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SUMMARY

Climatic changes have affected popula-
tions of caribou and reindeer (Rangifer
tarandus) at scales ranging from a sin-
gle winter to tens of thousands of years,
and from micro-habitats to entire conti-
nents. Individuats, populations and the
species have adapted to these climatic
changes, however, producing complex
evolutionary and ecological issues requir-
ing multi-scale, interdisciplinary research.
Caribou populations wintering on arctic
tundra may be most susceptible to the
impacts of anthropogenic climatic change,
given the low productivity of their forage,
the severity and duration of the winters,
and the physical barriers that limit dis-
persal.

Sub-speciation of Rangifer tarandus
hypothetically occurred during the Wis-
consin glaciation. Recent genetic analy-
ses support the current classification of
subspecies, except that Baffin Island
caribou may be distinct from barren-
ground caribou, A. t. groenlandicus, on
maintand Northwest Territories. Baffin
caribou may have originated from a small
ancestral population in a refugium on
Baftin Island during the Wisconsin gla-
ciation; or, they may have originated from
immigrants after the Wisconsin glacia-
tion, later experiancing a severe popu-
lation bottleneck.

On a shorter time scale, recent re-
search has suggested that density-inde-
pendent climatic events occurring over

a single winter have caused at least one
major population decline among Peary
caribou on the Queen Elizabeth Islands.
Drarnatic fluctuations of Greenland popu-
lations over the past 200 years have
been attributed to climatic changes.
However, the onset of some population
changes on western Greenland have
been inconsistent with the timing of cli-
matic changes. Inuit knowledge of Baf-
fin caribou and studies of tundra caribou
on Svalbard, Coats and Southampton is-
lands, South Georgia, and Norway sug-
gest that caribou populations are af-
fected primarily by density-dependent
grazing impacts on forage that can last
several decades. The discrepancy be-
tween these views may be caused by
differences in the temporal and spatial
scales over which scientific investigations
have been conducted, and the measure-
ment of only some ecological factors.
Arctic ecological studies require exten-
sive spatial and temporal data before
impacts of anthropogenic climate change
can be assessed. This will require a long-
term interdisciplinary study integrating
scientific data from several disciplines,
as well as Inuit knowledge.

RESUME

Les changements climatiques ont eu des
répercussions & diverses échelles sur les
populations de caribous et de rennes
(Rangifer tarandus) ; des variations allant
d'un seul hiver jusqu’a des dizaines de
milliers d'années, s'étendant du micro-
habitat jusqu’au continent entier. Les
individus, les populations et les espéces
se sont adaptées & ces changements
climatiques et, 'étude des phénoménes
complexes sur ['écologie et évolution que
cela a entrainée supposent la réalisation
d'études pluridisciplinaires a plusieurs
échelles. Les populations de caribous
hivernant dans la toundra arctique sont
peut-étre trés sensibles aux change-
ments anthropogéniques, compte tenu
de la taible productivité de fourrage de
ce milieu, de la rigueur et de la longueur
de 'hiver et, de lexistence de barriéres
physiques limitant les possibilités de dis-
persion.

Lapparition de la sous-espéce Rangi-
fer tarandus s'est produite durant la gla-
ciation du Wisconsin. Les analyses géné-
tiques récentes confirment la classifica-
tion actueile des sous-espéces, mais il
est possible que le caribou de Iile de
Baffin soit différent du caribou des landes
(R. t. groenlandicus) de la partie conti-
nentale des Territoires du Nord-Ouest. Il
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ast possible que le caribou de I'ile de
Baffin descende d'ancétres ayant formés
une petite population dans un refuge
de I"le de Baffin durant la glaciation wis-
consinienne ; il est également possible
qu'ils soient des descendants ayant
émigrés aprés la glaciation du Wiscon-
sin, leur population ayant subie une dimi-
nution draconienne par la suite,

Sur une échelle de temps plus courte,
les résultats d’'études récentes indiquent
que des événements climatiques indé-
pendants de la densité de la population
et se dérouiant sur la période d'un seul
hiver ont provoqué une importante ré-
duction de la population des caribous de
Peary sur les iles de la Reine Elisabeth.
Les grandes fluctuations des populations
de caribou du Groenland qui ont eu lieu
au cours des 200 dernigres années ot
été attribuées a des changements clima-
tiques. Cependant, certains change-
ments de population ayant débuté dans
l'ouest du Groenland ne correspondent
pas avec la suite des changements
climatiques observés. Selon les connais-
sances inuites des caribous de lle de
Baffin et d'aprés des études des cari-
bous de la toundra des Tles du Svalbard,
de Coats et de Southampton, de Georgie
du Sud et de Narvige, les variations des
populations de caribous sont principale-
ment reliées & des facteurs qui sont
dépendants de la densité de population,
qui ont des répercussions sur la pais-
sance et qui peuvent s'étendra sur plu-
sieurs décennies. Les divergences entre
ces deux points de vue peuvent étre
dues & des différences entre les échelles
temporelles et spatiales des différentes
études scientifiques, et & la mesure d'un
trop petit nombre de paramétres écolo-
giques. Las études sur I'écologie arctique
doivent d'abord produire un grand
nombre de données spatiales et tempo-
relles sur les milieux arctiques avant que
'en puisse évaluer les répercussions
climatiques de changements anthropo-
géniques. Cela signifie qu'il faudra réa-
liser une étude pluridisciplinaire de
longue durée intégrant a la fois les don-
nées scientifiques de plusieurs disci-
plines et les connaissances inuites en la
matiére.

INTRODUCTION

Questions regarding the effects of an-
thropogenic climate change on wildlife
populations give new urgency to issues
debated by northern ecologists through-
out this century, Elton (1924) suggested
that climatic cycles with a periodicity of
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3.5 years caused numeric fluctuations
and genetic changes in northern animal
populations. Elton suggested that peri-
odic climate change was the only factor
that could synchronize population cycles
over wide areas. His hypotheses shaped
much of the subsequent ecological re-
search into the proximal factors causing
fluctuations in wildlife populations. Oth-
ers have suggested that the impact of
herbivores on their forage can be the
dominant force in population cycles,
however. For example, Keith (1974) sug-
gested that density-dependent interac-
tions between snowshoe hares (Lepus
americanus), their forage and their pred-
ators were responsible for the 10-year
population cycles of these species. Fur-
ther, Windberg and Keith (1976).and
Keith et al. (1984) suggested that dis-
persal of snowshoe hares during years
of food shortage is sufficient to explain
synchrony of population cycles over wide
areas. To predict the impacts of anthro-
pogenic climate change, caribou ecolo-
gists must elucidate the roles of density-
independent (e.g., climate) and density-
dependent (e.g., forage, predators) fac-
tors that may cause fluctuations in cari-
bou (Rangifer tarandus) populations.
The difficulty of this task becomes ob-
vious when one considers the variety of
ecological situations that caribou occupy
and the complexity of each of those situ-
ations. Habitats are aggregated spatially
into “patches” of varying sizes (Arditi and
Decoronga, 1988). At a fine spatial scale,
frost and snow affect the structures of
terrestrial micro-habitats used by arctic
herbivores (Sigafoos, 1952; Zoltai and
Tarnocai, 1981; Walker et al., 1993). As
spatial scale increases, habitat patches
are, in turn, assembled into larger and
larger clusters (Kotliar and Wiens, 1990)
as they become aggregated by eleva-
tion, aspect, ruggedness, marine influ-
ences, and other factors. Animals organ-
ize their behaviors into temporal aggre-
gations or “bouts” that may last minutes
or hours (Slater, 1974). These bouts are
subsequently assembled into larger tem-
poral clusters, such as circadian rhythms,
seasonal migrations and inter-annual
emigration. The current distribution and
adaptive capacity of any population has
been shaped by the ecological circum-
stances experienced over past weeks,
years, decades, centuries and millennia.
Despite this obvious multiscale ecologi-
cal organization, ecologists rarely con-
sider how the scale at which their stud-
ies occur may affect the applicability of

the results at other scales (Wiens, 1989).

Few ecological studies of arctic her-
bivores have implemented research ap-
proaches that allow them to apply their
results across several scales. Schaeffer
(1995) used a multiscale approach to
study the interactions between habitat
structure and habitat selection by musk-
oxen (Ovibos moschatus). Although this
3-year study assesses muskox foraging
ecology across various spatial scales,
such short-term studies may prove in-
adequate to effectively predict the po-
tential consequences of long-term tem-
poral processes, including climate change.

Scientific ecological data in the Cana-
dian Arctic is limited historically, making
it difficult for Arctic ecologists to build and
subsequently test models that predict
processes occurring over several dec-
ades, centuries or millennia. As a result,
ecologists face a formidable task in
studying the ecology of adaptable arctic
herbivores within the reality of both multi-
scale spatial structures and multiscale
temporal processes. This paper attempts
to synthesize a variety of evolutionary
and ecological issues associated with the
potential impacts of climatic change on
caribou. | will examine some hypotheses
about climatic changes that may be re-
sponsible for genetic differences be-
tween caribou on Baffin Island and cur-
rently recognized sub-species, describe
the ecological rationale that makes multi-
scale research a necessity, and review

some studies and hypotheses on the ef-
fects of climate on Arctic tundra caribou.
To encourage future interdisciplinary re-
search, | will identify some information
sources that caribou ecologists can con-
sult to develop predictions pertinent to
climatic change.

THE GENETIC IDENTITY

OF CARIBOU IN

THE EASTERN CANADIAN ARCTIC
Evidence suggests that at the height of
the Wisconsin glaciation, Rangifer taran-
dus occurred in a tundra belt across the
southern edges of continental ice-sheets
and in the unglaciated Beringia refugium
in Alaska—Yukon (Banfield 1961). Ge-
netic evidence suggests that woodland
caribou, RA. t. caribou, have been isolated
from Canadian barren-ground caribou,
R. t. groenlandicus, to the north both in
recent time and during their phylogenetic
evolution (Reed et al., 1991).

Caribou Origins

Ancestors of Peary caribou, Rangifer
tarandus pearyi, and the now extinct East
Greenland caribou, R. t. eogroenlandi-
cus, may have survived the late Wiscon-
sin glaciation in high arctic refugia in Arc-
tic Canada or northern Greenland (Ban-
field 1961). The Svalbard reindeer, R. .
platyrhynchus, may have also originated
from the same ancestors (Reed, 1985;
Reed et al., 1986). A caribou antler from
northern Greenland, radiocarbon-dated
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Figure 1 Maximum extent of the Laurentide Ice Sheet on Baffin Island during the late Wisconsin

glaciation, 18000 BP (Dyke and Prest, 1986).
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at >40,000 BP (Meldgaard and Bennike,
1989), suggests that caribou occurred
there when most of northern Eurasia and
America was covered with ice. However,
a high arctic refugium may not have sup-
ported caribou populations sufficiently
long for them to become the ancestors
of today's Peary caribou and Svalbard
reindeer (Degerbel, 1957; Meldgaard,
1986; Reed, 1985 ). The genetic similari-
ties between barren-ground and Peary
caribou are much greater than between
barren-ground and woodland caribou
(Roed et al., 1991). This suggests that
Peary caribou may have survived parts
of the Wisconsin glaciation in areas south
of the high arctic refugia, perhaps in more
marginal parts of the Beringia refugium
(Meldgaard, 1986). In this scenario, an-
cestors of Peary caribou and Svalbard
reindeer may have been only partly iso-
lated from ancestors of barren-ground
caribou during the Wisconsin glaciation.

Although animal size can vary with
nutrition, Reed (1987) has shown sig-
nificant correlations between size and
genetic variation in Rangifer tarandus.
Banfield (1961) determined the current
sub-species of A. tarandus using size dif-
ferences in skull measurements. Banfield
(1961) identified five demes of A. t.
groenlandicus that showed a mosaic
type of variation. Baffin caribou were
much smaller than those on the main-
land of the Northwest Territories (NWT).
Banfield's (1961) size differences be-
tween Baffin and mainland caribou are
consistent with those reported by Inuit
familiar with both animal groups. Baffin

caribou have lighter coat color in all sea-
sons, are about 25% smaller in size, and
have smaller antlers (T. lkummag, Igloo-
lik, pers. comm., 1989). Baffin caribou
showed no sign of a R. t. pearyi influ-
ence, even though the larger northwest
mainland deme did (Banfield, 1961).
Banfield (1961) may have ignored size
differences between Baffin and mainland
caribou in order to accept his hypothesis
that the “relatively large” Greenland cari-
bou originated from mainland NWT cari-
bou that supposedly crossed Baffin Island
and then Davis Strait. Meldgaard (1986)
has since questioned whether caribou
could survive this “sweepstakes route” of
at least 350 km across Davis Strait.

At the genetic level, transferrin allele
frequencies in Baffin Island caribou re-
vealed surprisingly great genetic differ-
ences from all other Rangifer subspe-
cies (Roed et al., 1991). Tf2, the domi-
nant allele among Baffin caribou (52%),
was absent from all other subspecies,
except Rangifer tarandus caribou (1%)
and A. t. groenlandicus (1%), suggest-
ing little genetic exchange between Baf-
fin caribou and any other population. The
level of genetic difference from the other
subspecies was even greater than be-
tween woodland and barren-ground cari-
bou, which apparently had different an-
cestral origins during the Wisconsin gla-
ciation.

Climatic Influences

Portions of eastern Baffin Island (Fig. 1)
have been ice-free for at least the last
70,000-150,000 years (Miller et al.,
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Figure2 Some locations inhabited by Arctic tundra caribou in the Northern Hemisphere.
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1977b), and some areas show no evi-
dence of ever being glaciated (Mode,
1981). At the maximum extent of the
Laurentide Ice Sheet, which covered al-
most all of Canada about 18,000 BP,
portions of northern and eastern Baffin
Island remained ice free (Dyke and Prest,
1986, 1987). This area remained sepa-
rated from continental North America by
the Laurentide Ice Sheet until 8000-7000
BP (Dyke and Prest, 1987). Ancestors
of Baffin caribou may have survived the
late Wisconsin glaciation in an isolated
refugium on northern and eastern Baffin
Island, explaining the genetic difference
between Baffin caribou and all subspe-
cies of Rangifer tarandus.

The climate of northern and eastern
Baffin Island during 18,000-11,000 BP
was probably characterized by relatively
strong, dry surface winds, cold tempera-
tures, minimum snow cover, and pre-
sumably long winters with mid-winter
thaws being unlikely (G.H. Miller, pers.
comm., 1989). The oldest pollen record
from northern Baffin Island, C'*-dated to
over 16,000 BP, is dominated through-
out by Salix spp., Cyperaceae and Gra-
mineae (Short and Andrews, 1988).
Betula pollen, often used to distinguish
between low arctic and high arctic con-
ditions (Andrews et al., 1980), appeared
in this northern Baffin record at about
16,000 and 14,000 BP and then more
frequently after 8000 BP. The northern
limit of Betula is currently about 1000 km
to the southeast on Cumberland Penin-
sula (Andrews et al., 1980). Short and
Andrews (1988) concluded that there
was probably a regional source for Betula
pollen on northern Baffin Island between
16,000 BP and 12,000 BP. Short et al.
(1985) and Short and Andrews (1988)
show that vegetation suitable as caribou
summer forage (e.g., Gramineae and
Cyperaceae) and winter forage (e.g.,
Salix) may have occurred somewhere on
northern and/or eastern Baffin Island
from at least 16,000 BP to the present.
One or more sites were probably capa-
ble of supporting small caribou popula-
tions at any time throughout this period.

Severe snow and/or icing conditions
may have made forage inaccessible dur-
ing warm, wet periods (e.g., 14,000 BP
to 8000 BP (Short et al., 1985)). How-
ever, in any given winter, snow cover
conditions are highly variable on Baffin
Island (Jacobs, 1989). If small caribou
populations survived on Baffin Island
throughout the late Wisconsin glaciation,
they may have adapted through major
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shifts in their winter ranges in response
to depleted forage and/or severe snow
conditions. Under such conditions, the
population may have dropped to only
tens of animals at various times. Such
severe bottlenecks could have caused
a rapid increase in the genetic distance
between Baffin caribou and other sub-
species (Chakraborty and Nei, 1977).
Subsequent immigration of caribou onto
Baffin Island after BOOO BP would explain
the current heterozygosity of Baffin cari-
bou at the transferin locus (Reed st al,
1991).

If caribou did not survive the late Wis-
consin glaciation on Baffin Island, Rangif-
er tarandus groenfandicus would have
colonized Baffin Island afier 8000 BP, as
suggested by Banfield (1961). A subse-
quent population bottieneck, followed by
further immigration, could explain the
present heterozygosity of transferrin alle-
les in Baffin Island caribou. Although
Baffin caribou have historically gone
through massive fluctuations in popula-
tion distribution and density (Ferguson,
unpubl. data), it is difficult to envision en-
vironmental conditions which would have
reduced the population to a few tens of
animals after the deglaciation of the
western portion of the island.

Adaptive Capacity of Caribou
Unfortunately, the oldest caribou remains
from Batfin Island date to only about
3000 BP (D. Stenton, pers. comm., 1989).
Several fossils, dating 40,000-8000 BP
and genetically consistent with current
Baffin caribou, would be needed to dem-
onstrate that caribou survived in a Baf-
fin refugium. However, it is unlikely that
such fossils could be found if only a few
tens of animals survived during this pe-
riod.

If caribou did survive the late Wiscon-
sin on Baffin Island and other high arctic
refugia, it would suggest that the spe-
cies can adapt to large changes in glo-
bal climate. Co-operative research into
palecclimatic changes, paleovegetation
and the genetic distinctiveness of cari-
bou on Baffin Island and other parts of
Nunavut may help elucidate the adap-
tive capacity of caribou. However, future
anthropogenic climate change could oc-
cur at a rate surpassing that capacity.

FORAGING ECCLOGY

OF ARCTIC TUNDRA CARIBOU

| identity Rangifer tarandus that occupy
arctic tundra habitats year-round as “arc-
tic tundra caribou.” In Canada, this eco-

type is found on arctic islands from Coats
and Baffin islands in the southeast, north
to Ellesmere Island, and west to Banks
Island, and on the northeast mainland
of the NWT (Fig. 2). These caribou in-
clude the sub-species, A. t. pearyi, R. L.
groeniandicus and interbreeds in Cana-
da and Greenland. Arctic tundra caribou
also occur on Svalbard (Fig. 2) and on
istands north of mainland Siberia (R. t.
tarandus). Although arctic tundra caribou
include several subspecific types, their
foraging ecology is similar because they
can not use relatively productive and ex-
tensive continental treed habitats during
winter. During winter, these caribou feed
on vegetation that is exposed by wind
removing the snow, or must dig {(or cra-
ter) through a hard snow cover to find
senescent tundra vegetation that is, ex-
cept for lichens, of low digestibility. In
most winters, forage across a large por-
tion of their winter range is inaccessible,
reducing usable winter range to a frac-
tion of summer range.

Population Dynamics

The population dynamics of caribou may
also be influenced either directly or indi-
rectly by wolf or human predation (Ber-
gerud, 1988, 1996), summer weather
and/or vegetation (Créte and Huot, 1993
Le Hénaff and Luttich, 1988; Skoog, 1968)
and interspecific competition (Vincent
and Gunn, 1981). These data are de-
rived mainly from populations that live in
forests year-round or at least during win-
ter, however. | have found no evidence
in the literature indicating that any of
these tactors have played major roles in
population fluctuations of arctic tundra
caribou. Although predation and inter-
specific competition may be important
factors in some circumstances, the lit-
erature does not reveal clear evidence
for populations of arctic tundra caribou.
it seems unlikely that summer forage
could be a major factor, because the ef-
fective range of arctic tundra caribou is
many times greater after the snow melt
(Skogland, 1986), and potential forage
increases substantially in quantity, qual-
ity and diversity during summer (White,
1983). During a population crash of rein-
deer introduced to St. Matthew Island
near Alaska, Klein (1968) reported that
summer forage had suffered little from
the previous high densities of reindeer,
while lichens had been depleted and es-
sentially eliminated from the reindeer's
winter diet. Sedges and grasses, polen-
tial summer forage, were expanding into

areas previously occupied by lichens on
St. Matthew Island.

Winter Foraging

The many spatial and temporal scales
that influence the winter foraging ecol-
ogy of arctic tundra caribou can be visual-
ized by considering the foraging choices
of individual animals. At the smallest spa-
tial scale, each caribou can choose be-
tween specific parts of the plant species
present at the bottom of each crater dug
through the snow. When cratering, the
individual makes choices within foraging
sites (i.e., tens of metres), and between
foraging sites (i.e., hundreds to thou-
sands of metres) depending partly on
snow-cover characteristics (Skogland,
1978). The largest spatial scale affect-
ing foraging choices during any given
winter begins during the animal's sum-
mer—autumn migration. This migration
theoretically gives each caribou many
choices across all potential wintering ter-
rain within the animal's migratory range,
or a radius of up to 600 km for some
caribou on southern Baffin Island (Fergu-
son, 1989). Clearly, individual caribou
can adapt to the habitats that they en-
counter at many spatial scales, ranging
from 5-10 mm (dependent on bite size
and plant architecture) 1o hundreds of
kilometres (dependent on their migratory
behavior, fidelity to seasonal habitats,
and physical barriers).

Temporal scales affecting caribou
ecology are similarly variable. Caribou
are affected by weather events that
change the snow pack over periods of
heurs, days and months, as well as be-
tween years. In turn, individual caribou
can adapt to such changes with simple
choices such as expanding a previously
dug crater instead of digging a new one
or moving to aiternative foraging sites
nearby (Thing, 1877). Over a longer time
scale, each individual caribou is affected
by the impacts that previous grazing may
have had on the forage currently avail-
able below the snow (Klein, 1968). Such
impacts last 20-40 years (l. Jama inVibe,
1967; Kilein, 1987). In these situations,
caribou could adapt to previous grazing
through emigration to new or well-rested
winter ranges, assuming only limited
physical barriers to dispersal (Leader-
Williams, 1988). When assessing the
relative importance of climatic factors,
caribou ecalogists should account for the
cumulative impacts of grazing that could
be the overriding limiting factor for up to
40 years after the fact.
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EVIDENCE OF

IMPACTS OF CLIMATE ON

ARCTIC TUNDRA CARIBOU

Although Miller (1982} recognized that
forage is the ultimate limiting factor for
caribou populations, he suggested that
other mortality factors do not allow cari-
bou to reach densities at which forage
would control populations on most ranges.
According to Miller {1982} and Caughiey
and Gunn (1993), caribou populations
are limited more by access to forage
through the snow cover than by a shon-
age in the absolute tood supply or other
ecological factors.

Greenland Caribou Populations

Vibe (1967} reviewed available weather
records and indices of wildlife popula-
tions on Greenland (Fig. 2} back to the
1700s. His hypothesis was that periods
of wet, warm winters are unfavorable for
caribou because deep snow and/or ic-
ing makes forage unavailable. During
such periods, most Greenland caribou
populations supposedly declined and in
some cases became extinct. However,
examination of his data reveals an in-
consistent picture. After being limited for
about 45 years, the West Greenland (Si-
simiut) population increased after 1815
during a period of stable conditions with
reduced winter precipitation. However,
“the most imponrant factor” was that cli-
matic conditions had “forwarded regen-
eration of the vegetation” during the dec-
ades of low reindeer density (Vibe,
1867). “After 30 years’ increase, the rein-
deer curve culminated around 1845-50,
and from then... fell rapidly” (Vibe, 1967).
He also acknowledged that this decline
“may to some extent have been caused
by overgrazing.” Furthermore, the cli-
matic situation that brought unstable wet
winters began around 1865 (Vibe, 1967},
while the population crash was largely
complete by 1860 (Meldgaard, 1986). Al-
though the period of wet winters may not
have initiated the decline, it probably
maintained the population at low densi-
ties as Vibe (1967) suggested.

Thing {1983) concluded that low lichen
biomass on winter ranges due to exces-
sive grazing was the primary cause of
the next major decline of West Green-
land caribou during the late 1970s. On
the other hand, Meldgaard (1986) con-
cluded that climatic change was the
major cause of fluctuations in Greenland
caribou populations because grazing
pressure would lead to stabilization with
only insignificant oscillations around an

equilibrium. Meldgaard's (1986) conclu-
sion is not supported by the climatic data,
however, assuming that he was apply-
ing Vibe's (1967) wet, warm winter hy-
pothesis. Vibe (1967) acknowledged that
the West Greenland population's most
recent increase ironically began during
a period of wet winters during 1959-1964,
when the caribou suddenly expanded
their winter range into areas where veg-
etation had not been grazed for many
years. Meldgaard (1986) provided data
showing colder, dryer winters during the
subsequent population decline in the late
1970s. The published data for the 1959-
1984 fluctuations of West Greenland
caribou shows that both the increase and
decrease phases occurred in spite of
winter climatic conditions that should
have produced opposite population tra-
jectories!

Arctic Islands Caribou Populations
Miller et al. (1977a) found at least shori-
term (ie., 1-2 years) evidence support-
ing Miller's climate hypothesis during a
decline of Peary caribou on the Queen
Elizabeth Islands {(QE1} (Fig. 2) during
the early 1970s. After a winter with re-
strictive snow conditions in 1873-74,
Miller et al (1977a) detected a decline
of 45% and 69% on the western QEl and
adjacent Bathurst Island {Fig. 2), respec-
tively. During that winter, malnutrition
resulted in high monality among all age
groups and subsequently reduced popu-
lation productivity. Would climatic condi-
tions continue to appear as the dominant
factor if vegetation and snow-cover data
had been available over one or more
decades?

Between 1961 {(Tener, 1963) and 1973
(Miller et al., 1977a), caribou had declined
from 15,300 to 4,200 on the western QEI
and from 3,200 to 770 on Bathurst Is-
land. Miller et al’s (1977a} study could
not address the causes of these declines
which occurred before the severe win-
ter of 1973-1974. On the other hand,
Inuit reported that caribou were emigrat-
ing from Bathurst Island at least during
the late 1960s and early 1970s (Free-
man, 1975), They suggested that the de-
cline of caribou on Bathurst Island was
caused at least partly by human activity
during oil exploration,

The Bathurst Island population in-
creased from about 290 in 1981 (Fergu-
son, 1987} to 1030 in 1988 (Miller, 1991}.
Indirect evidence suggests that immigra-
tion may have contributed to this increase.
Between 1974 (Miller et al., 1977a) and
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1986-1988 (Miller, 1987, 1988, 1581},
caribou numbers on the westermn QE| de-
clined by about 1000, while numbers on
adjacent Bathurst Island increased by
about 800. Miller (1991) suggested that
such movements are sporadic and are
caused entirely by widespread forage
unavailability produced by unfavorable
snow/ice conditions. Although he sug-
gested that these movements allow
Peary caribou maximal use of ranges
with the best forage, Miller {1991) did not
suggest that the movements are caused
primarily by density-dependent forage
depletion. Because Miller et al. (1977a)
and Miller (1991) did not provide direct
evidence on landscape-scale snow cover
conditions, forage depletion and/or inter-
island caribou movements during these
population changes, it is not possible to
evaluate predictions of Miller’s hypothasis.

Caribou Population

Emigration and Impacts

Mass emigrations of caribou are poorly
understood, but may be density depend-
ent (Miller, 1982). One recent example
comes from northwestern Greenland.
Roby et al. (1984) concluded that cari-
bou were extirpated from northwestern
Greenland by the late 1970s. During win-
ter 1989-1990, a significant number of
Peary caribou apparently emigrated from
Elesmere Island to northwestern Green-
land (Fig. 2), resulting in a harvest of
more than 100 caribou by Greenlanders
during May-November 1990 (A. Rosing-
Avid, pers. comm., 1990}. To my knowl-
edge, no cause for this range shift has
been offered. Inuit have observed shifts
in winter distributions of large numbers
of caribou over the past 100 years on
southern Baffin Istand {Fig. 2) (Ferguson,
unpubl. data). According to Baffin Inuit,
caribou sub-populations pericdically
emigrate en masse cnce local winter for-
age becomes depleted. Soma Inuit also
suggested that ground icing will not
cause major problems unless there have
been too many caribou for too long. Klein
(1968) found that on St. Matthew Island,
where emigration was not possibie and
after previous high densities of reindeer
had depleted their winter forage, almost
the entire reindeer population starved to
death during a winter of extreme snow
accumulation.

Similarly, Skogland (1985) suggested
that density-dependent winter forage is
the primary factor in regulation of popu-
lation size among wild Rangifer tarandus
populations on arctic and alpine tundra
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on Svalbard and in Norway (Fig. 2). Fur-
ther, he suggested that density-inde-
pendent factors play a role only at high
population densities. Based on studies
of several wild tundra populations, Skog-
land (1986, 1989) pointed out that the
dynamics of a given population also de-
pend on several other factors, including
the ratio of winter-to-total range, terrain
characteristics within the winter range,
and the type of winter diet (/e., vascular
plants or lichen).

Reindeer on Svalbard (Fig. 2) appar-
ently are limited by snow cover condi-
tions that restrict accessibility to forage
in most winters {Reimers, 1982}. During
especially severe winters, Svalbard rein-
deer do suffer high rates of mortality
{Reimers, 1982, 1983; Tyler, 1987). How-
ever, limitation of population growth by
climatic factors occurred after Svalbard
reindeer eliminated terricolous lichens in
historic times and subsequently switched
to low quality winter forage (Brattbakk
and Renning, 1978, and Ekern and Kilde-
mo, 1978, in Reimers, 1983). in some
severe winters, these sedentary reindeer
(Tyler and Qritsland, 1989) will emigrate
when faced with starvation (Tyler, 1987),
but will they emigrate when faced with
depleted forage resources before severe
snow conditions causes high mortality?

In 1978, 15 reindeer were introduced
to a peninsula on northwestern Svalbard
that had been uncccupied for about 100
years (Staaland et al., 1993). This popu-
lation increased to about 200 by 1989.
Between 1979-1980 and 1988-1989,
preferred lichen species had almost dis-
appeared and the reindeer had begun
feeding on a wider variety of forage spe-
cies, similar to reindeer elsewhere on
.Svalbard (Staaland et al., 1993). By Au-
gust 1995, Staaland (pers. comm., 1995)
reported that reindeer apparently had
begun to emigrate from the peninsula,
without evidence of mortality caused by
severe snow cover conditions. Such emi-
gration could be predicted by the Inuit
hypothesis, but not by Miller's hypoth-
esis.

Lindsay (1973), Kightley and Smith
(1976) and Leader-Williams et al. (1981)
have reported major impacts of reindeer
on the subantarctic island of South Geor-
gia. Lichens and a preferred dwarf shrub,
Acaena magellanica, were depleted first,
while tussock grass, Poa flabellata, has
become the reindeer's major winter for-
age and has been affected only at high
reindeer densities. However, subantarc-
tic tussock grasslands and other com-

munities have higher productivity com-
pared to similar plant communities in the
Arctic (French and Smith, 1985). Leader-
Williams (1988) suggested that the per-
sistence of reindeer on tundra islands
depends on such resilient vascular plants.
For island tundra populations, Leader-
Williams {1988} viewed climate and emi-
gration as playing secondary roles to
forage resources in limiting population
growth, and contrasted these to conti-
nental populations for which predation
may be a dominant or secondary factor
1o forage.

Caribou on Coats Island have had lit-
tle opportunity to emigrate in recent years
because of year-round open water be-
tween Coats and Southampton islands
(Fig. 2) (Gates et al., 1986}). Adamczew-
ski et al. (1988) attributed limitation of
this population to an interaction between
historically depleted forage resources
and variable snow-cover conditions.
Forty-eight caribou were introduced to
adjacent Southampton Island in 1968,
and increased to 13,700 by 1991 (Heard
and Quellet, 1994). Although some evi-
dence of overgrazing has been detected
{Qusllat et al., 1993}, Southampton cari-
bou have not suffered high winter mor-
tality during years when caribou on Coats
Island did (Heard and Quellet, 1594).
This led Heard and Ouellet (1994) to sug-
gest that the effect of adverse weather
on Arctic tundra caribou is dependent on
population density. As pointed out by
Quellet et al. (1996), it is important to
distinguish between the roles of density-
dependent factors (&.g. forage depletion)
that may dampen population fluctuations
of Arctic tundra caribou (i.e., regulatory
factors} and the roles of density-inde-
pendent factors (e.g., climate) that may
introduce variability into those fiuctua-
tions (i.e., limiting factors).

CONCLUSIONS

Rangifer tarandus has adapted and
evolved in situations promoting both high
(Reed et al, 1991) and limited genetic
diversity (Reed, 1985). The diversity of
habitats and envircnmental situations
that are currently occupied by this spe-
cies attest o its adaplive capacity. Addi-
tional genetic analysis of caribou on Baf-
fin Island, mainland NWT, and western
Greenland is needed to define the ge-
netic distinctiveness of caribou in these
areas. Continued palececological work
in refugia potentially occupied by R.
tarandusis needed to reveal the extreme
climatic conditions that caribou may have

survived over the millenia. Arctic tundra
caribou probably represent the ecotype
that may be most susceptible to the
negative effects of climatic changes. The
possibility that smalt numbers of caribou
survived in isolated refugia for thousands
or even tens of thousands of years sug-
gests that the species may be able to
adapt o future climatic change. The ques-
tion remains, however; can this adaptable
species survive the accelerated climatic
changes that man may cause?

Studies on Coats and Southampton
islands, Greenland, Svalbard, Norway
and South Georgia support the density-
dependent role of winter forage deple-
tion in the short- and long-term popuia-
tion dynamics of arctic tundra caribou,
as suggested by Inuit on southern Bat-
fin Island. Additionally, the different dy-
namics of these populations illustrate the
importance of examining forage, snow
conditions, and caribou movements at
several spatial scales. Where caribou
have opportunities for dispersal over
large islands or across archipelagos, fu-
ture population trends of a given sub-
population will depend on the grazing
history, snow cover, density and other
features of sub-populaticns in adjacent
areas. At temporal scales involving dec-
ades or centuries, ecologists may find it
useful to view caribou populations as
“metapopulations” {(Hanski and Gilpin,
1921) in which sub-populations are in-
terconnected through winter range shifts
that may be predictable, a concept that
is part of Baffin Inuit knowledge.

Jefferies et al. (1994) concluded that
there is no scientific evidence demon-
strating long-term impacts of vertebrate
herbivores on undisturbed northern plant
communities. However, lack of such evi-
dence does not imply that such impacts
do not occur,

Jefferies et al. (1994) recommended
both short- and long-term studies into the
interactions between plant communities
and northern herbivores. Studies exam-
ining spatial scales from habitat micro-
sites to continental expanses will need
to be integrated. These spatial scales
must be overlaid with temporal scales
extending over the decades necessary
for the re-growth of heavily grazed tun-
dra forage. Across these scales, inter-
disciplinary studies are required to as-
sess the numerical and functicnal re-
sponses of caribou and their forage to
density-dependent and density-indepen-
dent ecological factors. Palececological
research could help determine the envi-
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ronmental extremes that this ecotype
has survived. However, the logistic and
financial implications of such efforts will
require close co-operation between a
diverse range of environmental scien-
tists, including botanists, climatologists,
glaciologists, paleoecologists and others.
If the generations of ecological obser-
vations by Inuit (Ferguson and Messier,
1997, Gunn et al, 1988) can be inte-
grated successfully into this effort, unique
historical models of caribou metapopu-
lations could be develaped, in turn yield-
ing pertinent predictions thal could be
tested at the sub-population and meta-
population levels. Once this work is com-
pleted, the impacts of anthropogenic cli-
mate change on caribou may be pre-
dicted.

Distinguishing between density-inde-
pendent (e.g., climate) and density-de-
pendent (e.g., forage resources) factors
that may initiate population declines of
arctic tundra caribou is critical for future
management, if these caribou are faced
with rapid anthropogenic climate change.
If population declines are initiated prima-
rily by density-independent factors, then
populations should be kept at maximum
sizes over large areas so that they have
a numerical chance of surviving. How-
ever, if declines are initiated primarily by
density-dependent forage depletion, then
populations should be kept at low densi-
ties so that forage quality and quantity
are maintained at high fevels. In fact,
planned extirpation of some sub-popula-
tions on depieted winter ranges could be
a management tool allowing recovery of
forage resources and re-introduction of
caribou sooner rather than later, espe-
cially if climate change makes extirpa-
fion inevitable in heavily grazed areas.
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