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ABSTRACT. We hypothesized that the arctic fox, Alopex lagopus (Linnaeus), populationon St. Lawrence Islandwas cyclic and that its fluctuations
in size, structure,and productivity were correlated with the relative sizeof the populationof northern voles, Microtus oeconomus Pallas, theprimary
prey. Based on a nine-year study,we determined that the variations insize of the fox and vole populations were similar,but they both were of low
amplitude and not closely correlated. Thehigh pregnancy rate (mean, 86%/yr)and numbers of young conceived (mean,11.5/pregnancy) did not vary
significantly among years, probably because of the consistently abundant and diverse
food supply available to the foxes. The
age composition of the
trappers’ catch of foxes each winter also was comparatively stable,but it was closely correlatedwith the size of the vole population in the previous
summer. The survival of the young foxes during thesummer probably was dependent on the availability of the voles. The composition of the catch
also appeared to be influenced by immigration of foxes fromthe adjacent continentsvia the pack ice.
Key words: Bering Sea, arctic fox,Alopex lagopus,population dynamics
RÉSUMÉ. Nous avons émis l’hypothtse que la population du renard arctique,Alopex lagopus (Linnaeus), sur l’île Saint Lawrence était cycliqueet
que les fluctuations concernantsa taille, sa structure et sa productivité étaient corréléesà la taille relative de la population du campagnol nordique,
Microtus oeconomus Pallas, sa principaleproie. En nous appuyant surune étude menée sur neuf ans, nous avons déterminé que lesvariations dans la
taille des populationsdu renard et du campagnol étaient semblables, mais que toutes
deux avaient une faible amplitude et n’étaientpas corrélées de
façon étroite. Le taux de grossesse élevé (moyenne 86 p. cenuan)et le nombre de petits conçus (moyenne 11,5/grossesse) ne variaient
pas de façon
significative au cours des ans, probablementh cause de l’abondance et dela variété de sources de nourriture
pour les renards. Lacomposition d’âge
des prises des trappeurs était également stabled’un hiver à l’autre, mais elle était corrélée de façon étroite avec
la taille de la population de campagnols au cours de l’été précédent. La survie renardeaux
des
au cours de l’été dépendait probablement de la disponibilité
des campagnols. La composition des prises semblait aussi être influencée
par l’immigration des renards
venant des terres continentales adjacentes
par la voiede la banquise.
Mots clés: mer de Béring, renard arctique,
Alopex lagopus, démécologie
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was positively correlated as well with the cycling
of the
island’s population of rodents. The presumed relationship with
The arctic fox, Alopex lagopus (L.), is a furbearer of considerthe rodents was based on the knowledge that the northern vole,
able economic importanceto human residents at high northem
Microtus oeconomus Pallas, the most abundant arvicoline on
latitudes(Vibe,1967;Smirnov,1968;Macpherson,1969;
the island (Murie, 1936; Rausch, 1953), is an important item
Chesemore, 1972). Throughout the Arctic, it is important also
in the diet of the foxes (Fay and Stephenson, 1989)and that its
as a carrier of pathogens lethal to man, namely, the virus of
population appeared to fluctuate with a 3- to 4-year frequency
rabies and the cestode Echinococcus multilocularis Leuckart,
(Rausch and Schiller, 1956). Since this is an island surrounded
the causative agent of alveolar hydatid disease (AHD) (Secord
by sea ice for at least six months of the year, we supposed that
et al., 1980; Rausch, 1986). On St. Lawrence Island, where both
immigration and emigration of foxes via the pack ice also
rabies and AHD are especially prevalent (Rauschand Schiller,
would exert some influence on both the size and composition
1956; Rausch, 1958, 1968, 1972), studies of the epidemiology
of the fox population.
of those diseases have been under way for more than 40 years.
Included early in those studies was a 9-year investigation of
METHODS
the arctic fox population (1953-61) directed toward underWe collected three types of information: 1) the relative size
standing the influence of its variation in size and that of its
of the fox population on the island in the autumneach year, 2)
rodent prey on the transmissionof those diseases (Fay, 1973).
the composition of the trappers’ catch of foxes each winter in
This paper reports on the results of that 9-year investigation
terms of sex, age, and reproductive status, and 3) the relative
as regards the dynamics of the fox population. It was begun
size of the northern vole populationeach summer.
with the working hypothesis that the size of the fox populaThe information on relative size of the fox population contion, its age composition, and its productivity were positively
sisted of verbal reports from several of the more successful
correlated with each other and that each of those characters
INTRODUCTION
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fox trappers, complemented by measurements of the rate of
accrual of the catch. At the time of this study, the Yup’ik
inhabitants of the island resided in three villages, Gambell,
Savoonga, and NortheastCape (Fig. 1). Between 20 and 40 men
from the village of Gambell trapped foxes on the western onethird of the island, and between 25 and 50 from the villages of
Savoonga and Northeast Cape trapped on the eastern twothirds. The trappers’ perceptions of the relative size of the fox
population each year were based on the numbers of foxes they
saw and caught per day and their interpretation of other signs,
such as the relative abundance of tracks in the snow and the
sites where foxes had dug in the snow for food..Their awareness of changes in.the fox population each year was keenest in
November and December.

In the winter of 1953-54 and each winter from 1955-56 to
1961-62, we purchased a sample of 100 or more skinned car-

casses of foxes from the trappers in the beginning of the trapping season. Our request for that sample each year was placed
well before 1 December; hence we routinely obtained the first
foxes that were caught. Since the carcasses were labelled with
the date of capture, we could measure the rate of accrual of the
catch each year in terms of the cumulative number caught per
day. The rate of accrual of the trapped samples, therefore, was
a quantitative expression, complementary to the trappers’ qualitative assessment of the relative abundance. It allowed statistical comparison among years and examination of relationships
of fox numbers with other parameters of the fox and prey populations. In 1960 and 1961, most of the carcasses were of
females (by our request) drawn selectively from the catch, so
we adjusted the accrual rate for the unbalanced sex ratio in
those two years.
Ages of the carcasses were determined from dental characters. Most of the young of the year were identified from the
thin walls and large volume
of the pulp chamber in their
canine teeth, as noted also by Grue and Jensen (1976) and
Bradley et al. (1981). Ages of the adults and of specimens not
certainly identified as young were determined by counting the
number of annual layers of. cementum in thin, finely ground,
sagittal sections of the roots of the upper canine teeth, examined under 10-3Ox magnification. We also recorded the number of placental scars or fetuses in the uterus of each adult
female. We counted only the scars having uniform, dark coloration, assuming that they were all from the latest pregnancy.
In some cases, paler scars were present as well, apparently
from a previous pregnancy, but these were not counted
17PW
169OW
because some of them appeared to have been obscured by the
more recent ones. In two cases where there was a gradient in
FIG. I . Map of St. Lawrence Island, showing the locations of the three Yup’ik
coloration of the scars, we discarded the specimens because
villages extant atthe time of this study and the site (star) in which the vole
we could not be certain which of the scars were from the latest
population was measured. Inset at upper right shows location in relation to
pregnancy. The number of recent scars was assumed to be
Alaska and Chukotka.
indicative of at least the number of young conceived in the latest pregnancy, though not necessarily of the number of pups
In November, each trapper established a series of bait staborn (e.g., see Lindstrom, 1981).
tions on the tundra, around which he would later set his traps.
Our assessment of the relative density of the northern vole
The baits consisted of chunks of flesh salvaged from naturally
population on the island was interpreted from annual snapoccurring beach-cast carcasses of marine mammals. Such cartrapped samples at a site on the southern coast (Fig. 1) in July
rion is one of the primary foods of the island’s foxes during
and August, which is the time of maximal numbers each year.
the winter (Fay and Stephenson, 1989). To prevent their baits
Two traplines, each 980 ft (299 m) long, were situated in an
from being consumed by the foxes, the trappers covered the
area of wet to well-drained tundra, typical of about 60% of the
baits with driftwood and rocks. They generally visited the
island’s vole habitats. Along each line, numbered stakes were
baits several times before the trapping season opened to mainerected permanently at 20 ft (6 m) intervals, and three snaptain the covering and to take note of the tracks and other signs
traps were set in established runways within 6 ft (1.83 m) of
of fox activity. At the opening of the season, on 1 December, a
each stake (in the manner of Pitelka, 1973). The traps were
pmall part of the covering was removed to allow the foxes limtended twice per day, usually at 0700 and 1400 h, and the
ited access to the baits, and usually two traps were set in the
index of relative abundance was the average number of voles
snow at each station. The traps were inspected daily during
December and less oftenas the catch declined in the subsequent captured per trap per day during the first 72 h of trapping.
months. When the catch per unit effort decreased below some
RESULTS
threshold, the traps were retrieved and the trapping ceased.
The trappers’ efforts were essentially equal among years in
Relative Size of the Fox Population per Year
November and December, except in the winter
of 1956-57, when
The trappers judged that the fox population was high durthe density of the fox population was perceived early as being
ing five of the nine years of record, low during only one, and
very low. In that winter, many of the trappers turned to other
otherwise about average (Table 1). That judgement was upheld
pursuits by mid-December, after their initial efforts yielded a
by the rate of accrual of our samples from the catch (Fig. 2),
very poor catch of foxes. Also in years whenfoxes were scarce
which showed comparable shifts. The lowest accrual differed
later in the season, the retrieval of traps often took place well
by an order of magnitude from the highest, and each of the
before the trapping season officially ended (15 April).
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TABLE 1. Description of the annual winter samplesof fox carcasses in comparison with the relative densityof the fox and vole populations on
St. Lawrence Island, Alaska
Relative density of
Relativesize of foxpopulationCompositionoffoxescaughtinDecemberMeanreproductivecharactersofvixens
M/F

Trapper
Year
reports
Accrual
ratea

85

high 1953
average1954
high 1955
low 1956
high 1957
high
(118)1958 94
average1959
average1960
high 1961

1.28
(200)
(88)
(98)

78
1.17(0.05)d 100(15)
0.79
9
80
59(200)
1.23
61
76
(101)
29
40
100

(n)

(74)
11.1
(16)
(11)
94 1.24 (202)
95
100

YgPregnant
(n)

% (n) scars
Plac.

no. (n)

99 (73)

-

-

-

94
100

92 (200)
83 (87)

1.50 (100)

-e (107)
e

-

100

97
99 (99)

"le
(no. voles caught
trap-day)
per
(high)b
(high)'

0.01 11.1 (11)
0.08(15) (11)
10.1
(20)
0.1 12.3 (15)
11.9(19) (25)
(5)
14.5 (4)
(2)
9.5 (2)

1

0.06
0.08
(0.1l)d

of December, when n = 100. Catches in 1960-61 were adjusted for selective sampling.
aPercent of the catch sample obtained in the first five days
bReported by Rausch and Schiller(1956).
:General evaluation by Yup'ik observers and the authors.
Estimated from results other than in July-August or from non-standard traplines
eSamples biased by selection of mainly females from the catch.

.

accrual rates differed significantly from the others (Kolmogorov-Smirnov statistics 0.22 to 0.93, p = 0.0158 to <.0.0001).
In three years (1955, 1957, 1958), the density of the population was judged to have been high in the autumn but to have
declined markedly when the drifting pack ice first reached the
island in late November or early December. Those declines
were attributed to emigration ontothe ice by a high proportion
of the island's foxes. Marked increases in the catch also were
reported, ostensibly as a result of immigration from the ice.
Composition of the Samplesfrom the Catch

Over the nine-year period, we obtained 1322 pelted car94
casses of arctic foxes, 11 16of which65 were in bisexual samples
drawn at random from the catches, and 206 of which were
58 in December 1960
mainly females selected from the catches
49 samples was skewed
and 1961. The sex ratio in the bisexual
slightly toward males but did not differ significantly from
unity (577515, X2(1)= 1.76, p = 0.1844).

The samples obtained in December each year showed a
preponderance of young of the year (Table 1). After December, however, the proportion of young in the catch declined
steadily (Table 2), indicating that the age composition of the
population also had changed. By April, adults and young were
about equally representedin the catch.
TABLE 2. Ratio of young of the year to adult foxes in pooled
monthly samples from St. Lawrence Island,1953-61
Month
61December
7 January
February
64March
30 April-May

of No.
young
No. of

adults

% young

924
13
71

55

22

90
29

The age composition of the adults did not appear to vary
among years - that is, there were no strong or weak cohorts
that could beidentified from year to year. Adults 1-3 years old
were well represented in all years, and animals 4-7 years old
were not uncommon. The oldest adult was 8 years old. The
mean survival rate of adults, indicated by the frequency of
occurrence of age classes in the pooled samples (Fig. 3), was
about 0.75 per year.
Productivity

The number of placental scars per pregnancy varied from 5
to 20, with a mean of 11.5 (n = 77). The annual means (Table 1)
did not differ significantly from each other (Kruskal-Wallis
statistic 8.4042, p = 0.210). The pregnancy rates (mean, 86.2%
per year, n = 94) also showed no significant variation among
years (Kruskal-Wallis statistic = 6.2649, p= 0.3942).
Relative Sizeof the Vole Population
December
Comparative accrual rates per year of the trapped samples of foxes in
terms of the cumulative numbers per day
in December. N= 100 for each sample.

FIG. 2.

The relative density of the northern volepopulation showed
trends that were similar to those of the foxes but not entirely
consistent with them (Table 1). Apparently, the voles were at
their lowest in 1956, as were the foxes, but the highest density
of voles occurred in 1958 and 1961, rather than in 1955 and
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FIG. 3. Histogram of age composition of the adult males (open bars) and
females (cross-hatched) in the samples of arctic foxes drawn from the trappers’ catch on St. Lawrence Island, 1953-61.

1961, and there was no significant correlation overall between
the fox catch and the relative density of the vole population (r’
= - 0.03060,5 d.f., p = 0.1977).
Other Correlations

Assuming that the composition of the catch was reflective
of but not necessarily equal to the composition of the fox population, we compared the annual proportion of young in the
December samples with our indexes of the relative size of the
fox population (rate of accrual) each year. When the young:
adult ratio was highest (1953, 1961), the population also was
high, and when the ratio was lowest (1956), the population
also was low, but there was little correspondence between them
otherwise and no significant correlation overall (r’ = 0.1977, 6
d.f., p = 0.1439).
The annual means of pregnancy rate and numbers of placental scars were not correlated with each other (weighted r2 =
- 0.20, 5 d.f., p = 0.991), and neither pregnancy rate nor number of scars was correlated with the accrual rate (weighted
pregnancy r’ = 0.0414, 5 d.f., p = 0.662; weighted scars r2 =
0.0671, 5 d.f., p = 0.575). Neither the pregnancy rate nor the
mean number of placental scars per ear was correlated with
the vole population index (weighted rY for pregnancy = 0.1287
and scars = 0.0574; 5 d.f. each; p = 0.4294 and 0.6048).
Furthermore, in all but one year (1956), the proportion
of
young in the December samples exceeded the proportion predicted (range 80-88%, mean 83%) from the pregnancy rate
and placental scars, assuming a balanced sex ratio of adults,
and there was no significant correlation between the observed
and predicted values (r’ = 0.0086, 5 d.f., p = 0.8429). The proportion of young in the December samples also was not correlated with either the pregnancy rate (r’ = 0.3133, 5 d.f., p =
0.1913) or the mean number of placental scars each year (r’ =
0.0680, 5 d.f., p = 0.572), but it was correlated significantly
with the vole density (r’ = 0.7259,5 d.f., p = 0.0149).
DISCUSSION

At the outset of this study, we assumed that the arctic fox
population on St. Lawrence Island would be cyclic in size,
composition, and productivity, and that its fluctuations would
be in concert with the cycling of the vole population there.
This was based on the observations of Rausch and Schiller
(1956) concerning the role of those fluctuations in the epi-

zootiology of AHD and the general knowledge at that time of
fox-rodent cycles in the Arctic (e.g., Pedersen, 1930; Chitty
and Elton, 1937; Braestrup, 1941; Elton, 1942). Most of the
results, however, upheld the null hypothesis. Neither the fox
nor the vole population was clearly cyclic, and their variations
in relative size, although similar, were of low amplitude and
not in close synchrony. Furthermore, the productivity of the
foxes was comparatively high in all years and not clearly
related to density of either the fox or the vole populations. The
proportion of young of the year in the trappers’ catch, however, was closely correlated with the relative size of the vole
population, as was the frequency of occurrence of voles in the
diet of the foxes (Fay and Stephenson, 1989). Those relationships suggest that the density of the vole population had a considerable influence on the rate of survival of the young foxes
during the summer.
The annual productivity of the St. Lawrence Island foxes
and the proportion of young in the catch were higher and more
stable than has been reported for most other populations (cf.
Braestrup, 1941; Shibanov, 1951; Chirkova, 1958a,b; Macpherson, 1969; Cherniavskii and Dorogoi, 1981; Novikov, 1985;
Garrott and Eberhardt, 1987), probably because of the abundance and diversity of foods available to them. They have
access to voles at comparatively high densities nearly every
year, as well as to large colonies of cliff-nesting birds and
plenty of carrion (Fay and Stephenson, 1989). Probably because
of that abundance, the linkage of their productivity and population changes with those of the rodents alone is not as close
on the island as it is in continental localities where food
sources are less diverse .and there is greater dependence on
arvicoline rodents (e.g., Macpherson, 1969).
Productivity and survival alone were not enough to account
for the high proportion of young in the catch, however, for the
quantity of young exceeded the predicted proportion by 10%
or more in every year but one. We suppose that the difference
could have been attributable to trap-proneness of the young
foxes, but we suspect that it was attributable primarily to
immigration of foxes via the pack ice. The trappers’ assertions
that their catches were made up not only of foxes born on the
island but of a significant proportion of immigrants as well
were supported by the occasional occurrence there of arctic
foxes with parasites that they could have acquired only on the
continents (Rausch et al., 1990).
Arctic foxes are well known as travellers over the pack ice,
as well as over land, sometimes passing thousands of kilometres from their point of origin (Chapskii, 1946; Rutilevskii and
Uspenskii, 1957; Wrigley and Hatch, 1976; Eberhardt and
Hanson, 1978; Cherniavskii, 1984;Garrott and Eberhardt, 1987).
It is easily conceivable that, at times when the mainland populations are high, the influx of continental foxes over the ice to
St. Lawrence Island might be large. Emigrations from the
island also appeared to take place, especially with the first
arrival of the drifting pack ice in late autumn. Presumably, all
or most of the immigrants and emigrants are young of the
year, since they are by far the most abundant age class and
they probably have no close ties to territories on land.
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