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Summary: After severe winters, body weight, fat, and lean tissue of the high Arctic Svalbard reindeer may be reduced 
by 50, 90-97 and 30-40% respectively. Absence of harassment from predators, insects and man allows surviving 
animals to rapidly restore body reserves during the summer. That accumulation of large pre-winter body reserves 
is essential, as the reindeer's survival and population control is dependant upon use of winter forage which is resistant 
to grazing but poor in quality. 

K e y W o r d s : Sva lbard reindeer, Rangifer tarandus platyrhynchus, g r o w t h , b o d y c o m p o s i t i o n , 
s tarvat ion , p o p u l a t i o n regulat ion. 
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R E I M E R S , E IGIL . 1 9 8 4 . K r o p p s s a m m e n s e t n i n g og bestandsreguler ing hos sva lbardre in . 

Sammendrag: Etter harde vintre kan kroppsvekt, fett og magert vev bli redusert med henholdsvis 50, 90 - 97 % 
henholdsvis. Fravær av forstyrrelser av rovdyr, insekter og mennesker tillater overlevende dyr å fornye sine 
kroppsreserver raskt gjennom sommeren. Denne akkumulering av store kroppsreserver før vinteren er livsviktig, da 
reinens overlevelse og bestandskontroll er avhengig av et vinterfor som er motstandsdyktig mot beiting, men er av 
dårlig kvalitet. 

Rangifer 4 (2): 16 - 21 

R E I M E R S , EIGIL. 1984 . Hu ippuvuor ten poro jen ruumi inkokoonpano j a e lä inkannan sää tö . 

Ybteenveto: Ankarien talvien jälkeen voi ruumiinpaino, rasva ja laiha kudos vähetä 50, 90-97 ja 30-40 % jokainen 
erikseen. Petoeläinten, hyönteisten ja ihmisten häiriöiden poisjäädessä on eloonjääneillä eläimillä mahdollisuus uusia 
nopeasti ruumiin vara-aineet kesän kuluessa. Tamä suurien ruumiin vara-aineiden kasaantuma ennen talvea on 
elintärkeä, koska porojen eloonjääminen ja eläinkannan valvonta on riippuvainen talvilaitumesta, joka sietää 
laiduntamisen, vaikka se on huonoa laatua. 

Rangifer 4 (2): 16-21 

INTRODUCTION 
Svalbard , 7 7 - 8 1 ° N L , is inhabited b y a p o p u l a t i o n 
of reindeer, Rangifer tarandus platyrhynchus, that 
lacks natural predators, paras i t iz ing insects and 
g r a z i n g competi tors . T h e subspecies was protected 
i n 1925 and n o w they occur i n densities (up to 4 
- 6 animals/km 2 ) exceeding na tura l ly -occurr ing 
subspecies elsewhere ( A l e n d a l and B y r k j e d a l 1976, 
Re imers 1977). 

I suggest that their w i n t e r survival is associated 
w i t h a r a p i d b u i l d - u p i n summer of lean tissue and 
large fat deposits that are e c o n o m i z e d t h r o u g h 
reduced act ivi ty (Kastnes 1979) and p r o b a b l y 
depressed metabol ic rate (Ni l s sen et a l . 1982) 
d u r i n g the 8 - m o n t h winter . T h e maintenance of 
reasonably stable animal numbers (Reimers 1982) 
is related to the widespread overgraz ing of lichens 
and the replacement of them by m o r e g r a z i n g -
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Fig. l. 

Total body weights and body composition of Svalbard reindeer killed in autumn and late winter and animals 
found dead in April - May. Among the animals found dead only one in each of the 3 age and sex groups 
(number in parentheses) were autopsied. 

Total kroppsvekt og kroppssammensetning av svalbardrein skutt høst og senvinter og av dyr funnet døde i april 
- mai. Av de dyr som ble funnet døde ble bare ett i hver av de tre alders- og kjønnsgrupper obdusert (antallet 
i parantes). 

resistent mosses and graminoids i n the vegetation 
mat (Brat tbakk and R o n n i n g 1978) and i n the diet 
( H j e l j o r d 1975, E k e r n and K i l d e m o 1978), thus 
render ing ranges less susceptible to overgrazing. 
S u c h replacement has been observed to occur 
under heavy grazing ( K l e i n 1968, Gaare et al . 
1970). In w i n t e r this forage has a l o w e r content of 
easily digestible energy than lichens ( E k e r n and 
K i l d e m o 1978, T h o m a s and K r o e g e r 1980, Boertje 
1981). Starvation in severe winters causes increased 
m o r t a l i t y and decreased recruitment (Reimers 
1977, Reimers 1982). Such years occur frequent ly 
enough to prevent severe overgraz ing and 
subsequent severe p o p u l a t i o n f luctuat ions. T h e 
purpose of this paper is to present data and 
arguments that led me to the above conc lus ion . 

MATERIALS AND METHODS 
In 1975-78 in N o r d s k i o l d L a n d o n the island of 
Spitsbergen, 48 animals were shot, and 14 animals 
were f o u n d dead. Measurements were taken of 
tota l b o d y weight , dressed weight (less viscera, 
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head, hide and l o w e r legs), back fat depths ( R i n e y 
1955) and weight of the intact digestive tract. T h e 
total dissectable fat f r o m the dressed carcass and 
f r o m the viscera was r e m o v e d and w e i g h e d . L e a n 
b o d y weight was calculated as dressed w e i g h t 
m i n u s dissectable carcass fat. M a n d i b l e s , dressed 
weights , and back fat depths were measured i n w i l d 
reindeer f r o m southern N o r w a y b y hunters and 
game wardens f r o m 25 A u g u s t - 25 September. T h e 
age classes were ident i f ied f r o m t o o t h w e a r and 
e r u p t i o n characteristics (de Bie 1976) and c e m e n -
t u m annul i (Reimers and N o r d b y 1968). N o 
d is t inc t ion was made between male and female 
calves or between pregnant/lactating and n o n 
pregnant females. 

RESULTS AND DISCUSSION 
F o u r adult males ( > 3 years) weighed 86.8 ± 1 3 . 3 
k g (SD) at the start of the active r u t t i n g season i n 
m i d - O c t o b e r . T h e average weight loss of 30 k g 
(25%) f r o m late A u g u s t was caused b y a gradual 
decrease in grazing and increased act ivi ty (Kastnes 
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1979), i n c l u d i n g h e r d i n g of females and aggressive 
behavior towards potent ia l r ivals . Calves (1/3 year) 
and females are affected little b y the male rut t ing 
behavior (Kastnes 1979) and cont inue to g r o w and 
fatten (F ig . 1, Table 1). Calves are able to 
accumulate appreciable amounts of fat, far 
exceeding the deposits of Rangifer calves at l o w e r 
latitudes (Table 1), but b o t h absolute and relative 
fat deposits are smaller than in females (Table 1). 
E v e n under excellent grazing condi t ions as i n 
N o r t h O t t a d a l e n (Reimers 1972, Reimers et a l . 
1983) females and calves on the main land of 
N o r w a y do not accumulate fat reserves to the 
extent observed i n Svalbard reindeer. That m a y 
indicate a stronger dependency o n w i n t e r pastures 
and a different survival strategy for m a i n l a n d 
reindeer than is suggested for Svalbard reindeer 
(Reimers 1980). 

T h e Svalbard w i n t e r lasts approximate ly f r o m 
O c t o b e r to early J u n e and is characterized by the 
l o w prec ip i ta t ion , frequent s trong w i n d s and l o w 
temperatures w i t h occasional temperatures above 
f reezing (Table 2). H a r d w i n d p a c k e d s n o w and 
occasional ice cover l imits the winter graz ing areas 
and hence quant i ty and qual i ty of available forage 
( E k e r n and K i l d e m o 1978, Reimers 1980). 

T o counter the negative energy and nitrogen 
balance in w i n t e r the reindeer catabolize fat and 
lean tissue. T o w a r d s the end of w i n t e r , calves and 
females have lost 4 4 % and males 5 4 % of their 
m a x i m u m a u t u m n b o d y weights (F ig . 1). A major 
part (84 - 96%) of this loss is caused by weight 
reduct ion i n dissectable fat, lean tissue, and the 
digestive tract. W h i l e fat was reduced b y 9 7 % in 
calves and 9 0 % i n the adults, the weight reduct ion 
of lean tissue was 3 9 % in calves and males and 2 9 % 

i n females. J u d g i n g f r o m the weight loss and b o d y 
c o m p o s i t i o n , adult females appear to be i n 
somewhat better c o n d i t i o n i n late w i n t e r than 
calves and males. L e a n tissue of Svalbard reindeer 
contains 2 1 % prote in and 4 . 5 % fat (Reimers et a l . 
1982). A s s u m i n g an energy value of 35.1 k j/g fat 
and 5.0 k j/g lean tissue ( G i l d e r et a l . 1968), the 
weight reduct ion of these tissues impl ies an energy 
o u t p u t of 887, 590, and 264 M J i n males, females, 
and calves, respectively. N i l s s e n et al . (1982) 
measured heat p r o d u c t i o n of standing Svalbard 
reindeer at 2.4 W / k g i n autumn and 1.6 W / k g i n 
winter . W h e n fed 2 5 % of the ad l i b . diet i n w i n t e r , 
the heat p r o d u c t i o n fell to 1.1 W / k g . T h u s , the 
energy o u t p u t f r o m the b o d y tissues cover a 
substantial part of the reindeer energy demands 
d u r i n g the w i n t e r . 

T h e weight decrease of the digestive tract (20, 40, 
and 5 0 % , respectively, in calves, females, and 
males) i n w i n t e r most l ike ly reflected reduced feed 
intake and metabol i sm. 

W e i g h t differences were smal l between animals 
k i l l e d d u r i n g M a r c h - M a y i n 1976 - 77 and animals 
f o u n d dead in A p r i l - M a y ( F i g . 1). Fat was not 
present i n the dead animals, not even in the l o n g 
bones, the last fat deposits to be m o b i l i z e d d u r i n g 
m a l n u t r i t i o n ( R i n e y 1955). Three of the animals 
were autopsied and judged to have starved. 

In early A p r i l 1978, total b o d y weights of adult 
males and females where 64.5 ± 4 . 8 (SD) and 51.0 
± 8.6 (SD) k g , respectively (Bye 1980), 20 and 2 8 % 
higher than i n M a r c h - M a y 1976 - 77. 

A p p a r e n t l y there was a re lat ionship between 
w i n t e r m o r t a l i t y and subsequent calf s u r v i v a l 
(Reimers 1977), and b o d y weights i n late w i n t e r . 

Table 2. Precipitation, temperature, and number of days with rain from 1 January - 1 May at Longyearbyen, 
Svalbard. (Det norske meteorologiske institutt, unpublished.) 

Tabell 2. Nedbør, temperatur og dager med regn fra 1. januar til 1. mai i Longyearbyen, Svalbard. (Det norske 
meteorologiske institutt, upublisert). 

Year Prec ipa t ion Temperature N o . of days w i t h 
( m m ) ( °C) rain > 0 .1 . m m 

År Nedbør Temperatur Antall dager med 
(mm) CC) regn > 0.1. mm 

1975 - 76 96 —11.8 9 

1976 - 77 33 —17.2 2 

1977 - 78 38 —17.3 2 

A V E R A G E 1957 - 77 71 —13.8 0.9 
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T h e late winters 1975 - 76 and 1976 - 77 b o d y 
weights were l o w , a large n u m b e r of carcasses were 
f o u n d (Reimers 1983) and calf percentages the 
f o l l o w i n g summers were b e l o w 1 2 % of all reindeer 
( A l e n d a l pers. c o m m . ) . T h e f o l l o w i n g w i n t e r b o d y 
weights of adults were 20 - 2 8 % higher , m o r t a l i t y 
was l o w (Reimers 1983) and calf percentages 
exceeded 2 0 % ( A l e n d a l pers. c o m m . ) . 

A l t h o u g h di f f i cul t to quant i fy , severity of winters 
is generally related to w i n t e r prec ipi ta t ion and 
p a c k i n g of the s n o w b y strong w i n d s . Part icular 
severe grazing condi t ions m a y arise after winter 
ra infa l l and subsequent freezing result ing in a more 
or less impenetrable ice-cover over the vegetation. 

In w i n t e r 1975 - 76 prec ip i ta t ion and n u m b e r of 
days w i t h rain were above n o r m a l (Table 2), and 
several ice layers f o r m e d over the vegetation 
(Kastnes 1979). Prec ip i ta t ion was l o w e r than 
n o r m a l and the n u m b e r of days w i t h rain about 
n o r m a l the f o l l o w i n g 2 winters . Ye t , b o d y weights 
i n late w i n t e r were lower and the n u m b e r of 
carcasses f r o m starved animals twice as h i g h in 1976 
- 77 as in 1977 - 78 (Reimers 1983). T h e lack of 
consistency is not conclusive as I believe the 
standard meteorologica l measurements frequently 
are too crude for an evaluation of grazing 
c o n d i t i o n s . 

T h e surv iva l and p o p u l a t i o n c o n t r o l mechanisms 
expressed b y the Svalbard reindeer are rare among 
reindeer/caribou. Predat ion , harvest by m a n , and 
emigra t ion to s u b o p t i m a l habitats are the major 
c o n t r o l l i n g elements for most cervid species. T h e i r 
absence resulted in p o p u l a t i o n eruptions and 
crashes of reindeer o n islands i n A l a s k a due to 
severe overgraz ing of the l ichen ranges and severe 
winters (Scheffer 1951, K l e i n 1968). A p o p u l a t i o n 
of reindeer o n South G e o r g i a gradual ly decreased 
d u r i n g the past 20 years f r o m the highest density 
ever reported (23 animalsk/km') to the present 
densi ty of 9 animals/km 2 in one subpopula t ion 
( L e a d e r - W i l l i a m s 1980). T h e dependence o n 
tussock grass rather than lichens for winter forage 
was the major reason for the absence of a 
p o p u l a t i o n crash ( L e a d e r - W i l l i a m s et al . 1981). 

H a v i n g been protected since 1925, w i t h o u t 
predators and w i t h extremely p o o r winter 
n u t r i t i o n ( E k e r n and K i l d e m o 1978, Reimers 
1980), the Svalbard reindeer s h o u l d have faced the 
above described crash-l ike s i tuat ion. A n d yet, h igh 
and presumably stable p o p u l a t i o n densities (up to 
5 - 6 animals per k m 2 ( A l e n d a l and B y r k j e d a l 
1976)), rapid b o d y g r o w t h , and favorable b o d y 

c o m p o s i t i o n ( K r o g et al. 1976, R i n g b e r g et al . 
1980, Re imers et a l . 1982) indicate no i m p e n d i n g 
crash. In the absence of predators , hunters, and 
b i t i n g or parasitic insects, selection has favored 
sedate animals w i t h a high capacity to obta in and 
store energy in times of plenty for use in times of 
want . D u r i n g severe winters , however , the 
accessible range forage w i l l not supply the 
necessary energy to cover energy requirements and 
some m o r t a l i t y occurs. 

T h e occasional h i g h winter m o r t a l i t y (Reimers 
1982) f o l l o w e d by l o w calf survival mainta in 
reasonably stable populat ions and ranges and a 
c o n t i n u e d selection for reindeer capable of 
accumulat ing large amounts of fat. 
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