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Catastrophic Die-Off of Peary Caribou on the Western Queen Elizabeth Islands,
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ABSTRACT. ThePeary caribou (Rangifer taranduspearyi) isan endangered speciesin Canada, having beeninan overall decline
since 1961. Sightings of Peary caribou were compared from two aerial searches, in 1993 and 1998, on Bathurst and its
neighbouringislands, western Queen Elizabeth I slandsin the Canadian High Arctic. The comparison indicated anear-total (98%)
cataclysmic decline in the number of Peary caribou seen per unit of search effort. In summer 1993, 2400 caribou were counted
during 33.8 h of low-level helicopter searches. In contrast, in summer 1998, only 43 caribou were seen withinthesameareaduring
35.2 h of low-level helicopter searches. The frequency of observation was markedly different: 118.3 caribou/100 min in 1993,
but only 2.0 caribou/100 minin 1998. The number of carcassesindicated that the decline resulted from deaths and not from mass
emigration. Males died at adisproportionately higher rate than femalesamong all 1+ yr old caribou, and bulls (4+ yr) compared
to cows(3+ yr) had died at an even greater rate. Widespread, prolonged, exceptionally severe snow andice conditionsfrom 1994 —
95t0 1996—97 caused the die-off. Trendsin snowfall are consistent with predictionsfor global warming in thewestern Canadian
High Arctic. Future climate change may increase the frequency of years with unfavorable snow and ice conditions, which could
prevent or at least impede future recovery of Peary caribou populations on the western Queen Elizabeth Islands, particularly to
sizes that would support subsistence harvesting.

Key words: Peary caribou, Rangifer tarandus pearyi, cataclysmic die-off, western Queen Elizabeth Islands

RESUME. Le caribou de Peary (Rangifer tarandus pearyi) est une espéce en péril au Canada, vu qu’ elle aconnu une diminution
globaledepuis 1961. On acomparé des observations du caribou de Peary faites|ors de deux recherches aériennes menéesen 1993
et 1998 sur I’fle de Bathurst et lesiles avoisinantes, celles dela Reine-Elisabeth occidental es dans I’ Extréme-Arctique canadien.
Lacomparaison arévélé un déclin cataclysmique quasi-total (98 %) du nombre de caribous de Peary apergus par unité d’ activité
derecherche. En été 1993, on adénombré 2400 caribous durant 33,8 heures de recherches par hélicoptére volant abasse altitude.
En revanche, durant I’ été€ 1998, on n’ a apercu que 43 caribous dans la méme zone durant 35,2 heures de survol a basse altitude
en hélicoptére. La fréguence des observations était nettement différente: 118,3 caribous/100 min en 1993, mais seulement 2,0
caribous/100 min en 1998. Lenombrede carcassesadémontré quele déclin était dd alamort des animaux et non auneémigration
massive. Les méles mouraient aun taux supérieur acelui desfemelles de fagon disproportionnée parmi tousles caribous &gés de
plusd unan, et, en comparaison avec lesfemellesde plusdetroisans, lesmélesde plusde quatre ansavaient péri aun taux encore
plus élevé. Lamortalité massive était due a des conditions d’ enneigement et de glace généralisées et persistantes extrémement
rudes. Les tendances dans les chutes de neige rejoignent les prédictions concernant le réchauffement global dans I’ ouest de
I’ Extréme-Arctique canadien. 1l se peut que de futurs changements climatiques augmentent la fréguence des années ou les
conditionsd’ enneigement et de glace ne sont pasfavorables, ce qui pourrait empécher ou du moinsentraver le rétablissement des
populations du caribou de Peary dans les Tles de la Reine-Elisabeth occidentales, en particulier & des niveaux qui pourraient
permettre |es prélévements de subsistance.

Mots clés: caribou de Peary, Rangifer tarandus pearyi, mortalité cataclysmique, 1les de la Reine-Elisabeth occidentales

Traduit pour larevue Arctic par Nésida Loyer.

INTRODUCTION

The Peary caribou (Rangifer tarandus pearyi) was first
listed as ‘threatened’ in 1979 by the Committee on the
Status of Endangered Wildlife in Canada (COSEWIC)
because of a decline between 1961 and 1974 (Gunn et al .,

1981). Then, as the decline continued, COSEWIC reclas-
sified Peary caribou on the Queen Elizabeth | slands (QEI;
Fig. 1) as ‘endangered’ in 1991 (Miller, 1990).

The first systematic, range-wide measure of abundance
was obtained by aerial survey in summer 1961, when Tener
(1963) estimated 24 363 Peary caribou on the western QEI
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(WQEI) and 25845 on the entire QEI. By summer 1973,
the estimated number of Peary caribou on the WQEI was
only about a quarter of the 1961 estimate (Miller et al.,
1977). However, the precise timing, cause and pattern of
that decline were not investigated. The first investigation
of winter and spring die-off of Peary caribou onthe WQEI
wasin 1973-74 (Parker et al., 1975; Miller et a., 1977).
In that one ‘caribou-year’ (1 July 1973 to 30 June 1974),
the estimated number of Peary caribou on the WQEI
declined by 49% and that of muskoxen (Ovibos moschatus)
by 35% (Miller et al., 1977). Thus, in summer 1974, the
estimated number of Peary caribou wasdown by 89% from
the 1961 estimate.

Recovery after the 1973—74 die-off was slow, at least
during thefirst three years, and then varied among islands
across the WQEI. However, we are hampered by having
relatively littleinformation except for Bathurst 1sland and
the neighboring islands of Vanier, Cameron, Alexander,
Massey, and Marc (Fig. 1). On Bathurst Island and those
neighboring islands, caribou numbers had recovered to
3000 by summer 1994 (Miller, 1995).

Subsequently, the20-year recovery in abundanceof Peary
caribou on Bathurst and itsneighboring islandswas virtually
lost in two years, as aerial surveys reveded a sharp 85%
decline from 3000 in summer 1994 to only 452 in summer
1996 (Miller, 1998). The magnitude of that two-year decline
led to an aeria survey across the entire WQEI in summer
1997 (Gunn and Dragon, 2002). Theresultsindicated that the
caribou on Bathurst and its neighboring islands had plum-
meted afurther 83% from summer 1996 to only 78 caribouin
summer 1997—down 98% from the 3565 caribou estimated
therein 1961 (Tener, 1963). The 1997 survey recorded an all-
time known low of only 1086 Peary caribou throughout the
WQEI. Thislow point represents a 96% decline throughout
the WQEI over 36 years, 1961-97 (Tener, 1963; Gunn and
Dragon, 2002). Thus, the number of Peary caribou on the
WQEI wasin an overall decline during the last four decades
of the 20th century.

Die-offs are usually uneven in their effects on sex and
age classes (e.g., Parker et al., 1975; Gunn et al., 1989).
Sex and age composition, as well as the number of survi-
vorsof adie-off (effective population size), will determine
theinitial rates of recovery. Aswe had dataon the sex and
age composition of the caribou population before the
1994-97 die-off, wereturned to the Bathurst | sland com-
plex in 1998 to record the sex and age class of surviving
caribou and of carcasses. We recorded these data to docu-
ment further the extent of the 1994—97 decline, and we
used them, along with data from caribou carcasses ob-
tained during that decline, to gain insight into the propor-
tional loss of male vs. female caribou. We report those
resultsin this paper and compare the 1998 sightingsto the
1993 results from the same islands. We use these data to
illustrate the seriousness of both therecent (1994-97) and
the overall decline in the number of Peary caribou on
WQEI during the last four decades of the 20th century. We
also discussthe conservation implications for those Peary

caribou remaining on the WQEI, Canadian High Arctic,
Northwest Territories and Nunavut, Canada.

MATERIALS AND METHODS

The QEI liein the Canadian High Arctic north of about
74° N latitude (Fig. 1). We divide them into two major
groups (Fig. 1), mainly because the occurrence of Peary
caribouisdisproportionately higher onthewesternthan on
the eastern islands. The WQEI, with only 24% of the
collective island landmass of the QEI, held 94% of the
Peary caribou estimated in 1961, while the eastern QEI, at
76% of the land area, held the remaining 6%. The eastern
QEI havereceived no range-wide aerial survey since 1961,
but there is no evidence that caribou increased markedly
on those islands between 1961 and 1997. The ‘ heartland’
for Peary caribou during the last half of the 20th century
wason the southwestern and south-central islands (Fig. 1).
Bathurst Island (16 042 km?) and itsneighboring islands—
Tle Vanier (1126 km?), Cameron Island (1059 km?), Alex-
ander Island (484 km?), Massey Island (432 km?), and Tle
Marc (56 km?—form the major portion of the south-
central QEI. Hereafter, we refer to these six islands as the
‘Bathurst Island complex’ and to the southwesternislands
asthe‘Melville—Prince Patrick islands complex.’ Climate
patterns and vegetation vary regionally and locally across
the High Arctic QEI (e.g., Courtin and Labine, 1977;
Maxwell, 1981, 1997; Edlund, 1983, 1990; Edlund and
Alt, 1989; Thomas et al., 1999).

We carried out a nonsystematic aerial search for live
caribou and carcasses between 16 and 24 August 1993 and
between 23 July and 4 August 1998. We used these data,
together with associated data that we obtained during the
interim (1994—-97) die-off period, to complete our evalu-
ation (Miller, 1995, 1997, 1998; Gunn and Dragon, 2002).

The search crew was two observers and a pilot in 1993
and three observers and apilot in 1998. A Bell-206 turbo-
helicopter (Jet Long Ranger) was flown mainly at 60 to
90 m above ground level and at an air speed of 128 to
180 km/h. The areas searched and the search efforts were
virtually the same in 1993 and 1998. Flying conditions
were similar in both years, mainly under sunny skies and
scattered clouds with some periods of high or low over-
cast. The exceptions were that in 1993, Tle Vanier and
Cameron Island received only a cursory coastal search,
and in 1998, we had to detour around some of the highest
interior parts of Massey and Alexander islands because of
heavy fog conditions.

All caribou seen were visually segregated by sex and
age class: bulls (mature males, 4+ yr old, i.e., 4 years or
older); cows (mature females, 3+ yr old, i.e., 3 years or
older); juveniles(males, 2—3yr old and females, 2 yr old);
and yearlings (both sexes, 1 yr olds). Calves were consid-
ered to bebornin June of theyear (e.g., Miller, 1998). We
did not attempt to determine the sex of calvesin 1993 or
1998. In 1998, we examined the remains of 125 Peary
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FIG. 1. Current range of the Peary caribou (Rangifer tarandus pearyi) on the Queen Elizabeth Islands, Canadian High Arctic, showing Queen Elizabeth Islands

as two magjor divisions and five eco-units.

caribou. Many had been heavily utilized by predators and
scavengers and were reduced to patches of skin and hair
plus a few bones. Therefore, we could not assign sex and
age classes to 22 of them. An additional 12 were calf
remains. Wewere ableto place theremaining 91 carcasses
from 1+ yr old caribou in sex and age classes as male or
female adults vs. male or female juveniles/yearlings.
Wecalculated a' Yield/Effort’ ratio to assessthediffer-
ences between the 1993 and 1998 samples. The number of
caribou counted (all live caribou seen) was divided by the
search effort in minutes x 100, which equals the average

frequency of occurrence of caribou per 100 min of search
effort. We used the chi-square * Goodness of Fit’ totest for
disproportionate abundance of caribou across four major
land divisions. We conducted the tests separately for 1993
and 1998. Expected abundanceswere based ontherelative
land area and also on the relative number of hours flown.
Disproportionate mortality between males and females
among all 1+ yr old caribou, and between bulls and cows
during the interim three years of die-off, was also tested
using chi-square. The level of significance was set at
p < 0.05.
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TABLE1. Distribution of observationsof live Peary caribou obtained by aerial searchesin 1993 and 1998, given by sex and ageclass, south-
central Queen Elizabeth Islands, Canadian High Arctic.

Sex and age classt of caribou seen during aerial searches

Y ear Cows Calves Juvenile females Yearling females Bulls Juvenilemales  Yearling males
1993 691 668 186 141 310 259 145
1998 21 15 1 0 1 4 1

1 Cows, 3+ yr old; calves, lessthan 3 months old; Juvenilefemales, 2 yr old; Y earling females, 1 yr old; Bulls, 4+ yr old; Juvenile males,
2 and 3 yr olds; and yearling males, 1 yr old (see Miller, 1995, for details of sex and age classes).

TABLE 2. Counts of Peary caribou made during low-level helicopter searches in summer 1993 vs. summer 1998 on Bathurst Island and
itsfive major western satelliteislands (Vanier, Cameron, Alexander, Massey and Marc), Queen Elizabeth Islands, Canadian High Arctic.

Major divisions of helicopter search areat

Bathurst Island Five western
Northwestern Northeasternt Southern Total neighboring islands?

Y ear (month) (4068 km?) (6630 km?) (5344 km?) (16 042 km?) (3157 km?)
1993 (August)

Caribou counted 315 1790 168 2273 127

Hours flown 8.8 134 7.2 29.4 4.4

Yield/Effort ratio® 59.5 222.4 39.0 128.8 48.3
1998 (July-August)

Caribou counted 1 39 3 43 0

Hours flown 4.7 11.3 12.3 28.3 6.9

Yield/Effort ratio® 0.4 5.8 0.4 25 0.0

! The 1993 and 1998 results produced highly significant differencesin terms of both the relative abundance of caribou (caribou/100 min;
p < 0.001) and the relative sizes of the major divisions of land area where the caribou occurred (p < 0.001).
2 Includes the islands of Vanier (1126 km?), Cameron (1059 km?), Alexander (484 km?), Massey (432 km?), and Marc (56 km?).

3 Caribou seen per 100 min.
RESULTS
Caribou Abundance

Insummer 1993, we counted 2400 caribouinthe Bathurst
Island complex during 33.8 h of low-level helicopter
searches, yielding 118.3 caribou/100 min of search effort
(Tables 1, 2). In summer 1998, we saw only 43 caribou
during 35.2 h of low-level helicopter searches, which
yielded only 2.0 caribou/100 min of search effort (Tables
1, 2). Thus, with similar aerial search efforts on the same
range, we saw about 56 times as many Peary caribou in
summer 1993 as we did in summer 1998.

In 1993, 1790 of the 2400 caribou were counted on
northeastern Bathurst Island during 13.4 h of low-level
helicopter searches, while in 1998, 39 of the 43 caribou
were counted on northeastern Bathurst Island during
11.3hof low-level helicopter searches(Table2). Thus, the
countsfor northeastern Bathurst I sland yielded 38timesas
many caribou per unit of search effortin 1993 asin 1998.

The frequency of occurrence for Peary caribou seen on
each of the four survey land divisions was greater than
expected by chance alone only on northeastern Bathurst
Island in both 1993 (Table 2: x? = 1746.91, df = 3;
p <0.001) and 1998 (Table 2: 2= 60.48, df =3; p< 0.001).
A similar pattern was found for the four survey land

divisionsof the Bathurst | sland complex. In both 1993 and
1998, Peary caribou were overrepresented relative to land
area only on northeastern Bathurst Island (See Table 2,
1993: %2 = 1231.30, df = 3; p < 0.001); 1998: %2 = 68.21,
df = 3; p < 0.001).

Sex and Age Composition Changes

The sex and age composition of the 1993 samplefor 1+
yr old caribou was typical for an increasing population
(Tables 1, 3; e.g., Kelsall, 1968; Skoog, 1968; Bergerud,
1978). By August 1995, after thefirst winter and spring of
the die-off, the proportional representation of bullsamong
all 1+ yr old caribou was already down 23% from summer
1993. By August 1996, after the second winter and spring
of the die-off, representation of bullsamong all 1+ yr old
caribou was down by 47% from the 1993 (pre die-off)
level. In August 1998, only one bull was seen. This
suggeststhat by the end of the three-year die-off, bullshad
fallen to only 20% of their 1993 level of representation
among all 1+ yr old caribou.

After 1997, the ratio of 1+ yr old males to 1+ yr old
femaleswas down by 61%, and the proportion of juveniles
and yearlings had declined by 48%. Males vs. females
among all 1+ yr old caribou died at disproportionately high
rates (Table 3: x2=4.61, df = 1; p < 0.05) asdid bullsvs.



TABLE 3. Population statistics for a1993 vs. 1998 comparison of
the Peary caribou population on the south-central Queen Elizabeth
Islands, Canadian High Arctic.

% representation

Population statisticst 1993 1998
Cows among al 1+ yr old caribou 39.9 75.0
Cows among only bulls and cows 69.0 95.5
Calves among all caribou 27.8 34.9
Calves:100 cows 96.7 71.4
1+ yr old females among al 1+ yr old caribou 58.8 78.6
Juvenilelyearlings among all 1+ yr old caribou 42.2 21.4
1+ yr old males among all 1+ yr old caribou 41.2 21.4
1+ yr old males:;100 1+ yr old females 70.1 27.3
Bullsamong all 1+ yr old caribou 179 3.6
Proportion of bulls among only cows and bulls 31.0 45

1 Age classes: Cows, 3+ yr old; Calves, less than 3 months old;
Juvenilelyearling females, 1-2 yr old; bulls, 4+ yr old; and
Juvenilelyearling males, 1-3 yr old.

cows (Table 3: x2=7.12, df = 1; p < 0.01). Because of the
differential mortality among bulls and cows, the propor-
tion of bullsinthe populationfell by 80% and that of cows
increased by 88% from 1993 to 1998.

Calf production of 71 calves per 100 breeding cowsin
summer 1998 wasrelatively good for thefirst year foll ow-
ing three years of die-off. It was lower, however, than in
thetwo yearsbefore the die-off began: 27% lower than the
1993 rate of 97:100 and 19% lower than the 1994 rate of
88:100. Those favorable conditionsin 1993 and 1994 then
contrasted sharply with the relatively poor early survival
of calves in summer 1995 and the total or near-total
absence of calvesin summers 1996 and 1997, during the
die-off years.

Thehigh percentage of calvesamong all 1+ yr old caribou
in 1998 (Table 3) is misleading, as it reflects the unusually
high representation of cows (and lack of bulls) amongthedie-
off survivors. Early survival of calves:100 cowswasactually
26% lessin 1998 than in 1993. Most importantly, while the
15 calves among the 43 caribou in 1998 were a good sign of
initial recovery, such alow number of calves does not assure
continuing future recovery.

Evidencefrom the subsampl e of 91 carcassesand the 28
live 1+ yr old caribou seen and segregated by sex and age
classin summer 1998 indicatesthat the overall sex and age
classratio for 1+ yr old caribou changed markedly during
thedie-off (Table 3). The 1998 carcass sampleof 1+ yr old
caribouyielded aratio of 112 males:100 femal es (48 males
and 43 females), suggesting that males had died at about
160% of their pre die-off rate (70 males:100 females in
1993). Thisrelatively high rate of deaths among malesis
further supported by the 1998 sample of 28 live 1+ yr old
caribou. Those caribou occurred at aratio of 27 males: 100
females, which indicates that the frequency of males had
fallen by 61% after those three die-off years. Theratio of
bulls to cows in the 1998 carcass sample (103 bulls:100
cows; 32 bullsand 31 cows), compared to the 1993 ratio of
live caribou (Table 3), indicates that between 1993 and
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1998, bullsdied at 2.3 timestheir 1993 rate of occurrence.
When the 1998 carcass sample is compared to the 1993
sample of live caribou by the four sex and age classes
(bulls, cows, juvenile/yearling males, and juvenile/year-
ling females), only the bulls are overrepresented in the
carcass sample. Bulls occurred at nearly twice their ex-
pected ratein the carcass sampl e, while cowsand juvenile/
yearling males and females were underrepresented (y? =
18.75, df = 3; p < 0.001). By contrast, in the 1998 sample
of livecaribou, cowswere overrepresented by nearly twice
their expected rate, whilebullsand juvenile/yearlingmales
and females were underrepresented (2 = 15.76, df = 3;
p < 0.005). Thus, the survivors, although relatively few in
number, include a higher proportion of potential breeding
females than before the major losses occurred.

DISCUSSION
Cause and Effect of the Decline

Three consecutive annual declines in Peary caribou
populations occurred on the WQEI between September
1994 and June 1997: all occurred at low mean densities of
caribou, and all were associated with extremesin snow and
ice conditions (Figs. 2, 3; Miller, 1998; Gunn and Dragon,
2002). Those numerical declineswere brought on directly
by greatly increased annual mortality. This observationis
supported by the many caribou carcasses seen during all
aerial searches and the high estimates of caribou dyingin
those years obtained from our systematic carcass counts
during aerial surveys. The carcass numberswere sufficient
to rule out mass emigration as anything but a possible
minor cause of the changes in numbers.

Estimatesfrom carcass countsobtained by aerial survey
in summers 1995, 1996, and 1997 indicate that about 85%
of the overall three-year decline between 1994 and 1997
resulted directly from deaths (Miller, 1998; Gunn and
Dragon, 2002). Emigration, then, could have accounted
for at most 15% of that decline. Also, the extreme weather
conditions were regional, so there is no reason to believe
that migrantswould havefared better than caribou that did
not move to new ranges.

The three-year die-off coincided with and was caused
by three consecutive exceedingly severe winter and spring
periods (Fig. 2: Weather data for 1947-48 to 2001-02,
provided by Environment Canada, Climate Archives). The
annual die-offs of Peary caribou (and muskoxen) during
199497 occurred in three years with exceptionally deep
snow (Fig. 2: > 1.5 SD above the 55 yr mean), the deepest
recorded between 1 September and 21 June in all years
from 1947 to 2002. Perhaps moreimportantly, most of the
snowfall during those die-off years occurred in early
winter (1 September to 30 November). It is not the total
snowfall per se, but the hardness and density of relatively
deep snow packs (caused mainly by wind action) that can
result in widespread and prolonged, highly unfavorable
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FIG. 2. Long-term (55 yr) total snowfall trend (showing mean + 95% CL and
upper 1.5 SD) between 1 September and 21 June of each caribou-year (1 July—
30 June, 1947-48 to 2001-02) at Resolute Airport (74.717° N, 94.983° W),
Cornwallis Island, Canadian High Arctic. The figure shows the highest total
snowfalls associated with the four major die-off years and the one year when
only a high calf loss was detected (climate data provided by Environment
Canada, Climate Archives).

foraging conditions. This is especially true when deep
snow cover iscoupled with extensiveheavy icingon, in, or
under the snow cover. Deep snow years result in greater
accumulations of snow cover on the relatively low-lying
siteswherevegetationismost abundant. At such times, the
forage plants become unavailable to the caribou when the
snow cover becomes compacted, especially when deep
snow is associated with widespread icing. However, the
forageis still there, and it will be available to the caribou
once again when the snow and ice melt off the range.
Not all relatively deep snow years result in major die-
offs; 1989—-90 ranked fourth out of the 55 years (Fig. 2),
and no greater loss of 1+ yr old caribou was detected.
However, in 1989-90, the snow remained powdery on
large areas all winter, and examination of feeding craters
in late winter indicated that the caribou apparently were
not experiencing any appreciabledifficultiesintheir forag-
ing. Calving in 1990 was late, however, peaking in the
fourth week of June and continuing into thefirst few days
of July (Miller, 1992). Calving among those Peary caribou
has peaked during the second or third week of June in
relatively favorableyearsand inthefirst and second weeks
of June during the most favorable years (Miller, 1998;
Gunn and Dragon, 2002). Although there is no evidence
that deaths among 1+ yr old caribou increased in January—
June 1990, subsequent early calf survival was relatively
low compared to that of other years between 1988 and
1994. By early July 1990, about half of the estimated

maximum production of calves was lost (Miller, 1992).
Thus, we suggest that the reduction in forage availability
caused by the snow and ice conditions prevailing during
winter and spring of 1989—90 was severe enough for
pregnant cowsto causetheearly death of many calvesborn
at nonviable weights in that deep snow year.

Thehigh productionand survival of calvesimmediately
beforethedie-off that beganinlate 1994 strongly suggests
that forageitself did not limit calf productionand survival.
If caribou densities had reached the threshold at which
foraging reducesplant biomasstolevel sthat cause changes
in caribou body condition, then calf production and early
calf survival would have been among the first demo-
graphic parameters to be reduced. The exceptionally high
initial production and survival of calves through the first
year of life in 1992 and 1993 (and initially in summer
1994) also arguethat ecol ogically meaningful competition
with muskoxen was not a factor preceding the three years
of die-off (Miller, 1998; Gunn and Dragon, 2002).

There is no evidence that past hunting caused or even
contributed significantly to thedeclineof Peary caribou on
Bathurst Island and its neighboring islands or anywhere
else in the WQEI (Miller, 1998; Gunn et al., 2000; Gunn
and Dragon, 2002). The high productivity immediately
preceding the decline and our observation that carcasses
had signs consistent with malnutrition argue against dis-
ease epidemics. At thetime, there were few human activi-
tiesand certainly noindustrial exploration or devel opment
activitiesthat could have contributed to changesin caribou
condition. The most parsimonious explanation consistent
with the timing, geographic spread, and involvement of
muskoxen as well as Peary caribou in the die-offs is that
extreme weather events (snow and ice) caused a wide-
spread and prolonged reduction in forage availability that
led to lethal undernutrition (starvation).

Bull caribou die at higher rates than cows because the
males’ greater energy demandsduring early winter rutting
activities greatly reduce their body reserves (e.g., Russell
et al., 1993). Thus, breeding males commonly face the
rigors of the oncoming winter in poor physical condition.
Under the most extreme environmental conditions, the
smaller-bodied caribou (calves, yearlings, and to alesser
extent, juveniles) also suffer greater proportional losses
than do the cows.

Therefore, under favorable environmental winter/spring
conditions, the high proportional representation of poten-
tial breeding females could advance the recovery at rates
greater than those expected among caribou 1 yr and older
with an average ratio of about 40 males:60 females (e.g.,
Bergerud, 1978; Miller, 1995). Although much fewer in
number, potential breeding females per 100 1+ yr old
caribou in 1998 would be 31% higher thanin the ‘typical’
case above. Therefore, on average, their annual rate of
maximum increase due to calf production could be 22%
higher among the post die-off survivors, assuming that, on
average, 72% of all 1+ yr old females conceive each year
(Dauphing, 1976). Thus, surviving caribou skewed strongly
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FIG. 3. Approximation of proportional trendsin the numbers of Peary caribou
over 36 years from 1961 to 1997 in three regions: Western Queen Elizabeth
Islands, Melville-Prince Patrick i slandscomplex, and Bathurst | sland complex,
Canadian High Arctic (data sources: Tener, 1963; Miller et al., 1977; Miller,
19874, b, 1988, 1989, 1990, 1995, 1998; Gunn and Dragon, 2002).

in favor of females (at about four females for every one
male) could encourage recovery, if all other variables
remained equal and favorable.
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Recovery started immediately after the last year of the
1994-97 die-off, as 15 of the 43 caribou seen in summer
1998 were calves. Thisfirst year of recovery incalvingin
1998 contrasted with the poor calving successexperienced
throughout the WQEI during each of the three years
following the 1973—-74 Peary caribou die-off. Thomas
(1982) found that pregnancy rates among Peary caribou
females (> 2 yr old) on WQEI remained at only 6—-7% in
1974, 1975, and 1976 and then increased to 88% in 1977.
Such severe reduction in annual calf production for three
to four consecutive years during and/or after major die-off
events would markedly slow the recovery of the caribou.
A shift in the age structure to older ages with lower
reproductive value and a higher level of deaths would
further reducethe potential for arapidincreasein numbers
(Thomas and Broughton, 1977; Messier et al., 1988; D.C.
Thomas, pers. comm. 2002). The absence or low occur-
rence of several consecutive calf cohorts also would lead
to a subsequent depression in annual calf production by
markedly reducing the number of females entering the
breeding segment.

Potential Impact of Future Hunting

Our results show that the Peary caribou left within the
Bathurst Island complex in 1998 were a mere remnant of
their former number (Tener, 1963; Miller et al., 1977;
Miller 1995, 1998; Gunn and Dragon, 2002). At the low
number of only 78 caribou estimated in summer 1997, the
population can sustain only very light harvesting of afew
males, if any harvest at all. Removal of even afew breed-
ing femaleswould likely bevery detrimental to the pace of
therecovery within the next several years, aswell astothe
longer-term well-being of those Peary caribou. Continu-
ance of thisrestraint in harvesting for another five years
would allow the caribou to grow in number by year 2007
to support an annual harvest of perhaps 25 to 50 1+ yr old
animals, depending on the sex and age classes of the
annually harvested animals. However, that will be true
only if those future years experience overall continually
favorable winter/spring snow and ice conditions.

We believe, however, on the basis of the caribou litera-
ture (e.g., Kelsall, 1968; Skoog, 1968; Bergerud, 1978,
and others), that 2500—3000 1+ yr old caribou are needed
under favorable environmental conditions to sustain an
annual harvest of 200—250 1+ yr old caribou and at the
sametime buffer against their decline. That would be true
only if the population realized a continual 10% or higher
annual rate of recruitment over total annual loss. This
recruitment rate could be sustained only in the absence of
exceptionally severe weather years that cause a wide-
spread and prolonged reduction in forage availability,
leading to above-average or major winter and spring die-
offs of Peary caribou (and muskoxen).

Recovery could be hindered by any premature annual
harvest of other than afew male caribou. Thelnuit hunters
of Resolute Bay have shown self-restraint in the past: they
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voluntarily banned caribou hunting on Bathurst Island in
1975 after the 1973-74 die-off (Freeman, 1975) and
subsequently on some of the smaller islandslying between
Bathurst and Cornwallis islands (Ferguson, 1987). The
ban was honored until about 1990, when recovery of the
caribou was well advanced and hunters killed a few cari-
bou within the Bathurst Island complex (Miller, 1998). A
similar 15- to 20-year ban or ongoing restrictionto asmall
annual harvest of predominantly (or preferably, solely)
male caribou is recommended in order not to impede
recovery but especially to foster it.

CONCLUSIONS

On Bathurst Island and its neighboring islands, the 97%
decline in caribou abundance from 1994 to summer 1997
led to at least temporary seasonal disuse of ranges on the
islands of Vanier, Cameron, Alexander, and Marc. How-
ever, itislikely that some survivorswill quickly reinitiate
seasonal usethere. Most probably, they will return first to
Cameron Island, which was a primary rutting and winter-
ing areafor caribou from Bathurst Island, and then to the
other satellite islands when the Bathurst Island complex
population once again increases in size.

The majority of Peary caribou on Bathurst Island have
usually exhibited seasonal, if not annual, preferencesover
time for range on northeastern Bathurst (Table 3: Tener,
1963; Fischer and Duncan, 1976; Miller et al., 1977,
Ferguson, 1987; Miller, 1987a, 1989, 1991, 1995, 1998;
F.L. Miller, unpubl. data). In 1998, 39 of the total 43
caribou seen occurred on northeastern Bathurst Island,
representing a larger proportion of total caribou than was
foundtherein 1993. Thishigh use of northeastern Bathurst
Island after the 1994—97 losses indicates that the area
remains the preferred range for Peary caribou on that
island. Therefore, caribou there should receive protection
from exploration and devel opments through biologically
sound management and regulation by the Inuit users and
responsible wildlife agencies. The establishment of the
proposed national park on northern Bathurst Island and at
least some of the adjacent western satellite islands would
be the best way to afford a high degree of protection from
human activities and developmentsto that preferred range
for Peary caribou (cf. Miller, 2001).

Peary caribou have rates of increase and productivity
comparable to those of caribou elsewhere (e.g., Davis et
al., 1980; Messier et al., 1988; Miller, 1998). However, at
unpredictable and irregular intervals, Peary caribou diein
relatively large numbers during winters and springs when
snow and ice conditions prevent energetically efficient
access to forage. Theinfluence of snow and ice conditions
on forage availability is extended into the plant-growing
seasoninsomeyears, adding further stressesto the caribou.

Peary caribou areat theedge of therangefor herbivores,
asthe High Arctic is close to the climatic limits for plant
growth. It isthe variability of weather parameters (such as

mean daily temperatures and snowfall) that contributesto
the severity of the climate itself. Mean values are close to
the limits of plant growth, so even small deviations can
have proportionally greater effects. Svoboda (1977) re-
ported only 45 and 80 days from first snowmelt to the
return of meantemperaturesbelow freezingin 1970, 1971,
and 1972 at Devon Island’ s Truelove Lowlands. At Reso-
lute, Cornwallis Island, the number of days with mean
daily temperatures above 0°C during the same three years
averaged 61 + 13.5 SD and ranged from 46to 72 (datafrom
Environment Canada, Climate Archives). Thus, the grow-
ing season inthe High Arcticisvariably short, but thetime
required for plants to complete their seasonal cycle of
growth is fixed and constant (Svoboda, 1977). In years
when snow and ice and associated low temperatures per-
sist, the renewal of plant growth can therefore be delayed
at least two to three weeks, and the overall quality and
abundance of forage can be markedly reduced. | nadequate
summertimeforage could hinder theearly growth of calves
and affect the recovery of body reserves, especially in
lactating cows and potential breeding males.

Thus, Peary caribou livein a‘non-equilibrium grazing
system’ where sporadic, unpredictabl e abiotic variables—
i.e., snow and ice—usually govern the fate of the caribou
over time(e.g., Caughley and Gunn, 1993; Behinke, 2000).
In such a system, the wisest approach to conservation of
Peary caribouisto try to maintain the maximum number of
caribou in the system. That way, when amajor die-off due
to exceptionally severe snow and ice conditions occurs,
the greatest possible number of animalswill still beleftin
the system after the die-off to advance recovery. Thisis
particularly important, since the fewer the caribou, the
greater the random chance of ‘island-extirpation’ of those
caribou and the longer the recovery time during which no
appreciable annual harvest can be sustained. Under such
environmental conditions, maintaining a broad distribu-
tion of Peary caribou across the breadth of their historic
range should enhance the probability of their persistence.
Unfortunately, however, it would not solve the problem of
maintaining populations that could sustain reasonably
large (> 50 1+ yr old caribou) annual harvests.

Peary caribou on the WQEI have suffered cataclysmic
losses since 1961, with drastic reductions occurring by
1974 (Fig. 3: Tener, 1963; Milleretal., 1977; Miller, 1998;
Gunnand Dragon, 2002). ThecaribouwithintheMelville—
PrincePatrick islandscomplex (Fig. 1: Southwestern QEI)
experienced a relatively weak recovery sometime after
1987 into the early 1990s, but their numbersfell again by
1997 (Fig. 3). The caribou population on the islands of
Mackenzie King, Borden, and Brock within the Prime
Minister Group (Fig. 1: Northwestern QEI) had declined
cataclysmically (98%) from its 1961 size (n = 4012) by
1973, and apparently has remained extremely low ever
since the 1970s (Miller et al., 1977; Gunn and Dragon,
2002: down 99% in 1997 from 1961). The caribou within
the Bathurst Island complex (Fig. 1: South-central QEI),
for which we have the most information, experienced two



population highs and two lows over the 36 years between
1961 and 1997 (Fig. 3: highs, 1961 and 1994, lows, 1974
and 1997).

The available dataindicate that the population dynam-
ics of Peary caribou on the QEI are governed primarily by
the sporadic occurrence of exceptionally severe (and thus
unpredictable) snow and ice conditions in winter and
spring. Although the Arctic climate varies annually,
decadally, and centennially (Walsh and Chapman, 1990;
Appenzeller et al., 1998), global climate changeis super-
imposing recent trends toward warmer temperatures and
changesin snowfall (e.g., Maxwell, 1997; Bradley, 2000;
Weller, 2000; P. Kyle and J. Ross, pers. comm. 2002).
Therefore, we are concerned when we consider predic-
tions for weather changes in Arctic regions.

Should the western Canadian High Arctic continue to
warm up, will the intervals between years with extremely
unfavorable snow and i ce conditions be shortened? Perhaps
of equal or greater importance, isit probablethat acontinu-
ing warming trend will lead to more frequent consecutive
multi-year die-off events like the one that occurred in
1994-97 (Figs. 2, 3)? If so, this would prevent or at |east
seriously impede future recovery of Peary caribou
populationsto asizethat could sustain ameaningfully large
yearly harvest of caribou. Populations of Peary caribou
throughout the QEI could be limited in the same manner.
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