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Perspective

Barren-ground caribou numbers in
northern Canada were estimated at three
million up to the 19th century. The intro-
duction of firearms to Indians and Eskimos,
the arrival of whalers in the mid 19th cen-
tury, and the demand for northern furs in
the early 20th century were followed by a
rapid increase in the annual kill of caribou.
Reductions probably did not occur on the
range as a whole before 1900, but were re-
ported locally as early as the mid 1800’s.
The caribou range in northern Canada was
first surveyed from the air in 1948-1949,
and an alarmingly low estimate of 670,000
caribou was made. Various studies through-
out the 1950’s and early 1960’s indicated
adecline in numbers which reached an all-
time low about 1957. This decline appar-
ently ended in that year, and the population
has since undergone little change.

The early studies are now regarded as
pioneers in caribou research. They success-
fully monitored the trend in total numbers
and identified many factors responsible for
the decline in caribou populations. They
contributed a great deal to knowledge of
caribou ecology but were inconclusive,
because of limitations on their duration and
the size of the areas covered.

In the early 1960’s many conserva-
tion agencies recognized the need for in-
tensive study of a particular barren-ground
caribou population to provide information
on population dynamics, human utilization
and range condition. The Canadian Wildlife
Service began such a study, lasting 213
years, in spring 1966. It chose the Kaminu-
riak Population mainly because it was ac-
cessible and its range limits were relatively
confined. One biologist was responsible for
each segment of the study: total numbers,
mortality, recruitment and seasonal
distribution; sex and age composition;
seasonal physical and reproductive condi-
tion; winter range evaluation. The study



was designed and carried out by the CWS,
but the game agencies of Manitoba,
Saskatchewan, Alberta and the Northwest
Territories all contributed personnel at
various stages.

The results of the research program
were first reported to the Administrative
and Technical Committees for Caribou
Preservation in 1970. The recommenda-
tions arising from these reports were sub-
sequently made available to the game agen-
cies of Manitoba, Saskatchewan, Alberta
and the Northwest Territories. This report
is the second of four publications on the
barren-ground caribou study, to be pub-
lished in the CWS Report Series.

Abstract

Canadian Wildlife Service biologists
collected a total of 999 barren-ground car-
ibou (Rangifer tarandus groenlandicus) dur-
ing four periods of each year from March
1966 to July 1968. Nine hundred and forty-
three caribou were from the Kaminuriak
Population which ranges over an area of
about 282,000 km?in northern Manitoba,
northeastern Saskatchewan, and the south-
eastern District of Keewatin, Northwest
Territories, and 56 were from the Beverly
Population, which ranges west of the Kami-
nuriak Population. Collections were taken
s0 as to obtain animals during the major life
history phases of the annual cycle. Males
totalled 436 and females 563. The adult seg-
ment, 46 months of age or over, comprised
178 males and 306 females.

The age composition of the Kaminu-
riak Population was estimated from tooth
eruption and replacement, by linear dental
measurements, and by microscopic exam-
ination of annuli in the cementum of man-
dibular teeth, prepared histologically.

The age data were used to determine
the effects of natality and mortality on the
population and the sexes and ages of an-
imals grouping together at different times
of the year.

The degree of segregation and asso-
ciated socialization was measured by clas-
sifying the groups from which the collec-

tions were made and by observing group
structuring throughout the study period.
The high degree of segregation in the car-
ibou bands and direct observations of
groups, particularly in the spring, lead to
the conclusion that caribou are socially
cohesive.

I postulate that the primary function
of postcalving aggregations is socialization;
such aggregations provide favourable situa-
tions for the regrouping of former winter
bands. I believe that such regrouping is
necessary because (1) the core of the win-
tertime cow-juvenile band is formed by a
matriarchal bloodline which may be sup-
plemented from time to time by neigh-
bouring caribou; and (2) the bull band, the
basic male social unit, maintains from year
to year a distribution of breeding bulls that
will ensure, under natural conditions, a
supply of breeders.

The large base of juvenile and sub-
adult animals in the collection indicates
that the population has the potential to in-
crease rapidly. Prime animals 4 to 6 years
old were well represented, suggesting an
expanding, or at least stable, population.
High representation of males and females
in the adult segment continued until the
9th year. Once they reached their prime,
however, males apparently had a higher
rate of death than females. It is suggested
that the rate of birth for males and females
is about equal and mortality for males and
females is constant until the prime of life.

Differential mortality between co-
horts, however, could have considerable
impact on the total size of the population,
and on subsequent numbers of breeding
females. The evidence suggests that in
cohorts subjected to higher mortality the
female segment suffers greater losses.
Consequently the female segment in such
cohorts may be particularly small. This
intra-cohort mortality would be even more
important if an excessive rate of death
occurred within two or three successive
cohorts, especially while the population was
being heavily harvested.

Résumé

De mars 1966 a juillet 1968, au cours
de quatre périodes comprises dans chacune
des années, des biologistes du Service cana-
dien de la Faune ont capturé un total de
999 caribous des toundras (Rangifer ta-
randus groenlandicus) . De ces caribous, 943
appartenaient a la population de Kaminu-
riak dont Iaire de distribution couvre une
superficie d’environ 282,000 km?, dans le
nord du Manitoba, le nord-est de la Sas-
katchewan et le sud-est du district de Kee-
watin (Territoires du Nord-Ouest). Les 56
autres provenaient de la population de
Beverly dont Iaire s’étend a I’ouest de celle
de la population de Kaminuriak. La mé-
thode de rassemblement des spécimens a
prévu I’obtention des animaux au moment
des principales phases de leur cycle annuel.
Le nombre des méles s’est élevé a 436 et
celui des femelles a 563. Le segment des
adultes (animaux &gés de 46 mois ou plus)
était formé de 178 méles et de 306 femelles.

L’estimation de la répartition de la
population de Kaminuriak selon I’4ge s’est
faite par I’étude des modes d’éruption et de
remplacement des dents, le mesurage liné-
aire des dents et ’examen des anneaux de
croissance annuelle des coupes histolo-
giques du cément des dents de la mandibule.

Les données sur I’4ge ont servi a dé-
terminer les effets de la natalité et de la
mortalité sur la population ainsi que le sexe
et ’dge des animaux qui se rassemblent
a différentes époques de ’année.

On a mesuré le degré d’isolement et
celui du groupement correspondant en
classifiant les groupes a partir desquels 1’é-
chantillon avait été prélevé et en observant
la structuration des groupes tout au long
de la période d’étude. Le degré élevé
d’isolement dans les hardes de caribous et
les observations directes des groupes,
particuliérement au printemps, permettent
de conclure que ces animaux forment une
entité sociale unie.

Je pose comme postulat que la fonc-
tion premiére des rassemblements aprés la
période de mise bas est de permettre aux
individus de socialiser; ces rassemblements



créent des situations favorables au regrou-
pement d’anciennes hardes hivernales.
J’estime que ce regroupement est nécessaire
pour les deux raisons suivantes: (1) le
noyau du groupe hivernal femelles-jeunes
est formé d’une famille matriarcale a la-
quelle peuvent de temps en temps venir
s’ajouter des caribous du voisinage; (2) le
groupe des miles, élément social de base
chez les males, maintient d’année en année
une lignée de reproducteurs qui assurera,
dans des conditions naturelles, une popu-
lation de géniteurs.

L’importante base de jeunes et d’ani-
maux presque adultes de I’échantillon in-
dique que la population peut augmenter
rapidement. Les animaux dans la force de
’4ge étaient bien représentés, ce qui dénote
une population croissante ou, du moins
stable. Il y avait, jusqu’a la neuviéme an-
née, un fort pourcentage de méles et de
femelles dans le segment adulte. Une fois
arrivés a la force de 1’4ge cependant, les
méles ont apparemment connu un taux de
mortalité plus élevé que celui des femelles.
Les données permettent de croire que la
natalité chez les males et les femelles est &
peu pres égale; par ailleurs, la mortalité
dans les deux groupes reste constante jus-
qu’a ce que les animaux atteignent la force
de I’age.

Le taux de déces différentiel entre
générations peut avoir beaucoup de consé-
quences sur 'importance numérique de la
population et sur le nombre ultérieur de
femelles reproductrices. En effet, tout porte
a croire que, dans les générations frappées
d’une forte mortalité ce sont les femelles
qui sont les plus durement touchées. Par
conséquent, le segment des femelles dans
ces générations peut €tre particulierement
petit. Cette mortalité intra-génération pour-
rait étre plus importante encore si un taux
de mortalité excessif frappait deux ou trois
générations consécutives, spécialement si
la population faisait alors I’objet d’une
chasse intense.

Pesiome

Kamajicrie GHOJOIH CIIY 0Ll diH-
BOI IPHPOJIBL COOPAJIHE Ha GeCILIOHIIX
3eMJLSIX B 00IIell caosrHocTH 999 1apudy.

Bo Bpeyd gerbipex mepuojos Kask-
7I0r0 Iojia ¢ Mapra 1966 mo moab 1968
r.r. Jleparbcor COpOK TPH RapHOY ObLIH
13 TOTLYJISILII «KaMILLYDbIK» , HACeJd-
forei Teppuropuio esbimIe 282 000 Km®
B ceBepHoil Manurole, CeBEPO-BOCTOTHOM
(Cackauenaie I I0[0OBOCTOYHOM paiioHe
Rmosruna 8 Cesepo-Sanagunix Teppu-
TOPHAX; 56 OBIIO I3 MOILY IS
«GeBep iy, Haxo/sIIlelics sarajiHee
HOMYJISIIIIT «RAMHHYPLAK» . Koiekuus
SRIIBOTHHIX ITPOHM3BOALIIACH € LEJIBIO
Ha G0 IeHIIA 38 HIIMH BO BPEMSI OCHOB-
HLIX ICTOPHYECKIX JRIIBHEHHBIX (a3
roI0BOr0 IIKIa. Beero caMIios 65110 436,
a caMok 563. 13 sToro 4me.a Bo B3PO-
CJIBIT ceKTOp B Bo3pacre 46 MecsdleB H
BolIIe, BX0/mI0 178 caMuon u 306
CAMOK.

Bospacruoii cocTaB Moy IS
oTIpe/ieJisiIcs Iy TeM Hal 110 e IS IPo-
pesalst 3y00B I 3aMeHbl HOBLIMII,
JUTHCITHOTO W3MepeHH 3y00B I IIyTeM
MIIEpPOCKOMINCCKOI0 aHAIII3A, IIPOBE-
JeHHOr0 TTCTOJI0TIIeCKH.

Jlanusie 0 BO3pacTe HCI0Ib30Ba-
JIICD [ OIlpe/esle s Bo3/leiicIBHsA
POSKIQEMOCTH U CMEPTHOCTII Ha HOILy-
JSINI0, & Takske [JIA OIIpe e IelusT IM0Ja
1 BO3pacTa IPYIIHPOBOK /RUBOTHLIX B
pasubie BpeMeHa roja.

Cremenp 0TI eJIeHHA I COOTBET-
cTBYIOIIee 00IIeCTBICHHE OHJIA H3Me-
peHa IryTeM RJIACCH(PHKALIUI MPYIII, 13
KOTOPHIX OTGIPAJHCH KOICKIMH,
ITyTeM HaG 0 eI 32 CTPYKRTYPOH
IPYNIH HA IIPOTSIZKEHHII BCCTO IIEPHOJA.
Bricoras cremens oTheseins B cTaax
Kapuly 1 MpsAMBle HAOI01eHIA 38
IPYMIIAMI, B YACTHOCTH BeCHOII, TPHBEJIH
K 3aKRJII0UEHII0, 9T0 KapuOy
00IIIeCTBEHIIO CHASHEL.

1 currralo, 4ro mepBHYLoil QyHK-
eIl I0CIe0TeJOBHX 0056 ITHeHHIT
ABJIsgeTC 00I[eCTBIEHHE; TAKAE 00Be-
IITHEHHS CO3/1I0T XOPOIIHE YCJI0BHST IJ1

[CPErpYIIIIPOBOK OLIBIIIIX 3IIMUIX CTA,.
§1 currralo, 9T0 TaKme MeperpyIITIpOBKH
1COOXOMIIMBI, TAK Kak:

a) CrepskeHb 3IIMHELO CTazIa
CAMOK-TIOZ[POCTROB COCTABIALTCA M3
SRIBOTHBIX, POJICTBEHHBIX 110 MaTepIH-
CROIT ;TITHII, ROTOPLIE BPEMS OT BPCMeHI
MOI'YT 3aMEHSTHCS COCeNUIIMI Kaplly;

G) crajo, COCTOAMIICE 113 CAMIIOB,
OCHOBIAS 00IIecTBeHNas CANHIIA, 13
I'0/1a B TO]I TIOIJIePIRHBALT PACIIpe;Le-
JIelile IVIeMEHHULIX CaMIoB, KOTOpoe B
TIPHUPOJHLIX YCJIOBHAX 00€CIeTBaeT
[TOCTABKY IIPOU3BOMUTEICII.

Boabmoii mpomenT moapocTKOB It
MOJIOZIBIX CaMIIOB B ROJVICKIIH YKA3Dhl-
BaCT Ha HAJIHYMe IOTCHITAMA 6LICTPOrO
pocra IOy TSI, X0POIIo OB ITpeji-
CTaBJICHDl B KOJIVICKIIH SKIIBOTHLIC B
paclipeTe RUHEHHLIX CILT, B BO3pacTe
0T 4 10 6 Jret, 4T0 00eTIALT B GY/YUICM
yBe IYeHHe I Mo kpafineit Mepe
YCTOIIUMBOCTD IOy IS,

Bricormii IpolieHT CaMIIOB I caMOK
BO B3POCJIOM CCKTOPE IPOJOMIRA 1S 10
ZeBsAToro roga. OanaKo, KOrIa ol
JOCTIIIVIIL PAaclBeTa JRIBHCHHEBIX CHIT, ¥
CaMILOB, 04€BIIIO0, OBITa G0Iee BLHICORAST
CMCPTHOCTD, 9eM y caMok. IIpemo-ia-
racres, 9To IPOIEHT POKIACMOCTI CAM-
1I0B H CAMOK IOYTH OTHHAKOB, & CMepT-
HOCTD CAMOR TIOCTOSTIHA BILTOTD JI0
paclBeTa ‘RIBHEHHBIX CHJI.

Pasnnna B cMeprHOCTI KOTOPT,
OJIHAKO, MOKET 0KA3aTh 3HAUITC, IHHOC
BJIISTHIE 18 0O pasMe) MOy, TSI
I A TTOCTIEYIONee THCIO TLTEMCITH X
¢aMoR. JlanHble TTOKA3HIBAIOT, UTO B
ROropTax, MoJBePsReHHBIX (0.1e¢ BLICO-
KOII CMEePTHOCTII, CERTOP CAMOR HeceT
GOJIBIINC TTOTEPH.

CiremoBaTe/IbHO, CEKTOD CAMOK B
TARHX KOTOPTAX MOJKET GHIThH COBCEM
mefompmm. Takas cMepTHOCTD BIYTPII
KOTOPTH OLI71a OBl G0JIee ¢CphesHoi,
ecoIH OB BEICORTIT TPOIIENT CMCPTHOCTIH
BOSHIKAJ B ABYX HJIH TPeX TOCTenyIo-
IIIIX KOrOPTaxX, 0COGEHHO KOIIa pasMep
TOITYJTALIH 3HAYUTEILHO VMEHbIIacTes
BCJICJICTBHE OXOTH.



Introduection

The numbers of barren-ground car-
ibou (Rangifer tarandus groenlandicus)
in northern Canada before the 19th
century were estimated at several million
(Anderson, 1924; Clark, 1940). Alarming
decreases in numbers, since about the
1850’s, were probably caused by the whal-
ers who wintered along the arctic coast
during the latter half of the 19th and the
early 20th centuries. The CWS, therefore,
began a long series of investigations in
1948. In the first comprehensive report,
Banfield (1954) estimated the mainland
population at about 668,000 and presented
evidence for the decrease and its causes.

The 1948 study led to further re-
search into the factors responsible for the
drastic decrease. Meanwhile the decline
continued until, by 1957, the mainland
populations were at an alarmingly low
200,000 (Kelsall, 1960). Indians and Eski-
mos annually killed far more than the an-
nual recruitment; and forest fires were de-
stroying much of the prime winter range.
The caribou was placed on the endangered
species list; conservation practices were
introduced to the Indians and Eskimos; and
an extensive wolf control program was
initiated in an attempt to reduce total mor-
tality. Limited aerial surveys and reports
from many sources suggest that the decline
in caribou populations ended around 1960.
The caribou populations were then said to
be increasing at an alarming rate but such
reports were not based on up-to-date in-
formation. A range-wide survey conducted
in spring 1967 resulted in a total estimate
of about 400,000 mainland caribou (Thom-
as, 1967). But a critical analysis of the in-
terpretation of raw data derived from sur-
veys made in 1967 and earlier suggests that
total numbers changed little from 1957 to
1967 (Parker, 1971).

In 1966, the CWS began an intensive
study of the Kaminuriak Population of
northern Manitoba, northeastern Saskatch-
ewan and the southern District of Keewa-
tin, Northwest Territories (NWT). The
main objective was to obtain detailed infor-
mation on caribou biology, human utiliza-

tion and range conditions by study of a
particular population for about 2}5 years.
All mainland caribou populations were as-
sumed to be subject to similar environ-
mental problems. The Kaminuriak Popula-
tion was chosen because it presented fewer
logistic problems than others and its study
would be less expensive.

The program combined the efforts of
four biologists, working as a team whenever
possible but generally pursuing a particular
field of research, according to the objectives
of the project. The goals were as follows:

a. To determine the size of the population,
to record seasonal movements, and to re-
late population size to range capacity, an-
nual mortality, and natality.

b. To determine the sex and age composi-
tion from large representative samples of
the population.

c. To obtain detailed information on repro-
ductive rate, growth, physical (nutritional)
condition, mortality (from hunting and
natural causes), and the pathological con-
ditions of the caribou.

d. To determine the relationship of forage
use on the taiga winter range to forage
abundance, distribution and availability.

Nine hundred and forty-three car-
ibou were collected from the Kaminuriak
Population to determine its sex and age
composition. The animals’ sex was self ev-
ident, but I also tested the accuracy of de-
termining sex from mandibular or diastema
lengths, and found them to be reliable.

I estimated the age of caribou from eruption
and replacement patterns, by linear dental
measurements, and by counting annuli in
histological sections of dental cementum of
mandibular teeth. In addition, 56 spec-
imens were taken from the Beverly Pop-
ulation which ranges west of the Kaminu-
riak Population. The data on reproduction,
growth and physical conditions collected by
Dauphiné (in prep.) were related to age
data collected in the present study. In the
present report the age data will be used for
determining the effects of natality and
mortality on the population and group
composition at different times of the year.



Study area and
migration

1. Study area

Kelsall (1968) has described the
barren-ground caribou range on mainland
Canada. Beckel (1958a and 1958b), Rowe
(1959) and Miller (in prep.) have described
portions of the study area in detail. The
study area (Fig. 1) encompasses the entire
range of the Kaminuriak Population. About
282,000 km?, it is bordered on the east by
Hudson Bay. From Chesterfield Inlet, its
northern boundary, the perimeter of the
range extends westward to Baker Lake, then
southwest to Selwyn Lake on the Saskatch-
ewan — NWT border. To the south, the
perimeter follows the Churchill River to
the west shore of Southern Indian Lake,
then extends northwest across the northern
ends of Reindeer and Wollaston Lakes to
Selwyn Lake.

The summer range on the tundra
covers about 160,500 km?2. It lies north of
aline extending westward from the mouth
of the Caribou River, north of Caribou
Lake, through Nueltin Lake, to about the
north end of Snowbird Lake in the District
of Mackenzie, NWT. The winter range in
the open boreal forest, south of the sum-
mer range covers about 121,500 km? (Fig.
1). During field work, however, most of the
caribou wintered on the western half of the
range. Some caribou winter on the coastal
lowland tundra, west of Eskimo Point and
Rankin Inlet, but their numbers are usually
low and vary considerably from year to
year.

The study area is geographically di-
vided into the coastal lowlands extending
inland about 137 km from Hudson Bay, the
interior plateau west of the lowlands, and
the hill and mountain regions (Robinson,
1968). The lowlands are characterized by
numerous elongated drumlins and linear
eskers, Drainage is poor, with many streams
meandering from one depression to an-
other, sometimes forming into long, nar-
row lakes when rock ridges or moraines
block their outlets (Robinson, 1968). The
interior plateau generally has an elevation
of less than 150 m. Rock outcrops are more
prevalent here than on the lowlands, and

Figurel

Overall summer and winter ranges of Kaminu-
riak caribou. Caribou do not commonly use
the area in its entirety in any one year but do
so at various times through a series of years

Figure 1l
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drumlins and eskers are characteristic for-
mations (Robinson, 1968). The western-
most section of the study area comes within
the interior hill subregion where bare rock
hills and ridges are predominant features
(Robinson, 1968). The elevation is general-
ly from 350 to 450 m; the maximum eleva-
tion is about 550 m.

The study area is divided into the
following floristic types: Tundra, Forest-
tundra, and Northwestern Transition sec-
tions of the boreal forest (Rowe, 1959). The
term tundra is synonymous with barren-
ground. Itis carpeted with mosses, lichens,
sedges, grasses, dwarfed woody plant spe-
cies and herbaceous flowering plants. Veg-
etation is lush in the lower areas, scanty in
higher drier areas (Kelsall, 1968). Dwarfed
black spruce (Picea mariana), white spruce
(P. glauca), tamarack (Larix laricina), jack
pine (Pinus banksiana), birches (Betula
spp-), aspen (Populus tremuloides), poplar
(P. balsamifera), alders (Alnusspp.) and
willows (Salix spp.) grow on the forest-
tundra. The forested portion of the study
area, corresponding generally with the
winter range, is open boreal forest, with
black spruce mostly dominant inland.
White spruce dominate sites with better
soils or drainage, tamarack is often dom-
inant on the more northern sites, jack pine
on burned or sandy sites. Birches, aspen,
poplar, alders and willows occur in varying
degrees and are sometimes locally dom-
inant. Extensive bogs and muskegs occur
throughout the study area and much of the
land mass is covered with water.

The winters are severe and prolong-
ed, springs cool and wet, summers relatively
dry and moderate. Winter temperatures are
consistently below —29°C and often dip
to —40°C. The mean annual minimum
temperature is —46°C, and the lowest re-
corded temperature is —51°C (Kelsall,
1968). The mean annual maximum tem-
perature is 27°C. Mean annual precipitation
is 30 — 41 cm on the winter range and 15—
30 cm on the summer range (Kelsall, 1968).
The mean annual total snowfall on the win-
ter range is 102-127 cm, the mean annual
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maximum depth of snow is 51-76 e¢m

(Kelsall, 1968).

2.  Migration patterns

Caribou of the Kaminuriak Popula-
tion usually begin their spring migration in
April, with local, often multi-directional
movements. They are well on their way to
the tundra by May, usually arriving on the
calving ground by the end of the month.
Calving takes place, for the most part, dur-
ing the first three weeks of June; and large
post-calving groups begin to form by late
June and early July. The caribou meander
over the tundra for the first part of July,
then begin their midsummer migration
southward to the forest-tundra or taiga in
late July or early August. The extent to
which the animals penetrate the taiga var-
ies from year to year. Many migrating an-
imals have returned to the tundra by late
August and early September. Rutting takes
place in October, mainly along the northern
edge of the forest-tundra, and may continue
atalow level in early November, when the
autumn migration begins. In November or
early December, the caribou arrive in the
open boreal forest for the winter. Through-
out that season there is usually much move-
ment; the mature bulls leave the other car-
ibou and go further south. The advanced
signs of spring initiate the annual migration
cycle again. Parker (1972) describes these
movements in details.



Methods

We shot the caribou (Table 1) and
hauled the carcasses to processing sites,
where we took measurements and spec-
imens.

Each caribou was decapitated. The
mandible was dissected, fleshed, dried and
shipped to the laboratory for examination
of the teeth. The standard terminology for
deer teeth (Riney, 1951) was used in this
study. I took the nomenclature for tooth
morphology from Loomis (1925), Frick
(1937), and Banfield (1961).

We soaked the mandibles in hot
water for several days, to loosen any soft
tissue and foreign matter, scrubbed them
with stiff-bristle brushes to remove the tis-
sue and to clean the teeth, and air-dried
them thoroughly. We then took the fol-
lowing data:

a. Height of the first incisor (il) and of all
molariform teeth, second premolar (p2),
third premolar (p3), fourth premolar (p4),
first molar (m1), second molar (m2), and
third molar (m3) on the buccal side;

b. Heights of the anterior and posterior
cusps on the m1l, m2 and m3;

¢. Maximum width of enamel and dentine
on the anterior cusp of the m1;

d. Length of the right and left dentaries;

e. Length of the right and left tooth row;

f. Length of the right and left diastema;

g. Types of teeth present: deciduous (milk),
erupting, or permanent. In addition, we
recorded the following data for all molars
of the right mandibular bone: weight, lin-
gual and buccal width, antero-posteriad
length, and stages of growth (open or
closed) for the apices of the roots.

All tooth heights were measured from
the lowest point of the stained gum line to
the highest point of the buccal ridge. A
tooth was considered as erupting if it had
not fully erupted but a portion of its crown
was stained. The length of the mandible was
measured ventrally from the posterior rim
of the ramus to the anteriormost portion of
the alveolar bone below the il. The length
of the diastema was measured dorsally from
the junction of the anterior surface of the
p2 and the alveolus to the anteriormost

Table 1

Summary of collection periods, aircraft and meth-
ods used in collecting 999 caribou in northern
Canada, April 1966 — July 1968

Collection period Location Aircraft Methods

1966

Apr. 7-28 NW Manitoba Otter Aerial search, shooting on lake
ice

June 5-Jul. 5 SE District of Keewatin, NWT  Beaver Ground spotting, stalking and
interception

Sept. 17-24 S Central District of Keewatin ~ Otter Aerial spotting, ground stalking

Nov. 21-Dec. 1 NW Manitoba Otter Aerial search, shooting on lake
ice

1967

Apr. 10-20 NW Manitoba, NE Sask., Otter Aerial search, shooting on lake

SE District of Mackenzie, NWT ice
May 25-June 13 SE District of Keewatin Otter, Aerial spotting and shooting,
G2-A helicopter ground stalking and interception
Sept. 15-21 SE District of Keewatin Otter, Aerial spotting and shooting,

G2-A helicopter

shooting from next to helicopter

Nov. 28-Dec. 12 NW Manitoba Otter Aerial search, shooting on lake
ice

1968

Apr. 12-24 NW Manitoba Otter Aerial search, shooting on lake
ice

June 12-16 SE District of Keewatin Beaver, Aerial spotting and shooting

G4-A helicopter

July 12-16 Central District of Keewatin Beachcraft Ground spotting, stalking and
interception

July 14-17 SE District of Keewatin Beachcraft Aerial spotting, ground stalking

and interception

portion of the alveolar bone posterior to
the crown of theil.

The mandibles were forced apart at
the mandibular symphysis between the left
and right il, and all incisiform teeth were
removed by hand. The molariform teeth of
the right mandibular process were removed
with tooth extractors. The teeth were stored
in 5 per cent formalin. The left dentaries
were air-dried, then the infundibula of the
molariform teeth were cleaned out with a
dissecting needle. The left dentaries were
then sprayed with clear plastic coating,
dried, and subsequently mounted on jaw
boards by sex and age classes.

During the experimental phase of the
work decalcifying solutions and time re-
quirements, dehydration, mounting media,
types of microtomes, stains, staining time
and processes were varied to determine the

most reliable procedures. The most effective
histological procedures are given in Table 2,
labour requirements in Table 3.

The teeth were rinsed in running tap
water for 24 hours, placed in labelled, per-
forated, stainless steel capsules and sub-
merged in nitric acid decalcifying solution
(Table 2) at the rate of one molar or two
incisors per 150 ml of solution. Incisiform
teeth from caribou younger than 34 months
were decalcified for 18-24 hours and from
older individuals for 24-36 hours. Molari-
form teeth from all caribou were decalcified
for 48-72 hours.

Termination of decalcification was
determined subjectively. When the root
portion was flexible under slight pressure,
the tooth was removed from the decalcify-
ing solution, rinsed in running tap water
for 24 hours, and stored in distilled water.

11



Table 2
Histological techniques and reagents used in pro-
cessing caribou teeth

Table 3
Time requirements for preparing slides of caribou
tooth sections

Steps Techniques and reagents Procedure Minutes
Decalcifi- Locate tooth, transfer to capsule,
cation Commercial nitric acid rinse in running tap water 5
67.18% nitric acid, 7.5 ml Place in nitric acid decalcifying
Distilled water, 92.5 ml solution 1
Mounting for Rinse in running tap water 1
sectioning Ames Tissue-Tek O.C.T. mounting Transfer to distilled water 1
compound Prepare label, mount tooth on
Sectioning ~ Ames Tissue-Tek cryostat micro- microtome 2
tome at —30°C Section tooth 10-20
Mounting Mount tooth on slides, label,
for staining  Albuminized slides place on drier 10-30
Staining Harris haematoxylin and Eosin Y Staining 35-65
Harris haematoxylin, 5-30 min Mount in Fisher’s Permount,
Distilled water, 2 min place on drier 5-10
Distilled water, 5 min Range of time required 70-135
Eosin Y, 30 sec
Distilled water, 2 min crown to the apex of the root, could be
0.5% sulphuric acid in 70% ethanol,  seen through the dentine. The sectioning
3-5 sec was continued and 10 longitudinal sec-
— 5 : '
£0% sodium bicarbonate solution, - tions — Nos. 15, 25, 30, 33, 36, 39, 42, 45,
— - 55 and 65 — were kept for mounting. Eight
Distilled water, 2 min : . " .
a - longitudinal sections were retained from
70% ethanol, 4 min .
= - each molariform tooth. The first two sec-
95% ethanol, 4 min . R
- tions were taken before the pulp cavity was
100% (absolute) ethanol, 2 min i S :
. reached. The remaining six sections were
Kylens, & win taken from the pulp cavity region, one for
Mounting Mounting pup yoceton

and reading  Fisher’s Permount

Glycerin diluted 1:1 with Hs0

Reading

Bausch and Lomb zoom microscope
35X -860X

Most readable between 100x and
400 X

20X —80 X dissection scope to
check staining and gross structures

The crown of the tooth was removed with
a scalpel. The root portion was mounted on
apre-cooled metal mount in Ames Tissue-
Tek O. C. T. mounting compound so as to
allow the blade to pass through the buccal
and lingual surfaces. The teeth were cut on
an Ames Tissue-Tek cryostat (freezing)
microtome at approximately —30°C, in
sections 12—15 microns thick.

The incisiform tooth was sliced away
until the pulp area, from the neck of the
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every 5 to 10 slices made. The sections
were placed in distilled water in compart-
mentalized plastic petri dishes in order of
cutting. The slides were layered 24 hours

in advance with fresh egg white. Five and
four sections from incisiform and molari-
form teeth respectively were placed on each
slide, in order of cutting, with their apices
pointing in one direction. Each slide was
coated with water to prevent the sections
from curling and to facilitate the mounting
process. Excess water was removed, and
the slides dried overnight on a slide warmer
at 40°C. The sections were stained with
Harris haematoxylin and Eosin Y by the
procedure shown in Table 2. After a min-
imal staining time each slide was checked
with a dissection microscope to determine
the need for additional staining. A cover
slip was then applied to each slide with
Fisher’s Permount and the slides were dried

on slide warmers at 40°C for at least 48
hours. The sections were scanned at 100X
to 200X with a Bausch and Lomb zoom mi-
croscope. The thinner cemental layers on
the upper portion of roots were often read
at 400 X. Each slide was read at least four
times with considerable lapses of time be-
tween each reading.

The ages in months were established
by histological examinations of the il or
ml. The following assumptions were made:
an annulus (winter rest line) is apposited
each year; all annuli can be recognized from
supernumerary lines; all caribou were born
in June.

All the information obtained was
put on data preparation forms for punch
card processing and subsequent compilation
on computer tape. A review of related liter-
ature on age determinations is given in Ap-
pendix 1, and references listed by author
and date for species investigated are listed
in Appendix 2.



Dentition as an
indicator of age
and sex

1.  Morphology of the mandibular
dentition
Barren-ground caribou are hetero-
donts, having a dentition composed of in-
cisors, canines, premolars and molars

(.I—()(LIFEE'X2=34.) ;

13 ¢l p3 m3 (Banfield, 1961).
The mandibular dentition of the newborn
consists of 14 deciduous teeth: 8 incisiform
(i1, 12, 13, ¢1) and 6 molariform (p2, p3,
p4). The deciduous teeth are smaller ver-
sions of their permanent counterparts (Fig.
2 and Plate A) except for the deciduous p4
which is sexitubercular, an additional pair
of cusps making it longer than its perma-
nent counterpart (Plates A and B).

The permanent mandibular dentition
is subhypsodont, selenodont (Banfield,
1961) and consists of 20 teeth: 8 incisiform
(i1,i2, 13, c1) and 12 molariform (p2, p3,
p4, m1, m2, m3). The eight incisiform teeth
have chisel-like crowns and single roots set
loosely in the alveoli for flexibility. The in-
cisors are small: the il is the largest and
most functional (Fig. 2) and receives the
greatest attrition with age; the i3 is the
smallest.

The deciduous and permanent p2 are
often lophodont-like, but many exhibit the
selenodont pattern of the p3 and p4. The
lophodont p2 has a more complete longitu-
dinal ridge, usually with two isolated trans-
verse ridges extending buccally from what
would be the anterior and posterior cres-
cents. In the selenodont p2 the anterior
crest has fused with the posterior crescent
(Loomis, 1925), giving the tooth a more
crescentic outline.

The selenodont origin of p3 and p4 is
somewhat masked by the inferior condition
of the posterior crest and crescent. An en-
tire primary cusp is formed by the fusion
of the anterior crest and the posterior cres-
cent. The posterior crest and, to alesser
degree, the anterior crescent are isolated.
The anterior crescent often fuses medially

on the lingual side of the posterior crescent.

It is the most complex column, triangular
in outline, resulting from the formation of
amediolingual conulid. The premolars are

Figure 2

Dorsal view of eruption patterns for the in-
cisiform teeth of caribou (a) 10 months,

(b and ¢) 12 months, showing possible variations,
(d) 13 months

Figure 3
Five parts of a selenodont tooth, buccal side of
aleft p4

Figure 2

almost or as large as the molars. The pri-
mary parts of the premolar teeth and of
the molar counterparts are illustrated in
Figure 3.

The m1, m2 and m3 are selenodont.
The first two are quadritubercular, while
the third has an additional, single, distal
cusp. The anterior crescent becomes the
metaconid, the anterior crest the protolo-
phid, the posterior crescent the entoconid,
and the posterior crest the hypoconid (Fig.
4). These cusps are separate columns in the
newly erupted tooth (Frick, 1937), but by
the time the animal has a complete perma-
nent dentition, at 24 to 29 months (Plate
A), attrition of the occlusal surfaces of m1

Figure 3
Metaconid, Protoconid — Protolophid
Cingulum Anterior crest

when enlarged,

Anterior crescent Entoconid

Posterior crescent

Hypoconid

Posterior crest

High medium cusp —
Primary cusp
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Table 4

Percentage frequency of occurrence of stages of
eruption of teeth of Kaminuriak caribou according
to age during first 29 months of life

Mandibular incisiform and molariform tooth rows

Age, mon. il i2 i3 cl p2 p3 p4 ml m2 m3
0 D* D D D D Et D E D E Al A A
1 D D D D D D D A A A
3 D D D D D D D P§ E A A
5 D D D D D D D P E A A
10 b E P D D D D D D P A E P A
46" 21 33 62 38 0
12 b E p D E P D E P D E P D D D p A E P A
14 3 83 41 21 38 52 22 26 59 22 19 7 77 16
13 P D E p D E P D E P D D D P A E P A
58 0 42 67 0 33 83 0 17 40 33 27
15 P P P D E P D D D P p A E P
0 8 92 92 8 0
17 P P P P D D D p P A E P
65 35 0
22 P P P P D E P b E P D E P P p A E P
74 21 5 8 12 2 95 3 2 10 89 1
24 p p P P b E p D E P D E P P P A E P
34 20 46 28 23 49 50 15 35 0 47 53
25 P p P P b E P D E P D E P P P A E P
17 11 72 17 6 77 39 3 58 0 39 61
27 P P P p D E P D E P D E P P p A E P
13 7 80 10 3 87 19 0 81 0 6 94
29 p P P P P P p P p P

*D — milk tooth.

tE — erupting tooth. An erupting tooth has a
stained portion but has not migrated to its position
of permanent orientation.

fA — absent tooth (permanent tooth not yet

erupted).
§P — permanent tooth.
Numerical values — frequency of occurrence,

in percentages, of each type of tooth. When no values
are given, occurrence is 100 per cent. Incisors and
premolars equal D E P, molars equal A E P.

and m2 produces the cross-over pattern of
the protolophid and the entoconid. Most
often the dentine line of the metaconid
merges with the ridge of the protolophid.
The hypoconid is usually a separate column
in all molars. The four other columns of the
m3 are also separate.

The caribou’s relatively small, long-
crowned, selenodont molars are believed by
Flerov (1952) to be an adaptation to feeding
on soft vegetation, such as lichens.

Kelsall (1968) and Skoog (1968) be-
lieve that the incisors are well suited for
grazing lichens and sedges, which do not
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require any particular strength, but not for
cutting hard woody plants. The incisors are
essential for any grazing or browsing, and
Miller (in prep.) has reported that the Kami-
nuriak caribou browse hardwood species
heavily, as do the woodland caribou (R. ¢.
caribou) which have similar dentition (Crin-
gan, 1957; Simkin, 1965; Bergerud and
Nolan, 1970). It is likely that the incisors
are well suited for browsing as well as graz-
ing: readily broken or malformed incisors
would be detrimental to the species.

The main difference in how the in-
cisors function in browsing and grazing

could be behavioural, as indicated by vari-
ations in wear patterns of these teeth in
caribou from forested and tundra areas. In
the former, attrition of the incisors is hor-
izontal; in the latter, it is sharply vertical
and mostly on the labial surface. These
variations suggest that barren-ground car-
ibou graze with a forward head motion that
results in the bulk of the wear occurring
along the anterior surface of the vertical
plane of the first incisor. The strengths of
incisors of different cervid species should be
compared quantitatively when fresh dental
material is available.



Table 5

Closure patterns for the apices of permanent,
mandibular molariform tooth roots in Kaminuriak
caribou at various ages (n = 374). A = absent
from tooth row, E = erupting tooth, P =perma-
nent tooth, U = open apex, C = closed apex,
numerical value = frequency of occurrence in
percentages, no value = 100 per cent occurrence

Permanent tooth
Age,mon. p2 p3 p4 ml m2 m3
5 A A A EU A A
10 A A A PU-47 EU A
PC-53
12 A A A PU-44 PU A
PC-56
13 A A A PU-43 PU A
PC-57
15 A A A PU-17 PU-67 EU
PC-83 PC-33
17 A A A PU-18 PU-77 EU
PC-82 pPC-23
22 EU EU EU PC PU-21 EU*
PC-79
24 PU PU PU PU-12 PU-21 PU
PC-88 PC-79
25 PU-88 PU-94 PU PC PU-11 PU
PC-12 PC-6 PC-89
27 PU-63 PU-69 PU-63 PC PC PU-53
PC-37 PC-31 PC-37 PC-47
29 PU-53 PU-56 PU-56 PC PC PU-69
PC-47 PC-44 PC-44 PC-31
34 PC PU-3 PU-7 PC pC PU-12
PC-97 PC-93 PC-88
36 PC PC PC PC PC PCt

*m3 is considered erupting in most individuals
through 27 mon. of age.

tOne m3 had an enlarged distal root which

remained opened at 36 mon.

2.  Eruption and wear of the man-
dibular teeth

Table 4 shows the eruption patterns
for the mandibular teeth of Kaminuriak
caribou for each age class. The closure pat-
terns of the apices of permanent molariform
mandibular tooth roots in the specimens
studied (Table 5) allow an investigator to
distinguish between 24-month-old caribou
with full permanent dentition and 36-
month-old caribou. At 24 months, the api-
ces of p4 and m3 are open, at 36 months
they are closed. There is slightly better
than a 50 per cent chance that the apices of

the roots of these teeth will be open at 27
to 29 months of age, but the apices of all
molariform tooth roots are closed at 36 or
more months,

Table 6 compares approximate ages
of permanent mandibular tooth eruption in
Rangifer: Canada (this study; Bergerud,
1970; Banfield, 1954), Alaska (Skoog,
1968), Lapland (Bromée-Skuncke, 1952)
and the USSR (Sokolov, 1937). Agreement
between my findings and those of Bergerud,
Skoog, Bromée-Skuncke, and Sokolov is
close, with slight deviations for individual

teeth. Banfield and I differ: he places erup-

tion of the permanent dentition including
premolars at 18 months, I place it between
24 and 29 months; he reports eruption of
m3 as occurring a full year earlier than I do.
McEwan (1963), also working with main-
land barren-ground caribou in Canada,
found deciduous premolars in seven of
eight caribou aged 23 to 24 months, and
evidence of wear on permanent premolars
at 25 to 27 months. Bergerud (1970) found
that premolars erupted between 24 to 27}%
months in Newfoundland caribou.

Kelsall’s (1968:25) statement “‘that
dates of tooth eruption may vary,” is an
apparent attempt to reconcile the differ-
ence between the reports of Banfield (1954)
and McEwan (1963). However, nowhere in
the literature on the teeth of cervids does
one find documentation to support such
wide variations in the time of eruption for
teeth of the same species from approx-
imately the same locations.

At birth, the newborn calves exam-
ined had eight deciduous incisiform teeth
and six erupting premolars (Plate A), slight-
ly more erupted than those examined by
Skoog (1968) and Banfield (1954). By the
second week, the calf is grazing and the
infundibula of its premolars are compacted
with vegetation. A tartar stain has ap-
peared and the crests and crescents of the
premolars have a fine dentine line. At 1 to
2 months, the incisors and canines show
no wear and deciduous p2 shows little or no
wear. The maximum width of the dentine
on the deciduous p2 and the anterior cusp
of the deciduous p3 is about equal to the
width of the adjacent enamel, but the den-
tine line on the medial and posterior crests
and crescents of the deciduous p3 is nar-
rower than the surrounding enamel.

Three-month-old caribou have a
complete set of 14 deciduous mandibular
teeth (Plates A and B) and the permanent
ml has started to erupt, as observed earlier
by Banfield (1954) and Skoog (1968). The
permanent m1 shows little or no wear on
its anterior cusps (Plate B). After the be-
ginning of the 3rd month the dentine area
has broadened on all crests and crescents of
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Table 6

Approximate ages in months at which permanent
teeth become fully erupted in Rangifer mandibles
according to this study, Bergerud (1970), Skoog
(1968), Banfield (1954), Bromée-Skuncke (1952),
and Sokolov (1937)

Lapland

Nfld. Canadian reindeer U.S.S.R.

Kaminuriak caribou caribou Alaskan caribou (Skoog 1958) caribou (Bromée- reindeer

Permanent Completed ~ Completed (Bergerud Completed (Banfield Skuncke (Sokolov

tooth Begins 50% 100% 1970) Begins Earliest average 1954) 1952) 1937)

il 9 11 13 10 10 11 10 12 10
i2 11 13 15 10 11 12 10 12-14* 121
i3 11 13 15 11 11 12 10 12-14* 121
cl 11 14 16 13 11 12 11-15 12-14* 157
p2 21 25 28 24-271% 21 22 24 18 30 29%
p3 21 25 28 24-271% 21 22 24 18 30 29%
p4 21 25 28 24-21%% 21 22 24 18 28 29%

ml 3 4 3 3 4 4 3 4 3-31%

m2 10 13 15 13 5 11 13 10 15 15
m3 15 26 28 25-2715 15 22 25 17 28 298

Full set 291 27} 22 25 18 30 29

*Fully usable by 16 mon.
tFunctional by 17 mon.
{Fully usable at 36 mon.

§Shows signs of wearing at 36 mon.
IEarliest full set 24 mon.

the deciduous p2 and p3 and usually ex-
ceeds the maximum width of adjacent enam-
el (Plate A). After 3 months some wear is
noticeable on the i1, but the other incisi-
form teeth show none. The permanent ml
erupts during the 4th month and was pre-
sent in all the 5-month-old caribou col-
lected (Plate B). At 5 months, the incisi-
form teeth are little changed from 3
months. Wear on the deciduous p2 varies
from very slight to moderate, revealing
areas of dentine as wide as adjacent enamel.
All crests and crescents of the deciduous
p2 and p3 show dentine areas as wide as or
wider than surrounding enamel. Dentine
on the permanent m1 may not be exposed
at all or it may be almost equal in width to
the adjacent enamel. Dentine exposure on
the posterior cusps is less than on the an-
terior cusps. Between 5 and 10 months,
little additional dentine is exposed. The
only significant change in the mandibular
dentition is the initial eruption of the per-
manent il in some individuals (Fig. 2). The
m2 has migrated above the alveolar bone,
but is not above the gum in most animals
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(Plate A). The anterior cusps of m1 have
perforated the gingivae in a few of the
specimens.

By 12 months, the permanent i2, i3
and cl are erupting (Fig. 2). Wear on the
deciduous premolars has accelerated and
the maximum width of the dentine on the
deciduous p3 is more than twice the width
of adjacent enamel. The posterior cusps of
the m2 have erupted on some caribou, but
show no attrition (Plate A). At 13 months,
allil are permanent (Fig. 2). At 15 months,
all eight incisiform teeth, the m1 and m2
are permanent, and the m3 has begun to
erupt (Plate A). The maximum width of
dentine areas exceeds the maximum width
of adjacent enamel on all deciduous p3 and
p4 and on most p2. The width of dentine on
the permanent ml is usually equal to or
slightly more than that of the enamel, and
the dentine line on the m2 is narrower than
its surrounding enamel. The p2, p3 and p4
are deciduous until after 17 months (Plate
A). Attrition at 17 months is similar to that
at 15 months. The dentine has widened
slightly and on some individuals the

anterior cusps of the m3 have erupted and
may show a faint dentine line.

At 22 months the permanent pre-
molars are erupting (Plate A). At that stage,
the deciduous premolars may be entire,
well-rooted teeth or they may be milk caps
with absorbed roots adhering to the crowns
of the erupting permanent premolars. The
m3 may have partly erupted and dentine
on the m1 is wider than the surrounding
enamel.

At 24 months, premolars may be de-
ciduous, or they may be permanent, lightly
stained and easily recognizable. In the per-
manent p3 and p4 the crests and crescents
are worn only slightly. Eruption in the m3
is considerably advanced; its anterior and,
to a lesser degree, the medial cusps may
show wearing. At 25 months eruption and
wear are slightly advanced, but comparable
to that at 24 months. The anterior and me-
dial cusps of the m3 have erupted in nearly
90 per cent of the specimens.

At 27 months, most premolars and
the m3 are permanent. Wear on the newly
erupted permanent premolars varies: it sel-



dom occurs in the p2, but dentine lines are
worn to a width almost equal to that of adja-
cent enamel in the p3 and p4. The dentine
on the ml and m2 is equal to or greater

than that of adjacent enamel. The dentine
on the m3 may range from a mere trace, on
the medial and distal cusps, to a width just
about equal to that of the surrounding
enamel on the anterior cusps and on some
medial cusps, especially on the buccal side.

At 29 months, full permanent denti-
tion occurs (Plates A and B). Many newly-
erupted permanent premolars, easily rec-
ognizable as such, are faintly stained. The
p2 shows little or no wear, and the dentine
of the permanent p3 and p4 is narrower
than the adjacent enamel. The maximum
width of the dentine on the m1 is greater
than the maximum width of the enamel.
The dentine of the m1 is usually wider than
the enamel on the buccal side, but narrower
on the lingual side. The lingual cusps of the
m3 may or may not show wear; the dentine
on buccal cusps is exposed to a width equal
to or slightly less than that of adjacent
enamel.

The full permanent dentition is sub-
ject to less attrition during winter than in
summer. In winter, vegetation is relatively
free of abrasive materials largely because
the roots are frozen in the earth and the
caribou do not ingest that abrasive-laden
portion of the plants.

The degree of individual variation in
the attrition patterns of the mandibular
teeth within age-classes is great enough to
limit the value of assigning age from tooth
wear. However, categorization of wear
patterns serves as a basic management tool.
Descriptions have been made for Alaskan
caribou by Chatelain (1954), Watson and
Keough (1954) and Skoog (1956, 1968).
Chatelain developed age-class groupings
of 1,2, 3, 4-6, 7-9 and 104 years. Skoog
(1968) reported groupings of calves, 1, 2,
3-5,6-8, and 10+ years. Watson and
Keough produced a key to age based on
subjective evaluation of eruption and wear
of the mandibular teeth and on quant-
itative measurements,

In this section I will present only a
cursory descriptive account of the man-
dibular molariform teeth from 3 to 104
years of age. Age determination will be dis-
cussed in detail in the section, “Estimating
age and sex by dental measurement.”” As
subjective descriptions do not warrant a
seasonal consideration after 39 months and
because autumn is the time when most car-
ibou would be hunted for sport, I will de-
scribe the premolars and molars of caribou
39 to 1234 months old, collected in Sep-
tember of the year. The following descrip-
tions are based on average wear patterns of
the specimens at each age.

2.1. 39 months

The 3-year-old-class had fully devel-
oped mandibular tooth rows and wear was
becoming noticeable. The distal cusp of the
m3 had moderate to no wear. The gum line
around the distal cusp had not retracted
sufficiently to expose the full height of the
cusp, because the jaw was not completely
elongated (Watson and Keough, 1954). The
posterior occlusal surface of the p2 was
worn and a definite line of dentine, nar-
rower than the adjacent enamel, was ev-
ident in some specimens while in others the
p2’s were not at all worn. The dentine lines
on the occlusal surfaces of the p3 and p4
were usually about as wide as the adjacent
enamel. In some specimens, mostly males,
the dentine on the posterior crest was wider
than the adjacent enamel. Dentine sur-
faces on the molars were usually equal to
or slightly greater in width than the ad-
jacent enamel. In some specimens, the
buccal cusps of the m3 showed little wear,
with dentine lines narrower than the ad-
jacent enamel.

51 months

In the 4-year-old class, wear had ad-
vanced on the occlusal surfaces of the
premolars and molars to a point at which
the dentine was wider than the adjacent
enamel on all teeth except the p2. Wear on
the p2 was restricted to the posterior sur-
faces of the tooth and varied from slight to

2.2

moderate. On the m1, the maximum width
of dentine exceeded that of the adjacent
enamel. The distal cusp of the m3 showed
moderate wear with the dentine usually as
wide as or slightly wider than the adjacent
enamel.

2.3. 63 months

In the 5-year-old class, the attrition
was not distinct from that in the 4-year-old
class and separation by subjective eval-
uation would be subject to considerable
error. Some specimens in the 5-year-old
class had slightly more wear on the poste-
rior half of the p2, the anterior and poste-
rior buccal cusps of m1 and the distal cusp
of m3.
2.4. 75months
In the 6-year-old class, wear on the
p2 was still restricted to the posterior half
of the occlusal surface. The raised pointed
appearance of the lingual side of the p3 and
p4 was somewhat reduced, but still present
in many specimens. The molars first show-
ed a horizontally inclined buccal-lingual
plane. The single distal cusp and two poste-
rior cusps of the m3 were considerably
worn in some individuals.

2.5. 87 months

In the 7-year-old class, attrition on
the mandibular teeth of some animals over-
lapped that of 6-and 8-year-old classes. As-
signment of age by year was subject to
considerable error. Wear on the p2 was
usually restricted to the posterior half of
the occlusal surface. The raised pointed
appearance of the anterior and posterior
crescents of the p3 and p4 was lost in most
specimens. The plane between the buccal
and lingual cusps of the molars was hor-
izontally inclined. The single distal cusp
and two posterior cusps of the m3 were
worn almost horizontal in some individuals.

2.6. 99 months

Attrition in the 8-year-old class was
only slightly greater than in the 7-year-old
class. The most noticeable difference was
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in the p2, on which both the anterior and
the posterior portions were worn. The pos-
terior crest of the p4 showed slightly more
attrition than in the 7-year-old class and
the dentine surface joining the anterior and
posterior cusps was more concave. The
distal cusp of the third molar showed ad-
ditional wear in some specimens, but sep-
arating 7-year-old from 8-year-old caribou
on the basis of wear patterns would be sub-
ject to considerable error.

2.7. 11l months

In the 9-year-old class, the occlusal
surface of most molariform teeth ap-
proached a buccal-lingual horizontal plane.
The most distinctive characteristics were
the flattening of all occlusal surfaces of the
p2 and m3, the nearly equal height of all
m3 cusps, and the extensive attrition of
the ml.

2.8. 123+ months

In the 10+4-year-old class all molari-
form teeth were very worn: they were on
amore or less even plane, and the buccal-
lingual plane was nearly horizontal. The
infundibulum between the anterior cusps
of the m1 was nearly obliterated or absent
in some specimens.

There are many reasons for the in-
dividual variations in the wear patterns of
the molariform teeth of individual caribou.
Three primary causes of variation are mal-
occlusion from misalignment of the maxil-
lary and mandibular tooth rows, variations
in the curvatures of the rami, and vari-
ations in the primary and secondary axes
of the mandibular blades. Minimal wear on
the lingual crests of molariform teeth, re-
sulting from malocclusions, leads to under-
estimation of age. Excessive wear on the
premolars, resulting from variations in the
curvatures of the rami or from variations in
the secondary axes of the mandibular
blades, leads to overestimation of age.

A further complication in estimating
ages of caribou by visual examination of
the molariform mandibular tooth rows is
the variation in the observer’s ability to

evaluate the wear patterns. The possibility
of error on the observer’s part may require
lumping of animals into age groups of 2 to
4 years in length. A good approach to the
use of jaw boards would be to estimate the
caribou’s age by age-class (1-10+ years),
then place the individuals in age groups:
1,2, 3,4-5,6-9, and 10+ years. These
categories would provide sufficient data on
trends for use in management.

Much of the variation in wear of
teeth likely results from differences in total
intake of forage and individual preferences
for food species. In general, those caribou
5 years of age or younger which show the
most wear on their mandibular teeth are
the heaviest within the particular age-class.

Some caribou, however, show ex-
treme variations in the wear patterns of
their teeth resulting from missing teeth
and abnormal alignment of the mandibular
or maxillary tooth rows. Extreme cases of
these conditions are shown in Figs. 4, 5, and
6. Irregularities of the types illustrated
would cause variations in wear patterns that
would confound age determinations by vi-
sual examination or by measurements of
tooth heights.

Figure 4 shows the malocclusion of
the tooth rows of a 75-month old male. No
attrition occurred on the p2 and the pos-
terior cusps of the m3 because of the offset
along the primary axes of the maxillary and
mandibular tooth rows.

Figure 5 shows irregular wear of an
upper P4, resulting from the absence of
an opposing lower p4, in a 97-month-old
female. Also the lower p2 and p3 were less
worn than normal because the opposing
upper teeth were missing.

Figure 6 illustrates the teeth of a
94-month-old female in which the P3 and
P4 were missing from the maxilla. The ad-
jacent M1 was reduced by decay to a point
below the gum line. Deterioration of the
maxillary tooth row reduced the wear of
the medio-posteriad portion of the lower p4
and the anterior cusps of the lower ml. The
upper P2 had migrated posteriorly, and the
lower p2 consequently suffered no attrition.



Figure 4

Buccal view of dental malocclusion, in a 75-
month-old male caribou, resulting from mis-
alignment of the primary axes of the maxillary
and mandibular tooth rows




Figure5

Buccal view of dental malocclusion, in a 97-
month-old female caribou, resulting from the
absence of opposing molariform teeth




Figure 6

Buccal view of dental malocclusion, in a 94-
month-old female caribou, resulting from the
loss of molariform teeth and tooth decay
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Figure 7

Caribou mandibles showing occlusal view of
(a) the alveoli of a 29-month-old female, (b)
the alveoli of a 41-month-old male, (c) the
buccal-lingual curvature in the primary axis of
a 37-month-old male

%
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This condition suggests that the maxillary
tooth row was damaged before the animal’s
second summer when the permanent upper
and lower second premolars had not yet
erupted.

Wearing of the molariform teeth of
caribou is sometimes greatly influenced by
the orientation of teeth in their sockets,
and the curvature of the primary and sec-
ondary axes of the ramus. The curvature of
the primary axis might be distorted either
buccal-lingually or anterior-posteriorly and
the secondary axis might be distorted
dorso-ventrally. Figure 7 illustrates the
normal curvature of the primary and sec-
ondary axes, and variation in socket for-
mation and alignment.

Races of Odocoileus hemionus on the
volcanic areas of the Cascade Mountains
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and the high desert areas of the Great
Basin, and of O. virginianus on the Sonoran
Desert areas of the Southwest, the sandy
Gulf Coast, the east coast of Florida, the
Pine Barrens of New Jersey, and the sand
dune areas of Cape Cod live in habitats
which provide as much or more abrasive
materials in food than do caribou habitats.
Furthermore, Severinghaus and Cheatum
(1956) report that deer from the sandy off-
shore islands of Massachusetts and a dry,
dusty area of Texas had a tooth wear rate
approximately double that of deer from
upper New York State. None of the caribou
from the Kaminuriak and Beverly popula-
tions showed any great deviation from the
norm in dental attrition caused by eating
highly abrasive food. From my empirical
experiences in estimating the ages of car-

ibou, black-tailed deer (O. A. columbianus)
and white-tailed deer by tooth eruption
and wear, I believe that the molariform
teeth of most 5- to 10-year-old Kaminuriak
caribou show relatively less wear on the
average than other deer of similar ages.

I therefore differ from Kelsall (1968:28) in
his statement that ““caribou pick up more
sand and other abrasive material with their
food than deer.” Furthermore, his state-
ment that “some caribou are apparently
more selective in choosing clean food than
others,” (Kelsall, 1968:28) is equally un-
supported. Much of the forage on the sum-
mer feeding areas is subject to considerable
wind action with consequent deposition of
microscopic abrasives over much of the
vegetation.



3. Agedetermination by dental
annuli

Initially, teeth were decalcified using
formic acid with formaldehyde, sectioned,
dehydrated in alcohol, and stained with
Harris haematoxylin. As less than 25 per
cent of the slides thus prepared were read-
able, a series of trials was made in an effort
to improve the technique. Different con-
centrations of the decalcifying agents for-
mic acid, nitric acid and citric acid were
tested singly and in combination.

Decalcification with formic acid as
described by Low and Cowan (1963:467)
for mule deer, by McEwan (1963:111-112)
for barren-ground caribou, and by Gilbert
(1966:200) for white-tailed deer gave un-
satisfactory results. The annulations re-
vealed by subsequent staining were usually
only partly readable and there was often
much sloughing of the cementum at the
dentino-cemental interface.

Formic acid with sodium citrate and
Jenkin’s fluid were costly and time con-
suming to use, and the sections were mostly
unacceptable for age determination.

Decalcification with 0.1 N nitric acid
at first gave good results when combined
with the use of a cryostat microtome, al-
though it took three times longer than with
formic acid. Later, this method proved vari-
able and thus unsatisfactory, as the stained
sections were often barely readable.

Sixty-seven per cent commercial ni-
tric acid finally proved to be the best con-
centration for decalcifying the teeth. Rei-
mers and Nordby (1968:958) used this
agent on reindeer teeth but with a decalcif-
ication time of only 24 hours as compared
to generally 36 hours for first incisors in the
present study.

Inow believe that many of our prob-
lems with formic acid, especially the
sloughing of the cementum, were due to
prolonged storage of the teeth in a dried
condition. I ran comparative decalcification
tests between 25 per cent (5 per cent by
volume) formic acid and 67 per cent nitric
acid. The teeth used in these tests were
pulled shortly after they were obtained, and

stored in 5 per cent formalin until decal-
cified. All teeth were subsequently treated
in the same way after decalcification. The
sections obtained from teeth decalcified in
formic acid were better than those earlier
produced by the same technique, and there
was no sloughing of the cementum layers.
But 67 per cent nitric acid still produced
sections superior to any decalcified in for-
mic acid.

Dehydration of the tooth sections
with ethyl alcohol was necessary when
sectioning teeth in wax blocks with the
conventional microtome used in the early
stages of the histological work. Later, the
use of a cryostat freezing microtome elim-
inated the dehydration step. It is likely that
much of the separation of the cementum
from the dentine at the dentino-cemental
interface was caused by dehydration. Pos-
sibly, varying rates of expansion and con-
traction, and cutting with a dull microtome
blade led to the breakage of connective fi-
bres at the dentino-cemental interface and
subsequent sloughing of the cementum.

Teeth were processed using the his-
tological technique presented in Table 2.

I was able to use only 5 per cent of 3,000
microscope slides produced before the final
method was developed compared to about
75 per cent of the 2,400 slides later pro-
duced. All the retained tooth sections were
read at least four times, with several days
between each reading to decrease the
chance of error that would result from
remembering an earlier estimate.

The type of section which allows one
to count the number of annuli correctly is
debatable. Sergeant and Pimlott (1959:317 -
318) preferred longitudinal sections to
transverse sections of moose (Alces alces)
teeth; they thought that the full sequence
of growth layers is exhibited only in local-
ized thickenings of cementum. Similarly,
Olson (1967:16) favoured longitudinal sec-
tions through the entire length of the boss
area of teeth from white-tailed deer and
moose as such sections expose the max-
imum number of annuli. I agree with those
authors. The longitudinal section allows

the observer to determine more accurately
the origins of annuli and the splitting,
merging or phasing out of an annulus along
the course of the cementum. It is possible
to miss such changes in an annulus when
transverse sections are used.

Erickson and Seliger (1969:385)
wrote that the most distinct area of cemen-
tal annuliis always included in the trans-
verse sections of mule deer teeth but is
often missed in longitudinal or sagittal sec-
tions. I think that their choice of transverse
tooth sections was primarily influenced by
technical considerations. From detailed dis-
cussions of plastic mounting techniques
with Erickson, I have concluded that it is
much more difficult to orient incisor teeth
in a plastic mould for longitudinal than for
transverse sectioning. Obtaining successful
sagittal sections with a Gillings-Bronwill
thin-sectioning diamond saw such as they
used is sporadic, at best, and time con-
suming. Orienting a tooth in a wax block
for sectioning with a conventional micro-
tome poses similar difficulties. As the tooth
is not visible in the wax and shifts as the
wax cools, it is only by chance that the cor-
rect angle for sagittal sectioning is ob-
tained. A tooth can often be correctly align-
ed by trial and error, but this takes alot of
time and is not practical when working with
alarge number of teeth. When a cryostat
microtome is used, the tooth can be exactly
positioned, then frozen onto the metal plate
before sectioning.

In caribou, the longitudinal section
from il is especially valuable for detecting
the dentino-cemental interface and the first
annulus, which may be close to the inter-
face or may be obscured by staining. The
first cemental annulus in the il can be
traced into the apex of the root where it
phases out; all other annuli continue
around the apex and thus are distinguish-
able from the first annulus. This condition
could be missed on a transverse section if
the first annulus and the maximum or cor-
rect number of annuli were not distinct
on the same section. This contribution is
undoubtedly species-specific.
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I generally used sections from the
boss area of the posterior concave face of
the il since, like Sergeant and Pimlott
(1959:317), I found the cementum was
thickest there. The greatest apposition of
cementum in the ml was on the pad be-
tween the roots, as reported for red deer
(Cervus elaphus) by Mitchell (1963:350),
but the annuli were usually too indistinct to
count. I used sections from the lingual and
buccal faces of the m1 roots where the an-
nuli were clearer though closer together.

Egg white used as an albumen ad-
hesive for microscope slides must be fresh
because stale egg albumen clouds the an-
nuliand results in a great loss of detail.
Slides should not be layered with egg al-
bumen more than 24 hours before mount-
ing the tooth sections.

Mayer’s acid haemalum, as used by
Reimers and Nordby (1968:958), proved to
be an unsatisfactory stain; it was often
weak, and many annuli could not be ac-
curately traced. Wright Stain No. 16 used
alone produced a few excellent stains but
most sections so stained were unaccept-
able. It was also unsatisfactory when used
with Eosin Y. Many workers have obtained
satisfactory staining results using haema-
toxylins alone, but the additional contrast
obtained from a combination of Harris
haematoxylin and Eosin Y significantly im-
proved the readability of most slides.

If a permanent record of aged mate-
rial is not required, heated gelatin—glycerol
(Reimers and Nordby, 1958:958) could be
used as a mounting agent. I used Fisher’s
Permount but never solved the problem of
the distortion which often results when a
cover slip is applied to make a permanent
mount. Furthermore, the use of Fisher’s
Permount adds considerable time, and thus
cost, to the mounling procedure.

Scanning of sections was best done
at 100Xto 200X higher magnifications
than those used by other workers on sec-
tions from other species. To completely
evaluate many of the tooth sections, mag-
nifications of 200X to 400X were also
used. The root of il in the boss area, first
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Figure 8

Longitudinal section through theil of a 16-
year-old caribou showing alternating dark and
narrow, light and wide layers in the cementum
(500 X). D, dentine; S, separation caused by
processing; C, cementum; P, peridontal
membrane

Figure 8
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described by Low and Cowan (1963:468),
contained the most distinct cemental layers
and yielded sections in which the annuli
could best be counted. I was often able,
and found it necessary, to confirm the
reading by examining the relatively close
layering of cementum on the upper portion
of the root and the diffuse annuli in the
root apex.

The dental cementum of the il is
acellular except in the apex of the root, as
described by McEwan (1963:112) and
Reimers and Nordby (1968:958). The ce-
mentum in the root apex is cellular and
similar to the structure described for moose
by Sergeant and Pimlott (1959:319), for
Indiana white-tailed deer and Isle Royale
moose by Olson (1967:29), and for Norwe-
gian reindeer by Reimers and Nordby
(1968:958). The cementum consists of a
pattern of broad, lightly-stained layers and
narrow, darkly-stained bands or winter rest

lines (McEwan, 1963:112).

Teeth from animals collected in
April, May, June, September, November
and December were examined to determine
the chronological sequence of the two
types of cemental layering. The sequence
suggests that the broad, lightly-stained
layers were apposited during the annual
rapid growth periods of July—September
and July—December, for males and females
respectively; and that the winter rest lines
were apposited during the period of little or
no growth after December and before April
of the following year (Figs. 8, 9).

To determine when apposition or ce-
mentum began and when the first winter
rest line was formed, I examined sections
of unerupted, permanent il from the man-
dibles of 5- and 10-month-old caribou. It
was evident that the apposition of cemen-
tum had started by the 5th month of life.

A thin layer of dental cementum was
present on the upper one-third to one-half
of the root exterior. Sections from the per-



Figure 9a

Longitudinal section through the il of a 101-
month-old caribou (125 X). Box indicates
detailed area shown in Figure 9b

Figure 9b

Longitudinal section through the il of a 101-
month-old caribou (500 X). Note light area of
cementum beyond eighth annulus deposited
during ninth summer of life. D, dentine; I,
dentino-cementum interface; C, cementum;
P, peridontal membrane; 1 — 8, annuli

Figure 9a
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Figure 10a

Longitudinal section through theil of a 12-
month-old caribou (125 X). Box indicates
detailed area shown in Figure 10b

Figure 10b

Longitudinal section through the il of a 12-
month-old caribou (500 X). D, dentine; I, dentino-
cementum interface; C, cementum; A, first
annulus; P, peridontal membrane

Figure 10a

Figure 10b




Figure 11a

Longitudinal section through the il of a 15-
month-old caribou (125 X). Box indicates
detailed area shown in Figure 11b

Figure 11b

Longitudinal section through the il of a 15-
month-old caribou (500 X). D, dentine; I, dentino-
cementum interface; C, cementum; A;, first
annulus; P, peridontal membrane

Figure 11a

Figure 11b

manent il of 10-month-old animals had a
broad, lightly-stained layer of cementum
terminating almost at the open apex of the
root. The open apex helps the observer to
identify the first winter rest line which, at
10 to 12 months, is on the exterior of the
cementum,

At 12 months the first winter rest line
is against the peridontal membrane and
there is little or no proliferation of the ce-
mentoblasts that form areas of lightly-
stained cementum (Fig. 10). At 12 or 13
months, some sections have the fibres of
the peridontal membrane aligned at 90° to
the margin of the cementum, and cemen-
tum is often deposited in pockets along the
course of the root at the cemento-peridontal
membrane interface, especially in the apical
cemental area.

At 15 months the sections show three
layers; two broad, lightly-stained ones sep-
arated by a winter rest line (Fig. 11). The
outer, light area of cementum begins to
form during the second summer of life,
probably continuing well into the second
autumn. I could not detect any sex-linked
difference in the initiation of the true win-
ter rest line, although rutting male caribou
lose body weight and fat reserves from Oc-
tober to December and female caribou con-
tinue to gain weight and store fat during
that period. Neither could I detect current
rest lines in the teeth of caribou collected
during November and December; in most
cases winter rest lines did not exist at the
cemento-peridontal membrane interface.

At 22 months, sections show a cur-
rent winter rest line against the peridontal
membrane (Fig. 12). This condition also
occurred in most older caribou collected in
April and is evidence of the annual forma-
tion of the winter rest line before April. No
lightly-stained cementum was visible out-
side the last winter rest line in tooth sec-
tions from adult Norwegian reindeer killed
in May (Reimers and Nordby, 1968:959).
The conditions described lead to the as-
sumption that cementum is laid down each
year in alternating bands —light and
broad, dark and narrow — forming an an-
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Figure 12a

Longitudinal section through the il of a 22-
month-old caribou (125 X). Box indicates
detailed area shown in Figure 12b

Figure 12b
Longitudinal section through the il of a 22-

month-old caribou (500 X). D, dentine; I, dentino-

cementum interface; C, cementum; A, first
annulus; As, second annulus; P, peridontal
membrane

Figure 12a

Figure 12b

nulus, and the regularity with which this
is done allows us to count the annuli to
determine the age of caribou.

I found that cementum had been
deposited on the roots of the permanent il
and m1 before crown eruption. However,
McEwan (1963:111) reported that in his
study of caribou, cemental deposition did
not occur until eruption of the permanent
il. Within and among species, reported
times of first deposition of cementum are
variable:

a. Moose — before eruption (Sergeant and
Pimlott, 1959:319) and after (Wolfe,
1969:430) ;

b. White-tailed deer — i1, before eruption
(Gilbert, 1966:201; Olson, 1967:35) ;

c. Mule deer — i1, after eruption (Low and
Cowan, 1963:469) ;

d. Black-tailed deer — formation of dark
cemental line, different in appearance from
subsequent rest lines, during the first win-
ter (D. Thomas, pers. comm.);

e. Domestic sheep (Ovis aries) — before
eruption (Saxon and Higham, 1968:634—
635);

f. Pinnipeds, carnivores and rodents — con-
flicting evidence, not directly applicable.
The observed variation may reflect differ-
ences in techniques as well as species
characteristics and population conditions.

Double winter rest lines, or rut
lines as first termed by Low and Cowan
(1963:469), occurred in some teeth of
males and females. The secondary rest line
was easy to distinguish from the true an-
nual rest line in most cases but difficult in
a few. When double rest lines occurred,
they were usually present for each year of
life except the first. In some cases, however,
they were duplicated only for certain years,
No causal pattern could be discerned. The
low incidence of this condition did not
justify further exploration as it did not
interfere with my objectives. Reimers and
Nordby (1968:959) found rut lines only in
males from exceptionally good range.
Whether secondary rest lines are caused by
the rut or by other factors leading to vari-
ations in growth remains unanswered.



Allinvestigators of dental cementum
have found a pattern of alternating cemen-
tal layers of differing densities, produced by
periodically differing rates of cemental ap-
position. The broad lightly-stained zones
are usually associated with periods of rapid
growth and the narrow, darkly-stained
bands with periods of nutritional stress. In
grizzly bears (Ursus arctos) (Mundy and
Fuller, 1964:865) and black bears (Ursus
americanus) (Stoneberg and Jonkel, 1966:
413), however, the winter rest line begins
to form before the bear enters its den. This
suggests that formation of the winter line
is not initiated by the bear’s reduced food
intake, The reasons offered for the
cause of alternating cemental layers are
varied, and often convincing until applied
as universal concepts. The explanations
include rates of nutritional stress as a pri-
mary or secondary stimulus, cyclic hor-
monal changes and photoperiodism, and
changes in cementum from the variation in
friction on the roots caused by seasonal
changes in overall food intake. Klevezal’
and Kleinenberg (1967:7-33) discuss in
detail annual cemental layers and the sup-
posed reasons for their formation.

My finding of a first winter rest line in
the teeth of 10- and 12-month-old caribou
agrees with that of Reimers and Nordby
(1968:958) for Norwegian reindeer; Gilbert
(1966:201), Ransom (1966:198) and Olson
(1967:20) for white-tailed deer; Sergeant
and Pimlott (1959:319) and Wolfe (1969:
430) for moose; and Saxon and Higham
(1968:634) for domestic sheep. However,
McEwan (1963:112) for barren-ground car-
ibou, Low and Cowan (1963:468) and Erick-
son and Seliger (1969:387) for mule deer,
Mitchell (1963:351) for red deer, and Flook
(1970:22-23) and Keiss (1969:177) for
wapiti (Cervus canadensis) all found that the
first full winter rest line was formed during
the second winter of life. I have no explana-
tion for this difference.

Counting the annuli is the weakest
point in the technique, as many tooth sec-
tions cannot be entirely evaluated without
some degree of subjectivity. Cemental an-

nuli are the best criteria available for
determining the age of caribou despite their
limitations.

4. Estimating age and sex by den-

tal measurements

The following 51 dental measure-
ments were evaluated by computer pro-
grams for possible indicators of caribou
ages. The measurements given are of teeth
from left and right dentaries unless spec-
ified. For example, p2R means second pre-
molar from right dentary. Tooth height
measurements were made on the labial face
of il and the buccal sides of p2, p3, p4, m1,
m2, and m3.

. Height il

1
2. Height p2
3. Height p3

4. Height p4

5. Height anterior cusp m1l

6. Height posterior cuspml

7. Width enamel, anterior cusp ml

8. Width dentine, anterior cusp m1

9. Height anterior cusp m2

10. Height posterior cusp m2

11. Height anterior cusp m3

12. Height posterior cusp m3

13. Weight p2R

T4. Width p2R

15. Length p2R

16. Weight p3R

17. Width p3R

18. Length p3R

19. Weight p4R

20. Width p4R

21. Length p4R

22. Weight m1R

23. Widthml1R

24. Length m1R

25. Weight m2R

26. Width m2R
27. Length m2R
28. Weight m3R

29. Width m3R

30. Length m3R

31. Average height il

32. Average height p2

33. Average height p3

34. Average height p4

35. Average height anterior cuspml
36. Average height posterior cusp ml

37. Average width enamel, anterior cusp ml
38. Average width dentine, anterior cusp ml
39. Average height anterior cusp m2

40. Average height posterior cusp m2

41. Average height anterior cusp m3

42. Average height posterior cusp m3

43. Length right dentary

44. Length right tooth row

45. Length right diastema

46. Length left dentary

47. Length left tooth row

48. Length left diastema

49. Average length mandible

50. Average length tooth row

51. Average length diastema

This section deals with the use of
readily obtainable dental variables for as-
signing the age and, in some cases, the sex
of individual caribou accurately enough for
management purposes. While not neces-
sarily as accurate as the histological ap-
proach, the dental measurements are sim-
pler, quicker and more economical when
dealing with large series of specimens and
can be used by field personnel with minimal
instruction.

I have shown that the ages of Kami-
nuriak caribou can be determined by erup-
tion and replacement of the mandibular
teeth for all animals through 21 months and
for many animals up to 28 months. The
state of the closure of the apices of tooth
roots can be used to separate 2-year-olds
from 3-year-olds (Table 5) : the apices of the
p4 and m3, the last to mature, are open at
24 months but closed at 36 months. The
roots are closed at 27-29 months and at 34
months in approximately 25 per cent and
86 per cent of specimens respectively.

Caribou with full permanent denti-
tion and closed roots can usually be separ-
ated by subjective evaluation of dental
characteristics if the animal is under 39
months. The permanent mandibular teeth
do not show appreciable wear until the end
of the fourth summer of life. The ridges of
the premolars and the m3 of most 3-year-
olds show little or no wear; the premolars
are often lightly stained and the distal cusp
of the m3 is usually not fully elevated. It is
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Figure 13

Average heights of mandibular incisors, pre-
molars and molars by age. (a) Male; (b) fe-
male. A, autumn (Sept. and Nov.); S, spring
(Apr. and June)

Figure 14

Average measurements of the m1, from speci-
mens taken in seven collections by sex and

age. (a) Dentine width; (b) dentine:enamel ratio.
A, autumn (Sept. and Nov.); S, spring (Apr. and
June). The brackets indicate the range, and the
blocks, the 95¢ confidence limits around the
mean for females

Figure 13

Figure 14
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unlikely that subjective examination of the

mandibular teeth of 3-year-olds would re-

sult in underestimation of age. Any error

would more likely be in an overestimation
of a year.

For management purposes, animals
between 3 and 5 years could be classed as
young breeders. Most females in that age
class should be producing young, but
whether males of that age have the oppor-
tunity to breed probably depends on the
number of older males in the population.
I suggest that the ages of the specimens in
a sample be estimated to the year, but the
data finally compiled only in age groups.
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Quantitative dental measurements for
estimating age need be applied only to
caribou 39 months of age or older.

The average height from the lowest
point on the stained gum line to the highest
point of the buccal ridge is plotted by age
for males (Iig. 13a) and females (Fig.
13b), for each of the seven permanent
mandibular teeth measured (anterior cusp
only for the molars because of the simi-
larity between the anterior and posterior
cusps). The period of eruption is shown for
the six molariform teeth. As the animals
become older, decrease in tooth height,
caused by wear, continues steadily through

to the oldest specimens, but the older
specimens were combined to shorten the
graphs and increase the sample size to
give estimates of variability. Thus the
means for males 8 years and over and fe-
males 10 years and over are lower than
would be expected at 8 and 10 years res-
pectively. The males show consistently
more wear than the females, with the
means for 7-year-old males comparable
with those for 8-year-old females, presum-
ably because the former eat more food than
thelatter to produce and maintain a
heavier body.




Figure 15

Average length of mandibular tooth row by sex
and age. A, autumn (Sept. and Nov.); S, spring
(Apr. and June). The brackets indicate the range,
and the blocks, the 959 confidence limits around
the mean for the females

Figure 16

Average antero-posteriad lengths of female
mandibular, molariform teeth by age. A, autumn
(Sept. and Nov.); S, spring (Apr. and June)

Figure 17

Relationship of average mandibular length to

sex and age. A, autumn (Sept. and Nov.); S, spring
(Apr. and June). The brackets indicate the range,
and the blocks, the 95% confidence limits around
the mean for both sexes

Figure 15

Figure 16

Figure 17
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Enamel and dentine widths of the m1

could be used for only 7 of the 10 collec-
tions. Many readings from specimens col-
lected in June, September and November
1966 were inconsistent with the data col-
lected later, presumably due to errors in
measurement. I concluded that it was too
difficult to obtain these measurements.
Figure 14 shows the width of dentine and
the dentine:enamel ratio of the m1 from
specimens taken in seven collections. The
dentine width increases steadily with age
up to about 6 years; in older females the

annual increase in width is lower (Fig. 14a).

The ranges and 95 per cent confidence

limits of the mean dentine widths for the
females show that the overlap between
young mature caribou and older animals is
considerable (Fig. 14a). The width of
enamel appears to be constant for all ages 2
years and older: the average is about 1.4
mm, the range is 0.9-1.9 mm for males and
females.

Figure 14b shows the relationship of
the dentine:enamel ratio to age and sex.
There is a slightly greater overlap between
age groups in the dentine:enamel ratio

than in dentine width (Fig. 14b). By 6 years

all caribou had a dentine width greater than

1.8 mm, so a rule could be used that a mea-

surement less than 1.8 mm indicates that a
caribou is under 6 years. Other use of the
relationship to estimate the ages of parti-
cular specimens is limited because of the
high degree of overlap. The increased rate
of wear for males is confirmed by the
dentine measurements.

The relationship of tooth row length
to age for both sexes, with ranges and 95
per cent confidence limits of the means for
females, is plotted in Figure 15. The appa-
rently shorter tooth row in older animals
was investigated, and the average lengths of
individual permanent premolars and
molars are plotted in Figure 16. Females
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Figure 18

Relationship of average diastema length to sex
and age. A, autumn (Sept. and Nov.); S, spring
(Apr. and June). The brackets indicate the range,
and the blocks, the 95% confidence limits around
the mean for both sexes

Figure 18
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alone are plotted because of the similarity
between the sexes. The means for m1 are
less reliably estimated because most of
these teeth were sectioned before it was
decided to record the lengths and widths.
The antero-posteriad length decreases with
age for p3, p4, ml and m2 but does not
change for p2 and m3. The decrease was
too slight and variable to be a useful crite-
rion to age. Rees (1971) attributed the de-
crease in tooth row length in white-tailed
deer to interstitial wear and mesial drift.
As the caribou teeth taper near the gum,
the wearing in height of an individual tooth
would decrease its antero-posteriad length
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Table 7
Results of analysis of variance of dental variables
for male caribou aged 3 to 7 years

Difference .

Sample Mean at with age Avg. std. dev. Age Resuiua.l
Variable n 7 yr. 37 yr. s df F df F dt
Height, mm
il 231 5.71 1.18 0.81 190 11.3 4t 1.5 36*
p2 239 8.06 0.99 0.94 198 7.5 41 1.3 36
p3 238 9.42 3.55 1.08 197 74.6 41t 1.4 36
p4 241 10.47 3.63 1.18 200 66.2 4t 1.4 36
ml 237 7.13 3.28 0.90 197 85.5 4t 1.8 35¢1
m2 239 6.85 2.67 0.90 198 61.7 4t 1.6 36*
m3 233 6.30 2.22 1.07 193 32.2 4t 1.1 35
Length, mm
p2 238 11.01 0.31 0.93 197 1.1 4 1.6 36*
p3 235 14.81 0.66 0.88 195 2.5 4* 1.4 35
p4 242 15.78 0.84 0.84 202 5.6 4t 1.5 35%*
ml 36 17.16 1.30 1.14 26 5.0 41 0.6 5
m2 240 18.32 1.00 0.93 199 8.9 41 1.1 36
m3 240 22.12 0.13 1.32 199 1.5 4t 0.9 36
mandible, a 220 291.30 —21.30 7.00 180 64.5 4 2.0 35t
diastema, b 234 113.50 —15.00 4.80 193 82.1 4t 2.0 36t
toothrow, ¢ 236 97.00 2.70 3.80 195 4.4 41 1.5 36*
a—(b+c¢) 217 80.90 —9.30 4.60 177 25.9 41 2.7 35t
Weight, g
p2 234 1.45 —0.03 0.27 194 1.5 4 0.8 35
p3 224 3.16 0.42 0.49 184 3.9 4t 1.0 35
p4 235 3.92 0.59 0.56 195 5.6 41 1.4 35
ml 232 3.22 0.77 0.46 194 15.1 4t 1.6 33*
m2 235 4.12 0.97 0.58 194 18.4 41 1.3 36
m3 237 4.12 1.10 0.66 196 20.2 471 1.2 36
Width, mm
enamel m1 192 1.36 —0.07 0.16 160 5.4 41 2.9 27t
dentineml 192 2.73 —1.15 0.32 160 245 4t 1.1 27
p4 242 10.81 —0.06 0.58 202 0.3 4 1.4 35
ml 36 9.67 =(0.32 0.44 26 2.5 ] 0.7 5

*Significant at 5 per cent level.
tSignificant at 1 per cent level.

and this would create a tendency for
mesial drift to close the gaps.

The tooth widths showed negligible
variation with age or sex. Tooth weights
decreased with advancing age, particularly
in males, but overlapped between age
groups more than tooth heights, and thus
provided a less sensitive measure of tooth
wear.

The growth curves for mandibular
length for both sexes are shown in Figure

17 and corresponding growth curves for
diastema length are shown in Figure 18.
Values (mm) for newborn calves,
males and females combined, are as follows:
mandible-mean 124.0, range 108.5-138.9,
95 per cent confidence limits 121.1-126.9.
Diastema-mean 38.1, range 27.9-45.3, 95
per cent confidence limits 36.6-39.7.
Figures 17 and 18 show that neither
mandibular nor diastema lengths may be
used to assign ages to mature animals, as



Table 8

Results of analysis of variance of dental variables
for female caribou aged 3 to 10 years

Difference

Sample Mean at with age Avg. std. dev. Age Residual
Variable n Tyr. 3-7yr. 7-10yr. s df F df F df
Height, mm
il 335 6.05 0.80 0.56 0.83 258 17.3 71 1.6 69*
p2 333 8.23 0.88 1.26 1.08 255 16.7 7t 1.4 70
p3 336 9.75 3.10 1.81 1.08 258 105.9 7% 1.5 T0*
pt 337 11.03 2.58 1.81 1.06 259 90.0 7t 1.5 70*
ml 337 7.95 2.12 1.72 1.06 260 639 7t 1.4 69
m2 334 7.61 1.67 1.62 0.99 257 48.8 7t 1.2 69
m3 330 6.73 1.47 1.33 0.93 253 39.8 7t 1.3 69
Length, mm
p2 332 10.94 0.52 0.21 0.90 255 2.6 7* 1.4 69
p3 328 14.86 0.60 0.41 090 251 5.0 7t 09 69
p 332 16.00 0.40 0.37 0.85 255 3.1 71 1.2 69
ml 88 16.91 1.28 0.85 0.82 65 10.9 71 0.9 15
m2 337 18.37 0.68 1.02 0.92 260 10.4 7t 0.9 69
m3 338 21.97 —0.06 011 130 261 0.4 7 1.0 69
mandible,a 310 263.30 —7.90 —1.20 6.60 233 13.3 71 1.3 69
diastema, b~ 332 97.60 —6.10 —1.60 4.10 254 18.9 71 1.0 70
toothrow, ¢ 334 95.70 2.80 3.00 3.40 256 7.9 7% 1.1 70
a—(b+c¢) 308 69.90 —4.30 —2.40 4.60 231 9.6 71 0.8 69
Weight, g
p2 327 1.42 —0.05 0.06 0.26 250 1.8 7 1.0 69
p3 321 3.14 0.36 0.32 0.40 245 8.8 7t 1.7 68t
pt 324 4.01 0.40 0.46 0.50 247 10.4 71 1.5 69*
ml 307 3.33 0.61 0.43 0.46 231 19.1 7t 1.3 68
m2 330 4.36 0.68 0.67 0.53 253 25.5 7 1.2 69
m3 330 4.30 0.90 0.86 0.64 253 28.6 7t 1.1 69
Width, mm
enamelml 243 1.29 0.03 —0.09  0.17 184 1.4 7 2.0 51t
dentineml 243 2.41 —0.92 —0.27 0.35 184 50.4 71 0.8 51
pt 332 10.62 —0.04 —0.05 0.58 255 1.7 [ 1.8 69t
ml 88 10.10 —0.53 0.51 0.47 65 1.7 & L3 15

*Significant at 5 per cent level.
fSignificant at 1 per cent level.

the lengths differ so little. The effective-
ness of mandibular and diastema lengths
in determining the sex for mature animals
will be discussed later.

The dental variables for males and
females, shown respectively in Tables 7
and 8, were statistically tested to evaluate
their use in estimating the age of individual
caribou taken from the Kaminuriak popul-
ation. Measurements were used only when
both dentaries were available. This pre-

caution avoided the use of extreme values
due to anomalies in the jaw. Males 8 years
and older and females 11 years and older
were not included because those samples
were small.

The sample sizes differ for two rea-
sons. Some readings were not recorded be-
cause the teeth were missing or anomalous,
or the mandibles were broken. Most m1
teeth were sectioned before I decided to
record their lengths and widths.

The means of dental statistics at 7
years (Tables 7, 8 ) were calculated so that
variables related to sex could be easily
picked out. The changes with age (Tables
7, 8; col. 4) indicate the magnitude of any
change between 3 and 7 years and can be
used to compare the rate of change for males
and females. The age difference for females
(Table 8; col. 5) gives the difference bet-
ween 7 and 10 years and can be used for
comparison to the earlier period of wear
and mandible growth.

The analysis of variance was carried
out as a two-factor analysis with unequal
sub-class numbers (Snedecor, 1956:388)
to study the variation related to age group
and collection by year and season. Collec-
tion differences were not significant, al-
though some variables gave fairly high
F-ratios which were judged to be due to a
few measurements rather than to con-
sistent group effects.

The high proportion of large F-ratios
for residual group differences (Tables 7, 8)
is probably due to the larger variation with-
in older, and smaller, age groups. The con-
clusions and comparisons will not, how-
ever, be affected by that factor, as most of
the variables show very marked differences
with age.

The heights of teeth, particularly
the p3, p4, m1 and m2, are the variables
most sensitive to differences in age, as in-
dicated by the large F-ratios (Tables 7, 8).
Length and weight differences are asso-
ciated with the same wearing process but
show relatively more random variation
(Tables 7, 8). Rees (1971) demonstrated
that tooth width was not related to the age
of white-tailed deer, and my measurements
of the width of the p4 and m1 confirm this
for caribou (Tables 7, 8). The mandibles
and diastema lengthen significantly, par-
ticularly in males (Table 7), and the m1
dentine widens (Fig. 14a) as the animal’s
age increases. But most of this lengthen-
ing and widening occurs before the animal
reaches 5 years, so the variables are of
little use in differentiating older age
groups.
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Figure 19

Relationship of average p4+ m1 heights to sex
and age. A, autumn (Sept. and Nov.). The
brackets indicate the range, and the blocks, the

95% confidence limits around the mean for
females
Table 9 Figure 19
Number of Kaminuriak caribou by age and tooth
height for males and females with predicted age Total height
ranges (mature dentition only) p4 + ml, mm
Male,n = 193 Female, n = 303 T

Predicted Trueage, yr.*  Predicted True age, yr.*

age,yr. pt+ -+ ml, mm 3 456 78+ age,yr. pd+mlmm 3 4 5 6 7 8 9 10+

34 >25.0 13 15 3-5 >25.0 5 5 3

3-5 22.0-24.9 22 35 7 1 3-7 22.0-249 1121 5 9 6 1

3-6 20.0-21.9 518 7 8 21 3-7 21.0-219 3 811 819 2 2 _

5-7 18.0-199 1 2 8 12 11 5-9 18.0-199 3 3162511 6 1

6+ 16.0-17.9 1 310 6-9 16.0-17.9 1 7201119 2

6+ 14.0-15.9 2 12 7+ 14.0-15.9 6 710 13

7+ 12.0-13.9 13 8+ 12.0-13.9 3 3 7

8+ 10.0-11.9 2 9+ 10.0-11.9 1 4
10+ 7.0-9.9 5

*Determined by annulations in the dental
cementum.

Table 10

Percentage distribution of mandibular and
diastematic lengths according to sex and age,
showing incorrect prediction of sex in italics

Mandibular length, mm

Diastema length, mm

Age, Sample F pPr* PM* M F PF* PM* M
yr. Sex size <271 271-276 277-282 >283 <99 99-104 105-110 >111
5+ Male 77 0 5 17 78 0 9 26 65
Female 235 82 14 4 0 54 38 8 0
4 Male 69 4 29 26 41 16 43 30 11
Female 37 92 8 0 0 89 11 0 0
3 Male 41 32 27 29 12 27 34 37 2
Female 19 100 0 0 0 100 0 0 0
2 Male 63 79 16 5 0 71 26 3 0
Female 71 100 0 0 0 97 3 0 0

*PF and PM equal probable female and probable

male.

==== Male
Female
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Age, yr

Multiple regression techniques were
used to select the best combination of
variables to be included in an equation to
determine age. The height of the p3, with
the height of the p4 a close second, was the
best single indicator (Tables 7, 8). Adding
the height of m1 to the heights of p3 or p4
significantly increased predictive power.
Adding variables, such as mandibular
length and dentine width, significantly in-
creased the accuracy of age determinations
for younger animals but decreased the
accuracy for old animals. As these variables
increased accuracy by only a fraction of a
year they were not used.
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As the p4 was used as a diagnostic
tooth for age determination of caribou
with incomplete dentition, its height—not
the p3’s— was combined with that of the m1
in the following equation.

Age=a + by (Ht p4) b, (Ht ml)

Because of the large random varia-
tion in tooth height, the equation given by
the least-squares process underestimated
the slopes, thereby consistently predicting
older ages for young animals and younger
ages for old animals. The main function of
the m1 height was to moderate the effect
of individual variations. Therefore, a sum

of the heights of the p4 and ml (p4 4ml)

was tested and found effective in age
separation (Fig. 19). The difference be-
tween the two heights should be checked
for an anomalous difference in attrition
before the sum is used. Normal specimens
with appreciable wear had differences
averaging 3.0 mm and ranging from 1.5 to
5.0 mm.

The age of an individual specimen
can be estimated by reading off the age cor-
responding to the observed p4 + ml in
Figure 19. Table 9 shows the distribution of
animals by age and tooth height and gives
predicted age ranges. Application of Figure
19 or Table 9 requires knowledge of the



Figure 20
Frequency distribution of male and female
mandibular lengths for age classes 5+ years

Figure 20
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sex, if the animal is 5 years or older, if the
assignment of age is to be accurate.

The mandibular length reliably indi-
cated the sex of animals 5 years of age and
older but overlap in mandibular length less
reliably indicated the sex of younger ani-
mals (Table 10 and Fig. 20). This differs
from Bergerud’s (1964) conclusion regard-
ing Newfoundland caribou that the sex
could be successfully determined from
mandibular length when the animal was as
young as 4 years. As Bergerud’s sample was
collected in the autumn, his 3-year-olds in-
cluded specimens 39 to 41 months old. The
2-year-olds included 27- to 29-month speci-

mens. Bergerud achieved an accuracy of 84
per cent (n=19) for males, using a man-
dibular length of 285 mm as the cut-off
point. I obtained an accuracy of 41 per cent
(n=41) for 3-year-old males using a man-
dibular length of 277 mm. If the growth
curve is assumed to be similar for the two
populations, the discrepancy in the man-
dibular lengths indicates that the ages as-
signed by Bergerud, using Skoog’s (1956)
tooth-wear key, were somewhat low. This is
reinforced by the fact that Skoog (1968)
does not attempt to distinguish 3-year-olds
from 4- and 5-year-olds in his summary of
mandibular length.

For individuals under 5 years our
sample (Table 10) was taken specifically for
population study and the sex and age distri-
bution is different from that in Bergerud’s
(1964: Fig. 3) sample which was obtained
from hunters. His sample contained more
adult males, those being the animals that
hunters aim for. The sex and age distribu-
tion in the Kaminuriak sample more nearly
represented that of the population.

Average mandibular measurements
of the various populations studied are given
in Table 11. Skoog’s (1968) measurements
from the Nelchina herd are consistently
the highest for all age classes, mine from
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Table 11
Mandibular and diastematic lengths in millimetres,
by sex and age for four populations of Rangifer

Alaska*
Kaminuriak Arctic Nelchina Newfoundland{
Age, yr. Sex x Range n x Range n % Range n % Range n
Mandible
2 Male 265 248-281 63 262 244-283 51 272 255-289 207 268 258-283 9
Female 254 255-270 71 253 237-269 66 261 248-280 87 250 244-257 7
3-5 Male 279 262-298 131 287 258-314 338 298 272-322 487 295 280-319 43
Female 259 242-277 78 263 241-291 236 274 251-292 336 268 252-284 30
6-9 Male 289 272-308 55 301 276-321 87 315 299-335 157 307 287-328 32
Female 264 243-282 182 267 250-290 83 282 267-294 128 272 261-286 12
10+ Male 286 286 1 300 282-310 9 319 295-346 23 306 293-325 13
Female 264 250-277 31 267 254277 16 283 277-296 31 275 275-276 3
Diastema
2 Male 96 83-107 65 95 85-107 50 98 83-113 260 102 95-108 12
Female 91 83-104 72 90 81-105 76 93 78-107 110 94 90- 98 11
3-5 Male 104 89-120 132 109 90-130 338 113 95-128 784 117 94-136 51
Female 94 84-106 78 96 83-113 279 100 85-119 418 103 94-114 37
6-9 Male 113 102-125 58 118 98-135 87 125 115-143 221 127 115-138 49
Female 98 86-109 186 99 89-113 103 105 95-118 155 108 102-115 14
10+ Male 115 115 1 121 110-128 9 131 115-145 32 129 124-134 16
Female 100 93-110 32 100 95-107 19 108 90-126 36 110 110-111 4

*From Skoog (1968).

tFrom Bergerud as quoted by Skoog (1968) with
age-classes 3-6 and 7-9 yr. instead of 3-5 and
6-9 yr. for the other populations.
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the Kaminuriak Population are the lowest
except in 2-year-olds. The four caribou
populations are discrete, and the recorded
values should reflect true population dif-
ferences and not just variations in techni-
ques.

Designating mandibles of length
greater than or equal to 277 mm as males
is correct for 94 per cent (73 of 77) of the
5+ -year-old males and 57 per cent of the
3- and 4-year-olds. It can also be shown
that, for 39 months or older, mandibular
lengths less than 264 mm indicate female
specimens (Table 12). This leaves the sex
undetermined for mandibles 264-276 mm
long (Table 12), which are usually from males
3 or 4 years old or females 5 years or older.

Figure 19 shows that few specimens
younger than 5 years had p4 + m1 less
than 20.0 mm (only 1 of 46 males and 1 of
13 females with mandibular length between

264 and 276 mm). The 20.0 mm level was
used to distinguish females at least 5 years
old from younger males and females. The
sex is then correctly predicted for 73 per
cent of the males and 84 per cent of the
females, with incorrect predictions for only
3 per cent of males and 3 per cent of fe-
males (Table 12).

The diastema length is highly correl-
ated with mandibular length and the rela-
tionship of the two variables is the same for
both sexes, so no independent information
on the sex of a specimen can be obtained.
However, the diastema length can be sub-
stituted if the mandible is damaged. Table
13 shows that, in animals at least 5 years
old, when a diastema length of 105 mm or
longer is taken as indicating that they are
males, the sex determination is 91 per cent
correct (95 per cent using mandibular
length). However, while the range of



Table 12

Percentage distribution of Kaminuriak caribou in
mandible length classes according to sex and age,
assigned from cemental layers

Mandibular  p4 + ml, Males, yr. Females, yr. Predicted
length, mm mm 34+ 3-4 5+ 3+ 3-4 S5+ sex
2217 12 57 94 3 0 4 Male
261-276 >20.0 25 4l 3 13 21 11 Undetermined
261-276 <20.0 2* 1 3 30 2 36 Female
>264 1* 1 0 54 77 49 Female
Sample size 187 110 77 291 56 235
*Incorrect sex predicted.

Table 13

Percentage distribution of Kaminuriak caribou in

diastematic length classes according to sex and age,

assigned from cemental layers

Diastema p+ + ml, Males, yr. Females, yr. Predicted
length, mm mm 3+ 3-4 5+ 3+ 3-4 5+ sex
>105 62 41 91 6* 0 € Male
95-104 >20.0 32 54 3 20 30 18 Undetermined
95-10+4 <20.0 3+ 0 6 41 4 49 Female
<95 3t 5 0 33 66 25 Female
Sample size 191 111 80 298 56 242

*Incorrect sex predicted.

diastema length for 4-year-old females is
predictable, the range for 4-year-old males
shows considerable overlap with older
females and the accuracy is only 41 per

cent (29 of 70). Sixty-seven per cent
accuracy can be obtained when using mandi-
bular length for sexing 4-year-old males.
Table 13 shows the percentage predictions
using high, medium and low diastema
lengths, and the tooth wear index, to deter-
mine the sex of specimens 39 months and
older. The percentages of specimens for
which sex cannot be determined are higher
when diastema, rather than mandibular,
length is used. Bergerud (1964) stated that
the diastema length was not sufficiently ac-
curate to be useful in separating the sexes,
but I found it only slightly less accurate
than mandibular length.

I found no mandibular or tooth
measurement which would distinguish the
sexes of specimens younger than 27
months. However, if the reproductive or-
gans are missing but the carcass is available,
the length of the hind foot could be used
as it is mature by 22 months and is dis-
tinctly larger in males (Dauphiné, in prep.).



Plate A. Buccal view of a chronological series
of the left molariform tooth row in male and
female caribou
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Plate A. Continued
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Plate B. Occlusal view of a chronological series
of the left molariform tooth row in male and
female caribou
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Plate B. Continued
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Socialization and
population
analysis

1. Social grouping

Caribou occur in groups of various
kinds but I consider the band the primary
distinguishable social group. Bands were
categorized by representation of sex and
age within them (Table 14). I base this
classification on sex and age composition
of collected samples. I have supplemented
these data with observations on sex and
age of animals remaining in the groups
from which samples were collected, and
impressions of the structures of groups
seen both on the ground and from the air.

A cow band is composed of mature fe-
males, and may or may not include newborn
calves. It may occur only on the calving
ground.

A bull band is composed entirely of
mature males 41 months or more. It may
occur at any season of the year.

A subadult band is usually composed
of 3-year-olds, of both sexes or of one sex,
but may contain a few 4-year-olds. On the
calving ground the pregnant 3-year-olds
join the cow bands, the barren 3-year-olds
remain in subadult bands. Subadult bands
occur at all times of the year, but are most
obvious in spring and autumn.

A juvenile band is composed of year-
lings and/or 2-year-olds of either or both
sexes. Juvenile bands occur throughout the
year but are most obvious on the calving
ground and in postcalving groups, and are
often mixed in cow-juvenile bands.

A cow-juvenile band is composed of
mature females and animals, of either
sex, less than 34 months of age. These
cow-juvenile bands are found throughout
the year, often combined with bull and
subadult bands, especially during the
spring, summer and autumn migration
periods.

A cow-juvenile-bull band is composed
predominantly of cows and juveniles, but
includes individual bulls or bull bands. It is
usually encountered in the spring as the
caribou migrate northward and during the
autumn from pre-rut to post-rut. Caribou
that winter on the open tundra often form
this type of band.
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Table 14
Caribou band types by collection periods, April 1966
~July 1968

Number of bands

Band type Apr. June July Sept. Nov. Total
Cow 0 7 0 0 0 7
Bull 2 0 0 5 2 9
Juvenile 1 1 0 0 0 2
Subadult 8 2 0 I 2 13
Cow-juv. 10 12 0 5 3 30
Cow-juv.-bull 7 5 3 2 9 26
Bull-cow-juv. 4 0 4 4 4 16

A bull-cow-juvenile band is composed
predominantly of mature males which have
joined with mature cows and juvenile
animals of either sex. Like the cow-juve-
nile-bull band, this type is usually en-
countered during the spring migration and
autumn rutting periods.

Aerial surveys of small land units
may give misleading ratios of mature males
to mature females. Probably the only prac-
tical way of overcoming the problem of
non-random distribution of caribou by sex
and age is through repeated aerial surveys
of large land units at the appropriate season
of the year.

The high degree of segregation in the
caribou bands and direct observations of
caribou groups, particularly in the spring,
lead me to believe that caribou are strongly
socially cohesive animals.

Evidence of long-term social bonds
in barren-ground caribou on mainland
northern Canada has been reported by

Parker (1972):

“In 13 instances, groups of caribou whose
members were tagged at the Thelon site on or
near the same date were shot together over

12 months after tagging. These cases suggest
the existence of persistent social bonds between
barren-ground caribou, particularly between
adult males. Group sizes varied from two to
four caribou. Four of the 13 groups consisted
of two adult males shot more than 34 years
after tagging.”

Statistical analyses of the data from
radioed caribou (Miller et al., 1974) de-

monstrated the following: (1) certain ani-
mals were usually seen on the same day,
(2) certain animals were usually in the
same groups, and (3) animals returned to
the same groups after being separated for
hours or days. The non-random association
of the radioed caribou is believed to be a
result of social cohesion. When one con-
siders the sociability of caribou groups,
one wonders how group unity would be
perpetuated from one year to the next.

I believe that this unity is maintained by
the formation of postcalving aggre-
gations.

I suggest that the primary function
of postcalving aggregations is socialization,
which provides favourable situations for
the regrouping of previous winter bands.

I have to make two main suppositions as
the basis for this hypothesis.

First, the basic social unit of barren-
ground caribou is the wintertime band.
Although there are seven basic types of
caribou bands, only four are usual in
winter: bull, cow-juvenile, juvenile, sub-
adult. The juvenile and subadult bands
are usually mixed or in close association
with the cow-juvenile bands. The member-
ship of juvenile and subadult bands may be
the result of the loss of maternal cows, and
their locations with respect to adults may
be governed by the antagonistic behaviour
of the remaining mature cows or dominant
subadults.

Second, the core of the wintertime
cow-juvenile band is formed by a matri-
archal bloodline, supplemented from time



to time by neighbouring caribou as and
when the group accepts them.

The wintertime bull band is sustained
by recruitment of subadult groups of 3-
and 4-year-old males. Band members are
usually similar in body and antler size;
though antlers may vary, they are not
usually as large as the antlers of prime
bulls.

The bonds between members of the
cow-juvenile bands begin to weaken as the
caribou groups heed the stimuli that start
them northward in the spring. More and
more bands come together as the caribou
move to the tree line. Once on the tundra,
the parturient cows’ vacillating anta-
gonism is intensified, and many of the
juveniles and subadults begin to drop
behind. This response is often reinforced
by the presence of deep, wet snow along
the migration route which is a greater
hindrance to young animals. The parturient
cows arrive on the calving ground, often
disperse just before parturition, and may
remain alone, or nearly so, for a short
post-partum period.

When their calves are born the cows
begin to move about the calving ground,
joining other cows, calves, and those juve-
niles and subadults that have arrived. As
groups grow in number they become more
attractive to the smaller ones until, finally,
large groups merge with larger groups to
form the postcalving aggregations of
several thousand caribou. A postcalving
aggregation has a distinct structure. Each
has a core of maternal cows and their
calves, seemingly equally spaced through-
out. From the air or a vantage point on the
ground the core looks elliptical or oval.
Along its periphery are many groups of
juvenile animals, usually in constant
motion. They dart out and back without
apparent purpose and venture out to
investigate any unidentified object,
such as a human observer, upwind of
them.

Some caribou rejoin fellow members
of previous winter bands during formation
of and movement in postcalving aggrega-

tions. The basic social unit thus begins to
take shape.

For those years in which large num-
bers of juvenile and subadult animals have
left the cow movement, a mechanism must
be postulated for reuniting the young with
the mature animals, so that the tradition of
the group can be retained through mainte-
nance of the matriarchal bloodline within
it. I believe this is accomplished when the
postcalving group moves into the area oc-
cupied by the young animals and mature
bulls which have moved northward after
the cows. The cows and calves merge with
the bulls, remaining juveniles, and sub-
adults, and move off on their so-called
midsummer migration. The animals conti-
nuously shuffle and reshuffle. By the onset
of rut the basic social units have formed
but remain for the most part in larger
groupings until arrival on the wintering
ground. The bull bands separate from the
cow-juvenile bands and move off to their
particular wintering areas, usually farther
south in the case of the Kaminuriak
Population.

During the fourth autumn of life
most of the males enter the mature male
segment of the population. It is during
those autumn pre-rut staging periods that
the males establish their bonds with other
males of the same or similar age.

The basic male social unit, the bull
band, is thus formed to maintain from year
to year a distribution of breeding bulls with
common learned behavioural habits, which
assures, under normal conditions, a supply
of breeders in the traditional rutting areas.

I now propose that the herding be-
haviour of barren-ground caribou may have
evolutionary significance as a means of
minimizing predation by wolves (Canis
lupus) . My supposition is based on the as-
sumption that the territorial drives of
wolves impose an upper limit on their
densities. Even if an area, either a fixed
land mass or the area occupied by a moving
aggregation of caribou, contains more prey
than is needed to support the wolves
there, the resident wolves will not tolerate

intruders of their own kind. In addition,
wolves having access to abundant prey do
not routinely kill in great excess of their
needs. This does not appear to be true for
the June—July period when wolves often
kill newborn calves and leave them un-
eaten (Miller and Broughton, 1974). Such
killing is, however, probably restricted to
young non-breeding wolves which are
motivated by the need for practice and
play. Adult wolves are usually governed
more by restrictive consummatory drives
and the need to conserve energy.

I believe that the caribou’s gregar-
ious behavioural response to predators is
facilitated by their drive for socialization,
hence my hypothesis, “the primary
function of postcalving aggregations is
socialization, which provides favourable
situations for the regrouping of previous
winter bands.” This hypothesis suggests
the necessary annual link for perpetuating
the impetus that leads to a beneficial beha-
vioural trait.

2. Population analysis

Of the 999 caribou in the collection,
943 were from the Kaminuriak Population
and 56 were from the Beverly Population.
Males totalled 436 and females 563 for a
ratio of 77:100. The juvenile and subadult
segments, 41 months of age or less, com-
prised 51.5 per cent of the collection.
These segments included 258 males and
257 females for a ratio of 100:100. Adults,
46 months of age or more, were made up of
178 males and 306 females for a ratio of
58:100.

Samples were collected during the
major life history phases of the caribou’s
annual cycle. The sex, age, weight, collec-
tion date and location are recorded for the
999 animals in Miller (1970:App. 1). The
sex and age composition of the sample by
individual collection periods, by season,
and by cohorts are given in Appendices 3a,
3b, and 3¢ respectively of Miller (1970).

During the three April collection
periods we encountered caribou on their
late winter staging areas and along the
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routes of their northward migrations.
Spring collections totalled 308 caribou:
a.In 1966, 102 caribou were collected in
Manitoba, northeast of Brochet on the
Cochrane River area and 14 near our cor-
ralling camp at Kasmere Lake.

b. In 1967 caribou were more widely dis-
persed, with the main wintering group on
the Striding River area, District of Mac-
kenzie, NWT. Seventy-five animals were
taken on the Striding River; 16 east of the
north end of Big Sand Lake and 12 west of
Lac Brochet, Manitoba.

c.In 1968, 72 caribou were taken in the
Lac Brochet area and 31 east of Carlson
Lake, Manitoba.

During springtime caribou were
observed travelling in discrete bands or as
large mixed groups composed of several
bands. Juvenile and subadult bands be-

came more evident as the migration acceler-

ated. Bull and cow-juvenile bands often
occupied the same lakes, but usually main-
tained their closed groups, even when
bands came only within several metres of
each other. Spring is an unsettling time for
caribou and their numbers in a particular
area may change overnight.

During the three June collection
periods 273 caribou were obtained on the
calving grounds. In 1966, 1967 and 1968
collections of 85, 45 and 90 caribou were
made about 12 km east of Gibson Lake,
NWT, within a 25-km radius of the base
camp. In addition, 40 and 13 caribou were
taken respectively 50 and 120 km from the
base camp in 1967.

In 1966 about 20 per cent of the
calving ground was north of the collection
area. In 1967 the calving ground extended
only slightly north of the collection area
and in 1968 its northern boundary was at
the north end of the collection area.

Snow and slush appeared least in
depth and extent during the spring migra-
tion in 1966, slightly more in 1967 and
most in 1968. As a result the numbers of
juveniles and subadults that reached the
collection area were greatest in 1966 and
least in 1968. The calving period in June

1966 was also the only calving period during
the study when 36-month-old males were
taken from the calving ground. In 1967 we
saw and collected fewer juveniles and sub-
adults on the calving ground; and in 1968
we took only three yearlings and three
2-year-olds there.

A July collection of 101 animals was
made in 1968. Forty-five Kaminuriak
caribou were collected from the area east of
the Kazan River and south of Baker Lake,
NWT. Fifty-six Beverly caribou were taken
along the Thelon River, just west of Aber-
deen Lake, NWT. The primary objective
of the July sampling was to obtain data at
what we had deduced was the nadir of
nutritional condition.

Calving segments travel on the
tundra in large postcalving aggregations
during July. When these aggrégations
merge with adult bull groups the degree of
segregation within and between groups
varies considerably. Large groups often
remain somewhat segregated internally due
to the cohesion of many of their sub-
groups. Stampede-like movements of
caribou are associated with periods of high
insect activity and the groups are constantly
shuffling, splitting, and regrouping in an
apparent attempt to escape harassment.

During the two September collection
periods 111 specimens were obtained:

a. In 1966, 26 caribou were collected be-
tween Tatinnai and Otter lakes, NWT.
b.In 1967, 77 caribou were taken between
Maguse and Camp lakes and 8 north of
Padlei Lake, NWT.

Most of the caribou on the collection
area in autumn 1966 were adults in bull
bands and large pre-rutting bull groups.
Few groupings of cows, juveniles, and sub-
adults were seen in the immediate area.
Large groups of female and immature
caribou to the east of South Henik Lake
were moving westward toward the bull
concentrations, when the onset of freeze-
up forced us to terminate our field acti-
vities on September 25. In September 1967,
the caribou were collected from large
mixed groupings and segregated pre-rutting



Figure 21
Sex and age composition of caribou by cohort,
April 1966-July 1968
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bands. The bulls and cows were mixed to
various degrees throughout the collection
area, and we often encountered large
groups of adult cows and immature animals
flanked by adult bulls.

During the two November collection
periods 206 caribou were obtained in
Manitoba:
a.In 1966, 91 caribou were taken from the
Cochrane River area, 5 from Maria Lake,
and 5 from Eyrie Lake.
b.In 1967, 54 caribou were taken from the
Cochrane River area, 39 east of Lac
Brochet, and 12 from Eyrie Lake.

In November the caribou moved into
their wintering grounds in large mixed
groups and bands. Many adult males had
moved or were moving to their wintering
areas. Mature breeding bulls had cast or
were casting their antlers. Antlered sub-
adult and young adult males were still

sexually aroused and sparring contests
were observed.

The age composition throughout the
13 collection periods revealed poor repre-
sentation of animals born in 1962. Dif-
ferential natality and/or mortality of
cohorts could be important determinants of
total population strength. The 1962 cohort
vividly illustrates these effects on a cohort
(Fig. 21).

The 1962 cohort was represented by
animals that were 4, 5 and 6 years old when
collected. Only 30 caribou (11 females, 19
males) were collected from the 1962 cohort.
Reproductive success within the 1962
cohort had been exceedingly low and appar-
ently favoured survival of males. As ap-
proximately 86 per cent of the adult fe-
males in the population are producing
young each year, we must assume that
either the survival of calf crop in 1962
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Table 15

Numbers of female Kaminuriak caribou collected
by age, year, and collection periods, April 1966 —
April 1968

Collection, excluding June

Collection, June only

- 1966 1967 1968 1966-1968
yr. 1 3 4 z 5 7 8 b)) 9 11 p2- 2 6 13 10 z
0 0 5 5 6 8 14 4 4 8 7 0 16 31
1 6 1 1 8 i 2 9 18 4 3 10 6 3 2 2 13
2 6 0 11 17 9 8 11 28 6 2 8 10 8 4 3 25
3 5 1 8 14 9 2 8 19 5 2 74 12 4 2 9 27
4 0* 0* 4% 4* 8 1 3 12 8 4 12 o* 2 2 10 14
5 2 2 5 9 0* 0* 0* 0* 2 2 4 4 2 0* 5 11
6 9 3 4 16 7 4 3 14 1* o* 1* 6 1 0 2* 9
7 9 0 7 16 5 6 4 15 6 0 6 12 11 7 9 39%
8 2 1 7 10 3 2 5 10 2 2 4 3 7 2 13
9 0 2 2 3 4 3 10 5 Il 6 6 4 14 24¢%
10 1 1 2 0 2 1 3 2 1 3 3 5 8
11 0 0 2 0 1 3 2 2 1 3 4
12 1 1 1 0 1
13 0 0 1 0 1 1 1
14 2 2 1 0 1
15 1 0 1 Il L
16 1 1 1 1
*Weak cohort.
tOmitted because of atypical distribution.
Table 16
Numbers of male Kaminuriak caribou collected by
age, year, and collection period, April 1966 — April
1968 (collections 2, 6, 10 had only cow-calf and
juvenile groups)
Collection
Age, 1966 1967 1968 Calving groups
yr. 1 3 4 z 5 13 7 8 z 9 11 z 2 6 10 z
0 1 6 7 4 6 10 5 6 8 19
1 3 1 6 10 7 4 2 7 20 4 2 6 6 5 1 12
2 12 2 9 23 7 1 7 5 20 8 1 9 4 2 1 4
3 15 6 20 41 14 1 3 12 30 11 2 13 3 3
4 3* 2% 4% QO 7 2 19 17 45 16 1 17
5 11 1 1 13 2% 1*  0* 1*  4x 6 i 13
6 9 2 11 4 2 3 1 10 5% 1* 6%
7 4 3 7 5 0 6 11 i 3 10
8 0 0 1 1 2 0 1 1
9 1 1 2 2 2 2 4
10 0 0 0 0
11 0 0 ¥ 1
12 1 1
*Weak cohort.
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was very low, or the mortality of juveniles
and subadults of that cohort was exceed-
ingly high. That cohort should have to-
talled about 12 per cent of the overall col-
lection, if the calf production in 1962 was
similar to that in 1961 and 1963, and the
mortality within the three cohorts was
constant. Yet only 3.0 per cent of the
expected proportion of the sample was at-
tributable to the 1962 cohort, suggesting
that caribou born in 1962 died at a rate at
least four times as high as caribou born in
1961 and 1963.

Observations made by Ruttan (1962)
in August 1962 at Little Duck Lake, Man-
itoba, suggest that the calf crop was either
low or suffered great mortality between
June and August. Ground segregation of
1,400 caribou yielded values of only 16
(1.2 per cent) calves, and aerial counts of
1,252 caribou only 49 (3.9 per cent) calves.
J. D. Robertson (pers. comm.) said that he
had never seen caribou in such poor phy-
sical condition as during the spring migra-
tion of 1962. Records from Brochet,
Manitoba, show that the accumulated snow
depth for March 1962 far exceeded all
other records for that month from 1955 to
1968 (Parker, 1972: Table 5). All of the
above factors help to account for the
consistently poor representation of the
1962 cohort from April 1966 to July 1968.

A weak cohort (1962) is apparent in
the tabulations of both males and females
(Tables 15 and 16). The number of animals
expected in the 1962 cohort was calculated
separately for the sexes by multiplying
the total number of animals collected in
that year by the number of animals in the
cohort during the 2 years not involved ,
then dividing the product by the total
number of animals in the 2 years not in-
volved (see cohort adjustments Tables
17, 18).

The 1962 cohort may be considered
atypical, as there was no other weak cohort
in the ten year-classes represented in the
collection. Therefore, an adjustment has
been applied to raise the affected frequen-
cies to normal levels (Tables 19, 20). The



Table 17
Cohort adjustment for female Kaminuriak caribou,
based on 266 females, 22 + months, used in life table

Age, yr. 1966 1967 1968 Adjustments

4 4* 12 12 1966 = 64 X (12 + 12)/(92 + 38) = 12
5 9 0* 4 1967 =92 X ( 9 +4)/(64 +38) =12
6 16 14 1* 1968 = 38 X (16 + 14)/(64 +92) = 7
2,3,7+ 64 92 38

*Weak cohort.

Table 18
Cohort adjustment for male Kaminuriak caribou,
based on 168 males, 46 + months, used in life table

Age, yr. 1966 1967 1968 Adjustments

4 9* 45 17 1966 = 9 X (45 + 17)/(15 4+ 16) = 18
B 13 4% 13 1967 =15 X (13 4+ 13)/( 9 +16) = 16
6 11 10 6* 1968 =16 X (11 +10)/( 9 + 15) = 14
T+ 9 15 16

*Weak cohort.

Table 19
Adjusted numbers of female Kaminuriak caribou in
collection, April 1966 — April 1968

Age, After adjustment for cohort Starting number, %
yr. 1966 1967 1968  1966-68 1966 1967 1968  1966-68
0 35* 41* 21* 97* 100.0 100.0 100.0 100.0
2 17 28 8 53 49.0 68.0 37.4 54.5
3 14 19 7 40 40.3 46.1 32.7 41.1
4 12 12 12 36 34.6 29.1 56.1 37.0
5 9 12 4 25 25.9 29.1 18.7 25.7
6 16 14 7 37 46.1 34.0 32.7 38.0
7 16 15 6 37 46.1 36.4 28.0 38.0
8 10 10 4 24 28.8 24.3 18.7 24.7
9 2 10 6 18 5.8 24.3 28.0 18.5
10 2 3 3 8 5.8 7.3 14.0 8.2
11 0 3 2 5 0.0 7.3 9.3 5.1
12 1 1 0 2 2.9 2.4 0.0 2.1
13 0 1 0 1 0.0 2.4 0.0 1.0
14 2 1 0 3 5.8 2.4 0.0 3.1
15 0 1 1 2 0.0 2.4 4.7 2.1
16 0 1 0 1 0.0 2.4 0.0 1.0

*No. at 0 mon. = (pregnancy rate) (no. 344 mon.)/
2i.e.,1/2 [0.477 (3-yr. Q) + 0.896 (4+-yr. 2)].
Actual starting values: 1966 = 34.7, 1967 = 41.2,
1968 = 21.4, and 1966-68 = 97.3.
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Table 20
Adjusted numbers of male Kaminuriak caribou in
collection, April 1966—-April 1968

Age, After adjustment for cohort Starting number, %
yr. 1966 1967 1968  1966-68 1966 1967 1968  1966-68
4 18 45 17 80 37.0* 37.0%* 37.0* 37.0*
5 13 16 13 42 26.7 13.2 28.3 14.4
6 11 10 14 35 22.6 8.2 30.5 16.2
7 7 11 10 28 14.4 9.0 21.8 13.0
8 0 2 1 3 0.0 1.6 2.2 1.4
9 1 2 4 i 2.1 1.6 8.7 3.2
10 0 0 0 0.0 0.0 0.0
11 0 1 1 0.0 2.2 0.5
12 1 it 2.1 0.5
*Estimated by assuming male and female mortality
is equal for the first 4 yr. of life, and the factor of
80/36 = 2.22 is the over-sampling factor for the
adult male groups: 37.0% taken from smoothed
female life table calculations.
Table 21
Chi-square tests of homogeneity of ages of female
caribou collected in June versus those females col-
lected in other seasons
Age, yr. Apr.* Junet Sept.* Nov.* z
7 20 39 6 11 76
8 7 13 3 12 35
9 8 24 4 5 41
10+ 12 14 3 3 32
Total 47 90 16 31 184
*x2=7.01, 3 df, P>0.05.
tx2=13.04, 6 df, P <0.05.
Table 22
Over-representation of male Kaminuriak caribou,
April 1966 — April 1968
Age, Over-representation* Starting number, %
yr. 1966 1967 1968  1966-68 1966 1967 1968 196668
0 351 41t 21t 971 100.0 100.0 100.0 100.0
2 23 191 9 51 66.3 46.1 42.1 52.4
3 41 291 13 83 118.2 70.4 60.7 85.3
4 98 431 17 69 51.9 104.4 79.4 80.2

*Males in 3- and 4-yr. -old classes are over-
represented. This is assumed to be due to (a)

segregation of mature males from cow-calf groups;

(b) relative over-sampling of mature males in an

attempt to balance sample - this may be misleading

if females have longer life expectancy.

tNo. at 0 mon. = (pregnancy rate) (no.34+ mon.)/
2i.e.,1/2 [0.477 (3-yr. @) 4 0.896 (44-yr. Q)].
Actual starting values; 1966 = 34.7, 1967 = 41.2,
1968 = 21.4 and 1966-68 = 97.3.
iSample 13, and all June samples deleted.

§Weak cohort (1962).
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number of animals expected in a given year
was calculated separately for the sexes from
the proportion of that age in the samples
shot in the two years, when the age was
normally represented, by dividing the total
number of animals collected in that year.

Occurrence of females by age was
too low to show significant differences for
individual collection years. Therefore, all
females were combined by season, but as
large variations were observed in the age
structure by season, chi-squared tests were
used to test for differences between sea-
sons (Table 21). Restrictions of the data
required that cohorts be ignored and that
tests be applied only to females 7 years of
age or older. Because June did not fit the
assumption that the frequencies of females
would be expected to decline, it was omit-
ted, and the homogeneity of April, Sep-
tember, and November was tested (Table
21).

June samples of both females and
males were omitted from life table calcula-
tions and cohort adjustment, and the other
seasons were combined to give year totals
before cohort adjustment. Because of the
high degree of segregation young males
were apparently over-represented in the
sample. The calculations in Table 22 show
that males between 29 months and 58
months are considerably over-represented
in the collections. It is known that adult
males were often separated from the cow-
calf or cow-juvenile groups, so it would be
difficult to accurately balance the sampling
from the two parts of the population.

The age at which males are accepted
into the adult male group is expected to be
about 41 months, probably the usual age of
firstbreeding. On the assumption of a two-
or three-fold bias in the sampling of males,
the over-representation of 3- and 4-year-
olds probably shows that these animals are
no longer being shot with the cow-calf
groups in most cases, but are grouped in
subadult male bands.

It could be assumed that 4-year-old
males were adults, and 3-year-old males
were of uncertain social status. The decisior



is reinforced by the tabulation of June
samples 2, 6 and 10 (Table 16) when no
adult males were shot, but some 3-year-olds
were still with the cow-juvenile groups.

The values for males 0 to 3 years old could
be taken from the female life table on the
assumption of identical age composition
over that period in both sexes (258 males:
257 femalesin collection). Thereis, however,
some evidence from the composition of
groups and the September to November
weight loss (Dauphiné, in prep.), that
breeding is not prevalent until the males

are older than 48 months. Therefore, I

used the same mortality for both sexes

over the first 4 years of life for the life

tables and survival curves.

The over-sampling adjustment was
made by assuming the adjusted percen-
tage survival for 4-year-old females could
be applied to the 4-year-old males. Pre-
sumably up to that age there would be little
difference in mortality between the sexes.
The numbers of males 0, 1, and 3 years old
were calculated by use of the over-sampling
adjustment value of 2.22, The observed
2-year-old males fell on the fitted value
(Fig. 22). The resulting fitted curves for
males and for females are given in Figure
22,

Animals under 21 months were
markedly under-represented (Tables 15 and
16) possibly because of some subconscious
selection of larger specimens during
shooting. I therefore omitted ages 0 to 1
years from all calculations.

Eberhardt (1969) discusses popula-
tion analysis and the use of life tables in
detail. He points out the many problems
and assumptions that are necessary as a
basis for evaluating samples through the
use of life tables.

The juvenile and adult sex ratios
obtained in our collection are in agreement
with sex ratios from Alaskan populations of
caribou (Skoog 1968:491), and the aerial
counts of the Kaminuriak Population tend
to add further support to the sample
(Parker 1972:54-70) . However, despite

the agreement of the observed sex ratios,

Figure 22

Observed and adjusted female and male repre-

sentation for Kaminuriak caribou by age
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Number in
cohort

900

1800

600

1500

1400

1300

1200

1100

To

B— — —#l Male (4+ yr)
® Male (2 yr)
O——1 Female

69



Table 23
Life table for female Kaminuriak caribou, 1966-68
Age,
yf. Observed Adjusted 1000 mx* 1000 Ix 1000 dx 1000 gx ex
0 97.3%1 000 1000 277 277 4.20
1 70.3% 000 723 178 246 4.61
2 53 53.0 090 545 134 246 4.96
3 40 40.0 238 411 41 100 5.41
4 36 36.0 410 370 16 43 4.95
5 25 34.4 477 354 13 37 4.15
6 37 33.2 483 341 25 73 3.29
7 37 30.7 436 316 69 218 2.51
8 24 24.0 469 247 83 336 2.07
9 18 16.0 466 164 82 500 1.87
10 8 8.0 419§ 82 31 378 2.24
11 5 5.0 51 14 274 2.30
12 2 3.6 37 12 324 1.99
13 1 2.4 25 9 360 1.70
14 3 1.6 16 6 375 1.38
15 2 1.0 10 6 600 0.90
16 1 0.4 4 0.50
*mx = 50% based on age-specific pregnancy rates
(Dauphiné, in prep.).
{Starting population estimated from pregnancy rate
for 3-yr.-old (47.7%) and mature (86.9%) females.
{Ustimated by assuming that mortality in 2nd and
3rd years is equal: avg. mortality, all age groups
= 996/4692 = 0.21; avg. mortality, first 10 yr.
= 918/4471 = 0.21; avg. mortality, 34-yr. olds
= 407/2424=0.17.
§Avg. for 10+-yr.-old females.
Table 24
Life table for male Kaminuriak caribou, 1966—68
Age,yr.  Observed Adjusted 1000 Ix* 1000 dx 1000 gx ex
0 1000* 271 277 3.14
1 723* 178 246 3.15
2 545* 134 246 3.02
3 411* 41 100 2.84
4 80 80.0 370 157 424 2.09
5 42 46.0 213 56 263 2.27
6 35 34.0 157 46 293 1.90
i/ ©28 24.0 111 55 495 1.48
8 3 12.0 56 28 500 1.45
9 7 6.0 28 14 500 1.39
10 0 3.0 14 7 500 1.29
11 1 1.5 7 3 429 1.07
12 1 0.8 4 0.50

*Estimated by assuming male and female mortality
is equal for the first 4 yr. of life, and the factor of
80/36 = 2.22is the over-sampling factor for the
adult male groups: avg. mortality, all age groups =

996/3635 = 0.27; avg. mortality, first 10 yr.
986/3614 = 0.27; avg. mortality, 4-yr.-olds =

366/956 = 0.38.
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these ratios are considered questionable
because of the high degree of segregation
within and among sampled groups. There-
fore separate life tables for female and male
caribou have been produced to evaluate
other statistics of the population.

The age distribution of the 943 car-
ibou in the sample was considered repre-
sentative of the Kaminuriak Population.
The individuals were grouped by ages: 0-5
months, 0 year; 10-17 months, 1 year;
22-29 months, 2 years; 34—41 months,

3 years; and so on to 190-197 months,

16 years. This method of grouping assumes
that most deaths will be between November
and April (not during calving, for females,
or during breeding, for males).

Calculation of the starting popula-
tion is based on a stationary population
size; that is, the same number of births
were assumed for each year. A related study
has given pregnancy rates of 47.7 per cent
for 3-year-old females and 89.6 per cent for
44--year-old females (Dauphiné, in prep.).
Thus, using the adjusted values from
Table 19 the number of births expected is:
(47.7/100)40 + (89.6/100)196 =194.6.
Assuming a sex ratio of 1:1 at birth, this
figure gives a predicted 97.3 females as the
starting population for life table calcula-
tions (Tables 23, 24).

The yearly frequency and the total
frequency of animals were expressed as
percentages of the starting population, to
estimate the surviving percentage at each
age level. These yearly values are reason-
ably consistent with one another, making it
justifiable to combine them to calculate the
life table.

The frequencies were plotted to allow
fitting of a smooth curve to the data and an
adjusted number of each age level was read
off. The numbers were then tabulated in
column 3 of life tables (Tables 23 and 24).

The remainder of the calculation
used the standard method representing the
frequency as the surviving number from a
starting population of 1,000 (tabulated as
ly), finding number of deaths (dy) by sub-

tracting adjacent counts, and calculating



the yearly death rate ¢, as dx/lx. The defini-
tions and formulae for the components of
alife table are as follows:

Iy = fraction of population surviving to

age x;

dx = fraction of population which dies
between xand x + 1, (dx = Ix — Ix+1);

¢= = mortality during the next year,

(qx = dx / lx);

ex = expectation of life, in years (i.e. sum/;
from the bottom up to and including x) ; and
mx = percentage of females of age x that
have produced female calves. Mean annual
mortality can be estimated for any interval
using gx = dx/ex, summation over the

years involved.

To study the relationship between
age-specific survival rates and pregnancy
rates we can use the structural modelling
approach as described in Henny ez al.
(1970). With the simple equation of a stable
population (Henny et al., 1970:equation
1), we can show that changes in adult
female survival or pregnancy rates must
be accompanied by a change in survival of
the young to maintain stable population
size. Conversely, this relationship can be
used in management studies to predict
changes in the population.

MiSo -+ moseS1 + M3SeS1Se + M4S0S1S2S3

+.=1

(Henny et al., 1970:equation 1) where

my = pregnancy rate at age x (for female
calves, i.e., half the pregnancy rate) and
sx = survival rate from age x to age x + 1.
The formula can be expressed as equation
13 of Henny et al. (1970), assuming con-
stant number of females of breeding age in
successive years. In this case, since m; =
me=0andms = ms = ... = mwefind
the condition is:

N3+ Nyy = (msN3 + mNy+) Sos152
+ S(Ns + N4+)

that is, the number of breeding age females
during the current year equals the survivors
next year plus primiparous females, where
N; = no. of 3-yr-old females

Ni+ = no. of 44-yr-old females

Figure 23
Conditions for a stable population of breeding
age female caribou
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s = average survival of adult females

ses182 = survival of females from birth to
3yr.

There are four factors involved: pregnancy
rates, adult age distribution, average adult
survival, and survival to breeding age. If we
know any two of these, the other two are
determined by the equation for a stable
population. The relationships are:

sos1s2 = 1/{ms + (mNay / Ny} and
sos1s2 = 1/{ms + [ms / (1 — s)]}

The solid curves in Figure 23 show
these relationships with pregnancy rates
from our sample (m; = 0.477/2, m =
0.896/2) (Dauphiné, in prep.). The dashed
lines show maximum pregnancy rates, that
is, every breeding age female producing a
calf (ms = m = 0.5). The dotted lines show
half the observed pregnancy rates.

A truly representative sex ratio can
be obtained only if the two sexes are un-
segregated during seasonal movements, and
their habits do not vary at other times of
the year to an extent which makes samples

unreliable (Mayr, 1939). This is indeed not

the case for barren-ground caribou. Skoog
(1968:461) considered it difficult to obtain
valid sex ratios for caribou and Kelsall
(1968:157) stated that sexual segregation
appeared highly variable and dynamic.

Because of great variation in the
proportion of bulls in mixed groups during
the rut, no group can be assumed represen-
tative of the population. Estimates of the
sex ratio of the population must be based
on large samples. An example of the influ-
ence of segregation by group-type on the
adult sex ratio in limited samples is shown
by comparing cow-juvenile-bull bands to
the rest of the shot collection (Table 25).
Within the age range 41-195 months (Table
26), 125 of the total 484 caribou shot were
in cow-juvenile-bull bands where males
comprised only 26 per cent, significantly
lower than the 42 per cent in the rest of the
sample (X* = 10.3, 1df, P<0.01). In the
age range 0-39 months 92 of the total 414
caribou were in cow-juvenile-bull bands
where males comprised 47 per cent com-
pared with 47 per cent in the rest of the
sample (no significant difference).
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Table 25
The strength of age and sex classes in 898 caribou
from the Kaminuriak Population and 217 caribou

collected in 26 cow-juvenile-bull bands, April
1966-June 1968

Female % Male % Total %

Cow-juv.-bull Cow-juv.-bull Cow-juv.-bull
Age, mon. Overall bands Overall bands Overall bands
Juvenile
0-13 9.2 8.3 7.3 6.0 16.6 14.3
15-25 6.6 6.9 5.7 6.9 12.2 13.8
Subadult
27-39 8.8 7.4 8.5 6.9 17.3 14.3
Juvenile and subadult
0-39 24.6 22.6 21.5 19.8 46.1 42.4
Adults
41-195 33.4 42.9 20.5 14.7 53.9 57.6
Total
0-195 58.0 65.4 42.0 34.6 100.0 100.0

An estimate of the age composition of
the Kaminuriak Population based on the
total of 26 cow-juvenile-bull bands col-
lected from April 1966 to April 1968 is
presented in Table 26. Cow and bull bands
reflect segregation by sex and age, and ju-
venile and subadult bands reflect segrega-
tion by age. Cow-juvenile bands usually
lack subadults, and always lack mature
bulls. Therefore, only samples from cow-
juvenile-bull and bull-cow-juvenile bands
can reflect overall adult male: adult female
ratios. The bull-cow-juvenile bands alone
are not a good measure because both
ground and aerial observations (Parker,
1972) show the population contains more
cows than bulls.

For ease of comparison, I have fol-
lowed the classification of sex ratios used
by Skoog (1968:490). The primary sex ratio
which must be determined at conception
was not obtained. The secondary sex ratio
which occurs at birth was derived from the
April and June fetal counts. It was not pos-
sible to determine the exact ages of new-
born calves, and the calves that were ob-
viously only several hours old were too few
to use for obtaining a secondary sex ratio.
The calf sex ratio was determined by the
counts for 3- to 5-month-old animals. The
tertiary sex ratio was based on 12-month-
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old animals and the yearling sex ratio was
taken from 15- to 17-month-old animals.
The quaternary sex ratio was calculated
from 22-month-old rather than 24-month-
old animals because of the additional segre-
gation which occurs on the calving ground
in June. The adult sex ratio included all
animals between 36 and 118 months of age.
The quinary sex ratio included caribou 120
months and more.

Table 27 gives a comparison of the
sex ratios for the Nelchina caribou (Skoog,
1968) and the Kaminuriak caribou. The
ratios, except calves and senile animals, are
in close agreement. The low value for Ka-
minuriak male calves most likely results
from sampling error. The difference in the
quinary sex ratio is probably real and will
be discussed later.

As 1 did, Kelsall (1968:60), Bergerud
(1969:50) and Skoog (1968:490) found the
secondary sex ratio slightly in favour of
males. Sex ratios in favour of males (except
calf ratio) continued in Kaminuriak caribou
until the quarternary stage. There were
more males than females in the samples
from 3 to 6 years of age, but from that point
females greatly outnumbered males.

The 39 per cent males in the 3+-year
segment of the Kaminuriak Population falls
between the values of 35 and 42 per cent

Table 26

Age composition of the Kaminuriak Population
based on samples from 26 cow-juvenile-bull bands
collected from April 1966 — April 1968

Age class Number

mon. Female Male Total %
0-13 18 13 31 14.3
15-25 15 15 30 13.8
27-39 16 15 31 14.3
41-49 17 9 26 12.0
51-61 7 15 22 10.2
63-73 8 5 13 6.0
75-85 19 2 21 9.7
87-97 10 1 11 5,1
99-109 16 16 7.4
111-121 9 9 4.2
123-133 4 4 1.8
135-145

147-157

159-169 1 1 0.4
171-181 1 1 0.4
183-193

195-205 1 1 0.4
0-205 142 75 217 100.0
% 65.4 34.6 100.0

Table 27

Sex ratios for the Kaminuriak caribou, and the
Nelchina caribou in Alaska

Males per 100 females

Sex ratio Kaminuriak Nelchina
Primary 0 0
Secondary 122 104
Calf 89 117
Tertiary 122 122
Yearling 122 122
Quaternary 127 100
Adult 64 45
Quinary 6 30

males for two Alaskan populations (Skoog,
1968). The Arctic Alaskan herd (42 per
cent males, 3+ years) was exposed only to
natural mortality factors and aboriginal
hunting, whereas the Nelchina herd (35 per
cent males, 34 years) was exposed to se-
lective harvesting by sport and meat hunt-
ers (Skoog, 1968:491). St. Matthew Island
reindeer (41 per cent males, 3+ years) had
no predators and lived on overgrazed range

(Klein, 1968).



The percentage of adult males in
seven different wintering groups of caribou
in Canada ranged from 21 to 39 (Kelsall,
1968: Table 15). Two of those values, 21
and 27 per cent, both taken in 1948, were
for breeding segments of the Kaminuriak
Population. Those estimates suggest there
were 12-18 per cent fewer males in the
breeding segment in 1948 than in 1968.

The difference could be explained by greater
hunting pressure in the 1940’s. Banfield
(1954) estimated that the Manitoba—
Keewatin (Kaminuriak) Population totalled
about 145,000 in 1948, and the annual kill
was 42,000, Parker (1972) estimated the
Kaminuriak Population at approximately
63,000 in 1968 and its annual harvest at
about 4,000. If those estimates are correct,
in 1948 the annual kill was about 10 times

as large as in 1968, although the population
was only 2.3 times larger. Thus, according
to these estimates, hunters were taking
about 29 per cent and 6 per cent of the total
population respectively in 1948 and 1968.
The changes in harvest size alone could
clearly account for the smaller percentage
of males in the breeding segment of the
population in 1948 than in 1968, assuming
selectivity for males by hunters.

The harvest of male caribou from the
Kaminuriak Population by Eskimos and
Indians is probably responsible to a degree
for the quinary sex ratio of 6 per cent.
There is also the possibility of selective
predation by wolves on older males whose
wintering grounds are further south and
whose speed and vigour are reduced. The
adult sex ratio indicates that adult males
are dying at a greater rate than females, and
the primary mortality factor is probably
hunting by Eskimos and Indians. Parker
(1972: Fig. 33) showed that hunters from
three of the four native settlements killed
mostly males. Skoog (1968:464) noted that
caribou meat hunters follow the fat cycle.
This means that Eskimo hunters would be
selecting large males, if available, in sum-
mer and early autumn. Groups of Kami-
nuriak adult males winter closer to the
Brochet Indian settlement than do the

cow-calf groups. Therefore, in most years
late winter kills include larger numbers of
adult males than of cows and calves.

Once it is established that there are
enough breeding males and rising breeders
in the population to service the breeding
females the most important consideration
becomes one of age distribution. The large
base of juvenile and subadult animals in our
collection indicates that the population has
a high potential for rapid expansion in total
numbers, if conditions are favourable. The
relative numbers of calves, yearlings, and
2-year-olds provide a basis for evaluating
the relative success of recent reproduction
(Skoog, 1968:492). Our collection shows a
progressive increase in these age classes
within each year, 1966 — 1968. These data
could indicate larger calf crops and/or
higher calf and juvenile survival in 1963,
1964, and 1965 than in 1966 and 1967 (Fig.
21). This supposition is supported in part
by the fact that the 1963, 1964, and 1965
cohorts are the ones best represented
throughout the collection (Fig. 21). In the
adult segment of the collection, high repre-
sentation by animals 3-6 years old (3-5
years, Skoog 1968:492) suggests a healthy,
expanding or at least stable population.
High representation in the adult segment
continued until the 9th year (Fig. 24).

Extremes of longevity found for the
genus Rangifer, in years, are as follows: 12,
Hadwen and Palmer (1922) ; 13, Bromée-
Skuncke (1952); 14, Georgeson (1904): 15,
Flower (1931), Palmer (1938); 154, Skoog
(1968); 17, Bergerud (1971) ; 18-20,
McEwan (1963) ; and 20, Flerov (1952).

It appears that caribou in the Kaminuriak
Population live as long as would be ex-
pected for the species.

Only 37 caribou (2 males and 35 fe-
males), or 3.7 per cent, in the collection
lived to their 10th year and only 21 caribou
(2 males and 19 females), or 2.1 per cent,
lived through their 10th year. The oldest
male was 142 months old, and the oldest
females were 205 months old from the
Beverly Population and 195 months from
the Kaminuriak Population. The senescent

females produce young, but would con-
tribute little to the population because of
their rarity. I'or management purposes car-
ibou beyond 10 years of age can be con-
sidered extraneous.

Based on the adult male:female ratio
of 58:100 and on equal mortality of males
and females throughout adulthood, 11
males that had lived through their 10th
year of life should have been collected. The
results suggest that males died at a greater
rate than females once the prime of life was
reached, as we obtained only 18 per cent of
the expected male sample. Under the exist-
ing rates of predation by man and wolves
and other accidental mortality, few caribou
in the Kaminuriak Population survive long
enough to express their physiological
longevity.

The 1959, 1960, and 1961 cohorts
were all well represented in each year’s col-
lection and the occurrence of individuals
from each cohort moved chronologically
from a peak in the 1959 cohort in 1966 to
a peak in the 1961 cohort in 1968. This
condition would be expected if the calf
crops and survival rates were similar for
those three cohorts, and its detection sug-
gests that our sampling of the age distribu-
tion of the adult segment was representative
of the population.

Differential mortality among cohorts
could have considerable impact on the total
size of the population, and possibly even
more influence on the subsequent number
of breeding females, if early mortality is
always higher among female caribou. This
intra-cohort mortality would be even more
important if an excessive death rate oc-
curred within two or three successive co-
horts, especially while the population was
being heavily harvested.

The curve for females shows low
mortality from 3 to 7 years (Fig. 22), pos-
sibly reflecting the past history of the herd.
The curve for males shows a greater slope
after 5 years (Fig. 22). Possibly the slope of
the male curve has been reduced by the
assumption that the 4-year-olds have the
same mortality as the females.
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Figure 24

Frequency of occurrence by sex and age classes

for pregrowth—growth periods (excluding July

1968 sample), April 1966-June 1968
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Selective predation by wolves may
also be a contributing factor to the greater
mortality of old bulls. Thus, it cannot be
determined whether the distinct difference
between the life tables for females (Table
23) and males (Table24) is in part due to a

natural difference inlife span, or whether se-
lective hunting is the sole or primary cause.

By the use of the life tables (Tables
23, 24) a value can be obtained for the calf
crop as a percentage of the total sample:
calf crop = (2000/8335)100 = 24 per cent
at birth.

If we assume that half the calf mor-
tality occurs in the first six weeks of life

then:
calf crop = (1723/8058)100 = 21 per cent
at 6 weeks.

With assumptions of mortality used
in the life table, we find that the age dis-
tribution without calves (that is, just before
calving) is expected to be as follows in per-
centages: yearlings, 22.8; 2-year-olds, 17.2;
3-year-old females, 6.5; 44--year-old
females, 31.8; 3-year-old males, 6.5; and
4+-year-old males, 15.1.

The calculated life expectancy at
birth was 4.20 years for females and 3.14
years for males; and at breeding age (fe-
males 3 years, males 4 years) 5.41 years for




females and 2.09 years for males. Average
mortalities for all age groups of females and
for the first 10 years for males were similar:
21 per cent for females and 27 per cent for
males. Average mortality for females

in the breeding segment (3+ years) was

17 per cent and for males (44 years)

38 per cent.

Banfield (1955) produced a time-
specific life table based on 292 mandibles
collected in 1948 and 1949 on the summer
and winter ranges of caribou in northern
Canada. While Banfield’s life table is for
both sexes, it provides interesting com-
parisons with my female and male life
tables. Caughley (1966) noted that Banfield
(1955) had confounded the collection of I
and dy data, and did not accept the life table
for comparing mortality patterns between
species. However, as the majority of spec-
imens obtained by Banfield (1955) were
hunter-killed, Caughley’s objection is not
serious.

When the numbers of survivors in
the Kaminuriak female and male life tables
are averaged and compared with the ad-
justed values from Banfield’s life table, the
results are similar (Fig. 25). I adjusted
Banfield’s data by an increase of 11 per cent
in the number of calves based on the ratio
of calving females to total animals in the
age range of 3 years or older in this study.

In his abstract, Banfield (1955:143)
reported that “the average mortality rate
for the first 10 years of life was 71%.”” Later,
he stated (1955:146) : ““A fitted curve for
the first section of the curve up to the 10th
year has an indicated average mortality
rate of 71%. This is similar to the rate cal-
culated for a number of species by Kurten
(1953).” Although the curve is correct, the
71 per cent value is an error hitherto un-
detected or unreported (Banfield, pers.
comm.) ; the correct figure is 21 per cent.

Total mortality was 92 per cent for
the first 10 years in Banfield’s (1955) life
table and 92 per cent for females and 99 per
cent for males in my table. The figure for
males is probably slightly excessive and the
true rate is likely more than 95 per cent.

Figure 25

Combined Kaminuriak male and female values
compared with Banfield’s (1955) observed and

adjusted data
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The graphs for age-specific survival
rates and pregnancy rates (Fig. 23) could be
used in management. For example, with the
observed pregnancy rates and sesis2 = 0.20
(that is, if we had evidence that only 20 per
cent of the females survived to breeding
age) we know that a stable population re-
quires 1 —s=0.09 (91 per cent survival for
adults) and the number of 3-year olds
should be 9 per cent of the number of older
females. If instead we know that N3/Ny =
40/196 =0.204, as in our sample with the
observed pregnancy rates, we find that it is
necessary to have ses1s2=0.41 (41 per cent
of female calves survive to breeding age)
and average adult mortality would be
1—5=0.17 for a stable population. Note
that these relationships do not allow for
fluctuations such as years of higher produc-
tivity of calves or higher mortality.

Parker (1972) estimated by aerial
surveys that only 22 per cent of the 1968
Kaminuriak calf crop survived to 1 year of
age. When we apply the mortality to 3 years
of age, (24.6% annually) as determined in
the construction of the life tables, we find
that only 12 per cent of the females from
the 1968 cohort would live to breeding age
(3 years). Based on the curve for mortality
after the third year (Fig. 23), persistence of
a stable population at the 1968 level would
require mortality of only 6 per cent of the
adult females annually.
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Conclusions

Histological examination of the an-
nuliin the dental cementum is a satisfac-
tory technique for age determination of car-
ibou. Ages assigned in this way are not
exact due to problems of interpretation, but
it is the most precise method of determining
the age of caribou with full permanent
dentition.

The reliability of the technique can
be validated only by examining the teeth of
specimens that were tagged as calves. More
data must be obtained on the possibility of
individual variations in the apposition of
dental cementum and the controlling in-
ternal and external factors of cemental
growth.

Age-estimation methods using readily
obtainable dental variables were developed.
While not necessarily as accurate as the
histological approach, they are simpler,
quicker and more economical and do not
require elaborate equipment.

A graphical tooth-wear key based on
the summation of the average heights of the
p4 and m1 gave estimates within 1 year
of the true ages as estimated by cemental
annulations for males, within 2 years for
females.

Consideration of additional variables,
mandibular length and dentine width in-
creased the predictive power for the age of
the younger animals but decreased the ac-
curacy for older animals.

The quantitative tooth-wear method
will be valuable in assigning approximate
ages to large numbers of specimens, so that
a curve can be fitted to the age frequencies
to estimate age composition. However, var-
iations in the rates of tooth wear would
require that categories were delimited for
each population. The level of accuracy is
satisfactory for providing basic information
for management of caribou on a sustained
yield basis.

Mandibular and diastema lengths
showed significant increases with age, par-
ticularly in males. But the variable is of
little use in differentiating older age groups,
because the major growth takes place before
the animal reaches 5 years.



Separation of sexes by mandibular
length was 95 per cent successful for ani-
mals at least 5 years old but much less so for
younger animals. The mandibular and dias-
tema lengths were highly correlated and the
relationship of the two variables was the
same for both sexes. The diastema length
can therefore be used to identify sex if the
mandible is damaged. The use of mandibu-
lar length and the average heights of p4 and
ml for estimating the sex and age of caribou
killed by hunters is simple and economical.

Ages can be determined by eruption
and replacement of the mandibular teeth
for all caribou through 21 months and for
many animals up to 28 months. All perma-
nent mandibular teeth had erupted by 20
months. The state of the closure of root
apices can be used to separate 2-year-olds
from 3-years-olds. The apices of the roots
of the p4 and m3, the last to mature, are
open at 24 months but closed at 36 months.

Visual examination of the attrition
patterns of mandibular teeth as a basis for
assigning age-classes has some merit as a
preliminary management tool. Three pri-
mary causes of variations in the wear pat-
terns must be kept in mind: (1) malocclu-
sion from misalignment of the maxillary
and mandibular tooth rows, (2) variations
in the curvatures of the rami of individual
caribou, and (3) variations in primary and
secondary axes of the mandibular blades.

The value of age determination by
visual examination of the teeth is limited
by variation in both tooth wear and the abil-
ity of observers to evaluate wear patterns.
A good approach to the use of jaw boards
would be to classify the caribou by age-clas-
ses: juvenile, 1-2 years, 3 years, 4-5 years,
6-9 years, and 10+ years. Although not
applicable for establishing information on
cohorts, these classes would be sufficient to
demonstrate trends in age structure for
management purposes.

The primary distinguishable social
group is the band, categorized by sex and
age composition as follows: cow, bull, sub-
adult, juvenile, cow-juvenile, cow-juvenile-
bull and bull-cow-juvenile.

A truly representative sex ratio of an
animal population can be obtained only if
the two sexes are unsegregated during sea-
sonal movements and their habits do not
vary at othertimes of the year to an extent
which makes samples unreliable. This is not
the case for barren-ground caribou. Aerial
surveys of small land units may give mis-
leading ratios of mature males to mature
females. The problem of non-random dis-
tribution of caribou by sex and age could
be practically overcome by the use of pho-
tography and of repeated aerial surveys of
large land units at the appropriate season of
the year.

If there are enough male breeders
and rising breeders in the population to
service the breeding females, age distribu-
tion becomes the most important considera-
tion. At the time of study breeding males
appeared to be well represented in the
Kaminuriak Population. The large base of
juvenile and subadult animals in this collec-
tion indicates that the population has a high
potential for rapid expansion in total num-
bers. In the adult segment of the collection
high representation of prime animals, 4~
6 years old, suggests a healthy, expanding
or at least stable population. High repre-
sentation in the adult segment continued
until the 9th year of life. It appears that
caribou in the Kaminuriak Population live
as long as would be expected for the species.
Differential mortality between cohorts
could have considerable impact on the total
size of the population, and possibly even
more influence on the subsequent number
of breeding females.

The high degree of segregation within
and among the caribou groups and direct
observations of caribou particularly in the
spring, lead me to believe that caribou are
socially cohesive. I suggest that (1) the pri-
mary function of postcalving aggregation is
socialization; (2) the core of the wintertime
cow-juvenile band is formed by a matri-
archal bloodline; and (3) the basic male
social unit, the bull band, maintains from
year to year a distribution of breeding bulls
from common stock with learned behav-

ioural habits that will assure, under natural
conditions, a self-sustaining supply of
breeders on the traditional rutting areas.

I believe that the postcalving clump-
ing of caribou would limit the loss to wolf
predation, if wolves regulate themselves
spatially on the tundra. Spatial regulation
of wolves in forested areas has been sug-
gested by Pimlott ez al. (1969) and Parker
(1972). Bergerud (1971) has postulated that
the formation of postcalving aggregations
is an adaptation by caribou to wolf preda-
tion in open country. Spatial regulation of
wolves would also redirect predation to the
crippled and debilitated caribou on the pe-
ripheries and back trails of the aggregations,
making the weakened individuals buffers to
the healthy caribou.
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Appendices

Appendix 1

A review of literature related to age determinations
of cervids prior to 1971 by eruption, replacement,
wear, and histological examination of mandibular
teeth

The first attempts to determine the age of North
American cervids by examining teeth were made by
Cahalane (1932) for white-tailed deer (Odocoileus
virginianus), and by Cowan (1936) and McLean
(1936) for black-tailed deer (O. hemionus colum-
bianus). Severinghaus (1949) described the first
workable age classification, for white-tailed deer,
based on eruption and wear. His technique was ap-
plied by other biologists to mule deer (0. h. hemion-
us) and black-tailed deer. Moreland (1952) describ-
ed an adaptation of the method for black-tailed deer,
Jones (1953) discussed its use in determining the
age of Inyo mule deer (0. h. inyoensis). Robinette
etal. (1957) described tooth wear classes for Rocky
Mountain mule deer in Utah and Colorado, based
on amolar-ratio technique. Taber and Dasmann
(1958) produced a table of eruption and replace-
ment of the teeth of black-tailed deer in California.
Brown (1961) determined the ages of black-tailed
deer by tooth wear and replacement in the State of
Washington.

Banfield (1949), Murie (1951), Swanson (1951),
Quimby and Gaab (1952,1957), Hancock and Low
(1956), Greer and Yeager (1967), and Keiss (1969)
have used dentition to determine the ages of elk
(Cervus canadensis). Quimby and Gaab (1957) have
assigned age classes to elk based on tooth replace-
ment and wear. Greer and Yeager (1967) found
that the morphology of upper canine teeth differed
in male and female elk. Canine eruption develop-
ment and wear were similar in both sexes but could
be used to determine age. Eleven biologists in Colo-
rado used canine eruption and wear to estimate the
ages of elk, and Keiss (1969) compared these es-
timates with those based on dental cementum.

Simkin (1967) compared the results of estimat-
ing the age of moose (Alces alces) in Ontario by a
tooth-wear technique described for this species by
Passmore, Peterson and Cringan (1955) with re-
sults based on an examination of sections of incisor
cementum and on the weights of eye lenses.

Gruiner (1931) criticized the first report, by
Mishin (1930), of an eruption-wear method for
determining the age of reindeer (Rangifer tarandus
tarandus). Sokolov (1937) gave a more detailed
account of the teeth in wild and domesticated rein-
deer. Eruption-wear-replacement patterns were
then described for Scandinavian reindeer by Bro-
mée-Skuncke (1952) and Bouchud (1953), for
Canadian caribou by Banfield (1951, 1954, 1961),
and for Alaskan caribou by Chatelain (1954),
Watson and Keough (1954) and Skoog (1956,
1968).

It soon became evident that the wear method for
determining the age of cervids was severely limited.

The rate of tooth wear varies locally and consider-
able error on the observer’s part is possible. Ob-
servers using the wear method in Michigan consis-
tently underestimated the ages of 5-month-old,
1%4-year-old and 24-year-old deer, thus producing
inflated survival rates (Ryel, Fay and Van Etten,
1961). Fourteen observers each examined 50 jaws
from black-tailed deer whose ages were known, and
estimated correctly only 43 per cent of the time
(Brown, 1961). Eleven biologists used the erup-
tion-wear method on 200 elk, and their estimates
agreed with ages determined by readings of the
dental cementum in just 50 per cent of the cases
(Keiss, 1969).

The rate of tooth wear in cervids varies with
differences in such factors as climate, soil type,
quality and quantity of plant species eaten and
abrasives they contain, and gene pool of the popula-
tion. Because of the shortcomings of the eruption-
wear technique, workers turned their attention to
developing a more precise method. This led to the
recognition of annulations in the dentine and the
annual deposition of dental cementum in the teeth
of many animal species.

Eidmann (1932) believed that the number of an-
nulations in the secondary dentine, plus 3 years to
account for the time before the formation of the
firstlayer, could be used to determine age in red
deer (Cervus elaphus) and he examined the second-
ary dentine in incisors of this species as early as
1932. Rieck (n.d. In Lowe, 1967) applied Eidmann’s
(1932) method to fallow deer (Dama dama) in
Germany. But it was not until the work of Scheffer
(1950) and Laws (1952) that the annuli method
gained prominence.

Literature on histological examination of cervid
teeth is varied but meagre. Modifying McEwan’s
(1963) second technique for caribou, Gilbert
(1966) determined the ages of white-tailed deer
from Nova Scotia, New Brunswick, Ontario and
British Columbia. He decalcified il in 30 per cent
formic acid, cut 10-micron longitudinal sections
and stained them with Delafield’s haematoxylin.
He tested the accuracy of the technique, by com-
parison with a sample of teeth from 10 white-tailed
deer from Michigan whose ages were known. Ran-
som (1966) used m1 to estimate the ages of 16
white-tailed deer of known age from Michigan
and Minnesota. His was a non-histological
technique, similar to Mitchell’s (1963) for red deer.
He bisected m1 transversely, ground the anterior
portion smooth and wet it with 70 per cent alcohol.
Viewed under a dissecting microscope, the layers
in the cementum did not vary more than plus or
minus one layer for any of the deer whose ages
were known. Campbell (1967) used three techni-
ques (Novakowski, 1965a; Gilbert, 1966; Ransom,
1966) on m1 from 75 Illinois white-tailed deer
whose ages were known. He found that Novakows-
ki’s (1965a) and Ransom’s (1966) techniques pro-
duced no cemental layers distinct enough for pre-

cise identification; but using Gilbert’s (1966)
technique, he was able to estimate all ages cor-
rectly. Olson (1967) histologically examined il
from Indiana, Missouri and Wisconsin white-tailed
deer. He decalcified with 5 per cent nitric acid, cut
10-micron sagittal sections, and stained with
haematoxylin and eosin. The results were governed
more by storage method than by histological tech-
nique. Of 114 specimens stored dry and 59 pre-
served in solution, 52 and 82 per cent respectively
showed countable annulations in the dental ce-
mentum. Gilbert and Stolt (1970) working with
682 white-tailed deer from Maine found that indi-
vidual biologists placed, by tooth-wear method, an
average of 4 of every 10 deer into an age class dif-
ferent from that determined by Gilbert’s (1966)
method of annuli counts.

Low and Cowan (1963) correctly estimated the
ages of 20 black-tailed deer. They decalcified il
with 5 per cent formic acid, cut 10-micron sagittal
sections and stained them with Erlich’s haema-
toxylin. Erickson (1967) and Erickson and Seliger
(1969) estimated correct ages of 16 mule deer.
They decalcified i1, cut the teeth into 95-micron
transverse sections and stained with Harris haema-
toxylin. After comparing the various techniques
cemental annuli, molar tooth ratios (Robinette et
al., 1957), visual evaluation of the molariform
tooth row, and weights of eye lenses—Erickson et
al. (1970) concluded that counting annulations
was the best technique for estimating the age of
mule deer.

Mitchell (1963, 1967) determined the ages of
more than 500 red deer from the highlands and
islands of Scotland by examining the m1. He view-
ed transverse sections of dental cementum by re-
flected light under a binocular dissecting micro-
scope (Mitchell, 1963). He has also described the
growth of dental cementum, some factors influ-
encing cemental growth, and the use of annulations
to estimate age (Mitchell, 1967). Working with red
deer from the Isle of Rhum, Lowe (1967), examin-
ed the secondary dentine deposited within the
crown of the il and the number of layers in the pad
of cementum beneath the crown of the m1. Sur-
prisingly, he found eruption, replacement and
wear a more reliable technique than counting an-
nuliin the secondary dentine and dental cementum.

Klevezal’ and Kleinenberg (1967) found clear
annulations in the dentine of teeth from spotted
deer (Cervus nippon) and aroe deer (Capreolus ca-
preolus). They worked with haematoxylin-stained
transverse sections of the incisors and molariform
teeth.

Using Mitchell’s (1963) technique on m1 of
wapiti collected in western Canada, Flook (1970)
examined sections with a stereo microscope, under
direct light at 16 X magnification. In 1967 Keiss
(1969) used Erickson’s (1967) rapid dental-cement-
um technique to correctly determine the ages of
13 elk whose ages were known. Keiss also arrived
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at estimates for 200 elk killed by hunters in Colo-
rado.

In examining the histology and anatomy of the
elk canine, Seliger, Erickson and Denny (1969)
noted that the apical half of the cementum con-
tained annuli.

Sergeant and Pimlott (1959) developed the me-
thod of determining the age of moose from the
annuli of the il and demonstrated, from longitu-
dinal, polished sections, that these were apposited
seasonally. Olson (1967) unsuccessfully attempted
to estimate the age of moose from Isle Royale,
using the method he applied to the il of white-tailed
deer; he believed that the unfavourable results
derived from prolonged drying of the teeth before
they were processed. The ages of 140 moose from
Isle Royale were determined by counting annula-
tions in the cementum of molariform teeth (Wolfe,
1969), using a procedure described by Mitchell
(1963). The polished sections were thinly coated
with light oil or colourless nail polish, for greater
legibility, and were read under reflected light with a
20 X binocular microscope (Wolfe, 1969).

Thus far, only two studies (McEwan, 1963;
Reimers and Nordby, 1968) have reported on age
determination in Rangifer by examination of dental
cementum. McEwan (1963) used two techniques
on barren-ground caribou in Canada. In his second
method, McEwan decalcified about 100 il in a solu-
tion of 30 per cent formic acid for 24 hours, cut
them into 7-micron sections and stained the sec-
tions with Delafield’s haematoxylin. Both methods
produced histological sections in which the annuli
in the dentine and cementum were legible.

More recently, Reimers and Nordby (1968) have
used the annulations in dental cementum of the il
to determine the ages of 37 adult Norwegian rein-
deer whose ages were known, and of 1,100 reindeer
from two populations. They used a rapid freeze-
sectioning technique to detect the annuli. The teeth
were decalcified in 5 per cent (0.8 N) nitric acid for
24 hours, cut into median, longitudinal, frozen
sections at 30 microns, and stained with Mayer’s
haemalum (without chloralhydrate) for 10 to 15
minutes. Eight to ten sections were mounted in
heated gelatin-glycerol and read under the micro-
scopeat125X. Reimers and Nordby (1968) consider
counting cemental annuli in teeth a reliable method
for age determination in reindeer.
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Appendix 2

A summary of mammals examined by various
authors prior to 1971 for possible use of teeth in
determining age

Order &
family Species Author
Marsupialia
Phalangeridae ~ Brush-tailed possum Pekelharing, 1970
Trichosurus vulpecula
Brush wallaby Pekelharing, 1970
Macropus rufogrisea
Insectivora
Soricidae Common shrew Klevezal’, 1966; Kleinenberg & Klevezal’, 1966
Sorex araneus
Vespertilionidae Big brown bat Christian, 1956
Eptesicus fuscus
Large mouse-eared bat Klevezal’, 1966
Myotis myotis
Red noctule Klevezal’, 1966
Nyctalus noctula
Rodentia
Castoridae Beaver Klevezal’ & Kleinenberg, 1964, 1967; Van Nostrand
Castor fiber, C. canadensis & Stephenson, 1964; Novakowski, 1965b
Sciuridae European suslik Meier, 1957
Citellus pygmaeus, C. citellus*
Thin-toed suslik Klevezal’, 1966
Long-clawed ground squirrel *
Spermophilopsis leptodactylus
Gray marmot Kleinenberg & Klevezal’, 1966
Marmota baibacina
California ground squirrel Adams & Watkins, 1967
Spermophilus beecheyi
Muridae Field mouse, Klevezal’ & Lavrova, 1966
Striped field mouse*
Apodemus agrarius
Norway rat Klevezal’ & Lavrova, 1966
Rattus norvegicus
Tamarisk gerbil Klevezal’, 1966
Meriones tamaricinus
Common hamster Klevezal’, 1966
Cricetus cricetus
Muskrat Klevezal’, 1966
Ondatra zibethica
Water rat, water vole* Klevezal’, 1966
Arvicola terrestris
Common vole Klevezal’ & Lavrova, 1966
Microtus arvalis
Pine vole Klevezal’ & Lavrova, 1966
Microtus majori,
Pitymys majori*
Cetacea
Physeteridae Sperm whale Nishiwaki & Yagi, 1954; Nishiwaki et al.

Physeter catodon

1958; Nishiwaki et al. 1961: Berzin, 1961, 1964;
Ohsumi et al. 1963; Bow & Purday, 1966




Order &

family Species Author

Delphinidae Beluga Sergeant, 1959
Delphinapterus leucas
Pilot whale Khuzin, 1961, 1963; Sergeant, 1959
Globicephala melaena
Bottle-nosed dolphin Sergeant, 1959; Rebach & Cornell, 1968
Tursiops truncatus
White-sided dolphin Kleinenberg & Klevezal’, 1962; Klevezal’, 1966
Delphinus delphis
Blue-white dolphin, Nishiwaki & Yagi, 1953
Spotted dolphin*

Prodelphinus caeruleoalbus,
Stenella caeruleoalbus*

Balaenopteridae Finback whale Klevezal’, 1966
Balaenoptera physalus
Sei whale Klevezal’, 1966
Balaenoptera borealis
Carnovira
Ursidae Brown bear Hittell, 1860; Smirnov, 1960; Mundy & Fuller, 1964
Ursus arctos
Black bear Rausch, 1961; Marks & Erickson, 1966; Sauer et al.
Ursus americanus 1966; Stoneberg & Jonkel, 1966; Craighead et al.
1970
Polar bear Reimers & Nordby, 1968
Thalarctos maritimus
Canidae Arctic fox Klevezal’, 1965, 1966
Alopex lagopus
Coyote Linhart & Knowlton, 1967
Canis latrans
Felidae Lynx Reimers & Nordby, 1968
Lynx lynx
Mustelidae Sable Klevezal’, 1965, 1966
Martes zibelina
Mink Klevezal’, 1965, 1966
Mustela vison
Sea otter Klevezal’ & Marakov, 1966
Enhydra lutris
Wolverine Reimers & Nordby, 1968
Gulo gulo
Procyonidae Racoon Grau et al. 1970
Procyon lotor
Pinnipedia
Odobenidae Walrus Chapskii, 1952; Mansfield, 1958a; Krylov, 1965
Odobenus rosmarus
Otaridae Southern sea lion Laws, 1962
Otaria byronia
Otary Fiscus, 1961; Spalding, 1964
Eumetopias jubata
South African fur seal Rand, 1956 (In Laws, 1962)
Arctocephalus pusillus
Southern fur seal Laws, 1962

Arctocephalus tropicalis

Continued on page 86
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Order &

family Species Author
Otaridae South American fur seal Laws, 1962
continued Arctocephalus australis
Northern fur seal Chiasson, 1957; Scheffer & Kraus, 1964; Anas, 1970
Callorhinus ursinus
Phocidae Harbor seal Mansfield & Fisher, 1960; Tikhomirov &
Phoca vitulina Klevezal’, 1964
Harp seal Fisher, 1954
Phoca groenlandica
Ringed seal McLaren, 1958; Tikhomirov & Klevezal’, 1964
Pusa hispida, Phoca hispida*
Caspian seal Chapskii, 1965
Pusa caspica
Baikal seal Klevezal’, 1961
Pusa sibirica
Greenland seal Chapskii, 1952; Rasmussen, 1957; Yakovenko,
Pagophilus groenlandicus 1960, 1961
Ribbon seal Tikhomirov & Klevezal’, 1964
Histriophoca fasciata
Sea hare, Bearded seal* Tikhomirov & Klevezal’, 1964
Erignathus barbatus
Gray seal Hewer, 1960, 1964
Halichoerus grypus
Crabeater, Crab-eater seal * Laws, 1953a, 1958
Lobodon carcinophagus
Sealeopard, Leopard seal * Laws, 1953a, 1957
Hydrurga leptonyx
Weddell seal Mansfield, 1958b; Stirling, 1969
Leptonychotes weddelli
Ross seal Laws, 1953a
Ommatophoca rossi
Hooded seal Laws, 1953a; Rasmussen, 1957; Yakovenko, 1959;
Cystophora cristata Popov, 1960
Northern sea elephant, Laws, 1953a, 1953b, 1960, 1962;
South Atlantic elephant seal* Carrick & Ingham, 1962
Mirounga leonina
Hawaiian monk seal Kenyon & Fiscus, 1963
Monachus schauinslandii
Sirenia
Dugongidae Sea cow Scheffer, 1970
Dugong dugong
Perissodactyla
Equidae Wild ass, Onager* Klevezal’, 1966
Equus hemionus
Artiodactyla
Bovidae Bison Armstrong, 1965; Novakowski, 1965a
Bison bison
Dall sheep Hemming, 1967, 1969
Ovisdalli
Barbados sheep, Saxon & Higham, 1968
Domestic sheep*
Ovis aries




Order &
family Species

Author

Antilocapridae  Pronghorn antelope
Antilocapra americana

McCutchen, 1969

Cervidae White-tailed deer
Odocoileus virginianus

Gilbert, 1966; Ransom, 1966; Campbell, 1967;
Olson, 1967; Gilbert & Stolt, 1970

Black-tailed deer
Odocoileus hemionus

Low & Cowan, 1963

columbianus

Mule deer Erickson, 1967; Erickson & Seliger, 1969; Erickson
Odocoileus hemionus hemionus etal., 1970

Red deer Eidmann, 1932; Mitchell, 1963, 1967; Lowe, 1967;

Cervus elaphus

Reimers & Nordby, 1968

Fallow deer
Dama dama

Rieck, n.d. (In Lowe, 1967)

Roe deer
Capreolus capreolus

Klevezal’, 1966; Reimers & Nordby, 1968

Spotted deer, Sika deer*
Cervus nippon

Klevezal’, 1966; Prisyazhnyuk, 1968

Elk

Cervus canadensis

Keiss, 1969; Seliger et al., 1969;
Flook, 1970

Moose
Alces alces

Sergeant & Pimlott, 1959; Olson, 1967; Reimers &
Nordby, 1968; Wolfe, 1969

Caribou
Rangifer tarandus

McEwan, 1963; Reimers & Nordby, 1908

Primates

Hominidae Man
Homo sapiens

Reimers & Nordby, 1968

*Common and scientific names from Walker (1964).
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Other
publications
in the

Report Series

No. 1

Whooping crane population dynamics on the nest-
ing grounds, Wood Buffalo National Park, North-
west Territories, Canada by N. S. Novakowski

Cat. No. R65-8/1, Price 50¢

No. 2

Bionomics of the sandhill crane by W.J. D. Stephen
Cat. No. R65-8/2, Price 75¢

No. 3

The breeding biology of Ross’ goose in the Perry
River region, Northwest Territories by J. P. Ryder
Cat. No. R65-8/3, Price 75¢

No. 4

Behaviour and the regulation of numbers in blue
grouse by J. F. Bendell and P. W. Elliott

Cat. No. R65-8/4, Price $1.00

No. 5

Denning habits of the polar bear (Ursus maritimus
Phipps) by C. R. Harington

Cat. No. R65-8/5, Price 50¢

No.6

Saskatoon wetlands seminar

Cat. No. R65-8/6, Price 85.25

No.7

Histoire naturelle du Gode, Alca torda, L., dans le
golfe Saint-Laurent, province de Québec, Canada
parJ. Bédard

Cat. No. R65-8/7, Price $1.25

No. 8

The dynamics of Canadian arctic fox populations by
A. H. Macpherson

Cat. No. R65-8/8, Price $1.00

No. 9

Population estimates and distribution of barren-
ground caribou in Mackenzie District, N.W.T.,
Saskatchewan, and Alberta— March to May, 1967
by D. C. Thomas

Cat. No. R65-8/9, Price $1.00

No. 10

The mammals of Jasper National Park, Alberta

by J. D. Soper

Cat. No. R65-8/10, Price $2.50

No. 11

Causes and implications of an observed sex
differential in the survival of wapiti by D. R. Flook
Cat. No. R65-8/11, Price 81.25

No. 12

Breeding biology of California and ring-billed gulls:
astudy of ecological adaptations to the inland
habitat by K. Vermeer

Cat. No. R65-8/12, Price $1.25

No. 13

Geographical variation in the polar bear (Ursus
maritimus Phipps) by T. H. Manning

Cat. No. R65-8/13, Price $1.00

No. 14

Studies of bird hazards to aircraft

Cat. No. R65-8/14, Price $1.25
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No. 15

Moose and deer behaviour in snow in Fundy
National Park, New Brunswick by J. P. Kelsall and
W. Prescott

Cat. No. R65-8/15, Price $1.00

No. 16

Effects of phosphamidon on forest birds in New
Brunswick by C. D. Fowle

Cat. No. CW65-8/16, Price $1.00

No. 17

Populations, movements and seasonal distribution
of mergansers in northern Cape Breton Island by
A.J. Erskine

Cat. No. CW65-8/17, Price $1.00

No. 18

Waterfowl] habitat trends in the aspen parkland of
Manitoba by W. H. Kiel, Jr., A. S. Hawkins and
N. G. Perret

Cat. No. CW65-8/18, Price $1.25

No. 19

Vegetation of the Ngorongoro Conservation Area,
Tanzania by D. J. Herlocker and H. J. Dirschl
Cat. No. CW65-8/19, Price $1.25

No. 20

Biology of the Kaminuriak Population of barren-
ground caribou.

Part 1: Total numbers, mortality, recruitment,
and seasonal distribution by G. R. Parker

Cat. No. CW65-8/20, Price $1.50

No. 21

Food habits and ecology of wolves on barren-
ground caribou range in the Northwest Territories
by E. Kuyt

Cat. No. CW65-8/21, Price $1.00

No. 22

Background for managing grizzly bears in the
national parks of Canada by K. R. D. Mundy and
D. R. Flook

Cat. No. CW65-8/22, Price $1.00

No. 23

The mammals of Waterton Lakes National Park,
Albertaby J. D. Soper

Cat. No. CW65-8/23, Price 81.25

No. 24

Feeding ecology of Pintail, Gadwall, American
Widgeon and Lesser Scaup ducklings in southern
Albertaby L.G. Sugden

Cat. No. CW 65-8/24, Price $1.50

No. 25

Home range and breeding biology of the Shoveler
by H.J. Poston

Cat. No. CW65-8/25, Price $1.50

No. 26

Calf mortality during 1970 on the calving
ground of the Kaminuriak caribou by F. L. Miller
and E. Broughton

Cat. No. CW65-8/26, Price $1.00

No. 27

Bird damage to fruit crops in the Niagara Peninsula
by R. G. B. Brown

Cat. No. CW65-8/27, Price $1.50

No. 28

Migration of Lesser Snow and Blue Geese in spring
across southern Manitoba

Part 1: Distribution, chronology, directions, num-
bers, heights and speeds by H. Blokpoel

Cat. No. CW65-8/28, Price $1.00

No. 29

CWS Waterfowl studies in eastern Canada, 1969-73
edited by H. Boyd

Etude du SCF sur les oiseaux aquatiques dans |’est
du Canada 1969-73 rédigé par H. Boyd

Cat. No. CW65-8/29, Price/Prix $3.00

No. 30

Landscape classification and plant successional
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Cat. No. CW65-8/30, Price $3.00
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