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Perspective 
From 1966 to 1968 the C\VS, in co­

operation with the governmcnts of Man­
itoba, Saskatchewan, and the Northwest 
Territories, undertook a comprehensive 
field study of thc biology of the Karnin­
uriak population of barren-ground caribou 
(Rangifer tarandusgrocnlandicus). The 
study originated from an urgent need to 
obtain detailed biological and ecologieal 
information necessary for sound future 
management of barren-ground caribou. 
The Kaminuriak population was sclected 
beeause il was a relatively discrete popula­
tion which occupied an area morc acces­
sible than most other migratory barren­
ground caribou on the Canadian mainland. 

The study was divided into four 
parts with a biologist assigned to eaeh. Thë 
objectives were as f 0110w5: to determine the 
size of the population, to record seasonal 
movements, and to relate population size 
to range capacity, annual mortality, and na­
tality (G. R. Parker 1972); to determine 
the sex and age composition from large, 
representative samples of the population 
(F. L. Miller 1974); to determine the rela­
tionship of forage use by caribou on the 
taiga winter range to forage abundance, 
distribution, and availability (D. R. Miller 
1974,1976); and to obtain detailed infor­
mation on reproductive rate, growth and 
seasonal energy (fat) reserves (this Report). 

Personnel \l'cre also co-opted from 
the game of Manitoba, Saskatchew-
an, Alberta and the Northwest Territories. 

In 1970 the results and recommenda­
tions of the research were reporled 10 the 
Administrativc and Technical Committees 
for Caribou Preservation. The adopted rec­
ommendations were made available to the 
game agencies of Manitoba, Saskatchewan, 
Alberta and the N orthwest Territorics. 
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Author and Inuit companion crossing a rrozen 
lak e in late spring n ear Kaminuriak Lake, NWT. 
Phu to by F. Bruemm cr 

Abstract 
This report desc ribes th e bod y 

grOll"lh, seasonal energy (fat) reserves, and 
productivity of the Kaminuriak caribou, 
a populat ion of approxima tely 63000 indi· 
vidual s of thc barren-ground race (Rrll/g(fer 
tarandu sgrocnlallC!iclIs) Il"hich inhabits 
north ern Manit oba attd Saskatchcwan and 
an adjacent portion of the North"cst Ter­
ritories. During tlt e 28-month period be­
tween April 1966 and .fuly 1968,545 fe­
males and 398 males wcre shot and exam­
ined by hiologi sts. Each ca rcass was 
weighcd and meas ured, th e quantit)" of 
s tored fa t \l'as meas ured at four sites, and 
female reproductive orga ns " 'ere examined 
to determine current and past prod uct i vi ty. 

Increases in body size attd ""e ight 
\l'ere res tricted to a summer gro\l'th period 
lasting from J Ll ne to October or 'o vember. 
W eigh t of ca l vcs increascd approximateh" 
800% durillg th e first summ er ; at 5 mottths 
the average bod y \l'cigh t of femal es and 
males \\'as42 and 47 kg H·spectivelv. Body 
weight increased up to 4!:2 years in femal es 
and 6Yz years in males, a lthough after 3)1 
and 4}1 years respectivel)' the amoullt 
added each yeur Il"as not stutis ti cally sig­
nificant. Mature caribou ""ere heavies t in 
autumn \l'hen femal es (3 years and older) 
averaged 90 kg and males (4 years and 
older) averaged 147 kg" The heaviest in­
dividual femal e and male ,,"eighed 113 and 
172 kg respect ively. Adult females lost 1170 
of their mean autumn ""eight by late \l'inter, 
and did not begin rega ining weight until 
midsummer. Adult males lost about 30% of 
their maximum \l'eight during th e rut in 
October and began to regain \\'eight in June. 
Other bod y meas urements, such as hcart 
girlh, shoulder height, and totallength, also 
fltt ctuated \\'ith season during and after 
the eompletion of gro\l"th. Skeletal matura­
tion varied from th e metatarsus, \l'hi ch at­
taincd adult size at 2 1-2 l' ears in females and 
at 3J·~ years in males, t~ the malldibl e, 
~I'hich grel\' until approximateh· 5;1 years 
tn females and 6 years in males. 

Th e size of fat deposits flu ctuated 
markedly with season during and after the 

complel ioll ofbody gro\\' th . Both sexes 
had maximum rese rves in September. 
iVIales 4 rears old and older mobilized fat 
onl)' dut:ing the rut itt OClober, whcn sub­
cutaneous and visccra l deposits ""ere rapid­
Iy depl eted. They reco vered some lost fat 
in "inter and thc rest in th e foll o\\'ing 
summer. Younger males began mobili zing 
fat at lhe rnt and con tinucd mobilizing it 
for most of th e ,,"inter; recovcry did not 
begin utltil April. Pregnant femal es main­
tained high fat reserves in autuffin, but 
experienced a slow and extensive declinc 
during the lI"inter, reaching their an nuaI 
nadir in June and Jul)' during parturition 
and lacta tion. During the seasonal fluctua­
tion of storage fa t in the average adult ca ri­
bou, the back fat deposit \l'as 10070 mobi­
Iized, th e kidney and abdominal deposits 
\\"e re depleted by about 50 and 70% rcspec­
ti velv, and the fat content of femur marrol\' 
""as t:educed by abou t 20%. A higher propor­
tion of females lhan males mobilized mar­
rOI\" fa t n nd in man y fema les th e amou n t of fa t 
remaining fell to less than 50% (by ""eight) 
of the malTOI\" tissue. Th e full recovery by 
both sexes of ail fat deposits in summcr 
appeared to bc of criti ca l importance to 
reproduction, gro,,"th , and ,,"inter survival. 

Over hal f of a theoretical cohort first 
ovulated at Hz yea rs of age, the earli es t 
age at II"hich ovulation occurred . After 
reaching .31-"2 years 0 f age, alm ost ail (96%) 
fema les ovu lated annua ll y" An average of 
2.9 ova I\'as produced pel' ovulating femal e 
during the ru t, and 11 % of those females 
produced between fiv e and seven ova eac h. 
The ri se in the incidence of conception 
Il"ith increasing age approximately paral­
leled that of ovulation, but folloll"ed one 
year later; 2% conceived at 1)1,48% at 
2)1, and 90% at 3)1 yea rs and older. Th e 
size and fa tness of a "female affected the 
age of fir st co nception but not of firs t ovu­
lation. Failure to conceive after ovulation 
Il"as the major cause of reproductive failure 
in mature co\\'s; in utero mortality \l'as 
negligible. Ovarian scars from past preg­
nancies indicated that the average co\\' bore 
a ca lf 4 out of ever)' 5 years aft er her first 

pregnan cy, and that conception occurred 
th e yea r foll oll"ing a missed pregnan cy. In 
a sample of 40 co"s 4 years old or older 
none \\"as completel)' barren and onl )' one 
had lagged more than t\\'o pregnal1cies 
behind th e average for her age group. In 
autumn, adu lt CO l\'s that did not become 
pregnant had lower fat reserves than those 
that did . During the ensuing idl e yea r th ey 
attained largcr fat reserves t han breecling 
co ws and r esumed breeding the following 
autumn. These res ults suggest a cycle of 
gradua i exhaustion ofbody conditio n 
during success ive pregnancies , followed by 
a year's infertilit y and recuperation, and 
then rene\l' ed breeding. In addition, co\\"s 
that lost th eir ca lves at or shortl y after 
birth ma)' have recuperated (because lac­
tation I\"aS end ed prematurely) onl )' to th e 
extcttt th at th e)' rema ined fertile but were 
incapable of produciog cal l'es \l'ith suffi­
cient viab ilitv for survival. 

Kamin'uri ak ca ribou ""ere typical of 
most northern ungulat es, having periodic 
groll"th , sharply fluctuatin g energy reserves, 
graduai attainment of puberty, and high 
adult productivity. However, in relation to 
oth cr mainland car ibou populations, 
groldh was slow, mature size modes t, and 
puberty late. During this study snow depth s 
""e re above normal and females used most 
of their energy reserves during late ges­
tation and lactation. The poor ph ysica l 
condition of some COIVS ma)' have contri ­
buted to th e dea ths of their ca lves at or 
shortl )' after birth. Large difTerences in 
cohort survival, poss ibly stemming fr om 
the amount of food ava ilable to pregnant 
females on the winter range, wililikely 
ca use a continuous fluctuation in th e size 
of the Kaminuriak population. 

Résumé 
Le présent rapport traite de la croi s­

sance, des réserves saisonnières d' énergi e 
(lipides) et de la prod lIctivité des caribous 
de Kaminuriak, population d'environ 
63 000 têtes de la race des toundras (Ran­
gifer tarandus groenlal/dicus) qui occupent 
le nord du Manitoba et de la Saskatchewan 



de même qu'une portion voisine des Terri­
toires du J\' or·d-Ouest. I~n tre avril 1966 et 
juillet 1968, les biologistes onttllé, puis 
examiné 54 5 femelles et 398 mâles. On a 
mesuré et pesé chaque dépouille, déterminé 
les réserves de lipides Cil quatre endroits et 
observé les organes de reprodlldioll des 
femelles afin d'en évaluer la fécondité tant 
lors du décès qu'antérieurement. 

La taille et le poids des animaux 
n'augmentaient gu'au cours de la période 
de croissance estivale, de juin à oelobre ou 
novembre. Le poids des faons augmentait de 
quelque 800% au cours de leur premier 
été; à cinq mois, les femelles elles mâles 
atteignaient un poids moyen de 42 et de 
47 kg respectivement. Le poids des femelles 
augmentait durant les premières quatre 
années et demie et celui des mâles, durant 
les premières six armées cl demie, encore 
que les variations annuelles de poids eus­
sent été dénuées de signifieation statistique 
après trois années et demie de la vie d'une 
femell~ et quatre et demie de celle d'un 
mâle. A l'automne, les adultes atteignaient 
leur poids maximum: 90 kg en moyenne 
pour les femelles (de:3 ans et plus) et 147 
kg pour les mâles (de 4 ans ct plus); la plus 
lourde des femelles pesait 113 kg et le mâle 
le plus lourd, 172 kg. ;\ la fin de l'hiver, les 
femelles adultes avaient perdu 11% de leur 
poids au tomnal moyen et ne recommen­
çaient à prendre du poids qU'HU milieu de 
l'été suivant. Les mâles adultes perdaient 
en octobre, lors du rut, enviroll 30% de 
leur poids maximum pour ne reprendre dn 
poids qu'en juin. D'autres paramètres, 
comme le tour de poitrine, la hauteur à 
l'épaule et la longueur de l'animal fluc­
tuaient avec les saisons tant pendant la 
croissance qu'après celle-ci. Le développe­
ment du squelette variait: le métatarse at­
teignait sa taille définitive en deux ans et 
demie chez les femelles et en trois ans et 
demie chez les mâles tandis que la mandi­
bule eroissai t pendant environ cinq ans et 
demie chez la femellc cl six ans ellez le mâle. 

Tant pendant (IU'après la croissance, 
la quanlité des dépôts graisseux présentait 
des variations saisonnières marquées. Chez 
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les deux sexes, ces réserves al.leignaicntun 
maximum en septembre. Les mâles de 
quatre ans et plus n'utilisaient ces lipides 
qu'au rut lors duquel ils consommaient 
rapidement ees dépôts sous-cutanés et vis­
céraux. Ils en récupéraient une partie 
pendant l'hiver ct le reste l'été suivant. 
Chez les mâles plus jeunes, celle mobilisa­
tion des dépôts graisseux débutait à la 
période de rut et se poursuivait tout au long 
de l'hiver, la reconstitution de ces dépôts 
ne recommençant qu'en avril. Les femelles 
en gestation gardaient de grosses réserves 
de gras durant l'automne, qu'elles épui­
saient lentement au cours de l'hiver, les 
menant à leur nadir en juin et juillet, 
moment du vêlage et de l'allaitement. Au 
cours des variations saisonnières des ré­
serves de lipides chez le caribou adulte 
moyen, on a observé que les dépôts grais­
seux de la partie postérieure de l'animal 
étaien t utilisés à 100%, ceux des reins et de 
la région abdominale, à en viron SO% et 70% 
respectivement et ceux de la moelle du 
fémur, à environ 20%. Un plus grand nom­
bre de femelles que de mâles onl dégradé 
les lipides de la moelle ct, chez beaucoup 
des femelles, les réscrves résiduelles des­
cendaient à moins d~ 50% (en poids) du 
tissu. La reeonslit utiOl! intégrale de ces 
dépôts graisseux l'été chez les deux sexes 
semblait avoir une importunce critique 
dans la reproduction, la croissance et la 
survie l'hiver. 

Plus de la moitié d'une cohorte a eu 
une première ovulation à un an ct demi, 
soit l'âge le plus bas Oll ce phénomène s'est 
produit. Après trois ans ct demi, la majo­
rité (96%) des femelles entrent en ovu­
lation annuellement. Les femelles en rut 
produisaient en moyenne 2.9 ovules ct 11 % 
d'entre elles ont libéré entre cinq et sept 
ovules. L'accroissement de la conception 
en fonction de l'âge correspondait à peu 
près à celui de l'ovulation, mais à un an 
d'intervalle; 2% des femellçs ont été fé­
condées à un an et demi, 48% à deux ans et 
demi et 90% à trois ans et demi el plus. La 
taille et les réserves dc graisse d'une 
femelle avaien t une influence sur l'âge de la 

première conception mais non sur celui de 
la première ovulation. Le défau t à conce­
voir après l'ovulation eonstit uai t la princi­
pale cause de l'absence dc reproduction 
chez les femelles adultes; la mortalité in­
trautérine était négligeable. Les cicatrices 
ovariennes des gestations an térieures indi­
quaient que la femelle moyenne portait un 
faon quatre années sur cinq après sa pre­
mière gestation et que la conception se pro­
duisait l'année qui suivait une année sans 
grossesse. Dans un échantillon de 40 
femelles de 4 ans ou plus, aucune n'était 
complètement stérile et une seule avait 
besoin de vivre plus dc deux grossesses pour 
sc eon(ormer à la moyenne de son groupe 
d'âge. A l'automne, celles des fcmelles 
adultes qui n'avaient pas été fécondées 
possédaient des réserves de lipides moins 
abondantes que n'en avaient les autres. 
Dans l'année inoccupée qui suivait pour 
elles, ces femelles accumulaient de plus 
vastes réserves de graisses que leurs con­
génères qui s'étaient reproduites dans l'in­
tervalle, de sorte qu'à l'automne suivant, 
elles se reproduisaient de nouveau. Ccci 
semble indiquer un eyele d'épuisement gra­
duel de l'organisme au cours des périodes 
successives de gestation, suivi d'une année 
de stérilité et de reconstitution, puis d'un 
retour à la fécondité. De plus, les femelles 
qui avaient perdu leur faon à la naissance 
ou peu après ont pu, en raison de la fin pré­
maturée de l'allaitement, reconstituer leurs 
forces au point de demeurer fécondes, mais 
en étant alors incapables d'accoucher de 
faons aptes à survivre. 

Le caribou de Kaminuriak possédait 
toutes les caractéristiques de la plupart des 
ongulés du nord, e' est-à-dire une croissance 
périodique, des réserves énergétiques très 
fluctuantes, une puberté alleinte graduelle­
ment et une productivité élevée chez 
l'adulte. Toutefois, en comparaison d'au­
tres populations de caribous du continent, 
la croissance en était lente, la taille d'adulte 
petite et la puberté tardive. Au cours de 
l'étude, l'enneigement était plus élevé que 
la normale et les femelles avaient consom­
mé la plus grande partie de leur réserve 

énergétique à la fin de la gestation et au 
cours de l'allaitement. L'état physique la­
mentable de certaines femelles peut avoir 
contribué à la mort de leur faon à la nais­
sance ou peu après. D'importantes diffé­
rences du taux de survie par cohorte, fonc­
tion peut-être de la quantité de nourriture 
à la disposition des femelles en gestation 
sur les territoires d'hiver, amèneront 
vraisemblablement des fluctuations à l'ef­
fectif des caribous de Kaminuriak. 

Pe310Me 
B HaCTOHtl{Ot OTtlCTC fla.eT(:.}f OmI­

camIC pOCTa T'C.ilR, CC:iOIlHbIX 3arraC013 
3HcpnŒ (fl;Hpa) II 130CIT[IOIl3BOlllUC.J1b­
HOCTIi I\al)J[6y Rammyphm\, lIactJHTblBa-
100u,cro IIjHDICpHO 63 000 l'O,HOB IIJlC~I€HH 
(Rangifer tarandus groenlandicus), rrpoilŒ­
l1aIOIIJ;'Cl'O Ha 6corr.J10J.l.llbIX 3Cill.:tHX C€flJep­
HOli MaHfITo6b1 JI CaCIWtI'CHaHU, a l'al\JfVe 
nplwcihallicti tIaCTH Ccncpo·3arIa)lHbIX 
rcppHTopnii. B TC'lCIIHC 28 îllCCJJIlCn 0'1' 
allpc.TIH 1966 L )l0 HlO.'IH 1068 r. 6blJlO 
nona.nêlIO H HCC.JIeJioBa,no OI1o.'lorIDIH 545 
lco110B Il 3!Hl6bllWI1. I{oprryc IWil\.2J.orO 
:i1\JI130rHOl'O 6h1.1I B3BcmCH JI u3'lcpeH, 
npHtIC}1 IW.iIWIC0TBO ilŒl1a I13;\tCPJIJlOCb Il 
tICTblpex ;\ICCTa..X, Ji )la'l'O'lIIhIC Opra.Hhl 
BoCnpOH3B'e;'icIIHJI nO~lI3ICpea,)lfICh oOc.He­
,uoBaHHlo C qe.lfhlo I1hIHÜII'CIIl:fJJ HacrOH­
U\-ero Il rrpOIH.:IOI'O BOenpOH:3BC)leHlIH. 

YlJ!C.JlH"IeIDIC pa3î1ICp0I1 T€,!Ia li yne­
.;IUtleHBC Beca ûl'pall1l'-1I11la.JIHCb.JI'CrIlILM 
nepHÛ'J.l.O~1 pocTa" lWTOpblfI nl)O)lO.TIItWJIC.fl 
C HIOHJI AO 0'I\TH6p51 JWH Hon6pH. Bcc TC­
,JIHT ync.m:I'mnaJICH rrpInICpHO Ha 800% 
Il T'eqeIfl1'C nC11IlOl'O JI'(~'Ta: Il B03paeTc 5 
;\ICOHI~en o}}c:U;luIii Hec Iwprryca Kopon II 
6bltII\O'B OOCl'an.;uw 42 JI 47 1\1' COÛ'T'BeTCT­
IlIClflf'Ü. "J' BCJléNCHJfe Hcea l\opnyca npo­
J.l.o~IJIW.T[OCh Brr.HoTb,uO I~Oi3paCTa 4,iYJI€T 
y IWpOB If 6,5 JICT y 6bllWB, XOTH nOCJJ€ 
3,5 H 4,5 JICT COOTBCTCTIlCHllO rO;1,OBaJ! 
naJl6aBl\.a HCca HC YJB,J1H.J1aCb eTaTHCTIftH:~­
CŒŒ 3HUtJ1DIOÜ. RI [lOc.J1 bIC t\.ap1I6y ,llOCŒH­
raaH ITaJf6oJIblUCrO Bcca OC,C'lII,IO, ROI',ll,a 
I\OpOBbl eTapmc :) ,neT nceH.J1H Il CpeJ.l.HCM 
LlO 1'(,[', a 6W'\H B03 paCTo~1 craplue 4 JI el' 

14 7 I~r B ej)C,LllHC~1. Hm·16o.Jlcc l~pyrrHhte 
IWpOl1a 11 6blI{ BCC·HJlIf l J 3 II 172 rœ 00-

OTif3'CT'0TIlCHII0. B3pOC,ilbiC l\OpOIlhl TCpHJlH 
Il % eBOCl'O 0pCïlllCf'O 00C11I1'ero I1cca K 
n:OIflUY 31DlbI Il He ua6l1pa.ilH Bec nTlJIOTh 
iJ,O ocpCAIHm JICTa. B3pOC.HbIC 6tHH 1'CpH­
,!IH Ol\O;IO 30% CIlOCl'O ~ta.I\CH.\IaJlbHoro nc­
cu' BO BpC:\1H OI\T}IÔpheIWrO TlOJIOflOrO B03-
6yJI\}.l,eIIInI Il Hll.tl'HIHIAH ua6amlHTb nec Il 
HIOHC. TIpOtfHC pa3:11Cpbl Tc.na, liUnprDI'cp 
OÛXB8;T R30UC 0cplv~a, Ubmo'ra l, .;lOnaTl\C 

fi 061J~aJI iJ.,JIHHa TaKiIN: H3~I'CHH.J1HCb rro­
ceaOtŒO, l,a,l:; 110 BjlC~I}I, 'l'al{ H rrOC.HC 3a­
I1cprncmUf poC'ra. CI\CJI'CTIIOC Boa~ly'lta­
HHC ?lICHH:JIOCb OT ?lH;'l'fLTapeyca, !lOCTlITa-
100u,cro rroJtHl>fi:i poeT U 2,5 rOJ.l.a y lWpOB 
fi Il 3,5 rOJ.l.ll y 6b1I\OB, ~lO îlIaJI,ll,116JIH, IW-. 

TOpT)lll poe rrpHMcpllO ,LlO 1103pacTa B 5,5 
,il'CT y'RopaB, H 6 JIC'T Y 6hJlWB. 

Pa3?11C!) ,jIŒpOBhIX 01'.ilOJI\,cmüi H3-
?lI,emLlICJI 31nI'CTHO C Cle30,tlŒ\1 ,1I0 II nOCJle 
3aI3lCpme'HII5f poeTa TC.Ha. MaKCIBlaJlbHbIH 
pe3Cpll Ha6.ilto,ll,a';ICJI 'J' 060HX TlO';IOB fi 
C:CHTH6pc. Bbll\H Bü3pa.cT0,\! Il 4 f'OAa H 
cTaplllc H'a'Hma.JUI paexO,'l,O'l1aTb .ïIŒpOIlLW 
OTJI'OilClCHlIJI JIHIllI, Il T'C"FCHHIC rrCpHOJ.l.a 
nOJIOBoro 1l036yJI\,ll,cmuI 11 Ol\:TH6p€, I\Or,ll,a 
IIO.uH~OJIŒbl'C JI BnyTpcH IUIC JIŒpOBblC OT­
.JlüJ[\ICHI1H CH.:JbHO .H.c-rOIllaJŒCb. [3b1IŒ 
B'ocnO.JIllJIJllI HCI\OTOpOC l\OJŒtIeeTBO nOTe­
pHHf[OrO ilŒpa 3IL\101~1 II B 'l'CtfCHHC OCTaT­
Ka CJ1,e,Il.yloII~cro J1'C~ra. Mo.no,llbl'c 6b1tI1Œ 
Ha'IHHa.J1H paeXOJ.l.OBaTb llnIp B Te'ICH:ue 
rrepHO,ll,a rrO~IOBoro Bo;~6yJI\JJ;CHH.H H npo­
,Il.OJlïl\a.J1H 'em paCXO;];OrnaTb B 'J1C tICHHe 
60,ITbmCÜ 'IaCTH 3T1:I1bl; BO'CCTaJlOB.JleHIfC 
He lfaQI1nîlJIOCf, paHblUC anpc.;w. C1'CJIb­
HblC KOl)OBbl nO,U,,Il.Cpil\lll3a,HH BhICOI\HH 
3arracilŒpa OÜCHblO, lIO 31'OT 3anac ~IC,ll,­
,1ICIUIO, HO H,cym'allHO y~ICIIf,lIJa.J[CJI B 
rctrCHHe 3lUtbl, Jl,OCTHI'a51 1'0,l1;I1'II101'0 ;\Œ­
HHê\Iy?lIa. B BIOWe li HlO,iIC BO BpC~1H ~ICTa 
If ~lll,KTall,IŒ. B TCQ·cmw c,e301UlblX H3;\fe­
uemIii 3aHaCO'B iIŒpa CpC,II,UCl'O B3pOC.JIO· 
1'0 KapHJ6y crû 3anaCI.1 ilŒpa Ha xpeD'l'e 
pac.xa,l],O'Ba:mCb ILO.iIHOCTbIO, 0'T.J10ïl\eIŒJI 
nO'ICtfHOrO,I1 6pIOUlHOI'O il\Jrpa y;\ICHhllIa­
.JlIrCh npIL\IClmo Ha 50% Il 70% COOTBeT­
CTBCHHO, B 1'0 B poulH:a,[{ OÛ'll,€'pïIiaIŒ.e 
f1mpa B I\OCTHO;\I ;\103PC YM€'llbllIaJIOCb 
npIDICpHO Ha 20%. PaCXOJ.l.11mpa KOCT-
1I0ro :\I03ra Ha6.H fO,ll,a.iICJI 6OJ!'ce ycyry6-
.ileffHhl;\1 y l\OpOfl, QC)I y 6blI\OB, H y.MHO· 
rnx OCTal'O"lHOC CO,ll,pC,ïI\a.lu:i1€ 1Icupa 
Y.MC'IlbilUiJl'oeb,ll,O 31IatI'CIIlIH .M'CHblIIe '!-eM 
50% (no neey) OT lWCTHOÏr TKaHI:!. 1I0JI­

lIOC BOCeTatlOrUCHIIe BC,CX il\H)lOllhIX OT­
aO/I\IC'IlHÜ y 060nx f10.'IOB II TC'ICIIlI'C Jl€'l'U, 
l\ail\ie1'CH, IDleCT rrpHIILlHmw.lhllO'C 311a'IC-
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Hue ~:Hl llOc npOH~ne,J;eHJlfl, pona JI e no­

C06HOCTH nbJ ilŒl3aHHfl ~1I.\1Ol'i. 
130,1 ee nO: IOImH bl Cooera.na TeOpel'H­

lIeCJ\Oro CTa;1,a Imepnhr-e nO:\13cpra,10Cb 

0I3yJIJU.r;HJ1 B Bo~paeTe l, :) rop,a, llTO JJnJlJl­

JIOCb 'TaKil,·e HaH60.1-e·e pa.lIHml no~pUCTO;\l 

nOHnJleHHll onyJlJWIHI Boo6Il(e . TIocJI€ p,o­
CTffl1"emf$l no~pa.cTa 3,5 : leT nOll1'JJ nc.e 

Iwponbl (96 %) oBy: IHpoBa.'lH CI1' Crop, HO. 

B cpeAHe.\!, Ha oBy:mpyloIu,yIO l\OpOl3y 

6bl ,10 npoYI~B'ep,eHO 2,O JIih.r;a BO I3pe )!H 

nOJ!onoro no~6y:iI\)l.e HHll, npwre:ll 11 % 
3TIiX l\OpOU npoH~no,J.l1,lH or ITHTFI p,o ce­

~!H: .lIHlI, J\aiKp,aH. YnC,'1]{lI'eHHC c.!lylfaeB 

OnJIOp,Ol'Bope I·LH.lI C J' l}e.1!HlfC HlI e .ll no~pa­

l'Ta n 06m;e.\[ cooTllercTny cT yn e: III'tj'eHJJlo 

OBy.'1JllJ;I1H. HO CJlefl.y.eT ro;:r:o.\1 n03,Ke; 2 % 
6bJ.1HI OJJJwp,OTIHrpCHbI n B03pa.c·l'e J ,5 ro­

p,a, 48 % -B 2,5 rO,J.a If UO % -13 n03-

pacTe 3,5 JleT 11 60Jlbllle. Pa.3 .1l ep 1'1 

KOJfJ{treCTBO JI'.llpa JWpO nbl 01, a3a; nl BJlHH­

HHe Ha B03paCT nplI ncpBO.\1 01I,10p,OT130-

p e lflm, HO He n epnoii onY0'l.llllHH. OTCyT­

CTUHe onJIOp,Ol'BOpCHH.lI noc.· le on;y.MII..r;IHI 

HBHJlOCb ca~ror1l\pynHorr npwrrmoJI mm­
:JKemUI Boc:rrpoH3n'CJl.eHH5I y n3pOc.;1b1X 1\0-

l'OB; nOT€pH n v'lo)J,a He fln ,ll51 CTCSI 3Ha'tjJ1-

:llbIM CPU,I\:l'OPO.l!. SIWIHHl\OBble Illpa . .\lbl OT 

npOlllJlblX Oepe;\reHHOC1'erl cnH,J.el'C,'lbCT-

130Ba_JlH 0 1'O-)!, 'l'ro n epe,J,HC\l l\Opon a 'l'e­

: IHJlaCb 4 pMa 13 TC'leJlHe hUil{;..r,bIX 5 JleT 

nO c.He n epooI1 ôepe.\leHHoC:Tll H lfTO onJlO­

,'.\oTnOpeHJ1.e rrpo.H cxo',J,I·I: lo '1 epe~ ro,J, IIO­

C.iIC HecOn eplllHJllllCii ell (h' pr .\I ClI11 OCTH. B 
'Hl c.!le 40 }fcCJle,nye ~lhlx l\OJ lOB 1303paCTo~r 

13 4 ro,'.\a YI C1'apwe He OI'a3a· IOCI> HII op,-
1I0rl nO,'IIIOC1'bJO 51.'10130rl, II èlllUlb o,uHa 

O'J'(:'1'3.' la lia ~(l3 e 6epe ~lellHoc::rrI OT cp,e,u­

IICI'O 3l1alf'eHHlI n cnoc rl no~pa.cTllOrr l'pyn­

lIC. Oüelll..lIO B3POC,-lbl·e IWpOOr..I , J,OT'OpbIC 

He 3 a6epC~Il'IIC.UI, 06.:1a )~aJ1H .\I C Hh[jJH~1 
ilmpOBbDI aa.naCO)1 no cpa.BHCIIHIO C T'C­

ml, 1\0'1'01>1>10 ~a6epC .\le lle:lH. B T'Clf<C JlH e 

c.TJe;..r:yIOll(CrO 6ec,n:IO/J;Horo JleTa OHH rrpH ­

o6,re.1ll-I 66 IblllHii ~a,nac ilŒpa, l.Ie~1 1\0p­

)JjIlU,lfe 1\0])0111>1,1'1 61>1.1JH OlIJIO,J.OT'BOpeHbI 

C.;It','~yIOIl~l'Ü OCCHbIO. ()nJ PC3J' <lbTaTbl 

npIfBo,rtU'r I{ ~!1J\,H10tll'IIIIIO, lfTO r:yILI;ecTBy-

JO 

eT ID1I\JI nOCT e n eJllloro HC'Iepnbll3nIlH.lI 

T'eJleCHOro COC'f'OHHHfl n l'elf·eJllIC nOI3'1'Op­

I1bIX 6 epe)[ e RHOC:f'et'l, C ~l e HllIOI.U,Hr! CJ I [0-

;.r;o~[ o ecn <10flHOC1'H Il BOCCTaJl013':lellHll C 

nOMe,n,YI0J.lO'T.i\I nœ06HOB,llelme.\l 6epe ­

j\[eHHOCTTI. ,l1;a,lJce, I\oPOBbJ, TIOl'epJlBillH'e 

C130I:lX TemIT rrpI'I H,-J}[ nCI\Ope noc,' le pO­

)..1,013, Oi\lOf,:1I1 BOCCTaHOBHTb (I3C; l c;..r,C1'nne 

,tJ.ocpOlfHoro rrp CI;:pa.I.U,eHHH nepI'Io~a ~la.K­

l'aqr-m) CIL1bl JlIml!' ,UO ITpC ~l C ,' la, no~no­

.:llllOll(erO IDI OC1'a.Ba Tl> CJI n : IO,1013IlT [,1 ~IH, 

110 Hie IIO'JUO.;J5Il0ru;ero 11'! n 1\OIl3I3eCTH Te­

:ll1T C ,UOCTUTOlfHOrr e noCO&1l0CTI,10 ]~ llbl­

jlO{BaJlI:110 . 

KapH6y M.\lllllyph.llh· JIB:IJJ.:mCh 1'11-

nr{'lHblj\!H rrp'e,n,CTamlT·e .111.\IIl CCl3epHblX 

IWITbITHblX lfeTBepOIlorHX, o6.:la.,].<lIO llJ,llX 

n ep liOAJJ'l eüI\Hj\[ pO CTO -'I, CH:r bHO I\OJte6-

.' IIOIl(WMHC.l1 ~a.n aca· .\I}1 3H-epnIH, nOCT'€­

neHHblil! nOJlOBbDI co~p-eBaHHe ~lll nb/CO­

lon! BOCorrpO'H3J31e;relll'l'e M B 3pC:10.\1 1303pa­

CTe . Ho no CpaBHeHHIO C npOlfll.\1 l\OlITH­

lI e HTaJ1bHbn! Haee:·I C H.H e ~1 l\ap lJ6y HX CKO­

pOC1'b pocTaHB_llJIe TCJJ 60,lec .\l e;..r,: I€HHOii, 

pa3i\Iep nOC-ll·e BO~.\lyil\aJlHH - .\leBec 

KpyrrHbli\1 HnO.lJO'BOe c.()~peBaHlle - 60-

,11ee rrOG,ll;HHill. rJly6IIHa CHera no Bpei\lJJ 

Il})OB.ep,-e HH.lI HaCTOllIl(ero HCC,'le,J.onaHHJJ 

6blJla Bblwe ROp.\H\': IhHOJ"r, H KOpOBbl l1C­

n Ov'lb30BUJIH 60.1bUIY10 lfaCTh 3a.na.con cnO­

e il. 3HepNIH no npc.\lll n Û'3':Vlerl 6epe~l eH ­
HOCTH Il v1a.I\raUIlOHHoro n e p H O,'.l.a. I1JIO­

xoe cpH3R'J€C<I\oe COCTOH HH C Hel\O TOpblX 

h'Opon ;\IOPv10 c.noco·6CTBonUTb rI-16e:1H I1X 

T,€.1].flT ITpH HvlH BC l,ope noe. le HX pOJJ\;u.e­
lIHH. BOJIbllli-le IW: le OaJ-lHH 13 npou:ecüe 

BhlJJnmamUI CTa;), I3hI3na'Hllble, 130~~10:ilWO, 

l\OJJR'IeCTBO.\! f],OcTynHOf'O cTe.lbHbD! KO­

pOBa.\! lwp.\la Ha ~ H.\IIIHX na.CT6J1Il(ax, 

13bl~Û'l3yT, Olf eI3l1,il 1l0, Il nnpe;..r,b H ~ .\l e HeHR.lI 

B J\OJlJflf-eC T13€ rO: IOIl CTa ,!}; l,a Pll6y I{a~lH­
Hj-pb.lIK. 

Int.·oduetion 

Alth ough the Kaminuriak popula ti on 
had been included in aeria l surveys mad e 
since form ai inves liga tions of barren­
ground caribou began in the la le 1940'5, th e 
physica l gro\\'th, condition, and produ c­
Livit y of the pop ulation were unknown 
",hen th e present sLudy began. CWS biol­
ogists and o thers had inves tigated th ese 
subjects in th e neighbouring Beverly pop­
ulation, loca ted 150 to 300 km " 'est of th e 
Kaminuriak population. McEwan (1963) 
descl'ibed th e annual cycle of tes ticul a r 
activity, age-specific pregnanc)' rates, aud 
aspects of ova rian morphology and ph ys ­
iology. The chronology of calving and, to a 
lesser ex ten t , breeding l,as described by a 
series of observers (summarized by Kelsal\ 
1968). Kelsall (1968) measured te rm and 
near-te rm fe luses . A measure of env iron­
mental res is tance was obtain ed by com­
paring measu remen ts of I\'ild ca ribou in 
various sex and age groups \\'ith measure­
ments of captive caribou of the same pop­
ulation ra ised on a high nutritional pl ane 
(McEwan and Wood 1966, McEll'an 1968). 
An annual rhythm in the acquisition and 
mobilization of fat \l'a s observed in Beverly 
caribou (McEwan and Wood 1966, Mc­
Ewan 1968, Kelsa Il1968), although indi­
vidual fa t deposiLs " -ere Ilot measured. 
Hanbury (1904 :9), in J ul )' 1899, made the 
onl y reco rded observati on of malnouri shed 
caribou found in the region nol\' occupied 
by lhe Kaminuriak population: " . .. at thi s 
time their fl es h was hardI)' fit to eat, being 
diseoloured allthrough. The marro"', usu­
ally a luxur)', was no\\' of the consistenc)' 
ofblood and water, oll'ing to the 'fi )' tim e" 
the IlTctched beas ts be ing kept on th e l'un 
da)' ,U1d n igh t." 

1 sought information on gro\\'th, 
fertilit )', and energy balan ce for thi s part 
of the resea rch on the Kaminuriak pop­
ulation. M)' specific objec ti ves were: 
1. To describe th e gro\\'th and developm ent 
of body size a nd the cI'Tect of seasonal 

hanges in nutriti o nal environment and 
reproductive ac tivity on body s ize ; 
2. T o .determine changes in fa t reser ves 
aSSoelaLed with seaso n , sex and age; 

Figure 1 

•••••• Tree J ine 
Kaminuriak 
P opulation 
1966-68 

Figure 1 
Range of the Kaminuriak popul ation ofbarren­
ground ca ribou wilh loca tions where spec imen s 
werecollected in 1966, 1967, and 1968. Dates of 
each coll ection and the numb er of mal es and 
females in each age c1ass are shown in Tables 1 
and 2 
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3. To determine age-specific rates of ovu­
lation, conception, and births; and 
4. To determine the relationship between 
breeding performance and the size of 
encrgy rcserves in females. 

Caribou were shot and autopsied to 
eollect the above information. The butch­
ered carcasses were then delivered to 
native seulements. 

According to a review oy Parker 
(1972), surveys of the Kaminuriak pop· 
ulation have estimated ils size at 120000 in 
1950,149000 in 1955, and 40 000 in 1958 
(the last not based on a systematic survey). 
Parker (1972:23) estimated tbat the pop­
ulation nllmbered 63 000 before calving in 
1968 and concluded that, "Beeause the 
present range and distribu tion of the 
Kaminllriak Population resemble those 
described by the early historical records, it 
is reasonable that the size of the present 
population is also similiar." Before 1966, 
the approximate geographic distribution of 
the Kaminuriak population had been out-
lined br (Miller and Robertson 
1967) ~nd aerial surveys (Ban field 1954, 
Loughrey Mulfair 1963). The distri-
bution of the population from 1966 to 1968 
\l'as described bi' Parker (1972). The 
boundaries of ils range, whieh eomprises 
approximately 282 000 km 2 in northern 
Manitoba, northeastern Saskatchewan, and 
the District of Keewat in, NorÜmest Terri­
tories, are shown in Figure 1. The pop­
ulation is migratory and oceupies only par! 
of thc range al any one time. From Novem­
ber to May most of the populalion inhabils 
the Iiehen woodlands and lakes of the taïga 
in Manitoba and Saskatehewun, although a 
variable but usually smull portion ma)' 
winter on tundra near the Ji udson Bay 
coast. In May the females migrate north Lo 
the ealving ground neur Kaminuriak Lake 
at-the northern extremily of the popula­
t10n's range. Calving takes place in .lune; 
during the study period most births oc­
curred between.r une 10 and 15 (Parker 
1972). Males and mosl non·breeding fe­
males migrate north later and at a slower 
pace than breeding females, and join them 

12 

in earh JuIl'. The mixed herds make sever­
al rapid but sbortcr movements llntil 
fall (Parker 1972, Miller etal.1974). The 
rut begins about October 19 and ma)' last 
untillate November (Dauphiné and Mc· 
Clure 1974), when most of the population 
has completed the migration south to the 
,,-in ter range. 

Detailcd descriptions of the physio­
graphy and vegetation of the regioll oc­
cupied by the Kaminuriak population are 
available in publieatiolls hy Wright (1955), 
Rowe (19.59), Ritchie (1962), and _Miller 
(1976), and only il brief summary will be 
presented hcre. Most of the stud y area ie 
underlain by Pre-Cambrian Shield, eom­
monly expo~cd at the surfaee in cenlral 
Keewatin and eovered by a thiek mantle of 
lill e1sewhere. Most of the region is a fiat 
or gen Ily rolling plain, although Ihere are 
extensive boulder fields and rough.low 
bills in northwestcrn Manitoba and ccntral 
Keewatin. Permafrosi is eontinuous in the 
soils of Ihe lundra region deseribed below 
and diseonlillllouS in the taiga. Innumer­
able streams and lakes comprise approx­
imately one-quarter of 1 he land surface. 
Moraines, eskers, drumlins, and olher 
forms of glaeialtopography are prominent 
features of the landseape. 

Four major vegetation zones exist in 
the study area; closed eOlliferous forest, 
open coniferous forest, forest-tundra, and 
tundra. 

Black spruce (Picea marial/a) is the 
major eomponenl of the elosed coniferous 
zone, where it oeeurs in open muskegs on 
wet sites and forms elosed stands on dryer 
uplands. The laller sites are susceptible 10 

\ lire, after w hieh birch (Betula papyrifem) , 
poplar (PoplllllS spp.), ,,-hite spruce (P. 
glUI/ca), and iiI' (Abies balsmnea) form tem­
pm-ary seraI associations with blaek spruee. 
Jack pine (Pinus banksiana) gro\\'s on ou 1-

erop ridges and sandy plains. 
The open coniferous forest is similar 

to the above exeept that the dominanl P. 
mariana grows in open stands and thel'e is 

• il eonspieuolls ground co ver oflichens 
(chieny Cladonia spp.), ericaeeous shrllbs, 
lo\\' willows (Salix spp.) and dwurf birch 
(B. glandlllosa). Extensive stands of jack 
pine oeellr on sites susceptible to l'eeu rrent 
lire. 

In the forest-tundra vegetal ion zone 
o~:ll' slopes and bottomlands are foresled. 
Where it oceurs on wet the forest 
fonns a black spruce moss muskeg 

community. It forme a closcd stand of 
white spruce on well·drained alluvium. 
Beaeh ridgcs, rock outcrops and the 
Slimmits of bills are occupied by tundra 
plants, wbicb form heath communities on 
dry sites, and sedge (Carex spp.) in 
wet areas. 

The Iree-line lies diagol1ally aCrOSS 
the centre of the studv area in a SE-NW 
orientation, beginning at the Hudson Bay 
coastline near thc Tha-unne River, and 
intersecting Padlei, North Henik Lake, 
Wattcrsoll Lake, Hieks Lake, and the 
southern tip ofDubawnt Lake (Ro\\"e 1959). 
North of the tree-line lies tundra composed 
of several vegetationaleommunities. A 
dwurf·shrub heath eommunity oeeupies 
extensive areas in eentral Keewatin. Char. 
aclerist ie of lowlands, it ls domillutcd hl' 
birch, Labrador tea (Lcdum groenlrllldicum) , 
purple Lapland rhododendron (Rhododen­
dron lappol/iCl/nI) , bearberry (Arc/oslo­
phylos spp.), white heather (Phyllodocc 
caemlea), bilberry (Vacciniuln vitis-idaea) , 
and alpine eranberry (Vibllnuun oxycocclIs) 
with lIbiqllitous clumps-of sedges and 
grasses (Grwnincac). On dryer and better 
draincd sites, the dwarf·shrub heath eom­
munit y merges into the lichen and moss 
heath community. There, reindeer liehens 
(Cladonia spp.) and mosses form a dense 
carpet, and ground birch, rhododendron, 
and willow are the onl)' prominent woody 
s'Jecies. Alluvial flats are covered by cxten­
sive grassland eommunities which, with 
time are invaded bv the heath commu­
l1ilic's. A fourth eo~munity, the willow and 
aIder (Alnlls spp.) thicket, i5 confined to 
1 he margins of watercourses. 

The climate of the tllndra i5 char­
aeterized by strong winde, especially in fall 
und 'l'inter. The highest \\ind5 have been 
recorded along the flat, treeless 1-1 udson 
Ba\' coas!. Tundra summcrs are cool, with 
m;an JuIl' and August temperatures of 
10°C or Icss. During these months, after­
lloon lemperatures average less than 16°C 
and night temperatures average below 7°C. 
\\/inter temperatures are extremely 10\\", 
occasionally dropping below -50DC. The 

mean temperature is below ODC for each 
month from October 10 May, and is -32 DC 
in Januarv, the coldest mOl~th. The annual 
tcmperat~lre railge is among the widest on 
the continent. The growing season is re­
stricted, wil h an average frost·free period 
of only 67 davs. 

total a~1llual preeipitation is about 
41 em (40% snow) in the forested area, 
and about 25 cm (60% snow) in the north· 
ern barrens. Abou t three-qllarters of the 
preeipitation falls between Ma y and Octo· 
ber. Average annllal snowfall ranges from 
127 to 152 cm (from north Lo south) along 
the coast and approximately 30 em less in 
the interior. Blizzards are eommon, and on 
the open tundra the strong winds cause 
drifling on at least 100 days of the winter 
period. Snow covers the ground for about 
8 months, and seattered patches mal' last 
much longer (Kendrew alld Clirrie 
1955:97-119). 
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Uppcr phOlo" l'reporin~ 0 f'roup of caribou for 
rneasuremcnl anJ aulnpsy in norlhern \lanlloha" 
G" 0" Tessier is "llaching lat.rls 10 eoch specimen" 
Jlecausc of Ille rCllloleness ,,[" 1 he area fielJ parlies 
wcrc Iransporlec!lo colleclion siles h)" planc 

Low"er pholO" Suspcnding a cari hou frolll a IripoJ 
for weighing 

~Iethods 

1. Collection ofspccimens 
Canadian Wildlife Service field 

parties col!ected caribou over a 28-month 
period betlleen April 1966 and J ul y 1968. 
The timing of collections \l'as designed to 
sample Ihe full range of the caribou's an­
nuaI reproductive and nutrilional cycle: 
""e chose April fOl" the effects ofwinter 
temperatures and reslricted availability of 
forage; June for the dTecls of spring mi­
gration, diflîcult foraging condilions, and 
calving; September as a period \l'hcn forage 
\las readil)' availablc and highly nutritious 
and \l'hen stress from weuther, insects, 
migration, or reproduclion \las lo\\'; and 
November for Ihe effects ofrutting stress. 
A supplementary collection was made in 
July 1968 in order to detcrmine thc effect 
oflactaliol1 and il1sect harassment and to 
obtain adult males \l'hich had bcen inadc­
quatel)" sampled in June" 

Our collection schedule also provided 
samples of females at important stages of 
the annual reproductive cycle" In Septem­
ber, about one month before the rut, we 
obtained females in proestrus. Pregnant 
females Il"ere col!ected in N ovcm ber­
Deccmber, April, and June, and lactating 
females in June and J u ly. The rate and 
pattcrn of body gro\l'th \l'as approximated 
by measuring young calves and older 
animaIs at the beginning and end of the 
summer gro\\'th period. 

Field parties shotthe caribou speci­
mens and moved them to a central point 
for processing. The specimens \l'ere ran­
doml\' selecled in differenllocations to 
obtai~ a representative sample. External 
measurements \l'ere recorded, and each 
specimen ,,"as dissecled for information on 
ils diet, reproduclion, organ size, pathology, 
parasites, and fat reserves. The carcasses 
Il"ere butchered IJI' native assistanls and 
de\i,"ered to the n"earest native seillemenis 
for distribulion. F. L. "Miller (1974) sub­
sequentl)' determined Ihe age to thc nearest 
year of each specimen by histological exam­
inalion of the annulations in the denlal 
cemen tum of ils mandibular tee th" He as­
sumed aIl births \\'ere in June" 

2. !VIeasurcrncn t of growth 
2.1. Who le body Ileight 

Each carcass ,,"as ,,"Cighcd Il"hole to 
thc nearest pound by suspending il from a 
spring scale Il"ilh a capaCil.l of 400 lbs. 
\Veigh ts \l'ere la ter con I"erled to kilograms. 

2.2. External body measlirements 
A series of bod l' measll rcmen ts (see 

Fig. 2) was taken lIil Il a nexi ble lape as 1 he 
specimen la)' on its lefl si de wilh legs and 
neck exlended" Unless othel"lI"ise specified, 
body measuremenls Il"rre made to thc 
nea;"est 5 mm. Tolal Jength lI"as measured 
along the dorso-medialline from 1 he lip of 
thc nose to Ihe end of Ihe last la il Yerlebra. 
Hemt (ehest) girth was measured around 
the earcass immediately posterior to the 
fore limb and the poslerior edge of 1 he 
scapula. Shoulder height Il"as measured 
along Ihe radial surface of Ihe right foreleg 
and flank from the base of Ihc radial dew 
hoof (proximal sesamoid) to the clorsallip 
of the spinous process of lite second or 
third thoracic verlebra. 

2 . .3. InternaI body measllremenls 
:Metatarsus I~nglh \l'as measllred to 

the tl(~arest 1. mm along the planlar surface 
of tlw cxposed bone between the distallip 
of Ihe Tubrr ca\cis and 1 he distal end of the 
large metalarsus. The mandi bles were 
measured to the nearest 0"1 mm from Ihe 
posterior rim of eaeh l:amus to the most 
anlerior portion of Ihe alveolar bone below 
the firsl incisor, and the t\\"o measurements 
averaged. 

3. ",lcasurCJnents of fa t dcposits 
3.1. Subcutaneous fal 

After caeh caribou had been skinned, 
lite 1 hickness of 1 he layer of su bcu taneolls 
o r " back" fat on ilS rump \l'as measllred 
b~ Hiney's (1955) melhod. With a vernicr 
n ùiper \Ie m('asured the greatest thickness 
nr Ihe fal, 10 the n earest 1 mm, along a cut 
m:III., an t('riorll, from the base of 1 he lail a t 
~tl n lJ ~le (~f '15°" from 1 he spi ne (Fig. 3)" Dur­
mg sk ltlllltlg, care was lakcn 10 insure that 
11(1 fnl ,,"as remu\'cd wilh Ihe hidc. 

Figure 2 
Areas of lhe carcass where mcasuremcnls of body 
size and fal reserves ",ere taken 

Figure 2 

TOlallenglh 
~ ____________________________ ~A~ __________________ __ 

3.2. Perirenal fat 
The kidnels and perirenal fat \l'ere 

remo\'ed" Apart from the fact that we re­
mOI"ed and I,"eighed both kidneys and 
,n-eraged the tllO values, Ihe removal fol­
lowed the melhod deseribed b)' Rine)' 
(1955). A cut lias made Ihrough the fat at 
Ihe ends of each kidney, perpendicular 10 

the spine (fig. 4). The kidne)'s with ad­
hering fat were separaled from the dorsal 
wall of the abdominal eavil)' and parted 
from each other at the dorsalline. Each 
kidne)" (wi 1 h cap.wla adiposa) was weighed 
to Ihe nearest 0.1 g \l'i th and wi thou 1 fal. 
The weight of Ihe fat was oblained by sub­
traclion. 

Due to a large seasonal fluctuation 
in the weight ofkidneys from the caribou 
collected (Dauphiné 1975), 1 did 1101 use 
the "kidney fat index" -- (kidney fat 
weight/kidney weighl) x 100 -- proposed 
by Riney (1955). 

3.3. Omeulal and mesenleric fat 

[èemur 
marrow 
fat (wl.) 

Mela­
tarsus 
Jength 

The abdominal cavily was opened 
along the ventralline. Ali the fat attached 
to the folds of the mesen tery and the omen­
tum was stripped off, pressed into a bail and 
weighed to the nearest gram (Fig. 5). 

3.4. Fat content of femoral marro\\' 
(by wt.) 
Ali maHO\\' was removed from the 

medulla of the right femur and preserved in 
10% formalin. Later, the marro\-\' I-I"as 
drained offOt-malin and homogenized. With 
an a\cohol-ether solvent alllipids wcre 
extracled from a 2-g sample of homogenized 
marrow. The solvent was evaporated and 
the remaining fat was \l'eighcd and expressed 
as a percen lage of 1 he 2-g marrol\' sample. 

3.5. Adjusted body weight 
In order to avoid variai ions in weight 

caused by pregnancy, for sorne analyses of 
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condition the body Il'c ighL of each [emale 
\Vas adjusted by s ubtracLing the weight of 
th e uterus and i ts co n ten ts. 

4, Examinationoffemale 
reproductive organs 

11.1. Uteri, embryos, and l'c luses 
The uterus \l'a s removed fr om eaeh 

female, and after Ih e ovaries \l' ere sep­
arated at Ihe jUllcti on of th e ovarian hilus 
and ligame nl , il \la s fixed in 10~ l'o r ­
malin, and sto red in a mixture of nin e 
parts 70% ethanol and on e part gh 'cerin e 
unlil examined in the laboraton '. The ut e r­
ine body and h orn s Il'ere slit oprn and 
scarched ma croscop ically. According to 
ilS contenls, s ize, a nd degrpe of mu sc ulari­
zalion , each ul eru s \l'a s graded;]s ilLtlli­
parous (never prcgnan t), parous (pregnant 
in past), post-partum (cnlarged [rom recent 
preg nanc)'), or gravid (containing [el ilS) . 

Gravid ut e ri ob taill ed lale in th e gesta lion 
period \l'ere " T igh ed fre s h alld di scarded 
a[ler Ihe fetus \\'as remo l'ccl. 

The cro"'n-rump le ng lb s of embry os 
coillecled in Novembcr aJld Decembcr l'ere 
meas ur ed as described br Chealum and 
Mort on (1946) to Ih e n e'a res t 0.1 mm. The 
length and morphol ogic;]l developm enl of 
the embryos \l'ere subsequentl." used to 
estimale th e ir ages and dal es of conception 
(Dauphiné and McClure 197'1). Feluses 
obtained in April and Junc \l' ere sexed, 
drained, and \l' c igh ed s lill \l'ct on a spring 
scale to th e neares l 0.5 lb (Ialer converted 
to kg). Each felus' s totall englh " 'as mea­
sun:cI [rom the lip of Ihe n ose to Ih e dis tal 
vertehra o f th e lail along Ih e dorsallinf'. 
Thr. kngth o f its right hind foot " 'as mea­
SU1'l'L! l'rom the dis tal end of lhe Tuber cal­
cis 10 Ihe distal edge of Ihe hoo f. 

'1.2. Ovari C's 
Ovarit~s " 'ere fixed in 10% [orma lin 

in lhe field. In lhe laboralory they \l'ere 
placeL! in a mixture o[ nine parIs 70% 
('Ihanol and IlnC' part alvcerine befo re exa-

. • b.l 

mutatIOn and pf'rmanent s lo rage. Ovaries 
enllel:lf'd in April, June, J uly, and Septem­
hl'l' wcrf' sliced ~aggitally at approximalely 
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Figure 3 
Measuring the depth of subcutaneollS back fat on a 
barren-grou nd caribou 

Figure 3 

FigUl-e 1 
Ventral vicw ofkidneys and pcrircnal fat in barren­
grou nd caribou, A eut was made through the fat 
at each end of the kiJncys, anJ the kidneys with ad­
hering fat \Vere remo" eJ for weighing 

Fi/l:urc 5 
Stripping abdominal fat off the mesentery and 
omenturn before ll'eighing 

Figure 5 

l-mm intervals with a scalpel. Samples of 
ma 'ros(:o pieally visibl e COt'pora lulea and 
nt 111'1' slrucl u l'l~S req u i ring doser cxam i na­
liollw('rc separated, sec lioned, s lain ed \\'ilh 
l\('malox)'lin, phloxine, and orange C 
(IWO) and idenlified his tol ogica lly as 
dl'seribcd bel!)l\'. Ovaries ob lained in i\o, 
vl'mLI.- and ])('c{'mber \l'ere embcdded in 
pllraffin, serialh' sectioned at 101i and 
sluill('ù 11 ilh !','[;tssun's Trichrome (App. 1). 
similul' 10 lhe lechnique empl oyed by Gill­
SOIl (1957) and Thomas (1970). Masson'~ 
Trichl'Ilmeand HPO bolh differenlialed 
cylopla 'm, nllclei and connecl ive li ss ue 
~ilh ~l!f' furmer giving be l ter results. The 
ldenlthcul ion of diŒ 'l'e n l types or co rpora 
lUI('u wu based on kno'dedge of the cow's 
repl'oduelil'e Slalu,.; (pregnanl, la ctating, 
elc,) ~It~ Ull morphologic;.!1 and his lologica l 
d npltoll H from caribou (McE\\'an 1963: 
l 0 5~), und ~~cr (OI/acoi/eus spp.) (Gibson 

,57.~1·-4L Ihomas 1970:75- 112).My 
lIena ure 'i\'(' n bclo,,' . ':Vleasuremenls 

from my IJl1published data. 

Corpus lu/wm ofprcgl/allc)' 
fUll c lional: promitlf'nl, occlIpyillg most of 
ovary (average maximum diameter 11.5 mm, 
SE (s landard error) = 0.2, ra nge = 8.7-
14.1 mm, II = 45); lulL'in cell s " large" (al'ü­
age diameter of 401i reporled b) i\'kl::\\all 
1963) \l'ith homngeneous e)'loplasm an d 
large Ira nspa rent nuclci ; i/ll erce llul a r 
~pace Ilegl igi ble. R eg rcss i ng: al 5 mOllI hs 
pos t-p arlum, ave rage maximum diam eter 
2.7 mm (0.1,0.7- 4.5 mm, 49); IUlein cells 
disintegralillg, lipid vacuoles in cyloplasm, 
lIuc1ei opaqu e and pyknotic, capillaries 
\\ith co llapsed lum e n and illvading co n­
necliv e ti ss ue prominent in lul ealliss uc. 
AI 17 o r mo re mont hs pos l-pa rlum , aver-
age maximum diameler 1.9 mm (0 .05, 
0.7- '1.2 mm, 149) ; lulea l tiss ueevacuated ; 
occasional vacllola Led cells \Yi lh pigmen l 
granules; dense circulaI' clusters of co l­
lapsed capillaries; complele infiltrali o n by 
conneclive liss ue lrabeculae. 

Corpus lu/cUIIl oIes/ms (lIon-prcgll(J/lcy) 
Fun c lional: s ize m edium - no measure­
meill s :wa ilable; lul ca lli ss ue as in func­
lional corpus lut e um of pregnancy but cells 
"smal l" (al'erage diameler o f 10 - 151i re­
po rl ed by McEI'an1963); capi ll a ri es con­
fined to periphery of corpu s, intercellular 
space co ns id era ble, Regress ing : s ize me­
dium ln IT rI' small , average maximum dia­
mel er 1.3 mm (0,1,0.4 - 6.7 mm , 137); de· 
generalion oflutcallissllcas in corpus 
lutcum of prrgnallcy (aboye); capillaries 
rare and cortlillcJ to pcriph erl' of co rpll s; 
co nn l'cl iYc li ;:.;; uc lrans pa re llt, s parse . 

The <1Ycrage diamcler across the 
largcst cxposed sect ion of eae h co rpu s lllt e­
um "'as measu rcd to Ihe Jlearcst 0.1 mm in 
ail maries. Gra,lfian follicl cs l'ere measured 
ancl ta llied in thr ee diamcler cla sses: ~ 2 
<5 , ~ 5 <8,a nd ~ 8mm. 

4.3 Udder 
Th c uddcr lI as examined in si/u and 

classified as dry, Ia clating co loslrum, or 
lac taling milk. 

5. Stati,;LicaL Illcthoos 
A lit rce-fact or analysis of variance 

delermined the variation in body size and 
[atclepos il scolliribuled by the age ofspe c­
ime ns and the mOlllh and yea r in "' hi ch 
th ey \l'cre collecled. Snedecor's (1956:268) 
mClhod of treal ing unequal sa mpl e sizes 
\l'as uscd. Dirreren ces bet\\'een colleclion 
l' ca rs "ere Ilot consistenlly s igniflcant 
(P<0.05) 50 meas urements obtained in 
dirre rent years ,,'er e pooled. DitTerences 
bet\\' ee n rears are discussed in Ihe Results. 
Measu re~ent s o[ each variable for the 357 
[emales 2% years o ld and older " 'ere com­
bined in one sa mpl e, and those of the 122 
males 4 H yea rs old and older in another 
by co-varia te adjustmenls for th e effec t o[ 
age (Snedecor 1956:394) in order to pro­
vide larger seasonal sa mpl es [or th e tes tin g 
of seasonal differences. Thi s age combina­
tion ",as possil.Jle beca use lh ese age groups 
shared th e sa me seaso nal pattern in all 
varial.JJes. In yo ulIge r mal es and [emal es 
lhe trends of seasonally changeable l'ari-
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ables differed by age. Tests of seasonal dif­
ferences were thcreforc eondue! cd sepa­
rately by age class. In al! tests 0.05 \ras the 
probabilil)' level at wl1ich the null hypo­
thesis was rejeeted. Aeeordingly, lel'cl of 
probability is given onl)' where il InlS 0.01 
or less. 

Further statislical procedures are 
described in the sections where the}' are 
used. 
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Results 
and discussion 

1. Description of samplcs 
The field pari ies oblai ned .398 male 

and .5'J5 female caribou From 1 he Kami­
llllriak population În11 collections taken 
during Ihe 28-month period bet\l'een April 
1966and.Tuly 1968. 

Vernale ami male specimens werc 
divided by age e1ass and dale or collection 
in Tables 1 and 2 respeetivel.\'. Table 3 
gives a summary of the tolul ll11mbers of 
males and females oblained in the variOllS 
seasolls of 1966-68. The geographic loca­
tion or each collcction is sholl'n in Figure 1, 
wilh refcrence numhers assigllcd chrono. 
logieully in Tables 1 and 2. Approximately 
100 specimens wcre ta ken in eaell colleet ion 
cxeepl Lhe last (.fui)' 1968) and in Septem­
ber 1966 when logistical prolJlcrns pre­
vcnlcd more th,m 28 anirnals beillg col­
leeted. Feil' adult males \l'erc obtained in 
June because they Il'ere far from lhe calving 
grolillds to which priority was gil'cn. Be­
cause ll'e shol caribou from many dilferent 
herds and at man)' lI'idcIy-separa'ted loca­
tions, 1 assume that the speeimens eol­
lected rcpresen 1 the average eonditiol1 of 
growLh, nutrition and producLiviL)' prevail­
ing in the l~amilluriak population betweell 
1966 and 1968. . 

2. Growth 
Evaluation of growth and mature 

developmen t of Kaminuriak caribou was 
based on six body measurements taken 
from 398 males ranging [rom birth to 11 
years of age and from 545 females ranging 
from birth to 16 years of age. General phy­
sieal development was represented by body 
weight, heart girth, shoulder height, and 
totallength. Skeletal growth was repre­
sented by metatarsus and mandible lengths. 
To obtain adynamie representation of 
growth, specimens of eaeh sex \Vere grouped 
byage to form an arra)' of mean measure. 
ments. Growth cnrves formed by the pro­
gression of means over age were plotted for 
metatarsus length, mandible length, shoul­
der height, total body length, heart girth, 
and body weight'{Figs. 6-11). Full statisties 
on the means of each variable (sample size, 

S, 95~{J confidence limite, and range) are 
filed with a copy of tllis manuscript in re­
pori libraries l of 1 he Canadian Wildlife 
Service and are available 011 loan. 

Analysis of l'ariancc (l'ables 4 and 
5) indieated no significant dilTerence be­
tl\'eCIl speeirnens on Ihe basis of genette 
stock or nUlrilional environmenl ("Other" 
sources of variation ill Tables 4 and .5). 
Howe\;er, olle or more signifieant betll'cen. 
year difTerellccs clid oecur fOl' ail groll'th 
variables cxcept metatarsus lenglh (see 
Tablcs 4 and 5). Differences between l'cars 
Il'ere ineOl1sistent in that they did not occur 
het wcen ail scasons for Ully variable or in 
any onc scasoll for ail variables. They WCI'C 

therefore aLLribllted 10 sampling error and 
not 10 l'cal dilferences bel\l"cen sampI cs col­
leeled in difTcrent ycars. Whcn pooled, 
specimens of the sa me agc represented the 
"average" growlh allained bl' threc suc­
eessi ve cohorts. 

2.1. Rates and pattern of grawth 
The plotted means of each variable 

formed the upper portioll of a sigmoid eurve 
eharacteristie of gro\\'lh and maturity (Figs. 
6-11). Eaeh variablc's l'aLe of growth m1S 

influenccd br season 50 Ihal growth \l'as 
llOt distriblltcd uniformly ulong the curve. 
Inspection sllOlI'ed that almost ail groll'th 
oecurred in summer and carly ulltumn, i.e. 
bel Il'een April-J ulle and Nov'ember-Dee­
ember samplingperiods. In males 3 years 
old and older, the growillg seasoll terrni. 
nated at the ru tin mid-October. Pcriods of 
growtb, slability, or deerease in variaus 
body measurements were qUHntified by 
dividing the year into twa 6-month periods 
(.fune-November and Deeember-May) and 
calculating the average ehallge pel' month 
during eaeh pel'iod (Table 6). Each variable 
exhibited growth between J ulle and Nov­
embel'-Deeember samples and relatil'e 
stability between November~Deeember 

lAddresses: 2721 Highway 31. Ottawa, Ont. 
KIA OH3; 1110-10025 Jasper Avenue, Edmonton, 
Alta. T5H 3A9; and 351 St. Joscph Boulcvard, 
Hull, Que. KIA OH3. 

The numbers of female caribou collected from the 

K . . k population in 1966, 1967, and 1968, ammuna 
date of collection and c1ass 

The numbers of male caribou collccted [rom the 
Kaminuriak population in 1966, 1967, and 1968, 

r"[crenee 
lIumbcr 

date 

Dates of 
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A seasonal summary of the nurnbers of male and 
fernule caribou in caeh agc cluss col/ceted from the 
Kaminuriak in 1966, 1967, and 1968 

Analysis of variancc in six measurcmcnts ofbody 
size from fcmale caribou (27 months and older) 

, 
'average Wilhill.sample 
d.l'., .l''grecs of [recnoll1_ 

t P <0.05. 
t/'<O.Ol. 

t Average lI10nthly rates of gro"'th by 6-month age 
-''::-----;-;--------------c:-:c::----'-'--'----~-----'-~'---_c_.-.:.---..:=----'-=--='2---===---'.::.!..::--=-=--:-=----'c:: t illIen-ai for six bod y measu rements of Kam inu riak 

average within-samplc variation; 
d_f., dcgrccs of [rcedom_ 

t p <0.Q5_ 
tP <0.01. 

2U 
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Figure 6 
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Figure 6 
Metatarsus kngth of male and femal e Darren­
ground caribou of eac h age coll ect ed fro m the 
Kaminuriak population in April , lun e, luly, 
September and Novcmb er o r 1966, 1967, and 
1968 
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Figure 7 
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Figure 7 
Mandible lengt h of male and female barrcn-ground 
ca ribou of each age collected from the Kaminuriak 
population in April, June, Jul)', Sept ember and 
November of 1966, 1967, and 1968 
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Figure 8 
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Figure 8 
Shoulder hcight of male and fcmalt: harren-ground 
carihou of each age coll ec ted l'rom th e Kaminuriak 
population in April, Jun e, July, Septemher and 
Nov emher of 1966,1967, and 1968 
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Figure 9 
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ground caribou o r cach age collected l'rom th e 
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Figure 10 
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Figure 10 
Heart (chest) gi rth of male and female barren ­
ground caribou of each age collcctcd from th e 
Kaminuriak population in April, Jun e, Jul y, 
September and November of 1966, 1967, and 
1968 
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Figure Il 

13od)' wl. 
18 5 12 14 16 2 3 13 27 8 1 9 2 <) 32 

(kg) 
No. animais 
i\lales 

125 

+1+ 1O0 

_+t 
+f t+ 75 

f+ 50 

t f ttt 

0 
J30dy wt. 
(kg) No. anim ais 

FCllwles 

100 

75 

32 

26 2 

h-

Figure Il 
Body weight of male and female barren-ground 
ca ribou or each age collected from th e Kaminuriak 
population in April, Jun e, Jul)', Scpternber and 
NOlcmber or 1966, 1967, and 1968 
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and April-June sampI es. The highest 
growlh rate for aIl variùbles occurred dur. 
ing the firsl 6 months oflife. 

Body wcight will be treated in detai! 
in this report because i t has becll used most 
by 0\ her workers (Palmer 1934; Dobrol· 
vorsky ct Ill. 1938; Krebs and Cowau 1962; 
McEI\'cm and 'Vood 1966; Preobrazhcnskii 
1968; ;VlcEwan 1968; Reimers 1972) 10 

describe gro,\,th and body size in e,lriboll 
and rcindeer. The mean weight of male 
Kaminuriak calves was 6.4 kg in .T une and 
47.4 kg in laIe November and carly Deeem­
ber, increasing br 641 % during Ille 6-
month period. Female calves increased 
fl:om 7.3 to 42.4 kg or 481 % over the same 
period. The average rate of incrcase was 
6.8 kg!month for males and 5.8 kg!month 
for females. These values underestimale 
actual growth during the first 6 mOllths be­
cause June means ineluded ,,·eighls of 
calves up to several weeks of age. Mc Ewan 
(1968) reported mean birth weigh ts of 5.2 
and 4.7 kg for 24 males and 19 females re­
speetively from the Beverly population, 
probably the mos! similar to the Kami­
nuriak in terrns of genetics and physical 
size. If those birth weigh ts are substitu ted 
in plaee of my June weights, the pereentage 
increase for the first 6 months of a calf's 
life becomes 812 and 802 for males and 
females respectively. 

Relative increases in body weight 
from the end of one slImmer growth period 
to the next are as fo11ow5 for Kaminllriak 
males and females respectively: from calf 
to yearling, 46 and 51%; from yearling to 
2-year.old, 28 and 18%; from 2-to 3-year. 
old, 14 and 12%; from 3· to 4.year-old, 15 
and 6%; and from 4- to 5-year-old, 19 and 
0%. . 

During the first 6 months, Kami· 
nuriak caribou attain approximately the 
same rate of growth as captive caribou and 
semi-domestie reindeer but their later 
growth is slower and more protractcd. The 
weight of reindeer calves mal' increase by 
ovel' 900% during the flrst six months 
(DobrotvOl'sky et al. 1938; Druri 1960), 
somewhat greater than the estimated growth 

1. 

ofKaminuriak eah'es. Mc Ewan (1968) also 
found growth of capt ive and wild cal l'CS to 
bc similar during their firsl summer, a fact 
he altributed to the higlI nutrition available 
in the wild from milk and summer vegeta­
tion. However, at6 months reindeer calves 
in the USSR usuall)' allain 551060% of 
their mother's (autumn) weight (Dobrot­
l'orsk)' et al. 1938), bu tKaminuriak cal ves 
altained only 52 and 46% respeetively for 
males and females. ln their second und 
later summcrs McEwéln's eaplive earibou 
grew mueh more rapidl)' lhan "'ild caribou. 
McEIHm and Wood (1966) estimated that 
a eaptive male barren.ground caribou rea­
red on a highly nutritious diet atlained the 
same body weight at only 2 years of age that 
wild individuals from 1 he same population 
achieved at 6 years, and lVIcEwan (1968: 
1028) conclucled that, "The differenee in 
growth curves of wild compared with cap­
tive earibou is attribu ted to higher main­
tenance eosts of wild caribou associated 
wilh theÏr migration, feeding activÏties, and 
harassment from insects in summer." 

The growth performanee ofKamÏ­
nuriak caribou in their second year was 
definitely les5 thun that implied by Kel· 
sall's (1968:197) statement that Beverly 
caribou "nearly double" their weight by 
their second autumn. During the summer, 
yearling Kaminuriak males increased from 
47 to 76.4 kg or br 64 %, and yearling fe­
males increased 42%, from 45 to 64 kg. 
The body weight gain 'l'as less than half of 
that altained during the first 6 months of 
life, and the gain in other measurements 
was less th an 2.5% (Table 6). However, a 
captive male barren-ground caribou on a 
nutritious diet did attain, in its second sumo 
mer, a rate of weight increase almost as 
high as in its first summer (McEwan and 
Wood 1966). Figures more similar to those 
for Kaminuriak caribou are given by Druri 
(1960) for male reindeer in the US SR as 
a 62% weight increase for yearlings and a 
37% inercase for 2-year-olds. 

After the first 6 months oflife, body 
weight of Kaminuriak ealves followed alter­
nating periods of positi,'e and negative 

growth whieh were simplified in Figure 12 
bya emye A through the annual maximum 
("prime") weights and a eurve B through 
the aHllllal minimum ("lean") weigh ts 
(after Wood ctal.1962, McEwan 1968). 
The I\\'o eurves are lilles of "best fit" 
plotted through the sample means. They 
border the top and bottom edges of the 
sawtoothed curve (C, Fig. 12) which re­
presents the actual weight change. In win­
ter, both young and adult females lost be­
l\l'een 6 and 11 % of their prime autumn 
weigh t; consequentl y, curves A and B in 
Figure 12 are approximately parallel. How­
ever, the percentage of prime autumn 
weighllost by males in win ter increased 
from abOli t 9% the first yenr to 30% at 
maturily. This differenee is refleeted by the 
increasing separation of eurves A and B in 
Figurc 12. The fluctuations of body weight 
are largely attributed to the seasonal de­
position and mobilizatlon of fat reserves. 
The weights of the kidney and other vis­
ccral organs also undergo marked seasonal 
lluctuations (Dauphiné 1975). Therefore 
curve B (Fig. 12) l'epresents growth of ske· 
letal, muscle, organ and other "permanent" 
tissues and is perhaps the best grol\'th in· 
dieator; curve A represents, in addition 10 

thcse, the' 'temporar)''' growth of seasonal 
fat tissue and is an indicator of encrgy re· 
serve. 

Gro\\'th ofKaminuriak caribou ceased 
in win ter beeause of either an inherent 
physiologieal rhythm or a decline in nutri­
tive value of the diet, or both. Thal \\·eight 
loss oceurs in \l'inter despite the availability 
of nu tritious food has been demonstrated 
in cap live earibou (McEwàn 1968, McEwan 
and Wood 1966, McEwan and Whitehead 
1970) and in many other ungulate5 (French 
et al. 1956, Wood et al. 1962, Silver et al. 
1969, Caughley 1970, Bear 1971). Ho\\'­
cver, in winter the caribou's natural diet is 
eonsiélerably less l1utritious, parlieularly in 
protein content, than il is at other seasons 
(Scolter 1967, Steen 1968, Miller 1976) 
whieh Ieavcs open the possibilil y that part 
of the seasonal weight and growth cycle 
may be exogenolls. Exactly how much of 

Figure 12 
Increase in body weight of Kaminuriak caribou 
represented schematically by curves through the 
heaviest (A) and lightest (B) monthl y means for 
each age class and through the actual course-of· 
weight change (C) 
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The age of maturit y and the mature sim of six body 
measurelllents l'rom male and fcmulc KUlIlilluriak 
carilJOu 

Body 

Icngth (cm) 

hcight (cm) 

lhe weight loss \l'as imposed on Ihe animaIs 
bl' Iheir envÎronmcnt during the years of 
this sludy i5 impossible to delermine. \Vilat­
ever the amounl, il does not appeur ex­
cessive or even unusual, as lhe eyclie 
groldll pattern showll by the Kaminuriak 
dala is similar 10 the pallem in other SlIO· 

5pecies of N. tarandus on natural range. 
Dobrol VOI'Ski' et al. (l938:9ï) slate, for 
examplc, thai dlll'ing the first wintcr oflifc 
of reindecr calves on average range, " ... live 
weighl begins lo fall off and al one year of 
age the calves 'weigh less than atthe age of 
rivc months ... " Druri (1960) reported 
that afler the reductioJl oflwdy weighl 
du ring lhe first win leI', yearling reilldeel' 
weigh abou l the same as lhey dic! al the age 
or3~~ monlhs. Thus, the 6 and 10% weight 
losses ineurrec! bv Kaminuriak calves bc­
lll'ecll December'and April (Fig. 11) appear 
l ypieal. These losses are less lhan l he max­
imum recorded, as Druri (1960) reporled 
lhal during severe ,,-inters, reincleer ealves 
105121 % or their l)odv weighl of the pre­
violls October. 

] nf'ormation Oll scasonalll'eight 
lrends of adult earibou and reindcer indi-
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cales thal, except on 1 he best ranges, i t ie 
eharaelcrislie that males lose weighl du ring 
the rut, both sexes remain stalie or eleeline 
during the \l'inter, Hlld pregnant femaJes 
lose weighl during late gestation and laela· 
lion. The following body weight losses have 
been reeorded: males during rut, 23 kg 
(Palmer 1934); females dllring gestation, 
8-26% (Bergerllel 19ï4); females pre· to 
post'partllm, 15 kg (Palmer 1934) and 15% 
(MeEwan 1968); males and females of aIl 
ages dllring "'inter, 10-]5% (Sleen1968). 

2.2. Age and size al mat urity 
In order lo estnblish at what age 

growth eeased, lhe growlh period was de· 
fineel as lhal range of ages through \\'hieh 
'the inerease bet\\'een successive means was 
signifieanl. Age or malurily was defined as 
the lowest age wil ha mean not signifiean tly 
difTerent from lhe combined means of aIl 
older ages (TaLle ï). Means wi th n ~ 5 
\Vere omilled l'rom individual eomparisolls 
beeause eonfidence limits based on sueh 
small samples were li li rel iable. However, 
visual inspection of the growlh euryes in 
Figures 6-11 suggesled that sorne growth 

statisties 

oecurrecl afLer lhe stalislieallv ealculated 
age {jr maLurity had been rea~hed. '1'0 ob· 
Lain more realistie (though also more sub· 
jeclive) ages ofmallirity, Ihererore, [ 
selected compromises belweenlhe Sialis­
lieal ages and the ages indicaled by lhe 
growl h eUlTes and identified them us the 
beginning of lhe "post-growth" age group' 
ings in Table 7. 

Analyses of variallce (Tables 4 and 
5) indieale 'lhat lhe sizes of the mandible 
and metalarSllS did not vary signifîeantly 
with season in adult males and females. Bnl 
sorne sigllif1cant seasonal variation did oc· 
eur in lhe four other variables in both sexes 
(Tables 4 and 5). Limiled seasonal variat.ion 
amounting lo only 2 107% of alll1ual maxi­
mum oeellrred in shoulder heighl, heart 
girth, and lolallenglh, so their malure sizes 
were expressed in Table ï by eombining aIl 
seasonal means. Bu t the seasonal variation 
of body weight was 50 large, .30% in males 
and 11 % in females, that it was more useful 
to express maximum and minimum body 
weighls separately raLher lhan to combine 
[hem illtO an ove rail annual average. Ae­
cordingly, a maximum "prime" body weight 

Kas obtained from September means for 
males and September and J\ovember­
Deeember means for females (Table ï). 
Minimum or "Iean" Hl1llual body weight 
was obtained from April means for males 
and April and June means for femüles 
(Table 7). These seasonal eombinations 
were seleeted beeause the analvses of vari­
ance (Tables 4 and 5) illdieated Ihal, for 
adult males, mean body weigh l was high­
est in SepLember, lowesl in November, 
Deeember, and April, and inlermediate in 
.Julle and .Tuly. For adult females, mean 
weight \l'as highesl in September and 
November-December and lowest in April, 
.J une, and J lI1 y. Differences between means 
\l'ere signifieant for monlhs nl opposite 
ends of the anllual seale bu t Ilol for those 
at the same end of lhe senle. Only in Sep­
tember, before lhe ru t, \l'ere bolh sexes at 
the same phase of thei!' mm ual body weight 
eycles. 

Eaeh body measurement l'eached 
statistieal mal uri t y'at a younger age in [e· 
males than in males (Table ï). The differ­
enees between lhe sexcs,ranged from ap­
proximately 5 monlhs for mandibular 
length to aboul2 years for sholllder height, 
total body lenglh, and both prime and lean 
body weight. The average mature size of 
eaeh variable was signifiennlly sm aller in 
females than in males (Table 7), although 
the diJTerenee did not beeome apparent 
unlil the ages of2 years for lhe mandible, 
2Y2 years for totallength, and 3.Yi j'ears for 
shoulder height and heart girth (deter­
mined from 95% confidence limits in Fig. 
ures 6-11). However, wide overlaps ex­
isted inlhe ranges ofmalure male and fe· 
male metatarsus lengths and shoulder 
heights; in both variables, 99% of the fe­
males exeeeded the smallest measuremen t 
obtained from an adult male. Heart girth 
was more diserete, having a 60% overlap, 
and mandibular length and totallength 
were even more 50 (26 and 21 % overlap 
respectivel y). Body weighl was the most 
exclusive; there was only 8.4% female over· 
lap with lean male weights and no overlap 
with prime male weights. Body weight, 

mandibular length, and tOlallenglh, the 
variables with the lenst amount of overlap, 
malured aL a relativel)' late age; evidently 
the cxtcnded growth providec! op port UII iLy 
for males lo oUls!!'ip mosl females. 

Although Ille liternlure is vague re­
garding lhe age ",hen growth is completee! 
in R. tarandus, there is sorne evidenee that 
Kaminuriak earibou reach full e!evclop­
ment somewhatlaler than earibou in man)' 
olher populalions and that they allain, al 
besl, small to intermediatesize. DobrOl­
vorsh ct al. (1938) slale that female rein· 
deer ,{Uain Iheir eharaelerislie body size 
on l he average by the age of 2;,~ ye:lrs. Ho\\,' 
ever, growLh in body weight in Kaminuriak 
eows eonlinued lo approximalcly 3H years 
(Fig. 6). Aeeording to Palmer (1934), 
Alaskan reindeer altain full size al4 lo 5 
years. His findings \l'ould apply to Kami­
nuriak females, but Kamilluriak males 
grew for atleast anolher year. Banficld 
(1961) maintained that skul! growlh eeases 
in R. tarandus at approximalcl y 4 years of 
age, but the mandible of Kamin LI riak spe­
eimens eonlinued grml'Îng unlil5.Yi years 
for females and 6 j'ears for males, and pos· 
sibl y beyond (Table ï and Miller 1974). 
The Kaminllriak data are in closer agree· 
mentwilh lhoseofStcen (1968), who re­
porLed thalgrowlh (body wcighl) ofSI\-ed­
ish reindeer eonlinued for 5 years or more, 
even up lo 8 years. Similarly, dressed 
weighls ofwild male reindeer on bolh goocl 
and pOOl' ranges in Norway increased for 
the firsl6 years ofIife (Reimers 19ï2). 

KclsaIl (1968:29), referring 10 Ban­
field's (1961) data, states, "Measlll'ements, 
as weIl as weighls, indieate barren-ground 
caribou are medium-sized animaIs ... ", 
being smaller than \l'oodland caribou, 
Grant's caribou, and the domeslie reindeer 
of the .Mackenzie delta (of Siberian origin 
via Alaska), but larger lhan Peary caribou. 
Although Kelsall's slalemenl probably ap· 
plies generally to the Kaminurink popula­
tion, it is evident from m)' dala lhal he 
undereslimated the malure weighl of Bever· 
ly cal'ibo~. The mean weigh ts he presen ted 
(l08 kg for males and 78 for females) were 
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Analysis of \}\riancc tests for four mcasurements 
of fa! reserves in fcmale caribou (27 months and 

coll cet crI l'rom the 

Source of 
yarÎation 

as 
the rncdian value of the combiner! groups. 

t Transformer! to lo~arithms because of its skcwcd 
distributions and hcterogencous variances. 

t Samplc size inadcquatc for x'ô test, 50 a binomial 
test or the proportions above rncdian value was 
usct! tn test for a signilicant diITcrence. 

§ P <O.OL 
IIP <0.05. 

Log 
Back rat 

--_ .. _-_ .. - ----~--------~ 

calculated from measurements of sub· 
adults (between 2 and 4 years old) as weil 
as adults and are comparable to Kaminuriak 
adults onl)' during the low period of the 
latter's anllual weight cycle. 

Sorne other populations of R. t. gro­
cnllllldiclls appear ta attain larger size than 
Kaminuriak earibou. For example, the 
lengtbs of mandibles from Alaska's aretic 
herd (Skoog 1968) are 1 to 4% lm'gcl' re­
speetively than mandibles from comparably 
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aged males and femalcs of the Kaminuriak 
population. Male caribou on Coats Island 
in Hudson Bay (620 30'N, 830 OO'W) 
attain mean body weights which range from 
30 ta 40% heavier than prime Kaminuriak 
males of comparable age (Parker 1975). 

2.3. Declines in old age - senescence 
Analyses of variance wcre conducted 

to determi~e if any variables declined in 
old age, particularly those which included 

Jat 

fat and muscle tissue. The means for corn­
bined female age groups for each variable 
(4-9 vs. 10-15 and 10-11 vs. 12 years) were 
tested for differences. Heart girth declined 
significantly after 9 years of age and total 
length after 11 years of age. The means of 
othel' variables were homogeneous from 
the age of maturity through old age. Ho\\"­
ever, as with determining the age of ma· 
turitv, statÎstical tests may not reveal subtle 

trends with age, and Figures 10 and 11 in-

r 

Analysis of variance tests for four mcasurements of 
fat rcserves in mal e caribou (58 mont he and aIder) 

from the Kaminuriak 

Source of 

Back fat 

*r:~f7~a~s~~t~e~st~~--~~~~~-C----------------------------~--~~------------------~~~------------------~~-­
the mcdian value of the combiner! groups. 

t Transformcd ta logarithms because of its skcwcd 
distributions and hcterogeneous variances. 

t Sam pic size inadcquate for x 2 test, 50 a binomial 
test of the proportions above median value was 
used to test for a significant difference. 

§ P <0.01. 
IIP <0.05. 

dicale that a slight de cline oceurrcd in the 
heart girth and body weight of females after 
10 or 11 years of age. Similar testings for 
~alcs did not reveal a decline in any va­
l'labIe, but there \l'ere few specimens aIder 
[han 9 years. 

:~. Changes in fat rcserves assoeia-
cled with age, sex, and season 
The fatness of each caribou specimen 

Was delermined by measuring subcuta­
n~ous fat on the back, perirenal fat, abdo­
mlnal fat attached to the mesenteries and 
omentum, and fat in the Femur marrow. 

Measurements of fat deposits have been 
used as indices of energy reserves and gen· 
eral nutritive condition in deer (Harris 
1945, Cheatum 1949, Ransom 1965, Ander­
son et al. 1972)', red deer (Cervus elaphus) 
(Riney 1955, Caughley 1971), elk (C. cana­
densis) (Flook 1970), antelope (Antilocapra 
amcricana) (O'Gara 1968, BeaI' 1971), cari­
bou (MeEwan and Wood 1966, McEwan 
1968), and other wild ungulates (Smith 
1970, Caughley 1970). 

Sorne adjustments to fat data were 
necessary before they could be analysed 
for the effeet of season. Beeause analyses 

of varianee (Tables 8 and 9) revealed that 
age conti'ibuted significantly ta variation 
in kidney and marruw fat measurements of 
females 2)c~ ycars and older, eaeh deposit's 
measurements for females in that age group 
were pooled by eo-variate adjustments and 
then lestcd for the effect of seaSOl1. 

Results of tests of differences in fat 
reservcs between collection years (Tables 
8 and 9) were significant for kidney fat in 
April and marrow fat in Novembcr for 
males, and kidney, abdominal and marra\\' 
'fat in April and June for females. Differ· 
ences were not detected belwcen 1966 and 
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Figure 13 
U nlike the other three fat d epos its , subcutan eous 
back fat was complet e /y utiJized cl uring the Jow 
portion o f th e conditi on cycle in man)' ca ribou 

Figure 13 

1967 in animai s of either sex shot in Sep­
tember or November. As explained pre­
viousl)", because th e differences ,,'ere not 
consi s tent, they "'ere ignored in th e anal­
ysis of seasonal variati on. Th e develop­
ment of fa t depos its with age, and the eA'ec t 
of season on the growing and matured de­
posilS will be described and compared for 
males and femal es. Statis lics on the m ea ns 
of each fat measuremelll are given ill Ap­
pendix 2 (Tables A.1- A.8). 

3 .1. Back fat 
Back fat was the onl)' deposit to di s­

appear completely in most individuals (par­
ticularly males) during part of th e annual 
cycle (Fig. 13). It varied from universal 
abundance in sorne seasons to almost com­
plete absence at others. The trend in m ean 
thickn ess of back fal with age and season is 
s hown in Figure 14 . 

During the first 3 years of life, males 
accumulated little back fat except in late 
summer and ea rly autumn (Fig. 14). In 

males 4 years and old er, however, substan­
liaI accumulalions of back fat were al so 
present in April, Jun e and Jul)'. The seas­
onal trend of back fat during and after 
complet ion of body gro,,·th in males was 
accumulation in summer and early fall, al­
most complete utiliza tioll in October and 
early November, a recoye r)' of25~; by April 
and of75 '70 by July . Th e September peaks 
of back fat thickness increased rapidl y \,'ith 
age, approximately doubling each year dur­
ing the first 4 years. Males 5 years and older 
had a mea n back fat thickness of 40.5 mm 
(range = 16.5-64.4 mm, n = 18) in Sep­
tember. 

The absence of back fat from man)' 
ca ribou precluded the use of the standard 
pa rametri c test s used for other depos its. 
Therefore, to anal yse seasonal va riation in 
the depth of back fat of adult caribou, X 2 

tes ts were condu cted between the propor­
ti ons of caribou in each scason that had fat 
thickn esses which exceeded the m edian 
level (without adjustment for age difTer-

Figure H 
Seasonal "ariatio n in rn ra n back fat dcpth in 
relation to age in male and rema/ c Kaminuriak 
caribou. Sarnp/c sizcs arl' gi\ en in Tablps A. 1 
and A. 2 

FigUl'cH 
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The percentage of specimens with back fat in 
and seasollal samplcs of Kamilluriak 

sizcs in 

ences). The results for males (F values1 in 
Table 9) confirmed that the mean depth of 
back fat was signifieantly higher in Sep­
tember than at ail other seasons; that it 
was significantly higher in .Tune and.J ul y 
than in November~December and April but 
that 110 significHnt differenee existed be­
t\leen .June and .luly or.betwecn November~ 
December and April. 

In young females, as in young males, 
the only snbstantial accumulation ofback 
fal during the fll'st 2 years oflife oceurred 
in early autumn (Septembcr), with liltle 
difference bet ween the sizes of the deposit 
in each year. Bet ween 2 and 3 years thc de­
posit approximately doubled in size, and in 
older fcmales il was present in ail months 
sampled. 

Fluctuation of back fat with season 
showed a difference bet ween adulL females 
(2% years and older) and adult males (Ta­
bles 8 and 9). In females depths of back fat 
for September and November~Deccmber 
combi ned were significanll y grea ter than 
for the other mOllths, and H significanl de­
cline occurred bet \\'een December and June 
(Fig. ILl). 

In both males and females thc pro­
portion of specimens with measurable 
(> 0.1 mm) back fat paralleled seasonal 

ISigllificallce level for X 2 with one degrcc of free. 
dom is identical to tbat for the F distribution with 
onc: infinity dcgrces of freedom. 
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trends in the thickness of the deposit (Table 
10 and Fig. 14). The proportion of females 
which carried back fat dming the high part 
of the ann ual cycle declined in old age, as 
did mean Ihickness (Fig. 15). In September 
and November~December, 89% of79 fe· 
males from 4 to 9 l'ears of age had back fal, 
comparcd to 67% of 15 females 10 l'ears 
and older. 

In September, the monlh of greatest 
back fat aecumulation in both sexes, the 
mean thickness ofthc back fatlayel' in fe­
males (15.4 mm) was abon t one-third that 
of males. The greatest indi vidual thickness 
in a female (36 mm) 'l'as half the largesl 
measurement recorded among males. 

3.2. Kidney fat 
Kidney fat \l'as present in all speci­

mens, ranging from 2 to 189 g in females 
and 3.5 to 310 g in males. The amOllnt of 
kidney fat varied with season in males and 
females of ail ages. 
, A significant increase in the mean 
weight ofkidney fat occurred between seas· 
on al peaks (September) of male calves and 
yearlings. Subsequent in creas es in the mean 
weigh t of kidney fat with age were more 
graduaI (Fig. 16) and differences between 
successive September means for males older 
than yearlings were not significant (Ap­
pendix 2, Table A. 3). The same seasollal 
pattern, with highest fat levels occurring in 

the autllmn samples, \l'as repealed during 
the first four years. Figure 16 shows that 
the September to Novembel' declines in the 
mean weighl ofkidney fat increased in 
steepness wilh age. The decline became 
significant at 4 years of age (Appendix 2, 
Table A. 3). The amount of fat lost in au­
tumn \l'as even greater in males 5 years and 
older. In ",inter (November to April) young 
males mobilized fat while adult males slow­
ly accumnlated it (aecording to the data in 
Appendix 2, Table A. 3)_ 

Analvsis of variallce~ revealed that 
the mean kidncy fat weight of males 5 yeal's 
and older was significantly (P<O.Ol) 
higher in SepLember than in olbcr seasons 
combined. June and .Tuly weights \l'ere il1-
termediate, being sign ifican tl y dilTerent 
from higher and lower seasons but not from 
each other, and November~Deeembel' and 
April weights Gombined \l'ere significantly 
lowcr thunlhose ofJut1c and .luI)' b.uLnol 
from each other (Table 9). 

F emale caribou exhibited a seasonal 
change in kidney fat weight which did nol 
change with age and \l'as similar to that of 
young males. The eharacteristic female 
kidney fat pattcrn \l'as a peak in autumn 
and early winter and a graduaI dccIine dur­
ing win ter 10 a minimum in .June and lui)' 
(Fig. 16). NIost year-to·year growlh in the 
kidney fat deposit oceurred during the first 
2 years; signirlCant differences existed be· 
1 \l'een successive ~ovcmber~Deecmber 
means ul1tiI2~~ l'ears, between successive 
April means u ndl 3 j'cars, and bel ween 
successive June means unlil2 years (Sep­
tember means eould !lot be tesled because 
sample sizes \l'ere illadequate) (Appendix 2, 
Table A.4) _ W eight of the kidney fat de­
posil in femalcs declined after approxi­
matel)' 10 years of age. Mean seasonal 
weigh ts of fcmales 10 l'ears olel und older 
\l'ere significantl y (P <0.01) lower than cor­
rcsponding mean wcights of 4- to 9-year-olel 
females (Fig. 15) _ Littlc difference existed 

'To test for scasonal differcnces the rncasurerncnts 
or kidney fat wcight were transformcd to loga· 
rithms because or skewcd distributions and heler· 
ogeneou5 variances. 

-r-
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Figure ]5 
The declinc in rnean size of fal resen'es wil h age in 
female caribou rel"caled 1)\, comparinfl the 4-9 and 
2: lü-year age groups 
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bctweell the t\\'o age groups in Septernber, 
but in November, June and .luI)' the older 
group had approximately 16% lower mean 
kidney fat "'eight than the youllger. 

The highest seasollal meall of kidney 
fat weights in adult females amonnted to 
approximately half the peak seasonal mean 
in adult males. But, at the lowesl point in 
thei!" respective seasonal cycles, the mean 
amount ofkidncy fat in bOlh sexes was 
approximately equal (37.6 vs. 36.0 g in Fig. 
16). The fluctuation amoullted to 72% of 
the anilual seasonal maximum in males 
and 50% in fernales_ 

3.3. Abdominal fat 
Abdominal fat showed variations 

similar to kidney fat in relation to sex, age 
and season. It was present in ail individuals 
coIlectcd, ranging from 2 g in sorne calves 
less than one month old lo 1652 g in a 4%­
year-old male, and 991 g in a 5H·year-old 
female. 

Mean weights of abdominal fat in­
creased bv 251075% eaeh year in males 
between:2 and 5 ycars of age for aU seasons 
excepL November~December (Fig. lï). In 
November-December, Ihe period with the 
lowcst means, ver)' little inerease occurred 
after IH years of age. Where sample sizes 
permilted testÎng (Appcndix 2, Table A. 5), 
significant differences in meall weights of 
abdominal fat existed between cal 'les and 
yearlings in J UIlC and November~December 
butnot betwcen 2· and 3· or beLween 3· and 
4·year-olds in Scptember. 

Analysis of variance l of mean weights 
of abdominal fat for males 5 years and 
older revealed approximately the same seas­
onal pattern as back and kidney fat de­
posits (Table 9), with the exception that 
abdominal fat increased significantly 
(P<O.Ol) from November to April. Loss 
of abdominal fat between September and 
November (during the rut) became signi­
fican t at 2 years of age and \l'as increasingly 

ITo tesl for scasollal differcnccs in adult caribou, 
the mean abdominal fat weights werc transformed 
to logaritbms because of skcwcd distributions and 
hcterogeneous variances. 
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Figure 16 
Seasonal variation in mcan kidney rat weight 
in relation to age in male and rem al" Kuminuriak 
caribou. Sample sizes are givcn in Tables A. 3 
and A.4 
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prominent thereafter. Young males did not 
recover abdominal fat between Novcmber 
and June, whereas during that period males 
4 years or older recovered almost balf of 
the loss sustained in autumn (Fig. 17). 

Abdominal fat weight increased with 
age in females until at least 3 years; means 
approximately doubled each year in aIl 
seasons June (Fig. 17). Significant 
dilferences in mean weights of abdominal 
f~lt existed in June bet ween calves and year­
hngs and between 2- and 3-year-olds and 

.Males 

Periods of 

in November-Deeember between yearlings 
and 2-year.olds and between 2- and 3-year­
olds. 

As with kidney fat, size of the ab­
dominal fat deposit at its annual peak de-
clined after 10 years of byapproxi-
mately 25% from the attained by the 
4-9 year age group 15). 

Analysis of seasonal variation in 
mean abdominal fat of adult females gave 
a result similar to that observed for kidnev 
fat and is summarized in Table 8. There " 
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Figure 17 
Seasonal variation in mean abdominal fat weight in 
relation to age in male and femalc Kaminuriak 
caribou. Samplc sizes arc givcn in Tables A. 5 
and A. 6 
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\l'ere no striking changes in pattern with 
age; September and November-December 
\Vere highest, April was intermediate and 
.1 unc and .luly were lowesl for a]] age groups. 

Male and female ealves under one 
month of age had similar amounls of ab­
d.ominal fat (means of 8.7 and 6.6 g respec­
hYely). Among aduIts, however, the maxi­
mum. mean weight offat (641 gin Septem­
ber) 111 males \l'as 5.5% higher than the 
COlTesponding maximum weight in females 
(417 gin November-Deecmber). The sex-
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related dilTerence in abdominal fat deposil 
was Jess tbem tha! displayed by the kidlley 
fat. The minimum weight of abdominal fat 
in adult males (65 g in November-Decem­
ber) was smaller Ihan the minimum weight 
in females (124 g in J uly). The overall 
seasouall111cl ualion of abdominal fat weight 
in adlllt males and females amounted 1090 
and 71 % respectively of the maximum 
seasollal mean weights recorded in each sex. 
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3.4. Femoral marrow fat 
Percentage marrow fat exhibiled less 

variation with and season than other 
fat deposits, in males. The Iaek 
of variation age occurred parlly be-
cause this variable was expressed as the 
percentagc of fat in a standard 2-g marrow 
sample, not as the total fat in the whole 
marrow tissue. Seasonal variation aside. 
the tofaI amount orrat is directly corre-' 
lated with the quantity of marrow deposited 
in the medulla of the femur and the size of 
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Figure 18 
Seasonal var iation ill mean percentage o f femo ra l 
marrolV fa t in relation to age in male and fe mal e 
Kaminuri ak ca ribou. Sam pi c s izes a re given in 
Tables A. 7 and A. 8 

Figure 18 
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Fip;ul'c 19 
Scasonal l' ariati''fl in 1 he IlIcan s, ranges, and 
s tandard dCl'i at io ns or remoral marro\\' fal in ad ult 
male alld fenwk Kaminuriak ~a ribou 

Figure 19 
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the bone, Fat was present in the ma 1'1'0 Il' 
of <1 Il caribou rega rdless of age and seaSOJl, 
ranging l'rom l o/c in sa me ca lves to 9Y~ in 
a male 8 years old a nd 89':'; in a female 5 
years old. 

In male caribou , th e mos t nOlicea bl e 
effect of age on mal'l'O\\" l'al con tent \1' <1 ' the 
rapid acc umula tion of fal ta th e adult le\'el 
o~,approximately 65 ~é by 3 monlhs of age 
(l·lg. 18). Marro\\' fat Je\'els increased slig ht-
1)' during th e next 2 years, particularly in 
S ptember and April. Ho\\'e \'er s iollifi ca n t 
J'fJ' ' 0 

1 erenees be tween suc cess ive ages eo uld 
nol be dcmOll s trated a ft e r the firs t vea r. 
Ca lves, )earlings and 2-)ear-oIJ m~ l es did 
Ilot mobilize mu eh marrOll' fat i Il au t umn , 
wlw reas amollg adu l! males the m ean mar­
l'Clw rat content decl ined from 75 'i~ ill Sep­
lf'Inber 10 5()(.:~ in November- December 
('l ' tH' l\o\pmbpr- December meall is ba 5~d 
" .1\ o.rt.l) thr\'( ~ spec im elJs alld therefo re 1 hl' 
slglldu:aner- or th e difference Il'as nol les l­
(·d.) Analysis 0[' YJria llCe did nol re \'ea l a 

Sept . NUI',-D ee, April 

,; ignificanl ovefllll 5(',, ;;o n,11 \',lrialion (T'able 
9) , HOll e \'e r, in commOll \\il.h Ihesea~()IIal 

tre llds of 1 he oth e r ra t depos il s, mea n rat 
cOll te llt in Spplembcr Il,15 s ignificanth' 
hi gh e r than Ih c m eallllf o lh e r , ('<l50n5 
combined , and th e Noyember- December 
mean Il'as significa ll th (P < 0.01) 10ll'e r 
Ihan the April mea n, 

The percentage of fat in the marro\\' 
of femal e calves and yearlings inc reased 
rapidly with age. At the end of the second 
s ummer it approximated that of adu lts, and 
thereafter follo\\'ed th e adult seas onal cycle. 
The only significant age diffe rence \fithin 
seasons existed bet\\'een female calves and 
\ ea rlings in June . As in mal es, th e wides t 
dive rge nce among age groups occurred in 
s ummer. The percentage of fat in th e mar­
row declined by up to one-third in old age 
(Fig. 15) ; il li as s i g nifi cantl~' (P < O.Ol) 
[o lVer in specimens 10 years and older than 
in those bet\I'een 4 and 9 years (fig. 15). 
Overall seasonal \'ari ation in marraI\' fat 

Sa In pic size 

Range 

95% confid en ce 
limit 

Mea n 

d' Q 

levels of adu lt fl'males \l'as signifieant 
(P < 0.01) (Table 8) . Analys is of variance 
sho\\'ed that in females marro\\' fat ex hi­
bited the sam e seasonal pa ttern as did kid­
n e)' and abdominal fat deposits; \'alu es 
\l'ere equall y high in September and No\'em­
ber, and graduall y declilled through Apri l, 
lune, and lui )' (Fig. 18), The mean fat con­
tent in adu lt females ranged from 53% in 
lui)' to 7.3 % in November; individuals 
ranged From 3,8 to 97%, 

Among seasonaJ mean val ues for mar­
ro\\' fat in both sexes there was an inverse 
relationship be tween s ize of the s tandard 
deviation and s ize ofmean ma rro l\' fat con­
tent (Fig. 19 and Appendix 2, Tables A. 7 
and A. 8), The oppos ite s i tuation occ urr ed 
in th e kidney and abdominal fat, \l'h e re 
s tand a rd dev ia l ions varied direc tl y \l'ith 
size of the mean, The difference may lie in 
the fa c t that marro ll' fat \l'as th e Jast depo~it 
to be affected in the sequence of fat m o bili­
zation (Dauphin é 19(1) , The back, kidn er, 

:.1 7 



F 

and abdominal fat deposits \l'ere mobili zed 
ea rli er in t he sequ ence of fat declin e and 
ail \l'ere ulili zeJ 10 so rn e ex tellt during th e 
1011' porti on of lh e allnu al cycle. Since not 
ail femal es necdcd 10 mobili ze marra \\' fal 
at 1011' seasons, the range Il'as expandcd by 
la \\' fal content in sorne spec im ens, in ­
creas ing th e variation ofmarroll' fat co n­
tent. 

Although fem oral marraI\' of mos t 
ca lves less than 2 monl hs old \I"as waler y 
ilnd red and did not appear as fatl)' as th'e 
so lid,,'bite marroll' of adull s, il did conl ai n 
appreciable amollnls of fat. Fat comprised 
betll'een 40 and 50Si of marrol\' "'e igh tin 
many ca lves onl)' 1 or 2 ,,-eeks old, and bl" 
aulumn th e mea n ma rrol\' fat content or" 
male calves (64 la 62%) \l'as similar to the 
mea ns of old er males (Fig. 18) . Ev ide))ll )' 
fat storilge in marraI\" Ix'gin s verv SOO l! 
aft er birth. 

AdulL males and femal es exhibited 
approx imately the same amplitude in th e 
seasonal varialion of perce ntage fal in mar­
ra \\". Mal es los l 26 nnd femal es 23'7c of their 
respec live ann liaI maxima. Yet, in 1 he fiv e 
seasonal samples dra\\"ll during the year, 
th ere \l'as onl )' one male sample in Il'hi ch 
th e meart Il'as belo\\' 70S{" wh ereas th e 
means of four fema le samples were bel a \\' 
thi s figure. Fcm alcs were also slo\\'cr to a t­
tain lh e adultleve l ofmarroll' fat Iha n \l'ere 
males , 15 month s compared to 3-5 mo))ths 
(fig. 18) . 

Th e proportion of femilles II-ith fa t 
levels belOIl" 50'Ïc, \l'as also grealer than the 
proportion of males (Table 11). Th e ca nse 
of the differencc ma )' be lhat, given th e 
same energy demand , fcmales have smallcr 
fat depos il s lhan males nnd "-ou ld ulilize 
marrol\' fat sooner. 

.3.5. Sign ificance of annual fal CI cI e 10 

condition ' 
l have reported in deta il (Dauphiné 

1971) that mobiljza lion of depot fat in ca ri­
bou or both sexes occurrcd in th e sequ ence, 
baek fnt, kiJncy fat, abdominal fat, anel 
marrO\l' fat. The exhaustion of the back fat 
and Ih e IIrs l II SC of the marro\\' fa t, co in- ' 

Table Il 
Seaso nal pcrcentages of adult male anu fem alc 
Kaminuriak ca ribou with fa tl evels below 50% of 
th e fClllora! marrow ti ssue. Sampl c sizes in 
parenth('scs 

Jun e July 

Mnle o ('1) o IlS) 

31 (1 34) 14 (1 5) 

cided \l'ith lh e cessai ion of Ihe decline 
in body weighl and ll'ith a 507, declin c in 
th e t\\"o vi sce ral fal indi ces. Kidn ey fat 
provided the mos l sensilive fat index of 
ove rail seasonal change. Bolh kidney fat 
and abdominal fat were effec tive indices 
oyer lh e full range of conclilion ex hibiled 
by our caribou. The seq uence of fa t mobil­
izat ion applied more to th e raies and less to 
1 he start of 1 he dccl in e beca use back, k idn ey 
and abdominal fat \l'e re mobilized toge th er 
wh enever body \\'eighl bega n to declin e. 

A similar sequ ence in deposition and 
mobiliza l'ion of fa t deposils occurs in mule 
and \l'hit e-tail ed dee r (Harris 1945, 
Cheatllm 1949, Taber ctat. 1959, Ransom 
1965) , wapili (Bl ood and Lovaas 1966, 
flook 1970), red deer (Riney 1955), anl e­
lape (O'Gara 1968, Bear 1971), thar 
(ffcmilraglls jcmlahicus) (Caughley 1970) 
and a va ri e t)' of Afri ca n ungulatcs (Smith 
1970). Ransom (1965) reported that 
marro\\" fat in \l'hite-Iailed deer II'aS mobi­
lizcd onlv wh en kidn ey fa l had decl ined to 
app roxi~atel y 30% ofkidn ey weight. 

The sequ ence of deposilion and 
mobili za tion of fa t depos ils sho\l'l by 
Kaminllriakcaribou <1l so occurs in other 
populali ons of R.ta/"(/ndus, according to 
qualilative desc ription s by Jacobi (1931), 
Skoog (1968), and Kelsall (1968) . Th ere 
are fell' quantitati ve measuremenls avail­
able for exact compar ison, ho\\' ever, and 
the)' largely con ce rn Ihc back fat depos iL 
Palmer (1934 :9) obse rved back fat thick­
nessof 2 t03 in. (5.1-7.6 cm) irtmale 
Alaska n rei ndee r. S haposhnik ol' (1955) 
report ed ba ck fat deposits up to 8 cm thick 
on wild reindeer in the USSR, and Jacobi 
(1931) recorded maximum fat Ihicknesses 
of 7.5 cm on Swedish rcilldeer. Th ese thick-

NOI'. - Dcc. April 

0(17) 33 (3) 2(54) 
3(36) 2(62) 13 (79) 

n pssps a re si igh t 1 Y greater 1 ha n ou r 
meas urement s fr om Kaminuriak males, 
but th ey probabl y represe nt upper ex-
1 rem es. Howeyer, Parker (1975) record ed 
an average back fat depth of7.1 cm (range 
4, 1- 8.0) for scven 4- and 5-year old males 
of R. t. g roclI[andicus kill ed in Augus t on 
Coa ls Island. That mea n is signifi cantl y 
grea ter than th e penk mea n (4.0 cm) a l­
lain ed by Ka minuriak males in September. 
Parker at tri buted the grea ter fa ln ess of 
Coats Island ca ribou compared to th ose on 
1 he main land to the absence of harassmen t 
from in sec ts and predators, lack of migra­
li on, and possible use ofm arin e planl s 
as fo od. 

Because of its large size, th e back fat 
depos it has a larger effect on Il'hole body 
\I eight than do lhe other fat deposits. A 
large male ca ribou examined by McE"'a n 
(1968) at the end of th e sommer gro\dh 
period ca rri ed abo ut 20 kg ofba ck fat. 

Th e fa ct lhat th e mea n fa t co ntent 
(br weight) of femoral marro\\' did not fall 
belo\l' 55% in Kaminuriak adu lts during 
the annu al co ndition cycle indi cated thal 
Ih e population did not s uJTer from ext reme 
ell ergy defi ciency. Cheatum (1949) be­
lieved that the health of adult white-ta il s 
\l'as not affec ted unlil th e fat content of th e 
marrO\l-dropped belo'" 25%. Klein (1968) 
found no marro\\" in th e med ullae oflong 
bones fr om starved reindeer and took that 
as ev icl ence that ail fat \l'a s absent from the 
marro\\' a t th e time of dea th . Broughton 
(pers. comm,) found less than 10% fat in 
Ih e malTOII'S of s tarved Peary caribou , and 
Ne iland (1970) encountered levels as low 
as 5% ill Grant 's caribou shot in Alaska, 

Except for a smaU number of infant 
calves abandoned by their moth ers, nOJle 

Fi"urc 20 
Rel.11iv e sno\\' accumululion in 16 winlers beill' een 
1951 and 1963011 the range of Kaminuriak caribo u. 
Sum of end·of-monl Il snow dqllhs \\"("rl' measured 
from October to "la y at Broc hel anù Churchill , Man· 
it oba, and at Baker Lakl' and Ennadai Lak p, NWT. 
Each station's accum ul ation \\"as \\" eight ed by th e 
number of months \\"ith measurabl e sno\\' cO I·e r. 
Data wereo btain crl from ~rontllll" Heco rùs, 
Mpteorological Obsen 'oti ons in Canada , Federal 
Departm ent of Transport 
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of the ca ribou we co llec led \l'as debilitated 
and there was no eviden ce of mortality 
caused direc tl )' by malnutrition. Th e 
accumulation of sno\\' \l'as approxima tel y 
~qual during the \l'i nters \l'hen our spec­
Imens Il'cre obtainecl, and some,,-hat greater 
[han the ave ra O'e of 16 "'in ters bet\l'een ' 
1951 and 1968°(Fig. 20). Body weight and 
[he size of fat rese rves did not differ con­
sistentl)' fr om one winter to the nex t. 

. During thi s s tud y there was no ob-
VlOus relationsh ip bet ween snow depth 
(whlch may determine the availability of 
foo?) and the size offat deposit s in adult 
tlUnbou. Males 5 years and older experi­
cl1ced a significant increase in marrO\I' and 

abdo minal fat (Table 9) between Dccember 
and April, despite the relatively deep sno\\" 
present during that period (fig. 21) . The 
mean fat deposi ts of adult females (3 years 
or older) decl ined rapidl )' aft er April (figs. 
14,16-18) , although snow depth also 
lessened rapidly (fig. 21) . In yo unger 
mal es and femal es, however, the end of th e 
win ter decIine in mean kidney, abdominal 
and marro\\' fat depos its occurred about 
April (Figs . 16-18), perhaps in response to 
Iessening sno\\' dep th. 

' Vhen sno\\" accumulation is ex ­
treme, as in th e Il'in ter of 1961- 62 (fig. 20), 
phys ical condilion ma)" be det rim entally 
affec ted. F. L. Miller (1974) found that 

-

-

1963- 1964·- 1965- 1966- 1967-
64 65 66 67 63 

the 1962 cohort \l'as almosl completely 
missing from the population \l'hen this 
stud y began in 1966, He learn ed fr om eye­
\l'itness accounts that the females \l'ere in 
poor condition just before calving in 1962, 
and sugges ted that most of the co hort di ed 
shortl )' after birth. The survival of cohorts 
born in 1966, 1967, and 1968 \l'a s not un­
usuall y low_ Th erefore, l believe that the 
flu ctuations in fat reserves observed during 
the s tud )' per iod ll'ere primarily th e result 
of an inherent ph ys iological rhythm, rather 
than of any nutritional deprivation posed 
by res tricted availability of forage. In only 
one \l'inter (1961-62) ofl2 on the nearby 
range of Beverl y caribou did sno\l' depth 
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Figure 21 
Average end-or-month snow depths recorded during 
the winters ofl96566, 1966-67, and 1967-68 at 
three stations nearest the win ter range and spring 
migration routes ofKaminuriak caribou_ Figure 1 
shows the location of the stations. Snow data were 
obtaincd from Monthly Records, Meteorological 
Observations in Canada, Federal Department 
of Transport 

Figure 21 
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50 restrict the availability of forage that 
sorne starvation may havc occurred (Kelsall 
1968:237). 

Captive caribou and reindeer may 
voluntarily reduce their caloric intake by 
30 to 40% in win ter (Steen 1968, McEw~n 
and Whitehead 1970). A win ter decline in 
fat reserves need not be harmful if demands 
do not exceed the reserve. \Vinter fat 
reserves would not be adequate in the face 
of unusual stress from such conditions as 
very deep or hard snow, or continuous 
harassment from predators or human aClivi­
ties. Males would be partieularly vulnerable 
from after the rut until April, and female5 
from late gestation unlil weaning, the 
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periods of the year when their respective 
reserves are lowcst. 

4. Productivity 
4.1. Age-specific rates of ovulation 

Stained seriai sections of the ovaries 
from 94 caribou collected in November and 
early December 1966 and 1967 were exam­
ined for ovulation structures formed during 
the rut just passed. The structures enu­
merated were regressing corpora lutea of 
estrus (non-pregnant, cycles), functional 
cOl'pora lutea of pregnancy, and secondary1 
cOl'pora lutea of pregnancy. These three 
structures comprised 62,27, and 11 %, 
respectivel}', of the total ovulations. Age-

specific ovulation rates based on the oc­
currence of corpora lutea are presented in 
Table 12. The female calves examined had 
not ovulated, but al thcir second autumn 
(age lYz years) over half (57%) of the cows 
ovulated. That proportion increased to 
80% at the third rut (2'y:; years). Almost al! 
(96%) cows had oVlllated when3 years old 
or older. 

Age-specific ovulation rates have 
not been determined for other populations 
of R. taraI/dus, making an exact assessment 
of the Kaminuriak data impossiblc. Accord· 
ing to McEwan (1963), Beverly caribou 
first oVlllated at 1, 2, or 3 years of age, and 
Michurin (1967) stated that most wild 
reindeer on the Taimyr Peninsula first ovu· 
lated as yearlings; these authors, however, 
did not report the proportion ovulating 
in each age group. ln a Norwegian herd of 
wild reindeer, ovulation was common 
among calves since almost 50% conceived 
at 4 months of age (Reimers 1972). 

For the Kaminuriak sample, the 
average an nuaI number of ovulations per 
ovulating female for aU ages combined was 
2.9. Ovulating yearlings produced an av­
erage of 1.5 ova each, abOli t half the pro· 
duction of oIder females. Age-related de­
clines were not apparent in either the pro· 
duction of ova or the proportion of ovu­
lating females; howevcr, the samples in the 
10· and ll-year age groups were smal!. Of 
the 73 ovulating cows examined, 11 % had 
ovulated fi ve or more times in the current 
year, including one female with a maximum 
of seven ovulations. 

4.2. Timing of ovulation 
Forty·eight pregnant cows collected 

between November 21 and December 12 in 

lDofined here as a persistent corpus luteurn from a 
previous estrous cydo or [rom an additional ovu­
lation during the current cycle (Corner 1942, 
Gibson 1957, McEwan 1963), or J'rom a luteinizcd, 
non-ovulatcd follicle (Rohineltc et al. 1955, Gibson 
1957, McEwan 1963). A minor portion of second­
ary eorpora lutca may not have boan associated 
with ovularion (accessory), as 1 could not dis· 
tinguish positively between ovulatcd and non­
ovulated sccondary corpora lutea. 

* 

Age-specifie ovulation ra~os based on eounts of 
carpora lutea in 94 Kammunak carIbou collectod 
in November and December of 1966 and 1967 

Ageat 
rut 

1966 and 1967 had conceived between 
October 19 and 29, according to the age of 
their embryos (Dauphiné and McClure 
1974). A count offunctional and regressing 
corpora lutea in their ovaries indicated that 
during the breeding season these females 
had produced an average of three ova each 
and that eight had produced four to seven 
ova. These ovulations probably occurred 
within a 36-day span, because none of the 
39 females collected between September 
16 and 24 in those years had ovulated 
(Dauphiné and McClure 1974). The dif· 
ferent size and histological age of regressing 
corpora lutea of estrus in the ovaries col· 
lected after the rut indicated that eorpora 
were formed in different estrous periods. 
Though the actual timing oEthe ovulations 
could not be determined, the y must have 
occurred as single ovulations in a series of 
estrOlls periods, as multiple ovulations 
during one or more estrous periods, or as 
ovulations shortly after conception. My 
data and the observations of other workers 

suggest that both of the I1rst two possibil­
ities occurred. 

4.2.1. Repeated es trous periods 
SchmÎtt (1936), Bergerud (1961), and 

McEwan and Whitehead (1972) have re· 
ported that the estrous cycle (interval be­
tween estrous periods) is from 10 to 12 
days in R. tarandus. Rence, in the time 
betweenlate September and the date of 
conception in late October, two or three full 
estrous cycles could haye occurred. Ac­
eording to observations, reindeer are 
capable of four or more estrous cycles a 
year (Gorbunov 1939, Baskin 1970). Es­
trous periods which occurred before the 
final fertile estrus in !ate October ma}' have 
been "silent heats" in which ovulation oc­
curred but the female did not exhibit es­
trous behaviour. Thomas (1970) reported 
that black-tailed deer have a preliminary 
silent estrus before the fertile estrus. 
Bergerud (1961) believed that changes he 
observed in the external genitalia of captive 

Ncwfoundland caribou were the result of 
ovulation without overt eslrous behaviour. 
Most Kaminuriak caribou mated synchro­
nousl}' (Dauphiné and McClure 1974), and 
one or more preliminary, silent estrous 
periods ma}' crea te a threshold condition 
in the female's endocrine system which is 
essential to synchronous mating. In the 
wildebeest (Comochaetes taurinus) , another 
species which mates synchronously, first 
estrus is not overt, and the presence of a 
degenerating corpus luteum of estrus up· 
pears necessary for subsequent estrus and 
conception (Watson 1969). 

4.2.2. Multiple ovulation at estrus 
The eight Kaminuriak cows which 

ovulated four to seven timcs before con­
ceiving must have shed more th an one 
ovum du ring a giVCll eslrous period, since 
the}' could not have cycled more than three 
times before the)' conceived. McEwan 
(1963) found Iwo newly ruptured follides 
in each of a series of ovarian pairs he 
collected during the rut from Beverly cows 
and concluded that t wo ova were shed at 
about 40% of al! estrous pcriods. Twin­
ning, which has occurred in well-nourished 
captive caribou (McEwan 1971), probably 
results wh en two ova are shcd and fertilized 
at the same estrus. 

4.2.3. Post-conception ovulation 
Though reported for elk (Ralazon 

and Buechner 1956), ovulation during 
gestation has not been reported for R. taran­
dus. 1 did not find any large or recently 
ruptured follicles or new corpora lutea in 
ovaries of Kaminuriak cows collected 
during the 2nd, 6th, and 7th months of 
gestation. Possibly sorne regressing corpora 
lutea of estrus or secondary corpora lulea 
in the ovaries of pregnant fcmales collected 
in November and December had formed 
shortly aCter conception, i.e. at 10--12 days, 
the length of one cycle. When cows were 
collected 4 to 6 weeks after conception, 
corpora from post-conception ovulation 
would have been indistinguishable from 
corpora formed before conception. 
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Percent age occurrence by agc (at brceding season), 
month, and year of pregnant and posl-partum fc­
males in nine samples collected from the Kaminuriak 
population between April 1966 and luly 1968. Sample 
sizes in 

Gestation 

and periods 
combined 

Age 

4.3. Annual pregnancy rates 
Pregnancy rates derived from nine 

samples of Kaminuriak cows obtained 
during and shortll' after the gestation peri­
ods in 1966, 1967, and 1968 are presented 
by four age groups in Tablc 13. Prcgnancy 
was identified by the presence of a corpus 
luteum and an embryo or fct us in 186 cqws, 
by a functional corpus Iulcum in 12 cows 
(I\ovembcr-December samples only), and 
by a partially involutcd uterus and re­
gressed corpus luteum in 87 cows. 

Ail combinations of pregnancy rates 
from seasonal sampI es drawn in the same 
year, and from samples drawn at the same 
season in different ycars, were subjected to 
x'analyscs 1 to determine the probability 
that deviations among pregnancy rates rc· 
flected real differenccs in thc proportion of 
breeding cows. Inspection prior to testing 
revealed large differences in rates between 
age classes. Tests were thcrefore conducted 

IThe Yates correction for smalt expected frequen­
cies in 2 x 2 contingency tables was applied when 
expectcd frequencies were bclow live (Maxwell 
1961:21). 

separately for cows 2Yz to 3 years old and 
3Yz l'cars and older. Samples of l'ounger 
cows were too small for testing because of 
the low pregnancy rates encountered. The 
only evidence of a decline in pregnancy rate 
within any gestation period was a signifi­
cant difference between pregnancy rates in 
November 1966 (100%) and June 1967 
(83%) for cows 3Yz years and oIder. The 
November rate was much higher than thc 
other samples (Table 13), and the test mal' 
be misleading. 1 therefore assumed that 
pregnancl' rates derived from females sam­
pied early in gestation closely approximated 
the aetual birth rate, and 1 combined sam­
pIes taken at different times in eaeh gesta­
tion period to estimate the pregnane)' rate 
for the year (Table 13). Pregnancy rates in 
the 3 years were not signifieantly different. 

4.4. Age-specifie pregnancy rates 
Ali females in each age class from the 

years 1966-68 and from different seasons 
of the year exeept September were com­
bined to compute age.speeifIe conception 
rates (Table 14). 

Ave. 

Conception occurred in none of the 
calves, in less than 2% of yearlings, in 48% 
of2-year-olds, and in 90% of cows 3 years 
or older. 2 

The differenees between yearlings 
and 2-year·olds and between 2- and 3-year­
olds were each highly significant (P<O.Ol), 
but differences between cows of 3 and 4,5 
and 6, and 7 and 8 years of age were not 
signiftcant. Furthermore, 9 (82%) of 11 
females between 11 and 15 ycars of age con­
ceived, indicating no decline in conception 
rate with increasing age within the limita­
tions of the sample. 

4.5. Age at first conception 
Estimates of the approximate propor­

tions of females that conceived for the 
first time as yearlings or 2-year-olds were 
obtained from the difference in pregnanc)' 
rates between age classes in Table 14; of 
100 femaIes, 2 first conceived as yearlings 
and 46 as 2-year·olds. 

2Pregnancy rates given by Parker (1972:71) for the 
Kaminuriak population were misquoted. 

r 

collections. 
t P<O.Ol. 

The number of past pregnancies, 
assumed equal 10 thc number of scars of 
rcgressing corpora lu tea of pregnancy in the 
ovary, was also used to idcntify the age of 
first conception for femalcs 2 and3 l'cars 
old. Regressing corpora 11Itea from preg­
nancies terminating 5 and 17 months before 
could be identilied and were tlsed to reveal 
the age of first conccption. Of fifteen 3-year­
old cows, 20% had first cOllceived as 
yearlings, 47% as 2-year-olds, and the rest 
(33%) as 3-year-old~_ Twenty pel' cent of 20 
females 2 l'cars old expcrienced their first 
conception as yearlings, and 50% as 2-year­
ol~s; the remaining 30% had not yet con­
celved. Al! 21 fcmalcs that were 3 or 4 
l'cars old had conceivcd at leasl once. To 
slnnmarize, regressing corpora lutea of 
pregnancy indicated that approximately 
20% of a cohort first conccived as yearlings, 

No. prcgllnnt 
or or 

% Pregnant 

50% as 2-year·olds, and the rcmaining 30% 
as 3-year-olds_ These rates, except for 
yearlings, arc similar to those derived above 
from pregnaney rates in Table 14. The dif­
ferenees between the estima tes of preg­
nancy rates for yearlings from fetal cotlnt 
(2%) and from regressing eorpora lutea 
(20%) is signifieant. The former is more 
l'diable as it is dcrived from the positive 
identification of pregnant females in a lm'ger 
samp)c. The apparent exeess in the number 
of regressing eorpora lutea in 2·year-olds 
mal' be thc rcsult of pregnaneies terminated 
early bl' resorption of embryos or of mis­
identification of eorpora Iutea ofpregnancy. 

4.6. Continuity of conception during a 
fcmale's lifctime. 
The number of pregnancies experi­

enced by a fcmale during her lifetime was 
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estimated by counting scars of regressing 
corpora lutea of prcgnancy. Cows pregnant 
during the previous season \l'ere identified 
by characteristic 5·month regressed cor­
pora hllea ofprcgnancy, which were 
than older scars. 

Pregnancy scars were llsed to make a 
comparison (Table 15) of the CUITent preg­
nancy rate of females which had beell 
pregnant the previous seaSOll with the rate 
of those which had not. AlI females 3 
or older which had not been pregnant 
the previous year conceived in the year in 
which they \l'ere collected, whereas among 
females that had been pregnant the year 
before sorne of each age class failed to breed. 
Two- and 3-year-old females conceived 
at a lower rate in the rut following a preg­
nancy than did older females. 

The linear regression of the number 
of regressing corpora luLea of pregnancy on 
age for 82 cows collected during November 
and December in 1966 and 1967 \l'as highly 
significant (P<O.Ol, r 0.932) (Fig. 22). 
The regression Ene (expressed by y 
0.839x - 1.452) indicated that after her 
first pregnancy the average cow became 
pregnant in approximately 4 of every 5 suc­
cessive years. 

The maximum potcntial number of 
pregnancies possible for à female first con­
ceiving as a yearling is one less than the 
number of years Lhat she has lived (Fig. 22). 
Fourteen (19%) of75 cows between 2 and 
11 years of age achieved Lhat rate. The 
average number of pregnancies for each 
age group was between one and t\l'O below 
the maximum possible, since most females 
do not calve until3 or more years of age 
and do not bec orne pregnant every year. 
Only one CO\l', an 8-year-old, was far beIow 
the range expected for her age group, hav­
ing produced only one calf. She \l'as in her 
second pregnancy ",hen collected and her 
reproductive tract, body weight and fat 
reserves were normal. She provided the 
only evidence that chronically infertile 
Cbarren") females occurred in the Kami­
nuriak population. We found no complete­
ly barren females over 3 years of age. 
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Figure 22 
Regression of thc number of pregnancies (scars of 
regressing corpora lutea) on age for 82 fcmale 
caribou, eompared to thc potential pregnancy rate 
when the first calf is produccd at 2 years of age 
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4.7. Causes of reproductive failure 

/ 

4 
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/ 

Non-breeding females were encoun­
tered in aIl samples, thc proportion being 
relatively larger in those younger than 
4years (Table 14). 

/ 

Non-ovulation was an important 
cause of infertility in young caribou, where­
as non-conception after ovulation (or 
resorption of the ovum, blastocyst, or em­
bryo soon after conception) was the usual 
cause in older cows (Fig. 23). Of the older 
non-pregnant cows examined in November 
and December, about 40% of the yearlings, 
40% of the 2-year-olds, and 30% of the 
adults (3 years and older) hadnot ovulated; 
the remaining females had ovulated but 
either failed to conceive or resorbed their 
conceptuses within a few weeks. 

/ 
/ 

4 8 10 

/ 
/ 

/ 
/ 

/ 
/ 

/. 
/ 

/ 
/ 

/ 
/ 

5 

/ 
/ 

/ 
/ 

/ 

2 

Sam pie size 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

Embryonic and fetal mortality, a 
possible cause ofreproductive failure, was 
rare in the caribou examined. Four (7.5%) 
of 52 embrvos collected in N ovember were 
apparentl/not viable (although their de­
terioration may have been caused by incom­
piete fixation). Ail 126 fetuses collected in 
April and June 1966-68 were viable. Only 
one female, 14 years old, appeared to have 
aborted; when collected in April 1966, her 
uterus was non-gravid, but one ovary con­
tained a corpus luteum of pregnancy in 
earl y regression. The surfaces of both her 
ovaries wen~ covered with tiny (1-2 mm) 
wart-like projections. Although her serum 
was not tested, she may have had brucel­
losis, a bacterial disease of the reproductive 
organs in ruminants (Manthei et al. 1956); 

L 

its pathological effects may cause abortion. 
Broughton and Choquetle (1969) found 
evidence ofbrucellosis infection in 4% of 
200 Kaminuriak females collected during 
this study. 

Because at the most only 2% of the 
feluses and embryos examined \l'ere not 
viable, 1 conclude that prenatal mortality 
was not a significant cause of reproductive 
failure in Kaminuriak caribou. Instead, 
my results indicate that the major cause of 
reproductive failure in females above 1 l'ear 
of age was failurc of ovulating females 
to conceive, i.e. failure to copulaLe or cop­
ulation without fertilization, or conception 
with early deaLh of the zygote. The question 
could be resolved only by examining ovaries 
from females collecled al intcrvals during 
the rut, for which the occurrence of estrus 
and copulation were knowll. There is no 
comparable information on reproductive 
failure available for other R. tarandus 
populations. 

4.8. Comparative fertility ofKaminuriak 
caribou 
The age-specific pregnancy rates 

calculated for the Kaminuriak population 
(Table 14) are compared in Table 16 to 
rates of corresponding age classes in sam­
pies from the Beverly population (northern 
Canadian main land) and the Nelchina pop­
ulation (central Alaska). Those were the 
only three caribou populations for which 
age-specifie pregnancy rates were available. 
The comparison showed no sÎanificant 
dilTerences with thc exceptio; lhat for cows 
3 years and older, the pregnancy rate of the 
K,aminuriak samplc was higher (P< 0.03, 
x- = 6.5) than the Bevcrly's. However, 
the Beverly populalion's adult rate appears 
abnormally low comparcd to data from 
otherrR. tarandus populations. 

fhe pregnancy rate \l'as 94% in New­
foundland caribou cows 2 ycars or older at 
1 he breeding seaSOll (Bergerud 1969), in 
contrastto 1 he 81 % preanancv rate for that 
alr ' v.; 
oe group III the Kaminuriak population. 

Betwecn 80 and 95% of the females 2 years 
or older in a population of wild rcinde·er in 

Figure 23 
Comparative rates of ovulation and conception in a 
sample of 94 female caribou collected from the 
Kaminuriak population in November and December 
of 1966 and 1967 
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Percentage comparison of the age-specific 
pregnancy rates of the Kaminuriak, Beverly, and 
N elchina caribou populations. Sam pIe sizes in 
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>3 
* Data from McEwan 

(1963). 
t Data from Skoog 
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o (48) 
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78(69) 

10 5 3 Sample 
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113 125+ 
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13 (31) 

61 (46) 
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li 
Comparison of mean body size and fatness 
measurements taken 4-6 weeks after the rut from 

Age 

at 
3 vears 6 

Pregna~t only 
at 3 years 6 
Pregnant only 
at 2 3 

t P<O.Ol. 

the USSR beeome pregnant each year 
(Michurin 1967), far aboye the 70% rate 
indicated for that age group in the Kami­
nuriak population. Pregnancy rates of70 
to 90% were reported for Alaskan reindeer 
by Hadwen and Palmer (1922) and 80 to 
90% for domestic reindeer in the USSR by 
Fleroy (1952). Comparisons of the inci­
dence of pregnancy in the Kaminuriak 
population with other populations for 
which the proportion of young females was 
not specified are nol fully meaningful. 
Since young females usually have lower 
pregnancy rates than females over 3 years 
of age, population differences in pregnancy 
rates could be caused by differences in age 
composition. 

There were no twin embryos or twin 
fetuses in 186 gravid uteri eollected from 
the Kaminuriak population. Michurin 
(1967) found no twins in 300 gravid uteri 
from wild reindeer of the Taimyr Peninsula, 
and Skoog (1968) and Bergerud (1969) 
found no evidence of twinning in Alaskan 
and Newfoundland earibou respectively. 
Twinl1ing has becH reported for a eaptive 
barren.ground earibou (McEwan 1971) and 
free-ranging reindecr (Nowosad 1973), but 
not for wild caribou. 
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97 168 36.4 86.0 

95 160 36.6 86.0 

99 164 36.9 79.3 

5. Relationship betwecn breeding 
performance and fat rcserves 
in female caribou 

5.1. Female body size and fatness and 
the attainment of puberty 
Approximately half of the 1Y2-year­

old cows examined had ovulated (fable 12) 
and about half of the 2Y2-year-old cows had 
conceived (Table 14). Although no signi· 
ficant differences existed betwcen the 
November-December means of the ovulat· 
ing and non.ovulating yearlings in the four 
measuremcnts ofbody size and four 
measurements of fatness (Table 17), sample 
sizes were too small for the result to be 
conclusive. Pregnant 2-year.old cows 
nevertheless showed a small but consistent 
superiority over the non-pregnant group 
in aIl variables except kidney fat and 
metatarsus length (Table 17). Differences 
were significant in body weight and back 
fat depth. On the basis of information from 
other species such as white·tailed deer 
(Verme 1967, 1969), domestic sheep 
(Clark 1934) and caule (Joubert 1954), 
larger and fatter females in both age groups 
should be expected both to ovulate and to 
conceive at an earlier age lhan smaller, 
leaner females. . 

2 74 

23 97 613 73 

19 t 82'l t 475 * 70 

5 46f 254 69 

The reciprocity between brecding 
activity (conception, pregnancy, ànd lacta· 
tion) and physical condition was also ex­
amined by comparing three categories of 
3Y2.year.old cows: those conceiving at both 
2 and 3 years; those conceiving only at 3 
years, aùd those conceiving only at 2 years. 
Cows in the first two categories were similar 
and had higher mean body weights and fat 
deposits (except marrow fat content) than 
cows in the third category (l'able 17). 
Females that became pregnant al both 2 and 
3 years had the highest fat reserves. Cows 
that did not breed at 2 years, and that pre· 
sumably possessed low fat reserves then, 
had about the same average levels of fat 
reserves when they reached puberty at 3 
years as eows that bred in both years. l 

Lastly, the females which conceived at 2 but 

lIn April, pregnant 2.year.old females showed a 
greater superiority in body weight and fatness 
over non-pregnant females than in the previous 
November and December. There \Vere signiftcant 
differellccs in body weight, back fat depth, kidney 
fat weight and abdominal fat weight. However, in 
June at 3 years, the non.breeding fcmales had 
means of the above variables which were equal to 
or slightly larger than those of the breeding 
females, though the difference was significant only 
in the case ofback fat depth. 

p:az 

not at 3 years had lower mean body weight 
and fat reserves (except marro,," fat con­
tent). To summarize, in November and 
December the breeding females il! each 
cohort had consistentl)' higher fat reserves 
than non·breeders and, conversel)', those 
females that attained higher fat rcserves in 
autumn expcrienced higher breeding suc­
cess. In yearling females ovulation oê· 
curred regardless of, and with no efTect on, 
condition whereas at 2 and 3 years of age 
pregnancy (with lactalion) was influenced 
br physical size and falness and in turn re­
duced the fatness of sorne individuals. 

Many authors have stated lhat fe· 
males in welI'llourished R. tarandu.5 popula­
tions ovula te and conceive at an earlier 
age than their counterparts in poorly nour· 
ished populations (Hadwen 1942, Klein 
1959, ~ikolaevskii 1968, Skoog 1968, 
Reimers 1972). AIso, sorne caribou calves 
placed on highly nutritious diets in capliv. 
ity have experienced cstrus at 5 months of 
age (McEwan and Simard, pers. comm.), 
a feat not recorded for wild caribou. 
Kaminuriak females \l'ere typical in thal 
differences in body size and falness were 
associated with the age of urst conception 
(Table 17). Seycral workers have rcmarkcd 
that pregnallcy at a "premature" age mal' 
be undesirable in R. tarandus populations 
because the increased nlltritional stress 
may impair further growth (Michurin 1967, 
Skoog 1968). Reimers (1972) found no 
difference in body weights and diustema 
lengths of fcmales in two reindeer herds 
from a common origin, one better nourished 
than the other, whereas the malcs were 
different. Reimers postulated that because 
females in the well·nourished herd experi· 
enced puberty at an earlier agc (47% at 4 
months), they did not reach the fullgrowth 
potential of males. Somewhat the same 
condition exists in the Kaminuriak popula­
tion. Three of the nine 3.year.olds that had 
coneeived at 2 years of age were smaller in 
body weight and fat reserves than any of 
the females that did not conceive until they 
were 3 years oid. The majority of the fe· 
males that conceived at 2 years, however, 

\l'ere animaIs that had remained superior in 
weight and fatness despite their pregnanc)' 
at an earl l'age (Table 17). Body growth 
was largely complcted by the end of the 
lhird summer of life in most Kamin uriak 
cows (Figs. 6-10), l'et onl y half of the cows 
bred that Hulumn (Table 14). The remain· 
illg cows did not breed unlil a year later at 
3 Y:! years of age (excepl for a few which 
bred as yearlings). The lag hetween body 
growth and sexual maturity in most co,,-s 
may be of adaptive signifieancc in tbat 
gro\\'th is given priority [0 ensure maximum 
development of the individllUI, \\"hich is theu 
bel ter equippcd to bcur and support calves. 

5.2 Body size and fatness in breeding 
and non·breeding females 
Body size and fatness of breeding and 

non.breeding females were compared at 
various intcrvals during the anllual repro­
ductive cycle to detcrmine first, whether 
energy reservcs of fcmales prior [0 1 he 
breeding seasoll influenced their breeding 
successand second, whether pregnant cows 

. suffered a greater drain on their fat reserves 
than nOll·breeders, and if so whelher the 
drain affected subsequent reproductivc 
performance. 

Before analysiug l differenccs in the 
condition of breeding and non.breeding 
females, specimens were grouped iuto 
homogeneous breeding and age combina· 
tions. Females aged Il years or older were 
excluded from analysis because they were 
significantly smaller and leaner than 3- to 
lO-year.old females and because of inade­
quate sample size. Two.year-old cows were 
separated from 3- to lO·year·olds because 
the two groups differed significantly in 
pregnancy rates (Table 14). 

lStudent's t tcst was used for comparisons of kid· 
ney, abdominal, marrow rat, and body wcight meu­
surements. Body weight \Vas adjusted by subtract. 
ing the weight of the uterus and its contents, At 
the 10IY portion of the annual fat cycle, x 2 was 
used to test for differenccs betwcen proportions 
of females with <0.1 mm back fat depth in cach 
group. This was a more discriminate procedure 
than using the fat depth itselfbecause many fc· 
males had no fat in the dcposit. 
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Table 113 
Compari so n o f mean seasonal fat an d boJy " -e igbt 
measurements from breeding a nd non-brccding 
femalc ca ribou af!rd be tw eerr 3 and 10 )'ears 

Age Seaso n 
com binat ion o f Reprodue ti vr 
()Ts) r o ll ,.elion status 

3- 9 i\oycmber Hrceding 
an d D pecm I)pr l\o n-breeninp: 

3-9 April Brecd ing 
:'-ion ·breedi ng 

4-10 Jun e Brccdin!! 
l\on-brl'cJing 

4-1 0 Jul)' Ilrecdinp: 
Non-br l'l'ding 

4--JO Sept ember Post-partum 
\ o ll-brppclin i! 

4-9 I\'oyember Prrgn<lllt tb is yr , 
a nd Oeeembcr an d las t 

Prrgna llt this yr, 
not las t 

• Geometrie m ea ns. 
t P <0.05. 

The mea ns of body "'eigh t 1 and foUI' 
fat deposits of breeding a nd non-breeding 
fem ales were compared (Table 18) at si x 
s tages in the annu al repr od u c tiv e cyc le ; 1 
to U::i months gesta ti on (November - Decem­
be r), 6 to 6!i months ges tation (April) , 7 to 
7 Y2 mon th s ges tation or less thall ' :! mon th 
post -partum (.lune), 1 to l !:i molt ths post­
partum (July), 3 months post-partum (Se p­
tember), and 5 months pos t-partum (~o­
vember-D ecem be r). The mea ns are plot ted 
aga ins t mon t hs in Figure 2LI. 

In ead)' gestatiolt (Novemuer and 
D ecember), mean body weight and fat 
meas uremen ts o f pregnao t CO\,S were signi­
ficantl y higher than correspooding m eaus 
of non-pregnan t co ,,·s (Table 18). Superior­
ity "'as as f olloll's: bod y we igb t, IWIr ; baek 
fat depth , 433%; kidn ey fat \\'e ighl, 73%; 
abdominal fat weight, 126'70 ; matTO\\- fat , 
13% (Fig. 24). Similar difTerenees probabl y 
also ex isted duri ng the ru t 4 to 6 " 'eeks ear­
lier, as there were no sigoifieaot changes be­
t weeo Scptember a nd November-Deeember 
m eans of bod y and fat measurements for 
femalcs 2 year s and older (Ta bles 4 and 8) . 

ll\!inus tbe wcighl of ute rus and ilS con tents (p . 15). 
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l50d v wt. Baek ' . 
( 

(rninu s fat with 
uterus) dep lh back 

Il (klÜ Il (mm) Il fat 

:lB 89.8, 39 16 39 90, 
Î 76A T 7 3 T 7 57 T 

M 74.4 64 7 , 64 69, 
6 697 6 OT 6 OT 

JOO 7bA 92 1. 92 24 
10 81.2 9 4 T 

lJ 44 
9 76 .1 9 4 9 44 
1 71.2 1 10 1 100 

22 90 .6, 22 15 22 86 
~ 97,3 T '1 21 3 100 J 

32 90.0 31 14 31 813 

4 9.~ . 9 4 19 '1· 100 

Between November - December and 
April, fat rese rves and body " eight 
dropp ed co nsid e rably, "ith th e pregna nt 
co"'s s howing th e greater loss. In April 
pregnant fema.les s till had grente r fat re­
serves than non-pregnant fem ales (Tabl e 
18) . By .luoe, non-breede rs had a lt'eadl 
s tart ed to ac cu mulate fat .lOd exceeded 
breed e rs in aIl mean fat meas u rem co ts ex­
cept abdomioal fa 1. The breediog eo"'s did 
not begio to accumula te fal until aft er mid­
.luly (Fig. 24). Figure 24 indicates that 
pregnant cows mobilized their fat reserves 
mos t rapidly be t \,een April and .l une , th e 
las t thircl of geslation. McE"-an and White­
head (1972) report ed that during Ihi s s tage 
of geslation captive ca ribo u and reindeer 
voluntariJy increased th e ir e ne rgy inlake 
by about 14%, apparently to m ee t th e in­
creased energy demands of Ihe ir rapidly­
gro"'ing fetu ses. Kaminuriak co\\'s appar­
ently used thei r reserve fa t to obta in the 
necessa ry energy because during lat e gesta­
tion th eir access to food l,-as limited by 
deep snol\ (f-ïg. 21) and by th e lime r e­
quired to mi grate about 640 km (LIOO miles) 
to the calvinggrounds (Parker 1972) . 

Figul'e 2 ~ 
Compara tiv e s ize of fa t J epos it s anJ bod y wl'ip:ht 
o f brccding and 1I 0n-brreJillg f"m ale caribou rn eas ­
ured a t int<'r \'a ls du rin g th e rcprodu c ti" r C\C"'. 
I\'um bers arc sa rnple sizrs 

Kinn".,· "arrow 

fat • ,\\'J om- fat 
w l. inal fat ' co nt e nt 

n (f!) Il wL (g) n ('fo ) 

:35 78 ,16 , ~ ~ R , :)7 77, 
7 <I -~ 7 20:l T 7 68 T 

56 5-f 'fi. 2i f9, 61 70. 
49 T <1 37 3 92 T 6 

9lJ 32 97 12,~ , 96 55 
10 60 T 10 22 T 10 64 

lJ 39 8 92 9 52 
1 '19 1 713 

19 68 21 3B2 21 68 
3 93 3 615 3 74 

30 7if 30 476 31 7S 

4 85 4 468 4 81 

The oppos ilc lre nds inlhe use offat 
reserves 1>)' breecl ing and non-breedi ng 
co,,-s (Fi g. 24) ind ica te that in June and 
July th e e ll crgy demand erea led b, preg­
nan c)' andlac lalion "'as so great Ihal eo"'s 
co uld not re plcnis h fat l'esen-es elC Il 
thou gh clielar.\' energy in l'xcess o f main­
tenance rcquirem cnts becarne availaule. A 
high cl r mand for f'ne rgy C0 1l1 iuues and ma)' 
eveJl increase d uri ng laetal ion; accord ing 
to Moen (1973:362), th e energy expendi­
ture of female ",hi te -tail s in creases after 
part ur ition and, durin g peak lactat ion, it 
may exceecl by 20 ta 40% Ih e am ount o f 
energy req uired duringgeslalion. 

Onl)' smalJ sa mpl es of CO \,S \\hi ch 
had not bred the vear before "'ere obtained 
in Sep 1 em ber and i\ o" em ber- D ecem ber 
(Table 18) , making statistical comparisons 
,,-ith CO \\'5 \,-hi ch had hee ll prf'gnant ineon­
clusil p, J-1o\\ e\'er, the bodJ' \\Tight <.Ind fat 
mean s or the form er group "'e re consislenl­
Jy la rger (Table 18, Fig. 2LI), exeept for 
a bdominal fat in Novembcr -Deeember, and 
s ign iFlcanlh so for body weight in Septem­
ber and marro\\' fat in No ve mbe r- Decem­
ber. The data s tr ongl y s ugges t a lendency to 

t 

Figure 24 
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greater fatness among cows Lhat \l'ere not 
pregnant Lhe previous year. 

Il may be Lhat a cow's pre-rutting 
condition tends to declinc from )'ear to 
year with successive pregnancies and lacta­
tions un til she fails to breed_ The year's 
respite pet'mils her to recover her condition 
and begin breeding again the following 
autllmn. There would be obvious survival 
value to the cow and to her next calf. Fail­
ure to breed could be caused bl' low energy 
reserves before the rut. Poor physÎcal con­
dition is associated wilh the reductÎon or 
prevention of estrus and estrolls behaviour 
in mule deer (Robinctle et al. 1955, .1 ulan­
der et al. 1961), white-tailed deer (Verme 

,1967), domestic sheep (Clark 1934), and 
cattle (Wiltbank et al. 1962). 

Loss of calves SOOIl after birth ma)' 
permit more complete recovery of condi­
Lion in sorne cows. Parker (1972) reported 
that at !cast half of the calves born ill 1967 
and 1968 died before they were one mOllth 
old. Deuth of the calf bef~re the normal 
weaning age of 3 or 4 weeks (McEwan, pers. 
comm.) would relieve the dam of part 
of the stress of lactation. The relatively 
rapid summer fat deposition in non-breed­
ing cows suggests that Lhe sooner a calf dies 
after birth the more complete will bc ils 
dam's recuperation by Lhe following rut and 
the betLer hcr chances of another pregancy. 
lt IS possible that the annual pregnancy rate 
of90% exhibited by adult cows \l'as partly 
maintained by the high infant morLality 
rate in lhose vears. Had more cows success­
fully weaned"lheir calves, perhaps the 
pregnallcy rate wou Id have been lower. 
Similar compensatory relationships have 
been idenlified in bison by Fuller (1966) 
and in whiLe-tailed deer by Verme (1967, 
1969). The question lhaL remains is wheth­
el' the dam's pOOl' physical condition COll­
tributes to the early death ofher calf; iL is 
of key importance io explaining the rela­
tionship bet ween nutrition and the regula­
tion of lIumbcrs in barrcll-ground caribou 
populations. 
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Conclusions 
and overview 

Information presented in this report 
and in the companion reports by Parker 
(1972), F.L. Miller (1974), and Miller 
(1976) provides Lhe basis for ail overview 
of the biology of the Kaminuriak population 
and for an eval uation of the feasibili L y 
of ils management. 

During each of Lhe two winters of 
OtlJ' study, snow depth was above average 
but within the range of what the population 
had experienced during the previous two 
decades. Body growth and Lhe deposition of 
rescrve fat were resLricted to the per'iods 
June to October for males and non-breeding 
females and July to October for nursing 
females. During winter, growth and energy 
demands were reduced as parl of an inher­
ent metabolic cycle. However, the extensive 
mobilization o(fal reserves during repro­
ductive activil)', althOugh it did not result 
in outright starvution, came aL potentially 
eritical times, l:.e. for males preceding the 
period of greaLesL snow depLhs and for 
females preceding the period of highest 
energy demands of fetus and calf. Because 
females did noL atLain pregnancy rates typi­
eal for the species until3 years of age, the 
producLivity of t he population as a whole 
was low. The evidence suggests a reeiprocal 
relationship beLween physical condition 
and reproductive performance in females. 
Pregnancy and lactation, if repeated in a 
series of years, mav reduce the condition 
of the cO~\'. If she i~ unable to atlain a 
certain level of eondition by autumn she 
may not breed. During the 'ensuing idle )'ear 
sh~ reeuperaLes to begin breeding again. 
The Kaminuriak population's high birth and 
neonatal mortaliLl' rates suggest that man}' 
cows may repeatedly produce calves that· 
die before being weaned, partially recuper­
ate, and breed again withoul allaining a 
high enOUgh levcl of condition necessary 
lo produce cal ves that can survi ve. 

From 1966 to 1968 the size of the 
population remained stable, an annual 
inerement of about 10% balancing approx­
imalely equal adult losses to hUIlling and 
predation (Parker 1972). Calf mortalit)' was 
the impediment to population 

growLh; onl)' abouL one-fifth of the calves 
born lived to the age of 1 year. The direct 
eauses of calf mortality observed in the 
Kam in uriak and othe; barren-ground cari­
bou populaLions ineluded predation, aban­
donment, hypoLhermia, disease, injuries, 
accidenLs, birth defeets, and starvaLion (De 
Vos 1960, Hart et al. 1961, PruiLt 1961, 
Lent 1966, Kelsa1l1968, Miller and 
BroughLon 1974). Parker (1972) found that 
mosL calves died within 4 to 5 weeks of 
birth, during the period when they are 
dependellt on milk (MeEwan, pers. comm.) 
and when, as mv results show, Lheir dams 
have lowest en~rgy reserves. Druri (1960) 
reported that when icc crusts or deep SIlOW 
caused unfavourable grazillg condilions for 
pregnanL reindeer, their calves weighed less 
at birth and the percenlage of calves that 
died at birth increased. According Lo Ber­
gerud (1974 :763), "Newborn calves in 
Newfoundland ranged in weight from 10 to 
221b; however, newborn hand-reared 
calves of less' than 14 lb seemed weak, and 
invariably died in caplivity." Though the 
relationship beLween maternaI condition 
and calfviability has not been investigated 
for barren.ground caribou, it seems rea­
sonable to assume thaL survival ofKamin­
uriak ealves must depend Lo sorne degree 
on the Icvel of nutrition available Lo their 
dams during lale gestation, as suggesLed by 
McEwan and Whitehead (1972), and during 
lactation. Il has been shown in deer and 
domestic sheep that maternaI energy defi­
ciency during laLe gestation and lactation 
lowers binh weight and milk production, 
and leads to an illereasc in neonatal mor­
taht y (Thomson and Thomson 1953, Kilts 
et al: 1956, Alexander 1962, Verme 1963). 
My results indicate thaL during late gesta­
tion Kaminuriak cows received inadequate 
energy from their diet and had to mobilize 
their fat reserves. The question thaL re­
mains is whether those fat reserves pro­
vided enough energy to meet the demands 
of their growing fetuses and nursing calv~s, 
since according to experimen ts wi lh captIVe 
cervids (McEwan and Whitehead 1972, 
Moen 1973) such demands are very high. 

The proportion of cows that could provide 
sufficient energy for survival of their calves 

1 would change from year to year according 
Lo the influence of several variables, in­
cluding deplh and hardness of SIlOW on both 
the winter range and the migraLion route 
to Lhe cal ving ground, wind-chilllevéls Lo 
which neonates are subjected, and the 
amount of activiLy required of calves to 
travel with their dams and to escape pre· 
dalors, 

The actual eITect ofmalnutrition on 
morLality of Kaminuriak calves is difficult 
to demonstrate and if operative has largel y 
been masked b)' more direct agents of 
morLality. Miller and Broughton (1974) 
found relativel)' few calf deaLhs resulting 
from malnutriLion in 1970. However, 
favourable \l'eather during that calving 
season and little sno\\' accumulation the 

, previous win ter (less than in 12 of the 16 
, winters illustraLed in Figure 20) may have 

combined to minimize nutrition·related 
1 losses. Indeed, Lhese authors reported that 
i calf mortality during the summer of 1970 

appeared to be only about half as great as 
mortality in 1967 and 1968 mcasured by 
Parker (1972). l suggest that malnuLrition 
rarely l'uns its full course to become a 
direct cause of death to Kaminuriak calves, 
but that instead it renders calves more 
vulnerable to other forms of mortalitv. 

Although there is.evidence that pre­
and post-natal nutrition could be of major 
importance to the survival of calves in 
the NorthwesL Territories that mav not 
IJe the case ill areas with d;ITerent cÎimate 
or predators. After studvin!7 calf survival 
in Newfoundland for 8 ;'eaJ':'s Bernerud .' , b 

~1971) concludcd that the availability of 
rO~'agc in win ter (SIlOW depth) may have 
aflccted the birth wei<rht of calves the fol-
l ' '" OWlIlgsprin a bUL that their birth wei"ht d'd . 0' 0 

1 Ilot influence Lheir survival rale. The 
Weather On Newfoundland calvin" "rounds 
Was 00 

not severe cllough to kill calves. MosL 
~alves thaL died \Vere killed by lynx (Lyllx 
cllI/(u!ensis) (wolves were absenL). Lynx 
~Imretl l ' n y se ected calves (the healthiest 
und bol-' ~) l' f . ue~t w lICh wandered arLhest from 

L 

their dams, and transmitted to aIl that they 
bit a bacLerial infection thaL 'l'as fatal re­
gardless of the calves' initial health. The 
amounL of calf mortality varied from )'ear 
to year with the abllndance of lynx and with 
the availabilit y of its major alternative 
prey, the sno\;'shoe hare (Lepus am.eri­
canus). The variation in both factors \Vas 
independent of snow depth or calf viability. 
1 conclude that neonatal mortality in New­
foundland was far less dependent on innate 
viabilit)' than in the Northwest Territories. 

The adult caribou examined during 
our study were free of pathology attribu­
table Lo malnutrition (Broughtol1 and 
Choquelle 1969), which supports m)' con­
clusion, from examining fat deposits, that 
malnuLrition 'l'as not an important cause 
of death among adults. D. R. Miller (1974, 
1976) reported that forage on Lhe win ter 
range grew faster th an it \l'as being used, 
and that because caribou varied lheir 
feeding habits they obtained amounls 
adequate for maintenance during the win­
ters of our s tud y. 

A management plan for the Kami-
n uriak population will have to allow for 
unconLrollable annual fluctuations in 
population size which could amOllnt Lo as 
mllch as 10%. According LO historical 
records reviewed by Parker (1972), large 
fluctuations in size have been characteristic 
of the Kaminuriak popl;lation. F. L. Miller's 
(1974) analysis ofthepoplilation's age 
structure indicates that SUCh fluctuations 
have been the result oflarge difrerences in 
cohort size. Our evidencc suggests Lhal the 
birth rate has been more stable than the 
neonatal mortality rate.It fol1ow5 that 
differences betwe~n cohorts were largely 
due to year-to-year dilTerences in survival, 
not pr~dl1CLio~. Neonatal SlIrvival may be 
governed by maternaI condition, and that, 
in tum, by food availabilit\' each winter. 

Maies made up abou"t 58% of the 
harvest during our sLudy (Parker 1972). 
WalLers et al. (1972) demonstrated wilh 
simulation modelling that if an eyen greater 
proportion of the harvesL were taken from 
among males, more females would be left to 

breed and the size and potential yield of 
the populatioll \l'ould be increased. If 
shifting the sex ratio of the harvest eould 
not provide enough caribou Lo meel the 
requirements, the onl)' other management 
tool that appears practicable is predator 
control. Park cr (1972) estimated that 
wolves killed annual1y about 5% of the cari· 
bou over 1 year of ag~, and Miller and 
Broughton (1974) found wolves to be a 
"principal cause" of calf mOrLality in 1970. 
However, before a sound decision ean be 
l'eaChed regarding Lhe merits of controlling 
wolves, it will be necessary to determine 
what proportion of their kill represents 
caribou thaL would otherwisc remain 
available to the h un ter. 

As a final point, the results presented 
in this report suggest the key importance 
of suminer forage to Lhe reproduction, 
growth, and \\'inter survival of the Kamin­
uriak population. Caribou are adapted to 
marginal subsistence during \l'inter, but 
depend on fllllnlltritionai recovery during 
summer Lo prepare for demands of bod y 
maintenance and reproduction Lhe fol­
lowing autumn and wÎnter. Any distur­
bance to caribou on their summer range 
lNhich decreases fceding time or increases 
energy demands is detrimental, especially 
preceding or fol1owing a win ter of deep 
SHOW. Human acLivities that may disturb 
caribou on summer range should be care­
fully regulated. 
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Appendices 

Appendix 1 
Masson's Trichrome stain procedure for caribou 
ovaries 
(Adapted from Galigher and Kozloff 1964) 
For parafflll sections eut at 10 fJ.: 
Xylene S min 
Absolute ethanol 5 min 
95% ethanol 1 min 
70% ethanol 1 min 
50% ethanol 1 min 
35% cthanol 1 min 
Distilled water 1 min 

1. Mordant in Bouin's fixative overnight at room 
tcmperature or 1 h at 56·C. 

2. Bathe in running tap water until c1ear of yellow 
colour. 

3. Rinsc in distillcd water. 
4. Place in Weigert's haematoxylin for 20 min. 
S. Wash in running tup water for 10 min. 
6. Place in distilled water to rinse. 
7. Place in Bicbrich searlet - acid fuehsin solution 

for 15 min. 
8. Rinse in 3 baths of distilled water. 
9. Placc in phosphomolybdie aeid phosphotung­

stic aeid solution for 10 min (discard after each 
batch of slides is passed). 

10. Place directly in aniline blue solution for 
3Y:i min. 

Il. Rinse in 3 baths of distilled water. 
12. Place in acetic water 1 % for 3 min. 
13. Dip in: 

70% ethanol 
95%ethanol 
Absolute ethanol 2 changes 
Xylene 3 minutes 
2nd xylene leave here for mounting in 
Permount. 
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Appendix2 
Means, sample sizes (n), and other statistics for 
depth of back fat, weight of kidney fat, weight of 
abdominal fat, and fat content of femoral marrow 
grouped by age and season of collection. , is 
standard deviation 
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TahleA.1. 
Means and otller statistics for the depth (mm) 
of baek fat in male caribou, subdivided by age and 
saason of collection 

Tahle A.1. 

TahleA.2. 
l'vIeans and other statistics for the dcpth (mm) of 
back fat in fcmale caribou, subdivided by age and 
season of collection 

Table :\':f' ther statistics for the weight (g) of the 
lVlcans afn( ,0 .le caribou subdividcd hy age an(1 
kidncy at!fi ma., , 
s.'uson of colledlOn 

Table AA. 
Means and other statistics for theweight (g) of 
the kidney fat in female caribou, subdivided by age 
and seaso'Il of collection 
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Table A.5. 
Means and other statistics for the weight (g) of 
the abdominal fat in male caribou, subdivided by 
agc and seuson of collection 

Table A.5. 

Table A.6. 

TableA.6. 
Means and other statistics for the wcight (g) of 
the abdominal fat in fcmale caribou, subdivided by 
age and seuson of collection 

p 

TubleA.7. ..' 
1 11d other statlstlcs for the pcrccntagc JVeans a , , 

fat content (weight) of {amoral marrow ln male 
'1 subdivided Ily age and season of 

(~aTl JOU, 

collection 

Table A.7. 

collection (mths) n Mean 

June <1 10 12.6 

Table A.8. 

TahlcA.8. 
Means and other statistics for the perccntage 
fat content (wcight) of femoral maTrow in fcmale 
caribou, subdivided hy age and season of 
collection 

Range limit 
11.4 1.0-38.4 4.4-20.7 
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