatures
(subadult), and adults (Table 11). The data
from southwestern Yukon showed a very
low percentage of cubs in 1969. The low
cub production resulted from the failure

of two sows to produce young as expected
in 1969. One adult sow was seen with a
boar twice during 1968 but was without
young in 1969. A second sow weaned a
2.5-year-old in the spring of 1968 but her
offspring was seen to be still with her late in
the autumn. She also did not produce
young in 1969. She was killed in the late
autumn of 1969 and had two corpora lutea
in her ovaries.

However, even taking account of all
cubs and yearlings, the productivity of
grizzlies in southwestern Yukon appeared
significantly lower than that found in other
studies of both black and grizzly bears.
Consequently, the percentage of subadult
and adult animals was greater than recorded
elsewhere. The results could be interpreted
either as symptomatic of a typical, stable
population with little mortality and little
recruitment, or as a response to a com-
paratively harsh, energy-poor habitat.
Observations from other areas in the Yukon
where grizzlies have been continuously
harvested for years also indicated low pro-
ductivity, with small litter sizes and many
females being killed without young, but in-
sufficient data exist to make a direct com-
parison between hunted and unhunted
populations. Martinka (1974) concluded
that the low productivity in Glacier Na-
tional Park, Montana, resulted from a
stable condition with low mortality from
natural causes. [ interpret the situation in
the Yukon Territory as resulting primarily

“from the low energy flow in the ecosystem.

The lack of energy in the ecosystem was
also shown by the low growth rate and the
small size of grizzlies living on the area. The
extent of the influence of compensatory
natality is not clear.

The sex ratio of animals captured
during the study showed a high prepon-
derance of males (68:32). However, if we
reject the far-ranging males with home
ranges outside the study area, the sex
ratio becomes nearly equal, only slightly
favouring males (56:44). Hornocker (1962)
reported a 50:50 sex ratio in an unhunted
population in Yellowstone National Park.
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Other workers found a preponderance of
males in their harvest samples (Troyer and
Hensel 1964), reflecting both the mobility
of the males and the preference of hunters
for the larger animals.

7.2. Life table analysis

The information for the northern
interior grizzly population was taken from
statistics of animals killed in the Yukon
Territory and the Mackenzie Mountains of
the Northwest Territories from 1965
through 1969. Most of the data came from
the compulsory grizzly specimen program
in the Yukon Territory in 1968 and 1969.
The ages of the bears were determined
from cementum annulations. The bears
were treated as if they had been randomly
selected from the entire population. The
use of this type of data required three major
assumptions: that the age and sex distri-
bution of the bears remained constant over
the sample period; that the age and sex
distribution of the bears was constant over
the entire sample area; and that every bear
had an equal chance of being selected.

The relative remoteness of the sample
area, the currentness of the data, and the
relatively low harvest rate justify accepting
the first assumption. Deviations from the
second assumption probably exist. The
information obtained from analysis of the
harvest data indicated variations in pop-
ulation density over the sample area which
would probably also mean differences in
age distribution. However, there was no
way of accurately determining such vari-
ations and to subdivide the sample further
would result in unworkably small sample
sizes. The bias from this source was ac-
ceptable.

Deviations from the third assumption
were also expected. For example, cubs and
their mother are protected by law, thereby
partially eliminating both from inclusion in
the sample. One might also expect some
increased wariness with age, thereby crea-
ting a bias against older, more experienced
bears. On the other hand, trophy hunters
may be inclined to select larger specimens,
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Figure 24

Age structure of Yukon grizzly population as

indicated by kill records

Figure 24
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Table 12

Life table for male grizzly bears from Yukon
Territory and Mackenzie Mountains, NWT,
1965-69

Table 13
Life table for female grizzly bears from Yukon

Territory and Mackenzie Mountains, NWT,
1965-69

No. No. No. No.
Age observed observed Age  observed observed
(yr) (actual) (adjusted) Ix dx qx  (yr) (actual) (adjusted) 1x dx qx
5 21 22.2 1000 193 19.3 7 15 15.1 1000 177 17.6
6 19 17.9 807 138  17.1 8 11 12.5 823 137 16.7
7 15 14.9 669 104 15.5 9 10 10.4 686 110 16.0
8 9 12.6 565 80 14.2 10 11 8.7 576 90 15.6
9 12 10.8 485 64 13.3 11 7 7.4 486 i 15.4
10 9 9.4 421 53 12,5 12 8 6.2 411 63 154
11 10 8.2 368 44 11.9 13 5 5.3 348 54 15.6
12 LY 7.2 324 37 114 14 3 4.5 294 47 16.0
13 8 6.4 287 32 11.1 15 5 3.7 247 41 16.7
14 6 ST 255 27 10.8 16 4 3.1 206 37 17.6
15 6 5.1 228 24 10.6 17 2 2.6 169 32 19.0
16 4 4.5 204 22 10.4 18 1 2.1 137 29 21.0
17 3 4.1 182 19 10.4 19 2 1.6 108 26 239
18 2 3.6 163 17 10.3 20 0 1.3 82 23 28.5
19 2 3.9 146 15 104 21 1 0.9 59 22 36.2
20 4 2.9 131 14 10.5 22 0 0.6 37 19 51.8
21 2 2.6 117 12 10.6 23 1 0.3 18
22 1 2.3 105 12 10.9
23 2 2.1 93 10 11.2 o .
% 3 1.0 83 10 1.6 bution histograms are shown in Figure 24.
% 3 16 7 0 121 The numbers in the immature classes were
% 1 14 Y 127 lower than would be expected if the samples
7 0 13 3 T 135 were drawn randomly from the population.
on 1 11 29 The reason was difficult to determine

creating a bias in favour of older, larger
animals, particularly large males. An at-
tempt was made to eliminate those animals
for which a bias could be found. Hunters
were questioned whenever possible as to
whether the bear they had killed was se-
lected for either size or colour. It was soon
found that almost all hunters took the
first bear they could shoot. Similarly, bears
killed as nuisance animals at camps or gar-
bage dumps could show a bias and were
therefore eliminated from the life table
analysis. There was no way to distinguish
or compensate for biases related to the
wariness of individual animals but it was
not thought to be a significant factor.
There were 130 females and 190

males in the original sample. The age distri-

but was probably related to the changing
mobility of different age classes and sub-
sequent susceptibility to hunting. Young
bears, up to 4 years for males and up to

6 years for females, were eliminated from
the sample for life table analysis. The life
tables and corresponding analysis com-
menced at a base of 100 per cent at 5and 7
years for males and females respectively.
There were 153 animals remaining for the
male analysis and 86 for the female.

A simple one-parameter exponential
distribution was fitted to the data. This
curve proved to be insufficiently flexible,
yielding consistent underestimates for
young years and overestimates for older
years. The outstanding fit was selected from
a series of two-parameter functions fitted
to the sample data by using the Computer
Sciences of Canada library program CUR-

FIT. An adjusted number for each age
classification was determined and used to
construct life tables for both male and
female populations. The tables included
age; number of observations (actual);
number of observations (adjusted); I, the
fraction remaining at age x from a starting
population of 1,000; dy, the number of
deaths during the next year; qx, mortality
as per cent of the number alive at the start
of the year. The life tables are presented in
Tables 12 and 13 for males and females
respectively.

If we use the average natality rate
(1.9), average cub litter size (1.7), and
average yearling litter size (1.5) found in
southwestern Yukon (reported in the sec-
tion on reproductive biology), it is possible
to project the number of young to be pro-
duced by the sample included in the life
table and to calculate mortality rates. For
the 86 females of 7 years and over, we can
expect one-third of the population to be
pregnant, one-third to have cubs of the
year, and one-third to have yearling young.
An ovulation rate of 1.9 per sow gives a
natality potential of 55 ova fertilized or,
assuming a 50:50 sex ratio, 28 females
having been conceived. The number of
female cubs would be 25 and there would be
22 yearlings. The mortality rate, while the
young were under the guidance of the sow,
was thus about 12 per cent. Jonkel and
Cowan (1971) found a 13 per cent mortal-
ity rate in black bears when they were with
the mother. If the population analysis were
carried out using 25 for age class 0-1 and 22
for age class 1-2, and a curve fitted to the
total female data to adjust the values, the
overall average mortality rate for the female
segment would have dropped to about 14
per cent through to 17 years of age. How-
ever, using the same figures we find an
average mortality rate for females from
birth to the 7th year of 7 per cent per year
as compared to a 15-17 per cent annual
mortality rate after reaching sexual matu-
rity. A possible explanation for a lower
mortality rate in the younger age classes in
grizzlies is first, the sow provides direct
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physical protection; second, after they have
been weaned, the area of familiarity (the
maternal home range) provides a con-
tinuing advantage that offsets their inferior
physical capabilities; third, the behavioural
response of avoiding physical confronta-
tion, commonly seen in smaller young
grizzlies, also has survival value. The com-
bination of these three factors results in a
lower than expected mortality rate in the
immature age classes.

After reaching sexual maturity the
data show an initially elevated mortality
rate, more pronounced in males than in
females, and a fairly constant rate of 10-11
per cent in males and 15-16 per cent in
females with the males having subsequently
a greater longevity than the females.

8. Harvest

The information on the harvest of the
northern interior grizzly bear was obtained
only from the files of the Yukon Territorial
Game Department and included all records
up to and including 1972. Since no data
were obtained from the areas outside the
Yukon where the northern interior eco-
type occurs, this analysis obviously does
not apply to the harvest of the ecotype in
its entirety. However, the analysis from
the Yukon is the most complete available
and presents an insight into the harvest of
the northern interior grizzly from a signi-
ficant portion of its range and provides a
base with which future data from the
Yukon and data from other jurisdictional
areas can be compared.

8.1. Hunting regulations

In the Yukon there has been a split
season for the hunting of grizzly bears. The
license year for resident hunters and trap-
pers commenced on July 1. Therefore, a
single license included the autumn hunt of
one year and the spring hunt of the follow-
ing year. The non-resident had to buy a
separate license for either the fall or the
spring season. Before 1972, the season
dates were April 15 to June 15 and August 1
to November 30 with no regional variation
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throughout the entire Yukon Territory. In
1972, the autumn hunt was shortened to
end on October 31.

Before 1970, the holder of a resident
license or a general hunting license (trap-
per) was entitled to one grizzly in each of
the fall and spring seasons. After 1970, the
limit was reduced to one grizzly per license
year. The non-resident was permitted to
kill one grizzly for each license issued, but
after 1970, he was limited to one grizzly per
calendar year.

Female grizzly bears accompanied by
young, either cubs or yearlings, are all
protected by regulation under the Yukon
Game Ordinance.

The first significant step in control-
ling the grizzly bear harvest was the intro-
duction of a resident grizzly tag in 1971. In
earlier years the resident license, costing
$5, entitled the holder to kill a grizzly bear
as well as five other big game species. Since
1971 the hunter has to purchase in addition
a $10.00 tag for a grizzly before he shoots
the bear. Indian or Inuit trappers are not
required to purchase a grizzly tag. The
general hunting license is freely issued
to Indians or Inuit and to persons over 65
years of age. All others have to pay a fee
costing $5.

The non-resident licenses were also
changed slightly in 1971. Before that, the
license holder was entitled to kill any two
big game animals with no additional charge,
and paid a $25 fee for each animal in excess
of two. This was called a trophy fee and
was paid after the animal was shot and de-
clared. The non-resident Canadian paid a
$50 basic license fee, the non-resident alien
paid $100.

Since 1971, the basic fee remains the
same but a special trophy fee is levied for a
grizzly: a non-resident is assessed $65 for a
grizzly and, to control illicit export, a non-
transferable prescribed seal has to be affixed
to the pelt.

Since 1971, the spring bear license
costs $25 for a non-resident Canadian and
$50 for a non-resident alien. The trophy
fee is also levied.

One additional regulation tends to
limit the grizzly kill in the Yukon Territory.
All non-resident hunters of big game, in-
cluding grizzlies, are required to use the
services of an outfitter and to be accom-
panied by a licensed guide.

At the end of 1972, the Yukon was
divided into 22 registered guiding areas,
each controlled by an outfitter. According
to the Game Ordinance:

“a certificate of registration of a guiding area
reserves to the holder thereof the sole and ex-
clusive right and privilege of outfitting and
guiding any person for the purpose of hunting
big game within the area described in the cer-
tificate of registration.”

Each outfitter controls the hunting by non-
residents over a large tract of land (Fig.
25), thus the harvest is regulated by the
management activities of the outfitter.
Table 14 shows the changes in registration
of guiding areas from 1954 to 1972. Since
the major harvest of grizzly bears in the
Yukon is by non-resident hunters, regu-
lation and control of the individual out-
fitters and their hunting patterns offer the
easiest and best method for management of
the grizzly harvest.

8.2. Hunting methods

The spring bear hunt was usually
conducted by floating the navigable rivers
immediately after break-up. Bears were
stalked and killed when they were spotted
along the banks and adjoining open slopes.
In recent years, several outfitters have
started using planes or horses to take non-
resident hunters into wilderness base
camps, usually relatively high in the moun-
tains. The spring hunt is not a significant
activity in the Yukon, one of the main
reasons being the difficulty of movement in
the higher areas where most grizzlies are
found at that time of year.

The major hunting pressure occurs
during the autumn season during which
the hunting techniques differ for residents,
non-residents, and trappers. Very few
residents or trappers deliberately hunt



Figure 25
The registered guiding areas in the Yukon Territory
in1972
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grizzly bears; those that do travel roads or
rivers to a suitable location from which to
walk into the alpine areas, chosen because
of better visibility. Most residents and trap-
pers who kill grizzlies do so coincidentally
while hunting moose, caribou, or sheep.

Non-residents generally hunt from
outfitters’ camps located away from easy
access, reached by horseback or by small
aircraft. Outfitters employ guides who use
hunting techniques best suited to the parti-
cular area. Horses are generally used to
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Table 14
Chronology of registered outfitters using
guiding areas in Yukon Territory, 1954—72

Year guided
1954 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 @ area no.
I | I I | I I [ I I I I | I I I I I I I
Bobby e i Frances P.E.S. 1
Auston Auston Jensen
W. G. (Bill) 2
Brewster
Doug 3
Low
Louis e i J. 4
Brown } Smith
1
L—Dolores Fred Lee 5
Brown Last Trimble
W, Herb Herb 6
Fraser Zollweg & Zollweg
Monaghan
AUAY M. Warren 7
Smith
Alex - R.W MargR. 8
Van Bibber Pitts  Callison
21015 S e ———_— (Dick) 9
Dickson R. A.
Dickson
Tom Werner 10
Connolly Koser
Mike J— Nolan & Klaus 11
Nolan Klaus  Heynen
Heynen
Joe - Phil 12
Jacquot Temple
1 | | | | | | | 1 | | | | 1 | | | 1 1
1954 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72
Year
cont’d on page 65
reach the best areas. Grizzlies are most sedentary game such as sheep. One tech- 8.3. Kill statistics

often found feeding on alpine berries,
digging roots on the alluvial valley bottoms,
or fishing for migrating salmon. However,
only a few outfitters have grizzly popula-
tions sufficiently abundant in their areas to
guarantee a trophy for the non-resident
hunter. Most grizzlies are taken following a
random encounter while hunting more
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nique, commonly used to increase the
possibility of such an encounter is to
regularly check “gut piles” left from earlier
kills of other big game. Grizzlies are often
attracted to these legal baits, where they
can be hunted relatively easily and success-

fully.

8.3.1. Size of the harvest

The information on the grizzly kill in
the Yukon has been extracted from the
Yukon Territorial Game Department files of
outfitter reports of non-resident hunters
and resident license declarations, sup-
ported by data on export permits, skull
submissions, and bear tags. The non-resi-



Table 14 cont’d

Year

Year guided
1954 55 56 57 58 59 60 61 62 63 64 65 66 68 69 70 U 72 area no.
I I I | I [ | [ [ I I I T I I I I [ [
1 ——— Davis & V. 13
Davis 1 Len Hotte
: Burrard
L— John V. 14
Muska Hazzard
CUrly)  ee—— e G. 15
Desrosiers : Martin
|
L Beile 16
Desrosiers
Dot e e ey
Miller E
I
I—Frank . § 465 8 080 § BRLE B 06 B 0§ R Indian Teslin 17
1 Sidney Affairs Outfitters
1
Watson 1
Smarch
JoENty o coeve o wie s wie 6 Dennis 18
Johns Callison
Hugo B8 § @ § T i 5 § B0 § Sk ® 0 3 0l § Bl B Bu § Bl B bt 5 5 R RPN I Gordon 19
Brodell Toole
CHEBIET « o v v v 00 s 00 o + co——— s 4% & 4% 8 &8 ¢ % sss sesssssssssss Danny Stan 20
Henderson Nowlan Reynolds
DBUIE 5 sves o o 6 wve o o 3 B 68 B S § R E R e ——e § W8 50 B S § 21
Pospisil
Havold  woosswyomemms vogswes om e %% SIS ¥ W9 & BIE 8 P, A. 22
Chambers White Mintz
| | | | | | | 1 | | | | | | | | | i |
1954 55 56 57 58 59 60 61 62 63 64 65 66 68 69 70 71 72

guided
questionable

no information available

not hunted
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dent kill information was supplied imme-
diately following the close of each season.
The resident and trapper declarations are
filed in July when the holder of an expired
license applies for a current one. Some
error undoubtedly occurs in the estimates
of the harvest by residents and trappers but
is impossible to measure. Formerly, an
export license, required to send a trophy
hide to a taxidermist outside the Territory,
was a second check on the information.
However, many people started doing their
own tanning and in recent years commer-
cial taxidermists have established busi-
nesses in the Yukon Territory and not all
hides are exported. The error is not
thought to be greater than 20 per cent,
and is not considered significant, since

the harvest by residents and trappers com-
bined does not equal that of non-resi-
dents.

The resident and trapper returns
include the fall kill of one year and the
spring kill of the following year. In my
tabulations (Table 15), the total kill from
such returns is placed under the year of
the fall kill. For example, the 1972 harvest
for non-residents has been recorded but no
data are presented on the corresponding
figures for the 1972 resident and trapper
harvest. Information on the latter was
available only for the spring harvest and so
isincluded in the 1971 fall harvest.

There are undoubtedly some illegal
kills that are not recorded. However, most
of the nuisance bears around camps and
lodges are black bears, and inasmuch as
some are erroneously reported as grizzlies,
the error in grizzly kill was probably not
significant.

In 1968 and 1969, the Commissioner
of the Yukon Territory authorized a reg-
ulation under the Game Ordinance which
required hunters to bring in the skulls of
all grizzly bears killed in the Yukon Terri-
tory. This information was used to refine
the data in this paper regarding harvest and
population composition of Yukon grizzlies.

Table 15 shows the grizzly harvest in
the Yukon Territory from 1954 10 1972.

The resident and trapper kill remained
fairly constant through the autumn of 1970
and does not reflect the increase in resident
population, which is probably balanced by
the reduction in populations of grizzly
bears occurring in accessible areas most
commonly hunted by residents and trappers.

After the imposition of the tag sys-
tem in the fall of 1971, the kill decreased
significantly, at least for the resident
hunters. Itis concluded that the need for a
tag to be purchased before the bear is shot
eliminates the kill of grizzlies coincidental
with the hunting of other species.

The harvest recorded as ““permit”
kill includes animals taken on scientific
collecting permits issued under authority of
Section 38 of the Yukon Territorial Game
Ordinance. Other permit holders are non-
resident hunters who, under authority of
Section 17 of the Game Ordinance, were
issued a permit to hunt with a resident of
the Yukon Territory. This kill has never
been more than a couple of bears per year
and it is not expected to increase. The
Director of Game closely inspects all appli-
cations for both types of permit.

The total kill of grizzlies by non-
resident hunters has apparently stabilized
at about 80 animals per year. Over the past
10 years, there have been years with con-
siderably fewer grizzlies taken (1964, 58;
1966, 57; 1967, 51) but even in 1970, 1971
and 1972 when the number of non-resident
hunters approached 400 in each year, the
harvest did not increase significantly.

There has been a decrease in hunter
success since 1954 when nearly half of all
hunters were successful in killing a grizzly.
Generally, from 1966 through to 1972
about one in every five hunters has been
successful.

Some of the decrease in success has
been caused by a lower percentage of the
hunters wanting to kill a grizzly bear. Many
non-resident hunters from North America
have already killed one or more grizzlies,
and will not buy a license to hunt another.
Table 16 compares the success of non-resi-
dent hunters from Europe (mainly Germa-



Table 15
Numbers of grizzlies killed in Yukon Territory,

1954-72
No. of non- Kill of illegal

Kill by resident Success Hunter Hunter days or nuisance Kill by Kill by Kill by Total
Year non-resident hunters (%) days  per grizzly bears permit residents trappers kill
1954 30 61 49.2 — — 0 0 25 18 73
1955 43 — — — — 0 0 32 11 86
1956 33 84 39.3 = — 0 0 26 21 80
1957 44 101 43.6 — — 0 0 16 12 72
1958 42 83 50.6 — — 0 0 18 5 65
1959 40 116 34.5 = — 0 0 27 6 73
1960 48 133 36.1 2162 45 0 0 23 9 80
1961 58 198 29.3 2984 51 0 1 24 9 92
1962 51 159 32.1 2396 47 0 0 32 19 102
1963 72 173 41.6 2467 34 0 1 34 22 129
1964 58 206 28.2 3075 53 2 1 33 14 108
1965 81 254 31.9 3724 46 0 2 30 21 132
1966 57 256 22.3 3595 63 0 0 15 18 90
1967 51 270 18.9 3582 70 0 0 19 10 80
1968 81 285 28.4 4043 50 8 2 24 23 138
1969 73 338 21.6 4748 65 5 2 25 14 119
1970 78 371 21.0 5253 67 0 0 23 6 107
1971 80 384 20.8 5349 67 0 0 8 11 99
1972 83 389 21.3 5465 66 — — — — —
Table 16

Comparison of successful non-resident hunters
from Europe and North America

1972 1971 1970 1969 1968 Total

g = @ g k2 g ‘= 2 g = 8 g 5 B £ = 2

o s I I ik R = § & < 5 &

o = = ° o 3 o N ] ° H =) = = = b = =
Place of origin P CHE FZA ORI A CEN A CE FAE ORI A ORI )
Europe 29 9 31 35 12 34 32 9 28 24 8 33 18 8 44 138 46 33
North America 360 73 20 354 68 18 343 69 20 314 65 21 207 713 27 1638 348 21
ny, Switzerland and Austria) and from creased. The kill relative to man days of hunting other trophy species and it is im-
other areas. It can be seen that the Euro- hunting is thought to be the best method of ~ possible to separate the hunter days spent
pean hunters, who prize the grizzly highly estimating hunter success. Table 15 shows specifically after grizzlies.
as a trophy, have maintained a success that the success per hunter has decreased By giving total kill statistics and av-
ratio at least 10 per cent above the other from 1960 to the present but the number of  erages for the entire Yukon, the regional
hunters. Perhaps the success ratio per hunter days per grizzly taken has increased  variations have been obscured. The total
hunter does not accurately reflect the true and stabilized at about 65 hunter days per non-resident kill for each guiding area is
pattern. Hunting patterns have changed grizzly killed. tabulated for the 5 years 1968 through
over the years and if each hunter now It is tempting to estimate that, at 1972 (Fig. 26). It is apparent that three
stays for a shorter time the total hunting $125 per day paid to the outfitter, each griz- zones of distinct harvest intensity occurred.
effort could have remained constant even zly has a value to the outfitter of 65x 125 =  One formed an arc along the Ogilvie, Wer-
though the number of hunters has in- $8,125. However, many hunters are also necke, and Mackenzie Mountains in the
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Figure 26
The total non-resident grizzly kill in each guiding
area in the Yukon Territory, 1968-72 inclusive
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north and east of the Yukon. This zone of
relatively heavy harvest was separated
from a zone in southwestern Yukon

of nearly equal harvest intensity by a
large low harvest zone in southern central

Yukon.

During the 1968 and 1969 seasons,
exact locations of kills were plotted for all
specimens received from hunters. The dis-
tribution of these kills is shown in Figures
27 and 28. The sample consisted of 83 per
cent of the non-resident kill and 54 per cent



Figure 27
Distribution of grizzly bear harvest in the Yukon
Territory, 1968

Figure 27
" wr e 1 e e i 0 it e m 1207
TR P12
o ot

o Skulls examined (non-resident hunters)

® Skulls not examined (non-resident hunters)
A Resident kill, skulls examined

X Nuisance and/or permit kill

Kilometres 0 50 100 150

of the resident kill in 1968, and of 77 and

Of the 22 guiding areas (Fig. 25), 20

24 per cent respectively in 1969. The non- have been hunted every year from 1968
resident kill for which specimens were not through 1972. Because areas 21 and 22
obtained is also shown in Figures 27 and were only hunted during 1971 and 1972,
28, as are nuisance and permit kills for they have been excluded from the regional
which records were available. analysis.

The three broad areas of harvest in-
tensity are segregated and the success rates
compared, measured by hunter days per
grizzly (Table 17). As a group, the northern
and eastern zone, containing nine guiding
areas, appears consistent over the entire
span of the comparison. It shows an average
of 47.2 hunter days spent per grizzly taken.
The other two zones show area variation
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