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Abstract: The paper discusses growth rate- and body size differences in Rangifer; their causes and effects. Growth 
rates and autumn body weights vary considerably both within and between Rangifer subspecies. The variation 
measured is within limits found in animals of same genetical stock subjected to different environments. Reproductive 
age, pregnancy rate, calving time and mortality either are or may be functionally related to autumn body weights. 
The differences in growth rates and body size among Rangifer in different areas are caused primarily by differences 
in environmental factors during the summer, including stress. The quality of the winter pastures has a minor effect 
on the body size in areas where the summer conditions allow the animals to grow at their maximum rate. In areas 
where maximum growth rates for various reasons are counteracted, severely overgrazed winter pastures wi l l contribute 
to reduced body size. Stress in the terms of human disturbance, insects and predators and the effect on Rangifer activity 
pattern and hence on growth rates and body size need to be more thoroughly dealt with. 

Rangifer 3 (1): 3-15 

R E I M E R S , E. 1983. 
Forskjeller i vekst og størrelse hos Rangifer, en studie over årsaker og virkninger. 

Sammendrag: Arbeidet diskuterer årsaker t i l og virkninger av vekst- og størrelsesforskjeller hos Rangifer. Vekst og 
høstvekter varierer betydelig både innen og mellom de enkelte Æangj/er-underartene. Variasjonene er imidlertid ikke 
større enn de som er beskrevet i bestander med samme genetiske utgangspunkt og utsatt for ulike miljøforhold. Alder 
ved k jønnsmodning, drektighetsfrekvens, kalvingstid og dødelighet er eller synes å være relatert til høstvektene. Vekst-
og størrelsesforskjeller hos rein og caribou i ulike områder skyldes i første rekke forskjeller i miljøfaktorene om 
sommeren, stress inkludert. Kvaliteten av vinterbeitene har liten effekt på kroppsstørrelse i områder hvor forholdene 
sommerstid tillater maksimal veksthastighet. I områder hvor dette av forskjellige grunner ikke skjer, v i l sterkt 
overbeitede vinterbeiter bidra til reduserte kroppsvekter. Stress i form av menneskelige forstyrrelser, insekter og 
rovdyr og effekten på reinens/caribouens aktivitetsbudsjett og derigjennom på vekst og kroppsvekt har krav på større 
forskningsinteresse. 
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R E I M E R S , E. 1983. Rangiferin kasvun ja suuruuden eroavaisuuksia. Tutkielma syistå ja vaikutuksista. 

Yhteenveto: T y o kåsittelee syitå ja vaikutuksia Rangiferin kasvu - ja suuruuseroavaisuuksista. Kasvu ja syyspainot 
vaihtelevat huomattavasti sekå yksittåisisså Rangifer - alalajeissa ettå lajien kesken. Vaihtelu ei ole kuitenkaan suurempi 
kuin se mitå on kerrottu laumoista, joilla on sama perinnollinen låhtokohta ja jotka ovat joutuneet erilaisten 
ymparistotekijoiden vaikuttamiksi. Sukukypsyysikå, tiinehtyvyystaajuus, vasonta-aika ja kuolleisuus on tai nåyttåå 
olevan suhteessa syyspainoihin. Syy kasvu - ja suuruuseroavaisuuksiin poroilla ja karibulla eri seuduilla nåyttåå ensi 
sijassa olevan ympåristotekijoiden eroavaisuudet kesållå, stressi mukaanluettuna. 

Talvilaitumien laadulla on pieni vaikutus ruumiin suuruuteen seuduilla, joissa olosuhteet kesåaikaan sallivat 
enimmåiskasvunopeuden. Seuduilla, joissa tåta ei tapahdu - eri syistå johtuen, voimakkaasti ylirasitetut talvilaitumet 
vaikuttavat alentuneisiin ruumiinpainoihin. Stressi, inhimillisten håirioden muodossa, hyonteiset ja petoelåimet ja 
poron/karibun vaikutus toimintaan sekå siten kasvuun ja ruumiinpainoon ovat seikkoja, jotka vaativat suurempaa 
tutkimuskiinnostusta. 
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INTRODUCTION 
A pattern o f cyc l i c g r o w t h , w i t h the rapid g r o w t h 
i n s u m m e r and s l o w g r o w t h or weight loss in 
w in t e r , seems typ i ca l for free ranging ca r ibou and 
reindeer, b o t h be long ing to the genus Rangifer 
( D a u p h i n e 1976, Skjenneberg and Slagsvold 1968, 
Re imers et a l . 1983.) N o r t h e r n cervids i n general 
share this c y c l i c i t y , it is s t i l l evident i n animals fed 
to appetite (ad libitum) and the food intake and 
fast ing/rest ing metabol ic rate declines i n win te r 
( W o o d et al . 1962, M c E w a n 1968, N o r d a n et al. 
1968, Si lver et a l . 1969, Wande l e r and H u b e r 1969, 
B a n d y et al. 1970, M c E w a n and Whi t ehead 1970, 
N o r d a n et al . 1970, G a s a w a y and C o a d y 1975, 
P o l l o c k 1974, S impson 1976 and N i l s s e n et al . 
1982). 

T h i s pattern o f g r o w t h , f o o d intake and metabol ic 
rate has been interpreted as an adaptat ion for 
su rv iva l o f herbivores i n nor thern areas where food 
also exhibi ts a cyc l i c pattern i n avai labi l i ty and 
qua l i ty . D u e to differences i n g r o w t h rates, 
popu la t ions of reindeer reach different b o d y size 
i n different areas ( M o v i n k e l and Pres tbakmo 1969, 
Re imers et al . 1983). T h i s and the resul t ing 
area-specific differences in sustainable y i e l d i n 
terms of harvestable animals and meat, are w e l l 
established i n w i l d and domest ic reindeer mana­
gement. T h e further impl ica t ions that popula t ions 
en joy ing large b o d y size, also enjoy higher calf 
p r o d u c t i o n , earlier ca lv ing t ime and l o w e r 
mor t a l i t y , than popula t ions where animal b o d y 
size is smal l - is suspected - but generally p o o r l y 
documented . A l s o the causal factors beh ind 
area-differences i n animal g r o w t h pattern are 
largely u n k n o w n and speculative. 

Gaare and Skog land (1980), suggest that the b o d y 
size and reproduct ive performance i n reindeer 
relate to l i chen biomass of the win te r pastures. 
K l e i n (1968) o n the other hand , has p roposed that 
the summer range quant i ty and qua l i ty determine 
the b o d y size and reproduct ive success. F i n a l l y , 
Re imers (1980), has suggested that the animals 
ac t iv i ty budget, par t icular ly i n summer, as 
de termined b y harassment factors (such as cl imate, 
insects, predators and humans) are the major 
determinant for g r o w t h and fattening i n Rangifer. 

I believe that some of the frustrat ion in the cause 
and effect d iscuss ion present ly going o n , may 
s i m p l y be that the available data have not been 
pu l l ed together and cr i t ica l ly ana lyzed . 
T h e f o l l o w i n g is an attempt to do that and discuss: 
1. B o d y weights and g r o w t h rates of Rangifer 

2. T h e re la t ionship o f b o d y weight to -
a) p regnancy rates 
b) ca lv ing t ime 
c) m o r t a l i t y 

3. C a u s a l factors beh ind b o d y weights differences. 

METHODS 
In the references b o d y weight were given either as 
total b o d y weights or carcass weights (total b o d y 
weight m i n u s viscera, head, s k i n and l o w e r legs). 
In this paper b o d y weights are total b o d y weights , 
and g r o w t h rates are based u p o n this measurement. 

T o t a l b o d y we igh t was calculated f rom carcass 
we igh t x 1.92 (carcass we igh t = 5 2 % o f the total 
b o d y weight ) . G r o w t h rates were calculated (when 
no t stated) f r o m b o d y weight differences d i v i d e d 
b y the n u m b e r o f days between w e i g h i n g dates. 

BODY WEIGHTS 
Gene t i c factors set the l im i t for g r o w t h rate and 
ul t imate b o d y size. E n v i r o n m e n t a l factors c o n t r o l 
the g r o w t h rate and size attained. M a x i m u m b o d y 
weights at the end of the g r o w t h season are quite 
var iable ( F i g . 1). D o m e s t i c reindeer f rom U S S R , 
w i l d re indeer f r o m N o r t h Ot tada len i n southern 
N o r w a y and w i l d and penned ca r ibou i n N o r t h 
A m e r i c a attain m a x i m u m weights . L o w e s t weights 
are f o u n d a m o n g domest ic reindeer i n nor the rn 
N o r w a y and w i l d reindeer i n H a r d a n g e r v i d d a i n 
southern N o r w a y . 

There are reasons to believe that the b o d y size 
var ia t ion at least w i t h i n a r eg ion , but poss ib ly also 
between regions, are d o m i n a n t l y inf luenced b y the 
env i ronmen t ( F i g . 2). T h e env i ronmenta l factors 
inc lude qua l i ty and quant i ty o f the pastures i n 
sp r ing , summer , au tumn and win t e r - and factors 
in f luenc ing ac t iv i ty l ike predators , insects, man 
and c l imate . 

E x a m p l e (1) i n F i g . 2 : T h e domest ic reindeer 
c o m p a n y T r i o tamreinlag A / L , d i scont inued its 
act ivi ty i n 1964. A major part of the animals was 
slaughtered i n September 1964. Some animals were 
left beh ind i n Sou th Ot t ada l en and some (402 
animals) were m o v e d to N o r t h Ot tada len and 
given the status w i l d reindeer. O r d i n a r y hunt was 
opened i n 1967. I n spite o f o r ig ina t ing f rom the 
same p o p u l a t i o n and hence the same genetic s tock, 
the « w i l d » male yearl ings we ighed 23 to 6 4 % more 
than w h e n we ighed as domest ic animals. T h e 
difference is mos t l i k e l y caused by envi ronmenta l 
factors. S t o c k i n g rate was h igher under he rd ing 
and he rd ing act ivi ty was mos t intensive du r ing the 
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Fig. 1. Total body weights of reindeer and caribou. Data 
source: Bjarghovet al. (1978), Dauphiné (1976), 
Druri and Mitjushev (1963), Gultsjak (1954), 
Holthe in Lassen and Aastrup (1981), Jacobsen 
(pers. comm 1982), Korak (1972), Krebs and 
Cowan (1962), Kurkela (1976), Lassen and 
Aastrup (1981), Leader-Williams and Ricketts 
(1982), McEwan (1968), McEwan and White­
head (1971), Movinkel and Prestbakmo (1969), 
Nieminen (1980), Nieminen et al. (1980), Pavall 

et al. (1980), Persson (1966), Podkorytov and 
Stremilov (1975), Reimers and Ringberg (in 
press), Reimers (unpubl.), Rydberg (1971), Ryg 
and Jacobsen (1982 a), Skjenneberg and 
Slagsvold (1968), Skoog (1968), Skuncke in 
Klein (1968), Varo (1969, 1972), Aarak (1981). 

1. Totale kroppsvekter hos rein og caribou. 
Datakilder: 
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Fig. 2. Total body weights of reindeer and caribou male 
yearlings. Explanations to the example are given 
in the text. Data source: Example 1 : Reimers 
(1972). Example 2: Skjenneberg and Slagsvold 
(1968), E. Jacobsen (pers comm. 1982), Ryg 
and Jacobsen (1982 a). Example 3: Movinkel 
and Prestbakmo (1969), Bjarghov et al. (1978), 
Pavall et al. (1980). Example 4: McEwan (1968). 

Fig. 2. Totale kroppsvekter hos årsgamle bukker av rein 
og caribou. Forklaring til eksemplene er gitt i 
teksten: Datakilder: 

p e r i o d p r i o r to slaughter (Reimers 1972). 

E x a m p l e (2) i n F i g . 2 shows the effect o f nu t r i t i on . 
F o u r months o l d males f rom the m o d e l herd i n 
L ø d i n g e n (The N o r w e g i a n D o m e s t i c Reindeer 
Research exper imenta l station) were fed R F - 7 1 
(Jacobsen et al. 1977) ad libitum. T h e i r b o d y 
weights as yearl ings (16 months old) were nearly 
twice that of yearl ings kept o n natural pastures 
(Skjenneberg and Slagsvold 1968, R y g and 
Jacobsen 1982 a, E . Jacobsen pers. c o m m . 1982). 

E x a m p l e (3) in F i g . 2 gives the m a x i m u m and the 
m i n i m u m average b o d y weight of reindeer male 
year l ings f rom 23 herds i n N o r d - T r ø n d e l a g , 
T r o m s and F i n n m a r k counties in nor thern 
N o r w a y ( M o v i n k e l and Pres tbakmo 1969, Bja rg­
h o v e ta l . 1978, Pava l l e ta l . 1980). T h e b o d y weight 
var ia t ions are at tr ibutable to envi ronmenta l 
factors. 

E x a m p l e (4) in F i g . 2 compares b o d y weights of 
free ranging w i l d ca r ibou i n the nor thwest 

terr i tories i n C a n a d a and ad libitum fed animals 
f r o m the same he rd ( M c E w a n 1968). L o w e r plane 
o f n u t r i t i o n and harassment f r o m predators and 
insects are p r o b a b l y the explanat ion o f the l o w e r 
b o d y weights o f the free ranging ca r ibou . 

GROWTH RATES 
There is a w ide var ia t ion i n g r o w t h rates among 
free ranging reindeer and car ibou , b o t h i n summer 
and i n win te r ( F i g . 3). T h e animals gain weight i n 
summer i n most situations, they loose weight i n 
win te r . In summer g r o w t h rate was highest i n 
calves up to 2 months of age and lowest at an age 
o f 3 to 5 months (F ig . 4). C o n s i d e r i n g the entire 
g r o w t h pe r iod f r o m b i r t h to 4-5 months o f age, the 
average g r o w t h rates range f rom about 200 g/day 
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Fig. 3. Average growth rates (g/day) ± SD and 
maximum and minimum values among free 
ranging reindeer and caribou on natural 
pastures. Data source: See Figs. 4 and 5. 

Fig. 3 . Gjennomsnittlig veksthastighet (g/dag) ± SD og 
høyeste og laveste verdier blant fritt streifende 
rein og caribou på naturlig beite. Datakilder: Se 
Fig. 4 & 5 . 
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Fig. 4. Summer growth rates (g/day) among reindeer 
and caribou. Data source: Dauphiné (1976), 
Druri and Mitjushev (1963), Espmark (1980), 
Gultsjak (1954), Jacobsen and Skjenneberg 
(1975, 1981), Jacobsen et al. (1977, 1981), 
Jacobsen (pers comm. 1982), Krebs and Cowan 
(1962), Leader-Williams and Ricketts (1982), 
McEwan (1968), McEwan et al. (1965), McEwan 
and Wood (1965), McEwan and Whitehead 
(1969, 1971), Nergård Nyre (1976), Nieminen 
(1980), Podkorytov and Stremilov (1975), 
Preobrazhenskii (1961), Reimers et al. (1983), 
Reimers and Ringberg (in press), Ringberg et al. 

(1981), Ryg and Jacobsen (1982 a, b), 
Skjenneberg and Slagsvold (1968), Varo (1972), 
Aarak (1981). 

Fig. 4 . Veksthastigheten om sommeren (g/dag) hos rein 
og caribou. Datakilder: 

i n free ranging reindeer o n overu t i l i zed summer 
pastures to 572 g/day among w i l d reindeer. 

S u m m e r g r o w t h rates i n older animals are lower , 
ranging f rom 90 g/day i n domest ic reindeer 
yearl ings i n F i n n m a r k to 470 g/day i n year l ing 
males f rom N o r t h Ot tada len and ca r ibou year l ing 
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males fed to appetite at the U n i v e r s i t y o f B r i t i s h 
C o l u m b i a . 

In win te r , w i l d or freely ranging domest ic Rangifer 
show, w i t h few exceptions, a negative rate o f 
g r o w t h f rom 140 g/day i n Svalbard adult females 
to 6 g /day i n w i l d reindeer calves i n Ha rdange r -
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Fig. 5. Winter growth rates (g/day) among reindeer and 
caribou. Data source: Bøe and Jacobsen (1981), 
Daphiné (1976), Jacobsen and Skjenneberg 
(1975,1977,1979), Jacobsen et al. (1978,1980, 
1981), Jacobsen (pers. comm. 1982), McEwan 
and Whitehead (1969, 1971), Persson (1966), 
Reimers and Ringberg (in press), Reimers 
(unpubl.), Rognmo et al. (1982), Rydberg 
(1971), Ryg and Jacobsen (1981, 1982 a), 
Skjenneberg and Slagsvold (1968), Aarak 
(1981). 

Fig. 5 . Veksthastigheter om vinteren (g/dag) hos rein og 
caribou. Datakilder: 

v i d d a ( F i g . 5). Reindeer calves and adult females 
fed l ichens to appetite (protein = 3 .2%) either 
alone o r together w i t h minerals and bar ley, d i d not 
do m u c h better and suffered a weight loss of 20 to 
60 g /day Qacobsen et al . 1978, 1981). Increasing 
the die tary crude p ro te in content to 13 .7% R y g 
and Jacobsen (1982 b) showed that reindeer calves 
d u r i n g w in t e r increased their b o d y weights at a 
m a x i m u m rate of 266 g /day; f rom 46 k g to 75 k g 
b o d y weight . B u t also o lder animals m a y increase 
i n weigh t du r ing win te r w h e n fed a diet w i t h a h igh 
p ro t e in content (Jacobsen et al. 1981, R y g and 
Jacobsen 1982 b , R o g n m o et al . 1982). It may be 
speculated that r ap id g r o w t h th rough win te r is 
poss ible o n l y i n those situations w h e n m a x i m u m 
g r o w t h the preceeding summer for various reasons 
has been arrested. 

RELATIONSHIP BETWEEN BODY 
WEIGHTS AND PREGNANCY RATES, 
CALVING AND MORTALITY 
Pregnancy rates 
Skjenneberg and Slagsvold (1968) s h o w e d that the 
annual var ia t ion i n pregnancy rates was p r o f o u n d . 
T h e y suggested a possible re la t ionship between 
pregnancy rates, b o d y weights and envi ronmenta l 
qua l i ty . 

Recen t l y H a m i l t o n and Blaxter (1980) for red deer 
(Cervus elaphus), L e n v i k (1981) for domest ic 
reindeer, T h o m a s (1983) for Peary ca r ibou 
(Rangifer tarandus pearyi) and Re imers (1983) for 
w i l d reindeer, have found that r ep roduc t ion i n 
these species or sub-species is a func t ion o f weigh t 
rather than age. T h i s means that the pregnancy 
status o f a female may be predic ted once her ru t t ing 
weight is k n o w n . In w i l d reindeer, w h e n a female 
dressed weight (W) increases f rom 25 to 30 k g , her 
p r o b a b i l i t y (P) of being pregnant increases f rom 
0.49 to 0.78 (i.e. 49 to 78%) accord ing to the 
equa t ion : P = 1 — e [ - ° - i * 9 ( W - 2 D 1 (Reimers 1983). 
Therefore f r o m knowledge of the weight d i s t r ibu ­
t i o n of females in a popu l a t i on , its pregnancy rate 
m a y be calculated. 

It is interest ing to note that i n Sou th and N o r t h 
O t t ada l en where female calves have au tumn 
dressed weights at 24 - 26 k g , 7 5 % o f the calves 
k i l l e d i n win te r were pregnant (Reimers 1983). 
Calves i n Rondane , S n ø h e t t a and Hardange rv idda , 
w h i c h have dressed weights b e l o w 19 k g at the t ime 
o f the rut , have never been found pregnant i n 
w i n t e r o r lactating the f o l l o w i n g summer . 
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In N o r t h and Sou th Ot tada len adult 2 year and 
o lder females have ru t t ing dressed weights at 38 k g 
o r higher, and 100% of the females were pregnant. 
In compar i s ion average female dressed weight i n 
A u g u s t - September for Ha rdange rv idda , S n ø h e t t a 
and Rondane ranged between 29 and 36 k g w i t h 
cor responding pregnancy rates between 75 and 
9 4 % . L e n v i k (1981) finds a h igher pregnancy rate 
at l o w e r ru t t ing dressed weights among adult 
females. H e also introduces the age and v igour of 
the breeding males as an addi t iona l (to female b o d y 
weight) determinant for reproduct ive success 
among the younger (calves and yearlings) females. 

Calving time 
F i g . 6 shows a significant relat ionship between 
au tumn dressed weights o f females 2+ year o l d and 
the ca lving t ime i n 8 w i l d reindeer areas i n southern 
N o r w a y . W h e t h e r the relat ion s h o w n i n F i g . 6 is 
cause and effect, remains to be s h o w n . It may be 
that early rut and hence early ca lving is possible 
o n l y i f the female can energetically afford it, i .e. 

that she is able to enter ca lv ing w i t h relat ively intact 
b o d y reserves, w h i c h she can d raw u p o n un t i l the 
green spr ing vegetations is available. 

Th i s i m p l y that she is able to store this surplus 
energy d u r i n g the preceding summer and that the 
win te r cond i t ions a l l o w her to retain some o f it 
un t i l spr ing . 

A s the p e r i o d o n typ ica l win te r diet may last for 
4 weeks after ca lv ing ( M a y 6) i n N o r t h Ot tada len , 
the females suffer a substantial weight loss, f r om 
38 k g dressed weight i n A p r i l to 28 kg i n early J u n e 
(Reimers et al . 1983). 

H o w e v e r , w h e n the calves are 4 weeks o l d , the 
m i l k p r o d u c t i o n is r a p i d l y decreasing (Whi t e et al. 
1978) and the calf is deve lop ing in to a true 
ruminant . H e n c e , b o t h the mother and the calf are 
able to u t i l i ze the n e w nutr i t ious green g r o w t h for 
tissue p r o d u c t i o n f r o m the very start of the 
g r o w i n g season. 

In R o n d a n e and Ha rdange rv idda the females calve 
later, towards the end of M a y . A s they have access 
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The time 
Dates of ca lv ing 

when 5 0 % of the pregnant females have given 
dressed weights (kg) and calving gervidda and Snøhetta: Reimt 

birth 
Fig. 6. Adult female dressed weights (kg) and calving 

dates in different wild reindeer areas in southern 
Norway. Calving date references are: North and 
South Ottadalen: Reimers 1969, Holthe 1971; 
Forelhogna, Setesdal, Rondane North, Hardan­

gervidda and Snøhetta: Reimers et al. 1980; 
Rondane South: Reimers et al. 1982. 

Fig. 6. Slaktevekter (kg) hos voksne simler samt 
kalvingsdata i forskjellige villreinområder i 
Syd-Norge. Referanser for kalvingsdta er: 
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to the spr ing vegetation after 1-2 weeks, they suffer 
a smaller weight d rop . O n the other hand , the 
female continues to lactate, and m i l k is the major 
food for the calf t h rough the first part o f the 
vegetation pe r iod . H e n c e , b o t h the female and the 
calf get a shorter pe r iod for tissue g r o w t h o n the 
very nut r i t ious sprout ing green vegetation. 

Mortality 
T h e mor ta l i ty relevant i n this context relates to the 
phys ica l c o n d i t i o n of the animals and includes 
before-bi r th (prenatal) mor ta l i ty and mor t a l i t y of 
calves up to 2 months of age (neonatal mor ta l i ty ) . 
The t h i rd type, win te r mor ta l i ty , apply to a l l 
animals. 

Prenatal mortality 
Thi s is largely u n k n o w n , but results f r o m 
D a u p h i n e (1976) and Reimers (1983) w o r k i n g w i t h 
ca r ibou and w i l d reindeer respectively, indicate 
that this mor t a l i t y is l o w , regardless o f the au tumn 
b o d y weights or the win te r graz ing condi t ions . 

Neonatal mortality 
T h i s is f ound to occur i n situations where the 
pregnant females are offered restricted feed, d u r i n g 
the latter part of the pregnancy. Jacobsen et al . 
(1981) and R o g n m o et al . (1982) found that calves 
f rom undernour i shed mothers were b o r n smaller 
and somewhat later than the calves i n the con t ro l 
g roup fed to appetite. T h e mor ta l i ty was higher 
among calves f rom the restricted group , par t ly 
because of their smaller size, l o w e r m i l k intake due 
to reduced m i l k p r o d u c t i o n and poore r mothe r 
care. C o r r e s p o n d i n g l y , T . Skog land (pers. c o m m . ) 
reports a greater loss of calves f rom calving t ime 
to m i d s u m m e r i n areas where female au tumn b o d y 
weights are l o w and where the win te r pastures are 
severely overgrazed. 

Winter mortality 
O n e w o u l d expect that animals w i t h smal l b o d y 
weights and hence smal l b o d y reserves b o t h i n 
terms of lean and fat tissue have a poorer chance 
o f survival du r ing severe winters than animals w i t h 
large b o d y weights and reserves. T h e h igh win te r 
mor t a l i t y figures reported for domest ic reindeer 
(Rehb inder 1976) and car ibou (Bergerud 1980) are 

'caused b y a mix ture of factors i nc lud ing adverse 
cl imate, p o o r grazing condi t ions , predators, 
diseases, parasites, and occasional exhaustive 
migra t ions f rom the win te r to the spr ing pastures. 
A cr i t ica l analyses of the « p u r e » re la t ionship 

between different au tumn b o d y weights and 
s tarvat ion mor t a l i t y has so far not been carr ied out . 

Conclusion 
- G r o w t h rates and au tumn b o d y weights va ry 

cons iderab ly b o t h w i t h i n and between Rangifer 
subspecies. 

- T h e var ia t ion measured is w i t h i n l imi ts f ound i n 
animals o f same genetical s tock subjected to 
different envi ronments . 

- R e p r o d u c t i v e age, pregnancy rate, ca lv ing t ime 
and mor t a l i t y either are or may be func t iona l ly 
related to a u t u m n b o d y weights . 

T h u s it becomes not o n l y b io log i ca l l y interesting 
but also economica l ly impor tan t to discr iminate 
between the envi ronmenta l factors that c o n t r o l 
au tumn b o d y weights i n reindeer and ca r ibou . 

CAUSAL FACTORS BEHIND BODY 
WEIGHT DIFFERENCES 
T h e strategy beh ind the cyc l i c g r o w t h is a b u i l d - u p 
o f b o d y reserves i n times o f p len ty for use i n times 
o f need. T h e reasons w h y animals i n most areas fail 
to reach m a x i m u m mature b o d y weights may be: 

1. T h e g r o w t h set back o r weight d r o p i n win te r 
is t oo great to be compensated for i n summer . 

2. G r o w t h rate i n summer is l o w e r than m a x i m u m 
due to envi ronmenta l factors, i n c l u d i n g range 
qua l i ty and /o r harassment b y insects, predators 
and m a n . T h e effect of those factors are l i k e l y 
to va ry i n the areas. 

Weight loss during winter and weight 
increase during summer 
B o d y we igh t loss i n w in t e r seems to be the rule 
a m o n g freely graz ing Rangifer. T h e m a x i m u m 
weight loss o n cont inental ranges was 65 g/day i n 
calves, 70 g/day i n yearl ings and 110 g/day i n adult 
females ( F i g . 5). A s s u m i n g that the animals enter 
a negative energy and nutr ient balance i n the pe r iod 
J a n u a r y 1 to June 1, m a x i m u m weight loss i n 
calves, yearl ings and adult females amount to 9.8, 
10.5 and 16.5 k g , respectively. E v e n a moderate 
g r o w t h rate of 200 g/day i n summer (see F i g . 4) 
results i n a b o d y weight increase o f 18 k g d u r i n g 
a 90 days summer . 

Compensatory growth 
C o m p e n s a t o r y g r o w t h is w e l l documented i n 
domest ic l ive-s tock as rev iewed b y W i l s o n and 
O s b o u r n (1960) and A l l d e n (1970). T h e conc lus ion 
f r o m the numerous studies o n temporary food 
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res t r ic t ion is that the food restricted animals u p o n 
real imentat ion are able to reach s imi lar b o d y size 
and b o d y c o m p o s i t i o n as the unrestr icted animals . 

Compensatory growth in domestic reindeer 
Three g r o w t h studies f rom L ø d i n g e n c o n f i r m 
compensa tory g r o w t h i n reindeer. Jacobsen et al . 
(1977) showed that calves o n natural w in t e r 
pastures lost 64-65 g/day i n contrast to a gain of 
87-166 g/day i n calves fed to appetite o n R F - 7 1 , 
leaving the former w i t h l o w e r total b o d y weight 
at start of the g r o w t h season i n A p r i l . D a i l y average 
b o d y weight increase f rom A p r i l t i l l September was 
114-180 g/day i n the l o w plane win te r group versus 
96-114 g/day i n the group fed to appetite. 

T h e highest g r o w t h rates and au tumn b o d y weights 
were measured i n animals w h i c h spent the summer 
o n an is land i n T r o m s and l o w e r values i n those 
w h i c h spent the summer i n the in ter ior of F i n m a r k 
c o n f i r m i n g the impor tant effect of the summer-
grazing s i tuat ion. O n the ' is land the animals w h i c h 
were kept o n a l o w plane win te r diet reached higher 
b o d y weights than d i d the animals fed R F - 7 1 to 
appetite d u r i n g the winter . 

I n another short te rm s tudy R y g and Jacobsen 
(1982 a) showed that male calves fed R F - 7 1 to 
appetite th rough win te r had an average g r o w t h rate 
o f 209 g/day vs. 352 g/day among animals kept o n 
a restricted diet th rough the win te r ; bo th groups 
be ing fed R F - 7 1 to appetite t h rough the summer . 

Table 1. Summer growth rates in wild and domestic Norwegian reindeer. 

Tabell 1. Veksthastighet om sommeren hos norsk vill og tam rein. 

A r e a Status G r o w t h rates, g/day 
M a l e yearling ;s Lac ta t ing females 

2 y r + 
Område Status Tilvekst, gl dag 

Bukker, 1 år. Melkende simler, 2 år+ 

N o r t h O t t ada l en ' W i l d reindeer N a t u r a l pastures 470 372 
R o n d a n e ' W i l d reindeer N a t u r a l pastures 324 244 
H a r d a n g e r v i d d a ' W i l d reindeer N a t u r a l pastures 242 190 
L ø d i n g e n 2 D o m e s t i c reindeer N a t u r a l pastures 96 - 180 
L ø d i n g e n 3 D o m e s t i c reindeer F e d ad l i b . 350 
L ø d i n g e n 4 D o m e s t i c reindeer N a t u r a l Pastures 134 - 194 
Svalbard 5 W i l d reindeer N a t u r a l pastures 333 - 373 293 - 456 

1 Re imers et al (1983). 
2 Jacobsen et al . (1977). (The authors have inc luded A p r i l i n the summer g r o w t h per iod) . 
3 R y g and Jacobsen (1982 a). 
1 E s p m a r k (1980). 
5 Re imers and R i n g b e r g ( in press). 

In a t h i r d experiment E s p m a r k (1980) fed one 
g roup o f adult pregnant females a restricted diet 
f r o m A p r i l 13 to M a y 16, wh i l e the other group 
was fed R F - 7 1 to appetite. W h e n offered R F - 7 1 to 
appetite and later natural pastures un t i l September 
9, the g r o w t h rate of the restricted group was 194 
g /day vs. 134 g/day i n the group offered to appetite 
feed th roughou t the s tudy. 

Growth rate in wild reindeer 
D u r i n g summer g r o w t h rates i n male yearl ings and 
lactat ing females were highest in N o r t h Ot t ada len , 
intermediate i n Rondane and lowest i n Ha rdange r ­
v i d d a (Table 1). 

A l l o f these rates were considerably higher than 
f o u n d i n domest ic reindeer o n natural pastures. 
O n l y among lactating females on Hardange rv idda , 
the g r o w t h rate was as l o w as that of domest ic 
reindeer; and Hardange rv idda reindeer h o l d the 
lowest b o d y weights among w i l d reindeer i n 
N o r w a y . T h e m a x i m u m g r o w t h rate measured i n 
domest ic reindeer fed to appetite or w i l d reindeer 
i n N o r t h Ot t ada len is sufficient to compensate any 
weight loss d u r i n g winter . A n d yet, the m a x i m u m 
g r o w t h rates are not met by w i l d reindeer i n 
R o n d a n e and Hardange rv idda or apparently not 
b y any domest ic reindeer herd i n nor thern N o r w a y 
( M o v i n k e l and Pres tbakmo 1969). Th i s suggests 
that there is something l i m i t i n g du r ing summer i n 
al l of these herds. T h i s « s o m e t h i n g » relates to range 
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qua l i ty and to harassment. A m o n g the t w o , qual i ty 
of ranges as causal factor has received the most 
at tent ion i n the past, w h i l e harassment factors o n l y 
recently have been emphasized. 
T h e destructive p o w e r of harassment is described 
t h rough an observat ion b y R o b e r t A . D i e t e r i c h o n 
B a l d w i n Peninsu la i n A l a s k a (Boertje 1981): In a 
fenced reindeer popu la t i on several reindeer starved 
to death and all animals were i n extremely p o o r 
c o n d i t i o n d u r i n g m i d J u l y . Starvation resulted 
f r o m a dramatic increase i n energy expenditure and 
t ime spent o n non- forag ing activities w h i c h 
occur red p r i m a r i l y as a result of p r i o r herd ing of 
the animals and h igh levels of insect harassment. 
O v e r g r a z i n g was not observed. B u t no detailed 
range s tudy was carried out . 

Preliminary conclusion 
Based o n the previous discussion I suggest as a 
p r e l im ina ry conc lus ion that b o d y weight differen­
ces i n various areas are related to differences i n 
env i ronmenta l factors i n summers , and not b y 
pasture qua l i ty or quant i ty i n winters . 

T h i s conc lus ion is poss ib ly challenged b y three 
reindeer studies, and a red deer s tudy (Sutti 1980). 
In t w o of the reindeer studies (Espmark 1980, 
Jacobsen et al. 1981) 2 groups o f each 10 pregnant 
females were fed either a restricted diet (lichens) 
or an unrestr icted diet ( l ichen and T F - 6 9 or R F - 7 1 
concentrates) du r ing late pregnancy. I n bo th 
studies the restricted group lost b o d y weight wh i l e 
the unrestr icted g roup gained weight . W h e n fed to 
appetite d u r i n g summer the restricted group i n 
E s p m a r k ' s (1980) s tudy s h o w e d compensatory 
g r o w t h w h i c h left them w i t h almost the same b o d y 
weight as the unrestricted g roup i n the au tumn. 

Jacobsen et al . (1981) measured m i l k p r o d u c t i o n 
and showed that the c o m p o s i t i o n of the m i l k was 
s imi lar i n the t w o groups. T h e m i l k v o l u m e 
p r o d u c e d b y the unrestricted group was, however , 
twice that o f the restricted group. 

I n b o t h studies the calves f rom the unrestr icted 
mothers had a more rapid g r o w t h rate than those 
f rom the restricted group. M a l e calves have a faster 
g r o w t h rate than female calves and, as po in ted out 
b y E s p m a r k (1980), the faster g rowth rate among 
calves f rom the unrestricted mothers may be the 
result of more males (7:2) i n that group and more 
females (7:2) among the calves f rom the restricted 
mothers . Jacobsen et al. (1981) do not reveal the 
calf sex d i s t r ibu t ion i n their s tudy. 

W h e n kept o n a restricted diet th rough the win te r 

R y g and Jacobsen (1982a) showed that male 
calves/yearl ings, i n spite of fast compensa tory 
g r o w t h (350 g/day) the f o l l o w i n g summer , d i d 
reach l o w e r b o d y weights than the unrestr icted 
cont ro l s . 

Limited winter nutrition during several years 
A l t e r n a t i n g restricted and unrestr icted feeding, 
s imula t ing w in t e r and summer nu t r i t iona l regimes, 
have no t been carr ied out for longer periods o f 
t ime. H e n c e , the influence o n b o d y size and 
c o m p o s i t i o n of several subsequent food restricted 
per iods are u n k n o w n for domest ic l ivestock as w e l l 
as for w i l d ruminants . 

B o d y weight development may f o l l o w t w o 
patterns w h e n summer food is unrestr icted for 
b o t h groups and win te r nu t r i t i on is restricted for 
one group (F ig . 7). 

A • 

S U M M E R A N D W I N T E R 

A D L I B IN S U M M E R / 
R E S T R I C T E D IN W I N T E R O - O 

I 1 1 1 I I I I 

1/2 1 11/2 2 21/2 3 31/2 
A g e , yea rs 

Fig. 7. Compensatory growth. Explanation in the text. 

Fig. 7. Kompensatorisk vekst. Forklaring i teksten. 

I n example A , b o d y weights of both groups end 
up s imi lar at the end of the g r o w t h season. In 
example B , the restricted group is unable to 
comple te ly compensate the win te r g r o w t h set-back 
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and au tumn b o d y weight difference between the 
t w o groups increases year b y year. T h e referred 
s tudy by R y g and Jacobsen (1982 b) and the red 
deer s tudy by Sut t i (1980) appear to suppor t the 
B-deve lopment . Sut t i (1980) p rov ided data f r o m 
the o n l y long te rm s tudy o n seasonal f o o d 
res t r ic t ion and resul t ing compensa tory g r o w t h i n 
w i l d ruminants . In a s tudy last ing 115 weeks he fed 
one group of red deer stags a pelleted barley diet 
to appetite w h i l e the other group was food 
restricted dur ing the winters of 1978 and 1979. 
B o t h groups were freely graz ing du r ing the 
summers . T h e g r o w t h rate du r ing the first 5 
months was 333 g/day. T h e second and the t h i rd 
summer , the g r o w t h rate of the group fed to 
appetite was 189-194 g/day vs. 284-349 g/day i n 
the restricted group. A s a measure of skeletal 
g r o w t h Sutt i measured h i n d foot length and found 
that the restricted males reached a length 7-8 m m 
shorter than among the unrestr icted males. 
A l t h o u g h exhib i t ing compensatory g r o w t h , the 
restricted group was not able to catch up to the 
b o d y weight or the h i n d foot length reached b y the 
unrestr icted group. Sutt i concludes that the p o o r 
and p ro longed win te r nu t r i t i on prevents stags f rom 
reaching their genetic potent ia l size. 

I have three cr i t ical comments to his conc lus ions : 
1) T h e g r o w t h rates calculated f rom Sutti 's figures 

are surpr is ingly l o w compared to reindeer or 
ca r ibou fed to appetite. Th i s indicates that 
neither the ad libitum feed no r the natural 
summer pastures meet the animals g r o w t h 
capacity. 

2) T h e s tudy terminated after 115 weeks i n the 
m i d d l e of the th i rd summer g r o w t h pe r iod . A s 
males cont inue to g r o w un t i l they have passed 
their four th or fifth summer, Sutti 's conc lus ion 
is d r a w n to early. 

3) A difference of 7-8 m m i n the h i n d foot length 
o n basis of lengths close to 400 m m , seems too 
small to justify the conc lus ion that the restricted 
g roup has a smaller skeleton frame to b u i l d 
u p o n dur ing periods of better nu t r i t ion . 

CONCLUSION 
T h e available data indicate that the observed 
differences in g r o w t h rates and b o d y size among 
Rangifer i n different areas are caused p r imar i l y by 
differences i n envi ronmenta l factors du r ing sum­
mer , i nc lud ing stress. T h e qual i ty of the win te r 
pastures has a m i n o r effect o n the b o d y size i n areas 
where the summer condi t ions a l low the animals to 

g r o w at their m a x i m u m rate. In areas where 
m a x i m u m g r o w t h rates for various reasons are 
counteracted, severely overgrazed win t e r pastures 
w i l l contr ibute to reduced b o d y size. 

A f inal settlement of this impor tant b io log ica l 
ques t ion requires a 4-5 y r s tudy s imi lar to Sutti 's 
(1980) w o r k , i n w h i c h one group o f reindeer is fed 
to appetite th roughout the s tudy, and the other 
group is fed a restricted diet in w in t e r and ad 
libitum i n summer . 
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