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'How, _under such circumstances can animal-life survive?
The Arctic foxes, prudent in their generation lay up
store of sea-fowl for winter consumption; the Polar
bears hibernate; but the [Svalbard] reindeer? -- they
do survive, but who can say how~'
Abel Chapman (1924:33)
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The work described in this dissertation was carried out from
the Research Group in Mammalian Ecology and Reproduction at the
Physiological Laboratory, University of Cambridge under the
supervision of Professor P . A . Jewell .

Chapters 6 & 7 were written

at the Department of Arctic Biology, University of Trams~ .

This

dissertation is the result of my own work and includes nothing
which is the outcome of work done in collaboration .

No part of

this dissertation has been submitted to the University of
Cambridge or any other University for consideration for any
degree or diploma .

THE

MAB

PROJECT

IN

SVALBARD

In 1971, the United Nations' organization UNESCO launched a
programme whose general objective was to encourage the different
countries of the world to take direct and co-ordinated action
towards developing and improving use and conservation of the
renewable natural resources of the terrestrial biosphere .
called the Programme on Man and the Biosphere (MAB)

It was

(UNESCO

1972).
One of fourteen Projects specified under MAB was called
'Impact of human activities and land use practices on grazing
lands : savannah, grassland (from temperate to arid areas),
tundra '.

Later ,

'tundra' was shifted to a Project called 'Impact

of human activities on mountain and tundra ecosystems'.

It

carried with it emphasis on the importance of herbivory by large
mammals (UNESCO 1974).
Norway ' s participation in the MAB Programme was debated in
Stortinget (the Parliament) in Oslo in 1974 (Halvorsen 1974).

A

prbject called 'Man's influence on the productivity and yield in
mountain and arctic ecos ys tems ', recommended by the Norwegian
Mi nistry of th_e Environment, was accepted .

The principal area o f

interest for Norway was the High Arctic archipelago called
Svalbard.

These islands hav e bee n part of the Kingdom of Norway

since 1920 (0streng 1977).
The MAB 'Svalbard Project' was commissioned to work for 10
y e ars from 1975.

It was directed that the firs t phase of the

work should concentrate on describing "Svalbard's most important
ii

"terrestrial mammal

the Svalbard reindeer's

sensitivity

"to human activities, reindeer grazing lands' optimal carrying
" capacity and other population regulating factors ."

(Halvorsen

1974).
A steering committee of six, plus two consultants and a
project leader (Dr Philos (now Professor) N.A.0ritsland) were
responsible for scientific management of the project .

Adminis-

tration was the responsibility of the Norwegian Polar Research
Institute .
in 1983.

Field work started in summer 1975 and was concluded
Research was conducted in three main areas: vegetation

mapping, ecology of the soil and the ecology and physiology of
reindeer .
annum .

The project used a budget of about GBP 80 OOO per

A final report was published in 1985 (0ritsland 1985) .
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SUMMARY
A field study of growth, body compositio n and the demograph y of
Svalbard reindeer Rangifer tarandus platyrhync hus was carried out
between April 1979 and Sept. 1984 in Adventdal en (750 km2) in
Svalbard, 78°N lat., to determine the potential significan ce of (i}
the food supply and (ii) the weather in determinin g the rate of
increase and abundance of reind~er. The study was based on measuring (i) total numbers, annual rates of birth and mortality and (ii)
the total dissectib le fat content (TDF) of reindeer shot throughou t
the year. All reindeer and carcasses were counted on foot once each
summer. The disarticu lation and disappeara nce of 78 carcasses was
followed for five years. Carcasses usually remained in situ, with
at least 50% of bones present, for not less than two years after
death. Radio-trac king showed that the reindeer were sedentary and
used small (ea . 5 km2), tradition al, seasonal home ranges. The
population was stable but not constant: numbers fluctuated between
401 and 771 reindeer (2.7-5.5 reindeer per km2 productive ground).
There was pro~ounced variation in annual rates of fecundity (9.0 73.3%), mortality (1.5-25.7% of the population ) and dispersal (025.1% of the populatio n). The annual rate of increase (~)
fluctuated between +43 and -47%. Mortality (of calves and adults)
accounted for 46% of total annual losses and was a major factor
limiting numbers: the principal single cause of variation in~'
however, was variation in the annual birth rate. It is suggested
that reproduct ive failure was caused by resorption of foetuses
induced by acute starvation .
Ninety percent of all natural mortality occurred in the second half of winter; 83% of all deaths were
due to starvation . Calves suffered higher mean rates of mortality
than both males and females aged ~1 yr (35.8, 15.8 and 9.3% per
annum, respectiv ely), Reindeer were fat in autumn (TDF = 17% total
body weight in adult females) and lean in late winter but survival
was probably influenced principal ly by the supply of food in winter
rather than the extent of fattening in summer . A model of a reindeer's energy balance showed that despite large autumn reserves of
fat and muscle, a non-pregn ant, adult female would normally have to
meet not less than 75% of her daily energy requireme nts in winter
by feeding. Survival also appeared to be influenced by reindeers '
ability to process food efficientl y; the molariform teeth of
reindeer which starved to death were more worn than those of animals of the same age which were shot. Winters with heavy mortality
were invariably followed by low rates of calving in spring and
neither the bLrth rate nor the rate of mortality was significa ntl y
density-de pendent across years. Evidently effects of grazing on
plant biomass in winter were overridden by the effects of random
variation in the weather. It seems that food shortage in winter can
arise in several ways: through low production of forage in summer,
through reduced availabil ity of forage due to snow and ice and
through increased competitio n. There was no evidence that weather
condition s were exception al in years when numbers declined . It is
suggested that periodic die-offs and subsequen t low calving are an
integral part of the ecology of Svalbard reindeer. The population
may be susceptib le to the effects of weather because it has reached
equilibriu m with the winter food supply. This contrasts with a
previous suggestion that severe winter weather might keep populations of Svalbard reindeer below ecologica l carrying capacity.
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who can say how?'

Plate 2.

False colour map of Nordenski~ld Land, Spitsbergen
based on a LANDSAT image, NASA ERTS E-2543-11162.

Plate 3.

The extent to which a reindeer's carcass had been
eaten by scavengers gave an indication of whether it
had died early or late in winter.

Plate 4.

Svalbard reindeer are very fat in autumn but lean
in late winter.

Plate 5.

Adult female Svalbard reindeer gnawing crustose
lichen off a rock in late winter (April).
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TERMINOLOGY
'Regulatio n' of animal abundance .
Population s of animals do not change size spontaneo usly but
usually in response, either directly or indirectly , to changes in
the environme nt.

All population s are ultimately limited in size

but the density of animals may be influenced , or controlled , in
a variety of ways.

I distinguis h between regulatory and non-

regulatory processes which influence the abundance of animals .
The terms 'regulatio n' and 'regulate ' are normally used in a
restricted sense in population biology.

I have followed the

definition of Krebs (1970)
' . . . the terms 'regulatio n' and 'regulate ' refer only to the
influence of density-de pendent processes on the population .
The terms do not refer to any density-in dependent factors
which may cause year to year fluctuatio ns in numbers ...
'Regulatio n' refers to processes which compensate for
disturbanc es from particula r level of abundance , but the
level of abundance at which the population is regulated may
vary greatly according to numerous features of the environment.
Thus the overall abundance is influenced by (i)
regulator y processes (which are density-de pendent and
stabilizin g); (ii) density-in dependent factors , causing
short term fluctuatio ns; (iii) the general nature of the
habitat, which determine s the level about which the
population fluctuates and is regulated .'
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Chapter 1
THE

1.1

REINDEER

ERUPTION

AND

OTHER

OF

REINDEER

MAMMALS

IN

IN

SVALBARD

SVALBARD
0

Svalbard is the name of a group of islands situated at 74 -81'N
0

lat.,

10 -35'E long., roughly half way between Norway and the

North Pole.

By far the largest of these islands is Spitsbergen

2

(39 OOO km

Figure 1.1) .

Only one species of large, terrestrial

herbivore, the Svalbard reindeer Rangifer tarandus platyrhynchu s,
lives in this archipelago.
Taxonomicall y reindeer and caribou are combined in one
species, Rangifer tarandus.

There are seven extant subspecies:

TUNDRA REINDEER (five subspecies) - tarandus (Eurasia), groen landicus (usually called 'barren-groun d caribou'; Greenland & the
Northwest Territories of Canada), granti (Alaska), pearyi (Canadian arctic archipelago) and platyrhynchu s (Svalbard): WOODLAND
CARIBOU and FOREST REINDEER (two subspecies) Territory and British Columbia) and fennicus
Soviet Union)

(Banfield 1961, Calef 1980).

caribou (Yukon

(Finland and the
A further thirteen

sub-species have been defined in the past but these distinctions
have fallen out of use (Skjenneberg and Slagsvold 1968) .
There are about 9 OOO wild reindeer in Svalbard distributed
over the four main islands (Figure 1.2) .
certain when or from where they came .

It is not known for

They were not introduced .

Recent studies of allelic variation indicate that platyrhync h us
dive rg e d f r o m tarandus ( Eurasian tundra reindeer) approximatel y
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Maps of Svalba rd.
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Figure 1.2
Distribution and approximate number of reindeer in different
parts of Svalbard in 1980 (from 0ritsland and Alendal 1985).
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225 OOO years ago (R~ed 1985).

Craniom etry has confirme d the

dissimi larity between Svalbard reindeer and extant Eurasian forms
and,

instead, a common ancestry with pearyi and extinct East

Greenlan d reindee r eogroen landicus , with acciden tal immigra tion
to Svalbard as early as 20 OOO to 40 OOO years ago, has been
proposed (Hakala et al. 1985).
There are only two other species of terrestr ial mammals in
Svalbard : Arctic fox Alopex lagopus and polar bear Ursus maritimus.
--

There are no rats Rattus norvegic us, lemmings Lemmus sp .

or wolves Canis lupus.

Muskox Ovibos moschatu s and Arctic hares

Lepus timidus were introduc ed in the 1930s but both species are
now extinct (L~n~ 1960, Klein and Staaland 1984).
eat seals .

Polar bears

Svalbard reindeer thus have no competi tors nor

natural predato rs (see also Chapter 4).

1.2

THE

DECLINE

OF

SVALBARD

REINDEER

1860-192 5

Svalbard was (re)disc overed by Wilhelm Barents in 1596 and
througho ut the seventee nth century people went there in large
numbers, attracte d by apparen tly limitles s stocks of bowhead
whales Balaena ~ystice tus and walrus Odobenus rosmarus (Norderhaug 1982) .

By 1640, Smeeren burg ( 'Blubber town'), a Dutch

settleme nt in Svalbard , had a populati on of several hundred
during the whaling season each summer (Hacqueb ord 1985) .

Rein-

deer were evident ly both abundan t and widely disperse d (Figure
1. 3) .

The early traveler s to Svalbard found, moreove r, that they

wer e easy to hunt.

They could be "k illed ... at our pleasure ,
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Figure 1.3
Documente d occurrence of reindeer in Svalbard 1610-1925 .
Circles: important reindeer hunting areas at about the turn of
this century (Wollebaek 1926, Ls6ns6 1959 & 1976),
Squares: early references to reindeer, as follows:
Name cited
1
2
3
4
5
6
7
8
9

Low island of Phipps
Treuenber g Bay
Muscle Bay
Renefeld
Vogel sang
Amsterdam Island
Fairhaven
Close Sound
Deere Sound

Modern name

Date

10 Black Point
11 Coles Park
12 Green Haven

Phippss6ya
17thC.
Sorgfjorde n
17thC.
Mosselbuk ta
1671
Reindyrsf lya
1671
Fugelsange n
1671
Amsterdams 6ya
1888
Smeerenbe rgfjord 17thC .
Krossfjord en
1610
Kongsfjor den,
1610
Brs6ggerha lvs6ya
Salpynten
, 1610
Colesdalen
1629
Grs6nfjord en
1610/29

13 Bell Sound
14 Horn Sound*
15 Edges6ya

Bellsund
Hornsund
Edges6ya

*

Antlers, but no reindeer.

1610/29.
1610
1743-9

I

~ource
Martens 1694
II
II
II
II

Chapman 1897
Martens 1694
Poole 1610
II

!'

"
Pellham 1631
Poole 1610,
Pellham 1631
II

Poole 1610
Ls6ni6 1959
Ii I
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"which was a great refreshing to us in that unquoth (sic) place"
(Poole 1611).

The animals were an important source of fresh meat

for expedition s of all kinds (Martens 1694).
The extent to which Svalbard reindeer were hunted during the
eighteenth and early part of the nineteenth centuries is not
known.

Whaling continued until about 1800 and walruses Odobenus

rosmarus were hunted throughou t the nineteenth century (Norderhaug 1982), although it is likely that fewer people were involved
with this.

Desultory reports confirm that hunters did not lose

their taste for reindeer meat (L~n~ 1959) but it seems certain,
neverthel ess,

that reindeer were still abundant in the middle of

the last century (ibid . ).
Interest in Svalbard was rekindled and increased steadily
from about 1860.

Commercia l whaling started once more,

the

principal quarry being beluga whales Delphinap terus leucas but
blue whales Balaenopt era musculus, fin whales Balaenopt era
physalus and humpback whales Megaptera novaeangl iae were taken as
well (Hoel 1926).

Scientific expedition s and tourists began to

visit the archipelag o and several coal mining settlemen ts were
establishe d there shortly after the turn of the century (NSIU
1942).

Modern _weapons changed the character of hunting from

primarily a subsistenc e activity, as it had been for 250 years,
to both a commercia l enterprise and a sport.

Whalers carried

venison back to Norway where they sold it (Wollebaek 1926) ,
trappers lived off it and tourists shot reindeer for amusement :
" ... hundreds of reind eer were uselessly slaughtere d, the
carcasses often being left where they fell .•. " (Gordon 1922:10).
6

I

I

I

Not less than 20 OOO Svalba rd reinde er were killed between 1865
and 1925: 16 OOO were exporte d to Norway , where they were
recorde d by Custom s, and a furthe r 4 OOO kills were recorde d in
private journa ls (L~n~ 1959, 1972, 1976; Wolleb aek 1926).
figures are almost certain ly conser vative .

These

L~n~ and Wolleb aek

agree that as many were shot and consum ed locally as were
exporte d .
From as early as 1831 there are reports that reinde er had
become locally extinc t in Svalba rd (L~n~ 1959).

Prior to 1875,

these reports refer only to small, isolate d areas but by 1910
reinde er had become increa singly hard to find in parts of Norden ski~ld Land (Wolleb aek 1926) and, fifteen years later, scarce ly a
reinde er was seen through out that entire area (Hoel 1926).

In

March 1921 Adolf Hoel, directo r of Norges Svalba rd- og Ishavs Unders ~kelser (later Norsk Polari nstitu tt), produce d a report
recomm ending that Svalba rd reinde er be totally protec ted for ten
years (Hoel 1926).

This was accepte d and protec tion was ratifie d

by the Startin g (Parlia ment) in Oslo on 7 August 1925, seven days
before the Svalba rd Treaty , under the terms of which Norway
accepte d sovere ignty over Svalba rd, was former ly ratifie d
(~stren g 1977).
There can be little doubt that excess ive hunting was a
princip al factor causing the decline in number s.

Whethe r it was

the only factor involve d will probab ly never be known .

7

1.3

INCREASE

IN

NUMBERS

1925-1975

It is not known either how many Svalbard reindeer were left in
1925 or in which areas (and on which islands) the survivors
remained.

Evidently , there were not many reindeer on Spitsber-

gen: Hoel (1926) concluded that the majority survived on relatively inaccessi ble islands to the east (Nordaust landet, Barents~ya and Edge~ya) but no numbers were known.

Four years later he

reported enthusias tically that the protection order had begun to
t~ke effect, quoting an estimate made by Georg Bj~rnnes, a
veteran trapper who travelled over much of Svalbard (Hoel 1930).
Bj~rnnes thought that were about 1 OOO reindeer in the entire
archipelag o: Hoel's reaction to this suggests that he (Hoel)
thought that there had been fewer than 1 OOO in 1925.
Despite Hoel's (1930) optimistic report, the ban on hunting
was extended indefinite ly after 1934 (when the initial ten year
period expired) because the population apparently "did not show
the desired increase " (L~n~ 1959).

Thirty years later, L~n~

himself estimated (from anecdotal evidence) that there were about
1 200 reindeer in Svalbard, about half of them on Edge~ya.
wrote:

He

''It looks as though Svalbard reindeer are thriving and

multiplyin g wherever they are found ." (ibid.) .

Heintz (1964) and

Norderhau g (1969b) subsequen tly estimated totals of 2 OOO and
3 700-4 200 reindeer, respectiv ely.

Both concluded that numbers

were still increasing .
The first true census of Svalbard reindeer was made by
Norderhau g in 1969 .

on

He counted 1 448 and 484 reindeerJ Edge~ya
I

8

I

and Barents~ya, respectively (Norderhaug 1970).

Three years

later, Hjeljord counted 1 568 reindeer on Edge~ya.

He concluded

that reindeer were no longer increasing there (Hjeljord 1975).
The first cen~uses of reind~er on Spitsbergen itself were
made in Nordenski~ld Land on snow scooters in March 1971 and 1972
by members of Longyearbyen Jeger og Fiskeforening (Longyearbyen
Hunting and Fishing Club)

(Gossow and Thorbj~rnsen 1974).

Alendal and Byrkjedal (1976) covered the same region on foot over
the following two summers and estimated the total number of
reindeer by combining the data collected in each year.

Their

figure (5 467 reindeer) was more than double Gossow and Thorbj~rnsen's (2 477 in 1972).

At the same time, Norderhaug (1975)

thought that there were not more that 5 500 reindeer in all
Svalbard.
Despite uncertainty over actual numbers, reindeer were
clearly locally abundant by the mid 1970s and the high density of
animals in some areas gave cause for concern (Norderhaug 1975,
1982; Reimers 1977, 1982).

Norderhaug (1969b) had estimated
-2

there to have been between about 0.8 and 0.9 reindeer.km
'productive ground'

of

(ground below 200 m a.s.l.; see section 1.7)

on Nordenski~ld Land during the 1960s .

Alendal and Byrkjedal

(1976) calculated a density there of between 5.4 and 7.9 rein-2

deer.km

of ground below 100 rn a.s.l. in 1973-74.
This was
-2
equivalent to about 3.2 reindeer.km using Norderhaug's (1969b)
200 m limit and was more than twice what he (arbitrarily)

considered might be the ''optimal density " in that area.

9

In summar y, five main points emerge :
1) Reinde er were abunda nt on Norden ski~ld Land and Edge~y a in
1975.

Neithe r popula tion size(s) nor trend(s ) were known for

certain anywhe re in Svalba rd.

Number s appeare d to be

increas ing only slowly , if at all, on Edge~y a.
2) The larges t increas e in number s since 1925 appeare d to have
been on Norden ski~ld Land.

I.
I

3) There had been some disper sal and coloni sation of 'new' areas
since the 1950s (Figure 1.4).
4) By 1975, reinde er occupie d most of the availab le habita t in
Svalba rd (Figure 1.4).
5) Althoug h the status of Svalba rd reinde er was largely unknow n,
by the mid 1970s the density of animal s in some areas had
increas ed to a level which gave cause for concer n.
Increas ed intere st and activi ty in Svalba rd in the early
1970s, partic ularly the search for oil, prompt ed a review of
conser vation there (Halvo rsen 1974, Norderh aug 1981),

At about

the same time, Longye arbyen Jeger og Fiskefo rening reques ted the
Minist ry of the Environ ment in Oslo for permis sion to hunt reindeer on Norden ski~ld Land (O.V.So lheim person al commu nicatio n).
Permis sion was refused but Stortin get voted that the MAB Projec t
should concen trate on the biology of reinde er becaus e of uncertainty about their status (seep. ii),

Prevale nce of the hunting

issue (that there might be 'too many reinde er for their own good '
(e . g. Norderh aug 1982)) was reflect ed in the Projec t's princip al
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Figu re 1.4
Insta nces (with date s) of disp ersa l and colo nisat
ion by reind eer
of 'new ' areas afte r 1925 .
1:

2:
3:
4:
5:

Wede l Jarls berg Land
Andr ee Land
Nord ensk i~ld Kyst en
Ny Fries land
West coas t of Andr ee Land

-

1950 s
1950 s
1962
1970
1975

(Nord erhau g 1969 ).
(Hein tz 1963) .
(K . Brat lien, pers . comm .).
(Nord erhau g 1975 ).
(P.P restr ud, pers . comm .).

Dots :
area s occu pied by reind eer in 1985 .
Strip es : pote ntial habi tat for reind eer which
r emai ns uno ccup ied .

spec ified obje cti v e ; to inve stiga te "rein deer
grazi ng land 's
"opti mal car rying capa city and othe r popu l ation
r egul ating
"fac tors" (p.ii ).

11

1.4

POPULATION

REGULATION

MANAGEMENT

&

OF

LARGE

UNGULATES

One purpose of managem ent, at least accordin g to popular debate,
is to hold populati ons 'within their carrying capacit y'.
Implicit in this is the assumpti on that the system comprisi ng a
populati on and its resource s is incapab le of holding animal
numbers within carrying capacity unaided (see Caughley 1981a).
One importan t objectiv e of research , therefor e, is to find out
how the density of animals in a populati on is naturall y
controll ed.
In the absence of intrinsi c regulati on (which has never been
shown in large mammals ), heavy predatio n or epidemic disease, a
populati on of large ungulate s will normally be expected to
increase until shortage of resource s prevents further growth
(Laws, Parker and Johnston e 1975; Sinclai r 1977; Sinclai r, Dublin
and Borner 1985; Skogland 1983, 1985a).

The amount of limiting

resource (food) instanta neously availab le per animal depends on
three factors:

the density and social behaviou r of the animals

and the biomass of edible plants .

In the long term, the amount

of food present depends both on the inheren t dynamic propert ies
(intrins ic rates of increase and decline) of the animals and
plants in question and on the way in which these dynamics
interact (see Caughley and Lawton 1981).

It is the interact ion

between two (or more) dynamic compone nts which is the basis for
regulati on of abundanc e as opposed merely to limitati on of
numbers .

12

Regula tion,

in the sense used here (p. xx), implies contro l

involvi ng dynami c equilib rium between two (or more) compon ents of
a system :

'equili brium ', implyin g that the level of one compon ent

influen ces the level of the other;
ibrium is defend ed

'dynam ic' becaus e the equil-

change in one compon ent elicits compen sa-

ting, homeo static change in the other.

Caughl ey (1976a~

1979,

1981b) argued that popula tions of large herbiv ores inevita bly
conver ge toward s equilib rium with their food supply .

His models

sugges t that the dynami c behavi our of most popula tions can be
explain ed in terms of food limitat ion and regula tion in respon se
to displac ed equilib rium.
The princip al objecti on to this is that there is no empiri cal way of measur ing equilib rium between two interac ting
popula tions (Andre wartha and Birch 1954).

Second , the densit ies

of animal s and plants in any natura l ecosyst em are usually
influen ced by more than just the abunda nce of each other.

Conse-

quently , the point of equilib rium may actual ly vary from year to
year (Moss, Watson and Ollason 1982) .
ever,

Caughl ey's thesis , how-

is not that there exists some unique end point at which

systems compri sing large herbiv ores and their resourc es are
perfec tly balanc ed: it is, instead , that the dynami cs of such
system s are normal ly centrip etal (Caugh ley and Krebs 1983).

This

hypoth esis has consid erable signifi cance for manage ment of large
ungula tes: its most import ant implic ation is that grazing ecosystem s are inhere ntly stable .
By defini tion, a popula tion at 'equ ilibriu m ' with its
resourc es persis ts while fluctua ting within certain limits .
13
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Figure 1.5
Diagra m repres enting the intera ction betwee n a popul ation
of
large herbiv ores and the popul ation of plants which they
eat.
Expla nation is given in sectio n 1.4.

These limits define 'ecolo gical carryi ng capac ity' which
is thus
consid ered as a _range of densi ties (Figur e 1.5).

The densi ty of

anima ls (or plants ) is not neces sarily consta nt but the system
is

I.

'stabl e' in the sense that there is no net . change in densi
ty of
eithe r anima ls or plants (Figur e 1.6) and that the densi ty
of
both tends to remain within those limits .

It is the persis tence

of the ecosys tem, not its consta ncy, which is empha sised
(Holli ng
1973).
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Figure 1.6
Trends in number s of the popula tion of Seay Sheep on the island
of Hirta in St Kilda (see Jewell, Milner and Boyd 1974).
There
are no predat ors on Hirta, nor are the sheep culled .
Soay Sheep
appear to have achieve d equilib rium with their food supply .
It
is eviden t that despite erratic fluctua tions there is no overal l
trend in number s.
The popula tion is, in this sense, 'stabl e'.
Note especi ally how number s decline d for seven consec utive years
from 1971 : had . these animal s been subjec t to manage ment, action
woul d almost certain ly have been taken by 1975 or 1976 to
reverse what might easily have been mistake n for an irreve rsible
declin e.
The ecolog ical carryin g capaci ty of Hirta for Soay
sheep is eviden tly betwee n 1 OOO and 1 600 animal s .
(Unpub lished
data for 1974-19 83 reprodu ced by permis sion of P .A. Jewell) .
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Figure 1.6
Trends in numbers of the populati on of Soay Sheep on the island
of Hirta in St Kilda (see Jewell, Milner and Boyd 1974).
There
are no predato rs on Hirta, nor are the sheep culled .
Soay Sheep
appear to have achieved equilibr ium with their food supply.
It
is evident that despite erratic fluctuat ions there is no overall
trend in numbers .
The populati on is, in this sense, 'stable '.
Note especia lly how numbers declined for seven consecu tive years
from 1971 : had -these animals been subject to managem ent, action
would almost certainl y have been taken by 1975 or 1976 to
reverse what might easily have been mistaken for an irrevers ible
decline .
The ecologic al carrying capacity of Hirta for Soay
sheep is e vid entl y between 1 OOO and 1 600 animals.
(Unpubl ished
data for 1974-198 3 reproduc ed b y permissi on of P . A.Jewel l).
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Sincl air (1981) propo sed that there will usuall y be some
bound ary (thres hold) outsid e the range of norma l varia bility
,
beyond which the system may not return to its origin al state
(X
and Yin Figure 1.5).

Once one or other thresh old has been

exceed ed, the system may either tend toward s a new equili brium
(with a perma nent increa se or reduc tion in the densit y of
herbi vores) or might change to somet hing else.

For examp le, it

appea rs that the woodl ands in the Seren geti Nation al Park
in east
Africa may have expand ed and thicke ts may have replac ed grassl
and
follow ing the declin e of large herbiv ores throug h rinder pest
in
the last centur y (Sinc lair 1979a and A.R.E .Sincl air, person
al
comm unicat ion).

In this partic ular case, the grassl ands have

been restor ed by a combi nation of mecha nical bush - cleari ng,
fire,
a change in rainfa ll and perhap s ungul ates, too (see Dublin
1984,
Sincl air 1979a ).

In gener al terms, the amoun t of change away

from equili brium that a system can tolera te before one or
other
of the thresh olds is crosse d is a measu remen t of its 'resil
ience '
(Holli ng 1973, Walke r 1981).
The hypot hesis that large herbiv ores and their food supply
tend to conve rge toward s equili brium is impor tant becau se
many
proble ms in manag ement arise from the belie f that a system
has
been (or may be} so pertur bed that it will exceed its bound
s.
Pertu rbatio n may be caused when a popul ation of anima ls,
forme rly
maint ained at one equili brium with their food supply by proce
sses
other than food limita tion, is sudde nly releas ed from this
and~
left to achiev e a new equili brium .

This can happen , for examp le,

follow ing reduc tion in the numbe r of preda tors (may be; e.g.
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Leopo ld, Sowle s and Spenc er 1947), or compe titors (e.g. sheep
Ovis sp. and red kanga roos Macro pus rufus, Caugh ley 1983),
or a
ban on huntin g or cullin g (e.g. Antar ctic fur seals Arctoc
ephalu s
gazel la and elepha nt seals Miroun ga leonin a, Laws 1981),
or
eradic ation of diseas e (Afric an buffal o Synce ros caffe r,
wilde beest Conno chaete s alboju batus, Sincl air 1979b ).

The expec ted

respon se of a popul ation of large herbiv ores presen ted with
a
surplu s of food (i.e. follow ing such a releas e) is a single
erupti on in numbe rs (Caug hley 1970, 1976a, Riney 1974, Sincl
air
1979b ).

The expec ted respon se of the popul ation of plants which

they eat is the recipr ocal trajec tory to anima l numbe rs (Figur
e
1 r 5) .

Anima ls numbe rs will norma lly be expec ted to increa se

until food becom es limiti ng whereu pon they may declin e, as
a
resul t of overg razing , before event ually settli ng at a new
equili brium level some way below peak densi ty.
It has freque ntly been predic ted, howev er, that overg razing
at the peak of an erupti on might change the compo sition of
the
veget ation and perhap s soil qualit y, too, with the resul t
that
the equili brium densi ty of a partic ular specie s (anima l or
plant)
is perma nently altere d.

Conce rn about the outcom e of allowi ng

anima ls in conse rvatio n areas to find their own equili brium
under lies most decisi ons to cull them (Anon. 1981, Ferra r
1983,
Housto n 1982, Walke r 1981) .
inevit able.

Howev er, severe overg razing is not

Erupti ons occur simply when popul ations are presen -

ted with abund ant food and have no other limiti ng factor s
.

They

are neithe r caused by, nor repres ent, a breakd own of regula
tion .
Irreve rsible declin e in the produ ctivit y of an area is a
seriou s
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proble m for domes tic livest ock kept under intens ive (mis-)
manag ement (Noy-M eir 1981, Sincl air and Fryxe ll 1985) but there
is no
eviden ce that the produ ctivit y at equili brium declin es follow
ing
erupti on of natura l popul ations of wild ungul ates.

At least, not

with artiod actyls ; Africa n elepha nts Loxod onta africa na and
black
rhinos Dicero s bicorn is may be excep tions (Caugh ley 1976b,
OwenSmith 1981).

Introd uced specie s have been lost (Klein 1968,

Schef fer 1951) but such cases revea l nothin g about the resili
ence
of natura l ecosys tems.
Erupti ons of natur al popul ations of three ungul ates have
been docum ented in detai l.

Africa n buffal o and wilde beest

increa sed in the Seren geti Nation al Park follow ing eradic
ation of
introd uced rinder pest in the 1950s (Sinc lair 1977, 1979b );
red
deer Cervus elaphu s in part of the island of Rhum (Scotl and)
increa sed follow ing cessa tion of cullin g (Clutt on-Br ock,
Guinn ess
and Alban 1982).

Neith er of the former two popul ations declin ed

signif icantl y after reachi ng peak densit y (Sinc lair 1979b;
Sincl air, Dublin and Borne r 1985).

The red deer on Rhum are

still increa sing, althou gh more slowly than previo usly.
case numbe rs increa sed until limite d by food.

In each

Each popul ation

was strong ly regula ted (princ ipally throug h decrea sed surviv
al)
before the popul ations reache d peak densi ty.

This appea rs to

have been the main reason why these erupti ons were conta ined.
When a popul ation is suspe cted of being someho w overabund ant, it is neces sary first to identi fy trends in the
densi ty
of anima ls (or bioma ss of veget ation) and then to distin guish
trends which are within the norma l compa ss of regula tory
18

mechanis ms from trends which might lead to irrevers ible, or only
slowly reversib le, changes in ecosyste m processe s and

which

might result in a decline in product ivity, a change in species
composi tion (includi ng loss of species) or anything else which
might be deemed undesira ble.
Three key question s are:
1) Is there a trend of increasi ng populati on size accompa nied by
a decrease in resource s?
2) If so, is it likely that the populati on will respond (by
reduced rate of increase ) and will this reverse the decrease
of resource s?
3) Will the system tend towards stable equilibr ium?

1.5

FOOD

LIMITATION

IN

REINDEER

AND

CARIBOU

It has frequen tly been suggeste d that natural populati ons of
reindee r and caribou are never normally limited by the abundanc e
of food.

Skoog (1968: 655), for example, stated" , .. it is quite

"unlikel y that a free ranging caribou populati on is ever faced
"with the problem of food shortage , except under catastro phic
"condit ions--e. g ., deep snow, ice-crus ted snow, fire or perhaps
"volcan ic eruption s."

Bergerud (1980) agreed:

"The basic reason

"that herds [of caribou] in Alaska were overharv ested resultin g
"in their decline was the belief that herds had to be held down
"or they would overgraz e their range and starve.

The bankrup tcy

"of this idea ... has still not been laid to rest even with this
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"manag ement failur e ... "

Preda tion by wolve s and huntin g by man,

he insist ed, were the main factor s whiuh limite d the size
of
contin ental popul ations of caribo u.

Studie s of sever al differ ent

herds of caribo u in Alaska and Canada reache d the same conclu
sion
(refer ences in Berge rud 1980).
Berge rud (1980) suppo rted his conclu sion citing Hairst on
et
al.

(1960) who sugge sted that herbiv ores are unlike ly ever to
be

limite d by food becau se they take only a small fracti on of
each
year's prima ry produ ction.

This, howev er,

is no argum ent

becau se, as Sincl air (1975) has pointe d out, new plant mater
ial
event ually becom es lignif ied and theref ore inedib le or, at
lea3 t,
reduce d in qualit y.
A popul ation of herbiv ores may thus enjoy a
supera bunda nce of food during the growin g season , only to
be
confro nted with acute shorta ge in winte r due to chang es in
the
pheno logy of their forage .

In the arctic , snow ensure s seaso nal-

ity of the food supply , notwi thstan ding chang es in plant
pheno logy and, furthe rmore ,

lichen s, which typic ally form a major part

of the winte r diet of reinde er and caribo u (Aleks androv a
1937;

11

Gaare and Skogla nd 1975, Helle and Saasta moine n 1979, Mille
r

Ill

1976, Skoog 1968: 136-1 83), grow only slowly and are easily

l/1
11

destro yed by tramp ling (Palme r and Rouse 1945, Pegau 1970,
but
see also Gaare 1986) .

1

'II

Overg razing and tramp ling of lichen s, for

examp le, was thoug ht to have been the ultim ate cause of the
declin e of reinde er on St Matthe w Island (Klein 1968).

In prin-

ciple, theref ore, reinde er and caribo u might be presum ed
to b~
more prone to food limita tion due to overg razing than other
large
ungul ates .
I
JII,
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Skoo g (196 8: 336, 587, 655- 662) , neve rthe
less , argu ed that
cont inen tal popu latio ns of carib ou norm
ally neve r expe rienc e
shor tage of food as a resu lt of over graz
ing and sugg ested thre e
reas ons why this migh t be so: (1) cari bou
do not depe nd
e xc lusi v ely on lich ens in wint er but inclu
de a wide vari ety of
vasc ular plan ts in thei r diet , (2) thei r
high ly mob ile life styl e
comb ined with enor mous area s of suit able
hab itat enab les them to
shif t thei r wint erin g grou nds and , abov e
all, (3) pred atio n
comb ined with peri odic heav y mor talit y due
to bad weat her keep s
popu latio ns at leve ls too low to have a
sign ifica nt impa ct on
vasc ular plan ts.
The role of pred ator s in limi ting the abun
danc e of Nort h
Ame rican Ran gife r rema ins hotl y disp uted
(Ber geru d 1980 ; Berg erud
and Elio t 1986 ; Gasa way et al. 1983 ; Van
Ball enbe rghe 1985 ).
The
role of disp ersa l and the sign ifica nce of
hith erto almo st unlimi ted spac e in the ecol ogy and dyna mics
of popu latio ns of
carib ou (Sko og's seco nd sugg estio n, abov
e), by cont rast , has been
larg ely igno red desp ite ampl e evid ence that
the grea t Nort h
Ame rican herd s not only chan ge thei r patt
ern of rang ing from time
to time but also occa sion ally divi de (e.g
. Hemm ing 1975 , Skoo g
1968 :312 e t ~ . ) .
Rece nt work in Norw ay has conf irme d that
rate s of incr ease of popu latio ns of rein
deer whic h have no, or
only limi ted, oppo rtun ity to disp erse are
regu lated by dens itydepe nden t reso urce limi tatio n , desp ite heav
y hunt ing, as
Cau ghle y's hypo thes is pred icts (Sko glan d
1983 , 1985 a , b)
Sval bard rein deer have no majo r natu ral
pred ator s and have
not been hunt ed to any sign ifica nt exte nt
sinc e 1920 (lim ited
21

huntin g has been permi tted in parts of Norde nski~l d Land
since
1983 - see Tyler 1984).

Their range is obvio usly limite d (Figur e

1.4) and numbe rs might , theref ore, have been expec ted increa
se
until limite d by food as Caugh ley's (1976a ) and Caugh ley
and
Lawto n's (1981) model s of herbiv ory by non-m igrato ry ungul
ates
predi ct.
An altern ative view, howev er, has recen tly been propo sed.
Alend al and Byrkj edal (1976) , Reime rs (1977,

1980, 1982a, 1984)

and Reime rs, White and Rusten (1977) sugge sted that the abunda
nce
of Svalb ard might never norma lly be limite d by their supply
of
food.

Instea d, they though t that bad weath er and, in partic ular,

advers e snow condi tions result ing in period ic heavy morta
lity,
might conta in conta in numbe rs below ecolo gical carryi ng capac
ity
indef initel y (ibid .).

The idea, in a parap hrase of Caugh ley and

Lawto n's (1981: 137) words , was that "cond itions [might be]
rarely
"good enough for long enough for [Svalb ard reinde er] to bump
"again st the ceilin g of food limita tion."

These autho rs were

unable to suppo rt their hypot hesis with clear eviden ce of
heavy
morta lity althou gh Reime rs (1983a ) showed that starva tion
was an
impor tant cause of death.
The basic premis e of this argum ent is that Svalb ard reinde
er
are incapa ble of achiev ing equili brium with their food supply
;
"Havin g been protec ted since 1925, witho ut. preda tors and with
"ex treme ly poor winte r nutrit ion , the Svalb ard reinde er should
"have faced ... [a] ... crash -like situat ion" (Reim ers 1984)
.
Reime rs (op . cit . ) e x plaine d the contin u i n g abu n dance of
rei n deer
in terms of densi ty indepe ndent li mitati on o f numb e r s d ue
to
22
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perio dic reduc tion in the avail abili ty of winte r forag
e.
model inclu des two impl icit assum ption s:

His

(i) that Svalb ard rein-

deer do not affec t the rate at which their food (plan
ts) is
renew ed and (ii) that the rate of incre ase of the
reind eer is
large ly indep enden t of param eters of plant growt h.

The exist ence

of this kind of non- inter activ e, non-r eacti ve grazi
ng system has
been propo sed to accou nt for the comp arativ e rarit
y of some
oC..

b

speci es Lphyt ophag ~s insec ts (Andr ewart ha and Birch
1954, Caugh ley
and Lawto n 1981) but

r~~-~_JI tl

ne v er previ ously been invok ed to

accou nt for patte rns of growt h in popu lation s of verte
brate
herbi vores .
Rando m heavy mort ality is not a suffi cient means for
ensur ing long term stabi lity (sens u Holli ng 1973) :
a popu lation
whose rate of incre ase is gover ned by rando m event
s has no tendency to retur n to any parti cular densi ty.

Furth ermo re, the

'weat her hypo thesi s' begs two impo rtant quest ions .

First : What,

if not the amoun t of food avail able per anima l (whic
h is
influ enced both by intra spec ific comp etitio n and chang
es in the
stand ing crop of plant s), deter mine s how many anima
ls starv e to
death in a given winte r?

It is almos t incon ceiva ble that a given

'amou nt' of weath er would char acter istic ally destr
oy a const ant
propo rtion of a -popu lation of large ungu lates, irres
pecti ve of
its densi ty.

Moreo ver, if the rate of mort ality depen ded solel y

on the capri cious ness of the weath er then low densi
ty popu lation s
would not only be unlik ely to grow, they would also
suffe r a high
0

prob abili ty of extin ction (cf. popu lation s of phyto
phag1 s insec ts
livin g at the fring es of the speci es range : Andre warth
a and Birch
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1954) .

Svalb ard reind eer, howev er, incre ased, albei t slowl
y,

after 1920.

Truly 'dens ity-in depe nden t' effec ts of weath er on

the abund ance of anima ls have been demo nstrat ed, but
only in
popu lation s of inver tebra tes and in cases where the
limit ing
facto r was somet hing other than food (Andr ewart ha
and Birch
1954: 518).

Secon d: What,

if not the amoun t of food avail able per

anima l, deter mine s the lower densi ty of the popu lation
if, and
when,

it achie ves stabi lity?

Put more simpl y, What deter mines

how many anima ls survi ve 'bad' winte rs?
The hypo thesis of extri nsic regul ation throu gh resou
rce

11

limit ation (Caug hley 1976a ,c; Sinc lair 1977, 1979b
) does not

I

rejec t the possi ble influ ence of the weath er on the
densi ty of a
popu lation .

It state s only that ungu lates and their food suppl
y

norm ally conve rge towar ds equil ibriu m.

Fluct uatio ns cause d by

weath er might domin ate the patte rn of growt h of a
popu lation and
overs hadow proce sses of regul ation ; this, howev er,
does not mean
that these proce sses do not occur .

1.6

AIM

OF

THIS

STUDY

The purpo se of this study was to inves tigat e what
facto rs limit
the abund ance of wild reind eer in Svalb ard.

The princ ipal

objec tive was to deter mine the poten tial signi fican
ce of two
facto rs

(i) the food suppl y and (ii) the weath er in deter minin
g

the rate of incre ase of reind eer in Adve ntdale n, Spits
berge n.

I

colle cted infor matio n on total numb ers, annua l rates
of birth and
death , growt h and cond ition and , in parti cular , on
the effec t of
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body com posi tion ('ph ysio logi cal cond ition
') on surv ival .

This

thes is is divi ded into thre e part s, each
of whic h corr espo nds to
one of thre e fund amen tal ques tion s:
1) What is the size of the popu latio n and
at what rate is it
grow ing?
(Cha pters 2 & 3).
2) How do chan ges in popu latio n size occu
r?

(Cha pter 4).

3) What fact ors caus e the rate of grow th
(and henc e the size of
the popu latio n) to chan ge?
(Cha pters 5, 6 & 7).

1.7

THE

STUDY

AREA

Site and dura tion of this stud y.

The prac tica l prob lem of

coun ting rein deer in mou ntain ous terr ain
prec lude d an exte nsiv e
stud y.
This stud y was conf ined to rein deer livin
g in the area
whic h drai ns into Adv ente lva (elv = rive
r) in Nord ensk i~ld Land
(Pla te 2 & Figu re 1.7) .
The stud y area inclu ded Adv entd alen
(dal =va lley ), its side vall eys and the
adja cent plat eaux .
This
area is here refe rred to coll ecti vely as
'Adv entd alen '.
Ther e
were ea. 400 rein deer in Adv entd alen in
Apri l 1979 when this
stud y bega n.
For conv enie nce, thes e are refe rred to as
'the
Adv entd alen sub- popu latio n' (her eaft er just
'the pop ulat ion' ) .
Ther e are, howe ver, seve ral pass es thro ugh
the mou ntain s whic h
encl ose the stud y area and rein deer ther
e are not isol ated
phy sica lly from the rein deer in othe r part
s of Nord ensk i~ld Land .
The term '(sub -)po pula tion ' was just ifie
d when subs eque ntly it
was foun d that the stud y of rate s of birt
h, deat h and disp ersa l
of rein deer in Adv entd alen prov ided a usef
ul way of desc ribin g
and acco unti ng for chan ges in the dens ity
of anim als ther e.
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Plate 2 .

(Over)

False colou r map of Norde nski~l d Land, Spitsb ergen based
on a
LANDSAT image, NASA ERTS E-2543 -11162
18 July 1976 . This shows
clearl y how the tundra veget ation (red) is divide d by ranges
of
mount a i ns and b y glacie rs into relati v ely small , more or
less
discre te areas in which the reinde er live.
The anima ls tend not
to move betwee n these areas .
This photog raph, part of map 'Svalb ard, Spitsb ergen s~re
del , LANDSAT satel littka rt , pr~ v ekart ' , produc ed by IBM/N
orsk
Polar instit utt , is reprod uced here with the permi ssion of
the
Direc tor of the Norsk Polar instit utt , Oslo .
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No research facilities or accommoda tion were available in
Longyearb yen (the main Norwegian settlemen t in Svalbard) .
Instead, a small station was built about 12 km away in Adventdalen.

This, the 'MAB station', .could house up to six people but

usually no more than three or four people lived there at any one
time.
I joined the MAB project (see page ii) in January 1979 and
spent 36 months in Svalbard:
1979
1980
1981
1982
1983
1984

(*

19 April
2 April
3 March

3 September
29 September

2 June
20 March
10 July

25
28
17
24

August
August
April*
September*

supported by Norsk Polarinst itutt).

Physical geography of Svalbard.

Most of Svalbard is mountaino us.
2

60% of the total area (63 OOO km) is covered by glaciers.
is relatively little flat ground or even low land.

There

Consequen tly,

although permafros t is continuou s in the soil (Hisdal 1976), the
ground is quite well drained and there are relatively few pools,
bogs or standing water of any descriptio n.
The mountains are character istically rugged, consisting
mostly of metamorph osed pre-Cambr ian sediments and erupted rocks
(Hisdal 1976).

However,

in central parts ·of Svalbard (including

Nordenski ~ld Land on Spitsberge n and Barents~y a and Edge~ya to
the east) flat strata of younger sedimenta ry rocks predomina te
and the topograph y is according ly different .

Here, chains of

jagged, alpine-typ e mountains are largely replaced by steep-side d
28

plateaux rising to between 500-1 OOO m a . s.l.
there are broad,

In between these

ice-free valleys and there are extensive flats in

some places along the coast.
A river bed typic~lly occupies 20% or more of the valley
floor in these valleys.

The rivers themselves, although braided,

occupy only a small part of the river bed even when running in
spate.

Their course, however, changes from year to year within

the limits of the bed and, consequently, a significant part of
the low lying,

ice-free ground in Svalbard is completely barren.

The rivers flow for about four months annually (from June to
September); they are empty or frozen during the remaining eight
months.

Not much rain falls on Svalbard (below) and the rivers

are fed mainly by melting snow and glaciers.

They are seldom

more than about 0 .75 m deep but, during the melt (June) and on
0

warm (>10 C) days in July when the glaciers 'sweat', they can
flow very quickly indeed.

Even rivers less than 3 m wide can

present formidable obstacles in summer.

Climate. The average monthly temperature at Longyearbyen remains
above freezing from June to September (inclusive)

1982).

0

(Steffensen

0

Temperatures outside the range 1 -10 Care not common in

those months.

The mean temperature in July, the warmest month,

is about 6°c.

The maximum temperature recorded at Longyearbyen

(1957-1976) was 18.2°c.
Considering the location of Svalbard, the mean temperature
during winter is remarkably h igh .
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The average temperature in

January, February and March, normally the coldest months,
0

about -14 C.

is only

The lowest temperature recorded at Longyearbyen

(1957-1976) is -39.5°c but temperatures below -30°c are not
common.

This is attributable to the North Atlantic current, a

continuation of the Gulf Stream, a branch of which flows past the
west coast of Spitsbergen (Hisdal 1976).

Considerable fluctu-

ations in air temperature are characteristic of weather conditions on the west coast and changes in temperature as large as
0

30 C have been recorded in the space of a few hours in winter
(Hisdal 1977).

Consequently, temperatures above freezing may

occur at any time during winter and occasionally it may rain,
too.

Thus , while average minimum monthly temperatures recorded

at Longyearbyen (1957-1976) from November to April (inclusive)
are between -22

0

0

and -31 C, the average monthly maximum temperat-

ures in those same months is between o 0 c and 3°c (Steffensen
1982).
Normally less than 210 mm precipitation falls on Longyearbyen each year (Steffensen 1982).
annually.

Snow lies for up to ten months

July and August are normally completely snow free.

Most of the snow falls in February and March.

The melt occurs

between mid-May and mid-June: both the date on which the melt
begins and the speed with which the ground clears vary
considerably from year to year within this period.
The windiest months are November to March, inclusive.

31-

36% of wind observations made at Isfjord Radio in each of those
months have recorded winds between 6-8 Beaufort
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(Steffensen

1982).

Corresp onding frequen cies for June to August , the least

windy months , are 7-8%.
Formal polar night, when the sun remain s continu ously below
the horizon , lasts from 28 Octobe r until 14 Februa ry at 78°N lat.
(the latitud e of Longye arbyen) .

In practic e, there is usually

enough refract ed sunligh t for a few hours' outdoo rs activi ty from
as early as 1st Februa ry and as late as 10th Novemb er.

In the

dark time, the combin ation of northe rn lights and moon light
occasi onally provide s enough light for outdoo rs work.

The formal

period of midnig ht sun is from 21 April to 21 August .

Vegeta tion.

There are approx imately 12 OOO km

uctive ground in Svalba rd (Brattb akk 1985).

2

(20%) of prodThe domina nt

vegeta tion is grass-s edge-m oss tundra: few plants grow taller
than 15 cm and there are no bushes or trees.

Severa l detaile d

descrip tions are availab le (e.g. Brattba kk 1985, R~nnin g 1965,
1979).
Vegeta tion forms a thick carpet over the bottom of valleys
and the coasta l flats.

This is usually continu ous up to 100 m

a.s .l. but plant cover become s increa singly sporad ic betwee n 100200 m and little grows above that (Brattb akk 1985) .

The plateau x

are mainly polar desert proper but pocket s of floweri ng plants
and, occasi onally , bogs occur in suitab le sites.

There are

2

approx imately 150 km

of produc tive ground below 200 m in

study area (I,Brat tbakk, person al commu nicatio n),

The ratio of

produc tive ground below 200 m to total area here is 1:4.96
(ibid.) .

31

the

Three vegetation types are recognised within the tundra :
heaths, meadows and mires (Brattbakk 1985).
of heaths:

'Moss-lich en heath'

There are six types

(Rhacomit rietum lanuginos i spits -

bergense Hada~ 1946); three Dryas heaths of which Polari-Dr yadetum (R~nning 1965) is dominant in Adventdal en, accounting fo r
42% of all productiv e ground below 200 m (I.Brattba kk, personal
communic ation);

'Polar willow heath'

(a community dominated by

Sali x polaris & Polytrichu m hyperboreu m); and 'Woodrush ' heath , a
community dominated by Luzula confusa .

Eight types of meadows

are recognised of which the principal one in Adventdal en is a
Papaver dahlianum scree slope community
unstable ground ( 'Rasmark' in Norwegian ).

which occurs on arid,
Rasmark typically has

less than 10% plant cover ; it comprises 33% of the all productiv e
ground below 200 m in Adventdal en .
'Moss tundra'

Three types of mire are:

(Tomenthyp netum nitentis Hofmann 1968), which is a

thick moss-mat usually with 100% plant cover but containing few
vascular plants;

'Horsetai l mire' , an Eguisetum ar v ense community

dominated by Salix polaris, usually associated with a thick moss
mat ; and 'Marsh ', a grass Dupontia pelligera and moss Drepanocladus revolvens -Callergio n sarmentosu m dominated community which
occurs in wet areas .
-

The three types of mire comprise 2 . 3 , 3 . 3
~~

a n d 2. 0% , r espe c ti v el y, o f th e / p r odu c t i v e ground in the study
area below 200 m.

Different types of tundra vegetation in Sval-

ba r d occur not in large , homogenou s swards but as small , discrete
u n its mixed in a fine mosaic (Brattbakk 1984).
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PART 1:

DIRECTION OF CHANGE.

Chapter 2
SIZE

AND

RATE

OF

INCREASE

OF

THE

POPULATION

INTRODUCTION
Counting reindeer and caribou accurately is notorious ly
difficult .

The expense and labour of securing informatio n on

basic parameter s (total numbers, rates of increase, birth and
death) has been a major obstacle in population studies of this
species (reviews: Bergerud 1980; White et al. 1981),

More often

than not, data have been collected without adequate controls or
means of quantifyin g errors, making interpreta tion of results
difficult .

Van Ballenberg he (1985), for example, exposed the

weakness of census data and estimates of mortality in the
Nelchina population of caribou in central Alaska.

His analysis

of the original data cast doubt on earlier conclusion s regarding
the significan ce of natural predation in the eruption, decline
and subsequen t recovery of that herd and, hence, the wisdom of
spending thousands of dollars killing wolves.

Hence, it was

important both to find an efficient method for counting Svalbard
reindeer and, more especially , to collect the data in a way which
enabled the accuracy of the results to be evaluated .
Air survey is almost ubiquitou sly the principal method used
for counting wild reindeer and caribou .

The main advantage of

air survey, especially in conjunctio n with techniques such as
stratified random sampling,

is that it is possible to survey

enormous areas (e.g. Parker 1972).
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Svalbard, however , unlike

the caribou ranges of North America, is mountainous and Svalbard
reindeer are normally dispersed in small groups rather than large
herds: attempts to count them from the air have been successful
only in the broadest valleys and on the plateaux (Larsen 1977;
Gossow and Thorbj~rnsen 1974; 0ritsland and Alendal 1985).

This

study, therefore, was, of necessity, conducted on a modest scale.
Nordenski~ld Land and Sabine Land, in central Spitsbergen,
are topographica lly divided into five distinct valley systems
(Plate 2) and,

in 1979, when this study began, there was

some evidence that reindeer perhaps did not move between these
systems (Chapter 3).

Alendal and Byrkjedal (1976) and Reimers -

(1977) had noted that the carcasses of reindeer were conspicuous
on the tundra in summer.
feasible to carry out a

It therefore seemed potentially
'population' study in a limited area,

counting and classifying reindeer on foot in summer and using
their carcasses to assess mortality.
Alendal (1975) and Alendal and Byrkjedal (1976) were the
first to count Svalbard reindeer routinely and on foot.
pioneering work revealed several pitfalls: first,

Their

they did not

attempt to make total counts of carcasses and, consequently ,
although they registered considerable annual fluctuation in total
numbers (of live animals; Figure 2.1) and the proportion of
calves, they were unable to determine the extent to which changes
were due to variation in mortality, births, dispersal and counting errors.

Second, they were sometimes able to sex less than

half the adults (ibid.) .

Consequently , as I had no reason to
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Figure 2.1
Census results from Advent dalen prior to this study.
Open
circle s: census made on snow-s cooters in March (Gossow and Thorbj~rnse n 1974).
Filled circle s: census made on foot in summer
(post-c alving ) (N.A,0 ritslan d and E.Alen dal, unpubl ished data
reprodu ced by permis sion).

assume that both sexes could normal ly be identif ied with equal
frequen cy,

it was necess ary to develop a means of contro lling

data on the sex and age distrib ution of the animal s counte d .
Lowe (1969) and Staine s (1978) tested the accurac y of
countin g red deer on foot by compar ing the number of animal s
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observed with a population reconstructed using mortality data
(carcass counts and game books).
ages : first,

The technique has two advant-

only one census is necessary and second, results for

each sex can be tested independently .

It was therefore essential

to get accurate information on the total annual mortality of
reindeer of each se x.
This chapter aims to describe (1) the methods used to count
reindeer in Adventdalen and to identify them according to age and
se x,

(2) the methods used to count and identify the sex of

carcasses ,

(3) how these data were used to evaluate the accuracy

of census results and finally,

(4) the number and annual rate of

increase of reindeer in Adventdalen.

METHODS
2.1

COUNTING REINDEER

I counted reindeer in every month except during the dark time
(November to February inclusive).

Counting was done on foot from

June until the end of October and with snow-scooters from March
to the end of May.
One census covering the whole study area was made late in
June/early July each year (slightly later in 1984)

(Table 2.1)

The total number of reindeer in Adventdalen, the age & se x
composition of these and the rate of change in numbers was determined from this.

Attempts to census the population on snow-

scooters in spring were abandoned because counts made on foot in
36

Table 2.1
Dates and number of people involved in
each annual census of Adventdalen.

Number of people
1979
1980
1981
1982
1983
1984

13
27
8
5
4
19

-

20
29
14
8
12
26

July
June
July
July
July
July

3
4

4
7

5
6

summer invariably produced totals up to 20% bigger (not includ~ng
new-born calves).
The census was made early in summer for three reasons.
First, reindeers' grey-white winter fur contrasts with the drab
tundra making them considerably more conspicuous than once
they had moulted (in July).

Second, it was easier to count

calves before they and their mothers left the calving areas and
dispersed for the summer.

Third, it was often difficult to

distinguish between yearlings and two year olds after the middle
of July.
The study area was divided into 14 blocks, using natural
features,

six on the north side and eight , on the south side of

the main river (Adventelva)

(Figure 2.2). Each block was counted

quickly (~1 day), usually by two people.

Adjacent blocks were

counted in sequence to minimize the risk of missing reindeer or
of counting the same ones twice.
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Figure 2.2
Fourteen blocks into which the study area was divided for each
annual census.

Three to seven people were involved in each census (Table
2.1).

Counters _ were asked to follow predete r mined, circuitous

routes, which were changed as little as possible from year to
year, and to record (with the aid of x 7-8 binoculars and x 20-60
spotting scopes) the age (section 2 . 3 . 2) , sex and number of
reindeer in each group .

Reindeer less than 50 m apart were

considered part of a group: in fact , the distance between animals
was usually either much more or much less than this .
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The purpose

of this classification

of 'groups' was simply to help describe

how Svalbard reindeer were distributed; it neither was intended
to describe nor was used to investigate specific aspects of their
social organization.

The location of each group was noted to 100

musing a six figure grid reference on a 1

100 OOO scale map.

Where two routes converged (e.g. along the boundary of two
blocks), counters compared notes as soon as possible after they
finished each day to check whether any group(s) had been counted
twice.

Reindeer typically moved less than 200 m (net) in 24

hours in summer (Chapter 3) and the location, size and composition of a group was normally enough to identify it for this
purpose.
Block 14 (the plateaux on the south side of Adventdalen) was
counted only once (in 1980).

I counted 17 reindeer there then

and seldom saw more than four or five reindeer on any plateau
during summer; consequently, the error from this omission was
probably small .

All counts other than the main census followed a

shorter route (Figure 2.3). I was able to count and classify 4080% of the population along this route , depending on the season.
, I

I

2.2

COUNTING CARCASSES .

I measured mortality by counting carcasses.

All thirteen blocks

(Figure 2.2) and Plataberget (Figure 1.7) were searched each year
(the rest of block 14 was included in 1979, 1981 . & 1984 when
mortality was high but left out in 1980, 1982 & 1983 when it was
negligible (Chapter 4)).
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Figure 2.3
Map of the study area showing the short route (dotted line)
followed in alY counts besides the annual census.
The stipplin g
shows the area which could be covered from this route.
Blocks 7
and 9 were sometime s included in winter.

Two potentia l drawback s of relying on counting carcasse s to
estimate mortalit y were that first,

that some might vanish before

I found them (e.g. as a result of being broken up and carried off
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either by scavengers or by melt water) and second, I might not
find all of even those which remained.

I investigated these

potential problems by measuring the rate at which carcasses
became disarticulate d and scattered.

Two important assumptions

were (i) disarticulate d carcasses would be less conspicuous
and/or more easily transported (by scavengers or melt water) than
intact ones and (ii) if carcasses broke up and disappeared only
slowly then repeated searches of the study area would be a useful
way of checking that I had found them all.
The location of carcasses of 78 reindeer (17 adult males &
17 adult females and 44 calves) which died during the winter
1978/79 was marked with a wooden post (0.5 m long, painted
orange).

This was to ensure that I could find each site again,

whether or not the carcass was still there.

The carcasses them-

selves were photographed (each year) and marked with three small
numbered metal discs (bound on with wire, one on the head, one on
the spine and one on the pelvis).

The rate at which carcasses

disappeared was measured by visiting each location once every
summer for the next five years (or until nothing remained) and
scoring each carcass for presence or absence.
This scoring was not entirely adequate : some carcasses
remained virtually complete (and therefore highly conspicuous)
for several years while others were reduced to a few scattered
bones after a two or three years.

Consequently , I devised an

index of 'intactness' to quantify how much of a skeleton remained
and, hence, to reflect how conspicuous it was .
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A compl ete skelet on was consid ered to consi st of just 69
bones which scored a total of 15 points (Figur e 2.4).

2

3 4

5

6

~I
(

The system

~

7
8

9

12

10
11

BONE

Number of
bones

Score for
each bone

Maximum
score

Skull
2 Vert. atlas

3

axis

4

cervical (3-7)

5

0.2

5

thoracic ( 1-13)

13

0.08

6

lumbar (1- 7)

7

0.14

8 Femur

2

0.5

9 Tibia-fibu la

2

0.5

10 Metatarsu s

2

0.5

7

11

Innomina te

Metacarpu s

2

0.5

12 Radius-ul na

2

0.5

13 Humerus

2

0.5

14 Scapula

2

0.5

26

0.04

15 Ribs

69
SCORE FOR ONE COMPLETE CARCASS

15

Figure 2.4
Simpl ified skelet on of a reinde er showin g the system of scores
used to measu re the 'in tactne ss' of carcas ses (see text,
sectio n
2,2),
N.B. The mandi ble was remov ed from each carcas s and so was
not includ ed.
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of scoring gave more weight to large bones (e.g. skull, femur,
innominate) than small ones (single ribs or vertebrae).

A

carcass 'complete' save for its skull, for example, scored 14
points; one missing both its skull and one front foot (metacarpus, phalanges and hooves) scored 13.5 points etc.

Thus, a

carcass missing one of its front legs (consisting, in the simplified form,

of three large bones i.e. humerus, radius-ulna &

metacarpus) scored less than one which had lost just three ribs.
Dividing the total score for each carcass by 15 gave the measure
of 'intactness': 1.0 for a carcass with a fully intact skeleton
and O for a carcass which had disappea~ed completely.
all bones lying within a radius of 5m of each carcass.

I included
I did not

attempt to quantify the amount of flesh and fur remaining or to
investigate what processes were involved in breaking up and
scattering remains.
Every carcass was examined to determine its sex.

Most were

too extensively eaten by scavengers to distinguish their sex from
their reproductive organs.
outlined in Table 2 . 2.

Five methods used instead are

I used the first four of these in 1979

and 1980 but that left undetermined the sex of over half of the
carcasses of adults and 82% of the carcasses of calves.

In 1981,

I revisited all the carcasses from the previous two years and
measured the breadth of the medial border (rim) of one acetabulum
(m.r . a.) to the nearest 0.1 mm with calipers (Appendix 1).
Reindeer carcasses break up very slowly (section 2.4.1). In
the first year of the study there was a pyoblem in deciding how
long many of the carcasses which I found in Adventdalen had been
43
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Table 2 . 2
Featu res used to determ ine the sex of carca sses.

Featur e

Sex and age class
determ ined

Comme nts

Extern al
genit alia

All

Obvio usly defin itive but usefu l
only with fresh carcas ses
becaus e the belly and rump were
usuall y the first parts eaten
by scaven gers.

Urine stain

All

A brigh t golden yellow stain on
white winte r fur was concl usive.
This was partic ularly usefu l
with female s (alive and dead).

Antle rs

Adult males only

The size, shape & compl exity of
antler s varies consid erably . Conse quentl y, antler s were considere d defin itive only on big
bulls; these were unmis takabl e.

Antle r
pedic els

Adult males only

Carca sses witho ut antler s but
with pedic els with a small est
diame ter> 3.0 mm were class ified as males .

Bread th of
Adult males and
the ventra l
female s
media l borde r
(rim) of the
acetab ulum
(m.r.a . )

The femur was remove d on one
side and the m.r.a. was measu red
to 0.1 mm with calipe rs.
Males :
m.r.a. > 7 mm; female s: m.r.a.
< 4 mm. ( see Appen dix 1) .
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there i.e. how many years' accumulat ed mortality the 1979 sample
represente d.

Carcasses which lay on snow were at once included.

Carcasses which were surrounded by enriched vegetation or which
had grey, matted fur, clogged with sand, were marked but were
excluded from the total for 1978/7~ (i.e. reindeer which had died
since September 1978) regardless of how fresh they may otherwise
have looked.

Virtually every carcass in Adventdal en, old and

new, was marked in 1979 and this problem did not arise again.
The incisor pad and/or mandible was collected from every
carcass for determina tion of age at death (Chapter 4) and
measureme nt of tooth wear (Chapter 6).

RESULTS
2.3

CLASSIFYIN G REINDEER BY AGE AND SEX

2.3.1

General descriptio n of Svalbard reindeer.

Svalbard reindeer are compact, stocky animals with short legs
and short faces (Plates 1 & 5).

A long, thick, winter coat

emphasise s these features. They moult once annually (in June and
July, new-born 9alves included) and their new coat is almost
black.

The fur grows rapidly and turns grey by September except

along the flanks and neck, which may be almost white.

The colour

fades after the sun returns in March and , by May, most adults
turn light grey, even white, except along their backs which
usually remain slightly darker.

Calves are often almost

uniformly bright white bright in late winter.
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Unlike / continental Lmost j reindeer and caribou, Svalbard reindeer do not normally aggregate in large herds but live scattered
in small groups throughout the year (Table 2.3).

The single

Table 2.3
Average group size in different seasons.

Number of reindeer in each group
median
February-Mar ch
April-May
June-July
October

maximum

2.6
2.9
2.8

11
15
19

3.1

14

N

460
639
3 449
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exception to this occurs if and when the first autumn snowfall is
a heavy one (> 20 cm).

On

two occasions (Septembers 1980 &

1981) after heavy falls of snow I observed groups of over 100
animals milling around nervously on the valley floor, not feeding
and very easily frightened.
The reindeer in Nordenski~ld Land, and particularly those in
Adventdalen, are not usually shy, except at calving time, and
normally just trot a

few metres away when disturbed.

It is

often possible, by approaching slowly and , downwind, to walk up to
and to remain within 20 to 30 m of them without their moving
away.

This may be due in part to their being accustomed to

seeing people; reindeer on the east side of Widjefjorden , an area
in the north of Spitsbergen which is rarely visited, are
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extremely shy all year round (K . R . Hovelsrud , personal communication).

Small groups and lack of shyness made the task of

counting and classifyin g reindeer relatively simple.

2.3.2

Age.
Estimating the age of live reindeer

1s complicate d by the

fact that their colour, coat length and antlers changed substantially at different times of year.

Three age classes only could

usually be distinguis hed with confidenc e: adults (>24 months
old), yearlings (12-13.5 months old,

i . e . up to the time that

their second winter coat began to develop) and calves (0-12
months old) . I abandoned trying to distinguis h between 'young'

f

and ' old' adults when inspection of the teeth / reindeer which I
A

shot (Chapter 5) revealed just how inaccurate guessing of the age
of adults could be.

It was often difficult to distinguis h large

yearlings from small two y ear olds and vice versa, even in July
(whe n they were 13 months old) .

This accounted for at least

three inconsiste ncies in census results (section 2.5.1) .

2.3 . 3

Se x of reindeer .
Svalbard reindeer ha v e long fur and their external reprod-

uctive organs are seldom v isible e x cept s~on after moulting .
Neverthel ess , adults and y earlings could normally be sex ed at all
ti mes of y ear

( e x cept d ur i ng t h e pola r n ight); cal v es co u ld

n o rmal l y b e sexed in la te wi nt e r o n l y (wh e n th e y wo u l d
have been 8-12 months old).
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Both sexes normally carry antlers (section 2.3.4) but the
antlers of full grown males both begin to grow earlier (section
2.3.4) and grow much larger than those of full grown females.
Big males could therefore be identified with confidence between
May and November (inclusive ) using their antlers alone.

From

December to April they could usually be distinguis hed by their
large body size, particula rly the size of the head.
Breeding females could be identified at a considera ble
distance by the presence of a calf.

This was effective from June

until the end of September ; after the rut (October), however, it
was not uncommon to see calves together with yearlings (of either
sex) or even young males.
A yellow stain of urine, normally conspicuo us on reindeers '
white winter fur, was particula rly useful for identifyin g females
of all ages in October and from March until June/July when they
moulted.

I,

I

Most males shed their antler velvet before females and blood
stained aitlers with peeling velvet were highly conspicuo us.
This difference can be used to sex males with confidence in late

I!

1

I

August and early September . Males begin to shed their velvet from
about the third · week of August ; the earliest I saw a female with
shedding velvet was 12th September .
Yearlings were difficult to sex because there was no obvious
sexual dimorphism either in body size, body shape or the size of
antlers a t

that age .

There was a tendency to count more femal e

than male y e ar l ings in censuses (usually the majority could not
48

I
11

be sexed; Table 2.4).

This may have been becau se the urine

stain, the only really conspi cuous sign, was easier to see
on
female s than on males.

Often the only way to distin guish the sex

of calve s, year lings and young adults in summe r was to see
them
urina te.

Table 2.4
Sex ratio in yearli ngs in summe r.

(Data from annua l censu ses).

u

Total

M:F

15
22
10
0
32
14

8
40
31
53
40
7

42
86
49
53
86
29

1: 0. 79
1:0.92
1:1.25

93

179

345

M

F

1979
1980
1981
1982
1983
1984

19
24
8
0
14
8

All years

73

1:2.29 ***
1:1.75
1:1.27 *

M:
males ; F: female s; U: Sex not determ ined.
*** p <0.001 [ 1 ]
p <0.05
[ 2]
*

11

2.3.4

i

The antler cycle.

I
I

Growin g antler ~ become conspi cuous in big males toward s the
end
April and in small er males in the middle of May.

The bigge st

bulls also begin to shed their antler velve t first, usual
ly in
the second half of Augus t .
by the middle of Septem ber.
Novem ber or Decem ber;

Most males have hard, clean antler s
Big bulls shed their antler s in

25% of adult males still carry antler s in

the second week of May but , in every case in a sample of
60
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males (Figure 2.5), the antlers were small and, presuma bly, these
were all young adults (2 to 3 years old) .

No adult males carried

hard antlers after the end of May/ear ly June.

RUT
52

~

•

45

100

in

\

I

\

_J

t-

z

\

<t

\

I

\

0

0:

\7

- - --

<t

::i:
::i:

3

•

121

\

a:
w

t-

CALVING

48
78

--

50

z

••

112
111

1980/81 1981/82

0
......

t-

0:
0

Q.

0
0:

Q.

0

FEMALES

D

MALES
Dark time

0

244

OCT.

NOV.

DEC.

JAN.

FEB.

MA R.

ARR.

MAY

JUNE

JULY

Figure 2.5
Antler shedding in Svalbard
bulls shed their antlers by
quantita tive data on this.
sample is shown beside each

reindee r aged ~1 yr old.
'?' : big
mid-Dece mber but there are no
The total number of animals in each
point .

[It is not known exactly how soon after the . rut (October )
big bulls shed the~
I

s

antle~; I assume, however, that it must be

s ome t ime bet ween mid- No v embe r and mid Decembe r.
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I counted

reinde er only once during the dark time (on 13 Decemb er 1981)
taking advanta ge of the combin ation of a full moon, cloudle ss sky
and the northe rn lights.

I saw 135 reinde er; there was

insuff icient light to classif y these in detail but they obviou sly
include d females with calves (5 month old calves are quite
distin ctly smalle r than all older animal s) and big bulls (some of
which could be disting uished from their size).

The one

defini tive diagno stic feature of the animal s' sex which might
have been recogn ised was the large antler s of big bulls, but I
saw none .

I made severa l excurs ions during the dark time but

never saw a reinde er with really big antler s on any of these].
Female s begin to grow antlers in June and these are hard by
Octobe r.

Approx imately 3% of females aged ~1 year old did not

grow antlers (Octob er 1980: 2.6% antler less, N = 78; Octobe r
1981: 3.3% antler less, N = 121).

The pattern of sheddin g antlers

was the same both in 1980/81 and 1981/2 (Figure 2 . 5).

Eight

percen t of adult and yearlin g females were antler less in March (N

= 237, both years combin ed).

The differe nce between these and

corresp onding Octobe r values is signifi cant [3] so a small number
must have cast their antlers between Octobe r and May.

Fifteen

percen t were antler less in late April/ early May (N = 342, both
years combin ed), a signifi cant increas e from March [4] .

The

majori ty (85%) of adult and yearlin g females shed their antlers
betwee n the middle of May and the end of June.

There appeare d to

be a relatio nship between female s' reprod uctive s~atus and the
date when they cast their antlers (Chapt er 4).
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2.4

CARCASSES.

Each summer I searched Adventdal en on foot for the remains of
dead reindeer.

It took from three to six weeks to cover the

whole study area, depending on how many had died.
conspicuo us against the short, dark vegetation .

Carcasses were
Reindeers ' fur

gets bleached by the sun and some showed up clearly from over 5
km owing to a mass of white hairs which covered the ground for 2
to 3 mall around them (Plate 3).

2.4.1

Rate of disappeara nce.

Dead reindeer were eaten by arctic foxes Alopex lagopus and
glaucous gulls Larus hyperboreu s hyperboreu s and their disembowled remains dried out quickly.

However, years, rather than

weeks or months, passed before their skeletons disappear ed
completel y.
Most carcasses broke up gradually close (<3m) to where they
were originally found, although a few vanished completel y within
eighteen months of death.

Something of 32 (94%) of the adult

carcasses marked in 1979 remained in situ after five years
(Figure 2 . 6) .

I concluded that if old , dried out, increasin gly

disarticu lated carcasses were transporte d as slowly as this, then
few new ones were likely to have disappeare d before I began to
search for them in summer .
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Figu re 2.6
Rate of disap peara nce of carc asse s.
Carc asses of 34 adul ts (17
male s and 17 fema le) and 44 calve s aged 8 to
12 mont hs, which
died in Adve ntdal en durin g the wint er 1978 /79,
were mark ed in
summ er 1979 .
The histo gram show s the prop ortio n (%) rema ining
in
situ in each subse quen t summ er.

Carc asses _of calve s disap pear ed more quic kly
than carc asse s
of adul ts: half of those mark ed in 1979 were
gone by 1984 (Figu re
2. 6) .

Six (14% of the orig inal samp le) disap peare d
with in

eigh teen mont hs of death ; nine more (24% of
those rema ining in
1980 ) disap pear ed by the third summ er (198 1),
Clea rly, carc asse s
of calve s were relat ively easi ly carr ied off,
at leas t comp ared
to adul t carc asse s.

Henc e, some calf carc asse s may have
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disappeare d between the time that the animals died and my searching for their remains in summer after the melt.

However,

the

error in estimating total annual mortality was unlikely to have
been large .

Calves contribute d, ,at most, half of all deaths in

any one y ear (Chapter 4) and the rate at which their carcasses
disappeare d increased during the first two years after death as
they became increasing ly disarticu lated (below) .

Assuming,

therefore , that the rate at which they disappeare d between the
moment of death and my searching for them in summer did not
exceed 14% (the rate between the first and second summer after
death) then the error due to disappeara nce of carcasses would
have been [0.14 x 0.5 x the total number of carcasses ],

i.e.

<2%

of the population even in years when mortality was highest (Chapter 4).

This is too little to have compromis ed interpreta tion of

results because both seasonal and annual difference s in rates of
mortality were so large (Chapter 4)
I

2.4.2

l'1

Success at finding carcasses .

In five years after 1979 I counted over 350 carcasses (Chapter 4)
but came upon only two which, without doubt, had been overlooke d
previously .

ca-rcasses which remained in s i tu gradually broke up

and their bones scattered and disappeare d.
less conspicuo us as time progresse d.

Each became less and

The ' bones of carcasses of

adults and calves which remained in si tu disappeare d Cl-i;.
the same rate (Figure 2.7).
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Figure 2.7
Rate of disarticu lation and disappeara nce of bones from
carcasses .
The histogram shows the median 'intactnes s score' of
the carcasses of reindeer which died in the winter 1978/79 in
each subsequen t summer (see section 2.2 for details).

Most of the carcasses marked in 1979 were more than 75%
'intact' one whole year after death (i.e . . in summer 1980; Figure
2. 7) .

Thus, even assuming, conservat ively, that carcasses became

too inconspicu ous to be noticed once less than half the skeleton
remained (i.e. when their 'intactne ss' score fell below 0.5) most
were

still sufficien tly intact in the second summer after
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death

to

have stood a good chance of being found,

looked in the first.

had they been over-

I conclude d that repeated (annual) searches

were a useful way of checking that I found most carcasse s.

2.4.3

Sex of carcasse s.

I was able to determin e the sex of 60.1% of dead reindeer
(includi ng 95.4% (N
calves; Table 2.5).

= 263)

of adults but only 24.4% (N

= 238)

of

Sixteen dead adults and yearling s whose sex

Table 2.5
Success at determin ing the sex of carcasse s.
1:

Number of carcasse s
Number sexed
Sex not determin ed
Proporti on sexed(% )
A:
Y:
C:
U:

A

y

C

u

263
251
12

7

238
58
180

11

3

95.4

4

42.9

24.4

0

11
0

Total
519
312
207
60.1

Adult
Yearling
Calf
age not determin ed.

was not determin ed included three adults which were poached and
only the skin remained ; one adult which was killed by dogs and
disposed of by the authori ties in Longyea rbyen who omitted to
record its sex; eight adults which were inacces sible on mountain
sides and four yearling s (below).

The number of carcasse s sexed

by each (of five) differen t methods is show in Table 2 . 6.
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= 263)

of adults but only 24.4% (N

= 238)

of

Sixteen dead adults and yearlings whose sex
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Success at determining the sex of carcasses.
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Number of carcasses
Number sexed
Sex not determined
Proportion sexed (%)
A:
Y:
C:
U:

A

y

C

u

263
251
12

7

238
58
180

11

3
4

95.4

42.9

24.4

0

11
0

Total
519
312
207
60.1

Adult
Yearling
Calf
age not determined.

was not determined included three adults which were poached and
only the skin remained; one adult which was killed by dogs and
disposed of by the authorities in Longyearbyen who omitted to
record its sex ; eight adults which were inaccessible on mountain
sides and four yearlings (below).

The number of carcasses sexed

by each (of five) different methods is show in Table 2.6.
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Table 2.6
Number of carcasses sexed by each of five different methods.

Adults

------Method*
Sex organs/urine stain
Antlers
Antler pedicels
m.r.a.**
Total

M

F

24
17
84
13
138

Yearlings

---------

Calves

------

Total

-----

M

F

M

F

11

3

27
0
0

96
17
84

102

0
0
0

0
0
0
0

31

0
0

0

115

113

3

0

31

27

312

0

0
0

.

See Table 2 . 2 .
*
* * : Breadth of the medial rim of the acetabulum (Appendix 1 ) .
M
Number of males.
F .. Number of females.

2.5

POPULATION SIZE AND RATE OF INCREASE.

2.5.1

Correcting the raw data.

Raw census data are summarised in Table 2.7.

Nineteen reindeer

were added to the total for 1979 (4 .3% of the observed population) and 25 were added to the total for 1980 (4 . 0%) to make
allowance for ·reindeer in blocks 1 & 13 (Figure 2.2) which were
not counted in those years.
2.8.

Details of this are given in Table

Further adjustments were necessary ' to compensate for mis-

taken classification of yearlings and two year olds (section
2.5.2).

Corrected census data for Adventdalen are given in Table

2.9: these values were used throughout the subsequent analysis.
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Tabl e 2.7

111

Numb er or reind eer in Adve ntdal en in summ er:
raw data from
cens uses .

>2 years old
Tota l

1979*
1980* *
1981
1982
1983
1984

438
627
538
664
769
407

male s fema les

113
123
168
197
192
161

year lings

214
212
244
241
274
166

42
86
49
53
86
29

calve s

56
170
55
156
182
15

unid entif ied

13
36
22
17
35
36

* Bloc ks 1 & 13 omit ted (See Figu re 2.2).
** Block 14 inclu ded in this year only .

2.5.2

Accu racy of cens uses.

Coun ting.

The expe cted popu latio n, reco nstru cted from
data on

repro duct ion and mort ality colle cted from 1979
to 1983 , diffe red
only 4.2% from the popu latio n obse rved in 1983
(Tab le 2.10 ).
This sugg ested both that there had been negl
igibl e net disp ersa l
of reind eer into or out from Adve ntdal en durin
g that time and
that, on aver age, erro rs in coun ting both reind
eer and carc asse s
must have bee~ simi lar .

I was conf iden t that I found a high

prop ortio n of all carc asse s in Adve ntdal en (sect
ion 2.4.2 ),

In

each year from 1979 to 1983 , there fore , diffe
renc es betw een the
expe cted and obse rved popu latio n prob ably appro
xima ted the actu al
censu s erro r.

58

Table 2.8
Correction of census data from 1979 and 1980 .

Number and proportion of reindeer in Blocks 1 & 13*

--------- --------- ----------------- --------- --------- -y

N
Block
1981
1982
1983
1984
mean f
1979
1980

M

f

F

f

f

calves f

u

f

1
9
24
22
16

8
14
12
14

:

Block 13
1981
12
1982
11
1983
13
1984
4
mean f:
1979
1980

0.048
0.071
0.063
0.087
0 . 067

8
10
11
9
6
2
4
7

0
4
5
1

0
0.016
0.021
0.004
0.010

0
3
3
1

2

1
0

3
0.065
0.046
0.031
0.012
0.039

0
0
0
0

0
0.057
0.035
0.034
0.032

0
0
0
0
0

0
2
0
2

0
0

2
0

0
1
2
0

0
0.006
0.011
0
0.004

0
1
0
0.038
0
0.069
0.036

0
0
0
0
0
0

1
2
0
0

0.045
0.118
0
0
0.041

1
2
0
0
0
0
0

1
0
7
0

0.045
0
0 . 200
0
0.061

1
2

*= See Figure 2.2.
N: Number of reindeer counted in each Block.
f : The proportion of the total number of reindeer . counted in
summer f ound in Blocks 1 & 13.
M: Males; F: females; Y: yearlings ; U: unidentif ied reindeer.
Example: 14 males were counted in Block 1 in 1982; these were
7.1% of all adult males counted in Adventdal en that year. On
average, 6.7% (mean f) of adult males in Adventdal en were found
in Block 1 during summer censuses.
Values for 1979 & 1980
calculated by multiplyin g total for those years by the mean f for
each age and sex.
11
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Table 2.9
Number of reindeer in Adventd alen in summer: correcte d data.
Correcte d values (section s 2.5.1 and 2.5.2) are underlin ed.

Number of reindeer

>2 yrs old
Total

1979
1980
1981
1982
1983
1984

457
654
539
665
771
407

-------- --

unident ified

M

F

y

125
144
129
197
192
161

216
236
235
241
274
166

45
61
97
53
86
29

C*

56
173
56
157
184
15

-------- ---n

%

15
40
22
17
35
36

3.3
6. 1
4. 1
2.6
4.5
8.8

Density* *
reindee r/
km2

3.05
4.36
3.59
4.43
5.14
2.71

M: Males.
F: Females.
Y: Yearling s.
C: Calves.
* Includes six calves which died soon after birth.
** Calcula ted over the area of producti ve ground below 200 m
a. s. 1. ( see section 1. 7) .

The annual census, like the estimate s of mortalit y, was
essenti ally a total count (a 100% sample).

The most likely

error, therefor e, would have been underes timating numbers by not
counting all the reindeer actually present rather than overestimati ng them by counting animals twice.

A balance sheet

populati on confirme d this: every year (except 1980) I observed
fewer reindeer ~han expected (Table 2.11).
The thirty-f ive 'extra' reindeer in 1980 (Table 2.11) might
have been immigra nts.

Alterna tively, the total number of rein-

deer might have been underest imated in 1979.

It .is impossib le to

say which. The differen ce between the expected and observed
populati on was small (<4%) in 1980/81 and 1982/83 but increase d
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Table 2.10
Popula tion balanc e sheet for 1979 until 1983.

Total births
Total deaths

1979-19 83
1979-19 83

626
224

NET INCREASE

1979-19 83

402

Popula tion in 1979 (less calves)
Popula tion e xpec ted in 1983
TOTAL POPULATION OBSERVED IN 1983
Error = (a+ b)-(c) /(c) X 100%
=

to 7.0% in 1982/83 (Table 2.11).

401
803
771
4.2%

reinde er (a)
II
II
II

( b)
(a) + ( b)
( C)

There was no reason to think

that the census made in 1983 was less accura te than in the preceding years.

Defici t of 44 reinde er might have been the result

of emigra tion: 68 of the calves counted in 1982 were unacco unted
for in 1983 (below ).
In the followi ng year (1983/8 4) the pre-ca lving popula tion
appare ntly decline d by 379 reinde er.

Moreov er, and there was a

defici t of 194 animal s in the accoun ting (Table 2.11).

The 1984

census was made later in the year than the other census es in this
study (Table 2.1) but consid erable experie nce in countin g had
been gained by then.

Even assumin g that errors were twice as

high as previo usly (i.e. 14%, maximum , so that the true total
before calving might really have been 394 x 1.14 = 447) there
still remain ed a defici t of 139 reinde er.

I conclud ed that a

large number of reinde er must have emigra ted sometim e betwee n
July 1983 and July 1984 .
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Table 2.11
Balance sheet for re i ndeer i n Adve ntdalen 1979-1984 .

Rei ndeer
>1
year old
in the preceding
summer

Calves
born

Populatio n > 1 year old

Total
morta li ty*

Expected ( e )

1980

401
-

+

56

-

11

-·

446

198 1

+

173

-

163

·-

1982

481
-483

+

56

-

14

1983

508

+

157

-

1984

58 7

+

184

-

Observed (o)

%**

+ 35

7 .9

491

-

8

-··

524

508

-

16

- 3. 1

34

=

631

587

- 44

- 7. 0

185

-·

586

392

-1 94

- 33. 1

N:

number of reindeer unaccount ed for (o - e ) .

*:

Table 4.13.

**:

(o - e/e) x 100%

=

N

481
-483

0)

N

Discrepa n cy

ce nsus error, except in 1983/84 (sect i on 2.5.2 ) .

Corrected data (s ection 2.5) are under l ined.

-

1. 6

Identi ficatio n.

Not all reindee r were classif ied in each annual

census Table 2 . 9) .

Those animal s which were not identif ied were

normal ly solitar y reinde er high up on mounta ins but , occasio nall y, young animal s were seen at close range and still not
identif ied.

Big males, calves (ea. 1 month old when census es

were made) and females with calves could normal ly be identi fied
no matter how far away they were.

,·
11

There were 30 yearlin gs ' too many' in 1980: i.e.

56 calves

were counted ali v e in Advent dalen in 1979 but there were
appare ntly 86 yearlin gs there in the followi ng year (Table 2.7).
Three alterna tive explan ations are: first,

30 calves might have

been missed in 1979; second , 30 calves might have immigr ated
sometim e between July 1979 and July 1980; third, 30 young adults
(probab ly 2 year olds) might have been mistake n for yearlin gs
during the 1980 census .
The first of these alterna tives was rejecte d becaus e the
census was made relativ ely late in 1979 (Table 2 . 1) by which time
calves were up and active and so were less likely to have been
missed in that compar ed with other years.

The second explan ation

is unlike ly becaus e Svalba rd reinde er are normal ly sedent ary
(Chapt er 3): immigr ation by a relativ ely large number of reinde er
(let alone all calves) during a favour able winter (the rate of
mortal ity during 1979/80 was the lowest r~corde d during this
study; Chapte r 4) seems only a remote possib ility compar ed with
the likelih ood , third , t h at some r esiden t two y ear olds were
wrongl y classi fied as yearlin gs.

There were 25 fewer adults (4

males and 21 female s) than expecte d in 1980 (uncor rected censu s
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data).

This was despite the fact that the balance sheet for the

whole populati on recorded 35 'extra' reindeer that year (Table

2 . 11 ) .

It seems probable , therefor e, that at least 25 of the

'extra' 30 yearling s had really been two year olds.

I added 4

and 21 to the total of males and females respecti vely in 1980
(Table 2.9).
Exactly the reverse happened in the followin g year: there
were 44 yearling s 'too few'

in 1981: 173 calves were counted in

1980, at least 80 of which died before the followin g summer
(Chapter 4).
1981.

Neverth eless, only 49 yearling s were counted in the

However , there were 39 males and 9 females more than than

expected in 1981 (i.e. 48 'extra' adults; calculat ed using the
correcte d data for 1980 and the raw data for 1981).

The obvious

interpre tation is that at least 44 of 48 the 'extra' adults were,
in fact,
(This,

yearling s which had been mistaken for two year olds.

inciden tally, would leave only 4 out of 173 calves counted

in 1980 not accounte d for in 1981).

An alternat ive explana tion,

immigra tion of about 40 adults, is unlikely : there were, overall,
8 fewer reindeer than expected in 1981 (Table 2.11).

Again,

I

adjusted the figures accordin gly (Table 2.9).
One case remains unexpla ined.

One hundred and fifty-se ven

calves were counted in 1982 but only 86 yearling s and three dead
calves were counted in the followin g year.

There were 14 females

more but 13 males fewer than expected in 1983 (Table 2.12) i.e.
only one 'extra' adult .

Sixty-e ight unaccou nted calves/y earlings

are unlikely , therefor e, to have been 'lost' through being
wrongly classifi ed as adults.

Thirty-f ive reindeer were not
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identified in the census but , even assuming that all the
unidentified animals were yearlings, there remains a discrepancy
of 33 missing yearlings.

The most obvious interpretatio n of

these facts is that many of the missing 68 calves left the study
area sometime during the winter 1982/83.
The corrected data show that there was a tendency for there
to be more males and fewer females than expected each year (Table

2 . 12 ) .

Ho wever, the differences were not significant [5].

I

concluded that there was no important difference in my ability to
distinguish between the two sexes.
These results suggest that census data were accurate pro-_
bably to within 10% and, above all, that counting was consistent
between years.

I concluded that data from different years could

be used to calculate true rates of increase without further
adjustment .

2.5 . 3

Population size and rate of increase.

Numbers increased from 401 reindeer before calving in 1979 to 771
i n 198 3 and dropped to 4 07 after cal v ing in 1984 : a net decli n e
of 10 . 9% in five years (Figure 2 . 8) .

The annual rate of increase

v a r i e d f r o m +43. 1 to - 47.2% (Table 2.13 ) .

Fluctuations were

partly due to large differences in the number of calves in the
population in summer (Table 2.9 , Figure 2 . 8).
we r e large differences in c a lf surv iva l

However, there

(C h apter 4 ) and , with the

e xc e p tion of 1 9 84, the number of c a l v es which s urviv ed to o ne
year old varied relatively little (Table 2 . 14) .
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Table 2.12
Ba l ance shee t

for ma l es and fe ma l e s > 1 year ol d i n Adve n tda l en.

Reindee r
-> 1 year o l d

in t h e precedi ng
summer

Year l ings*

Popu lation > 1 y e ar old

Tota l
morta li ty**

Expecte d

Discrep a n cy

Observ ed

(o - e )

%#

MALES
19 80

125

+

23

-

7

=

14 1

2. 1

144
-1 40
-

+

31

-

-144-

3

1 9 81

46

--

1 29

140

11

8.5

+

47

-

7

--

18 0

197

17

9. 4

19 83

19 7

+

27

-

19

=

205

192

-1 3

-

19 84

192

+

43

-

32

=

203

16 1

- 42

- 20. 7

19 80

216

+

23

-

2

=

23 7

1

- 0.4

236

+

31

-

32

=

235

- 7

19 82

- 3.0

228

--

+

47

-

3

=

272

236
- 228
- 24 1

-

19 8 1

- 31

-1 1 . 4

19 83

24 1

+

27

-

8

=

26 0

274

14

5.4

19 84

274

+

43

-

60

=

257

166

- 91

- 35 . 4

19 82

en
en

6. 3

FEMALES

*
**

#

As suming sex ratio of 1 : 1 ( section 2.3.3 ) .
Ta b l e 4.13.
( o - e / e) x 100 %.
Co rre c t ed data (sect i on 2.5 ) are unde rl ined.
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Figure 2.8
Number of reinde er counted in Advent dalen each summer (correc ted
data, see section 2.5.1).

Table 2.13.
Observ ed annual rate of increas e of reinde er in Advent dalen.

Rate of increas e (% per annum)
Total popula tion
1979/80
1980/81
1981/82
1982/83
1983/84

Popula tion ~1 year old

43.1
-17.6
23.4
15.9
-47.2

20.0
0.4
5.4
15.6
-33 . 2

67

Table 2.14
Annual rate of recruitment in Adventdalen.

Number of
yearlings

Proportion of
precedi'ng year's
calves
recruited
( %)

1979
1980
1981
1982
1983
1984

45
61
97
53
86
29

Rate of
recruitment*
( %)

11. 2

100
53.8
94.6
54.8
15 . 8

12.7
20. 1
10.4
14.7
7.4

*= yearlings:100 reindeer >1 year old.

Variation in the successful production of calves and in calf
survival did not account for all fluctuation in rate of increase.
The rate of increase of the population ~1 year old also varied
considerably (Table 2.13), showing the importance of annual
differences in mortality or emigration of adults.

The mechanics

of population growth are described in Chapter 4.

2.5.4

Emigration in 1983/84 .

One hundred an_d ninety-four reindeer remained unaccounted for
after the census of 1984 (Table 2.11): I assumed that these must
have left the study area during the winter of 1983/84.

The

missing animals included 42 males ~1 year old, 91 females >1 year
old and 73 calves/yearlings (Table 2.15).

These numbers

represent 23.2% of reindeer ~1 year old and 37.9% of calves
counted in 1983.

A smaller proportion of males ~1 year old
68
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Table 2.15
Demograp hy of the emigrati on in 1983/84.

Populati on in 1983:
Populati on in 1984:

771
392

Total animals lost (by subtract ion)
No. of lost animals accounte d for

= 379
= 185

No. of lost animals unaccou nted for

= 194*

Males ~1 year old unaccou nted for:
Females ~1 year old unaccou nted for:
Gross total >1 yr unaccou nted for

after calving
before calving
(carcass es)

42 (from Table 2. 13)
91 (from Table 2. 13)

= 133

11

5 (carcass es,
sex unknown)
Net total animals >1 yr unaccou nted for = 128
Calves in 1984:
Yearling s in 1984:

184
29

Total calves lost
No. of lost calves accounte d for

= 155
= 82

No. of lost calves unaccou nted for

=

TOTAL REINDEER UNACCOUNTED FOR:

*

(carcass es)

73

[(128 + 73) - 6 unident ified
carcasse s]
= 195* reindeer .

Discrepa ncy of 1:
35 & 36 reindeer ~1 year old were not
identifi ed in the 1983 and 1984 censuse s, respecti vely.

appeared to have emigrate d than females ~1 year old (18 .3 and
28.7%, respecti vely, P <0.025 [6]).

Mor~ove r, 35 and 36 reindeer

~1 year old were not identifi ed in the censuses of 1983 and 1984
(Table 2.11): assuming the maximum error (i.e. that these were
all of one sex one year and all of the other sex in the other),
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the minimum proportion of animals of each sex which emigrated
would have been 1.3% (males) and 17.4% (females), which confirms
the female bias among adult emigrants.

DISCUSSION
The principal conclusion from results in this Chapter is that
there was normally negligible net movement of reindeer either
into or out of Adventdalen.

The study area appeared to contain a

discrete subpopulation of reindeer.

Hence, changes in the number

of reindeer counted within the study area each year might potentially be explained in terms of variation in annual rates of
birth and death,

instead of merely shifting patterns of habitat

use by nomadic reindeer which ranged all over Nordenski~ld Land.
This important result required confirmation.

Reindeers' daily

and seasonal movements are described in Chapter 3.

I
I

The exodus of

1983/84 is discussed in Chapter 7.

111

I

The main evidence for existence of a subpopulation came from
demographic accounting using census results and carcasses.

11

More
Ii

than 92% of change in numbers from after calving one year to
before calving in the next was accounted for each year (except
1983/84; Table 2.11), despite both considerable variation both
in the number of reindeer and the number pf carcasses counted
each year and regardless of whether the data were pooled or
analysed separately for each sex (Table 2.12).
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111
I

The most import ant charac teristi c of the 'Adven tdalen population ' was that it appeare d to be stable (sensu Chapte r 1).
There was no net change in number s during the five years spanne d
by this study.

In fact,

there appear ed to have been no net

change in the density of reinde er in Advent dalen since the first
count was made there in 1971 (Figure 2.9).

The stable density of

popula tion had broad limits: from betwee n 2.7 to about 4.4 rein-2
deer. km
(Figure 2.9).
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Figure 2.9
Census results from Advent dalen 1971-19 84.
Square s= census made
on snow-s cooters in March (Gossow & Thorbj ~rnsen 1974) ;
Open
circle s= census made on foot in summer (N.A,0 ritslan d and E.
Alenda l , unpubl ished data) .
Filled circle s= this study.
Ecolog ical carryin g capaci ty for reinde er in Advent dalen is
e v identl y between 400 and 650 reinde er, shown by the dotted
lines.
Popula tion density is calcula ted on the basis of
produc tive ground below 200 m a.s.l. (see section 1.7).
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Three tentati ve conclu sions can be drawn from this.

First,

the phase of growth represe nting recove ry of number s after 1925
ended not later than 1971 (in Advent dalen).

Second , the erratic

annual fluctua tions in number s sugges t that weathe r had an important influen ce on the pattern of growth of the popula tion.
Third, one or more of birth, death and disper sal (emigr ation and
immigr ation) must have changed suffic iently , on averag e, at or
-2
above a popula tion density of about 2.7 reindee r.km
(ea. 400
animals } to have preven ted both net growth in excess of, or net
decline below, this level.

This is explore d in Chapte r 4.

STATIST ICAL TESTS.

11

,I
[1] Sex ratio in yearlin gs:

1

(H : ratio= 1:1).

Binomi al test

0

(Siege l 1956),

>0 . 4 ;

(two tailed) P = Q = 0.5.

1980, z = -0.15, P >0.4;

1983, z = -4.72, P <0.001;

1979, z = -0.51, P

= 18, x = 8, P >0.4;
= 22, x = 8, P >0.2.

1981, N

1984, N

[2] Sex ratio in yearlin gs: all years combin ed.
fork indepen dent sample s: X

2

Chi-sq uared test

= 7.17, df = 4, 0.01< P <0.05.

[3] Timing of -antler sheddin g: compar ison betwee n the propor tion
of female s with antlers in Octobe r and the followi ng May.
Studen t's ' t ' test with percen tages transfo rmed to arcsine (Sokal
and Rohlf 1969).
199, n

Data from 1980/81 and 1981/82 combin ed: n

= 237, t
2

= -1.87, P = 0.031.
s
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=

1
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(4) Timing of antler shedding : comparis on between the proporti on
of females with antlers in March and April/M ay.

=

237, n
[5]

= -2.45,

342 , t

2

P

=

As [3]: n

1

= 0.007.

s

Sex bias in identify ing adult reindee r: comparis on between

the sexes of the ratios [expecte d:observ ed] for each sex in
differen t years.

Data from Table 2.12.

independ ent samples:
2

1980/81: "'(,

= 0.76,

Chi-squ ared test for two

2

1979/80: ";(.

=

df

= 0.69, df = 1, n.s.

(P >0.3);

2

1, n.s.

= 1, n.s. (P >0.2); 1982/83: X

2

(P >0.3); 1981/82: "I-

= 0.79,

(6) Sex differen ce in emigrati on:

df

=

1, n . s.

= 1.32, df
(P >0.3).

comparis on of the ratio

[males: females >1 year old counted alive in 1983) with the ratio
[males:f emales which emigrate d].
2

independ ent samples:

"')(.

= 5.38,

73

Chi-squ ared test for two
df

= 1,

one tailed P <0.025.

'I
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Chapter 3
RANGING

BEHAVIOUR

AND

DAILY

ACTIVITY

INTRODUCTION
The value of detailed demographic information of the kind which
it was possible to collect in a relatively small area like
Adventdalen (Chapter 2), lies in the possibility of being able
legitimately to e x press results as rates of increase, fecundity
and mortality.

Only if that can be done can the information be

used to investigate the processes which ultimately control animal
density.

;I

The number of reindeer and carcasses counted in

Adventdalen varied considerably from year to year but this was
not itself evidence of changes in rates of birth and death. The
differences could, for example, have been due merely to shifts
around Nordenski~ld Land in the distribution of one homogeneous
population of reindeer of which the animals in Adventdalen were
just a part.

A necessary condition of the validity of rates

increase and mortality calculated from census results and carcass
counts within the study area, therefore, was that reindeer normally remained there all year round and from one year to the next.
Reindeer and caribou are typically migratory and seasonally
nomadic .

Many continental populations travel hundreds of km

between distinct summer and winter ranges , (e.g . reindeer: Chernov
1985 : 124; Skjenneberg and Slagsvold 1968 ; caribou: Kelsall 1968,
Parke r

19 7 2 ).

Animals whose s ummer a n d wi n ter pastu r es are

co nti g u ou s ma y also ran ge e x tensi v el y, movi n g both seaso n ally
(e . g. Gauthier and Theberge 1985) and within seasons in response
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to local changes in the quality and abundance of forage, wind and
harassment by insects (Curatolo,
Thomson 1977).

1986; Skogland 1985b;

Moreover, Peary caribou, close relatives of Sval-

bard reindeer (section 1.1) which also live on islands,
occasionally travel extensively in winter, crossing several km
sea ice apparently in response to reduced availability of food
(Miller, Russell and Gunn 1977~; Miller and Gunn 1980).

Hence,

there was no a priori reason to suppose that Svalbard reindeer
might not also be nomadic and that individual animals on Nordenski~ld Land, for example, might not range from Bellsund in the
south to Sassenfjord in the north (Plate 2) .
Results presented in Chapter 2 nevertheless provided
indirect evidence that there was a discrete sub-population of
reindeer in Adventdalen.

Results from a tagging programme

started in 1976 (section 3.1.1), moreover, indicated that animals
remained in (or, at least, returned to) the same vicinity for
long periods of time.

Six reindeer were observed close to where

they had been captured one year after their release; one animal
was observed close to the site of its capture after two years
(0ritsland 1977, 1979).

Furthermore, Svalbard reindeer were

known to spend less of their time walking about than other
subspecies of Rangifer.

Nyholm (1976) found that they spent ea.

3% of their time walking or trotting in summer compared to 11% in
Norwegian wild reindeer and 14% in barren-ground caribou (White
et al.

1975) .

Kastnes (1979) confirmed this result.

Hence,

there was reason to believe that Svalbard reindeer might be
sedentary, in contrast to other Rangifer.
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This chapter presents results from studies of the animals'
seasonal ranging and daily activity.

The aim was to determine

whether Svalbard reindeer were sedentary or nomadic and, hence,
to establish whether or not the 'Nordenski~ld Land population'
might,

in fact,

populations.

comprise several adjacent but distinct sub-

The daily and seasonal movements of individual

reindeer were studied using radio telemetry to locate the
animals.

I relied, however, on large numbers of ear tagged

animals to investigate individual's long-term fidelity to
particular areas.

A study of reindeers' daily patterns of

activity and activity budgets in different seasons complimented
the study of daily movements and provided information needed for
modeling reindeers' energy balance in winter (Chapter 5).

1
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METHODS
3.1
3.1.1

MARKING AND TRACKING REINDEER.
Ear tags and inert collars.

One hundred and twenty-four reindeer were caught, marked and
released in Nordenski~ld Land between 1976 and 1982 (Figure 3.1).
One hundred and seventeen of these (26 males ~1 year old & one
male calf; 85 females ~1 year old and five female calves) were
caught and released in 1976-1978, i.e. before this study began
(0ritsland 1977 , 1979) .

Seven animals (five adult males and two

adult females) were marked and released in 1980-1982.

Reindeer

were captured either directly from snow-scooters or by herding
them into temporary paddocks (similar, in principle, to the one
76
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Figure 3.1
One hundred and twenty-f our reindeer were caught, marked with a
numbered plastic collar or ear tags and released again on Nordenski~ld Land between 1976 and 1982.
This map of Nordens ki~ld Land
shows the areas in which reindeer were marked and hbw many of
each sex were marked in each area.
Clockwis e from the left:
Gr~nnfjo rden, Colesda len, Adventd alen, Colorado platA, Reindale n.
The types of collars/ ear tags used in each area are listed in
Table 3.1.

describe d by Larsen (1965)) or were immobil ised with etorphin e (M
99) injected from a project ile syringe fired from a compres sedair gun (Injekta senior: L.Martin sen, Norinje ct, 1550 H~len,
Norway),

Three types of plastic collars and ear tags were used

to mark the animals:
a)

Apollo 11 ear tags (Ketchum Manufac turing Sales Ltd.,

Ottawa, Canada); orange, c . 7 x 10 cm .
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Each carried a two or

three character code e.g.

"K2",

"X34" written with indelible
Fifty-nine reindeer were fitted

black ink in letters 4 cm high.

with two of these tags (one in each ear, each bearing same code).
Each tag

Sheep tags; dark red or dark green, c. 3 x 3 cm.

b)

carried a two digit number c. 2 cm tall, impressed into the
plastic.

Forty-nine reindeer were fitted with two of these each.

Non-expanding deer collars; black, c.

C)

These

10 cm wide.

10 cm tall, on each side .

carried a single white letter, c.

Eighteen adult females were fitted with these collars.

The number of reindeer marked and the type of ear tag or collar
used in different parts of Nordenski~ld Land is given in Table
3. 1.

Table 3.1
Number of reindeer marked and types of plastic ear tags/collars
used in different parts of Nordenski~ld Land*, 1976-1982.

Site
Adventdalen
Reindalen
GnzSnnf jorden
Coloradoplat!
Colesdalen
Total

Collar

Apollo tag

Sheep tag

------

----------

---------

M

F
8**
2

M

F

11
6

15
22

8

18**

1

4'

18

41

* See Figure 3. 1
** Two of these had sheep tags as well.
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M

F

Total

7

19

5
2

9
7

58
30
14
17
5

14

35

124

'I

I made no systematic searches

, for marked reindeer

either inside or outside Adventdalen but relied,

instead, on

chance sightings made chiefly while counting and classifying
reindeer (section 2.1).

3. 1. 2.

Radio collars.

Five female reindeer were immobilised in Adventdalen in February
and March 1982.

Each was fitted with an adjustable, non-

expanding, flexible plastic collar, painted in distinctive bright
colours, onto which a small radio transmitter (Telonics Telemetry, Mesa, Arizona 85202) had been bolted .

Each transmitter

weighed ea. 0.4 kg and transmitted continuously at a discrete

I

frequency.

I

Reindeer were tracked using a portable receiver

(Telonics TR - 2) and a hand-held, direction-sensitive antenna.
Searches were made as frequently as time and weather permitted
and continued until the target animals were actually seen , whereupon their location was recorded.
per animal per search day.
August 1982 .

Only one location was recorded

Data were collected from February to

The approximate age of each of the animals, the

date on which each was captured, collar colours and radio
frequencies are given in Appendix 2.

3.1.3

Analysis of tracking data.

The net horizontal distance (km) between two consecutive
sightings of an animal was calculated by trigonometry.
net distance which an animal had moved per day between
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The mean

consec utive sightin gs was estima ted by dividin g the total net
distanc e travele d by the number of days which had elapsed betwee n
first and last sightin gs.

All data from sightin gs made >4 days

apart were rejecte d.
Reinde er moved about little within season s.

Sightin gs

typica lly fell into two cluste rs, one for observ ations made in
winter (Februa ry to May) and one for observ ations made in summer
(June, July and August ).

Polygo ns were constru cted by enclos ing

all points within such a cluste r.

Polygo ns describ ed in this way

were assume d to represe nt approx imately the area occupie d by each
reinde er during the period betwee n the first and last dates of
the sightin gs enclose d.

3.2

TEMPORAL ORGANIZATION

3.2.1

Twenty -four hour watche s.

Data were collec ted during late winter (March and April) 1980,
1981 & 1982 and summer (June to August ) and autumn (Octob er) 1981
& 1982.

Groups of between 3 and 7 reinde er (see Table 2.3) were

observ ed contin ually for period s ranging from 6 to 28 hours.
There is contin~ ous daylig ht in Svalba rd from mid March until
late August ; observ ations in Octobe r were confine d to daylig ht
hours.

The choice of groups depend ed largely on the terrain .

Data were collec ted only in calm weathe r .

Animal s were observe d

through x7 binocu lars or a x20-60 spottin g scope from distanc es
varyihg from 100 m to 2 km.

Groups were scanned every fifth

minute and the activi ty of each reinde er at that instan t was
80

recorded.

Four activities were recognised: grazing , lying down ,

walking/trotting and 'other'

(includes standing, social inter-

actions and maintenance activities),

Reindeer could be recog-

nised individually by their sex, age, antlers, colour or position
and separate records we re kept for each animal.

The proportion

of time that a reindeer devoted to each type of activity was
calculated by dividing the total number of records of it performing each activity by the total number of 5 minute records made
of that animal during one period of continual observation .

I:
3. 2. 2

Focal animals.

To measure the intensity of grazing (i.e. the proportion of time
during a period of grazing which reindeer spent actually
feeding),

one animal was selected at random from within a group

of grazing reindeer and watched continuously for 10 to 30
minutes.

A continuous commentary describing its activity was

recorded with a pocket dictaphone.

Three components of behaviour

were recognised within a period of grazing:
(gathering or ingesting food) ,

(i) feeding

(ii) digging snow and (iii) all

other non-feeding activities (walking, searching for food,

look-

ing up and maintenance e.g . suckling, grooming, defecating, urinating).

Each footstep and each stroke with one or other front

leg when digging snow was counted.

The dictaphone tapes were

subsequently transcribed and the duration of each behaviour (i.e.
feeding, digging, other) was timed to 1 s with a stopwatch.
Grazing intensity was calculated as [feeding time/ (feeding time

81
* ' Grazing' i s defined here as all activities that comprise collecting, gatheri ng
and ingesting food and therefore includes walking between bites, looking up between bites and digging snow. See, for example, Table 3.7 .

+ digging time+ other)] x 100%.

Digging rate was calculated

from [total number of digging strokes/ total time spent digging]
-1

= strokes.m in

3.2.3

Analysis of activity data.

All continual records of activity <6 h duration were rejected.
Most (69%) of the remaining data (n = 806 reindeer.h ours) were
collected during observatio ns of >24 h.
deer.hour s,

The rest (n = 364 rein-

from observatio ns of between 6 and 24 h duration)

were included after graphical analysis of the 24 h data (winter)
and combined data (summer) showed that there was no pronounce d
diurnal rhythm of activity (section 3.4.1).

Activity records

from individua l reindeer were combined within seasons and
seasonal budgets (i.e. the percentag e of time that animals
devoted to each of four categorie s of activity) were calculated
using the median values for each activity.

The mean grazing

intensity in different seasons was calculated after transform ing
measureme nts (percentag es) to arcsine (Sokal and Rohlf 1969:386) .

RESULTS
3.3
3.3.1

FIDELITY TO ADVENTDALEN
Re-sightin g marked animals.

Effectiven ess of different types of tag.

Fifteen out of 26 rein-

deer marked in Adventdal en with 'Apollo' tags were seen again at
least once during this study, compared to seven out of 26 marked
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with the small tags and one out of eight marked with collars.
The collars were not reliable; two were found on the tundra after
they had fallen off.

The numbers on the small tags were effect-

ively illegible from more than 5 mowing to poor contrast between
the characters and their dark green or red background.

In

addition, these tags pressed close to the ear where they tended
to be concealed by reindeers' long fur.

The large, orange

'Apollo' tags dangled conspicuously below the ears but the
numbers on them were not sufficiently bold (characters c. 3 mm
broad) to be read from more than 50 m, even with a spotting
scope, unless they happened to be hanging quite still.

In 1982,

two animals were marked with 'Apollo' tags on which numbers had
been written in characters about 1 cm broad: these were much
easier to read.

Frequency of re-sighting.

A total of 154 successful observations

of marked reindeer were made in Adventdalen between· 1979 and 1984
(i.e. observations in which the numbers/letters on the reindeers'
ear tags/collar were read).

Twenty-one different reindeer were

seen, including nineteen which had originally been marked in
Adventdalen.

A furth~r three animals which had been marked there

were found dead before this study began and one animal is known
to have emigrated (below).

Hence, 23 out of the total of 58

reindeer marked in Adventdalen between 1976-1982 were recognised
at least once again after they were released , 22 of them still in
the valley.
Of the 22 reindeer marked in Adventdalen and identified
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there subsequently, ten were observed only once - seven of these
when they were found dead; three were recognised twenty times
(the maximum number).

The median number of sightings of marked

animals, excluding those which were found dead was 11.2 (n = 14).
Sixteen of the 22 animals were observed, at least once, more than
2 years after they had been been released; nine of the sixteen
were observed in Adventdalen 4 or more years after their release.
The longest interval between a reindeer being marked in Adventdalen and the last occasion on which it was recognised there was
6 years 5 months (n = 2); the median interval between catching a
reindeer and the last sighting of it alive in Adventdalen was 4.0
years (n = 19).

3. 3. 2

Seasonal fidelity to particular areas.
I
I

Ear tagged animals.

Individual marked reindeer were consistently

found in the same part of the study area.

Examples showing four

reindeer, recognised over periods varying from 4 to 7 years, are
giveri in Figure 3.2.

Each of these animals was seen only within

a relatively small part of the study area .

Each appears to have
, II

used that part of the study area traditionally - each was found,
within seasonst in approximately the same place in different
years.

Two of them used different parts of the study area in

different seasons.

Male "K6" and female !'7 0 " were seen on Platft-

berget, a plateau 500 m a . s . l . on the coast at the south side of
Adventfjorden,
tively.

in late winter in 3 and 4 different years, respec-

Male "K6" moved off the plateau in summer but stayed

near the coast; he was seen on the south side of Adventdalen
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Reindeer: (:j? 70

0

5

10 Km

0

5

10 Km

Sept. 1980

!.)

Reindeer: 6 K6

Figure 3.2 (continued on the next page).
Observations of four marked reindeer in Adventdalen in different
years.
Each letter represents one observation of the animal made
during the months indicated and specifies the year in which that
observation was made: A - 1979; B - 1980; C - 1981; D - 1982; E 1983; F - 1984; G ~ 1985 .
Asterisk= site where the reindeer was
caught and marked.
Spring and summer (May to September) and
winter (March & April) observations of male 'K6' are separated on
the diagram by a dotted line .
(1985 data from Severinsen 1985).
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Reindeer: ~ 70

0

5

10 Km

0

5

10 Km

Sept. 1980

!.)

Reindeer: <3' K6

Figure 3.2 (continued on the next page).
Observations of four marked reindeer in Adventdalen in different
Each letter represents one observation of the animal made
years .
during the months indicated and specifies the year in which that
observation was made: A - 1979; B - 1980; C - 1981; D - 1982; E Asterisk= site where the reindeer was
1983; F - 1984; G ~ 1985.
Spring and summer (May to September) and
caught and marked.
winter (March & April) observations of male 'K6' are separated on
(1985 data from Severinsen 1985).
the diagram by a dotted line.
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Reindeer:

~

K7

0

5

10 Km

1

April 1978

,,..

~~~,A

Reindeer:

~

X34

86

0

5

10 Km

j

close to Adventfjord in 5 successive years.
left the plateau in summer but moved c.

Female "70" also

20 km inland, where she

was seen, still on the south side of the valley, for four years
in succession .

Females "K7" and "X34" were also observed 10 to

20 km from the coast on the south side of the valley in summer,
in this case for four and six different years, respectively .
These two animals were never seen in winter.

Radio-collare d animals .

The five radio-collare d reindeer were

located on a combined total of 173 occasions between 7 February
and 26 August 1982: 138 times in winter (before 1 June) and 35
times in summer.

The difference in the number of sightings in

each season reflects my greater mobility in winter: a trip round
Adventdalen to locate all five animals sometimes took less than
one hour on a snow scooter, compared with 3 or 4 days on foot.
This greatly influenced the number of times which different
animals were located in summer.

"RED" stayed within 5 km of the

MAB station all summer and, consequently , was located 18 times;
the other four animals spent the summer more than 15 km away and
were located only between 1 and 9 times each.

Results are

summarised in Appendix 2.
All the radio-collare d reindeer were sedentary within
seasons (with the possible exception of "BLUE-YELLOW" which was
seen only thirteen times) and confined t~emselves within areas of
2

less than about 5 km

for several weeks or even months at a time

both in summer and winter (Figure 3.3).

Three 0£ them traveled ,

on average, less than 1 km net per day in winter (Table 3 . 2 : too
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18 July

Red

0

5

10 Km

August

Red-Yello w

0

5

10 Km

Figure 3.3 (continued on the next page).
Maps showing the movements of the five female reindeer which were
tracked during 1982.
Each map gives results from one reindeer,
designated by the colour of its collar (see also Appendix 2).
(n) = the number of times each animal was located within the area
and between the dates indicated .
Horizonta l hatching= range in
winter (February to 31 May); vertical hatching= range in summer.
Filled circles= single observatio n of an animal outside its
'normal ' winter range.
Triangle= single observatio n of an
animal outside its 'normal' summer range.
Asterisk= site where
the animal was caught and marked.
'C' = calving site.
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9-21 C ~ ~~
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~
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3 April-22 J~ne
\
( 17 : 2 sightings & 15 contacts by radio)

V

u
Gr een

Blue - Yellow
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0

5

10 Km

0

5

10 Km

few data were collecte d to calculat e daily rates of movemen t for
"BLUE-YELLOW" and "GREEN" - see Appendix 2).
signific antly further per day (0.7 km)
"RED" or "RED-YELLOW" (0.2 km each)

"BLUE" moved

...

in winter than either

[1].

All the reindee r were

individu ally highly consiste nt in their rates of movemen t during
winter: the mean net distance each moved per day did not differ
signific antly between months for any of them (Table 3 . 2)

[2].

Table 3.2
Mean net distance (km) three female reindeer (radio-c ollars
"BLUE", "RED" & "RED-YELLOW") traveled per day in differen t
months in 1982 (± S.E . M.).
BLUE
km
February
March
April
May

0.8
0.7
0.7
0.6

+
+
+
+

0.28
0.16
0.21
0.24

6
20
7
6

ns
0.7 + 0. 11

June
July &
August

0.2

***

0.2
0.2
0.2
0.1

+
+
+
+

n
0.09
0.04
0.03
0.05

7
23
5
6

0.2 + 0.03

41

0 . 7 + 0.22
0.2 + 0.06

9
8

ns

Winter
mean

n
1

RED
km

n

39
0
2

RED-YELLOW
km

0.3 + 0 . 09
0.2 + 0.04
0.9 + 0.27
ns ( 1 )
0.2 + 0.05
(1}
2.1 + 0.73
0 . 1 + 0 . 05

n

'I

I

7
6
7
13

I

***

3
3

Number of . sighting s made < 4 days apart.
Excludin g May (see text).
p <0.001 [ 1 ] .

The mean distance which "RED-YELLOW" and "RED" traveled per
day increas ed sharply in June due to their moving inland for
calving (Table 3.2

&

Figure 3.3).

"BLUE-YE LLOW", likewise , left

the area where she had spent the latter part of winter and moved
90
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I

inland.

She, however, went further than the others and was

eventually found in Sassendalen (Figure 3 .3 ) .

"BLUE", in

contrast, moved slowly up Adventdalen in March and April and
reached the area where she subsequently had her calf by 9 May,
about one month before calving (Figure 3.3) .
on Bolternosa until the end of June.

"GREEN"

remained

She was a young animal

(either 1 or 2 years old in February 1982; Appendix 2) and was
probably not pregnant in the winter of 1981/82.

She was not

accompanied by a calf when seen subsequently in summer.

" RED",

"BLUE" and "RED-YELLOW" were sedentary in summer, traveling, on
average, only 0.2 km per day in July and August (Table 3 .2 ).

3.3.3

Immigration and emigration of marked animals.

Sixty-six reindeer were marked outside Adventdalen in 1979-1978
(Figure 3.1); only two of these were ever observed in the study
area.

Female "X3", marked in Fardalen in March 197-8, was seen in

Adventdalen once in May and once in June 1979; male "X21", marked
in Riindalen in April 1978, was seen in Adventdalen twice in July
1979 and once in August 1981 (Figure 3.4). It is not known
whether either of these animals remained in Adventdalen
permanently .
One marked reindeer is known to have emigrated, probably
permanently, from Adventdalen: male "71" was seen near
Barentsburg in August 1981 , 35 km and four and a half years after
being marked on Plat&berget (Figure 3 . 4) .

Three females,

"X69",

"GREEN" and "BLUE-YELLOW", were each observed outside Adventdalen
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once (Figure 3.4) but were also observed inside the study area
again on at least one occasion subsequent to that.

Results are

summarised in Table 3.3.

10

20

30Km

Figure 3.4
Immigration and emigration of marked reindeer into and out f r om
Adventdalen .
Arrows , each representing the journey of one
marked reindeer (specified by its sex and code number) , point
from where it was caught and marked to whire it was subsequently
seen .
The dotted arrows represent emigrants which were
subsequently observed ha v ing returned to Adventdalen.
(See also
section 3 . 3 . 3 and Table 3 .4 ) .
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Table 3.3
Immigratio n and emigration of marked reindeer into and out from
Adventdal en*.

Reindeer

Originall y
marked

Immigrated
X21 M
Reindalen
April 1978

Subsequen tly ·
observed

Comments

Adventdal en
July 1979
August 1981

Not known whether it stayed in
Adventdal en.

Adventdal en
May & June
1979

Not known whether it stayed in
Adventdal en.

Barents burg
August 1981

Net distance= 35 km: only
proven example of long dis- ·
persal by a Svalbard reindeer.

Platg_berg et
May 1977

DeGeerdal en
July 1979

Returned to Adventdal en; seen
on Platgberg et March 1982.

Blue- F Adventdal en
Yellow Feb. 1982

Sassendale n
August 1982

Not seen again until observed
in Adventdale n in April 1984.

Green

Sassendale n
July 1982

Seen in Adventdal en Aug. 1982;
June & July 1983·; April & Sept.
1984.

X3

F

Fardalen
March 1978

Emigrated
71 M
Platgberg et
May 1977
. X69 F

F

Adventdal en
Feb. 1982

M: male;
F: female;
* see also Figure 3 , 4 ,

93

3.4

ACTIVITY

3.4.1

Twenty-four hour activity budget.

Svalbard reindeer displayed no pronounced diurnal rhythm in their
pattern activity of during periods of continuous daylight (Figure
3 . 5); consequently , all records of activity >6 h were combined
within seasons.

WINTER

100

r'Z)

SUMMER

100

Males

Males & Fema-les

!SS Females

0

z

-

N
<(

-

0:

0
1-

z

~

50

50

(f)

-

-

~

~

w
~

11.1..

0

0

00-04

04-08

08-12

12-16

16-20

20-24

TIME OF DAY (GMT + 2hrs)

00-04

04-08 08-12

12-16

16-20

20-24

TIME OF DAY (GMT+ 2hrs)

Figure 3 . 5
Mean percentage of time which adults spent grazing at different
times of day during summer (June, July & August) and late winter
(April).
Winter: data from continual observations ~24 h (males,
N = 5 ; females , N = 18) . Summer : data from continual
observation of reindeer for periods of between 6 and 24 h: total
observation time in each period 00 - 0 4 to 20-24 = 10, 16, 27 , 4 3 ,
43 , & 18 h , respectively . GMT= Greenwich mean time .
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Reindeer spent more than 96% of their time in summer and
late winter either grazing or lying down (Table 3.4).
was highly synchronized within groups (Figure 3.6).

Activity
Daily

activity budgets of adult males, adult females and calves were
similar in April (late winter)

(Table 3.4).

Males and females

spent more time grazing in summer (c. 68%) than in winter (c.
53%)

(Table 3.4).

Both sexes spent about the same proportion of

their time grazing in summer, overall (Table 3.4) but lactating
females spent 84.4% of their time grazing in June, when the
calves are born (Chapter 4); this decreased to 50.4% by October
(Table 3.5).
I
I

Table 3.4

1,

Daily activity budget of Svalbard reindeer: median percentage of
time devoted to four categories of activity in summer and late
winter.

Median %
No.
reindeerhours
observed
Late
winter*
Summer &
Autumn**
Total
*

**

No .
observations
>24 h

------------ ------------ ---grazing

lying
down

Males
Females
Calves

181.2
656.8
179.9

5
18
7

52.6
53.7
53.0

45.2
44.6
43.4

Males
Females

48.0
104.4

2
0

66.7
70.2

33.1
28.7

1170.3

32

April.
Males, August; Females, June to October.
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walk/
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other

1. 3
1. 4

0.9
0 .3
0.7

2.9
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Figure 3.6
Diagra m repres enting the activ ity of a group of eight reinde
er
(six adults and two yearli ngs, 'y') during a period of 28
hours
from 1800 h on 31 March to 2200 h on 1 April 1982.

l,1

Table 3.5
Daily activ ity budge t of lactat ing female s during differ ent
month s in summe r and autum n.

Media n% time spent:
Grazin g
June
July-A ugust
Octob er
N:

84.4
69.8
50.4

Lying down
13.6
30.0
47.1

11\

Other
2.0
0.2
2.5

N
1

5:

7:
3:

6 .2 + 0.3
7.2 + 1. 8
7.6 + 0

Numbe r of anima ls observ ed: mean durati on of observ ation per
anima l (h) + SD.
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3 . 4.2

Structu re of grazing bouts.

Grazing bouts'* varied consid erably in duratio n both in summer and
in winter .
3. 6) .

Bouts lasted from 35 minute s to almost 8 hours (Table

They tended to be shorte r . in mid-sum mer than late in

winter but the differe nce was signifi cant only in males (3) .
Female s tended to have longer grazing bouts than males and calves
at all times (Table 3.6) but the differe nces were not signifi cant
[ 4] .

Table 3.6
Duratio n of grazing bouts (1)

(minute s) in differe nt months .

April (min.)

July -Augus t

------ ------ ------ ----

Median
Males
Female s
Calves

168
180
165
ns

Range

SD

N

35-265
35-465
45-405

61
94
79

19
87
31

(min.)

------ ------ ------ ----

Median

*

ns

133
163

Range

SD

N

50-255
60-185

54
46

12
6

ns

1

Period betwee n one bout of lying down and the next (see Fig .

N

Number of bouts .
P <0 . 05 (3).

3. 6) .

*

All reinde er grazed with simila r intens ity (5) .

They
I

appeare d to graze slightl y less intens ely in March (80 .4 % of
grazing time sp~nt feeding ) than in Octobe r (89 .9 %, P <0.01

i
[ 6] ) •

This was becaus e, in winter , they spent a signifi cant propor tion
of grazing time digging snow : the amount of grazing time devoted
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* A grazing

1

1

bout i s a period during which the animal' s princip al activity was
f~eding. Brief periods of walking , for ,example , between patches , are
included
in a bout but periods of lying down and ruminat ing or standing gaz ing
about are
not included . See, for example , Figure 3.6.

I

to non-feeding activities other than digging fell from 10.1% in
October to 4.2% in March (Table 3.7).

There was no significant

difference in the proportion of grazing time which males, females
and calves spent digging snow [7] nor in the rate at which they
dug (Table 3.8)

[8].

Neither was there any significant

difference, within months, in the number of footsteps males,
females and calves took per minute of grazing [9]; the combined
-1
mean, however, fell from 9.6 steps.minute
in October to 1.9
-1

steps. minute

in

March ( Table 3. 8) .

Table 3.7
Grazing intensity: proportion ( % ) of grazing time spent feedin-g
in different months.

Proportion of grazing time (%)

March
October

Feeding

Digging snow

80.4 + 0.5
89 . 9 + 2.5

15.4 + 0.3

(1)

Other (2)
4.2
10. 1

N

22, 452
11, 173

**
1
2
N

**

Mean+ SD.
Non-feeding activities besides digging.
Number of animals observed; number of grazing minutes
recorded.
P <0.01 [6].

DISCUSSION
Svalbard reindeer are sedentary animals.

They neither migrate

long distances nor are nomadic like other sub-species of
Rangifer.

On the contrary, they appear to restrict their daily
98

Table 3.8
Rate of walking while grazing (footsteps/min.) in March and
October and rate of digging snow (strokes/min.) in March.
-1
Steps.min
March
Males
Females
Calves
Mean
October
Females
Calves
Mean

*
N

2.0
1. 7
2. 1
ns
1. 9

-1

*

Strokes.min

N

+ 0.7
+ 1. 6
+ 0.4

2:
10:
3:

53
374
163

+ 1. 3

15:

590

9. 1 + 5.7
11. 9 + 3.2
ns
9.6 + 5.3

18.5 + 3.9
23.0 + 4.6
24.6 + 3.5
ns
22 .4 + 4.6

*

N

4 : 1219
13: 6151
4 : 2319
21: 9689

9 : 1164
2:
341
1 1 : 1505

Mean+ SD.
Number of animals: number of footsteps/digging stokes counted.

lives within relatively small, seasonal home ranges.

Further-

more, individual Svalbard reindeer show long-term fidelity to
particular places: female "X34", for example, returned to Janssondalen in six separate summers (Figure 3.2), perhaps adopting
the same home range each time .

These results support the prop-

osal (Chapter 2) that the reindeer in Adventdalen represented a
discrete sub-p?pulation .

Sedentary behaviour and traditional us e

of home ranges are inconsistent with an alternative possibility,
namely that the animals were nomadic and ,wandered extensively
around Nordenski~ld Land.
The most conspicuous difference between patterns of
dispersion in Svalbard reindeer and other Rangifer is that the
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former are not gregariou s: groups of more than three or four
animals are rare (Alendal et al.

1979; section 2 . 3.1).

The mean

group size in Norwegian wild reindeer, by contrast, varies from
50 to 400 animals, depending on the season (Skogland 1985b) while
post-calvi ng aggregatio ns of barren-gro und caribou in Canada
number up to 15 OOO (Parker 1972).

Small group size, however, is

not unique to Svalbard reindeer: both Peary caribou and barrenground caribou in West Greenland usually occur in groups of less
than five (Miller, Russell and Gunn 1977Q; Roby and Thing 1985).
Non-nomad ic, sedentary behaviour is a less conspicuo us
feature of the dispersion of Svalbard reindeer than small group
size but it is unique; no other Rangifer are known to live in
small, seasonal home ranges.
apparent in winter:

Home ranges were most clearly

"RED", for example, moved less than 1 500 m

(net) during the three months before the melt (Figure 3.3).

The

radio-col lared animals were not located often enough to give a
clear picture of dispersal in summer but "RED", "RED-YELLOW" &
"BLUE" appeared to have remained within small areas for weeks at
a time,

just like in winter (Figure 3.3) .

This conclusion is

supported by their low daily rate of travel, 0.2 km net per day
(Table 3 .2), which contrasts with 8.5 and 5.8 km.day

-1

in female

migratory barren-gro und before the fly season and southward
migration , respectiv ely (when rates of travel increased to 22.8
-1

and 17.7 km.day
1975).

; Curatolo

1986; Miller, Anderka et al.

"BLUE-YELLOW" and "GREEN" went to Sassendale n in summer

(section 3 . 3 . 3) and there are no details of their movements .
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Patterns of social organisation and dispersion in wild
mammals are closely linked with the dispersion of their
resources, especially food (Clutton-Broc k and Harvey 1978).
Herbivores whose food occurs in large, evanescent clumps,
typically feed in big groups; species whose food is widely dispersed or unpredictable in abundance usually occupy large home
ranges (Altmann 1974, Clutton-Broc k 1974, Jarman 1974).

To a

hungry reindeer, tundra vegetation represents a food resource
which combines both characterist ics: the best forage occurs in
(i) widely dispersed and (ii) evanescent clumps.

This is because

there are characterist ic differences in the timing of the snowmelt over different communities of plants and snow influences
both the availability of forage and the timing of different
phenophases (e.g. budbreak, flowering,

ripening of fruits)

in

each species of plant and hence their quality as food (Wielgolaski and Karenlampi 1975, discussed in Skogland 1984a, 1985b).
Consequently , mainland reindeer and caribou are nomadic: their
behaviour is a response to spatial and temporal variation in the
dispersal of their resources.

The animals attempt to maximize

their instantaneous intake of nutrients by foraging selectively,
eating high quality but often ephemeral foods (Skogland 1980,
1984a) .

As a result, they feed in large groups which mo v e con-

tinuously, deliberately tracking the phenological progression of
their preferred foods (Skogland 1985b).
Svalbard reindeer,

in contrast, can evidently satisfy their

nutritional requirements without wandering far.
acco u nt for t h is?

Par t

What might

of the reason may be that hydrological
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and micro-climatic conditions change over very short distances in
the high arctic .

Consequently , different associations of plants

do not occur in large, homogenous swards but are juxtaposed in a
fine mosaic (Brattbakk 1981, 1984) .

Marshes and polar desert,

for example, can be found almost side by side in Svalbard
(ibid . ) .

Moreover, the variety of different plant communities,

which in the sub-arctic (e.g. mountains of Norway) is distributed
over an altitude range of 1 OOO m, occurs below 200 m a.s.l. at
0

78

N lat.

(ibid . ) .

Svalbard reindeer , therefore, may not only

have access to the same phenological progression as mainland
reindeer but also they may be able to can track its full range
without having to move more than a few hundreds of met re. s.
We do not know whether patches of preferred foods are smaller but more heterogeneously spaced on Svalbard compared to subarctic tundras but it is interesting to note that Svalbard reindeer graze with unusually high intensity.

Females spent 90% of

grazing time in October actually gathering or ingesting food
0,;//;:

(Table 3.7}, compared/summer values of 69 to 79~ in wild reindeer

in Norway (Skogland 1984b) and 70% in barren-ground caribou in
west Greenland (Roby and Thing 198 4 ).

In other words, Svalbard

reindeer appeared to have to spend less time searching for food
within , or moving between , patches of forage than mainland reindeer and caribou.

This might indicate that they were surrounded

by a higher density of acceptable items of food than their
distant cousins grazing on subarctic tundras.
If Svalbard reindeers' sedentary behaviour in summer was a
response to a high density of acceptable food items· (above), then
102

they might have been expected to become increasingly nomadic
during winter when the spatial density of available items of food
declined .

Impala Aepyceros melampus, for example, travel almost

twice as far each day at the end · of the dry season than during
the rains, a behaviour which is attributed to reduced abundance
of forage and, hence, increased distance between each item of
food (Jarman and Jarman 1979).

Svalbard reindeer, however,

showed no tendency to move about more in winter (Table 3.2).

On

the contrary , the clearest demonstrations of the small size of
their home ranges were made in late winter (March to May) when
access to food was lowest (Figure 3.3).
Sedentary behaviour presumably helps to reduce Svalbard
reindeers' daily energy expenditure, something which is crucial
for survival in winter (Chapter 5).

Adult females,

for example,

spent less than 2% of each day walking or trotting (Table 3.4),
with the result that locomotion contributed only 2% of their
daily energy expenditure in winter (Chapter 5) .

The energy costs

of lcicomotion in female barren-ground caribou in late winter, by
contrast, amounted to 8 .4 % of their daily energy expenditure
(Boertje 1985).

Did Svalbard reindeer pay a price for their

sedentary beha~iour in terms reduced feeding efficiency , as the
impala study (above) suggests they might have?

Apparently not.

Surprisingly , they maintained high grazing intensity as late as
March despite acutely restricted access to forage (Table 3.7).
Presumably they achieved this by feeding less selectively.
Unfortunately, there are no data on diet selection in Svalbard
reindeer in late winter with which to test this.

Ii
I
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Although our understanding of the factors which determine
the unique pattern of dispersion or Svalbard reindeer, compared
to other reindeer and caribou, remains rudimentary, the important
point,

for the purposes of this chapter, is that the animals were

both sedentary and traditional in their movements.

Both pre-

requisite conditions for converting the census and carcass data
collected within Adventdalen into rates of increase and mortality
(see Introduction) thus appeared to be satisfied.

The main

conclusion of this chapter, therefore, is that variation in the
total number of reindeer and carcasses counted each summer in
Adventdalen (Chapter 2) reflected changes in rates of birth and
death among a group of animals which lived there - a population instead of merely changes in distFibution of reindeer around
Nordenski~ld Land.
birth,

The extent to which changes in rates of

juvenile- and adult-mortality contributed to variation in

the total number of animals present is the subject of Chapter 4.

STATISTICAL TESTS
[1] Mean daily movement (km) of radio-collared reindeer in 1982:
comparison mean winter values between different animals (BLUE,
RED & RED-YELLOW).
2

X

= 23.65,

df

= 3,

Kruskal-Wallis one-way analysis of variance:
P <0.001.

[2] Mean daily movement (km) of radio-collared reindeer in late
winter 1982: comparison of across months of monthly mean valu es
for individual animals.

Kruskal - Wallis one-way analysis of
104

2

variance.

BLUE (February to May):~
2

>0.9); RED (February to May):~
2

RED-YELLOW (March and April): Y.
[3)

= 0.61,

df

=

3, n.s.

(P

= 1.3, df = 3, n.s. (P >0.7);
= 0.73, df = 1, n.s. (P >0.4).

Duration of grazing bouts: comparison of bout length within

sexes between seasons (April vs July-August) .
2

one-way analysis of variance.

Kruskal-Wallis

= 3.96,

Males,;(.

df

=

=

1, P

2

= 1.51, df = 1, n.s. (P >0.05).

0.47; females, "X.
[4]

Duration of grazing bouts: comparison of bout length between

males females and calves within seasons.

Kruskal-Wallis one-way
2

analysis of variance.

April (late winter),)'.'..
2

= 1.38,

= 1,

= 2.88,

df

= 1,

n.s.

(P >0.2); July-August, -X..

[5]

Grazing intensity: comparison between sexes and seasons of

df

n.s.

(P >0.2).

the proportion (%) of time within grazing bouts spent feeding.
ANOVA (percentages transformed to arcsine).

Males, females and

= 0.35, n.s. (P >0.05). Females and
[2,19)
calves in October (no data for males): F
= 0.06, n.s. (P
calves in March: F

:I

I

[ 1 , 9]

>0.05).
[6]

Grazing intensity: comparison between seasons of the propor-

tion (%) of time within grazing bouts spent feeding.
(percentages transformed to arcsine).

ANOVA

All reindeer, March vs

I

= 11.78, P <0.01.

October: F

[ 1, 30]
[7]

Proportion of grazing time spent digging snow (March):

comparison of adult males, adult females and calves .
[2 , 18]
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ANOVA

= 0.835, n.s. (P

(percentages transformed to arcsine): F
>0.05) .

I

-1
[ 8]

Digging rate (strokes.minu te

males, adult females and calves .

March): comparison of adult

= 1.26, n . s. (P

ANOVA: F
(2,12]

>0.05) .

-1

[9] Rate of walking while grazing (footsteps.mi nute
ison of different class of reindeer within months.
(males, females and calves), F

): comparANOVA: March

= 0.10, n.s. (P >0 . 05);
(2,12]

October (females and calves), F

= 0.41, n.s. (P >0.05).
(2,10]
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PART 2:

THE

MECHANISM

OF

CHANGE

Chapter 4
RATES

OF

BIRTH

AND

DEATH

INTRODUCTION
Two contrasting hypotheses have been proposed to account for the
'stability'
Svalbard.

(sensu Holling 1973) of populations of reindeer in
In the first,

population density is kept below ecol-

ogical carrying capacity by periodic heavy mortality caused by
bad weather (Reimers 1982a, 1984; Reimers, White and Rusten
1977).

In the second, the abundance of reindeer is limited by

food and both the 'stability' and the final density of the population is the product of interaction between reindeer and their
food supply (Chapter 1).

Changes in population density caused by

variation in the weather are considered as non-homeostatic
because the direction of change is random with respect to the
initial density.
There was a discrete population of reindeer in Adventdalen
(Chapters 2 and 3) and, consequently, data on numbers · of calves
and carcasses counted there each year could legitimately be
converted into rates of birth and death.

According to the second

hypothesis (above), one or more of rates of birth , death and
dispersal must be density dependent, changing sufficiently, on
average, at or above a population densi~y of about 2.7 rein-2
deer.km
(the apparent lower density of ecological carrying
capacity - see Figure 2.9) to prevent both net growth of the
population above, or net decline below , this level .
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The main aims of this chapter are 1) to describe the extent
of annual changes in rates of birth and death, 2) to explain
fluctuations in population density in terms of changes in rates
of birth, death and dispersal and,
to which these rates

3) to investigate the extent

depended on the density of the

population.

METHODS

4.1

BIRTH .

4.1.1

Date of calving.

It was important to know when calving occurred so as to have the
best chance of detecting early mortality of calves.

The length

of the calving period was estimated by the method of Caughley and
Caughley (1974) ,

I'
Fifteen surveys were made along the short route

(Figure 2.3) between 22 May and 28 June 1979-1982, . dates which
spanned the calving period.

The purpose was to calculate the

proportion of births to date at different stages throughout this
period .

It was possible but impractical to distinguish pregnant

from non-breeding females b y e y e (section 4.4.2).

Instead, the

number of breeding females in each sample was estimated by multiplying the total number of females counted each time by the
overall birth rate for the year .

The proportion of births which

had taken place by each date was calculated by dividing the
number of cal v es seen each time by the final birth rate .
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I

4.1.2

Pregna ncy rate.

The birth rate direct ly is notorio usly diffic ult to measur e in
Rangif er becaus e large number s of calves may die soon after
birth.

Twinnin g is rare, howeve r,

(Berger ud 1980) so the birth

rate is usually the same as the pregnan cy rate.
Two non-de structi ve and non-in trusive method s for estima ting
the pregna ncy rate are visual inspec tion and countin g antler s.
It was possib le, with practic e, to disting uish pregna nt from nonpregna nt females after about 1st April each year (i.e. during the
last two months of gestati on).

Svalba rd reinde ers' long winter

coat and differe nces in conditi on affecte d the contou rs of their
bellies and backs, howeve r, and succes sful identif ication often
depend ed on getting close (<50m) and observ ing animal s carefu lly.
Conseq uently, althoug h this techniq ue worked well for selecti ng
and shootin g pregna nt and barren females (Chapt er 5), it was too
slow for estima ting rates of pregnan cy.
Lapp reinde er owners believe that barren females drop their
antlers a few weeks before pregna nt ones (I.A.M yrnes, person al
commu nicatio n).

This was confirm ed in domest ic reinde er by

Espmark (1971) who found that breedin g females usually dropped
their antlers ~ithin a week of partur ition.

The relatio nship

betwee n breedin g and antler sheddin g has not been tested formal ly
in wild reinde er but it is potent ially feasib le to calcul ate a
pregna ncy rate from the propor tion of females with antlers two or
three weeks before calving , provid ing correc tion is made for
females which did not grow antlers in a particu lar year.
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This

technique has been used for estimating rates of pregnancy both in
wild reindeer (Skogland 1985a) and in caribou (Bergerud 1980).
I counted reindeer along the short route (Figure 2 . 3) once
each year (1980-1982) between 17 May and 5 June and scored all
adult and yearling females according to whether or not the y had
antler(s) .

The pregnancy rate (P) was calculated assuming the

maximum error (i.e.

that all females which failed to grow antlers

in the preceding summer had conceived and were pregnant):

p

=

[(a+ (u.f))

/

(a+ u}] x 100%

where,
a=

the number of adult and yearling female reindeer with
antler(s)

(1 or 2) after 17 May,

u =

the number of adult and yearling females with no antlers,

f

the proportion of adult and yearling females with no antlers

=

during the rut 7 months previously .

(There were no data on

the proportion of antlerless females in October 1979.

I

used the mean value from 1980 & 1981 (0.03; section 2 . 3 .4 )
when calculating the pregnancy rate in 1980) .

Thirty -fo ur fe males (16 gestating and 18 non-gestating ) shot
in April and Ma y 1980 & 1981 provided a small sample with which
to test the relationship between pregnancy and late possession of
antlers .
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4.1.3

Birth rate.

Rates of birth were calculated each year by adding the number of
calves known to have died (section 4.2.2) to the number counted
alive in each annual census.
Rates of birth wer e expressed as [calves : 100 females >2
years old at calving] because it was not possible to distinguish
reindeer 24-25 months old (i.e. those which had been yearlings
during the preceding rut) from reindeer >36 months old.

4.2

DEATH.

4.2. 1.

Temporal pattern of mortality.

All births occurred during the first two weeks of June (section

4 • 41 ) •

The time of year at which calves had died could therefore

be determined from their age (in months).

The age of dead

calves was estimated from the pattern of eruption and wear on
their permanent mandibular molar teeth, based on inspection of
the teeth of 19 calves aged 1-11.5 months which I shot (Table

4.1) .
The presence or absence of antlers on a carcass indicated
whether an animal
(October to May)

had died in summer (June to September) or winter
(Table 4.2),

I determined in which half of

winter (October-Janu ary or February-May ) reindeer had died from
the extent to which their carcasses had been eaten by scavengers,
using carcasses of reindeer , the date of whose death I kne w , as
con t rol s .
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Table 4. 1
Eruption and wear of permanent mandibula r molar and first incisor
teeth in Svalbard reindeer calves .
ml
Specimen

Date
shot

S15
S17
S59
S61
S63
S21
S24

6
6
13
14
16
23
25

July
July
Aug.
Aug.
Aug.
Aug.
Aug.

S30
S31
S68
S70
S72
S74
S77
S81

30
1
27
27
28
28
29
31

Sept .
Oct.
Oct .
Oct.
Oct .
Oct.
Oct.
Oct .

s 3
s 4
SlO
Sll

10
12
27
27

May
May
May
May

Age
(months)

State

m2
Wear

State

il
Wear

State

1
1
2
2
2
2. 5
2.5
4.5
4.5
5.5
5.5
5. 5
5.5
5.5
5.5

11
11
11. 5
11. 5

I

Erupting
Erupting
Erupting
Erupting
Erupting
Erupting
Erupting
Erupting

Erupting
Erupting
Erupting
Erupting

None
None
None
None
None
None
None
None

,11

I

I
I

Some
Some
Some
Some

Erupting None
Erupting . None
Erupting None

Erupted
Erupted
Erupted
Erupted

I

I

I'
ml : first permanent mandibula r molar
m2 : second permanent mandibula r molar
i 1 : first permanent incisor tooth

I

Iii
Ii
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Table 4.2
Months associated with the different stages of the antler cycle
recognised for the purpose of determinin g when reindeer died.

Antlers
Mature males*
Females

Advanced growth

Hard

Cast

June - Aug.

Sept. -Dec.

Jan. - April/May

July - Sept.

Oct. - May

May - June

* see section 2.3.4.

4.2.2

Mortality of calves aged 0-4 months.

Soft snow and flooded rivers prevented an extensive study of
mortality in calves aged <1 month.

Instead, an intensive study

was made in and around Janssonda len (Figure 1.7) where there were
up to 40 breeding females at any one time during calving.
I searched for dead calves during the first three weeks of
June 1979-1982 and observed all female reindeer carefully: if one
had a distended udder but no calf in attendance I assumed that
the calf was dead (see Bergerud 1964b). I made notes on the
behaviour of foxes and searched occupied dens for bones of young
calves .
Mortality of calves aged 0.5 to 4 months was estimated by
comparing the proportion of calves in the population at different
times in summer.

This was valid because there was negligible

mortality in reindeer >12 months old between June and October
(section 4 . 5 . 1) .

The proportion of cal v es counted each time was
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calculated as a percentage of the total number of animals seen
rather than as calves per 100 females to reduce errors due to
wrongly classifying reindeer (particularly yearlings and 2 year
olds; section 2.5.2).

Segregation both between the sexes and

between parous and bar~en females can be an important source of
error in population composition counts (Parker 1972).

Hence, the

adult sex ratio was compared each time with the sex ratio from
the main summer census to check whether the population had been
sampled e v enly.

4.2.3

Mortality of reindeer aged >4 months.

All estimates of mortality in reindeer >4 months old were based
on counting and examining carcasses in summer (section 2.2).
Rates of mortality were calculated by dividing the number of new
carcasses found each year by the

number of reindeer counted

in the preceding summer .
The age at death of reindeer >12 months old was determined
by counting annulations in the cementum of first incisor teeth
(Leader-Willi ams 1979a).

4.3

ANALYSIS .

4.3 . l

Life tables .

Frequency data on age at death (from carcasses) was converted
into age specific rates of mortality
compare

which are easier to

using life table analysis (Caughley 1977) .

114

The pro-

portion of calves in the population varied considerably from year
to year (section 4 . 4 . 3) so analysis was restricted to the
population ~1 year old.

The proportion of yearlings in the

population changed relatively little (Table 2.14) and I assumed,
therefore, that changes in the age structure of the living
population ~1 year old were not sufficiently large to affect the
main conclusions of the analysis.

As an additional check

(because most of the reindeer which I found dead were born before
the study began) I compared the frequency distributions of age at
death between major die-offs.
were tested separately.

The distributions for each sex

One important assumption was that age

specific rates of mortality did not change between years.
There are no data on the rate of increase before 1971 but the
population may have been growing.

I calculated life tables first

using the raw data (in effect assuming a zero rate of increase
prior to 1971) and then after transformation for r = 0.074 and r

= 0.119 (the mean exponential rates of increase of the male and
female populations ~1 year old, respectively between 1979 to
1983).

The transformation (f,c:

to fx~~x, where r is the expon-

ential rate of increase) is discussed by Caughley (1977).
Results were presented graphically and compared by inspection.

4.3 . 2

Key factor analysis .

The separate effects of changes in production of calves, mortality and emigration on growth of the population and the effects ,
in turn , of popu lation density o n these rates , were e v al u ated
using the key factor method (Podoler and Ro g ers 1975; Varley and
11 5

Gradwell,

1960).

In this method, the life history of organisms

is divided into a series of stages at each of which some may
'die'

(either literally or in the sense of being lost to the

population by emigrating).

If '~ortality' is zero at every

stage, the population is growing at the maximum rate possible
under the prevailing circumstances.
ating at each stage is called a

The 'sub -mortalit y' aper-

'k-factor'.

The relative

importance of different sub-mortalities may be assessed by corn paring the 'k - value' of each.

k-values are calculated as log

10

(I/F), where I and Fare the number of organisms alive before
and after, respectively, the factor in question has had its
effect.

The sum of separate sub-mortalities k .... k
i

defines K,
j

the total losses sustained by the population during one life
cycle.

The sub-mortality which contributes most to variation in

K is called the 'key factor' because it is the 'key' to changes
in population density.
Normally only three sub-mortalities are considered in
studi~s of mammals:
to breed,

(1) loss of potential recruits due to failure

(2) mortality (normally divided into mortality of

adults and mortality of juveniles) and (3) emigration (Moss,
Watson and Oll~son , 1982) .

Key factor analysis was originally

intended for analysing discrete, sequential losses in annual
cycles.

Four potentially important losses, emigration and mart-

ality of adults and of calves in winter , occurred, in effect ,
simultaneously in Svalbard.

To compensate for this, the effects

of each were combined and a single sub-mortality for winter, kw,
was calculated instead.

This was then divided into separate sub116

mortalities according to the ratio of calves and adults which
died (k,i, ka) or emigrated (kmj, kma) respectively each year.
kw =

ki + ka + kmj + kma.
Rates of mortality late in winter and successful production

of ca lves in spring were closely inversely correlated (section
4.6) which suggested that they shared the same ultimate cause.
Consequently, the analysis was performed on an annual cycle
starting in July,

i.e. after calving each year; in other words,

calving was regarded as the last event which contributed to the
11

annual increase in numbers and reduced production (!u2_) was thus
the last sub-mortality each year.

This departs from the normal

practice which is to begin with the maximum number of animals
(those alive plus potential offspring) and make a series of
subtractions from that.

Introducing animals into the calculation

once the procedure has started is irregular but does not alter
interpretation of results because each k-value is . calculated
independent of the others.
reduced production, was calculated as log

10

[(population

size at the end of winter+ potential offspring, assuming maximum
breeding among females which survived winter), divided by (the
observed population size (after calving) + dead calves)].

I

assumed that the maximum potential rate of pregnancy in May among
females ~23 months old was 68.6% under the prevailing nutritional
regime.

This is the mean fr9m three years in which mortality was

negligible and conditions were likely, therefore, to have been
nearly optimal for reindeer (section 4 . 4) .
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The key factor is identified by comparing the regression
coefficie nts of different k-values (y axis) on K (x axis).
Neither the significan ce of the regression coefficien ts nor of
the difference between them can be determine d because the axes
are not independe nt and errors will contribut e different ly to
each.

However, the sub-morta lity with the greatest regression

coefficie nt is, by definition , the key factor.

RESULTS
4.4
4.4.1

BIRTH.
Date of calving.

The earliest dates on which I saw newborn calves were the 5th,
3rd, 6th, 5th and 4th of June 1979-1982 and 1986, respectiv ely.
The earliest date on which a newborn Svalbard reindeer calf has
been seen is 16 May (1974, in Colesdale n/Fardalen ; Andreas
0stlund, personal communic ation).
births to date

Data on the proportion of

describe a steeply rising S-shaped curve

(Figure 4.1; data in Appendix 3).

There were too few values

between O and 100% in any one year to use the probit method
(Caughley and Caughley 1974) for estimating the median and
standard error of the date of birth or to test for difference s
between years.

However, it was clear that calving was tightly

synchroniz ed: perpendic ulars dropped from a curve fitted by eye
indicate that about 90% of calves are born between 2 and 9 June
(Figure 4.1).
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Figure 4.1
Date of ca l ving in Advent dalen.
Curve fitted by eye.
It is
appare nt that approx imate l y 90% of calves are born between 2 and
9 June each year.

4.4.2 Rates of pregna ncy.
The propor tion of adult and yearlin g females which retaine d their
antlers later than 17 May ranged from 81.3% in 1980 to 23.1% in
1981.

These values (the 'crude pregnan cy rate') closely matche d

the appare nt birth rate (Table 4.3).
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The fit was less good once

Table 4 . 3
Comparison of the proportion of females ~1 year old
with antler(s) after 17 May and the apparent birth rate .

Proportion
with antlers

1980
1981
1982

Apparent
birth rate *

( %)

n*

( %)

N**

81. 3
23 . 1
67.4

91
65
98

80.2
22. 5
64.7

212
244
241

*

Calves per 100 females in July; uncorrected census data
(Table 2.7).
** Number of females.

Table 4 . 4
Estimated rates of pregnancy and birth in Adventdalen.

Newborn calves ( 3 )
Pregnancy
rate ( 1 )
( %)

1979
1980
1981
1982
1983
1984

?

81. 8
25.6
68 . 3
?
?

Birth
rate ( 2)
Number

( %)

25 . 7
73.3
24.6
65 . 2
67 . 2
9.0

56
173
56
157
18 4
15

Percentage of
the population
12.2
27.3
10.4
23 . 6
23 . 9
3.7

1 : from antlers (section 4.1.2) .
2 : [calves (alive and dead) : 100 females ~2 years old at cal v ing
time] , Calculated using corrected census data (Table 2 . 9) .
3 : alive and dead .
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allowan ce had been made for females which did not grow antlers in
the previou s summer s (but which might nevert heless have been
pregna nt) and for 2 year olds which had been mistake n for yearlin gs (sectio n 2.5 .2 ) but it was strikin g noneth eless (Table
4.4).
All thirtee n adult females (six pregna nt and seven nonpregna nt) shot in April (1980

&

1981 combin ed) had antlers as

expecte d: most females retain their antler s until the middle of
May (Figure 2.5).

Eleven females had two antlers ; t wo (both non-

pregna nt) had one each.

None of eleven non-ge stating females

(nine adults and two yearlin gs) shot in the second half of May
(1980 & 1981) had antlers , also as expect ed.

Contra ry

to expect ation, howeve r, four of ten pregna nt females shot in May
(1980 & 1981) had no antlers .
respec tively .

These were 2, 4, 8 & 8 years old,

The antler pedice ls of the 4 year old were flushed

with blood and may have been about to erupt.

The pedice ls of the

remain ing three were not checke d.
Close correla tion between the 'pregna ncy rate'

(from ant-

lers) and the appare nt birth rate is not conclu sive evidenc e for
a relatio nship between pregnan cy and late retenti on of antlers .
Female s with antlers might be more succes sful at rearing calves ,
perhap s as a result of prefer ential access to feeding sites at
the end of gestati on.

Howeve r, there was no signifi cant differ -

ence betwee n either the mean weight of antlere d and antlerl ess
gestati ng female s in May or between the mean weight of foetuse s
carried by each group (Table 4 . 5) .

(There were no differe nces

betwee n sample s collec ted in 1980 and 1981 [1],
121

[2], so the data

Table 4.5
Comparison of body weight (kg) and foetus weight (kg) in antlered
and antler:less gestating females (~2 years old) in May.
Mean
weights+ 95% confidence limits .

Mean
age
(yrs)

Date
(a)

Adjusted body
weight of
females (kg)
( b)

Weight of
foetus
(kg)

Sex of
foetus

M

F

Antlered
n = 5

5.5

16 May

44.6 + 2.2

2.2 + 0.4

2

3

Unantlered
n = 3 ( C)

6.7

16 May

45.3 + 0.5

2 . 3 + 0.8

2

1

a: Mean date around which each sample was shot.
b: Total body weight less the weight of the uterus and its
contents
c: These three females had dropped their antlers by mid May,
contrary to expectation.
One antlerless, pregnant female did
not grow a set of antlers in the year she conceived (1979) .
This animal, shot on 26 May 1980, is not included here.
Her
foetus weighed 3 . 0 kg.

from both years were combined).

Second, the winters 1979/80 and

1981/82 were relatively benign (evidenced by low mortality,

I

section 4.5.3) and the melt began before calving (Table 4.6).

I

The winter of 1980/81, by contrast, was particularly hard (over
one quarter of the population died), the melt was exceptionall y
late and there were blizzards on 11 & 12 June 1981
ately after the peak of calving.

11

immedi-

If new-born Svalbard reindeer

cal ves are prone to die in harsh weather,

it is reasonable to

suppose that more would have died in 1981 than in 1980 or 1982.
There was, nevertheless , an almost equally good fit between the
rate of pregnancy (estimated from antlers) and the observed rate
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Table

4.6

Timing of the melt.

Date*
1979
1980
1981
1982
1983
1984

14
22
10
31

June
May
June
May

* Last date on which it was possib le to drive
snow-s cooters from the MAB station .

of birth in all three years (Table 4.4).

These observ ations

give no suppor t to the sugges tion that correla tion between
posses sion of antlers and the appare nt rate of birth was due to
improv ed surviv al of calves born to females which retaine d their
antlers for longer .

4.4.3

Rates of birth.

The number of calves (dead and alive) counte d each year varied
from 15 to 184. This corresp onds to birth rates between 9.0 73.3 calves per 100 females >2 years old at calving (Table 4.7).
~

There was / weak inverse relatio nship betwee n the rate of
birth and the density of reinde er in the preced ing summer but the
associ ation was not signifi cant [3].

The most strikin g feature

of the data, howeve r, was a clear divisio n between years when the
bir t h r ate was relativ ely high (>65%) and years when it was
123

Table 4.7
Total number of calves in Adven tdalen , 197 2 - 1984 .

This study

Total number of calves *
% popula tion

t,.-.
N)

1972

'73

68
17 . 8

' 74

'75

' 76

'77

'78

'79

'80

63

122

51

31

94

56

1 3. 5

19. 2

11. 3

5. 1

22.7

% femal es~ 2 years
o ld at calvin g.

81

'82

'83

'84

17 3

56

157

184

15

12 . 2

27.3

1 0. 3

23 .6

23.9

3.7

25.9

73 .3

23.8

65.2

67.2

9.0

I

~

* Data for 1972 - 1978 are for the number of ca l ves
counte d 1- 3 months after calvin g.
calves known to have died before the main summer cen
sus.
Source s: 19 7 2:

1974 - 19 78:
1979 - 1984:

Gossow & Thorb j0rnse n (1974)
N.A. 0ritsl and and E. Alend al, unpub lished data.
This study.

Data for 1979 - 1984 includ e

relatively low (<26%; Figure 4.2).

These 'good years' and 'bad

years' corresponded exactly with 'good' and 'bad' years regarding
rates of mortality (sections 4 . 5.3 & 4.6).
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Figure 4.2
Relationship between population density in summer (year t) on the
birth rate in the. following spring (year t + 1) . Birth rates
from Table 4 . 7 .
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4.5

DEATH.

4.5.1

Temporal pattern of mortality.

Five hundred and fifty-one reindeer were recorded to have died in
Adventdalen during this study but the date of death was known in
only 78 cases.

Thirty-two of these were animals which were shot;

the rest I found recently dead.

The approximate time of death of

the remaining 468 animals was determined using three criteria:

Teeth.

Mandibular molar teeth of 107 out of 153 dead calves aged

>1 month old collected between 1979 and 1983 were inspected and
compared with the teeth of calves which had been shot (Table

4. 1) .

98% (all but two) showed some wear on their first molars,

indicating that they had died aged not less than 6 months,
between January and the end of May.

i.e.

The molars of the remaining

two specimens protruded only a little way above the gums,

indica-

ting that they had died aged less than 5 months (i . e. before
November).

(One of these was known to have died in September

( 1980)) .

Antlers.

The condition of antlers on carcasses of 220 adult

reindeer which died in 1979-1983 is summarised in Table 4 . 8 .

In

contrast to Leader-Williams (1980b) I made no distinction between
carcasses with hard, clean antlers and ~hose which had tatters of
velvet still attached to their antlers.

Female Svalbard rein-

deer do not always shed their velvet completel ~:
shed antlers more than half covered in velvet.
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I found se veral

Table

4.8

Condition of antlers on carcasses of reindeer >12 months old.

Antlers:

Early
Growth

Advanced
Growth

Hard

Cast

Total

Males

0

2

15

101

118

Females

2

1

99

0

102

Total

2

3

114

101

220

Non-minerali zed antlers ( 'early growth') may have been eaten
like soft tissue giving the appearance that reindeer died before
antler growth began.

This would have made no difference in males

whose antlers start to grow in April because any male which had
died before June (but whose antlers had been eaten) wou ld still
have been included as a late winter casualty.

Confusion could

have arisen with females, whose antlers do not normally begin to
grow until the second half of June.

However, all but two of 102

females which I found dead had advanced growth or hard antlers
and these two were confidently identified

as 'early winter'

casualties using other criteria (below) .
Reference to the antler cycle (Table 4 . 2) shows that females
have hard antlers between October and May while full grown males
have hard antlers between September and December and are antlerless between January and April .

Hence, 97.7% (all but five) of

220 reindeer listed in Table 4.8 probably died between September
and May .
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Exten t of scaven ging.

Five reinde er (four males which had died

during the rut and one female which died after gettin g tangle
d in
teleph one wire) were found soon after they died in Novem
ber.
These had been stripp ed to clean skin and bones by the follow
ing
summe r (8 month s later) . In contr ast to this , carcas ses of
eight
adults known to have died in April and May still had much
skin
and dried muscle on them when they were inspec ted in summe
r
(after 3-4 month s)

(Plate 3).

All reinde er whose carcas ses had

been compl etely stripp ed were consid ered to have died early
in
winte r: all others were assume d to have died late in winte
r.
Using teeth, antler s and the exten t of scaven ging to determine the time of death,

I conclu ded that 90 . 3% of natura l mort-

ality (inclu ding 85.7% of adult morta lity and 96.2% of calf
morta lity) occurr ed in the second half of winte r (Figur e
4.3).
There was no differ ence betwee n years [4].

Sligh tly more males

than female s died early in winte r (all years combin ed:

15 . 0%, n =

22 and 5.6%, n = 6 respe ctivel y) but the differ ence is not
signif icant [5].

The tempo ral patter n of morta lity was thus the

same for males , female s and calves .

Morta lity of calves aged 0-1

month old is descri bed in sectio n 4.5.2.
,I

4.5.2

Rates o~ morta lity of calves aged 0-4 month s.

Direc t eviden ce.

I spent 280 hours watch~ ng reinde er on the

Ii
I

calvin g ground s during the first two weeks of June 1979-1
982 (52,

I

73, 91 and 59 hours respe ctivel y).

I

Foxes were active , always

solita ry and appea red not to bothe r reinde er much. Their
role as
preda tors was not confir med .

I saw only five direc t encou nters
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Figure 4.3
Tempor al pattern of mortal ity of reinde er in Advent dalen (with
sample sizes) .

between foxes and reinde er.

On each occasio n a solitar y fox

approac hed a female with a newbor n calf and in four cases female s
succes sfully chased the intrude r away withou t difficu lty.

In a

fifth case the calf was born dead and was abando ned by its mother
after a few minute s , whereu pon the f ox began to
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Tempor al pattern of mortal ity of reinde er in Advent dalen (with
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between foxes and reinde er.

On each occasio n a solitar y fox

approac hed a female with a newbor n calf and in four cases female s
succes sfully chased the intrude r away withou t difficu lty .

In a

fifth case the calf was born dead and was abando ned by its mother
after a fe w minut es, wh ereupon th e f ox began to fq,,t;t,
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A total of 308 females were classi fied immedi ately before
calving in 1980 and 1981.

One hundre d and sixty-f ive had calves ;

~
51 withou t calves were pregna nt; 30 were not pregna nt but had /no

calf either and were classif ied as barren ; 60 (all withou t

'

calves) were not classif ied and two had lost their calves
(below ).

I recorde d only 6 cases of mortal ity of calves <1 month

old during the entire study. These observ ations are summar ised in
Table 4.9.

Indire ct eviden ce.

There were no signifi cant changes in the

propor tion of calves in the popula tion between c. 3 and 5 weeks
after calving in 1979 or between 1 and 3 weeks after calving in
1980 (Table 4.10)

[6].

The propor tion of reinde er of each age and sex in the first
count was signifi cantly differe nt from expecte d values (from the
annual census ) in both years (Table 4.11)

[7].

When yearlin gs

(which are not easy to identif y) were left out of the analys is
the differe nce remaine d signifi cant in 1979 but not in 1980 [8].

I

I conclud ed that the popula tion had been sampled evenly on 12-16
June 1980 (excep t that some young males and females had been
mistak en for yearlin gs) and that there really had been no change
in the propor tion of calves in the first two weeks after calving .
It appear ed, howeve r, that the popula tion was not sampled evenly
on 28-29 June 1979 .
4. 11) .

There were relativ ely too few females (Table

The route I took

went right through the calving areas.

'Missin g' females may, therefo re, have

if/\ c \uc( ed

a.Y\i

M a is

1,1,

which

11

I
I
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Tab le 4.9
Per ina tal mor tali ty of calv es.

Num ber of
live calv es

Num ber of
dead calv es

197 9

56

0

1980

17 1

2

Cau se of deat h/Co mm ents

Date foun d

56
1 : Stil l-bo rn (pa rtur itio n obs
erve d)

6 June

1 : Adu lt fem ale .
I-'

w
I-'

1981

19 82

1983

55

156

182

1

1

2

12 June

3 yea r old fem ale died whi le givi
ng
birt h.

21 June

56

7 July

157

1 : Dead calf foun d at wat er's
edg e;

5 July

1 84-

1 : Rem ains of at lea st one cal
f foun d

9 July

Dea d cal f foun d with its mot her
stan ding nea rby. Kil led by a dog
or
fox afte r brea king its leg in
a fall

nea r a fox 's den .

15

17 3

obs erve d with a full
udd er but with no calf atte nd
ing her .

prob ably drow ned.

1984

Tot al num ber
of calv es

.

0
15

Tot al

635

6
641

-~-=

_ __:::_ __ .:-

Table 4. 10
Early mortality of cal v es : proportion of calves
in the population at different times during summer .

Weeks after ·
birth

Calves

N
( %) *
--------- --------- --------- --------- --------- -- - Date

1979

28-29 June
13-20 July (A)

1980

12-16
27-29
20-22
2-10

3
5

11. 8
12.2

136
457

June
June (A)
July
October

1
3
6
18

27.8
27.3
27 . 8
27 . 4

410
649
205
117

1981

8-14 July ( A)
5 - 18 October

5
19

10.4
11. 2

539
215

1982

5- 8 July (A)
6- 8 August

4
8

23 . 6
26.5

665
362

*
N
A

Percentag e of the total number of reindeer counted .
Total number of reindeer counted .
Annual census.

arri v ed late , or not at all , on the calving grounds (e.g. Parker
1972) .

If this were so and no calves died, then the proportion

of calves should have been higher in Ju i~ : (1979) than in Ju ~e ·; it
I

was (Table 4. 10), although the difference was not significa nt
[ 9] .

Compariso n between the birth rate and the pregnancy rate
(f r om antl er s) has limited v alue beca u se . of uncertain ty about
wh a t

t he ' antler p regnanc y rate' t r ul y represents .

Ne v e r t h eless ,

t he r e i s n o lar ge dif f e r ence b e t wee n t h ese t wo r ates (Ta b le
4.4) which is c ons i st e n t wi t h th e r e hav i n g b ee n n eg l igib le mo rt ality of calves <1 month old in 1980, 1981 and 1982.
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Table 4.11
Age/s ex comp ositio n of reind eer in count s made at
diffe rent times
durin g summ er.

Weeks
after
calvi ng
1979

Propo rtion

----- ----- ----- ----- ----

Censu s

adult

adult

M

F

yearlings

N

5
3

Ex12e cted ratio
28-29 June

0.32
0.45

0.56
0.46

0.12
0 . 12

386
110**

1980

3
1
18

Ex12e cted ratio
12-16 June
2-10 Octob er

0.35
0.29
0.27

0.52
0.45
0.65

0.13
0.26
0.07

441
288** * [ 7 J
81 ns

1981

4
19

Ex12e cted ratio
15-18 Octob er

0.36
0.22

0.53
0.62

0. 11
0.16

461
185** * [ 10 J

[7J

Expec ted ratio s from the annua l censu s.
** p <0.02
*** p <0.00 1

I'

Fox dens in Adve ntdale n were consp icuou s becau se of
large
numb ers of reind eer bones lying outsi de them.

I count ed 149

bones outsi de just one alone but only four (2.7% )
of them were
bones of very young calve s .

I found ,

in total , 53 bones of

newbo rn calve s in the vicin ity of fox dens (Appe ndix
4) but only
two , a femur and a tibia (foun d in 1983; Table 4.9)
were fresh .
All the rest were old and dried out and bleac hed white
by the
sun, if they lay in the open, or green with algae ,
if they lay in
the shade .
I

There was no evide nce of signi fican t mort ality among
calve s
aged Oto 4 month s .

The propo rtion of calve s in the popu lation
1 33

did not change significantly between July and October 1980 & 1981
or between July and August 1982 (Table 4.10).

There were 17%

more females than expected in the sample counted in October 19 8 1
(Table 4.11)

[10] which may have accounted for the slight (7.7%)

increase in ~he proportion of calves (Table 4.10) .

Results from

August 1982 (Table 4.10) could not be tested because reindeer
were classified only as calves or animals >1 year old.

4.5.3

Rates of mortality in reindeer aged >4 months.

A total of 545 reindeer >4 months old (302 adults and yearlings
and 243 calves) were recorded to have died in Adventdalen between
autumn 1978 and June 1984.

I found and inspected 499 carcasses.

A further 46 deaths were reported to me : 14 reindeer died in or
near Longyearbyen and had been removed by the authorities,
were shot for research,

22

1 was shot after (incorrectly) being

suspected of having rabies and 9 'nuisance' reindeer were shot
near the airport to keep the runway at Svalbard airport clear .
Annual rates of mortality.

On average,

Adventdalen died each year (Table 4.12) .

15.8% of reindeer in
Males suffered greater

I

I,

mortality than females [11] but the most pronounced difference
was between calves and adults : calves aged 6-12 months suffered
between three and four times higher mortality than adults.
The number of deaths recorded annually varied from 11 in
1979/80 to 185 in 1983/84 (Table 4 . 13 ).

Rates of mortality

varied fro m 1 . 5 to 25 .7 % of the population (Table 4. 1 4).

(Th e

rate of mortality cannot be calculated accurat e ly for 1978/79.
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Table 4.12
Mean annual rates of mortalit y of reindee r in Adventd alen.

Total number of reindeer
counted
alive (1)
All reindeer
reindee r >1 year old
males
~1 year old
females ~1 year old
calves (6-12 months old)
1:

***

3 493
2 852
987
1 371
641

recorded
dead

Mean annual
rate of
mortali ty(%)

551
302
158
127
230

15.8
10.6
15.8
9.3
35.8

***

Results from 6 annual censuse s.
P <0 . 001 [11).

Rates given in Table 4.14 for 1978/79 are based on populati on
estimate d at 543 reindeer after calving in 1978 (calcula ted from
the number of reindeer >1 year old and carcasse s counted in
Adventd alen in 1979). This might be an overesti mate.

Alendal

counted only 414 reindeer in Adventd alen in 1978 (N.A . 0ritslan d
and E.Alend al, unpublis hed data) but this figure is probably low .
He made his count in August which is not a good time because
reindeer are widely disperse d and well camoufla ged then).
There was no clear relation ship between the rate of mortality and populati on size (Figure 4.4).

(Fewer than 10 reindee r

died between June and January each year, so I combined the data
from all seasons ).

Instead, however, there was a clear di vision

between 'good years', when <35 reindee r died (and >96% of the
populati on survived ), and 'bad years', when >140 (>20% of the
populati on) died .
135

Table 4.13
Total annua l morta lity of rei ndeer in Adven tdalen
.

Numbe r of dead reind eer.
Adult s
M

~

1978/7 9

46

1 979/8 0

7

1 980/81

45

w

F

22
2

Yearl ings

u

M

6

Calve s

u

M

F

1

6

6

1

Unide ntifie d

u

Total

55

142

1

11

0)

1 981/8 2
1 982/8 3
1983/ 8 4
unknow n

Total

U: sex not known .

7
19
30

32

1

1

3
8

60

21

14

1
3
3

2

2

4

3

1

2

3

6

1

155

45

73

14
1

34

6

185

1
12 7

13

3

4

31

27

180

163

2

11

551

Table 4.13
Total annual morta lity of reinde er in Adven tdalen .

Number of dead reinde er.
Adults
M

1978/7 9
I-'

1979/8 0

w

en

1 980/81
1 981/82
1982/8 3
1983/8 4
unknow n

Total

U: sex not known.

46
7

F

22
2

Year ling s

u

M

6

Calves

u

M

F

1

6

6

1

45

32

7

3

19

8

3

30

60

3

1

1

21

14

1

2

2

u

Total

55

142

1

11

45

4

3

1

2

3

6

1

155

Unide ntified

73

14
1

34

6

185

1
12 7

13

3

4

31

27

180

163

2

11

551

Table 4.14 .
Annual rates of natura l mortal ity in Advent dalen.

Rate of morta lity ( %)
adults

1978/79 3 .
I-'

c..,
-:i

total
popula tion

N( 1)

mal es

( 25 . 6)

1 38

-

n

43

females

n

-

21

r e indee r > 1
year old n(2 )

( 1 9. 7)

71

calves

n

( 59. 8)

67

19 79/80

1. 5

7

2. 4

3

1. 0

2

1. 7

6

1. 8

19 80 /8 1

25.7

163

31. 3

45

1 3. 1

31

17 . 7

79

46.2

80

1981/82

2.6

14

5.0

7

1. 3

3

2.3

10

7. 1

4

19 82 /83

3 .2

19

6. 1

12

1. 0

2

3. 1

15

1. 9

3

1983/84

21. 5

17 (

13 . 0

25

19 . 7

54

15. 2

83

44.6

82

1: Number of dead reinde er.
are exclude d.

The small number of reindee r shot legal l y or poached (Table
6.2 )

2: I ncludes some of unknown sex.
3: Rat es of mortal ity fo r 1978 / 79 are based on an estima te of
popula tion si ze in
19 78 . See note in text (s ec tion 4.5.3) .

CALVES
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•
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b:

30
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~

'#-

15

197q/S<J
10&1!2,3,
}
0 ""'-1,1 --~---~ ---.....- ------.. ..:..

•

•

good
years

30
ADULTS

>-

1978/79
0

t::

_J

<:

I-

a:

0

1980/81
0

15

1983~+

bad
years

~

'#1979/80
0

0
400

1982/83
0

1981/82
0

500

600

700

}

good
years

800

NUMBER OF REINDEER
(in the preceding July)

Figure 4.4
Relatio nship betwee n the annual rate of natura l mortal ity and
popula tion size in the preced ing summer .
N.B. More than 90% of
deaths occurre d between January and June each year (sectio n
4. 5 . 1) .
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The pattern of mortality changed little despite differences
in the annual rate.
ality of females.

Mortality of males usually exceeded martThe winter of 1983/84 was a notable exception;

more than twice as many females

as males died, in addition to

which more females emigrated than males (section 2.5.4).

Calves

and adults died in approximatel y equal numbers in each 'bad' year
but the rate of calf mortality was almost three times higher than
adult mortality each time (Table 4.14).

There was no difference

in rates of mortality of calves and adults in 'good' years [12].

Age specific rates of mortality.
ality (Table 4.14).

Calves suffered highest mart-

Only seven yearlings were found dead during

this entire study (Table 4.13).

The youngest adult males and

females to die from natural causes were 6 and 7 years old, respectively, while the oldest were 15 and 17 (males, n = 66;
females, n = 43).
There were no differences within sexes in the age distribution of carcasses from the first two die-offs (Figure 4.5)

[ 13 ] •

The frequency distributions themselves indicate, by

inspection, that age-specific rates of mortality probably were
the same in both years.

Together, these provide strong evidence

that the age structure of the living population ~1 year old was
the same in 1978 and 1980 and, by inference, it must have been
the same during all four years [1978 & 1979) and (1980 & 1981],
Mortality increased sharply in males after the age of 6
years old and in females after the age of 7 years (Figure 4 . 6).
Transformatio n of the data to make allowance for different rates
/

13 9

Males
F e males

D.

Calves

•

80
20

0

13.

111

1980/81

cc

UJ
UJ
0

10

z

UJ

cc
0
<{

0

UJ
0
lL

0

cc

20

UJ
ID

1978/79

~
'.:)

z

10

0

2

3

4

5

6

7

8

9

10

11

12

13

14

15

AGE AT DEATH (WHOLE YEARS)

Figure 4.5
Age frequency distributi on of carcasses of reindeer found after
two die-offs in Adventdal en.
There is no significan t differenc e
in the age distributi ons either of dead males or of dead females
between the two year s (13) .

of increase made only small difference s to calculated agespe cific rates of mortality (Fi gure 4.7, shows females only).
The main effect of the transform ation is , to bolster represent ation of older age classes , thereby reducing apparent rates of
mortality of (young and) middle aged animals.

However, rates of

mortality changed so abruptly at age 6 or 7 years in Svalbard
reindeer that rate of increase would have to be very large before
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Figure 4.6
Age -speci fic rates of mortal ity (q~) of reinde er .in Advent dalen,
calcula ted assumin g that the rate of increas e of the popula tion
was · zero.

the results would be altered signif icantly .

The curiou s declin e

in mortal ity among males aged 11 & 12 years (Figure 4.6 & 4.7)
may have been an artefa ct of small sample size: as few as two or
three dead males aged 12 and 13 years would have produc ed a
smooth ly rising curve .

Life tables are reprodu ced in full in

App end i x 5 .

14 1

1. 0

aa

(B)

excluding
rut deaths

,,
'

0.5

0

5

1. 0

10

15

(A)

r •0.074

0.5

r = 0
,

I

,
,

, , ......... ,

0

10

5

15

II
AGE (WHOLE YEARS)

Figure 4 . 7
Age-speci fic rates of mortality calculated for females (A),
assuming annual rates of increase of the female population of 0
and 0.074 and for males (B) with and without known rut
casualtie s.

142

4.6 THE MECHANICS OF CHANGE.
The principal feature of the pattern of growth of the population in Adventdalen was erratic fluctuation in numbers from
one year to the next (Figure 2.8 & 2.9).

The principal factors

responsible for changes in population size were:
1)
2)
3)
4)

death of calves late in winter (kl),
death of adults late in winter (ka),
variation in the successful production of calves (~),
emigration by both calves (kmj) and adults (kma).

These five 'sub-mortali ties'

(called kl, ka, ~ ' kmj and kma

respectively) defined K, the total losses from the population
during one annual cycle from July.

K =kl+ ka +

~

+ kmj + kma.

Low production of calves (kQ.) was apparently due entirely to
reduced fecundity although mortality of calves aged 0-1 month old
may have been underestimate d (section 4.4.3 and 4.5.2).

I did

not differentiat e between reduced fecundity and early calf mortality in this analysis but combined the effects of both a s ~ .
Rates of mortality and of successful production of calves
were closely inversely correlated

(Table 4.15).

Furthermore ,

w;lt;

mass emigration in winter 1983/84 coincided/ high mortality
(21.5%, Table 4.14) and low production.

In fact, the rate of

successf ul production of calves in 1984 was the lowest ever
recorded (9.0%, Table 4.7).

Thus, the pattern of growth was

clearly divided into 'good years',

in which the population grew

rapidly and ' bad years' in which it declined rapidly; there were
no 'in between' years when numbers did not change.

Key factor

analysis illustrated this division nicely (Figure 4.8).
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Table 4.15
Compariso n of rates of adult and calf mortality and successfu l
production of calves in the following spring. (90% of natural
mortality occurred late in winter).

Adult
mortality
(%)(1)
High mortality ,
low calving,

1979
1981
1984

( 19 . 7 )
17.7
15.5

Low mortality ,
high calving .

1980
1982
1983

1. 7
2. 3
3. 1

1:
2:

Calf
mortality
(%)(1)
(59.8)
46.2
44.6
1. 8
7.1
1. 9

Birth rate
(%)(2)

>
>
>

25.9
24.6
9.0

<
<
<

73.3
65 . 2
67.2

Table 4.14.
Calves:10 0 females >2 years old at calving.

N.B. About 44 reindeer may have emigrated in 1982/83
although this was not confirmed (section 2.5.2)

I assumed,

here, that they emigrated but this did not affect the overall
significan ce of any of the four main sub-mort alities.
Loss of calves was the main factor which limited the
populatio n, accounting for 65% of overall losses: 31% due to low
production of calves (kQ.), 23% due to mortality in winter (ki_)
and 11% due to ~migration (kmj)

(Table 4.16).

The single factor which had greatest effect in limiting
growth of the population was low production of calves, kQ_.

This

accounted for 35% of 'lost' growth in the five years up to
1983/84 (i.e. before substanti al emigration ) and 31% overall
(compared with 28 & 23% for calf mortality and 29 & 23% for adult
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Figure 4.8
k-valu es for the Advent dalen popula tion 1978/7 9-1983 /84.
K,
total losses , shows clearly the pattern of fluctua tion betwee n
'good years' (K ~ 0;05) and 'bad years' (K ~ 0.19); k.£,
produc tion of calves ; km, emigra tion (calves and adult combin ed);
ka, adult mortal ity; kj_, calf mortal ity.
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l

mortality; Table 4.16).

The most potent limiting factor in any

one year was emigration (kmj + kma) which accounted for 42% of
losses in 1983/84.

Mortality of calves and adults late in winter

had similar effects on numbers (both accounting for 23% of losses
overall) even though calves died at much higher rates than adults
(Table 4.14).
Regression coefficients of the different k-values (y axis;
excluding km, because substantial net emigration occurred in only
one year) on K (x axis) ranked, in descending order, kJ2. > ki_ > ka
(0.428, 0.352 and 0.306, respectively; data from 1978/79 to
1982/83).

The sum of the coefficients is close to unity (1,086)

as expected (Manly 1977; Podoler and Rogers 1975).

With emigra-

tion included, results (all six years) were as follows: kJ2. > kma

> ki > ka > kmj

(0.278, 0.272, 0.202, 0.175 and 0.099 = 1.026 ).

kJ2. was thus the single sub-mortality which contributed most
((0.278/1 . 0 26 ) x 100% = 2~ . 1%) of the variation in total losses
between years (K).

In other words, the rate of successful prod-

uction of calves (fecundity x early post-natal survival) was the
'key' to changes in the density of reindeer in this population.
All three sub-mortalities (k.J2., ki_ and ka) tended to increase
with increasing population density (Figure 4.9) but none of the
regression coefficients differed significantly from O (15].

Sub-

stantial net migration (kmj + kma) occur,red only in 1983/84 when
the population

density reached its maximum.

However, with this

one exception, density-dependent processes in population regulation were overshadowed by factors which caused large, erratic
fluctuations in both mortality and the production of calves.
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Table 4.16.
The contribution of each of five separate sub-mortalit ies to
total losses from the population each year.
Results from the
'good years' (when losses were almost negligible) are given
in brackets.

K

(percent)

L
July-July

( %)

1978/79
(1979/80)
1980/81
(1981/82)
(1982/83)
1983/84

38.3

kmj

kma

kj

ka

kp

0
0
0

0
0
0

31

39
0
39
( 36)
(4)
25

0
( 58)
16

0
( 17 )
26

32
( 21 )
( 4)
17

30
0
29
( 43)
( 16 )
16

TOTAL (a)

6

2

28

29

35

TOTAL ( b)

11

13

23

23

31

0

35.4
2.3
10.9
57.3

0

------------ ------------ ------------ ------------ ----------

L:
K:

a:
b:

Total annual losses [1 - (1/antilog~K) x 100%].
Percentage of total losses (K) contributed by emigration of
calves (kmj) and adults (kma), mortality of calves late in
winter (kl), mortality of adults late in winter (ka) and low
production of calves (kQ).
Excluding 1983/84, the only year when substantial emigration
occurred.
All years.

DISCUSSION
The pattern of growth of the population of reindeer in Adventdalen was determined, during this study, mainly - and to an
approximatel y similar extent - by three variables : mortality ,
dispersal and the production of calves (section 4 .. 6).

Annual

variation in these contributed 36 . 4, 35 . 9 and 27 , 1%, respectively, of variation in total annual losses .
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Results for calves
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Figure 4 . 9
Plot of k-values against log populati on density in the precedin g
July .
k.2_, producti on of calves ; ka, adult mortalit y; kj_, calf
mortali t y.
None of the regressi on coeffici ents (b) are significantly differen t from O (14] .
In each plot the lower three
p oints rep r ese n t data f r om t he ' good years ' (when numbers
increase d) while the upper t h ree points are from the 'bad y e a rs '
(when numbers declin e d).
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and adults were analysed separately: variation in the rate of
production of calves contributed 2 7 , 1% of variation in total
annual losses; variation in adult emigration contributed 26. 5 % of
the total variation in losses; variation in calf mortality contributed 19 , 7 %; values for adult mortality and emigration of
calves were 1 7 . 1% and 9.6%, respectively.

The annual rate of

production of calves was therefore the key factor in this
population.
Several studies have shown that loss of calves is the main
factor limiting growth of populations of reindeer and caribou
(e.g. Bergerud 1971; Parker 1972; Skogland 1985a).

This study

showed that loss of calves was not only the main factor which
limited numbers in Adventdalen, accounting for 35% of all losses
during this study, but also that variation in the proportion of
calves lost each year (k.£. + kj_) was the principal cause of change
in the density of reindeer in Adventdalen, accounting for 46. 8· %
(2 7 , I + 19. } %) of variation in total annual losses.
The dynamics of the population in Adventdalen were unusual,
however, in three respects.

First, calf losses before birth

appeared to have been more important, both in terms of limiting
numbers and in _terms of variation in losses between years, than
early post-natal mortality.

Second, mortality in summer and

early in winter (July to December inclusive) was negligible.
Third , rates of birth and death fluctuated considerably from year
to year.
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Two importan t results were based on counting antlers late in
May.

Differen ces in the proporti on of females with antlers just

before calving were used as evidence that the rate of fecundit y
varied between years (section 4.4.2) and, second, the close fit
between this 'antler pregnanc y rate' and the observed rate of
birth was used as indirect evidence of low rates of early postnatal mortali ty (section 4.5.2),

Skogland (1985a) found that

less than 1% of parous wild reindeer in Norway had no antlers but
although the evidence from reindeer shot in this study was
consiste nt with this, the results were not conclusi ve.

None of

eleven non-preg nant females shot in late May had antlers but,
contrary to expecta tion, four out of ten pregnan t females were
also antlerle ss (section 4.4.2).

The relation ship between

pregnanc y and late casting of antlers by female Svalbard reindeer
remains to be confirme d.
Correla tion between the proporti on of females with antlers
in late May and the observed rate of 'birth' is not conclusi ve
evidence for a relation ship between pregnanc y and late retentio n
of antlers.

Antlered females might have been more successf ul at

raising calves, perhaps as a result of prefere ntial access to
feeding sites late in winter at the end of gestatio n (e.g. Henshaw 1968a), for it is well establis hed that survival of reinde er
calves is affected by females' nutritio nal status and conditio n
during pregnanc y (e.g. Rognmo et al . 1983; Skogland 1984b,
1985a).

However , the function al signific ance of late retentio n

of antlers by some reindeer and caribou females remains unknown.
There was, for example, no signific ant differen ce in either body
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weight or the weight of foetuses between antlered and unantlered
females shot during this study (section 4.4.2).

Moreover,

although Prowse, Trilling and Luick (1980) found, using semidomesticated reindeer in a corral, that antlered females could
displace antlerless females of equal (?) or smaller body size (n

= 3

&

1 interactions, respectively) they also observed that

large, artificially deantlered females displaced smaller antlered
females (n = 2 interactions).
Hence, there is no evidence that possession of antlers at
calving improves survival of calves and,

in the absence of direct

evidence of heavy early post-natal mortality of calves in Svalbard (below), it is reasonable to suggest that that possession of
antlers in female Svalbard reindeer in late May was normally
indicative of pregnancy, rather than the eventual viability of

I

I

,I
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their calves. Consequently, large annual differences in the proportion of females with antlers in late May (Table 4.3) presumably indicated that it was the pregnancy rate, not the rate of
calf survival, which varied from year to year in Adventdalen.
The pregnancy rate 6f a population is the product of its age
distribution and age-specific rates of fertility.

Changes in age

distribution a+e unlikely to have been an important cause of
variation in the pregnancy rate in Adventdalen; the age structure
of the breeding population was buffered by the unusual pattern of
mortality .

Almost all females which survived their first winter

lived for at least six more years.

Assuming (1) they were sexu-

ally mature by the time they reached mature body weight (three
years old; Chapter 5) and (2) they were capable of breeding until
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they died, then the main reprodu ctive capacity of the populati on
would normally have been spread almost evenly over five cohorts
(three to seven year olds).

Thus, when the net rate of increase

of the populati on was zero (as it was during this study; Chapter
2), loss of even an entire cohort of females would, on average,
have reduced the breeding capacity of the populati on by less than
20%.

The rate of recruitm ent, however , varied relative ly little

(Table 2.15) compared to the birth rate which, by contras t,
apparen tly fluctuat ed more than eight-fo ld (Table 4.4).

Annual

variatio n in the birth rate, which was the key factor in this
populati on, was thus most likely to have been due to annual
variatio n in age-spe cific rates of fecundit y.
Fertilit y is usually high in adult (~ 3 yrs old) reindeer
and caribou and large fluctuat ions in fertilit y have been confirmed only in Peary caribou, another high arctic variety (Table

4 . 17 ) .

Pregnanc y rates in Peary caribou,

like rates of birth in

Svalbard reindee r, fluctuat ed independ ent of populati on density
across years.

This suggests that,

were influenc ed by the weather.

in both cases, fecundit y rates

Reduced rates of birth in

Svalbard reindeer followed winters with heavy (>20%) mortalit y
(which,

in turn, appeared to be partly a conseque nce of

unfa v ourable snow conditio ns - below) and low fertilit y of Peary
caribou was likewise associat ed with above average snow fall
(Thomas 1982).
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Table 4.17
Rates of pregnancy and birth in different population s of
reindeer (R) and caribou (C).

Pregnancy /Birth
( %)
rate*

N

Source

Highly variable
Svalbard,
II

Adventdal en ( R)
II

II

Canada,

(R)
Reindalen
Arctic Islands (C)
· ( Peary caribou)

Pa
B
Pa
Ps

25.6 - 81. 8
9.0
73.3
40.0 - 75.0
15.8 - 92.3**

4

(1)
(1)
(2)
(3)

Pa
Pa
Pa
Ps
Pa

57.0 - 87.0(a) 10
60.0 - 86.0
9
90.0 -100
6
91 ( b)
2
72(c)
8
72.1 - 91. 4
10
64.8 - 73.4
3

(2)
(2)
(2)
(4)
(5)
(6 )
(7)

3
6
3

Relatively constant
Norway,

Hardanger vidda ( R)
Snj1Shetta (R)
Knutsh!IS ( R)
s. Georgia ( R)
USA,
Alaska ( C)
Canada,
Newfoundl and ( C)
NWT (C)
II

B

Ps

Pa:
Pregnancy rate (from counting antlers).
Ps:
Pregnancy rate (shot sample)
B:
Birth rate.
N:
Number of years in the sample.
*
Calves : 100 females ~2 years old at calving.
**
Calves : 100 females >2 years old at calving.
a)
Range over 9 years= 70.0-82.0
b)
No difference between two years.
c)
Approxima tely the same in all eight years.
Refs: (1) this study; (2) T. Skogland, pers. comm .; (3) Thomas
1982; (4) Leader-Wi lliams 1980; (5) Skoog 1968: 552;
(6) Bergerud 1971; (7) Dauphin~ 1976.

Adult fecundity is normally the least variable component of
population dynamics in artiodact yls.

Variation in fecundity

played little part in changing either the density or rate of
increase of population s of Himalayan tahr Hemitragu s jemlahicu s
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(Caughley 1970) and Soay sheep Ovis spp.

(Grubb 1974) and it con-

tributed only 12% and 6% respectively to variation in Kin African buffalo Synceros caffer and blue wildebeest Connochaetes
taurinus (Podoler and Rogers 1975).
provide one notable exception .

Red deer Cervus elaphus

There was a pronounced decrease

in [calf:hind] ratios on the island of Rhum (Scotland) as the
study population there increased in numbers (Clutton-Broc k, Guinness and Alban 1982).

One important difference with these,

however, was that the density of red deer hinds on Rhum changed
three-fold during the course of the observations compared with
changes of less than one fold in the other examples.
The range of variation in annual rates of birth in Svalbard
reindeer (9.0-73.3% , Table 4.7) was much greater than in red deer
(28-51%; Clutton-Broc k, Major and Guinness 1985).

Despite this,

one notable feature in Svalbard was the relatively small contribution that reduced fecundity (the key factor) made to the overall variation in total annual losses (K).

Variation in the

fecundity of red deer binds on Rhum accounted for 45% of variation in K (Clutton-Broc k, Major and Guinness 1985) compared with
28% for reindeer in Adventdalen.
buffalo the key factors

In both wildebeest and African

(adult and juvenile mortality, respect-

ively) accounted for 48% of variation in K (Podoler and Rogers
1975) .

The low contribution of kQ to K i~ this study emphasises

how sub-mortalit ies besides the key factor played a .

major part

in changing population density and limiting the number of reindeer in Adventdaleri.
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Low mortal ity in young and middle aged reinde er in Advent dalen is unlike ly to have have been entire ly due to the absenc e
of predat ors (contra st Bergeru d 1971, Miller 1974).

There are no

predat ors on South Georgi a, either, yet reinde er of all ages
there suffer substa ntial natura l mortal ity (Leade r-Willi ams
1980b) .

Further more, Reimer s (1983a) calcula ted mortal ity rates

of 5-20% and 10-17% per annum, respec tively, for male and female
Svalba rd reinde er aged 1-7 years old.

His analys is was based on

a heterog eneous sample of jawbon es picked up in differe nt parts
of Svalba rd and his result indica tes that there may be region al
differe nces in the pattern of mortal ity.

Causes of death and

reason s for the abrupt rise in mortal ity in reinde er aged 7 or 8
years old in Advent dalen are discuss ed in Chapte r 6.
Heavy early post-n atal mortal ity of calves is almost ubiqui tous among reinde er and caribou (Table 4.18).

It is clearly the

princip al factor limitin g number s of barren- ground caribou (Dauphine 1976, Parker 1972).

Predat ors (chiefl y wolves Canis lupus

and lynx Felis lynx) are respon sible for the larges t recorde d
losses (Berger ud 1971, Parker 1972) but hypoth ermia is also
though t to be import ant (Kelsa ll 1960, Skoglan d 1985a) althoug h
there is no direct evidenc e that this causes large losses (Miller
and Gunn 1986) . -

The appare nt absence of early post-n atal morta-

lity of calves in Svalba rd was both unusua l and remark able,
especi ally in 1981 when not only had reinde er suffere d a hard
winter (25.7% of the popula tion died) but also there were blizzards during calving .

Svalba rd calves weigh less at birth than

other reinde er & caribou (Chapte r 5) and contain little (<2%) fat

1 55

Tabl e

4 18

Compariso n of the timi ng and extent of calf morta l ity in different populatio ns of reindeer
and caribou.

% mortality in each period

0- 1 month,

1- 5 months,

6 - 12 mont h s,

Annual

ea. 2

3

2 - 46 ( 6 )

36*

40

40

10

(7 )

3 - 48

24

45

(9 )

15 - 29

-

-

Predation

Authority

Reindeer
Svalbard, Adventdal en
Norway
Swedel'l**
I-'
CJ1
O'l

South Georgia

No

this study

45 - 77

Rare

Skog l and ( 1985a)

12 - 7 5

Rare

Rehbinder ( 19 7 5)

No

Leader-Wi l liams
( 1980)

-

Caribou
Canada, Newfoundl and

6 - 56

NWT

60

USA, Alaska

43

69***
14
22 - 37

7

( 10 )

69

Yes

Bergerud ( 1971 )

29

( 3)

78

Yes

Parker 1972

Yes

Skoog (1968:624 )

10 - 22 ( 5)

*

mean; range= 1.8 - 46.2.

**

semi-dom esticated reindeer.

** *

0-6 months; mortality declined after Septembe r/October .

( n)

number of years in the samp l e.

30 - 50

(Reimers, Ringberg and S~rumgaard 1982) .

One e x planation of the

low rate of mortality is that females might usually have had
sufficiently large reserves of fat in June to meet temporary
crises with increased production of milk .

The physiological

condition of females in spring is described in Chapter 5 .
It is potentially easier to demonstrate that a substantial
number of calves die (even though this might be difficult to
quantify) than to show the reverse .

Arctic foxes Alopex lagopus

were undoubtedly the most efficient registrars of early calf
mortality working in Adventdalen but, nonetheless,

few bones of

newborn calves were found among the carrion lying scattered
outside their dens (section 4.5 . 2).

It is unlikely that this was

because foxes might have eaten small carcasses below ground : dens
are used traditionally in Svalbard and it is improbable that

i

foxes would tolerate scraps accumulating in them .
The low rate of mortality among calves aged 1-5 months old
is also unusual for reindeer and caribou .

Death of calves in

[1

!
I

summer, for e x ample, was the principal factor limiting caribou in
Newfoundland (Be r gerud 1 971) .

Most were killed by predators but

h e a vy summer losses ha ve also been recorded among populations
suffering little or no predation (Table 4 . 18) .

Abandonment and

subse quent star v at i on , h ypothe r mia , b a c terial i nfectio n a nd
stress associated with high concentra t ions of biting insects have
I I

all been imp l ic a ted (Kels a ll 1968 ; Miller and Broughton 1974 ;
Rehbi n de r

19 75; Sk ogland 19 8 5a ; Thing a n d Clausen 1980) .

Skin

warb l es Oedema g ena t arandi and t hroat warbles Ceph ano my ia tro mpe ,
howe ver , are not present in Svalbard and mosquitoes Ae des spp . do
I
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not occur in large numb ers in Adve ntdale n, proba bly
becau se of
the small amoun t of stand ing water (Chap ter 1).
mort ality in summe r indic ates, furth er,

Negl igible

that calve s suffe red

neith er nutri tiona l stres s, debi litati ng paras itism
(see Halvo rsen and Bye 1985) nor serio us disea se durin g the first
six month s
of life.

This was evide nt from their rapid rates of growt h

(Chap ter 5).
Svalb ard reind eer calve s suffe red heav iest mort ality
durin g
winte r (Figu re 4.3).

Death at times of reduc ed food avail abili ty

is commo n in ungu lates: calve s, moreo ver, typic ally
suffe r worse
adult s.

Juven ile mort ality often varie s consi derab ly from
year

to year, depen ding on the weath er (e.g. red deer Cervu
s elaph us;
Mitc hell, Stain es and Welch 1977: black -taile d deer
Odoc oileu s
hemio nus; Klein and Olson 1960: roe deer Capre olus
capre olus;
Stran gaard 1972: Bigho rn sheep Ovis canad ensis ; Stelf
ox 1975) ,
and can have a major influ ence on the growt h of p6pu
lation s.

Dry

seaso n mort ality of juven ile Afric an buffa lo, for
exam ple, was
the key facto r in the Seren geti popu lation .

The rate of morta l-

ity was indep enden t of popu lation densi ty acros s years
and Sinclair (1977 ) concl uded, there fore, that the ultim ate
cause of
chang es in th~ densi ty of buffa lo was random varia
tion in the
weath er.

Mort ality of adult buffa lo , a non-k ey facto r, was

densi ty depen dent and there fore regul atory , tendi ng
to compensat e for
howev er,

pertu rbati ons cause d by the weath er.

Inter estin gly,

juven ile mort ality contr ibute d 56% of the varia tion
in K

-~

in buffa lo (Podo ler and Roger s 1975) compa red with
f 20% for reindeer calf mort ality in Adve ntdale n (sect ion 4.6),
again emph as158
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ising the importan ce of pre-nata l losses in this populati on.
There is little informa tion on the extent or variabi lity
of mortali ty of wild reindeer and caribou calves in winter.

This

is due largely to the difficul ty of measurin g winter mortali ty in
large, widely disperse d, migrator y populati ons.

Monitor ing

changes in [calf:fem ale] ratios is unsatisf actory because mortality is underest imated unless adult losses are known and it
is rarely feasible to measure these (e.g. Bergerud 1980, LeaderWilliams 1980a).

Adult mortalit y can be calculat ed indirec tly

from life tables (e.g. Skogland 1985a) but this smoothes out
variatio n between years and yields only average rates.

However ,

despite (or, perhaps, because of) these limitati ons, heavy loss
of calves in winter is thought to be unusual (Table 4 . 18) .

It

may be, as Skoog (1968) and Bergerud (1980) have suggeste d,

that

hunting and predato rs normally hold migrato ry populati ons at
densitie s below ecologic al carrying capacity (K) so that they
rarely experien ce acute shortage of food or, alternat ively,

that

populati ons are regulate d at K by heavy mortali ty of calves in
summer (Skoglan d 1985a) .

Isolated cases of heavy mortalit y from

starvati on in winter have been attribut ed to exceptio nal weather
conditio ns which cause crusting of the snow or formatio n of a
layer of ice over the vegetati on (e.g. Klein 1968; Miller,
Russell and Gunn 1977b).
The pattern of large, erratic fluctuat ions in rates of
mortali ty and fecundit y strongly suggeste d that weather had a
major influenc e on growth of the populati on in Adventd alen .
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Two

of the 'bad years',

1978/79 and 1980/81, for example, were

characterized by a late (June) melt (Table 4.6), suggesting that
heavy mortality might have been associated with the length of
It

time for which reindeer suffered .restricted access to forage.

is frequently stated, moreover, that heavy mortality of reindeer
and caribou is associated with periods of mild weather and rainfall in winter (e.g. Larsen, Nilsson and Blix 1985a; Miller,
Edmonds and Gunn 1982; Nilssen, Sundsfjord and Blix 1984; Reimers
1982a; Skjenneberg and Slagsvold 1968; Thomas 1982,) something
for which the west coast of Svalbard is particularly susceptible.
Unlike continental high arctic regions (which usually remain cold
throughout winter), the west coast has an oceanic climate and the
ambient temperature occasionally rises above freezing for short
periods even in the middle of winter.

Cycles of thawing and

subsequent re-freezing, resulting from alternating periods of
mild and cold weather cause the snow to recrystallise and
increase in density so that, eventually, it may become so hard
that the reindeer can no longer dig through it to reach the
plants beheath.

Indeed, in March and April 1984 (late winter of

the third 'bad year') I observed sheets of blue ice, several
centimeters thick in places, over large areas in the valley.
Meteorological data, however, provided conflicting evidence
for the role of weather in population processes in Adventdalen.
'Bad' years were associated with above average duration of snow
0

cover and relatively high frequency of temperatures below -15
but not with rain or mild temperatures, the conditions expected
to cause icing , or with wind or the amount of precipitation in
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winter (Table 4.19).

On the contrary, with the exception of

1983/84, lowest mortality occurred in winters with most days'
rainfall!

Table

4.19,

'Good years' and 'bad years':
association between the annual
rate of increase of the population of reindeer in Adventdalen and
the weather in winter.

K

(1)

Annual
rate of
increase
of pop.

Snow

Temp.
(pentads)

(days)

---------

Ppt.
(mm)

low

( %)

(2)

(3)

high
(4 )

Rain- Wind
fall
(days) (days)
(5)

( 6)

GOOD YEARS

1979/80
1981/82
1982/83

0
0.01
0.05

43. 1
25.4
15.9

117
77
98

205
217
243

15
14
7

10
12

6

9

9

81
69
99

0.21
0. 19
0.37

-15 . 8
-17.6
-47.2

109
100
105

270
245
241

20
23
12

19
13

4
2
10

87
74
84

104

233

16

12

7

77

5

BAD YEARS

1978/79
1980/81
1983/84
Mean
(1976-1984)

4

K = total losses (see section 4.3).
Total number of days with >30% snow cover.
0
No . of p~ntads with mean temperature <-15 C; (1 pentad =
3*
period of five days) .
No. of pentads with a maximum temperature ~o 0 c.
4*
No. of days with rain and >0.1 mm precipitation between
5
November and April (inclusive) .
No. of days with average windspeed >6 Beaufort.
6*
Ppt*: Total precipitation.
October to April (inclusive).
*
1

2

Data from Svalbard Lufthavn (Provided by Det Norske Meterologiske
Institutt).
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This unconvincing demonstration of the effects of climate on
the rate of increase of the population probably reflects inadequate understanding of the meteorological conditions and physical
processes which cause hardening of snow and formation of ice,
rather than misconception about the ultimate cause of heavy
mortality (but see also section 7.3.2).

The severity of winter,

from a reindeer's point of view, must be measured in terms of the
amount of food which remains available.

The functional para-

meters therefore include the depth, texture and hardness snow which can vary from week to week - and the length of time for
which snow lies (Dauphine 1976; Henshaw 1968b; LaPerriere and
Lent 1977; Leader-Williams, Scott and Pratt 1981; Pruitt 1959;
Skogland 1978).

Consequently, it may not be surprising that

attempts to compare the severity of one winter with another using
meteorological parameters alone has only limited usefulness.
My results confirm Reimers, White and Rusten's (1977)
suggestion that the dynamics of population growth in Svalbard
might be dominated by stochastic events but introduce two
important modifications.

First, the pattern of growth was

influenced not only by variation in rates of mortality, as they
had assumed, and also by changes in rates of fecundity and
dispersal.

Secondly, their model incorporated 'bad years' with

rates of mortality "double those of a normal year".

There were

no 'normal' years in this study, at least, not in the sense
Reimers et al.

(1977) implied: mortality in Adventdalen was

'exceptionally' high in some winters but, equally, it was 'exceptionally' low in all the others (Table 4.14).
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Average rates of

I'

mortality, calculated over all five years, were not exceptional.
Calf mortality (35.8% per annum on average), for example, was
quite modest compared with other populations (Table 4.19) and
adult mortality (10.6% per annum; Table 4.12), too, was inside
the range reported elsewhere (4 to 13% per annum; Bergerud 1980,
Skogland 1985a).

STATISTICAL TESTS
[1]

Mean adjusted body weight of pregnant females in May 1980:

45.2 kg, n = 4;

1981: 43.6 kg, n = 6.

Comparison of the vari-

= 3.34, n.s. (P >0.2). Comparison
[5,3]
of means of two samples with equal variance (t-test, Sokal and

ance in each sample, F

s

= 1.300, t

Rohlf 1969:222): t
s
[2]
3;

= 2.306, n.s.
0.05 [8]

Mean weight of foetuses collected in May 1980: 2.4 kg, n =
1981: 2.1 kg, n = 6.

Comparison of the variance in each

= 1.15, n.s. (P >0.5). Comparison of means of
[5,2]
two samples with equal variance (t-test, Sokal and Rohlf
sample, F

s

= 1.466, t
= 2.365, n.s.
s
0.05 [7]
Association between the rate of birth and population density

1969:222): t
[3]

in the preceding summer .

= -0.66,

r

N

= 6,

n.s.

Spearman's rank correlation coefficient
(P >0.05)

s

[4]

Temporal patterns of mortality in different years were

compared by inspection .

So few reindeer (males, females or

calves) died in summer or early in winter each year that in most
cases expected frequencies were less than 5 , even with summer and
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The Chi - squared procedure in

early winter results pooled.

invalid under these circumstances (Cochran 1954).
[5]

Sex difference in mortality: comparison of the proportion of

male and female deaths, relative to total annual mortality, which
occurred early in winter .

Data from all years combined.
2

squared test for two independent samples.

'X.

= 0.019,

Chi-

df

= 1,

n.s.

(P >0.8).

(6]

Mortality of newborn calves: comparison of the proportion of

calves in the population between three and five weeks after
calving in 1979 and between two and three weeks after calving in
1980 (Table 4.10).

One sample Chi-squared test for two classes

(calves and reindeer >1 year old).

Expected frequencies cal2

culated from the results of the main annual census.
2
0.129, df = 1, n.s. (P >0.7).
1980: X:.. = 0.04, df

1979: "X.

= 1,

.

[7]

Mortality of newborn calves - test for bias in sample

counts: comparison of the age

(P

n. s.

>0. 8)

sex composition of sample counts

&

with results from the main annual census.

One sample Chi-squared

test for three classes (adult males, adult females and year2
2
lings) .
1979 : 'X.. = 8.0, df = 2, P <0 . 02 , n = 110.
1980: "X..
46.3, df
[ 8]

=

2, P <0.001, n

=

=

=

288.

As [7] but for two classes only (adult males and adult
2

1979: 'X.

females).
0.02, df

=

= 7.9, df

1, P >0.7, n

= 1,

P <0.01, n

= 97.

2

1980: "X..

=

= 213.
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[9]

Test for bias in sample counts: comparison of the proportion

of calves in the population in June and July 1979.
2

test for two independe nt samples.

= 0.02,

'X

df

=

Chi-squar ed

1, n.s.

(P

>0.9).
2

[ 10]

As [ 7] .

2

= 17 . 7, df

"X.

[11)

1980:

= 2,

'X.

=

6 . 0, df

P <0.001, n

=

2, P

=

0.05, n

=

81.

1981 :

= 185.

Sex difference in mortality over the whole study: compar-

ison of the mean rate of mortality (proportio n of deaths) of
adult males and females (Table 4.12).
2

independe nt samples: "X.

[12]

= 18.38,

df

Chi-square d test for two

= 1,

P <0.001.

Age difference in mortality in good years: comparison of

the rate of mortality (proportio n of deaths) of calves and adults
(all three 'good' years combined) .
2

independe nt samples: -X.

[13]

= 0.387,

df

Chi-square d test for two

= 1.

n . s.

(P >0.5).

Age specific rates of mortality : comparison of the frequ-

ency distributi on of age at death between two die-offs (reindeer

~6 yeirs old), Mann-Whit ney 'U' test.
n.s.

(P

[14]

=

= 51,

>0.2); females , U = 31.5, z = -0.82, n.s.

(P

z

= 0.078,

>0.1).

Regression coefficie nts (b) fork-valu es on log

= 0.310, N = 6,
= 6, t = 0.782, ns

ation density. k.l2_: b
ka: b

Males, U

=

0 .1 97, N

= 0. 7 8 2,

6, t

s

ns ( P >0. 1 ) .

s
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=

t

popul10
0.781, ns (P >0.1),

s

(P >0.1).

kj_: b

=

0.213, N

PART 3:

THE

CAUSE

OF

CHANGE

Chapter 5
GROWTH,

BODY

COMPOSITION

AND

ENERGY

BALANCE

IN

WINTER

INTRODUCTION
The rate of mortality of reindeer in Adventdalen fluctuated from
virtually nil to over 25% of the population in some years (Chapter 4).

Most deaths, moreover, occurred late in winter which

suggested· that the main cause of mortality was starvation. The
pattern of mortality (and of growth of the population) appeared
to have been determined by random variation in the weather, but
what determined how many animals died in a given winter?
The amount of food available in winter in Svalbard depends
on the abundance of plants and the characteristics of the snow
cover.

The amount of food available~ reindeer in a given

winter depends ultimately on the number of animals present.
Hence,

if starvation was the main cause of death, the rate of

mortality in a given year would, likewise , be expected to depend
on the density of animals .

It follows that the influence of the

weather on mortality would normally be expected to depend
ultimately on the absolute abundance and quality of winter food.
Svalbard reindeer, however , accumulate large amounts of
subcutaneous fat during summer and autumn;
one 27 month old female,

the dressed carcass of

for example, consisted 43.9% fat by

weight (Reimers, Ringberg and S~rumgaard 1982).
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Most o f this fat

is gone by spring (Reimers and Ringberg 1983) and it has been
suggested that Svalbard reindeer might normally meet a substantial part of their energ y requirements in winter by catabolisi ng
tissue deposited in summer for that purpose (Reimers 1980, 1982a,
1984) .

Clearly,

if Svalbard reindeer rely mainly on fat rather

than forage in winter, their survival and, hence, the rate of
mortality in a given year,

is likely to be affected less by the
1r1 w,v,Vev

abundance and level of competition for food / than by their mean
,\.

fat content in autumn .

In that case, the stable density of t he

population would be expected to be set principally by factors
influencing growth and fattening in summer .
Resolution of the dichotomy over the relative importance of
food and fat in winter is central to understanding the relationsh i p bet ween Svalbard reindeer and their resources and, hence, to
understanding the processes which control their abundance .

The

main aims of this chapter are : (1) to describe the pattern of
growth and to quantify seasonal changes in the weight and body
composition of Svalbard reindeer and (2) to c a lculate what propo r tion of reindeers ' energy requirements in winter could be met
by c atab o lism of body tissue.
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METHODS
5.1

DATA

5. 1. 1

FROM

SHOT

REINDEER

Collection of specimens.

'I

Svalbard reindeer are a protected sub-species; permission to
shoot the reindeer described here was granted b y the Ministry of
the Environment in Oslo.

Eighty-three reindeer were killed

between May 1980 and November 1981 (Table 5.1).

These included

females of all ages and their calves, where appropriate, but no
males.

Breeding and non-breeding females were shot in equal

numbers, as far as possible, to assess the effect of reproduction
on growth and condition.

All were killed in Nor denski~ld Land

Table 5.1
Timing, location and types of reindeer shot in 1980 and 1981.

Females

>1 year old

-------------------

Gestating/
lactating
1980
May
7-27
July 6-15
Aug. 23-29
Sept.22-0ct.7
Mar.
May
Aug.
Oct.

1981
31-Apr.16
16-22
13-20
27-Nov.3

Total

barren/
yeld
Calves

Total

Area

4
2
2
3

5
2
2
2

3
2
2
2

12
6
6
7

Reindalen/Colesdale n
Colesdalen
Sassendalen
Sassendalen

6
6
3
8

7
6
3
4

0
0
3
6

13
12
9
18

Reindalen/Colesdale n
Reindalen/Colesdal en
Nordenski~ld Kysten
Nordenski~ld Kysten

18

83

34

30
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but outside Adventdalen so as not to compromise the study of
demography there (Table 5.1).
year,

Four collections were made each

timed to span the full range of the annual cycle of growth

and condition.

Reindeer were killed in April and May (late

winter sample) to measure reindeers' seasonal minimum weight and
fatness;

in July and August (summer sample) to measure the

effects of lactation and the growth of calves; and in September
and October (autumn sample) to measure reindeers' maximum weight
and fatness.

The amount of weight lost or gained in a given

season was estimated from the difference between seasonal mean
values.
No measurements were taken in the field .

Reindeer shot in

Reindalen or Colesdalen were brought back to the MAB station
intact by helicopter or with snow scooters .

In Sassendalen,

reindeer were gutted immediately after shooting and the
carcasses and alimentary tracts (including contents and mesenteries) were carried on foot to a field laboratory .

Reindeer

killed on Nordenski~ld Kysten were dragged back to Isfjord Radio
station intact on a cart .

Usually not more than two reindeer

were shot at the same time and dissection normally began within
two hours of death .

5.1.2

Measurement of growth and body composition .

The following measurements were made on all shot reindeer, where
appropriate.
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i'
1'

Growth
( i)

Total body weight : the weight of the unbled reindeer,

excepting blood lost from the shot and taken as samples, was
measured to 0 . 1 kg on a 100 kg x 50 g "steel y ard".

(i i )

Adjusted body weight : as (i) but less the weight of the

uterus and its contents.
(iii)

Ingesta and conceptus free body weight : as (ii) but

less the weight of the contents of the rumen and reticulum .

The

intact stomach was weighed full to 0.1 kg before the rumen and
the reticulum were but open and the contents tipped out; the
stomach was then re - weighed to 0.1 kg.

The weight of contents

was calculated by subtraction .
( i V)

Foetuses aged~ - 2 months were sexed , dried with paper

towels and weighed to 50 g with a 10 kg spring balance.

'!

i
IiI
(v)

Hindfoot length: the straight line distance from the

Tuber calcaneum to the distal end of the metatarsus was measured
to 5 mm with a fle x ible steel tape along the lateral surface of
the unskinned leg.
( vi)

Femur length : one femur was dissected out and its

greatest length was measured to 1 mm in a measuring bo x.
( v ii)

Mandible l ength : the mandible was dissected out and the

straight line distance from the Gonion caudale to the infradentale was measured on one s i de to 1 mm in a measuring bo x.
Most reindeer were shot in the head and one or both
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I

11

1

mandibles were occasionally cracked or broken.

The sample size

was increased by including measurements made on mandibles taken
from the carcasses of female reindeer found in Adventdalen (see
section 2.2).
(viii)

Posterior half of the mandible: the straight line

distance from the anterior edge of the alveolus of the first
molar (ml) to the Gonion caudale was measured, on the buccal

iI

side, to 1 mm with calipers.
Body composition.
( ix)

Carcass weight: the weight of the animal less its head,
The head was cut off between the

skin, lower legs and viscera.
atlas and the cranium .

The lower legs were cut off between the

metacarpus and distal carpals and between the metatarsus and
distal tarsal bones .

The entire gastro-intestinal tract

(including the oesophagus and the rectum), all respiratory,
digestive and reproductive organs (including the diaphragm and
v\/~

the mammary glands) /.
"-

.--{,,vvv<)V.e,,\

The kidneys and any fat around them were

included in the carcass weight.
(x)

Measured as (i).

Rump fat depth : the maximum depth of fat was measured

to 1 mm on the skinned left haunch along a cut made anteriorly
0

from the base of the tail at an angle of 45

from the spine, as

described by Dauphine (1976) .
( xi)

Kidney fat: the perirenal fat was stripped out with

the kidneys and the weight of both kidneys and the whole fat
mass, with no extra trimming,

(in contrast to Riney 1955 and

Dauphin~ 1976) was measured to 1 g .
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The kidneys were then

I

,'

weighed separately , once the fat had been removed, and the
weight of fat was calculated by subtractio n.
(xii)

Omental and mesenteri c fat:

each reindeer was evis-

cerated and all the fat attached to the omenturn and the folds of
the rnesentery was stripped off, pressed into a ball and weighed
to 1 g.
(xiii)

Marrows: all marrow was removed from the medullae of

one femur,

tibia and metatarsu s and weighed, separately , to 1 g.

The fat content of the marrow was not measured.

The total weight

of marrow from both hind legs was calculated by multiplyin g the
combined weight from one side by two.
(xiv)

Total dissectib le fat (TDF): all skeletal (subcut-

aneous and inter-mus cular) fat was dissected out from one
sagittal half of the skinned carcass and weighed to 50 g.

TDF

was calculated by multiplyin g this weight by 2 and ~dding on the
combined weights of the kidney, omental and mesenteric fat and
the total weight of marrow from the hind legs.

No correction was

made for the non-fat component of marrow (see Nieland 1970) .
This was because the combined weight of marrow from both hind
legs represente d less than 2% of the TDF in autumn .
Approxima tely half the reindeer shot at each collection
were dissected (total 32: 26 adults and 6 calves); the fat content of the remainder was estimated by regression of TDF on the
depth of rump fat

(section 5.4 . 2) .
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Skeletal muscle mass: two muscles from the hind limb,

(xv)

M, semitendinos us and M. gluteobiceps , were dissected out on one
side and weighed to 1 g.

A small portion (approximate ly 20 g)

I

!

0

was weighed, dried in an oven at 70
weighed again.

C. for five days and then

The dry weight of each whole muscle was cal-

culated from [(sample dry weight/ sample wet weight) x whole

I

muscle wet weight].

I:
I assumed that seasonal changes in the mass of these
muscles reflected changes in the total mass of skeletal muscle.
Ringberg et al.

(1981) found that there were linear relationships

between the (wet) weight of each of four muscles from the hind
limb and the total weight of dissectible muscle in semidomesticated reindeer.
(xvi)

Age: the age of specimens older than 1 year was deter-

mined to the nearest year by counting annulations in the cementum
of first incisor teeth (Leader-Willi ams 1979a, Reimers and Nordby
1968).

Their age was calculated in months assuming that all

births occurred in the first half of June (see section 4.4.1).

5.2
5.2.1

ANALYSIS OF DATA
Correctibg for differences in body size .

Body (skeletal) growth continues in Svalbard reindeer even after
they reach maturity (section 5 .4. 1) .

This precludes comparison

of the fat content or muscle mass of individuals or groups unless
these are carefully matched for age, sex and size.

Indices were

devised in which the length of the femur was used to correct for
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'I
I

differenc es in body size:
3

Fat index (FI) = (TDF I
Muscle index (MI)

-

f

)

3
( M

I f

)

where,
TDF = total dissectib le fat (g),
M = dry weight of one muscle (tl, semitendin osus
or tl, gluteobice ps)

(g),

f = length of one femur (cm) , cubed for uniform
dimension ality.
The total mass of dissectib le fat and the energy reserves of
different groups of reindeer were compared using the mean weights
of fat and muscle.

Their 'fatness' and relative muscle mass,

i.e. the amount of fat and muscle in reindeer relative
to body (skeletal) size, were compared by examining differenc es
between mean inde x values.

5.2.2

Statistic al analysis .

The homogenei ty of samples from different collection s made within
the same season or within the same season but different years was
examined by analysis of variance.

There were no differenc es

between years (section 5.4.1) so data were combined appropria tely
by season with out testing other parameter s (such as fatness ,
muscle weights etc).

Non-param etric tests (Siegel 1956) were

used for all other compariso ns.

The null hypot he sis was rejected

at the 5% level in all tests.
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5.3

ENERGY BALANCE MODEL

The main issue in this chapter is whether Svalbard reindeer
depended principally on fat or forage in winter.
mined by calculating first,

This was deter -

the maximum amount of energy they

could retrieve by catabolism of tissue

reserves (mainly fat) and

second, reindeers' total energy expenditure during winter.

The

difference between these two values represents the minimum amount
of net energy which they must normally have got from food.

5.3.1

Gross energy store in autumn.

Mammals store energy principally as lipid but may also derive
energy by hydrolysis and oxidation of protein to urea.

Hence,

they have potentially three main stores of energy on which to
draw during periods of undernutrition (i) adipose tissue,

(ii)

intra-muscular fat and (iii) skeletal muscle.
The total amount of energy stored as dissectible adipose
tissue was calculated assuming that this consisted of 92% triacylglycerol, by weight (Reimers et al.

1982), which yielded 9.4

-1

kcal.g

on complete oxidation.

The total amount of energy stored as intra-muscular fat was
calculated assuming that skeletal muscle contained 4 . 9% triacylglycerol, by weight (Reimers et al . 1982) .
The total amount of skeletal muscle in reindeer was calculated using the regression ,

I;

I!

17 5

I

X

= (y + 5.1) / 37.03

x

= the total fresh weight of skeletal muscle (kg), and

(1)

where,

y = the fresh weight of the M. gluteobice ps (g),
derived from semi-dome sticated reindeer (Ringberg et al.
These authors referred to tl, biceps femoris but,

1981).

in ruminants ,

the superfici al gluteal muscle and the biceps femoris are fused,
forming the tl, gluteobice ps (Getty 1975) and this latter nomenclature is used here.
The total amount of energy 'stored' as muscle was calculated
assuming (i) that reindeer could normally lose 45% of their
skeletal muscle and still remain alive (section 5.4.1),

(ii) that

the water content of fresh muscles was 70%, by weight (section
5.4.1) and (iii) that oxidation of muscle protein yielded 4.3
-1

kcal.g

5 . 3 . 2 Energy expenditu re in winter.
The total amount of energy used by one reindeer during orie entire
winter was calculated using a factorial model similar in
principle and design to the model SEAERG developed by 0ritsland
and Hedlund Markussen (1984) for harp seals Phoca groenland ic a.
Th e total amount of energy which a reindeer expended during
24 hours in winter was calculated as a function of body weight .
Dail y energ y expenditu re (DEE) was partitione d between different
expendi t ures and separate estimates (kcal . day
eac h of t he fol l owing :

1 76

-1

) were made for

r
I

(a) fasting metabolism (includes respirator y heat loss),
(b) activity - grazing (feeding, walking between bites & digging
snow),
- lying down and ruminating ,
- walking,
- social and other activities ,

,I
I

(c) gestation ,
(d) energy retained or secreted,
(e) metabolic response to cold,
(f) thawing food.
Hence, a reindeer's total energy expenditu re during day j was,
-1

DEE

= MA.M
j

kcal.day

(2)

j

where
MA= (MB x AFb x Tb) + (MB x AFc x Tc).,
: MB x

[(AFb x Tb)

+

(MB x AFf x Tf)

11

(AFc x Tc) ... + (AFf x Tf)],

and
-1

MB= fasting metabolic rate (Watt.kg

),

AFb .. f = multiples of MB representi ng the energy cost of
activities of expenditu res (b) .. (f),
Tb .. f = time each day spent at activity or expenditu re

II

11 ,

,I ,

1!

I:
1

I

11

(b) .. (f),

M

= total body weight on day j

(kg).

j

The model used body weight and activity data from this study and
energy values from the literature (see Appendix 6.).

I

I
11

Terrestri al mammals' body weight declines exponenti ally
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during starvation.

In other words, they appear to lose a con-

stant proportion of body weight each day, not a constant mass
(Kleiber 1961, Young and Scrimshaw 1971).
reasons for this .

There are several

First, there is an initial loss of water

(Young and Scrimshaw 1971) .

Secondly, as weight declines there

is less mass of tissue to sustain .

Thirdly, starving animals

burn both fat and protein and the proportion of energy derived
from fat increases as starvation advances.

Oxidation of one gram

of stored fat yields approximately seven times more energy than
oxidation of one gram fresh weight of muscle (which is mostly
water);

thus, even were the daily withdrawal of energy from

tissue reserves constant, the daily loss of weight would decline
with time as the proportion of fat burned increases.

0ritsland

(1980) developed a formula to describe this process in mammals:
-1
Q

= 1026 + 1274 ln D kcal.kg

(3)

where
Q = the energy equivalent of weight loss (2 OOO< Q
<9 300 kcal),
D = the number of days for which the animal has
starved.
Fourthly, starving animals reduce their activity (e.g. Cornish
and Mrosovsky 1965, Muller-Schwa rze et al.

1977).

1982, Westerterp

As a result, simulations of the e~ergy expenditure of

reindeer were performed one day at a time and the animal's weight
was reduced at the end of each day using an exponential function
derived from the observed decrease in body weight over winter:

178

ln M
t
r

- ln M
0

= -------------

(4 )

t

where
r
M

0
M

t
t

= exponential rate of weight loss,
= total body weight at the start of the period (kg)'
= total body weight at the end of the period (kg) '
= length of the period (days) ,

I
1

1i
I

i:

thus,

rj

M

= Me

(5)

0

j

The process was repeated for a set number (t) of days and
the total energy expended was calculated by summing the va lues
I,

for each day .
period, 0 ••• j

j

Thus,

the total energy expended during the entire

= t days was given by:

= t

r

I'

rj

MA.W e

· kcal.

( 6)

0

0

These steps are summarised in a flow diagram Figure 5.1;
details of the model are given in Appendix 6 .
In some ruminants, there is a marked _reduction of fasting
metabolic rate during winter which is independent of food intake
(Argo and Smith 1983;

Blaxter and Boyne 1982) .

Surprisingly ,

this seems not to occur in Svalbard reindeer (Nilssen, Sundsfjord
and Blix 1984).

0ritsland (1977,
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1980) has pointed out, never-

11

Specify:
Total body weight at start, M0 (kg),
Total body weight at end, Mj (kg),
Length of period, t (days).

Reindeer weighs

MJ kg

Calculate total energy
expenditure on day j.

(2)

Sum total energy
expenditure so far.

( 6)
11

1

1I

Calculate weight
at the start
of the next day,

(5)

j=j+l.

Yes

No

Show total energy used
(kcal) during t days

Figure 5.1
Flow diagram of the steps used to calculate the total energy
expended by a reindeer during a period o f t days in winter. M =
total body weight (kg).
j = a day between day O and day t.
These terms are e~plained in section 5 . 3 . 2 .
Numbers in brackets
refer to equat ions in section 5.3.2.
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theless, that the basal metaboli sm (BMR) of mammals is normally
depresse d during starvati on i.e. that there is another kind of
reductio n in metaboli sm which is depende nt on food intake but
which may only be detected after several days' or weeks'
starvati on.

This has been demonst rated on animals ranging from

humans to rats and can potentia lly extend their surviva l time
conside rably (0ritsla nd 1980 and referenc es therein) .

The

relation ship between weight loss and the depressi on of BMR
remains subject to conjectu re.

On the basis of Kleiber 's (1961)

data, 0ritslan d (1977) suggeste d that BMR was reduced linearly
durini starvati on, accordin g to:
1.33 x M
j

MBF =

-

0 . 33

(7)

MS
where,
MBF = metaboli sm (depress ion) factor (0.6 < · MBF

~

1.0),

MS= standard body weight (kg); in this case MS= M .
0

This has not been verified for ruminan ts; neverth eless,

I

investig ated the potentia l survival value of metabol ic depressi on
in Svalbard reindeer using a second version of the model (Figure
5. 2) .

In this, the reindee r's initial body weight and energy

reserve were specifie d, but not the pattern of weight loss.
model itself generate d a weight loss curve.
energy expendi ture (MEE) on each day,

The

Reindee r's minimum

j, was calculat ed from,
-1

MEE= MB (x MBF) x M

kcal . day

j
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(8)

lj

Specify:
Total body weight at start (kg)
Total retrievable energy reserve (kcal)
Reindeer 1,;eighs
Yes
MB = MB. MBF. M_j

( 7)

No

Calculate minimum energy
expenditure (MEE) on day j

( 8)

Reindeer burns fat and protein
to cover MEE and so loses weight .
Energy equivalent of weight loss = Q.
Calculate weight loss on day j ,
Calculate new weig h t .

?-~~~~~o:_ _.~

(3)

next day,
j

=

j

+ 1

Show :
Final body weight (kg ) ,
Survival time (days ) .

F i.e:ure

5.2

Flow diagram of the steps used to calcula te potentia lly how long
reindee r could survive on their energy reserves (fat and skeleta l
muscle protein) alone . The model estimate s reindee rs' minimum
energy requirem ents (MEE) each day from their fasting metaboli sm
and body weight.
The amount of weight lost each day depends on
their energy requirem ents and the proporti on of protein and fat
which is burned · to meet them . This depends on the length of time
for which the animal has fasted.
The caloric equivale nt of
weight lost is specifie d by the function Q (section 5 . 3.2).
The
model includes no incremen t to cover the costs of activity or of
maintain ing heat balance .
Ke y: M = total body weight (kg).
j = a day between day O and
day t . MB= fasting metabol ic rate = 1.2 W. kg- 1
calculat ed from
the data of Nilssen, Sundsfjo rd and Blix (1984) (~ee Appendix 6) .
MBF = metaboli sm (depress ion) factor .
These terms are e x plained
in section 5 . 3 . 2.
Numbers in brackets refer to equation s in
sec t ion 5 . 3 . 2 .
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and the amount of weight lost on day j was determin ed from MEE
using the function

Q

(equatio n 3).

The model was run (with and

with out the metaboli sm depressi on factor (MBF)) until the
specifie d energy reserve was exhauste d, whereupo n the surviva l
time and the animal's final body weight were given.

No incremen t

was included to cover the costs of activity or of maintain ing
heat balance.

The survival time estimate d was therefor e that of

an animal merely lying down in a thermon eutral environm ent,
neither feeding nor performi ng any other activity .

RESULTS
I

5.4

GROWTH
I
I

5.4.1

I

Body size and weight.

The period of growth for all paramet ers was defined as that range
of ages through which there was a signific ant increase in successive mean values (see Dauphine 1976).
Skeleta l growth.

Calves grew rapidly during summer but there was

insuffic ient materia l to determin e when growth slowed in autumn or
whether any occurred during winter.
The hindfoo t and femur reached statisti cal maturity in
length during reindee rs' second summer; mandibl es reached mature
length in the third summer (Table 5 . 2)

(1].

Visual inspecti on of

growth curves (Figure 5 . 3), however, suggeste d that all three

1 83

I

I
I

Table 5.2
Skeletal growth of female Svalbard reindeer from Nordenski ~ld
Land.

Asymptoti c
length*
cm**
Hindfoot
27.6
Femur
22.4
Mandible
21. 5
Posterior 10.4
half of
the mandible

+
+
+
+

0.3
0.2
0.2
0.1

Proportion of the
Age at which
asymptote achieved statistica l mature
at 4 months old
size* is achieved
n
(%)
n
(years)
(summers)
33
36
60
56

89.5
83.9
76.3
70.8

7
8
3
2

1. 5
1. 5
2.5
2.5

2
2

3
3

* see section 5. 4. 1.
** + 95% confidenc e limits of the mean.

bones may have continued to grow slowly throughou t life .
compensat e for this,

To

I calculated the asymptoti c length of each

bone arbitrari ly as the mean value for reindeer aged 5 years and
older (Table 5.2),
The femur was selected for calculatin g indices of fatness
and muscle mass because it had slightly lower priority for growth
early in life than the hindfoot; the latter achieved 89.5% of its
asymptotic length by the time reindeer were four months old
(Table 5.2) .

Thus the femur better reflected reindeers ' body

(skeletal) size for the purpose of comparing between age classes
(see Klein 1964).

The posterior half of the mandible might have

been better still for this purpose (see Table 5.2) but mandibles
were not always available (section 5 . 1 . 2).
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5.3

Growth curves of the mandi ble, femur and hindf o ot of femal
es
Svalb ard reinde er sh o t and f o und d e ad in No rdensk i~ld Land
in
1980 and 1981 . Ho~iz ontal bars= mean ; vertic al bars = range
;
shaded colum ns= 95% confid e nc e limits of the mean; n = sample
size; 0 y e ars a ge class = ca l v es age d 3 - 1 1 months old.
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Body weight: calves.

No newborn calves were weighed.

Data on
1,

the weight of foetuses killed within one month of calving suggest

I

that calves would probably have weighed between 3 . 0 and 4.0 kg at
birth (Table 5.3).

Reimers et al.

weights of 2.5-3.5 kg).

(1982) recorded actual birth

There were too few data to investigate

differences between the sexes.
11

Table 5.3
Weight of foetuses taken from reindeer killed within one month of
calving.

Date*
23 - 29 May
16 - 22
"
9 - 15
"

Weeks
before
calving**

mean

SD

2
3
4

3.00
2.03
2. 15

0.50
0.07

Weight (kg)

Sex

------------ ------------ -

------

range

1. 56

2.10

- 2.68

-

2.20

n

M

1
6
2

4
2

F
1
2

* data for 1980 and 1981 combined (see section 4.4.2),
** mean date of calving assumed to be 5 June (see Figure 4.1).

The mean weight of calves in autumn (21 October; both sexes
combined) was 37 . 2 + 2 . 30 kg (95% C . L ., n = 8) .

This represents

-1

an increment of 963% in 139 days, or 243 g . day

throughout

summer, assuming a birth weight of 3 . 5 kg on 5 June .

There was

no significant difference in autumn body weight between the sexes
(2] but two out of the three males, however, were killed a month
earlier than the females (Table 5.4).

18 6

,,I,

Table 5.4
Body weight of calves shot in autumn and late in winter.

Total body weight
Calf (sex)
Autumn
S30 M
S31 M
S74 M
S68
S70
S72
S77
S81

F
F
F
F

F

Date shot

mean

30 Sep. 1980
1 Oct.
"
28 Oct. 1981

40.3
36.5
40.9

39.2*

27 Oct.
27
28
29
31

36.1
31. 9
40.6
37.5
33.7

36.9*

20.4
23.7
26.7

23.6

II

1981
II

II

Late winter
S3 F
10 May
S4 M
12
S10 M
27 May
II

*

kg

II

1980
II
II

No significant difference between males and females in this
sample [ 2] ; however, note the difference in the dates on which
these were shot.

Body weight: adults.

There was no significant difference in the

body weights of females from different collections made in the
same season either within or between years [3]; the data were
combined appropriately (Table 5.5).
Females reached statistical mature maximum body weight at
the end of their third summer (aged 2 yrs 4 mo. ): two year olds
weighed slightly less than females aged 4 · years and older but the
difference was not significant [4].

Unfortunately there were no

3 year olds in the summer or autumn samples.
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Table 5.5
Body weight (kg) of breeding and non-breed ing female Svalbard
reindeer in autumn and late winter.

Live ~eight (kg)
Autumn (1)
All
ADULTS (2._2 years)
mean
63.2
+ 95% C.L.
2.8
n
15
YEARLINGS
mean
+ 95% C.L.
n

1
2

Lact.
Preg.

*

a, b,}
C, d.}

C.L.

Late winter (2)

I,

Lact.

Yeld

All

Preg.

Barren

Preg .*

61.7a
2.8
11

67.3a
6.0

45.7
2.0
32

49.5b
2.2
16

41.9c

45.4d
2.0
16

4

52.4
5.4

1. 9

16

30.2
1. 1

2

2

Mean date: 21 October .
Mean date:
3 May.
Lactating .
Pregnant.
Live weight less weight of uterus and contents (kg).
Mean values with the same suffix (a,b,c,d) are not
significa ntly different [5, 6, 7, 8).
95% confidence limits of the mean.

In autumn, yeld females were 5 . 6 kg (9.1%) heavier than
lactating females (Table 5 . 5) but the difference was not significant [5].

The confidence interval on the mean weight of yeld

females, however, was larger than for lactating females (8.9% and
4.5% of the means, respectiv ely), probably, because two out of
four yeld females in the sample, but none of the lactating
females, were 2 years olds.

Both of these weighed less than the

combined seasonal mean although the difference was not signi ficant [4].

The difference in mean weights between the lactating
188

and yeld females increased to 10.8 kg (17.5%), with no overlap ,
when the 2 year olds were excluded (lactating females ~3 years
old; mean= 61.7 kg, range= 53.8 - 69 . 1 kg, n = 11; yeld femal e s
>3 years old; mean= 72.5 kg, range= 71.1 - 73.9 kg, n = 2).
In late winter, pregnant females were on average 7.6 kg
(18 . 9%) heavier than barren females (Table 5.5)

[6].

The diff-

erence between the means of each group was reduced to 3.5 kg
(8. 4 %) when the comparison was made using adjusted body weights
but remained significant (Table 5.5)

Loss of weight in winter .

[7].

Figure 5.4 illustrates the pronounced

seasonal variation in body weight of female Svalbard reindeer.
Reindeer lost on average 30% or more of their autumn body weight
by the end of winter (Table 5.6) .

The values given in Table 5 . 6

represent only minimum losses i.e . the average loss in weight
sustained by the survivors : the winter of 1980/81 was a hard one
for the animals and many may have already died by the time the
Ma y sample was collected that year .

It is not possible to

compare weight losses between years because the sampling
1:1
I,

programme spanned only one winter (September 1980 - May 1981).
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5.4

Growth curve for female Svalbard reindee r.
Total body weight
less the weight of the contents of the reticule -rumen (all
specimen s) and less the weight of the uterus and its contents
(winter specime ns).
Each point represen ts one reindeer .
Solid
circles: July to October.
Open circles: April - May.

I
5.4.2
Fat.

I

Body composi tion.
The relation ship between the depth of rump fat and total

dissecti ble fat was analysed first by linear regressi on but there
was a signific ant reductio n in the residua l sum of squares when a
second degree polynom ial (Steel and Torrie 1960) was fitted to
the data for adults [9].

This may have simply been because

weight increase s as the cube of linear dimensio n.
190

In addition ,

Table 5.6
Svalbard reindee r: weight loss (total body weight, kg) in winter.
1
May

--------

--------

kg
Calves (M + F)
Females
1 yr
Females 2 yrs*
Females >4 yrs*

2

Autumn

37.2
52.4
62. 1
63.3

n
8
2
2
13

kg
23.6
30.2
36.9
44.5

n
3
2
3
16

Weight loss**

-------- -------- -------kg

13.6
22.2
25.2
18.8

+
+
+
+

%

5.9
6.5
1. 8
4.7

36.6
42.4
40.6
29.7

+ 14 . 5
+ 7.3
+ 2.7
+ 5. 9

1
2
*

Mean date: 21 October}
Mean date: 20 May
} interva l= 212 days.
Pregnan t and barren females combined ; the mean weight in May was
calculat ed using the adjusted body weight of the former and the
total body weight of the latter.
** + 95% confiden ce limits of the mean.

however, fat was not deposite d uniform ly.

In thin or only mod-

erately fat (late winter or summer) specimen s, most subcutan eous
fat (the principa l reserve - see below) lay over the rump and
along the top of the back; in very fat (autumn) reindeer , however, there were large amounts of fat over the shoulde rs, flanks
and belly as well.

In other words, rump and back fat was

depleted after, and replaced before, other subcutan eous depots
and, for this reason, a curvilin ear relation ship between rump fat
depth and TDF would be expected .

The fat content of specimen s

which were not dissecte d was estimate d from the depth of rump fat
using the equation s given in Figure 5 . 5.
Svalbard reindee r were very fat in autumn but lean late in
winter (Plate 4).

In autumn, reindee rs' dressed carcasse s (s ee

section 5 . 1.2, viii) were one third fat by weight (females >4
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5.5

Relationship between rump fat depth and total dissectible fat in
female Svalbard reindeer.
Each point represents one reindeer .
*** P< 0.001 [10].
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I

years old= 33.8% fat, n = 10; calves 32.7% fat, n = 8).
Subcutan eous and inter-mu scular fat accounte d for more than 87%
of this ( Table 5.7).

Subcutan eous and inter-mu scular fat were

not weighed separate ly but the latter probably represen ted not
more than about 20% of the combined weight of both.
The total mass of dissecti ble fat in autumn increase d with
age up to 2 years old but declined after that.

The inverse

I

correlat ion between TDF and increasi ng age after 2 years was weak

11

(r
s

= -0.58, P <0.05), though, and not signific ant in females of

4 years and older (Figure 5.6).
increase d (r

The coeffici ent of correlat ion
3

= -0.67, P <0.01) when the fat index (g/cm) was

s
used instead of the total mass of fat

(kg)

(Figure 5.7).

The

most importan t effect of using the index, however, was to show
that although calves had less mass of fat than females 4 years
and older, they were actually on average 20% fatter than these in
autumn (Table 5.8).
The strong influenc e of age on the amount of fat in reindeer
in autumn preclude d comparin g the TDF or fatness of lactatin g and
yeld females outside age classes and there were not enough data
to make the comparis on within them.
Only one reindeer out of 37 killed in April and May had no
rump fat.

I

The exceptio n, a moribund adult female shot on 15

April 1981 (Plate 4), had a total of 368 g dissecti ble fat:

fat

I

composed only 2 . 3% of the weight of her dressed carcass.
Survivin g adults had about 25% as much fat at the end of
winter as they had had in autumn (Table 5 . 9) .

The associa tion

I I
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Table 5.7
Distribu tion of dissecti ble fat between the four principa l fat
reserves of female Svalbard reindeer killed in autumn.

Proport ion(%) of total dissecti ble fat in each reserve
n
Adults
Calves

4
2

kidney4.4
8.0

mesente ry-

marrow-

3.0
4.3

I

subcutan eous &
intermu scular- fat

1. 2

91. 4

0.4

87.3

between age and fatness was weaker in these than it had been

'I

among reindeer killed in autumn but it remained signific ant
(Figure 5.8).
Adult females

(4 years and older) shot in April were on

average 32% fatter and had 0.8 kg more dissecti ble fat than those
I
I I

killed in May (APRIL: mean FI= 3.2 , n = 10; mean TDF = 3 . 4 kg .
MAY: mean FI= 2.4, n = 14; mean TDF = 2 . 6 kg) but neither
differen ce was signific ant [ 16],

[ 17].

Nor, in April, was there

any differen ce in the amount of fat in pregnan t and non-preg nant
females, although this could have been due to a differen ce in the
age distribu tion of the two groups [18 , 19].

Si x weeks later in

May, h owe v er , pregnan t females were distinc t l y fa tt e r t h an n o n p r egnant animals (Table 5.10) .
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5.6

Relation ship between age and total dissecti ble fat in female
Svalbard reindeer killed in autumn.
Solid circles = lactatin g
females, open circles = non-lac tating females .
Three male calves
are included .
rs = Spearma n's rank correlat ion coeffici ent;
* = 0.01< P < 0.05 [11].
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Relationship between age and fatness (fat index values) in female
reindeer in autumn.
The fat index expresses the amount of fat in
a reindeer relativ e to its body (skeletal) size (see section
5.2.1).
Solid circles= lactating females, open circles= nonlactating females.
Three male calves are included.
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Relations hip between age and fatness (fat index values) in female
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Table 5.8
Fat reserves in Svalbard reindeer in autumn (mean date:
21 October) and in May (mean killing date= 20 May).

Total dissecti ble fat

-------- -------- -------- -----

mean (kg)

n

range (kg)

4.9 9.6
11. 3 - 12.0

AUTUMN
Calves (M & F)
Females:
yearling s
Females:
2 yrs old
Females: >4 yrs old

7.2
11. 7
16.0
10.6

8
2
2
13

MAY
Calves (M & F)
Females:
yearling s
Females:
2 yrs old
Females: >3 yrs old

0.5
1. 7
2.2
2.6

3
2
3
16

*

6.4 - 14.5
0.4 0.7 1. 7 1. 7 -

mean fat
index ( 1 )

11.0a
11. 7a
14.8a
9.2b

0.6
2.7
2.6
7.3

0 . 7c
2. ld
2.4d

3

1

*

[(g/cm) x 10].
The relative value, not the absolute value,
of the index is importa nt.
The index shows here, for example,
that in autumn calves had, on average, 20% more fat relative
to body size than the females of 4 years and older.
Index
values with the same suffix (a,b,c,d ) are not signific antly
differen t [13].
Both animals had 16.0 kg dissecti ble fat.

Muscle.

tl· gluteobi ceps is a larger muscle than tl, semiten-

dinosus

but, except for the differen ce in weight (Table 5.11),

the results from the two muscles were the same.

The water con-

tent of both muscles was approxim ately 70% of their fresh weight .
This proporti on remained the same in summer and winter despite
the large seasona l differen ce in weight (Table 5.11).
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Table 5.9
Loss of fat by Svalbard reindeer during winter*.

Autumn (1)

Calves (M
Yearlings
2 years
>4 years

+ F)
( F)
( F)
(F)

May (2)

TDF

FI

TDF

FI

7.2
11. 7
16.0
10.6

11. 0
11. 7
14 . 8
9.2

0.5
1. 7
2.2
2.6

0.7
2. 1
2.4

Loss**

kg
6.7
10 . 0
13.8
8.0

percent percent
autumn autumn
TDF
FI
93.1
85 . 5
86.3
75.5

90 . 3
85.8
73.9

*
**

Data from Table 5.8.
Calculated by subtractio n of May from autumn mean values.
The drop in FI values are expressed as percentag es.
There
was no significan t difference between the age distributi on of
the autumn and May samples of females ~4 years old [14].
1
Mean date:= 21 October}
2
Mean date:= 20 May
} interval= 212 days.
TDF Total dissectib le fat (kg),
FI Fat index [ (g/cm3 ) x 10] .
F
females; M males.

Both muscles reached mature maximum size not later than by
the end of reindeers ' third summer.
ficant variation in the dr y weight of

In fact,

tl•

there was no signi-

gluteobice ps among

females aged 16 months or older but, with only three yearlings in
the sample,

it was possible neither to conclude precisely at what

age this muscle was full grown nor wh ether or not there was a
real difference between the two muscles in this respect [22).
All f emale reindeer (both calves, yearlings and adults)
appeared to have the same amount of skeletal muscle relative to
body (skeletal) size both in autumn and, again, late in winter.
Th ere was no significa nt associatio n between reindeers ' age and
199

Table 5.10
Compar ison of fat reserve s (total dissec tible fat, TDF (kg) & fat
index values , FI (gm.cm3 ) of pregna nt and non-pre gnant Svalba rd
reinde er (~3 years old) at differe nt times in late winter .

Pregna nt

Non-pr egnant

------ ------ ------ ---

mean

range

n

------ ------ ------ ---

mean

range

n

Apr: TDF (kg)
May: TDF (kg)

3.7
3.2

1. 8 - 7.0
2.0 - 7.3

(6 )
( 9)

n.s.

3.0

**

1. 8

0.4 - 5.3
1. 6 - 2.2

(4)
(7)

Apr: FI
May: FI

3.4
3.0

1. 5 - 6.9
1. 8 - 6.2

( 6)

n.s.

( 8)

***

2.7
1. 6

0.3 - 4.7
1 . 5 - 1. 8

(4)
(6 )

Apr: Mean date:
9 April .
May: Mean date: 20 May.
** P <0.01, *** P <0.001 [19, 20, 21).

index values for either muscle in either season [23, 24).
Neithe r was there any signifi cant differe nce in muscle index
values between lactati ng and yeld females in autumn or betwee n
pregna nt and barren females in April [25).

It was not possib le,

howeve r, to compar e the age distrib ution of the two groups in
that month [18)

(see 'Fat' above) .

In May, howeve r, tl, semite n-

dinosu s and tl, gluteob iceps of pregna nt reinde er were 10.3 and
19.7% larger , re~pec tively , than those of barren females [26).

Loss of fat and muscle during winter .

Reinde er shot in May had

from 73.9 to 90.3% less dissec tible fat than those killed in
3

autumn ; the absolu te (kg) and relativ e (g/cm ) amount s lost are
given in Table 5.9.

These values represe nt only minimum averag e

losses (see ' Loss of weight in winter ' section 5.4.1).
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Table 5. 11
Mass, water content and muscle index values of two skeletal
muscles in female Svalbard reindeer aged >2 years old in autumn
and in May.

M. semitendinosu s (n = 1 0 )
------------ ------------ --dry
weight
g

water
content

M. gluteobice12s

(n = 1 2 )
------------ ------------ dry
weight
g

MI

%

water
content

MI

%

AUTUMN
mean:
+

49.8
3.9

71. 4
1. 2

4.6
0.4

148.9
8.1

69.4
1. 2

13.9
0.7

MAY
mean:
+

27.8
1. 4

73.5
0.9

2.6
0. 1

82.3
5.6

73.3
1. 1

7.6
0.5

3

3

MI Muscle index [(g/cm) x 10 ).
All values are given+ 95% confidence limits of the mean.
Autumn sample:
mean date: 21 October.
May sample:
mean date: 20 May.

The average rate at which reindeer lost fat in winter was
calculated from the difference between the mean fatness of animals shot at the start and end of different periods, divided by
the number of days between collections .

Adult females (aged 4

years and older) lost, on average, approximatel y 37 g fat per day
over the entire seven months of winter (Table 5.12).

They

appeared to lose, on average, between half and one third as much
fat per day during the final six weeks of winter (April 9 to May
20) compared with the first six moriths. (autumn to April; Table
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Table 5.12
Mean daily loss of fat in female Svalbard reindeer (aged 2-_4 years) and
calves at differen t times
during winter.

Loss

All females

N

~ean fat index value (FI) x lO

Autumn-M ay

Autumn 1

May 3

% FI

g-d-1

% FI

g-d-1

% FI

g• a-1

3. 2 ( 1 0)

2.4 ( 1 4)

73.9

37

65.2

40

25.0

20

9.2*

( 13)

April 2

Autumn- April

April-M ay

Pregnan t

*

3 . 4a ( 11 )

3.0a( 8)

67.4

34

63.0

39

11. 8

10

Non-pre gnant

*

2.7a( 4)

1 . 6b ( 6)

82.6

41

70.7

43

40.7

28

-

0.7 ( 3)

90.3

30

Calves (M + F)

0

11. 0

(

8)

N

*:
a,b:

Mean value for all samples in autumn (equival e nt to 10.6 kg TDF) used
for each category .
Values with the same suffix (a,b) are not signific antly differen t (20,
21, 27].

1 ,2,3:

Mean dates of killing = 20 October , 9 April and 20 May, respecti vely.
The interva ls
between killing s= 171 days between Autumn and April and 41 da ys April
and May
collecti ons; 2 12 days overall.
Sample size.

(n)

% FI:
Proport ional ( %) reductio n in the amount of fat in reindee r during each
interva l was
calculat ed from the differen ce between the mean fat index value at the
start and at the e nd of
each inte rval.
Hence, the proport ional loss of fat in adult females between autumn and
May, for
example , was ((9.2 - 2.4) / 9.2] x 100% = 73.9 %.
g-d-1: The mean daily loss of fat (g·d-1) was calculat ed by multiply
ing the mean TDF at the start
of each interva l ( ~ 5 .9 ) by the proport ional drop in mean FI during
it, divided by the duration
of the interva l in days.
Hence , the mean daily loss of fat for all females between autumn and
May,
for example , was ((10 .6 kg (73.9% / 100 %)] / 171 + 41 days) = 37 g·day-1.

5. 12) .

In addition,

in April and May, non-pregnant females

apparently burned nearly three times more fat per day than pregnant females (Table 5.12).

There were not enough data to make

similar calculations for calves, yearlings or 2 year olds.
Two muscles, tl• semitendinos us and tl, gluteobiceps , were
between 41.3 and 50.4% smaller in reindeer shot in May compared
with those in reindeer killed in autumn.
was the same for each muscle (Table 5.13).

The pattern of change

tl, gluteobiceps was

reduced three times faster than M. semitendinos us, over the whole
-1
of winter, (0.32 and 0.10 g.day
, respectively) but it was three
times larger (Table 5.11).

The proportional change in size over

the whole of winter was almost identical for each muscle (45.3
and 43.5%, respectively ; Table 5.13).
In contrast with fat,

there was no sign of a marked red-

uction in the rate of loss of muscle during the final six weeks
of winter.

However, like fat,

it appeared that pregnant females

burned muscle more slowly than non-pregnant females at that time
(Table 5.13).
Calves lost a larger proportion of their autumn fat reserves
during winter than other reindeer (Table 5.9) and, by May, they
had the least fat of all, both absolutely and relatively (Table
5. 8).
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Table 5 . 13
Reduc tion in the relati ve size of two skelet al muscle
s from the hind leg of female Svalba rd
reinde er (aged >2 y ears old) during diff e rent parts
oE winte r.

Loss
Mean muscle index value (MI) x10 3
Autumn l

Apn.·1?-

May 3

Autum n-Mat

Autumn -A12ril

Af2ril- May

% MI

g· d-1

% MI

g• d-1

% MI

- d-1
g•

M. semite ndinos us
All female s

N
0

.;::.

4. 6* ( 10)

3.03 ( 1 3)

2.6 ( 1 2)

43.5

0. 10

3 4. 1

0. 1 0

1 4. 2

0. 11

Pregna nt

*

3.05a( 6)

2.7c( 6)

41. 3

0. 10

33.7

0. 10

11 . 5

0.09

Non-p regnan t

*

3.01 a ( 7)

2.4d( 6)

47.8

0. 11

34.6

0. 10

20.3

0. 16

8.6

( 12)

7.6 ( 1 3)

45.3

0.32

38. 1

0.33

11. 6

0.26

M. gluteo bicees
All fema les

13.9*( 11)

Pregna nt

*

8.9b ( 5)

8.3b( G)

40.3

0.28

36.0

0. 31

6.7

0. 16

Non-p re g nant

*

8.5b ( 7)

6.9f( 7)

50.4

0.35

38.9

0.34

18 . 8

0. 41

*
a,b,c. :
1 , 2, 3:
% MI:
g-d-1 :

Mean value for all female s in autumn is used for each
catego ry.
Values with the s ame suffix (a .. . f) are not signif
icantl y differ ent [25, 26, 28, 29].
Mean dates
see Table 5. 12.
Propo rtiona l (%) reduct ion in the size of each muscle
during each interv al was
calcu late d in the same way as% FI in Table 5.12.
Loss of muscle in grams (dry weigh t) per day was calcul
ated in the same way us the daily
loss of fat in Table 5. 12.
Hence, betwee n autumn and May the I:!· semite ndinos us,
for
examp le, was deplet ed at an averag e rate of ([49.B
g (43.5% / 100%)] /
171 + 41 days) = 0.10 g·day- 1 _

5.5

ENERGY BALANCE IN WINTER

5.5.1

Gross energy store in autumn .

Adult female Svalba rd reinde er carried suffic ient fat and muscle
in autumn to yield, on averag e , approx imately 104 600 kcal standard free energy on oxidat ion to

co 2

and urea, respec tively.

Calves carried approx imately two thirds this amount .

In both

adults and calves , muscle protein contrib uted less than 6% of the
total reserve of energy (Table 5.14).
104 600 kcal was theore tically suffic ient to sustain an
adult Svalba rd reinde er, which initial ly weighed 63.3 kg, for 84
days' total starva tion, provid ing it was neithe r chilled nor
perform ed any activit y.

Accord ing to the model, it would have

lost 33.7% of its initia l body weight after this time.

When

metabo lic depres sion was incorp orated in the simula tion, the
reinde er survive d for 111 days and lost 33.0% of its startin g
weight .

The weight loss curves genera ted by the model are shown

in Figure 5.9.

Corresp onding values for the fattes t adults

(those with 14.5 kg dissec tible fat which, togeth er with 6.0 kg
'dispos able' muscle (see Table 5.14), made an energy store equivalent to 137 500 kcal) were 120 and 148 days, respec tively.
Values for calves , calcul ated using an energy store of 70 100
-1
kcal but adults ' minimum metabo lic rate (1.2 W.kg
), were 91 and
127 days, respec tively, with associ ated weight losses of 35.4 and
34.1% of startin g weight .
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Table 5.14
Mean gross energy stored (kcal) in adult female and calf
Svalbard reindeer in autumn (mean date: 21 October ).

Tissue

Total weight
in autumn

Fuel

ADULT FEMALES ( 2__ 4 years old)
dissecti ble fat
10.6 kg
92.0%
skeleta l muscle 13.3 kg*
4.9%
skeleta l muscle
6.0 kg**
25.7%

TAG
TAG
Protein

Caloric
equivale nt
( kcal. g- 1 )

9.4
9.4
4.3
Total

CALVES (M + F)
dissecti ble fat
skeleta l muscle
skeleta l muscle

7.2 kg
7 . 8 kg
3.5 kg**

92 . 0%
4.9%
25.7%

TAG
TAG
Protein

9.4
9 .4
4.3
Total

=
=
=
=

kcal

92 OOO
6 OOO
6 600

-------

=
=
=
=

104 600
62 600
3 600
3 900

-----70 100

I
I,

TAG Triacylg lycerol
*

I: I

Mean wet weight of tl, gluteobi ceps in autumn .
. - 486.6 g
Total weight of muscle by regressi on (section 5.3.1) = 13.3 kg

** tl, gluteobi ceps was 69 .4 % water, by weight, in autumn (Table
5.11) and assumed to contain 4.9% fat, by weight (section
5.3 . 1).
Reindee r can lose between 40 - 50% of their skeleta l
muscle and still remain alive (Table 5.13).

5.5.2

Energy balance in winter.

The estimate d energy expendi ture of a non-preg nant adult female
reindeer during one winter (212 days) was ea. 423 OOO kcal .

The

partitio ning of reindee rs' daily energy expendi t ure between different costs is shown using an example budget for a 60.0 kg barren
female (Table 5.15).

An energy balance sheet showed that, in

autumn, full grown female Svalbard reindeer carried sufficie nt
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Figure

5.9

Theoret ical weight loss of a fasting reind~e r, with and without
metabol ic depressi on .
Death (*) occurs when its energy reserves
(stored fat and muscle protein) are exhauste d.
The curves were
generate d by a model (Figure 5.2) which includes only reindee r's
minimum energy expendi ture ("fastin g heat producti on"; see Appendix 6).
Surviva l time would decline with increasi ng activity .
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energy, stored as fat and muscle protein, to contribute, on
average,

24.7% of their estimated energy expenditure during win-

ter, not including the cost of gestation (Table 5.16).
ponding
6.4 -

Corres-

maximum and minimum values (for the range of TDF from

14 . 5 kg; Table 5.8), were 15.9 - 32.5% of winter's energy

expenditure (WEE),

respectively .

When a linear reduction in metabolic rate (MBF) was incorporated in the simulation, WEE was reduced to 412 OOO kcal.

This

had little effect on the energy budget for 212 days: tissue
reserves could have contributed 25.4% of this amount.

However,

the energy saved (11 OOO kcal) would theoretically have been
sufficient to sustain a 40 kg reindeer for 7 days at the end of
winter .
Adults' total energy expenditure between October and April
was estimated to be 348 OOO kcal .
average,

Given that they lost, on

40 g fat per day between those dates (Table . 5.12), fat

could have contributed, on average, approximatel y 16% of their
daily energy requirements during the first six months of winter.
In April and May, by which time the foetus would have begun to
represent a substantial burden in terms of increased energy
requirements (Reine et al.

1982), pregnant females lost only 10 g

fat per day compared with 28 g per day for non-pregnant females.
The corresponding contribution s of fat towards the mean daily
energy requirements of pregnant and non-pregnant females were 3
and 14%, respectively (Table 5.17).

In other words , pregnant

females , which pres umab l y had the highest weight specific demands
for energy of all adult reindeer (males and females) during the
208
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Table 5 . 15
Daily energy expendi ture (DEE) of a 60 . 0 kg, non-preg nant, adult
female Svalbard reindeer in winter, partitio ned between differen t
activiti es . (Details of the calculat ion are given in Appendi x 6) .

Acti v ity

-1

-1

hours.da y

kcal . day

10 . 36
0 . 55
1. 99
10. 7
0.3
0. 1

960
86
296
816
47
12

43 . 3
3.9
13 . 4
36.8
2.1
0.5

DEE= 2 217

100.0

% DEE

Grazing
- feeding
- walking
- digging
Lying down, ruminati ng
Walking & trotting
Social and other activiti es

24 . 00

Table 5 . 16
Energy balance sheet for a non - pregnan t female reindeer (aged >4
years) in winter.

Mean gross energ y stored in autumn * (A)
Mean total energy expendi ture in winter
( 212 days) ( B)

104 600 kcal
423 OOO kcal

Conclus ion : In autumn , adult female S v albard reindeer carried
sufficie nt energy reserves to contribu te, on average, a MAXIMUM
of 25% ** of their energy expendi ture in winter, not includin g
the cost of gestatio n .
* fro m Table 5 . 1 4.
** (A/B) x 100%

final two mont h s of winter , were apparen tly able to meet
v i r t ua ll y t h ei r entire daily energy requirem ent from grazing at
that time .
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Table 5.17
Mean contribution (%) of fat to the daily energy expenditure
(DEE) of pregnant and non-pregnant female reindeer (~4 years old)
at different times during winter.

October - May

Total energy expenditure
(kcal)
Length of period (~fys)
Mean DEE (kcal.day
)
Loss of fat (g . day-t)
Loss of fat (kcal. day- 1
Fat's contribution to
DEE (%)

April - May

All females

Barren

Pregnant

348 OOO
171
2 033
40
346

71 OOO
41
1 735
28
242

116 OOO
41
2 829
10
87

17

14

3

(a) A
B
( b) C
(c)
(d) D
( e)

a: section 5.5.2.
b:

(A /

B).

c: from Table 5.12.
d: g fat x 0.92 x 9.4 kcal.g
e: (D/C) x 100%.

(see Table 5.14).

DISCUSSION
Despite their spectacular reserves of fat, Svalbard reindeers'
main source of energy in winter is what they eat, not the
reserves which they have stored.

Hence, competition for forage

was likely to h~ve had a significant influence on survival and
the rate of mortality in a given winter was unlikely to have been
independent of population density.
Large seasonal fluctuations in body weight, clearly apparent
in Svalbard reindeer (Figure 5.4), are not unusual among freeranging cervids .

Similar patterns of growth have been found both
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in barren- ground caribou (Dauph ine 1976) and wild reinde er
(Leade r-Willi ams and Ricket ts 1981; Reimer s, Klein and S~rumg aard
1983) as well as in other species (e.g. mule deer Odocoi leus
hemion us: Anders on, Medin and Bowden 1972; red deer Cervus
elaphu s: Mitche ll, Mccowa n and Nichols on 1976).

The amplitu de of

the cycle in Svalba rd reinde er, howeve r, illustr ated by the
propor tional loss of weight during winter , was much greate r
than in other subspe cies of Rangif er (Table 5.18)

Table 5.18
Compar ison of season al maximum and minimum total body weight (kg)
and the propor tional (%) loss of weight in winter in adult female
reinde er and caribou from differe nt popula tions.

kg

Locali ty I
latitud e

Stock I
sub-sp ecies
0

------- --

max.

I
I

weight loss
in winter

min.

(%)

I1

Source

Svalba rd 78 N

wild
reindee r*

63

45

29

this study

Canada
62° N
(Coats Island)

barren- ground
caribou

89

73

18

Adamcz ewski
(1986)

South Georgi a
(Busen)
54° s

introdu ced
reinde er

90

78

13

Leader -Willia ms
(1980)

Norway
60° N
wild
(Harda ngervid da) reinde er

54

48

11

Reimer s

Canada
60° N
(Kamin uriak)

barren- ground
caribou

90

80

11

Dauphi ne (1976)

Finland

domest icated
reinde er

66

59 ,

11

Niemin en (1980)

68° N

Alaska
65° N
(Denal i)

* >

caribou

110

4 yr old.
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100

9

(1980)

Boertje (1985)

and reflected , although was not necessari ly caused directly by,
the large seasonal difference s in food supply which occur at 78
N lat.

0

The main reason for the fluctuatio n was deposition and

subsequen t depletion of large amounts of fat.
Mammals normally store large quantities of fat for one of
two reasons: to conserve heat and to provide energy during
periods when they do not feed.

Blubber, for example, comprises

between 20 - 30% of the live weight of many aquatic and semiaquatic mammals (Bryden 1972, Bryden and Erickson 1976, L0n0
1970, Tarasoff 1974) and serves primarily as insulation (Irving
and Hart 1957, 0r itsland 1970).

It can also serve as their main

source of energy during mating,

lactation or migration when they

,I

may eat little or nothing (Brodie 1975; King 1983; Osgood, Preble
and Parker 1914).

Monogastr ic terrestria l mammals store similar

quantities of fat for hibernatio n (Table 5.19) and male cervids
(ruminants ) fatten considera bly prior to the rut (Dauphine 1976;
Mitchell, Mccowan and Nicholson 1976; Wal l ace and Davies 1985)
during which they spend little time feeding (Clutton-B rock, Guinness and Alban 1982; Kastnes 1979).
role of fat is unambiguo us.

I

In each of these cases the

I,

It is an energy store whose function

is to sustain the animal during its voluntary fast.
"Spontaneo us anorexia" during hibernatio n, mating,
or migration , however,

lactation

I

is physiolog ically distinct from invol-

untary starvation , i.e. undernutr ition due to a reduction in the
quality or accessibi lity of food (Mrosovsky and Sherry 1980) .
Voluntary fasts are character ized by animals refusing food even
though it may be freely available .

Periods of anorexia are pred-
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Table 5.19
Total body fat content (% live weight) of some mammals prior to
hibernatio n or torpor.

Species

% fat

Brown bear ( z)
Mantled ground squirrel
Polar bear
Badger
San Bernadino chipmunk
Be lding ground squirrel
Yellow pine chipmunk
Californi a ground squirrel
Hedgehog
Dwarf hamster ( z )

20.0*
22.0
22.5
23.6
25.0
29.0*
30.0
32.8
34.6
35.1*

*
Z.
D.
E.

Source
D

E
D
D
E
E

E
D
E
D

Pond and Mattacks
Jameson and Mead
L~n~
Pond and Mattacks
Jameson and Mead
Morton and Tung
Jameson and Mead
Linsdale (1946)
Wienland (1925)
Pond and Mattacks

( 198 5)
(1964)
(1970)
(1985)
(1964)
(19 7 1)
(1964)
(1985)

Fattest individua l.
Zoo specimen; all others are wild.
Dissectib le fat.
Chemicall y extractab le fat.

ictable and appear to follow an intrinsic rhythm, entrained by
photo-per iod and associated with changes in the levels of
circulatin g hormones (Brown et al.

1979; Leader-Wi lliams 1979b;

Pollock 1974; Wade and Bartness 1984a,b; Whitehead and McEwan
197 3) .

Involunta ry starvation , on the other hand, occurs when11
I

ever animals cannot find enough to eat.

Food shortage may be

predictab le in .highly seasonal environme nts, like the arctic , but

r.o

non-hiber nating mammals seem, neverthel ess, ,' cope with it in a
,\
different way.

Instead of maximising theiF energy stores, as

prior to a voluntary fast,

they meet the threat of enforced

starvation principal ly by attempting to minimise their energy
expenditu re during the critical period .

21 3

I

Most wild ungula tes,

for exampl e,

face undern utritio n each

winter owing to the inhere nt season ality and unreli ability of
their food supply (Mitch ell, Staine s and Welch 1977; Sincla ir
1977; White et al.

1981).

Howeve r, they typica lly store relat-

ively less fat than other herbiv ores (Pond and Mattac ks 1985),
especi ally hibern ators (Table 5.19 & 5.20).

Moreov er,

their fat

does not fully substi tute for forage in winter ; none store enough
I

for that .

There is, instead , increas ing evidenc e that the

I
11

princip al role of fat reserve s is to enhanc e reprod uctive succes s
b y provid ing a supplem ent to poor quality winter forage
1985 ; Tyler,

in press) althoug h they may,

I

(Kay

in additio n, serve as a

short term emerge ncy rationd uring period s when the animal s are
preven ted from feeding .
Ungula tes, therefo re, need food all year round.

In captiv ity,

severa l specie s, includi ng Svalba rd reinde er, eat less during
winter but none actual l y stop feedin g (Kay 1979 ; Larsen , Nilsson
and Bli x 1985a ; McEwan 1968 ; McEwan and Whiteh ead 1970), nor has
a volunt ary reducti on of food intake in winter yet been demonst r a te d am o ng free-ra nging animal s.

These feed continu ously,

mainta ining a high rate of intake b y e x panding their choice of
diet to include poor qualit y materi al which they reject in summer
(Owen - Smith 19 7 9 , Skoglan d 1984) .

Reducin g t ime spent on non-

feeding activi ties i . e . activi ties other than grazing or rurnina ting (Cabon -Raczyn ska et al . 1983 ; Gaare, Thomso n and KjosHanssen 1975 ; Geist 1971; Roby and Thing 1985) , making use of
sh e l t e r

(Staine s 1976) , growing a thick coat (Cowan and Raddi

1 972; Moot e 195 5; Ry der and Ka y 1 9 73; T imisja rvi et a l . 1984)
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Tab le 5.20
Tota l fat cont ent (% live· weig ht) of diffe rent
Some dome stic ru~in ants are inclu ded for comp wild ungl latel .
ariso n.
h

Spec ies/b reed

\ fat

Troo ical (sava nnah ).
Topi ( 1 J
Impa la (1)
Kob ( 1 J
Thomson's gaze lle (1)
Gran t's gaze lle (1)
Wild ebee st ( 1 J

1.0 D
1. 2 D

2.3
2.8
3.0
3.9

Tem oera te/su b-arc tic.
Norwegian reind eer (2)
Red deer (3)

3.5 E

4.5
5.2
5.7
6.5
6.9

(4)
( 5)

Mule deer (6)
Chin ese wate r deer (7)
Fallo w dee!:' ( 8 J
Nort h American elk (9)
Roe deer (10)
Whi te-ta iled deer (11)

1.

7.
8.
9.

10 .
11 .

12.
13.
14.
15 .
16 .
17.
D
E

D

E
E
D

7.8 E
8.3 E
9.5 E
13.5 D
16.8 D
28.7 D

Domest.:c.
Catt le, Frie sian (15)
19 .8
Jerse y (15)
21.3
Sheep, Scot s Blac kface (16) 14. 1
Texe l (16)
14.9
Clun ( 17)
43.2
Southdown (17)
45.5

2.
3.
4.
5.
6.

O,E

7. 1 E

Arct ic.
Barr en-g roun d carib ou (12)
Sval bard reind eer (13)
Sval bard reind eer (14)

A

D
D
D
D

D
D
D
D
D
D

Sour ce

Ledger
Ledger
Ledger
Ledger
Ledger
Ledger

(1968)
( 1968)
(1968)
( 1968 l
(1968)
( 1968)

Reimers et al . (1982)
Blax ter et al. ( 197 4)
Wall ace and Davi es (1985)
Kay et al. ( 1981)
Field et al. (1979)
Pond and Matt acks (1985)
Gregson and Purc has (1985)
Field et al . (1980)
Wiener (1973)
Robbins, Moen and Reid (1974)
Adamczewski (1986)
this stud y
Reimers et al. (1982)
Butle r-Ho gg & Wood (1982)
Butl er-H ogg~ Wood (1982)
Butle r-Ho gg & Whelehan (1984)
Butle r-Ho gg & Whelehan (1984)
Butle r-Ho gg (1984)
Butle r-Ho gg (1984)

Most ly fema les. Valu es for males are most ly
post -rut; the purp ose
of the Table is to compare the rela tive size
of the energ y
reser ves prio r to wint er , not the maximum fatne
ss which diff eren t
spec ies can attai n per se.
Adul t fema les (al l spec ies), wild .
Year ling male s, dom estic ated but free- rang ing,
Augu st.
One 2 year old stag , capt ive, post -rut.
Male s, capt ive, pos t-ru t(\ carc ass weig ht).
Year ling fema les, capt ive, autumn, (\ dress
ed weig ht ) .
Fema les 12.5 years old.
Two males & two fema les; mean of the fatte st
& thin nest , capt ive.
Males aged 26 months, capt ive, pre- rut.
Females 12.5 years old.
Adul t fema les, wild , Febr uary .
Adul t fema les, capt ive, autumn, (\ inge sta-f
ree
Females aged 14 year s (n = 4), November, (isla body weig ht).
nd popu latio n).
Females aged 14 year s (n = 13), September and
Octo ber.
One 2 year old fema le, August.
Stee rs aged 507 days (both breed s) .
Rams aged 4.5 year s (both bree ds).
Females and cast rated males aged 415 days (both
bree ds).
Diss ectib le fat.
Chem ically extra ctab le fat .
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and, apparently in some species at least, reducing fasting metabolic rate (Argo and Smith 1983 ; Blaxter and Boyne 1982, Finch
and King 1982, Silver et al.

1969), increases the time that they

can survive on poor forage.
Svalbard reindeer are no exception .

They also depend prima-

rily on reducing their requireme nts for energy rather than on
storing it.

The most conservat ive estimate from the energy

balan c e model showed that adult females could not survive, on
average, more than 111 days
without food,

(approxim at e ly half of winter)

even were they neither to reproduce nor to perform

1I

any activity and if, as a consequen ce of starvation , their metabolic rate was progressiv ely reduced down to 60% of its initial
value (Figure 5.9) .

At the very least, therefore , they would

need to have met, on average, not less than half their daily
energy requireme nts by feeding.

In reality, however, forage was

likely to have contribute d considera bly more than this.

Mature

females stored enough energy to cover, on average, about 25% of
their estimated requireme nts for one winter, not including the
extra demands of gestation (Table 5 . 16) .

Even the fattest indi-

viduals had only enough to meet about 33% of their needs
5. 5. 2) .

(section

Hence, Svalbard reindeer must normally obtain most of

their energy in winter from their food.
Calves were no less dependent on winter forage.

They were

20% fatter than adults in autumn, despite having 32% less weight
of fat,

owing to the difference in body size (Tables 5.8)

and might have survived about 127 days on their energy reserves
alone (section 5.5.1).

This is 14% long er than adults but the
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I
! !

calculatio n was made using adults' fasting metabolic rate (1.2
-1

W.kg

, Appendix 6).

It is well known, however, that metabolism

declines with age in mammals (e.g. rats, humans: Kleiber 1961;
sheep: Graham et al.

19 7 4) .

old lambs, for example,

The fasting metabolism of six month

is about 20% greater than in adult ewes
0.75

and wethers (62.1 instead of 51.4 kcal/kg

ARC 1980).

The

metabolism of Svalbard reindeer calves 5 to 12 months of age has
1

not been measured.

If, however, their specific metabolic rate

were 20% greater than that of adult reindeer, like in sheep,
then, given body weights of 29 and 63 kg (for animals aged six
months and four years, respective ly) their actual rate of heat
-1

production would be 47% greater (i.e.

1.76 W.kg

).

In that

case, the maximum potential survival time of calves would have
been 92 days,

i.e.

17% less than adults.

Given that food was the reindeers ' principal source of
energy in winter and that it was scarce, minimising energy
expenditu re must have been of paramount importance for survival.
It is not surprising , therefore , that reindeer devoted little
time to energetic ally costly non-feedin g activities (Table 3.4);

,,,
1'

these contribute d less than 4% of their daily energy expenditu re
during winter.

Correspon ding estimates for female caribou in

winter are 9% (Boertje 1985) and 11% (Fancy 1986).

Deer lose

heat faster when standing up than when lying down, especially if
it is windy (Moen 1973:287) and temperate species may select
areas of good shelter at the expense of better quality food and
may also reduce the total amount of time they spend feeding when
the weather is bad (Staines 1976, 1977 and references in these).
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Svalba rd reinde er spent no less time grazing than other reinde er
and caribou (Chapte r 3) but they are extrem ely well insula ted by
their thick coat*,

They have a lower critica l temper ature

of

0

-50

C in still air (Nilsse n, Sundsf jord and Blix 1984; Nilssen

1985) and the rate of heat transfe r across their pelt appear s to
be affecte d little by wind (N.A.0 ritslan d, person al commun ication).

It is quite likely, in fact,

that they are not usually

cold-s tressed in winter and, assumin g that this is the case,
their total daily energy expend iture in winter (includ ing all
activit y) would have been approx imately 1.4 times the minimum
(basal) value (which is the same as white- tailed deer in Florid a
in July!

(Steven s 1970 in Moen 1973:3 58)).

Corresp onding values

for female caribou in winter are 1.5 to 1.8 times the fasting
I:

metabo lic rate (Fancy 1986).

i:

I

------ ------ ------ ------ ------ ------ ------ ------ ------ ------ ----~
* Svalba rd reinde ers' sub-cu taneou s fat has little value as
insula tion.

The triacyl glycer ols in it consis t mainly of

I

I

I

I

I

1

satura ted fatty acids (Ringb erg, Nilssen and Str~m 1980) and it

I

become s highly v i scous at room temper ature (person al

1

1

observ ation).

Blubbe r, by contra st, consis ts mainly of unsat -

urated fatty acids (West et al.

1

\

11

I

1976a, b) and can cool to ambien t

(sea) temper ature withou t losing its fluidit y.

Svalba rd reinde er

have to keep their adipose tissue warm to avoid it becomin g
stiff .

0

They mainta in a skin temper ature between +25 & +35 C even

at ambien t temper atures of betwee n -15

0

0

to +4

C (Ringb erg,

Nilssen and Str~m 1980), which emphas ises their need for a good
coat.

'

11
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The most effective energy economy which mammals can practice
is to reduce their metabolic rate (e.g. Tucker 1966).

However,

despite an earlier suggestion, based on measurements of blood
levels of thyroxine, that the (fasting) metabolism of wild Sval bard reindeer might fali in winter (Ringberg 1979), recent
studies by indirect calorimetry have found no evidence for this,
at least in captive animals (Nilssen, Sundsfj o rd and Blix 1984).
These authors concluded that Svalbard reindeer reduce their
energy expenditure in winter only by minimising their activity
and by increasing their insulation,

in accordance with the

general prediction for arctic mammals made by Scholander et al.
(1950).

It may be significant, nevertheless , that their fasting

metabolism is normally below the interspecies mean of 70M1,0.75
-I

kcal.day

(where M~ is body weight in kg) and is 17% less than

that of red deer, the cervid with the next lowest fasting metabolism (Table 5.21).
To survive winter, a Svalbard reindeer would have to meet
not less than about 75% of its energy requirements by feeding;
fact , most appeared to have done better than this .

in

The net

amount of energy that the survivors must actually have got by
feeding can be calculated from the difference between their
estimated requirements and changes in the size of their energy
reserves.

Thus,

in the first part of winter (from autumn to

April), mature females appeared to have burned enough fat to have
covered only 17% of their energy requirements (Table 5.17); they
must, therefore, have satisfied not less than 83% of their needs
by feeding.

(They may also have derived energy by oxidation of
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Table 5.21:
Fasting metabo lic rate of differe nt wild and domest ic rumina nts
(all adults ).
Fasting metabo lic rate
0.1s

(x Mr,

Sheep
Svalba rd reinde er
INTERS PECIES MEAN
Cattle
Red deer
Caribou
Roe deer
White- tailed deer
Wildeb eest
Eland

kcal.da y

_,

48.6
65.5
70
76
79
91
94.6
97.1
104.3
111. 2

Source

w
w,s

F

Sp
Sp

F

(1)
( 2}
(3)
( 4}
( 5, 6}

F

(7)

w
w

M

F & C

( 8}

&

F

( 9)
( 10 )
( 10)

M : Body weight (kg).
b

M

males; C castra tes; F females .

W

winter ; Sp spring ; S summer .

Source s: ( 1) Blaxte r and Boyne ( 1982) ; ( 2) ( Ni lssen, Sunds fjord
and Blix (1984); (3) Kleibe r (1961); (4) ARC (1980: 97);
(5) Brockw ay and Maloiy (1968); (6) Maloiy et al. (1970);
(7) McEwan (1970); (8) Drozdz et al. (1973); (9) Silver et al.
( 1969); ( 10) Rogerso n ( 1968).

muscle protein ; this, howeve r, represe nted less than 7% of their
total energy reserve and so is not include d here).

Moreov er,

pregna nt females - appeare d to have been able to meet virtua lly
their entire daily energy require ment from grazing during the
last two months of winter (Table 5.17).

Food may have been in

short supply in winter but this result sugges ts that the animal s
which survive d must have been able, nevert heless, both to find
and to eat large amount s of it, even in the hardes t years.

220
11

Svalbard reindeer illustrate how ruminants , which have to
feed continuou sly, have adapted to long periods of potential
undernutr ition principal ly by minimisin g energy expenditu re
rather than by increasing dependenc e on stored energy, like many
monogastr ic species.

Loss of weight in wild cervids during

winter is still frequently regarded as diagnostic of undernutrition despite experimen tal evidence that this is not necessarily so (Kay 1985; Suttie and Simpson 1985; Ryg 1983) .

It is

perhaps misleading to regard the body weight of wild animals
simply as the product of a precariou s balance between energy
intake and demands over which they have little or no contrcil (see
King and Murphy 1985).
extent,

Growth stasis and, to an even greater

loss of weight, has the effect of reducing an animal's

daily energy requireme nts.

This may be vitally important for

ungulates in winter when food is not only scarce and of low
nutrition al quality but is also energetic ally expensive to
acquire.

The energy model described here shows that loss of

weight could potential ly result in a substanti al reduction of the
energy requireme nts of Svalbard reindeer during winter: by the
end of May,

for example, the daily energy expenditu re of non-

pregnant females had fallen to only 58% of autumn (October)
levels.
The fat reserves of Svalbard reindeer appear to have two
distinct roles.

The different pattern of weight loss in

pregnant and non-pregn ant females suggests that free living
Svalbard reindeer may be able to control the rate at which they
lose weight in winter as do captive ones .
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The e xt ent to

which loss of fat in the wild animals is due to voluntary
reduction in food intake, as opposed to inanition, is not known;
almost certainly it depends on the age, sex, social status and,
especially , on the ability of each particula r animal to feed and
digest its food efficient ly (Tyler 1986~).

Neverthel ess,

the average rate at which reindeer draw on their fat reserves and,
hence,

lose weight may be normally carefully regulated ,

presumabl y by appropria te adjustmen ts in appetite (see Ryg 1983).
Hence, although Svalbard reindeers ' energy reserves are large
enough to make a significa nt net contributi on to their total
energy requireme nt during winter, it does not necessari ly follow
that they use them for this purpose.

Assuming that the rate at

which free living Svalbard reindeer lose weight in winter is
indeed normally regulated intrinsica lly, then it follows,

which they can draw when needs be rather than a staple on which
they depend.
Pregnant females delayed mobilisati on of their remaining fat
reserves during the last two months of gestation (April and May)

press).

in

In Svalbard, where the spring melt can be delayed by

up to one month, a large store of fat is likely to be especially
important both for ensuring the survival of newborn calves and
for promoting their growth.

In pregnancy , therefore , Svalbard

reindeers ' fat reserves are used primarily for reproduct ive
purposes, at least during the last two months of gestation and
early lactation .

222

t

rather,

that their fat perhaps serves principal ly as a crisis ration on

like certain temperate and tropical ungulates (see Tyler,

I

.i

STATISTICA L TESTS.
[1]

Duration of skeletal growth in female Svalbard reindeer:

defining the age of statistica l maturity in length for three long
bones.

Kruskal-W allis one way an~lysis of var iance.

Hindfoot

length : females >14 months old (n = 57), H = 5 .7, df = 13 , n . s.
>0.5).

(P

Femur length: females ~14 months old (n = 53), H =

16.4, df = 12, n.s.

(P >0.1).

Mandible length: females >25

months old (n = 35), H = 6.56, df = 6, n.s.

(P

>0.3).

Length of

the posterior half of the mandible: females >25 months old (n =
4 4) , H

[2]

= 6 . 15,

df

=

7 , n. s.

>0.

(P

3) .

Body weight of calves in autumn: compariso n of males and

females.
= 3, n

Mann-Whit ney 'U' test; data from Table 5.4: U = 3.0, n
= 5 , n.s .

1
(P

= 0 . 125) .

2

[3]

Total body weigh t

of adult females: compariso n between

collection s within seasons.

= 1.52, n.s.

F

(P

Analysis of variance.

>0.05).

Autumns:

Late winters: F

[ 1 , 13 ]

= 1.53,
[2 ,29]

n . s.

(P

[4]

Total body weight of adult females in autumn: compariso n of

>0.05) .

females aged 28 months (mean= 62.1 kg) and >50 months (mean=
63 . 3 kg).
(P

[5]

Mann-Whit ney 'U' test : U = 12, n

= 2, n
1

>0.1).

= 13, n.s.
2

Total body weight of adult females in autumn : compariso n of

lactating and yeld females.
Table 5.5: U = 10, n

Mann-Whit ney 'U' test ; data from

=

= 4, n
1

11 , n.s.

2
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(P

>0. 1).

[6]

Total body weight of adult females in late winter: compar-

ison of pregnant and barren females.
from Table 5.5: U

=

= n = 16,

24, n

1
[7]

Mann-Whitney 'U' test; data
P <0.002.

2

Body weight of adult females in late winter: comparison of

the adjusted body weight of pregnant with the total body weight
of barren females.

= 66.5,

= n = 16,

n
1

[8]

Mann-Whitney 'U' test; data from Table 5.5: U
P <0.05.

2

Body weight of adult females in late winter: comparison of

the total and adjusted body weight of pregnant females.
Whitney 'U' test; data from Table 5.5: U

= 69.0,

Mann-

=n

n
1

= 16,
2

one tailed P <0.025.
[9]

Relationship between rump fat depth and total dissectible

fat in adult females:

comparison of two different analyses

(linear regression and a second degree polynomial).

Analysis of

= 4.26, two tailed P <0 . 025.

variance: F

[ 1, 25]
[10] Relationship between rump fat depth and total dissectible

fat in adult females : significance of the second degree polynomial.

= 51.2, P <0 .001.

Analysis of variance: F

[ 1 , 25 ]
[11] Relationship between total dissectible fat in autumn and
reindeers' age in whole years.

Spearman's rank correlation

= -0 .58,

coefficient : females >2 yrs, r

n

= 15,

0.01< P <0.05;

s

females > 4 yrs, r
females,

=

r

= -0.35, n = 13, n . s. (P
n = 11, 0;01< P <0.05.

>0.05);

lactating

s
-0.64,

s
(12] Relationship between reindeers '

fatness

in autumn and their age in whole years.
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(fat index values)

Spearman's rank carrel-

ation coeff icient :
femal es> 4 yrs, r
female s,

=

r

female s ~2 yrs,

= -0.37,
= 11,

s
-0.68, n

s

n

= -0.67,

r

= 13,

= 15,

n

s

P <0.01;

(P >0.05) ; lactat ing

n.s.

0.01< P <0.05.

(13] Fatnes s in autumn and late in winte r: compa rison of
fat
index values betwee n reinde er from differ ent age classe
s.
Whitn ey 'U'
U
U

= 16,
= 16,

n

1
n

test.

= 8,
= 2,

Mann-

AUTUMN: calves and female s 4 years and older,

n

2

= 11, P <0.05; calves and
= 8, n.s. (P = 0.089 ). 2

2 year old female s,

n
years olds were
1
2
fatter than female s ~4 years old: there was no overla p
betwee n
the range of index values in the two group s.
old female s and female s 4 years and older, U
14, n.s.

(P >0.05 ).

LATE WINTE R:

= 20,

n

2 year

=

=

3, n
1
2
Surviv ing adults were fatter than surviv ing

I
I

calves in May:

there was no overla p betwee n the range of index

I

I

values betwee n the two group s.

I
(14] Age distri butio n of differ ent collec tions of reinde
er:

com-

pariso n of sample s shot in Autumn and in May (fema les ~4
years
old).

Mann- Whitne y 'U'

test: U

= 91,

=

n

1

(P >0.05 ).
(15] Relati onship betwee n fatnes s
deers ' age (in whole years)

= 16,

13, n

n.s.

2

(fat index values ) and rein-

in late winte r (April and May).

Spearm an's rank ~orre lation coeff icient : female s >2 years
old,

r
s

= -0.51, n = 26, P <0.01.
(16) Age distri butio n of differ ent collec tions of reinde
er : compariso n of sample s shot in April and May (fema les ~3 years
old).
Mann- Whitne y 'U' test : U

= 44.5,

= 6,

n
1

(two t ailed P = 0.199 ).
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= 16,

n
2

z

= -0.26,

n.s.

[17] Fat reserves of adult females

(~3 years old) in late winter:

comparison of animals shot in April and May (both years cornbined) .
n.s.

(P

Mann-Whit ney 'U' test.

FI: U = 49.5, n

=

>0.05); TDF: U = 55, n

[18]

=

10, n

1

= 10,

1
n.s.
16,

= 14,
2
(P >0.05).
n

2

10 females aged ~3 years old were killed in April 1981; 6

pregnant and 4 non-pregn ant.

I

Four sets of incisor teeth from

these (two from each group) were lost during processing .

Inspec-

tion of the state of eruption of the mandibula r molar teeth from
these specimens confirmed that they had been aged >3 years old.
Exact ages, however, could not be assigned. Hence it was not
possible to compare the age distributi on of the two groups (pregnant and barren) or to reject the possibili ty that the similarity
in fatness between them was not really due to difference s in age.
[19] Fat reserves of adult females

(~3 years old) in April:

comparison of pregnant and non-pregn ant females.
'U' test.

=

14, n
1

TDF: U

=

1

= 6,

4, n

=

10, n
n.s.

= 6,

4, n

n.s.

Mann - Whitney

(P >0.05); FI: U

2

=

(P >0.05).

2

[20] Age distributi on of different collection s of reindeer: cornparison of pregnant and non-pregn ant reindeer shot in May
(females ~4 years old).

Mann -Whitne y 'U' test : U

=

1

= 9, z = -1.11 , n .s. (two tailed P = 0 . 087) .

n

= 7,

15.5, n

2

[21] Fat reserves of adult females

(~3 ye~rs old) in May: corn-

parison of pregnant and non-pregn ant females .
test. TDF: U = 2-, n

= 8, P <0.001.

= 7, n
1

Mann-Whit ney 'U'

= 9, P <0.01; FI: U = 1 , n
2

= 6, n
1
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II

(22] Growth of skele tal muscl es in Svalb ard reinde er: defini
ng
the age at which muscl es reach statis ticall y mature maximu
m
(autum n) dry weigh t.
ance.

Krusk al-Wa llis one way analy sis of vari-

M. semite ndino sus: female s >16 months old (n

=

13), H

=

16.86, df = 7, P <0.02; female s ~28 months old (n = 10),
H =
6.49, df = 6, n.s.

tl•

(P >0.3).

gluteo bicep s: female s >16 month s

old (n = 17), H = 13.9, df = 9, n.s.

(0 .2> P >O.l); female s >28

months old (n = 15), H = 1.69, df = 8, n.s.

(P >0.9).

(23] Relati onshi p betwee n the amoun t ( weigh t) of skele tal
mu scle
in female reinde er relati ve to body (skele tal) size in autumn
(musc le index values ) and their age in whole years.
rank corre lation coeff icient .
semite ndino sus, r
s

Spearm an's

Femal es aged 0-12 years old: M.

= -0 .19, n = 16, n.s. (P >0.05) ; M. gluteo -

= 0.32, n = 17, n.s. (P >0 .05).

bicep s, r

1111
I

s

i

(24] Relati onshi p betwee n the amoun t (weigh t) of skele tal
muscle
i

in female reinde er relati ve to body (skele tal) size in late
winte r (musc le index values ; April and May) and their age
in
whole years.

Spearm an's rank corre lation coeff icient .

aged 0-12 years old:

tl•

semite ndino sus, r

= -0 .19,

(P >0.05 ); M. gluteo bicep s, r

s

n

= -0 .30, n =
= 25, n.s. (P

Femal es
21, n .s.
>0.05 ).

s

[ 2 5]

Effec t of reprod uction on the amoun t (weigh t) of skele tal

muscle relati ve to body (skele tal) size in female reinde er:
compa rison of muscle index values betwee n breedi ng and nonbreedi ng female s aged ~2 years old .

Mann- Whitne y 'U' test.

Lacta ting and yeld female s in autumn :

= 4, n

n
1

= 7, _n. s. (P
2

=

0 .16);

tl•

tl•

semite ndino sus; U = 8.0,

gluteo bicep s; U

= 29,

= 6,

n

1
11
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n

= 10, n.s.

(P >0.1).

Pregn ant and non-p regnan t female s in

2

April: M.

semite ndino sus; U = 19.0, n

= 6,

1
= 5, n

>0.1); M. gluteo bicep s; U = 15, n
1

= 7,

n

n.s.

(P

2

= 7, n.s.

= 0.38).

(P

2

[26] Effec t of reprod uction on the amoun t (weigh t) of skele
tal
muscle relati ve to body (skele tal) size in female reinde
er :
compa rison of muscle index values betwee n pregna nt and nonpregn ant female s aged ~2 years old in May.

tl• semite ndino sus ;

test.

U = 3.0,

n

= n
1

gluteo bicep s; U = 29, n

= n
1

= 6,

P

Mann -Whitn ey 'U'
= 6, P = 0.032 ); M.

2

= 0.032 ).

2

[27] Fat reserv es of adult female s (~3 years old) late in
wirite r:
compa rison of the mean fat index values of pregn ant and
nonpregn ant female s in april and pregn ant female s in May.

Krusk al-

Wallis one way analy sis of varian ce: H = -0.051 , df = 2 ,
n .s.

(P

) 0, 9 5) ,
11

I

• Ill

[28] Relati ve size of skele tal muscle s in two sample s of reinde
er
shot in winte r: compa rison of muscle index values (MI) betwee
n
female s aged >2 years old shot in April and in May.

'U'

test . M. semite ndino sus,

U = 30.5,

(mean MI: April = 3.03, May= 2.56),

n

= 12, n
= 13, P <0 . 01 .
1
2
April = 8.64, May= 7.60), U = 32, n

tl, gluteo bicep s, (mean MI:
= n
1

[29]

Mann- Whitne y

= 12 , P <0.01.
2

Relati ve size of skele tal muscl es in adult female reinde
er

(~2 years old)

late in winte r: compa rison pf mean muscle index

values of pregn ant and non-p regnan t female s in april and
pregn ant
female s in May.

Krusk al-Wa llis one way analy sis of varian ce.

semite ndino sus ~ H = 12 . 79, df = 3, P <0.01.

1 . 05 , df = 3 , n.s.

(P >0.5).
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Chapter 6
CAUSES

OF

MORTALITY

INTRODUCTION
Natural mortality was the principal factor which limited the
abundance of reindeer in Adventdal en, accounting for 46% of all
losses (Table 4.17): the majority (87.2%) of deaths, moreover,
occurred late in winter (Figure 4.3).

The temporal pattern of

mortalit y, together with the large variation in rates of mortality between years (Table 4.14), suggested , moreover, that the
most common cause of death was starvation .

The implicatio n of

this is that, assuming that the average amount of food available
~

I

capita in a given year was a function of the number of
II

animals present, then rates of mortality were unlikely to have
been independe nt of population density within years despite the
fact that there was no simple density dependent relationsh ip in
mortality across them (Figure 4.9).
Compe~itio n for food, however, was evidently not the only
factor which influenced survival.

Large difference s in age-

specific rates of mortality (Figure 4.6) showed, for example,
that old adults -were less likely to survive winter than younger
ones and calves suffered much higher rates of mortality than
adults (Table 4.14).

Reimers (1983a) suggested that differenc es

in age-speci fic rates of mortality in adult Svalbard reindeer
might be associated with age-speci fic difference s in the size of
fat reserves.

Alban (1983) found a significan t inverse relation-
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ship between the mean age-speci fic weight of kidney fat in autumn
and age-speci fic rates of mortality in winter in lactating red
deer Cervus elaphus.

Such a relationsh ip, however,

is not

necessari ly causal; fat may be an important source of energy for
deer in winter but it is not the principal one (Chapter 5).
Ungulates live off forage, not fat.
the ability to find food,

Individua l difference s in

or actually to feed,

therefore might be

expected to have an important effect on survival.
Tooth attrition has often been suggested as a factor which
might influence condition and survival in deer, e.g. red deer
(Clutton-B rock, Guinness & Albon 1982, Lowe 1969; Mitchell,
Mccowan & Parrish 1973), reindeer (de Bie & van Wieren 1980;
Leader-Wi lliams 1980) and wapiti Cervus elaphus canadensi s (Flook
1970).

Ruminants need good teeth both for gathering and grinding

their food.

Premature loss of permanent teeth has a debilitati ng

I

I

effect on the performan ce of domestic sheep (Gunn 1970); ewes
with poor teeth eat less (Newton

&

Jackson 1983).

Leader-

Williams (1980c) found that reindeer affected with dental abnormalities (mandibul ar swellings caused, probably, by infection by
Actinomyc es spp.) had significa ntly lower body weight or condition than healthy animals.

No quantitati ve study, however, has

been made of the effect of tooth wear on physiolog ical condition
or survival in wild ungulates .
The aims of this chapter are 1) to determine the causes of
death of Svalbard reindeer, 2) to measure the e x tent of wear on
their molariform teeth and 3) to compare age-speci fic patterns
of variation in (a) the fat content of females in autumn and (b)
230
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the conditi on of their molarif orm teeth with age-sp ecific
pattern s of mortal ity.

METHODS
6.1
6.1.1

CAUSES

OF

DEATH

Examin ation of carcas ses .

Each carcas s (sectio n 2.1) was examin ed superf icially for signs
of trauma .

Animal s with broken bones found lying at the bottom

of cliffs were assume d to have fallen off those cliffs; carcas ses
with broken bones found lying on open ground were recorde d
separa tely .

Adult males found dead with hard antlers (i.e. which

must have died between Septem ber and Decemb er; Table 4 . 2) but
whose carcass es showed no superf icial sign of trauma were assume d
to have been killed during , or died soon after, the rut.

Some

animal s had obviou sly been poache d: typica lly all that remain ed
of these was the skull and skin, usually with the metata rsi
metaca rpi and feet still attache d .

&

The mandib le of each carcas s

was dissec ted , rough~ fleshed and air dried prior to examin ation
of the teeth (sectio n 6.1.2) .

All intact carcas ses were weighe d

to t he neares t 0 . 1 kg .

6.1.2

Tooth wear .

Rough- fleshed mandib les from carcass es and shot reinde er were
soaked in hot water for severa l days to loosen all remain ing soft
tissue , scrubbe d clean with stiff-b ristled brushe s and then air231

dried thoroughly.
molar, ml

The degree of wear of one first mandibular

(normally the most worn tooth),

from each reindeer was

quantified using a dimensionles s index (Figure 6.1):
2

Tooth wear index= 1 -

[(h

/ 1) / 1pm]

where,
h = height of ml from the rim of the alveolus to
the lingual margin of the anterior cusp,
l = length of ml, measured along the lingual rim
of the alveolus,
1pm = length of the premolar row, measured lingual
from the anterior rim of the alveolus of p2 to
the posterior rim of the alveolus of p4.

m1

B u ~ Posterior

P ~
1

Anterior

INDEX

Fig ur e

Lingual

= 1- [Ch '/l)/lpm]

6.1

Molariform too t h wear index f o r re i nde e r
232

(s ee section 6 . 1 . 2).

The index includes the square of tooth height because although
wear is measured in terms of tooth height (a linear dimension),
presumably it is changes in grinding surface area which are of
functional significance for the animal.
the premol a r

The lengths of ml and

row were included to control for individual differ -

ences in the size of teeth and length of the jaw .

The total

length of the jaw bone would have been a better measure but many
of the mandibles had been chewed by foxes and others were broken;
length of the premolar row was the greatest definable length
which could be measured on all the specimens.

6.2

ANALYSIS

OF

DATA

Non - parametric statistics (Siegel 1956) were used throughout.
Weights of reindeer found dead and shot late in winter were
compared using Mann-Whitney 'U' tests.

Age and sex differences

in the proportion of reindeer dying of particular causes were
examined using Chi-squared one sample tests .

Association between

reindeers' a ge (in whole years) and tooth wear inde x values was
measured using Spearman's rank correlation procedure.

The

significance of age - specific differences in body composition (fat
i nd ex va lues ; see section 5 . 2 . 1 ) were tested using Mann- Whitney
' U'

tests .

Tooth wear index values of reindeer which starved to

death in winter and which were shot were compared using MannWhitney 'U' tests .

The null hypothesis was rejected at the 5%

level in all cases .

233

I,

RESULTS
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6.3

I

MORTALITY

6.3.1

Proximate causes of mortality.

Five hundred and fifty-one reindeer were recorded to have died in
Adventdalen during this study (sections 4.5.2 & 4.5.3).

The

proximate cause of death was evident in 101 cases (18.3%),
in Appendix 7.

listed

Nine of the remaining 450 animals died in summer:

one adult mal e was shot after showing unusually aggressive
behaviour (in August) and was subsequently diagnosed as having
rabies (0degaard & Krogsrud 1981); there were three cases of
early post-natal calf mortality (making a total of six; Table
4.9) and five cases (two adult males, one adult female and two
calves) in which the cause of death was unknown.
(one adult male,

Six animals

four adult females and one sub-adult) died in

autumn or early winter and there were three cases in which
neither the sex or age of the animal nor the season of death
could be determined.
Four hundred and thirty-two cases (201 adults and yearlings,
222 calves and 5 unidentified) remained; all these animals had
died late in wi~ter (Chapter 4) but there was no sign of trauma
in any of them.
weighed.

Sixteen of these were found intact and were

Animals found dead in late winte~ almost invariably

weighed less than those shot at the same time of year (Table
6.1).

The difference was highly significant in calves [l]; there

were too few data to make statistical comparison of adult males
or adult females.

Nevertheless, the total body weight of those
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Table 6.1

I

Total body weight (kg) of reindeer shot in autumn and late winter
and of reindeer found dead late in winter: comparison of means.

1
Autumn
kg
Adult males
Adult females
Calves (M & F)
1
2
E
0

**

86.6
63.3
37 . 2

1
Late winter

n

kg

4

56.7
44.5
23.6

15
8

n

12
16
3

2
Found dead

**

kg

n

49.3
37.5
19.9

1

2

13

% weight loss

E

34 . 5
29.7
36.3

0

43.1
40.8
46.2

Data for shot females and calves from Table 5.6; data for shot
males (E.Reimers,
personal communication):
autumn values are
post rut.
Not including animals which died after falling over cliffs .
Expected weight loss (from the difference between the seasonal
mean weights of shot samples).
Weight loss observed in animals found dead (from the
difference between autumn mean weights and the mean weight of
reindeer found dead).
P <0 . 02 (1) .

found dead was approximately 40% lower than mean weights of
animals shot in autumn compared to approximately 30% lower in
animals shot late in winter (Table 6.1).

None of those found

dead had subcutaneous deposits of fat over the back or rump .

I

concluded that they had starved to death and that starvation was
the cause of death of all 432 reindeer which died late in winter .
The proximate causes of death of all 551 reindeer are listed
in Table 6 . 2 .

I

Twenty-one adults and yearlings and 7 calves died

as a result of injuries sustained after falling over cliffs ; this
was th u s the second most important cause of natural mortalit y
a f te r starvation .

Interestin g ly , a si g nificantly larger
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Table 6.2
Causes of death of reindeer in Adventdalen 1978/79 to 1983/84 .

Adults & yearlings
Cause

M

Calves

F

u

M

F

u

u

Total

96
4
3

11

27
2
1

26

168
5

9

428
28
4

83 . 3
5.4
0.8

1
5

3

15
14
6
6
4
3
1
1

2.9
2.7
1. 2
1. 2
0.8
0.6
0.2
0.2

514

99.3

%

Late winter mortality .
N

A

u

Starved
Cliff fall
Broken bones

R
A
L

Summer & early winter mortality.

T

M
0

R
T
A
L
I

T
y

95
17

Rut
15
Unknown
3
Perinatal
Tangled in wire
5
Killed by dogs
1
Broken bones
2
Rabies
1
Died giving birth
Total

5

1

1
1

1
1
1

1

1

1

139 112

13

31

27

180

12

------------ ------------ ------------ ------------ ------------ ----Shot legally
Poached

TOTAL

17
2

14

1
3

158 126

17

32
5

31

27

180

12

551

M: males; F: fe~ales; U: Unidentified .

proportion of adults and yearlings (8.4%) died this way compared
to calves (2.9%)

[2].

A significantly larger proportion of

adult and yearling males (12.2%, n = 17) died after falling over
cliffs compared to adult and yearling females (3.6%, n = 4)
236

[2].

~I

Ot

There was no signific ant differen ce between the proporti on{adul t
and yearling females and calves which fell over cliffs [2] but
the differen ce between the proporti on of adult and yearling males
and calves was highly signific antly differen t [2] .
The third most importan t cause of mortalit y (in males) was
fighting .

Of 15 rut casualti es (Table 6.2), four animals, two

pairs, died after their antlers had become interloc ked.

6.3.2

Tooth wear.

Tooth wear was normally measured on the left ml.

Twenty-o ne

adult male mandibl es were picked at random and tooth wear was
measured on both left and right ml teeth.

There were no

signific ant differen ces in wear index values between left and
right sides [3] .

11

The extent of wear on the first mandibu lar molar increase d
linearly with age up to eight or nine years in females but
leveled off thereaf ter (Figure 6 .2): there was no signific ant
associa tion between age at death and tooth wear index values in
females aged nine years or older [4].

There were too few speci-

mens to examine the relation ship between tooth wear and age in
males aged eight or less years old. However , in contras t to
females,

there was a signific ant increase in tooth wear index

values in males aged nine yeara and older [5].
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6.2

Relations hip between age and tooth wear on the fir s t mandi b ular
mo l ar tooth in female Svalbard reindeer.

6.3.3

Relations hip between body compositio n and mortality .

Females were f~ll grown at three years (section 5.4.1) but
suf f ered no substanti al mo rtality before the age of eight years
(Figure 4.7).

Females aged four to seven years old (inclusive )

were significa ntly fatter in autumn than females aged eight years
and older (4 to 7 yrs: mean autumn TDF = 11.6 kg+ 1.7 (SD), mean
fat index= 10.7 + 1.8 (SD);

> 8 yrs: mean autumn TDF =

2.9 (SD), mean fat index= 8.5 + 2.6 (SD)
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9.2 kg+

[6]) but there was no

· - - - - - -- - - - - - - - -- -------,-- -si

sign of a marked decline in fatness at eight years correspo nding
with the sharp rise in the age-spe cific rate of mortalit y (Figure
5. 7) .

6.3.4

Relation ship between tooth wear and mortalit y.

All adult reindeer which starved to death had badly worn molar
teeth.

Tooth wear index values for shot females ranged from 0.70

(least worn)

to 0.98 (most worn) but index values for females

which had starved to death ranged from 0.88 to 0.98 (Figure 6.3).

I
1 ,

STARVED

10

I

I

5

cc
w
w

Cl

z

w
cc

0
0.7

u.

0.8

0.9

1.0

0.9

1.0

0

cc
w
[IJ

SHOT

:::E

::l

z

]
0.7

0.8

TOOTH WEAR INDEX ON m1
(increasing wear -

Figure

)

6.3

Frequenc y distribu tions of molarifo rm tooth wear index values in
female Svalbard reindeer found starved to death in Adventd alen
and females which were sh o t.
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The shot sample included animals from the age of two to fifteen
years old while the youngest starved females were seven years
old.

However, the difference between the frequency distribution

of tooth wear in the shot and starved samples was not due simply
to differences in age distribution: the first mandibular molars
of adult females which had starved to death were significantly
more worn than those of females of the same age which had been
shot (Figure 6.4)

[7].

There was not sufficient overlap between

the age distribution of carcasses to compare age-specific tooth
wear between the sexes.

However, the ml of males aged eight and

nine years old which had starved to death tended to be less
severely worn than ml teeth of starved females of the same age
(Figure 6.5).
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Effect of tooth wear on survival: the first mandibular molar
teeth of reindeer which starved to death were significantly more
worn than those of animals of the same age which were shot .
The
graph illustrates the relationship between age and tooth wear
index values (measured on ml) in female Svalbard reindeer aged~
7 seven years .
Each point represents one reindeer. Solid
circles: females which were shot . Open
circles: females which
starved to death.
The distributions for each group are significantly different (P = 0.029, [7]) .
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Tooth wear and surviva l: sex differen ces.
The first mandibu lar
molar teeth of male Svalbard reindeer which had starved to death
tended to be less worn than those of starved females of the same
age.
The graph illustra tes the re l ationshi p between age and
tooth wear index values (measure d on ml) in starved male and female
Svalbard reindeer aged~ 7 seven years.
Each point represen ts
one reindee r.
Open circles: females.
Solid circles: males.

DISCUSSI ON
Seventy -seven percent of adult and 94% of calf deaths in
Adventd alen were due to starvati on in winter (Table 6.2).

The

prevalen ce of starvati on among the differen t causes of mortali ty
in Svalbard reindeer (Table 6 .2 ), is unique . among Rangife r .
Predatio n (and hunting) is a principa l cause of death among
adults in virtuall y all other wild populati ons (Bergeru d 1980;
e.g. reindee r: Karlsen 1978; Thing and Clausen 1980; Tjernber g
1981, caribou: Bergerud 1971; Eide and Ballard 1983; Gasaway et
241

al.

1983; Miller and Brough ton 1974; Parker 1972).

No predat ion

was recorde d in Advent dalen, howeve r, despite the presenc e of
both arctic foxes and polar bears.

Reimer s (1983a} obtaine d

simila r results in a study of Svalba rd reinde er on Edge~y a,
conclu ding that 89.8% of deaths (N = 226) there were due to
starva tion.
One of the few other free-li ving popula tions of Rangif er
which suffers neithe r predati on nor is hunted and with which,
therefo re, results from Svalba rd may be compar ed direct ly, exists
on South Georgi a (Leade r-Willi ams 1980a} .

Intere stingly , there

are severa l differe nces in the prevale nce of differe nt causes of
death among Svalba rd and South Georgi a reinde er; one, the low
inciden ce of early postna tal mortal ity in Svalba rd, was discuss ed
in Chapte r 4.

Deaths resulti ng from injurie s sustain ed after

falling over cliffs were more common in South Georgi a than in
Svalba rd: Leader -Willia ms (1980b} attribu ted the cause of death
of 12% of adult and yearlin g carcas ses and 23% of winter calf
carcas ses on South Georgia to falls,

althoug h he believe d that

these figures undere stimate d the true values .

Corresp onding

values in Advent dalen were 8.0 and 2.9%, respec tively (Table
6 .2}•

It was not clear why calves on South Georgi a were so prone

to this kind of accide nt.
In Svalba rd, a signifi cantly higher propor tion of adult
males died as a result of falling over cliffs than adult female s
(sectio n 6.4.1) .

All these males died late in winter , after they

had shed their antlers .

It was sugges ted in Chapte r 5 that

posses sion of antlers might result in prefer ential access to
242
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forage late in winter.

Sex differences in the incidence of cliff

falls might, therefore, be due to (antlerless) males being driven
from the best feeding sites by antlered females and being forced,
instead, to feed in places which reindeer normally avoided (e . g.
brinks of plateaux) .

Males are found higher in the terrain than

females in late winter (Tyler 1986b) but it is not known whether
they tend to feed on more exposed sites.

Leader-Williams (1980b)

did not examine sex differences in cliff fall casualties in his
study.
The incidence of male mortality early in winter was lower in
Svalbard than in South Georgia reindeer.

Sixty-eight percent of

mortality among South Georgia males occurred soon after the rut
(Leader - Williams 1980b) compared to 15.8% (n = 22) in Svalbard
(Figure 4 . 3).

Leader-Williams (1980b) concluded that winter food

shortage was either less significant in male mortality, compared
to females , or that its effect was more quickly apparent after
the stress of the rut .

The total body weight (TBW) of adult male

Svalbard reindeer declines, on average, 30% during the rut (late
August mean TBW = 123.6 kg, n = 3; mid October mean TBW = 86.6
kg, n = 4 .

E.Reirners and H.Staaland, personal communications).

Loss of weight in males cervids during the rut, however,

is due

both to mobilisation of fat and a decline in gut fill owing to
temporary anorexia (Dauphin~ 1976; Mitchell et al. 1976; Wallace
and Davies 1985).

It is not known what proportion of total body

fat male Svalbard reindeer use up during the rut so it is not
possible to suggest wh y these might have been less susceptible to
the effects of food shortage than South Georgia males .
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The prevalence of pathological conditions was very low among
Svalbard reindeer,

in contrast to South Georgia.

One adult male

in Adventdalen was diagnosed as having rabies, making a total of
three cases (0degaard and Krogsrud 1981)
date in Svalbard.

confirmed to

The disease must thus be considered a rarity

in Svalbard, as it is among reindeer and caribou in Alaska
(Dieterich 1985), although, unfortunately , no detailed postmortem examination was conducted on fourteen animals found dead
in summer.

These 'unknown' summer deaths, however, represented

less than 3% of natural mortality (Table 6.2).

Leader-Willia ms

found little disease or infection among South Georgia reindeer
with one notable exception: up to 30% of carcasses there had
severe mandibular swellings which he considered were an important
contributory cause of death (Leader-Willi ams 1980b, 1980c, 1982).
No such swellings were found in dead reindeer in Adventdalen.
Skin warbles Oedemagena tarandi and throat warbles
Cephanomyia trompe, which represent a major health problem in
mainland populations of Rangifer (Dieterich 1985; Skjenneberg and
Slagsvold 1968) , are present neither in Svalbard nor South
Georgia.

Svalbard reindeer, however , are host to six species of

abomasal nematodes in contrast to South Georgia reindeer in which
only one species of nematode has been been found in the abomasum
(Bye and Halvorsen 1983; Leader-Willia ms 1980d).

Levels of

infestation in Svalbard reindeer, moreover, are very high (mean=
10 OOO adult nematodes per abomasum in adults) compared both with
semi-domesti cated reindeer in Norway (mean= 2 OOO nematodes per
abomasum) and other cervids (Bye and Halvorsen 1983; Halvorsen
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and Bye 1985).

Some individ uals have been found with worm

burden s in excess of 18 OOO, a level at which the perform ance and
life expecta ncy of the host is likely to be affecte d (Bye and
Halvor sen 1983).

Despite these hi~h levels of infesta tion,

howeve r, Halvor sen and Bye (1985) conclud ed that parasi tes
probab ly represe nted a contrib utory rather than an ultima te cause
of death in Svalba rd reinde er.
The absence of predati on and disease suppor ts the conclu sion
that the majori ty of animal s died from starva tion (sectio n
6.4. 1) .

This finding has consid erable implic ation for

interp reting the mechan ics of popula tion growth and the
limita tion of number s describ ed in Chapte r 4.

Assumin g both that

the amount of food ~ capita in a given winter was a functio n of
the number of animal s presen t and that the animal s compet ed for
food,

it follows that the rate of mortal ity in a given winter

must have been a functio n of popula tion density .

This is

I

I

I

explore d further in Chapte r 7.
What was the reason for large differe nces in age-sp ecific
rates of mortal ity; why were old adults more likely to starve to
death than young ones?

The stomac hs of many of the animal s which

had died from starva tion contain ed large amount s of undige sted,
fibrous materi al (someth ing which has been observe d in other
starved ungula tes , e . g. wildeb eest Connoc haetes taurinu s, Child
1972; elepha nts Loxodo nta african a, Parker 1983) .

This sugges ts

that death from starva tion was not necess arily simply a
conseq uence of not finding enough to eat .

Individ ual differe nces

in surviv al during a given period of food shortag e might have
24 5
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been due in large part to the efficien cy with which food was
cropped, mastica ted and digested .
Wear of molarifo rm teeth increase d with age and the onset of
mortali ty in females

(at eight years old; Figure 4.6) corres -

ponded with tooth wear indices reaching 0.83 (Figure 6.2).

The

teeth of females which starved to death were more severely worn
than those of the same age which were shot.

Most starved

animals, moreove r, had wear index values in excess of 0.90
(Figure 6.4) .

Teeth with this score were very badly worn.

In

most cases infundib uli between the anterior cusps and between the
posterio r cusps of ml were reduced to small islands of enamel
surround ed by an expanse of dentine, or were missing altogeth er.
The cheek teeth of ruminan ts are hypsodo nt (high crowned)
precisel y to withstan d continu al abrasion without loss of
function (Janis 1984) but it is the enamel, not the dentine,
which serves as the cutting/ shearin g surface of herbivo res'
teeth (Maglio 1973).

Once the crowns have been worn away all

that is left is a block of dentine encased within a thin perimeter of enamel .

Such teeth,

lacking enamel ridges, presuma bly

function poorly .
The importan ce of efficien t mastica tion has been
demonst rated indirec tly in both wild and domestic ruminan ts.
Cattle eat less when fed bulky, low quality roughage , than when
the same ration is finely gro u nd (Camplin g and Freer 1966); elk
Cervus canaden sis eat more alfalfa when it is pelleted than
when it is baled (Dean et al.

1980) .

Sheep eat less when their

jaw-mov ements are restrict ed artifici ally during ruminati on
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(Pearce and Moir 1964).

In the case of both cattle and sheep the

animals' voluntary intake of food was thought to have been
limited by the rate of passage of digesta out from the reticulorumen which itself depends mainly on the specific gravity of
particles (Campling and Freer 1960) .

Thus, low rates of

fermentati on and high retention time of digesta may play at least
as important a role in death from starvation as lack of anything
to eat.

Conceivab ly, therefore , reindeer whose molariform teeth

are in good condition are able to masticate coarse winter forage
better, pass the digesta through the gut more rapidly and, hence,
eat more and survive better than those whose teeth are badly
worn.

This might explain why, age for age, reindeer with the

worst molariform teeth survived less well.
What about incisiform teeth?

Might old animals have also

suffered declining ability to crop forage efficientl y?

The

incisiform teeth of most dead adults were worn to such an extent
that all that remained of the incisor row was eight flat stumps,
flush with the gum, often with the pulp cavity of both il and i2
teeth e x posed.

This contrasts remarkabl y with the pattern of

wear in red deer Cerv us elaphus : in these the incisors persist
spatulate even in animals aged ~15 years whose molariform teeth
show chronic att r ition similar to Svalbard reindeer (see Mitchell
et al.

1977, plate 10) .

The different pattern of wear in the two

species might be due to differenc es in the physical structure of
their winter forage.

Highland red deer eat large amounts of

Be t ula and Calluna , both erect plants , and Pinus sylvestris in
winter ( Mitchell et al.

1977) .

Svalba rd reind ee r , in cont r ast ,
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not only eat postrate plants such as Dryas octapetala and Salix
polaris, which entails cropping less than 1 cm off the ground,
thus increasing the likelihood of ingesting soil and sand, but
also they gnaw crustose lichens from rocks (Plate 5).

Crustose

lichens are usually not more than about 3 mm thick and they
attach themselves to the rock surface astonishingly firmly by a
process which results in particles of rock becoming incorporated
into the

thallus (Walton 1985).

Presumably they have to be

chiseled rather than bitten off, which might account for the
severe wear on the reindeers'
al.

(1982)

incisiform teeth.

Clutton-Brock et

'often found that [red deer hinds which showed a]

sudden decline in condition had broken an incisor'.

Svalbard

reindeer, however, are not overtly disabled by the loss of their
incisors: several middle aged (five to seven years old) females
shot in autumn and both in good condition and with calves at foot
had what appeared to be no functional incisors just like the
older, dead animals.
An alternative explanation for reduced survival among Svalbard reindeer aged seven years and older is that there exists a
threshold fatness above which the animals were safe from starvation.

Females aged one to seven years old (inclusive) had ten

or more kg dis~ectible fat in autumn and suffered negligible
mortality; most females aged eight years or older, by contrast,
had less than ten kg dissectible fat in autumn (section 6.4.3)
and many died.

However, the only natural situation in which

there is likely to be a direct causal relationship between
initial fatness and survival is when animals eat nothing at all
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(see 0ritslan d 1977); for example, with seals during the combined
pupping and mating season (King 1983).

Svalbard reindeer clearly

rely heavily on feeding to survive winter, despite their large
reser v es of fat in autumn (Chapter 5).

Hence, the minimum amount

of fat with which a reindeer can survive winter must depend on
how much food it can find , eat and digest.

Consequ ently, the

decline in autumn fatness with increasi ng age is likely to be
sufficie nt b y itself to e x plain the pattern of mortalit y only if
all adult reind eer had the same rate of food intake (relativ e to
their requirem ents).
case.

This is most unlikely to have been the

An individu al whose teeth are in good conditio n is likely

to be able to eat more and, consequ ently, to need less fat than
one whose teeth are badly worn.

Thus, it does not necessa rily

follo w that reindeer with less than ten kg dissecti ble fat
suffered increase d rates of mortalit y because their reserves were
too small ~ se.

Indeed, low fat content in autumn, other

things being equal, might itself be indicati ve of reduced feeding
efficien cy.

STATISTI CAL
[1]
dead

TESTS

Comparis on of the total body weight of reindeer calves found
between

February and May and calves shot

= 3,

Whitney 'U' test: n
1

[2)

= 13,

n

U

= 1,

in

May.

Mann-

two-tail ed P <0.02.

2

Age and sex differen ces in mortalit y: comparis on of the

proporti on of differen t age/sex classes which died as a result of
falling over cliffs; Chi-squ ared one sample test .
249

Adult & y ear -

2

ling males vs adult and yearling females: j(..

= 5.18, P <0.05.
2

Adults and yearling s (both sexes) vs calves: -X.

= 5.36, P <0.05.

Compari son of tooth wear index vales on left and right

(3)

mandibu lar first molars (adult males).
signed-r anks test: n

(4)

= 21,

T

= 60,

Wilcoxon matched -pairs

P (two tailed) <0.05.

Effect of age on molar tooth wear in female reindeer :

correlat ion between age at death and tooth wear index values in
animals aged nine years or older.

= -0.12,

coeffici ent: r

df

=

Spearma n's rank correlat ion
(one tailed) = -0.715, ns (P

35, t

s

>0 . 1 ) .
(5)

Relation ship between age and molar tooth wear in male

reindee r: correlat ion between age at death and tooth wear index
values in animals aged nine years or older .

= 0.42,

correlat ion coeffici ent: r

df

s

Spearma n's rank

= 27,

t

(two tailed)

=

2.42, 0.02< P <0.05.

(6)

Body composi tion and mortalit y: comparis on of autumn fat

index values between females aged 4-7 years old and females aged
8

years and older.

Mann - Whitney 'U' test: n

>0.05.
[7]

= 6, n
1

= 7, P
2

Effect of molar tooth wear on surviva l: comparis on of tooth

wear index values between female reindeer (aged ~9 years old)
which starved to death in winter and which were shot .
Whitney 'U ' test: U = 127.5, n
0.029.

1

= 13,

= 31, z

n
2
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Mann-

= -1.90,

P

=

I
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Chap ter 7
CONCLUDING

7.1

DISCU SSION

INTRODUCTION

This study of the growt h and body comp ositio n and
demog raphy of
Svalb ard reind eer makes a numbe r of contr ibuti ons
to know ledge of
popu lation trend s, mort ality , fecun dity, dispe rsal
and,

in turn ,

facto rs which influ ence the abund ance of the most
north erly deer
in the world .

First , by conti nuing a serie s of annua l count s of

reind eer begun in Adve ntdale n fiftee n years ago, it
was possi ble
to show that there had been no overa ll chang e in the
densi ty of
anima ls there durin g this time (Figu re 2.9) .

Secon d, drawi ng up

an annua l balan ce sheet of total birth s and death s,
combi ned with
follow ing the seaso nal and annua l movem ents of marke
d anim als,
showe d that reind eer in Adve ntdale n cons titute d,
discr ete sub-p opula tion .

As a resul t, third ,

in effec t, a

it was · possi ble to

demo nstrat e that there was prono unced varia tion in
annua l rates
of fecun dity, mort ality and dispe rsal.

Using these data,

fourt h,

it was found that altho ugh mort ality (of calve s and
adult s)
accou nted for the large st propo rtion of total annua
l losse s (46%,
Table 4.16) , and was there fore the princ ipal facto
r limit ing
numb ers, the so-ca lled key facto r in this popu lation
was
succe ssful produ ction of calve s.

Neith er the rate of produ ction

of calve s nor the rate of mort ality was dens it y depen
dent acros s
years whi ch sugge sted , fifth ,

that the weath er had . an impo rtant

effec t on the dynam ics of the Adve ntdale n popu lation
.

This was

suppo rted, sixth , by the findi n g that hi gh level s
of mort ality
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were associated with above average duration of snow cover which,
in turn, suggested, seventh, that one proximate causal factor
limiting this population was the availability of winter forage.
The importance of winter forage w~s confirmed by demonstratin g,
eighth, that the main cause of mortality was starvation late in
winter and, ninth, that Svalbard reindeer were heavily
dependent on feeding for maintaining energy balance in winter.
Finally, this suggested that the ultimate factor which determined
the abundance of reindeer was the quality and abundance of winter
forage.

7.2

INCREASE

IN

NUMBERS

1925

TO

1984

Ten years ago neither the number of reindeer nor the trend in
numbers were known for certain anywhere in Svalbard.

One thing

was clear, however: their numbers had increased during the preceding fifty years (1925 to 1975; section 1.3).
bably two main reasons for this increase.

There are pro-

First, survival pres-

umably improved as a result of the (1925) ban on hunting.
Second,

it seems likely that hunting had been the main factor

limiting the abundance of reindeer in the years before they were
protected (section 1.2).

It follows that if the density of

animals had been artificially maintained below ecological
carrying capacity (K) for a substantial period (perhaps 20 or 30
years prior to 1925), then the abundance of preferred diet plants
is likely to have increased above K (see section 1.4).

When

hunting stopped, therefore, the standing crop of edible plants in
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Svalba rd probab ly exceed ed K, owing to severa l decade s of undergrazing , and, conseq uently, the few reinde er which survive d then
presum ably enjoyed an abunda nt supply of food.

Under these

circum stances , their number s would .be expecte d to increas e until
reachin g a new equilib rium (sectio n 1.4).

Moreov er, given the

absenc e of predat ion and serious disease in Svalba rd (Chapt ers 4
&

6), the final (equili brium) density of animal s would normal ly

be expecte d to be determ ined by their resour ces.
The popula tion of reinde er in Advent dalen does appear to
have reached a new equilib rium.

It is eviden tly stable (sensu

Holling 1973; see section 1.4), for there has been no net
increas e or decline in number s since 1971.

The appare nt equilib -

rium density in Advent dalen is 2.7 to 4.4 reinde er per km
produc tive ground below 200 m a.s.l.
2

reinde er per km

total area .

2

of

(Figure 2.9), or 0.5 to 0.9

There have been severa l sugges -

tions since the early 1970s that differe nt sub-po pulatio ns of
reinde er on Svalba rd might no longer be increas ing (sectio n 1.3)
but this is the first time that stabil ity has been demon strated
in a popula tion anywhe re in the archipe lago.

7.3

TEMPORAL

LIMITA TION

OR

RESOURCE

LIMITA TION?

Two alterna tive hypoth eses have been propos ed to accoun t for
popula tion stabil ity in Svalba rd reinde er.
thesis '

The 'weathe r hypo-

(sectio n 1.5) sugges ts that number s might be held indef-

initely below ecolog ical carryin g capaci ty by random variati ons
in the weathe r which result in increas ed mortal ity .
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The concep -

tual model is that condit ions in Svalba rd are never good enough
for long enough to enable the density of reinde er to increas e to
a level at which the animal s begin to influen ce the rate of
renewa l of their food supply ; the equilib rium density of the
popula tion is determ ined , instead , by the frequen cy of 'bad
winter s'.

This might be called 'tempo ral limita tion'.

A second hypoth esis (sectio n 1.5) is that the abunda nce of
reindee r might be limited by their resour ces.

Accord ing to this,

the explan ation for stabil ity of number s in Advent dalen would be
that the popula tion is now at ecolog ical carryin g capaci ty which,
by defini tion (see section 1.4), means that the reindee r
are now both limited by, and have reached equilib rium with, their
food supply.

The fact that number s may fluctua te from year to

year owing to random variati on in the weathe r is taken for
granted : models of resourc e limita tion model focus not on the
frequen cy of fluctua tions, which is the princip al concern in
models of tempor al limita tion (Reime rs, White and Rusten 1977),
but on what sets the level at which popula tions fluctua te.

7.3.1

Dynami cs of a stable popula tion: the role of food.

The popula tion in Advent dalen was eviden tly stable but its
number s were not consta nt (Figure 2.9): the . net rate of growth
betwee n 1971 and 1984 was zero but annual rates of growth ranged
from +43 to -47% (Table 2.13).

111

Howeve r, neithe r the erratic

pattern of growth nor the magnitu de of the fluctua tions was
unusua l for a predato r free popula tion of ungula tes.
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The annual

rate of increase of the population of Soay sheep Ovis sp. on
Hirta, for example, ranged from +75 to -55% during the thirty
years after it reached ecological carrying capacity (Figure 1 . 6).
Nevertheless , although neither the frequency nor the magnitude of
a~d~
fluctuations in the number of reindeer in Adventdalen wasj remarkable, the dynamics of the population were unusual, for the
reason that the rate of growth was influenced to an almost equal
extent by changes in rates of mortality, dispersal and the
successful production of calves (Chapter 4).

This contrasts with

results from studies of several different species of ungulates in
which the main factor influencing rates of increase was variation
in rates of mortality (Himalayan tahr Hemitragus jemlahicus,
Caughley 1970; Soay sheep, Grubb 1974; reindeer, Leader-Willia ms
1980b, Skogland 1985a; blue wildebeest Connochaetes taurinus,
Podoler and Rogers 1975; African buffalo Syncerus caffer,
Sinclair 1977).
The principal cause of variation in the annual rate of increase in Adventdalen (i.e. the key factor in the dynamics of the
population) was variation in the rate of successful production of
calves.

Low production of calves was also the single main factor

limiting population size, accounting for 31% of total annual
losses compared to 23% for both adult mortality and mortality of
calves aged 14 mo.

(Table 4.16).

Variation , in rates of prod-

uction appeared to have been the result of changes in agespecific rates of fecundity rather than of changes in the age
structure of the population or in early post-natal calf mortality
(Chapter 4).
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Reprod uctive failure is rare in adult reinde er and caribo u,
at least in contin ental popula tions (Table 4.17; see also Skogland 1985a) , and remain s poorly unders tood.

Low rates of preg-

nancy in Peary caribou (measu red in late winter) were associ ated
with low fat conten t (measu red at the same time) and Thomas
(1982) specul ated that infert ility in these animal s might be
associa ted with poor physio logical condit ion during the rut.
Dauphi ne (1976) had found that non-ov ulation was an import ant
cause of infert ility in barren- ground caribou and showed that
both the mean body weight and fat measur ements of pregna nt adults
killed early in gestati on (Novem ber and Decemb er) were signif icantly greate r than corresp onding means in non-pre gnant female s.
Condit ion, measur ed in terms of fat reserve s,

influen ces fertil-

ity at mating in sheep (Gunn, Doney and Russel 1969) and cattle
(Wiltba nk et al.

1962) but it has recent ly been shown that body

weight , fatness , body size and previou s reprod uctive history have
indepen dent effects on fertili ty in red deer Cervus elaphu s
(Alban et al.

1986).

Conseq uently, it is not clear what proxi-

mate factors may be respon sible for change s in fertili ty in
cervid s (see also Alban et al.

1983) and the body weight /

condit ion - fertili ty relatio nships in reinde er (Reime rs 1983b)
and caribou (above) have to be interpr eted with caution .

The

presen t study, moreov er, failed to detect any relatio nship
betwee n body weight or fat conten t of adult .female Svalba rd
reinde er shot in autumn and the rate of birth in the follow ing
spring (Table 7 . 1) .

This result , howeve r, was not conclu sive

becaus e birth r a tes were measur ed in Adv entdale n, wherea s the
shot samp l e was co ll ect ed in adjace n t p ar ts of Norden s ki ~ld Land .
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Table

7.1

Relation ship between body weight (k g), total dissecti ble fat
content (kg) and fat index values among female Svalbard reindeer
(aged ~2 yrs old) shot on Nordens ki~ld Land in autumn (Septemb er
and October) and the birth rate (calves : 100 females ~2 yrs old)
in Adventd alen, Nordens ki~ld Land in the followin g spring,

1980 (n
1981 (n
IFBW
TDF
FI

= 5)
= 10)

IFBW (kg)

TDF (kg)

FI

57.0

15. 1

13 . 5

24.6

59 . 0

15 . 1

13.0

65.2

Birth rate (%)

Ingesta free body weight (section 5. 1. 2)
Total dissecti ble fat
Fat index (sect ion 5. 2. 1)

Cow:cal f ratios in Adventd alen tended to decline as the
density of the populati on increase d (Figure 4.7) but the association was not signific ant (section 4.4.3).

Low rates of prod-

uction of calves, however, were clearly associat ed with high
rates of mortalit y in late winter (Table 4.15).

An alternat ive

explana tion for periodic reprodu ctive failure in this populati on,
therefor e, might be that rates of concepti on in adults were
normally high, on account of their high fat content in autumn
(Table 5.8), but that some females aborted or resorbed their
foetuses at a relative ly late stage of gestatio n if they began to
starve .

'Late abortion '

(i.e . abortion or · resorpti on of the

foetus more than two months after concepti on) is evidentl y rare
in barren-g round caribou: Dauphine (1976) found only one case
among 126 caribou shot late in winter and that animal may have
had brucello sis.

However, the populati on which he studied did
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not normally suffer undernu trition in winter (ibid.).

Mass late-

abortion coincide nt with starvati on has been observed in at least
one species of ungulate (prongho rns Antiloca pra american a:
Barrett 1984) .
Late winter feeding conditio ns in Svalbard appear to be
strongly influenc ed by snow and ice and presuma bly, therefor e,
cannot necessa rily be predicte d in autumn (but see section
7.3.2).

Consequ ently, it might pay a female Svalbard reindeer to

gamble on a pregnanc y at each rut providin g she has the option of
abandon ing her foetus in mid-ges tation if conditio ns develop
unfavou rably.

Alterna tives to this would be first: once preg-

nant, attempt to carry young to full term regardle ss of feeding
conditio ns or second : if relative ly lean in autumn, don't conceive.

Clearly, if access to forage became severely restrict ed,

animals pursuing the first of these two courses would jeopardi ze
their own lives as well as that of their young.

On the other

hand, females pursuing the second course would risk wasting a
whole year if the winter followin g a missed concepti on turned out
favourab le.

My hypothe sis, therefor e, is that spontane ous abor-

tion or resorpti on of foetuses , perhaps as late as two-thir ds of
the way through g~statio n,

i.e. mid-Mar ch,

ively frequen tly in Svalbard reindee r,

(1) may occur relat-

(2) represen ts an adapt-

ation to unpredi ctable changes in the food supply in winter and
(3) accounts for the large changes in annual rates of producti on
of calves which were observed in this study.

This hypothe sis

specific ally predicts that pregnanc y rates in adult Svalbard
reindeer will usually be high in the middle of winter (but, in
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some years, may subsequen tly fall by as much as 90% before the
end of May).
The role of food in winter and its significan ce for survival
in Svalbard reindeer has already been discussed at length
(Chapter 5 & 6) and will not be mentioned further here.
Emigration accounted for 24% of total annual losses in
Adventdal en (Table 4.16) and appeared to be strongly densitydependent .

There appeared to be a "critical threshold" density

(see Caughley 1977:66) above which reindeer began to disperse:
substanti al net emigration occurred only in winter 1983/84 after
2

the population had reached record density (5.1 reindeer per km ;
section 2.5.4).

It is surprising that dispersal played so small

a part in controllin g the abundance of reindeer in Adventdal en
given that there were no physical barriers separating the study
area from the rest of Nordenski ~ld Land.

The fact that there was

no detectable net emigration during the first five years of this
study, not even in the 'bad winter' of 1980/81 when 25% of the
population died (Table 4.14),

indicates that in Svalbard the

costs of nomadism in winter or, in this particula r case, of
opportun istically seeking out better condition s when faced with
adversity , must normally be outweighe d by the benefits of staying
within familiar (winter) home range(s).
Hence , the winter exodus in 1983/84 apparently represente d
a breakdown of reindeers ' normal pattern of behaviour .

It co-

incided with heavy mortality (21% of the population died, Table
4 . 14) and subsequen tly (June 1984) the lowest calving on record
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some years, may subsequently fall by as much as 90% before the
end of May) .
The role of food in winter and its significance for survival
I

in Svalbard reindeer has already been discussed at length
(Chapter 5

&

6) and will not be mentioned further here.

Emigration accounted for 24% of total annual losses in
Adventdalen (Table 4.16) and appeared to be strongly densitydependent.

There appeared to be a "critical threshold" density

(see Caughley 1977:66) above which reindeer began to disperse :
substantial net emigration occurred only in winter 1983/84 after
2

the population had reached record density (5.1 reindeer per km ;
section 2.5.4).

It is surprising that dispersal played so small

a part in controlling the abundance of reindeer in Adventdalen
given that there were no physical barriers separating the study
area from the rest of Nordenski~ld Land.

The fact that there was

no detectable net emigration during the first five years of this
study, not even in the 'bad winter' of 1980/81 when 25% of the
population died (Table 4.14),

indicates that in Svalbard the

costs of nomadism in winter or, in this particular case, of
opportunisti cally seeking out better conditions when faced with
adversity, must normally be outweighed by the benefits of staying
within familiar (winter) home range(s) .
Hence , the winter exodus in 1983/84 apparently represented
a breakdown of r eindeers' normal patter n of behaviour .

It co-

i n c i ded with heavy mortalit y (21% of t h e population died, Table
4 . 14) and subsequently (June 1984) the lowe st c al vi ng o n r e cord
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(9.0% , Table 4.7).

Both obser vatio ns sugge st that emig ration was

a respo nse to an acute short age of food.
Abrup t shift s of distr ibuti on in respo nse to sever
e condi tions in winte r have been recor ded in both reind eer
and carib ou.
In the winte r of 1956/ 57, for exam ple, about 2 OOO
wild reind eer
left their tradi tiona l winte ring groun d at Sn~h etta,
south ern
Norwa y, and moved 30 km east acros s a railw ay and
road to
Knuts h0.

This emig ration was trigg ered by two facto rs in combi
-

natio n: overg razin g of liche ns in Sn~h etta combi ned
with recor d
snow fall which furth er reduc ed t h e ~ capit a abund
ance of
forag e.

Most of the anima ls subse quent ly retur ned but in

1972/ 73, after a simil ar movem ent, some staye d behin
d and found ed
what is now calle d the Knuts h~ herd (Skog land 1986)
.
Russ ell and Gunn (1977~

Mille r,

thoug ht that inter -isla nd movem ents of

Peary carib ou, too, were due to local ly restr icted
acces s to
forag e in winte r.
An impo rtant featu re of 'erra tic movem ents'
oppos ed to 'inna te dispe rsal'

(Geis t 1971) , as

(Howa rd 1960) in ungu lates is that

all age and sex class es parti cipat e .

Innat e dispe rsal is pre-

domi nantl y a male trait , at least in polyg ynous speci
es .
deer of all age

&

I

Rein-

,1

sex class es moved to Knuts h~ (abov e) and the

same was true of the great 'trek s' of sprin gbok Antid
orcas
mars upial is descr ibed by Child and LeRic he (1969 )
.

Howe ver, in

neith er case was it known wheth er the migra nts repre
sente d an
exact cross -sect ion of the popu lation or wheth er one
parti cular
class of anima ls was more likel y to join in.
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Thir ty-e ight perc ent of emig rant s from Adv
entd alen in
1983 /84 were calv es (sec tion 2.5. 4) but
thes e had repr esen ted
only 23.7% of the popu latio n in July 1983
.

It is not unus ual for

Sval bard rein deer calv es to be inde pend ent
by Febr uary and Marc h
(whe n they are aged eigh t or nine mon ths);
lone calv es or grou ps
of two or thre e calv es toge ther are comm
on in late wint er (own
obse rvat ion) .
Henc e, pref eren tial emig ratio n by calv es
may not
simp ly have been a cons eque nce of thei r
follo wing thei r moth ers.
Emi grati on must be a cons ider able gamb le
for Sval bard rein deer
beca use they are norm ally sede ntar y and
so are unli kely to have
any know ledge of the terr ain beyo nd thei
r home rang es.
The
deci sion to leav e pres uma bly rest s on asse
ssme nt of the chan ces
of surv ivin g by rema ining 'at hom e'.
Pres uma bly, in some year s
ther e come s a poin t when cond ition s in wint
er dete rior ate to such
an exte nt that anim als have noth ing to lose
by emig ratin g
albe it into unfa mili ar terr itor y.
Calv es usua lly suff ered two to
thre e time s high er rate s of mor talit y than
adul ts in bad wint ers
(Tab le 4.14 ) and perh aps, ther efor e, norm
ally reac h this crit ical
stat ~ soon er than adu lts.
This migh t expl ain why they were more
like ly to emig rate.
It was surp risin g that rela tive ly more adul
t fema les (28 . 7%,
n
91) than adul t male s (18 . 3% , n
42) emig rated in 1983 /84
(sec tion 2.5. 4) espe cial ly beca use male s
usua lly suff ered high er
rate s of mor talit y than fema les (Tab le 4.14
). Follo wing the
argu ment outl ined for calv es (abo ve), ther
efor e, a larg er prop ertion of male s migh t have been expe cted to
have left .
Star ving
mam mals, inclu ding huma ns , comm onl y redu
ce thei r phys ical act-

=

=
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ivit y (Cor nish and Mros ovsk y 1965 ; Keys
et al.

1950 ; Wes terte rp

1977 ; Mull er-S chwa rze et al. 1982 ) and ~rit
slan d (197 7) has
poin ted out the pote ntia l surv ival valu e
of mini misi ng acti vity
for Sval bard rein deer .
Perh aps lowe r rate s of emig ratio n in
male s refl ects a grea ter relia nce on this
comp ared to
fema les
whos e weig ht-s peci fic ener gy requ irem ents
woul d inev itab ly be
incr easi ng towa rds the end of wint er due
to preg nanc y.
In conc lusio n, all thre e prin cipa l comp onen
ts of the
dyna mics of the popu latio n in Adv entd alen
(i.e . rate s of agespec ific fecu ndit y, mor talit y and disp ersa
l) were like ly to have
been influ ence d prin cipa lly and dire ctly
by the supp ly of food in
wint er.
The follo wing sect ion ther efor e disc usse
s what fact ors
influ ence d the wint er food supp ly and, thus
, what caus ed the rate
of incr ease of the popu latio n to fluc tuat
e.

7. 3. 2

Fact ors influ enci ng the food supp ly in wint
er.
Food limi tatio n can occu r in two fund ame
ntall y diff eren t

ways .

Firs t, as a cons eque nce of redu ctio n in
the biom ass of

plan ts due to graz ing and seco nd, as a cons
eque nce of the effe cts
of weat her whic h can influ ence both the
stan ding crop (due to
chan ges in annu al prim ary prod uctio n) and
the ava ilab ility of
fora ge (due to hard snow and ice) .
Snow a~d ice unqu estio nabl y
seve rely rest rict rein deer s' acce ss to fora
ge each wint er .
The
poin t here , howe ver , is to find not what
fact or most limi ted the
abun danc e of fora ge but what cont ribu ted
most to vari atio n in the
abu n d a n c e of fo r a ge betw een wint ers.
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Grazing.

The rate of increase of numbers (~) was strongly

inversel y density- depende nt in years when the populati on achieved
net growth (Figure 7.1).

The regressi on of~ on density,

however, predicte d that the rate of increase would not have
fallen to zero before the populati on reached a density of 5.2
2

reindeer per km, somethin g which was evidentl y not the case
(Figure 2.9).

Moreove r, neither rates of mortalit y nor of

producti on of calves were signific antly density- depende nt across
years (Figure 4.9).

Evident ly, any effects of grazing on the

biomass of winter forage were overridd en or masked by the effects
of random variatio n in the weather.

Y=98 . 17-18. 98x
r 2 = 0.91
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C
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o~.,,,_ .------ --.---- ----3

4

5

Population density (n.km-2) ·

Figure 7.1
Observed annual rate of increase in numbers in Adventd alen in
years when the populati on achieved net growth (measure d from July
in year i to July in year t + 1) plotted as a function of population density in y e ar ~ .
~
= coe f ficient of determi nation .
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Snow and ice.

Rates of mortal ity and of subseq uent produc tion of

calves were associa ted with the duratio n of snow cover althoug h
not with rainfa ll or mild temper atures (two factors likely to be
import ant for formati on of ice) in winter (Table 4.19).

Howeve r,

severa l variab les beside s the duratio n of snow cover are likely
to have an import ant influen ce on the availa bility of forage .
These include the extent of the snow cover and the depth and
hardne ss of the snow all of which vary both spatia lly and temporally through out winter .

Conven tional weathe r observ ations,

therefo re, do not necess arily provid e suffic ient or approp riate
inform ation for deducin g sn6w and ice conditi ons and, for this
reason , it is almost inevita ble that simple meteor ologica l para1/\ ~ " ' cfl tV"Y~ ez,,,.d. h'<M.l
meters make poor criter ia for the severi ty of winteu
.
Hence it

It

is not possib le to conclud e whethe r or not food shortag e in the
'bad years'

in this study was primar ily due to reduced avail-

ability

Primar y produc tion.

A third factor which could potent ially have

an import ant influen ce on the food supply in winter is variati on
in annual primary produc tion.

This does not seem to have been

consid ered before in Svalba rd .
The vegeta tion in Advent dalen is domina ted by two commun ities, a Dryas heath (Polari -Dryad eturn R~nnin g 1965) and a
Papave r dahlian um scree commu nity, which togeth er accoun t for
sevent y-five percen t of the produc tive ground there (42 and 33%
respec tively; Brattba kk 1985).

Both attrac t little snow and

therefo re represe nt import ant winter grazing for reinde er.
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How-
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ever , plan ts grow ing on loose , well drain ed
subs trate s with a
high degr ee of e x posu re, some thing which is
char acte risti c of
both comm uniti es, are likel y to be subj ected
to seve re wate r
IV\ Cuw1V1AV

stres s / (Tee ri 1973 ) and lack of mois ture is
likel y to be an
A._
impo rtant facto r limi ting prim ary prod uctio n
throu gh depr essio n
of phot osyn thesi s and cell grow th (e.g. Cald
well, John son and
Faree d 1978) .

Unfo rtuna tely, there are no data on rates of

prim ary prod uctio n from Sval bard but it is inter
estin g to note
that each of the three 'die- off' wint ers in
this study were
prece ded by summ ers with below avera ge rain fall
durin g the
grow ing seaso n (mid June to mid Augu st; Table
7.2).
In conc lusio n, there fore , erra tic fluct uatio ns
in annu al
rates of mort ality and the prod uctio n of calve
s stron gly
indic ated that the amou nt of food avai lable
per reind eer in
wint er varie d cons idera bly betw een year s.

The anal ysis in this

secti on has show n that if chan ges in the food
supp ly occu rred,
then it is likel y that they were due prim arily
to the effe cts of
rando m varia tion in the weat her and not to graz
ing.
It rema ins
uncl ear, ho~e ver, to what exte nt betw een year
diffe renc es in the
wint er food supp ly may have been due to varia
tion in prim ary
prod uctio n or to diffe renc es in snow and ice
cond ition s.
The impo rtanc e of the influ ence of the weat her
on the wint er
food supp ly supe rfici ally lends supp ort to tre
hypo thesi s of
temp oral limi tatio n of the abun dance of Sval
bard reind eer.
ever , the essen ce of the 'wea ther hypo thesi s'

How-

(see intro duct ion

to secti on 7.3) is that the dens ity of reind
eer is kept below
ecol ogic al carry ing capa city.

But there is no reaso n to supp ose
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Table 7.2
'Good years ' and 'bad years ': assoc iatio n betwe en
the annua l rate
of incre ase of the popu lation of reind eer in Adve
ntdale n and
three clima tic varia bles: (i) rainf all (mm) durin g
the growi ng
perio d in summ er, (ii) the durat ion of snow cover
and (iii) low
temp eratu res in winte r.
Value s less than the mean are under lined .
(Data from Svalb ard Lufth avn, provi ded by Det Norsk
e
Mete rolog iske Insti tutt) .

Annua l
rate of
incre ase

GOOD YEARS
1979/ 80
1981/ 82
1982/ 83
BAD YEARS
1978/ 79
1980/ 81
1983/ 84
Mean
(1976 -1984 )

Frequ ency
low temps .
(pent ads)
(2)

Mean min.
temp . in
winte r
( 3)

( %)

Rainfall
(mm)

43.1
25.4
15.9

28.8
63.9
17.5

205
217
243

15
14
7

-15.2
-14.5
-14.2

-15.8
-17.6
-47 . 2

7. 1
22.8
12.3

270
245
241

20
23
12

-18.7
-19.0
-14.4

23.8

233

16

-15.8

Snow
(days )
(1)

Rain fall: Total rainf all betwe en 20 June and 8 Augu
st.
1: Total numbe r of days with ~30% snow cover .
2: Total numbe r of penta ds (peri ods of five days)
with a
mean temp eratu re below -15°c .
3: Mean daily minim um temp eratu re (Octo ber to April
inclu sive) .

that a popu lation whose dynam ics are stron gly influe
nced by the
weath er canno t reach ecolo gical carry ing capac ity,
i.e. equil ibrium with the food suppl y .

Nor is the fact that the dynam ics of

the popu lation in this study were influ enced by the
weath er any
argum ent again st the sugge stion that the popu lation
is alrea dy at
ecolo gical carry ing capac ity.

On the contr ary, the close r a
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popul ation approa ches equili brium the greate r is the influe
nce
weath er is likely to have on rates of birth and death.

This is

explor ed in the next sectio n.

7.3.3

Densi ty-dep enden t and densit y-inde pende nt factor s and the
popul ation dynam ics of Svalb ard reinde er.
Grazin g is a so-ca lled 'densi ty-dep enden t' factor :

its

effec t on the bioma ss of plants depend s on the numbe r of
anima ls
prese nt.

Weath er is a 'densi ty-ind epend ent' factor :

its

effec t(s) on the food supply do not depend on the numbe r
of
anima ls prese nt.

The nomen clature is clumsy and causes confu sion

becau se the terms 'densi ty-dep enden t' and 'densi ty-ind epend
ent'
can be used to descri be both the nature of factor s which
cause
food shorta ge and the way(s) in which popul ations respon d
to a
shorta ge of food.

Howev er, it is impor tant to realiz e that so-

called 'densi ty-ind epend ent' factor s can cause so-ca lled
'densi ty-dep enden t' effec ts.
The numbe r of anima ls which die from starva tion in a given
winte r, for examp le, must depend on the averag e amoun t of
food
availa ble per anima l which, in non-t errito rial specie s , is
a
functi on of the numbe r of anima ls presen t (altho ugh see ~omni
cki
1982) .

Thus, starva tion morta lity is neces ~arily norma lly

densit y-dep enden t.

The fact that the bioma ss of plants may , in

a given year, have been reduce d by densit y-inde pende nt factor
s is
irrele vant .

In the well known case of the popul ation crash of

r ei n d eer on St Matthe w Island , for e x a mple, where numbe rs
f ell
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from approxim ately 6 OOO to 42 during the course of the winter of
1963/64 (Klein 1968), the proxima te cause of food shortage was
thought to have been formatio n of a layer of ice over the range
which restrict ed the animals ' access to forage.

Thus the proxi-

mate cause of food shortage was a dens1ty- indepen dent factor;
obvious ly the number of animals present did not influenc e the
extent of icing.

However , the extent of mortalit y (99% of the

populati on died) was presuma bly a conseque nce of the fact that
the populati on density was so high to start with (18.1 reindee r
2

per km ; Klein 1968) .

The range was heavily overgraz ed by 1963

(ibid.) but it is unlikely , neverth eless, that so large a proportion of the populati on would have perished had there been only
600, or 60, reindeer on the island that autumn.
The crucial point, made by Skogland (1985b) , is that densityindepend ent (causal) factors are only likely to have a major
effect on the dynamics of a populati on of ungulate s if they are
"excessi ve" (e.g.

severe drought - kangaroo s Macropus rufus, t!_.

fuligino sus and t!_. giganteu s; Caughley , Grigg and Smith 1985: elephan ts Loxodon ta africana ; Phillips on 1978: or deep snow prongho rns Antiloca pra american a; Barrett 1984: or severe icing reindee r; Klein 1968) or if the animals are already subject to
food limitati on (manifes ted in reduced body size and weight) as a
result, for example , of high populati on d~nsity (e.g. African
buffalo Syncerus caffer ; Sinclai r 1977: - reindeer ; Skogland
1985b).

If, by contras t, a populati on is below equilibr ium

density , then its members are likely to be buffered against short
term changes in the (availab le) biomass of plants caused by
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rando m clima tic varia tion becau se there is alrea dy
a surpl us of
food.

This presu mably expla ins why densi ty depen dence in
key

facto rs is unusu al in popu lation s at equil ibriu m (Varl
ey, Gradwell and Hass ell 1973 in Clutt on-B rock, Major and
Guinn ess 1985) .
Were weath er cond itions 'exce ssive ' in winte rs, or
in
summ ers prece ding winte rs in which the popu lation
in Adve ntdale n
decli ned?

I selec ted two mete orolo gical param eters (the mean

daily minim um tempe rature in winte r and total preci
pitat ion
durin g the growt h seaso n), both of which appea red
to be
assoc iated with the rate of incre ase of the popu lation
(see
Table s 4.19 and 7.2), to test this.
The mean daily minim um temp eratu re in winte r at Longy
earbyen/ Svalb ard Lufth avn (Octo ber to April inclu sive
, 1960- 1984)
was -15.9 °C + 2.5°c (±. SD; range = -1 2.5°t o -24.1 °C;
data from
Det Norsk e Mete rolog iske Insti tutt) .

Mean daily minim um tempe r-

.
ature s in the three 'bad winte
0
rs ' were -1 9 .0,
-18.7 0 and -14 .40 C

in 1978/ 79, 1980/ 81 and 1983/ 84, respe ctive ly.

Hence the first

two 'bad winte rs' were not only colde r than avera ge
but the mean
minim um tempe rature in each was lower than one stand
ard devia tion
from the overa ll mean (= -18.40 C).

The mean minim um temp eratu re

in the winte r 1983/ 84 was 1 .s° c above the overa ll
mean.

The weath er statio n moved 5 km from ~ongy earby en to
Svalb ard
Lufth avn in 1976 .

Rain fall data (20 June to 8 Augu st) are as

follo ws: Longy earby en; mean (1960 -1976 )

= 33.0

±

22.6 mm, rang e=

9.8 to 106 .7 mm: Svalb ard Lufth avn; mean (1976 -1984
) = 23.8 ±.
18.0 mm, range = 7 .1 to 63.9 mm.
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Rain fall durin g the summ ers

preced ing the three 'bad years ' are given in Table 7.2.

In each

case , values are below but within on standa rd devia tion of
the
mean.
Rainf all and tempe rature data are shown in Figure 7.2; there
are three impor tant points .

First , large annua l fluctu ations in

summe r rainf all and winte r minimu m tempe rature s appea r to
be a
norma l featur e of the clima te in Svalb ard.

Second , the weath er

was not 'exce ssive ', in the sense of being beyond the range
of
preced ing obser vation s,

in any of the three years in which the

popul ation declin ed sharp ly.

Third,

1978/7 9 and 1980/8 1 were
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Figure 7 .2
Preci pitati on (mm) during the growin g season (20 June to
8
Augus t) and mean daily minimu m tempe rature (°C) in winte r
(October to April inclus ive).
Data from Longy earbye n (1960- 1976) and
from Svalb ard Luftha vn (1976- 1984).
Dotted lines indica te mean
value s.
Years in which the popul ation in Adven tdalen declin ed
sharp ly during this study are indica ted with arrow s.
The
popul ation increa sed in each of the three interv ening years
(i.e.
1979/8 0 , 1981/8 2 & 1983/8 4 (see Table 2.13).
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'bad year s' acco rding to both indic es and 1978
/79 was the wors t
of all; 1983 /84, which was the wors t year for
reind eer (the
popu latio n decli ned by 47.2% ) was a 'bad year
' in terms of summ er
rain fall but, surp risin gly, the wint er was favo
urab le, meas ured
in term s both of the frequ ency of cold days
(Tab le 7.2) and
minim um temp eratu res.

More over, snow lay for fewe r days in

wint er 1983 /84 than in eithe r of the two prece
ding 'bad wint ers'
(Tab le 7.2).
How, then, to acco unt for the decl ine in numb
ers in 1983 /84?
Thre e facto rs, not yet cons idere d, may have
been invo lved.
Firs t, the dens ity of the popu latio n was high
er in summ er 1983
than at any othe r time in this study (Tab le
2.9).

Ther e woul d,

there fore , have been inten se comp etitio n for
food in wint er
desp ite favo urab le weat her and snow cond ition
s.

Seco nd, there

was a high rate of calvi ng in 1983 and there
were 184 calve s in
the popu latio n that summ er, more than in any
othe r year durin g
this study (Tab le 2.9); third , there had been
negl igibl e adul t
mort ality durin g the two prece ding wint ers (Tab
le 4.13 ).
In

I

I

,I

autum n 1983 , there fore , the popu latio n is likel
y to have been
'top heav y' with anim als of the two age group
s (calv es and old
adul ts) which norm ally suffe red heav iest mort
ality from starv ation (Cha pter 4).
These three facto rs, toge ther with low rain fall in summ er 1983 , mean t that heav y losse s
that wint er were
almo st inev itabl e alrea dy in autum n.
,I

This study , there fore , whil e demo nstra ting that
weat her has
an impo rtant influ ence on the popu latio n dyna
mics of Sval bard
reind ee r, faile d to find evide nce that heav y
mort ality or low
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calvi ng is assoc iated with 'exce ssive ' weath er cond
itions .

Dry

summ ers and parti cular ly cold winte rs occur from
time to time,
somet imes in the same year.

Indee d, the comb inatio n of a summe r

with below avera ge rainf all in the · growi ng seaso n
follow ed by a
winte r with below avera ge minim um daily temp eratu
res occur red
eight times betwe en 1960 and 1984 (Figu re 7.2).

The effec ts of

such cond ition s , howev er, appea r to be densi ty-de pend
ent.

Dry

summ ers follow ed by cold winte rs resul ted in heavy
losse s of
reind eer twice durin g this study when the popu lation
densi ty
-2
alrea dy excee ded 2.7 reind eer . km
produ ctive groun d .
Moreo ver,
in 1983/ 84, when the initi al popu lation densi ty was
5.1 reind eer
2

per km,

less sever e winte r weath er cond itions resul ted in
even

highe r losse s.
Perio dic die-o ffs and subse quent poor calvi ng appea
r to be
an integ ral part of the ecolo gy of Svalb ard reind
eer.
cause d by a short age of food in winte r.

They are

It seems that short age

of food can occur in sever al diffe rent ways:

throu gh reduc ed

produ ction of winte r forag e in summ er, throu gh reduc
ed avail abili ty of forag e in winte r and throu gh incre ased
comp etitio n for
fo r age .

All three fac t ors may inter act.

The popu lation of

reind eer in Adve ntdale n is stabl e and appea rs to
ha v e reach ed
e c olog i ca l carry ing capac ity (K) .

The prese nt serie s of obser -

vatio ns shows that heavy losse s can occur f~equ ently
once K
dens it y is reach ed .

Howe ver, they appea r neith er to be cause d

b y, nor to r epre s ent , a break down of t h e n atura l
proce sses b y
which th e abund ance o f Sv alba rd r ei n dee r
which are becom ing bette r under stood .
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--APPENDIX 1
Determination of the sex of carcasses :!2x_ measuring the breadth of
the medial rim of the acetabulum (sections 2.2 & 2.4.3).

INTRODUCTION
The determination of sex of carcasses of reindeer and
caribou (Rangifer tarandus) is complicated because both sexes
normally carry antlers.

Growth curves of males and females

diverge sufficiently that the length of several long bones can be
used to distinguish the sex of a carcass if its age at death is
known (see Bergerud 1964, Dauphine 1976, Leader-Williams 1980,
Miller 1974, Reimers 1982, 1983).
three disadvantages: first,

This technique, however, has

the results are not always con-.

elusive; second, age determination usually involves considerable
delay; third, constructing growth curves requires a large amount
of fresh (known sex) material which it may not always be possible
to collect, especially from protected populations, e.g. Svalbard
reindeer (R, t. platyrhynchus).
Several species of ungulates show pronounced sexual dimorphism in the breadth of the ventral-medial border (rim) of the
acetabulum, the rim being broader in males · than in females
(Lemppenau 1964:20).

There was some overlap between the sexes in

the size range of MRA breadths in european moose (Aloes aloes),
chamois (Rupicapra rupicapra) and roe deer (Capreolus capreolus)
but in european bison (Bison bosasus), fallow deer (Dama dama),
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ibex (Capra ibex) and red deer (Cervus elaphus) the size ranges
of the two sexes were discrete (ibid.).

Armitage (1977), more-

over, found sufficie nt differen ces in the breadths of the rim to
distingu ish between the carcasse s of male, female, and castrate d
Soay sheep (Ovis sp.).

This appendix presents results from a

study of sexual dimorphi sm in the rim of the acetabul um of Svalbard reindee r.

MATERIALS AND METHODS
Specimen s
Two hundred and ten innomin ate bones of Svalbard reindeer
were collecte d on Nordens ki~ld Land, Svalbard (78
E. long.) between 1980 and 1983.

0

0

N. lat., 16

Reindee r were consider ed in the

followin g age classes: adults (age >24 months), yearling s (age 12
to 24 months) and calves (age <12 months).

The materia l included

bones from 41 females (38 adults and three yearling s) which were
shot and from the carcasse s of 169 animals which died of natural
causes (Chapter 6).

Fifty two of the latter (49 adults and

three yearling s) were identifi ed as males from inspecti on of
externa l genital ia and/or antlers: the antlers (or antler
pedicels ) of large bull reindeer are unmista kable.
and the shot females constitu ted a control group.

These males
The sex of the

remainin g 117 specimen s (63 adults, four yearling s and 40 calves)
could not, at first, be determin ed from inspecti on alone.
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Measur ements
One femur was remove d from each carcass thereby exposin g the
acetabu lum which could then be inspec ted with the pelvis in situ.
The narrow est breadth of the ventra l-medi al rim of one acetabu lum
was measur ed on each reinde er to 0.1 mm with calipe rs (Figure
A. 1).

ST

\

ST

\

5cm

Figure A.1
Drawin g of the . innomi nate bone (right hand side; ventra l aspect )
from an adult male and an adult female Svalba rd reinde er, showin g
the ventra l-medi al border of the acetabu lum (arrowe d).
ST= sacral tubero sity.

The age at death of each specim en was determ ined either from
the pattern of eruptio n of perman ent mandib ular molarif orm teeth
(reinde er aged Oto 36 months ) or by countin g annula tions in the
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cementum of first incisor teeth (reindee r aged >36 months;
Leader-W illiams 1979a).

Analysis
Frequenc y distribu tions of rim breadths (mm) of the control
and 'unknown ' samples were compared using Mann-Wh itney 'U' tests
(Siegel 1956).

The signific ance of the moment statisti cs g
1
(kurtosi s) for each distribu tion was tested

(skewnes s) and g
2

using the t
( 19'69: 171) .

statisti c by the method of Sokal and Rohlf
Age-spe cific variatio n in the breadth of the MRA was

examined using Kruskal -Wallis one way analysis of variance .

The

null hypothe sis was rejected at P <0.05 in all cases.

RESULTS
Adults
There was pronounc ed sexual dimorphi sm in the breadth of the
medial rim of the acetabul um of adult Svalbard reindeer : the
ranges of breadths in males and females from the control sample
did not overlap (Figure A.2).

The rim was substan tially broader

in males than in females, as expected from Lemppen au's (1964)
study.

Data from the 'unkn own ' adults also had a bimodal distri-

bution with no overlap between size ranges.

This allowed the

'unknown ' specimen s to be sexed with confiden ce (Figure A.2).
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control sample
unknown sample
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12

14

mm

Figure

A.2

Freque ncy distrib ution of the breadth of the medial border (rim)
of the acetabu lum (innom inate) in Svalba rd reinde er >24 months
old.
Stipple d bars: contro l sample ; open bars: 'unknow n' sample .

There were no signifi cant differe nces betwee n the frequen cy
distrib utions of contro l and 'unknow n' sample s of the same sex,
so the data were combin ed by sexes (Figure A.2, Table A.1).

The

data were not normal ly distrib uted in either sex: neithe r distri bution was signif icantly skewed but both were signif icantly
leptok urtic (males: g
2.17, t

=
s

= 3.01, t
= 9.83, P <0.001; female s: g =
2
s
2
8.31, P <0.001 ),
This was not an artefa ct of the age

distrib ution of the sample s becaus e the breadth of the rim did
not vary signif icantly with age either in males (H = 9.90, df =
6, P >0. 1 ; age range of the combin ed sample = 6 to 12 years old)
or in female s

(H = 6 . 65 , df = 13 , P >0 . 5 ; age range of the

combin ed sample = 2 to 15 years old).
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Table A.1
Innominate bone of Svalbard reindeer aged >24 months: breadth
(mm) of the medial border (rim) of the acetabulum.

Breadth (mm)

------------------ ----

median
Males
Females

11.0
3.4

range

SD

1. 4
0.8

7

1

-

13
4

N

62

88

Yearlings and calves
The prominent rim wh ich forms the ventral-med ial border of the
acetabulum in adults was invariably poorly defined in calves and
could not be measured.

None of three males and four 'unknown'

yearlings had a well defined rim on the medial border of their
acetabula.

However, the rims were distinct on the innominate

bones of three female yearlings; their breadths varied from 3 . 0
to 3.5 mm, which is within the size range for adult females
(Table A.1).

DISCUSSION
Measuring the breadth of the rim of the ventral-medial
border of the acetabulum is a simple and effective way to distinguish the sex of carcasses of adult Svalbard reindeer.

The

method has two advantages over measuring long bones: first,

the

result is conclusive and quick; second, only a minimum of dissec278

tion and cleaning is necessary, making it suitable both as a
field technique and for inspection of butchered carcasses.
Se v eral pelvic criteria for determining the sex of carcasses
of ungulates have been described previously (see Armitage 1977;
Edwards, Marchinton and Smith 1982; Lie 1973; Lochmiller,
Hellgren and Grant 1984; Klein 1968).

These, however, are either

qualitative or require that the pelvis is dissected out intact
and cleaned .

The most useful qualitative criterion found in the

present study was sexual dimorphism in the shape of the sacral
tuberosity, as described in sheep by Boessneck 1969 and Armitage

( 197 7).

In male Svalbard reindeer it was broad and flat;

in

females it was usually pointed (Figure A.1).
The ridge which extends anterior from the ventral-medi al
border of the acetabulum, forming its rim,
of M. iliacus.

In ruminants this muscle is fused with tl• psoas

major forming tl,
joint.

is the point of origin

ilio-psoas which is the prime flexor of the hip

Pronounced sexual dimorphism in the breadth of this ridge

appears to be a secondary sexual characterist ic in reindeer and
other ungulates and may be associated with the heavier musculature of males compared to females.
absence of sexual

This might explain the

dimorphism, or even clear definition of a

ridge, in calf and immature males specimens in this study.
The non-normal distribution of rim breadths is not easy to
interpret .

Boessneck (1969) has pointed out that the fine

anatom y of the pel v is c a n change in adult s h eep : the numbe r o f
pregnancies that a ewe has experienced, for e xample, wi l l
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influenc e the conform ation of these bones.

The majority of

specimen s used in this study came from adult animals over seven
years old .

A further study of the relation ship between rim

breadth and age with a large sample of specimen s from sub-adu lt
and young adult animals would be of interest .
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APPENDIX 2
Radio tracking reindeer in 1982: summary of animals, collars,
radio frequencie s and data collected .

Collar colour:
Transmitt er
frequency
(MHz)

RED
150.916

Age(a) (years)

BLUE

BLUE-YELLOW

GREEN

150.944

150.955

150.530

>3

>3

>3

Captured(b )
7/2
Last located(b) 26/8
No. days(c)
200

8/2
6/8
179

8/2
7/8
180

1 or 2

8/2
21/8
137

RED-YELLOW
150.936

1 or 2

21/3
6/8
94

No. times located:

Total

--------- --------

Feb. - May
June - Aug.
Total

42
18
60

-----

43
4
47

12
1
13

1 7 ( d)
3
20

24
9
33

138
35
173

a:

Age in Feb. 1982 (from inspection of incisor teeth).

b:

Dates are given as day/month .

c:

Number of days between capture and the last occasion in 1982
on which each animal was located.

d:

Contact with "BLUE-YELLOW" and "GREEN" was lost for six weeks
after after they were released, owing to difficulti es in
using the radio equipment .
"GREEN" was subsequen tly discovere d
350 m up on the plateau of Bolternos a, only about 2 km from where
she had been captured (Figure 3.3).
Thereafte r, until 22 June)
signals from here were received on the floor of the valley,
indicating that she stayed close to the lip of the plateau.
Thus, on 15 out of the 17 occasions on which "GREEN" was located
in winter, she was detected by radio but not actually seen.
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APPENDIX 3
Date of calving (section 4.4.1): data.

Date of census

Centre
day

Calves

Adult
females
( n)

Breeding
females
( n) *

Births
to date

0
1
2
6
6
16
56

95
10
49
30
24
48
218

24.4
2.4
12.6
7.7
6.2
12.3
56

0
15 . 9
77.8
97.3
100
100

6
19
47
114
171

38
32
84
129
215

30.2
25.4
66.8
102.6
171

19.9
74.7
70.4
100
100

0
1
13
56

57
61
26
244

13.1
14.0
6.0
56

0
7. 1
100
100

0
4
157

98
23
274

56.2
15.0
157

0
26.7
100

( n)
1979
31 May 4 -

2 June
5
6
8
19 - 24
28 - 29
( M) 13 - 20 July
II
If

If

If

II

1 June
4.5
6
8
21. 5
28.5
If

II

II

If

( %)

1980
2
4
6
12
( M) 27

- 3 June
- 5
- 10
- 16
- 28
II
If

2.5
4.5
8
14

II

II

1981
3 -

5
6
17
12 July

4
6
17

24 May
6 June
8 July

23 May
6 June

II

II

( M)

8

-

22

-

5

-

II

"

1982
( M)

*

Calcula ted from the ratio of calves (alive and dead) to
females during the main summer census ( M) .
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adult

APPENDIX

4

Bones of newborn calves found outside five fox dens in
Adventdalen (section 4.5.2).

Number found
Cranium
Femur
Fibula
Humerus
Innominate
Mandible
Metacarpus
Metatarsus
Radius
Scapula
Tibia
Ulna

1
10

Total

53

3
2

1
4

4
8
3
5

9
3
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APPENDIX 5
Life tables for Svalbard reindeer (aged >1 year old) in
Adventdalen (sections 4.3.1 & 4.5.3).

FEMALES
Age

N

1-5

0

6

0
1
8

7
8

9

5

10
11
12
13
14
15

6

10
5

4
2

1

YK

f ,e
,c

d )(

1. 68
14.48
9.75
12.60
22.60
12. 15
10.48
5.64
3.03

0.06
0.03

92.41

1.00

0 . 02
0.16
0. 11
0. 14
0.24
0. 13
0. 11

1. 0
1. 0
1. 0
0.98
0.82
0.71
0.57
0.33
0.20
0.09
0.03

MALES

q,c.

N

0

0
1

0

0.02
0. 16
0. 13
0.20
0.42
0.42
0.55
0.67
1. 0

8

16
24
11
41
1
0

1
1

d

2.04
18.40
41.44
70.08
36.19
4.80
4. 17
4.70*
5.29
5.96
203.97

"

0.09
0.20
0.35
0.18
0.07
0.02
0.02
0.03
0.03

l

X.

1. 0
1. 0
0.99
0.90
0.70
0.35
0. 17
0. 10
0.08
0.06
0.03

1. 00

N (fx): number of reindeer of each age class found dead from
natural causes from 1979 to 1982.
r:
the exponential rate of increase of the male/female
population in Adventdalen from 1979 to 1983; (males=
0.119, females= 0.074).
*:
One phantom 13 year old inserted.
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q"

0
0

0.09
0.22
0.50
0.51
0.41
0.20
0.25
0.50
1. 0

APPENDIX 6

Calculatin g the daily energy expenditu re of adult female Svalbard
reindeer in winter (see section 5.3.2) .

1 . ESTIMATING DIFFERENT ENERGY COSTS.

The total amount of energy which a reindeer expended during 24 h
in winter was calculated as a function of body weight.

Daily

energy expenditu re was partitione d between different expenditu res
-1

and separate estimates (kcal.day

) were made for each of the

following :
a) Minimum energy expenditu re - so-called ' fasting metabolism '
(includes repiratory heat loss),
b) Activity - grazing (feeding, walking between bites & digging
snow),
c) Gestation ,
d) Energy retained or secreted,
e) Metabolic responses to cold ,
f) Thawing food .
-1

1 Watt

(W) = 1 J.s

or 3 600 s / 4.185 cal x 1 OOO
-1

= 0 . 8602 kcal.h
= total body weight on day j.

M

j

285

a.

Minimum daily energy expenditu re.
Resting metabolic rate (standing) of female Svalbard reindeer
in winter :
-1

=

(Nilssen, Sundsfjord and Blix 1984).

1.55 W.kg

Fasting heat production (f.h.p.)

(standing) in winter:

-1

=

1.3

(Nilssen, Sundsfjord and Blix 1984; f . h . p . by

W.kg

extrapola tion to zero food intake).
-1

=

1.3

=

1 310 kcal.day

W.kg

x 48 . 8 kg x 3 600s x 24 h / 4.185 cal x 1 OOO
-1

Minimum daily energy expenditu re (i.e. f.h.p.,

=

lying):

-1

1 310 kcal.day

less the energy cost of standing.

In both

cattle and sheep the incremetn al energy cost of ptanding over
-1

lying is 2.4 kcal.kg

-1

. day

(ARC 1980) .

Hence, the minimum

energy expenditu re of Svalbard reindeer
-1

=

1 310 -

=

[(1 192 kcal/ 24 h) / 0.8602] / 48.8 kg

=

1.2

(48.8 kg x 2.4 kcal) kcal.day
-1

W.kg

(Nilssen (1985) calculated 1 . 15 - 1.19 W.kg

-1

using estimates of the cost of standing in
elk calves ( Robbins, 'Cohen and Davitt 1979))

28 6

b.

Activity.

Activity budget of Svalbard reindeer in winter*.
-1

Activity

hours.day
-1

Grazing

(12.9 hours.day
)
- feeding
12.9 h X (80.3 I 100 %)
- walking 12.9 h X ( 4.3 I 100 %)
- digging 12.9 h X (15.4 I 100 %)
Lying down, ruminating
Walking
Social and other activities

10.36
0.55
1.99
10.7
0.3
0.1
24.00

*

Data from Chapter 3.

Costs of different activities .
Feeding: in sheep, the energy cost of feeding is approxima tely
37% more thanthe cost of standing (Graham 1964).

The fasting

heat production (standing) of Svalbard reindeer was estimated
to be 10% greater that their fasting heat production (lying).
Thus, the energy cost of feeding is 1.37 x [f.h.p.
-1

(lying) x

1 . 1] W.kg
Digging snow: in caribou, the mean cost of digging snow is
0.060 - 0.065 kcal per stroke (Fancy and White 1985; Thing
1977).

These values are the repective · rneans of Thing's EF and

ES values, calculated assuming that Svalbard reindeer lifted
no snow when digging and of Fancy and White's values for
caribou digging in three different types of snow.
Lying down and ruminating : this includes the cost of
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masti cation ,

increa sed activ ity of the endoc rine glands

assoc iated with chewin g and the cost of prope lling food
throug h the gut .

In sheep, the energy cost of rumin ation is

appro ximat ely 0 . 24 kcal . h

-1

-1

.kg

(Graha m 1964).

Walkin g : the energy cost of horizo ntal locom otion in Svalb
ard
reinde er is given by y = 0 . 99x + 0.08 , where y is their
-1

metab olic rate (W.kg

) and x is their veloc ity (km.h

(Nilss en, Johnse n, Rognmo & Bli x 198 4 ).
-1

-1

)

I assume d that the

anima ls walked at 3 km . h
Socia l and other activ ities: in late winte r Svalb ard reinde
er
spent 0.1 h per day on socia l and other activ ities (see 'b'
above ).

c.

I assum ed that these cost twice as much as standi ng.

Gesta tion.
Accor ding to Moen (1973) the cost of gesta tion in rumin ants

(Q
ep

=

2 . 8935 + (0 . 0174 t

/ 0.7429 )

e

where , t

-1

kcal.d ay
is the day of gestat ion , 0 . 74 2 9 is the gesta tio n

period of reinde er di v ided by the gesta tion period of cattle
.
The length of gesta tion in Svalba rd rein~e er is not known
;

I

assume d that it was 208 days , the same as in caribo u ( McEwan
a n d Whi t e h e a d 1 97 2) .

The n et cost o f gesta tio n du ri ng a give n

p er io d in wi n t er was cal c u l a ted a s s umin g th at Svalba r d
reinde er gave birth on 5 June.
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The mean dat e s o f April a nd

May collec tions (9 April and 20 May) thus repres ented
appro ximat ely the 148th and 189th days of gestat ion,
respe ctivel y, and the mean cost of gesta tion betwee n these
dates
t

I

=
t

= 189

=

Q

ep
148

I (189

Expen diture s (d),

-

-1
148) kcal.d ay

(e) & (f) were set at zero.

Svalba rd reinde er

lost weigh t in winte r and it is unlike ly that there was net
retent ion of energy ,
variab le.
not known .

Energy loss in milk is anothe r poten tial

The length of lactat ion in Svalb ard reinde er is
Althou gh calves are occas siona lly seen seekin g their

dam's udder and appar ently suckli ng as late as March or April,
suckli ng bouts late in winte r never last more than a few
second s.
It is unlike ly that they reciev e signif icant quant ities of
milk:
all adult female s shot in April or May were dry.

It has been

assume d that energy losses from lactat ion were neglig ible
after
Octob er.
Svalb ard reinde ~r are superb ly insula ted by their long coat.
The lower critic al tempe rature of adult female s in winte r
is less
0

than -50 C in still air (Nilss en , Sunds fjord ,& Blix 1984)
.

The

rate of heat transf er across their pelt appea rs to be little
affect ed by wind (N.A, 0ritsla nd, person al comm unicat ion).
Nilsse n et al.

(op. cit .) have pointe d out that lower critic al

tempe rature is not neces sarily a good indica tor of therm al
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protec tion in rumina nts because it depend s on their total heat
produc tion (includ ing heat of fermen tation) and, hence, on the
level of feeding .

Nevert heless, it is a reason able assump tion

that Svalba rd reinde er normal ly suffer no additio nal energy cost
for mainta ining heat balance during winter .
The model of energy expend iture presen ted here is delibe rately
conser vative.

Expend itures (d) to (f) are likely to be small but

not necess arily insign ificant .

By exclud ing them, reinde ers'

energy expend iture in winter is likely to be undere stimate d.
Hence the potent ial contrib ution which their reserve s could make
toward s their total energy require ments in winter may, if
anythin g, tend to be overes timated .

2. CALCULATING TOTAL DAILY ENERGY EXPENDITURE.

Grazing (feedin g):

=

body weight (kg) x cost of feeding x time spent feeding

=
=

M kg X 1.37 X [f .h. p. (lying) X 1.1) W,kg
j
-1
M kg x f.h . p, x 13.43 kcal.da y
j

-1
X

0 .8 602

Grazing (walkin g betwee n bites) :
' -1

I assume d that reinde er walked at 3 km.h

=
=

-1

M

kg [(0.99

X

3 km.h

j

M

) + 0.08)
-1

kg x 1.44 kcal.da y

j
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X

0.8602

X

0.55 h

X

10,36h

Grazing (digging snow):

=

energy cost per stroke (kcal) x number of strokes per minute x
total time spent digging per day+ f.h.p. during that time
-1

=

[0 . 60 kcal x 24.2 strokes.min

x 1 . 99 h x 60 min.] + [M

x
j

f.h.p.

X

0.8602

1.99 h]

X

-1

=

173.37 + [M

x f.h.p x 1.71] kcal.day
j

Lying down and ruminating:

=

incremental cost of rumination+ time spent ruminating per day
+ f . h . p. during that time

=

kg

(M

X

0.24

X

10.7 h) + [M

j

=

kg x 2. 57 + [M

M

kg

X

f,h,p,

X

0.8602

X

10.7 h]

-1

j

kg x f.h.p. x 9.20] kcal.day
j

j

Walking (other than while feeding):
cost of walking x time spent walking per day
-1

=

kg [(0.99

M

X

3 km.h

=

) + 0.08]

X

0.8602

X

0 .3 h

-1

j

kg x 0.79 kcal.day

M

j

Social and other activities:

=

energy cost of activities x time spent doing them per day+
f .h. p . during that time,

=
=

M kg X f.h.p. X 2 X 0.8602 X 0.1 h
j
-1
M kg x f.h.p . x 0.17 kcal.day
j

Thus, a reindeer's total energy expenditure on day j of winter
(not including the cost of gestation)

=

{M

kg

X

[(4

X

f.h.p.

+ 13 .43 + 1.44 + 1 .7 1 + 2.57 + 9.20 +

j

0.79 + 0.17)] + 173.37}

=

-1

{M

kg x [(4 x f.h.p.

W.kg

-1

) + 29.3] + 173} kcal.day

j
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APPENDIX 7

Caus es of mor talit y in Adv entd alen : data
from case s wher e
deat h was eith er witn esse d or wher e the
caus e was evid ent
from insp ectio n of the carc ass (see sect ion
6.4. 1).

Adu lts & year ling s
Caus e

M

F

u

Shot lega lly
17
Clif f fall
17
Rut
15
Brok en bone s
2
Tang led in wire
5
Poac hed
2
Kill ed by dogs
1
Stil l born
Drow ned
Died givi ng birt h

14
4

1

TOTAL
M:

59

Calv es
M

2

F

u

Tota l

5

32
28

15

4

1

7
6
5

1
3

1

1

1

2

1
25

5

3

male s; F: fema les; U: Unid enti fied .

4
2

1

1
1

9
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PLATES

3 to 5

'

Plat e 3

(nex t two page s)

The exte nt to whic h a rein dee r's carc
ass had been eate n
by scav enge rs gave an indi cati on of whe
ther it had died
earl y or late in win ter.
Mos t carc asse s, like thos e of
the calf (A) and adu lt fem ale (B), had
larg e amo unts of
fur and fles h rem aini ng when they were
insp ecte d in
summ er.
Such anim als were assu med to have died
late in
win ter .
In con tras t, the carc asse s of anim als
whic
h
had died earl y in win ter, like the adu
lt male (C) whic h
died in or sho rtly afte r the rut , had
inva riab ly been
com plet ely stri ppe d by the foll owi ng
summ er.
Hen ce,
anim als whic h had evid entl y died in win
ter (sho wn , for
exam ple, by the leng th of the pelt ) but
who se carc asse s
had been e x tens ivel y eate n, like the
adu lt fem ale (D),
were con side red to have been earl y win
ter cas ualt ies.
The scal e pole is grad uate d in 10 cm .

•

Plate 4
Svalbard reindeer are very fat in autumn but lean in
Compare the fat deposits and well devel]ate winter.
oped muscles of a female Svalbard reindeer calf (A)
shot in August (aged approxim ate]y 10 weeks) with
those of an adult female shot in Apri 1 (B) .

•

Plate 5
Ad11lt female Svalbard reindeer gnawing crustose lichens
off a rock in late winter (April).
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