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Abstract

Revenue from the trapping of arctic foxes is im-
portant to the economy of some northern com-
munities. This study was undertaken to determine
the cause of periodic population fluctuations in
Keewatin and Franklin Districts, Northwest Tcrri-
tories, from 1958 to 1963.

Lemmings were found to be the major prey ani-
mals of arctic foxes. Fewer whelps survived in
years when lemmings were scarcc. Fighting among
whelps is believed important in the reduction of
litters. Survival of whelps in the first half ycar,
rather than the number of littcrs produced in a
given year, appeared to be the governing variable
in population fluctuations,

Life table analysis suggests over half of a theo-
retical cohort (year-class) dies before weaning,
and half the remainder in the next year. Less than
10 per cent of the cohort survives to the age of
two.

Striking features of arctic fox breeding biology
may be viewed as adaptations to the high Jatitude
climatic regime and to dependence on an un-
diversified and fluctuating food base.
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Introduction

The arctic fox (Alopex lagopus (L.)) is a small,
compact fox, about the size of a domestic cat. Its
breeding range extends over the whole of the
arctic tundra zone of North America and Eurasia,
and includes areas of alpine tundra in the moun-
tains of Scandinavia. The arctic fox also breeds on
the barren islands of the Arctic, North Atlantic,
and North Pacific oceans, which it has presum-
ably reached across drifting floe-ice.

The arctic fox has two colour phases, “white”
and “blue”. In summer the white fox becomes
dark brown on the back, legs, tail and head, and
whitish or yellowish on the underparts. It is pure
white or nearly so in winter. The blue phase is
more variable, from greyish or brownish to almost
black, both in its winter and in its summer pelage.
The proportions of the two colour phases vary
greatly from place to place. Locally their propor-
tions may also vary, through immigration, from
year to year.

The beautiful and valuable pelt of the arctic
fox attracted many of the first European explorers
and traders into the lands that border the Arctic
Ocean. In Canada alone, 10,000 to 68,000 arctic
fox pelts are sold annually, a catch whose value
at auction has been between $50,000 and $2,000,-
000 (Anon., 1962). The Eskimos and Indians who
trap arctic foxes, and the small settlements at
which they sell the pelts, have few other sources
of income. In Canada, as in other northern coun-
tries, arctic fox populations vitally affect the settle-
ment and economy of large, inhospitable areas.

Aretic fox populations are of great biological,
as well as economic, interest. Monographs have
been written on the species by Lavrov (1932),
Boitzov (1937), and Braestrup (1941). Elton
(1942) and Tchirkova (1951) have discussed
the numerical fluctuations which arctic fox popu-
lations undergo. In addition, there are extensive
notes on the arctic fox in the accounts of expe-
dition members, biologists, traders, and other ob-
servers. There is also a considerable literature on
its ranching and management.

The objectives of the present study were to
identify the factors important in determining arc-
tic fox numbers in the wild, and to see whether a
basis could be found for predicting trapping har-
vests. The results of earlier work helped in select-
ing the most important aspects of arctic fox popu-
lation ecology for detailed study. These were age
composition of the population, breeding perform-

ance in relation to age, whelp survival, and food
availability.

The breeding biology of the species was inves-
tigated in central District of Keewatin in the sum-
mers of 1959 through 1963. The studies included
annual surveys of fox dens, analyses of fox dicts,
estimations of lemming numbers, and counts of
weaned fox litters.

The structure of arctic fox populations by sex
and age in central District of Keewatin (Aberdeen
Lake, Baker Lake, and Ferguson Lake), in the
region of Eskimo Point, and around the high arc-
tic settlement of Resolute Bay was investigated
through periods of varying length by means of
samples from the trapping harvests (Figure 1).
The longest run of samples came from Resolute
Bay, the first being collected in 1958 and the last
in 1964.

In the following pages, the above studies are
reported separately, and their results are then dis-
cussed in combination. ‘

Figure 1 Map of northern North America showing the
areas from which specimens or data were procured.




Dens and denning habitat
of arctic foxes

The arctic fox normally whelps in underground
breeding dens which are used for many ycars. The
whelps arc born in late spring, and the family is
supported until the mid-summer wcaning period
almost exclusively by the dog-fox. The den is
abandoned by the whelps in late summer, though
according to trappers, who favour dens as trap
locations, foxes may inhabit some dens all winter.

Previous work
The dens of arctic foxes in the tundra districts of

the U.S.S.R. have been studicd systematically by
several biologists. Elsewhcre they have had only
passing mention. Danilov’s (1958) excellent des-
criptions of dens and den sites are applicable to
those of the central District of Keewatin and in-
deed to arctic Canada generally. Sdobnikov (1958)
and Skrobov (1961) have also investigated den
ecology and den distribution. Skrobov (1961a)
has discussed the importance of arctic fox den
surveys in forecasting annual trapping harvests.

Figure 2 Den locations of the arctic fox in northern Canada. The breeding range of the species in North America

Materials and methods
The proposed work required a study arca on
which arctic fox dens were numerous, and an
accurate foreknowledge of den locations. Inqui-
ries made in the autumn of 1958 and later ques-
tionnaires provided the information for a map of
known arctic fox den locations in Canada (Figure
2). In the spring and summer of 1959, parts of
central District of Keewatin were searched by
dog-sled, on foot, and by canoe from the settle-
ment of Baker Lake. Several dens were examined,
and the region of the Thelon-Dubawnt confluence
was selected as the primary study area. Later in
the same summer, low flying in light, single-engin-
ed aircraft was tested (on Victoria Island) as a
method for surveying fox dens.

In the spring of 1960, camp was established at
“Qigiktalik”,* on the north side of Aberdeen
Lake near its western end (Figure 3). A small

A local name without official status.

probably extends over the entire arctic tundra zone (stippled).

prefabricated building was erected to serve as a
base. Later in 1960, and during the spring and
summer of 1961, 1962, and 1963, nearby fox
dens were observed. Other reported fox dens in
the surrounding primary study area, around the
lower course of Kazan River, and near Deep Rose
Lake, south of Sinclair Falls on Back River, were
examined (Figure 3).

The study area

The country in the vicinity of our cabin on Aber-
deen Lake is low and rolling. On the north shore
the land rises gently to hills some 10 miles inland.
On the south side, the hills incline steeply from a
narrow foreshore in a long series of wave-cut
banks and beach terraces indicating post-glacial
marine transgression: at the higher levels there

Figure 3 Study areas in central District of Keewatin,

arc terraces said to have been formcd by pro-
glacial lakes (Bird, 1951). Exposed bedrock
(sandstone) is very rare, the surface being com-
poscd of a thick layer of till which in placcs has
been sorted to form expanses of sand or pebbles.
The till is often thrown into oriented ridges and
valleys, presumably by continental ice sheets.
Prominent features of the landscape are sinuous
eskers and esker-like hills but with bluff banks
and truncated tops, as described by Clarke (1940)
and Bird (1951). These and other re-sorted
sandy deposits stand out sharply, owing to their
lack of vegetation, from their surroundings. The
lake and river banks are steep and actively erod-
ing at promontories. Drainage is commonly poor-
ly developed, except where streams run down
through the sand and till, sometimes cutting deep,
narrow canyons.




|

The crests of the undulations and other dry
places develop a characteristic plant association
— a layer of moss capped with a mat of resilient
black lichen penetrated here and there by a clump
of feathery grass. The frost-cracks in the humps
often display a good growth of bake-apple berry.
Marshy meadows occur in the dips with sphag-
num, sedges, and dwarf birch the commonest
plants. Tussocks, usually 12-18 inches high, arc
very numerous in the marshes. Occasional groups
may be found up to 3 feet high, often associated
with circular mud boils 10 feet or so in diameter,
surrounded by rings 1 or 2 feet high bearing typi-
cal tussock vegetation. Intermediate habitats oc-
cur between the dips and the crests, on slopes and
beach terraces, where the dominant species is
commonly Labrador tea, with various berrics,
grasses, sedges, and lichens making up the re-
mainder. A few stunted spruce trees grow in gul-
lies and other favourable places near Beverly
Lake, though trees are not common for another
20 miles or so up river; the tree line is 150 miles
south of Aberdeen Lake. The most common
woody plant is dwarf birch: it occurs most abun-
dantly in damp, sheltered locations. In a few well-
sheltered places, usually stream banks, heavy
growths of willows up to 10 feet high may be
found.

Other areas of fox den concentration, south of
Sinclair Falls on Back River, and around the
lower Kazan River, were visited annually on den
surveys. Neither differed markedly in soil, topo-
graphy, and vegetation from the main study area
described briefly above at the west end of Aber-
deen Lake. Areas of low den concentration, only
casually or briefly examined during the study, in-
cluded boulder fields, generally rocky country,
broad areas of solifluction (usually thin sheets of
unworked till, level or on long gentle slopes),
areas of particularly confused drainage, and areas
of sterile sand. Of the latter, a large tract stretch-
ing from Garry Lake south to the height of land
bears little vegetation except lichen, and is prac-
tically devoid of lemmings (Dicrostonyx torqua-
tus and Lemmus sibiricus), ground squirrels
(Spermophilus undulatus), and arctic foxes.

Characteristics of denning habitat

Arctic fox dens were most common in sandy but
well-vegetated arcas of gentle slope. Places where
numerous eskers or moraines overlooked broad
valleys or river flats seemed the best occupied.

Some differences between arcas favoured by [oxes
and arcas not favoured were readily apparent.
Others werce less obvious.

A stablc surface dcposit seems important to
denning foxes. Arcas in which solifluction features
were  widespread — patterned  ground, mud
boils, and earth slumps, for cxample — contained
few fox dens. Large tracts of country, for example
around the Marjorie Hills, had few fox dens, ap-
parently because of the intensity of soil move-
ment. Sitcs that appeared suitable for dens were
present in such arcas, and the scarcity of foxcs
may have been due to a scarcity of prey or to
difficulty in obtaining it.

Fine, well-sorted silt and sand are favoured over
clay, bouldcr clay, and rock debris. Where slabs
of rock or boulders were common, fox dens were
usually sparse. No fox dens were found in boulder
fields or on talus, though potential den sites ap-
peared numerous between the crevices in such
places, and it may be that these render permanent
den sites unnecessary. However, the pursuit of
lemmings must be virtually futile among rock-
piles with their abundant hiding places from which
fugitives and their nests cannot be extricated.

The number of dens and their frequency of

occupation
Altogether, 203 arctic fox dens were examincd in

the study areas during the 5 years in which sur-
veys were made. The number newly found each
year and the total number examined are shown
for each survey in Table 1. Some wecre unoccu-
pied, as shown by the absence of newly dug earth,
few or no fresh droppings, and the absence of
smell and moulted winter hair in the burrows. The
presence of live ground squirrels or ermine (Mus-
tela erminea) in fox dens was usually but not
always evidence that arctic foxes werc abscnt.
Dens that were occupied early in the season, but
abandoned before whelps would be expecied to
appear outside, showed evidencc of occupancy
such as winter hair and smell, but the heaps of
excavated sand at their burrows were flattened
and fresh sign was absent. Occupied dens were in
general easily recognizable, even from the air, by
the full and crumbly appearancc of their sand-
heaps, which are added to continuously during the
breeding and whelp-rearing scason. Fox dens oc-
cupied exclusively by ground squirrels lacked
rounded sandheaps at the burrow entrances. Al-
ternatively, if foxes had recently abandoned a den,

Table 1 Number and status of dens found in the study areas, central District of Keewatin, Northwest

Territories, 195963

Dens Status

newly Dens Occupied Not
Year found examined and abandoned Abandoned occupied
1959 19 19 19 (100%) 19 0
1960 95 113 45 (39.8%) 0 68
1961 54 163 102 (62.6%) 21 61
1962 22 169 47 (27.8%) 27 122
1963 13 188

66 (35.1%) 3 122

the sandheaps might be altered by ground squir-
rels, which quickly excavate shallow trenches
through them.

Of the 203 fox dens examined, 154 were oc-
cupied at least once during the S-year study pe-
riod. Only 19 dens were found in 1959, the first
year of the study. The number examined in sub-
sequent years ranged from 113 to 188. The pro-
portion occupied and the proportion subsequently
abandoned varied considerably from year to year.
Chi-square tests showed the proportion occupied
to be significantly greater* in 1961 than in any of
the other years. It was also significantly greater in
1960 than in 1962 (P about .002). In 1963, it
was intermediate between the values for 1960 and
1962, and the differences between the three are
not significant.

Well over half the dens showing signs of recent
occupancy that were examined in 1962 were
abandoned, a significantly larger proportion than
in any other year, excluding from consideration
the small series visited in 1959. In the year with
the next highest proportion of abandoned dens,
1961, approximately a fifth of recently occupied
dens were abandoned. Significantly fewer (P
about .002) were abandoned in 1960 and 1963,
the difference between the proportions in the two
seasons being insignificant.

The age of dens and associated changes in

the frequency of use
Arctic fox dens in the study area range from

single burrows to large, complex structures that
are used and extended year after year. (For a
more complete description of arctic fox dens see

*Here, and throughout the following pages when not
otherwise stated, differences are considered significant
when the probability of their being due to chance alone
is one per cent or less.

Danilov, 1958.) In the spring, when the dens are
occupied, the ground is too hard frozen for foxes
to tunnel, obliging them to use existing dens. Tt
thus seems probable that breeding dens develop
from temporary shelters dug in late summer.

Dens are excavated at the crests of slopes or
banks, or on mounds, preferably in dry, light,
sandy soil. The site appears to be chosen in part
for its small accumulation of winter snow, good
exposure to the sun in spring, protection from the
severest summer winds, and elevation above the
water and frost line. Up to 100 burrow entrances
may be found in the largest dens, in various states
of repair, and one or two new burrows may ap-
pear during the breeding season in an occupied
den. Commonly, in old dens, part or all of the
burrow system has collapsed entirely. Sometimes
a den system appears to have moved along a ridge
crest, as the older parts collapse and new burrows
are dug at one end of the complex.

Fox droppings cause a dense mat of lush vege-
tation to develop around a well-used fox den.
This mat may be visible over a mile away as a bril-
Jiant yellow-green patch amid the generally sere,
brown and buff landscape. In contrast, the grasses
around the burrows of ground squirrels appear
blue-green. Among the abundant flowering plants
at fox dens, cinquefoil, chickweed, and dandelions
are some of the most conspicuous.

Authors have noted that fox dens differ con-
siderably in size, complexity, and development,
and that these differences relate to usage and age.
Thus Sdobnikov (1958) speaks of complex and
rudimentary dens, and Skrobov (1961) divides
them as follows: recent (up to 10 entrances),
middle-aged (from 11 to 25 entrances), and old
(over 25 entrances). Skrobov’s categorization is
objective and appears useful, but the burrows are

11




difficult to count from the air, and a more subjec- 3. Old — large den site; many burrows; vegeta-
tive method, applicable to those dens in my series tion rich, with grasses becoming dominant; exten-
that were seen only from aircraft, was used in this sive area of collapsed burrows (Figure 6).

study. Dens were classed as follows: 4. Senile — no longer active; burrows collaps-
1. Youthful — no development of characteristic ed, producing a distinctive, hummocky appear-
vegetation; burrows few; sand heaps the most ance; covered with tall grasses (Figure 7).

conspicuous feature of the den (Figure 4). Two dens were believed to have first been used
2. Mature — well-developed; good mat of vege- by breeding foxes during the 5-year period, giving
tation; no extensive area of collapsed burrows an increment of about 0.3 per cent per year. If
(Figure 5). we assume that the breeding population has not

Figure 4 Stage 1 fox den;
lower Dubawnt River, July
1960; pilot Gordon Horn-
by in the background.

Figure 5 Stage 2 fox den;
Deep Rose Lake, July
1962.

changed appreciably over the long term, the data
suggest, very approximately, an average life-span
of 330 years for cach den. Den decrement figures
are not available: one Stage 4 den remained un-
occupied and completely inactive in the breeding
seasons of 1960, 1961, and 1962, but was occu-
pied in 1963. Some old fox dens had clearly becn
occupied by other species for many years. Wolves
(Canis lupus) sometimes ruin active fox dens by
digging out short, wide, breeding chambers, which

may collapse, causing progressive erosion. Three
active fox dens were taken over by wolves during
the study period: one or more of them may still
have been suitable for foxes afterwards. Occasion-
ally, a grizzly bear (Ursus arctos) will dig out a
fox den (two seen were so dug out), probably in
search of ground squirrels. A den so treated is
unlikely to attract foxes again.

The frequency distribution of arctic fox den
stages (Table 2), however arbitrary the initial

13

Figure 6 Stage 3 fox den;

Dubawnt River, July 1963.

Figure 7 Aerial view of
Stage 4 fox den; Kazan
River, July 1960.




groupings, deserves some discussion. It ap-
proaches a normal distribution around the modal
Stage 3, indicating that dens are in use for a long
period, rarely becoming uninhabitable and rarely
being replaced. The abruptness of the decline in
number from Stage 3 to Stage 4 suggests either a
peak of den digging, and hence of fox numbers,
at some past epoch, or a rapid decline of the den
from maturity through senescence to obscurity.
The frequency of den use (sum of categories “oc-
cupied” and ‘“abandoned”) varies from stage to
stage, declining from a peak of about once every
2 years for Stage 3 to once every 4 years for
Stage 4. A decline in the frequency of den aban-
donment with increasing age is also evident from

Table 2: one explanation might be that the most
used dens are in the best places, hence the least
subject to whelp mortality and its consequences,
a subject to be discussed in more detail Jater on.

The density of dens

Arctic fox dens are nowhere very abundant in the
Northwest Territories, and it is therefore necessary
to survey large areas if data from a reasonable
number of dens are desired. Furthermore, even
practiced observers have difficulty in recognizing
distant dens. Since it was not practicable to survey
the whole of the large study areas intensively, the
surveys made yielded only minimum estimates of
the numbers of dens on the arcas. The Aberdeen

Table 2 The number of arctic fox dens found of each stage (age), and the relative frequency that dens
of each stage were reported occupied, abandoned (occupied, but later vacated without evi-
dence of whelps), and not occupied, on annual surveys. Totals for the breeding seasons of 1959
to 1963 inclusive, central District of Keewatin, Northwest Territories. The 203 dens found
were visited annually an average of 3.3 times each

Times reported

Not Total

Total Occupied Abandoned occupied times

Stage dens No. % No. % No. % visited
1 21 17 283 10 16.7 33 55.0 60
2 64 79 354 34 152 110 49.3 223
3 87 90 32.0 23 8.2 168 59.8 281
4 31 21 214 4 41 73 74.5 98
Totals 203 207 31.3 71 10.7 384 58.0 662

Table 3 Features of arctic fox den distribution and dispersion on the study areas in central District of

Keewatin
Level of
Area, No. of No. of square significance

Region square miles dens miles per den R ¢ (P)
Aberdeen Lake 829 78 10.63 1.16 2.629 <.01
Deep Rose Lake 493 30 16.43 1.21 2.930 <.01
Kazan River 589 29 20.37 0.80 -2.059 <.05
All 1,911 137 13.94

Note: The number shown is the maximum number found during the S years of the study. The Aberdeen Lake area
was the one most intensively surveyed, though even there, some dens no doubt remained undiscovered. “R” is “the
measure of the degree to which the observed distribution departs from random expectation with respect to the distance
to nearest neighbor” (Clark and Evans, 1954). “c” js the standard variate of the normal curve. The level of signifi-
cance is that for the difference between the distribution and a random one of the same over-all density. Computations
from Clark and Evans (1954).
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Lake study area was the most intensively sur-
veyed of all those examined annually, mainly
because of its proximity to our base camp, but
also because it was the one best known to my
trapper informants. I doubt if many dens in the
arca escaped our attention, and it is for this rea-
son that the analysis of den distribution was car-
ried further for the Aberdeen Lake area than for
the other areas surveyed. Two of these, one near
Deep Rose Lake, south of Sinclair Falls on Back
River, and the other around the lower reaches of
Kazan River, provide additional data (Figure 3).
It is probable that on these areas relatively fewer
of the existing dens were found. Table 3 shows
features of the distribution of fox dens on the
three areas, derived from measuring denning
areas and distance between dens (by planimeter
and caliper, using den locations recorded on 8-
mile to the inch maps of the National Topogra-
phic Series). The mean density within the three
study areas was 137 dens in 1,911 square miles,
or one den in about 14 square miles (36 square
kilometres).

Arctic fox dens appear to be more numerous in
parts of the U.S.S.R. In the Bol’shezemel'skaya
region, densities of from one to six dens per 10
square kilometres, or one den in approximately
0.6 to 4 square miles, have been recorded (Da-
nilov, 1958; Skrobov, 1961). According to De-
mentyiev (1955), the upland tundra is the favou-
rite denning habitat of the region, and bears an
average density of about one den per 2.3 square
miles. High densities were also found by Sdobni-
kov (1958) in the maritime tundra belt of
Taimyr, where up to two dens per kilometre were
recorded along the major river valleys that formed
the favoured denning habitat. Boitzov (1937)
quotes Tuomainen’s estimate of the density of
arctic fox dens of approximately one den per 50
square kilometres in Turukhansk region, which
the latter investigated in 1926. Boitzov estimates
a mean density of one den per 32 square kilo-
metres for the whole tundra zone of the U.S.S.R.,
an estimate comparing closely with the one den
per 36 square kilometres estimated for the Aber-
deen Lake area.

Very high densities of breeding foxes, though
coupled with small litters and high whelp mor-
tality, are attained on the open island “ranches”
of the North Pacific Ocean. Ashbrook and Walker
(1925) indicate that up to 200 foxes can be
maintained on an island ranch of 40 acres.

0 15 20 25 30 35 40
Miles

Figure 8 Distances between fox dens and their nearest
neighbours in central District of Keewatin, A — between
occupied dens, Aberdeen Lake study area, 1961-63; B -
between all dens in the same study area, 1963.

The dispersion of dens
The statistical analysis of dispersion data in Table

3 is based on the design of Clark and Evans
(1954). The mean of the distances between each
den and its nearest neighbour is computed, as is
the mean to be expected if dispersion were ran-
dom. The ratio between the observed and expect-
ed means (R) indicates the departure of the dis-
persion pattern from a random pattern of the
same density. If dispersion is random, R will
equal 1. If there is no spacing, all the objects
being at the same spot, R will equal zero. If spac-
ing is maximal, and the objects are distributed in
an even, hexagonal pattern, R will equal 2.1491.
The significance of the difference between the
means of observed and random dispersion pat-
terns is obtained from the standard variate of the
normal curve (c). When ¢ = 2.58 or more, the
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Table 4 Features of occupied arctic fox den dispersion in the Aberdeen Lake study area, 1961-63.

Symbols as in Table 3

Level of

Area, No. of
Year square miles dens
1961 829 46
1962 829 23
1963 829 23
Combined 2487 92

probability that the difference between means is
not significant is 1 per cent or less (Clark and
Evans, 1954),

Not all dens used in the computations of Table
3 were occupied, and all the data included were
obtained in 1963, when the location of every den
in the final series was known. Den dispersion, as
indicated by distance to nearest neighbour, was in
each case significantly different from random
(P < .05), the dens being in two areas more
widely dispersed than would be the case if ran-
domly placed, and in one area less so. Unfortu-
nately, it is possible only to speculate on the dif-
ferences between the landscape patterns of the
three localities that might be responsible for dif-
ferences in dispersion of fox dens.

The Aberdeen Lake area, being the best
known, was used alone for the study of spatial
relationships of occupied fox dens. The series in-
cluded dens that were occupied in early summer
but later abandoned. Data from the 3 years when
most den locations were known, 1961-63, were
combined, and the number of square miles tripled.
The results (Table 4) indicate that, in 2 years out
of 3 and also when all years are combined, fox
dens were more widely spaced than they would
probably have been if randomly dispersed, a
finding suggestive of territoriality in denning foxes.
On the other hand, there was no tendency toward
more uniform dispersion with an increase in the
breeding population, nor any significant difference
between the R values (P > .05; F = 0.594, N,
= 78, N, = 92) of the entire Aberdeen Lake
series of 1963 and the combined occupied den
series of 1961-63. Furthermore, spacing was by
no means maximal. Under conditions of maximum
dispersion, the calculated mean distance between
occupied dens is 6 miles, and between all dens 3.8
miles. These distances were much greater than
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significance
R c (P)
1.15 7.91 <.01
1.11 0.43 >.05
1.31 2.87 <.01
1.18 3.28 <01

those observed, respectively, 3.1 miles and 2.1
miles. There is, however, a distinct tendency for
denning foxes to keep their distance from each
other. The minimum distance between occupied
dens, irrespective of the density of occupied dens,
was about 1 mile (Figure 8).

It must be concluded, therefore, that the num-
ber of occupied dens in the Aberdeen Lake study
area is limited neither by habitat nor by territorial
behaviour. Though the calculation does not there-
fore give a valid estimate of the extent of each
territory, if the entire area is divided by the num-
ber of occupied fox dens, over 27 square miles
were available, on the average, for the support of
each family. This figure, or its equivalent of 70
square kilometres, may be compared with the
figures 50 and 32 square kilometres quoted by
Boitzov (1937).

Foods of the arctic fox and
their relative importance

Previous work

The diet of the arctic fox has been examined sys-
tematically at both coastal and inland sites. All
authors agree on the supreme importance of lem-
mings and other small mammals to inland arctic
foxes, whose diet is well summed up by MacFar-
lane (1908) as “mice, lemmings, birds, and car-
rion”. Foxes living on islands or near the sea may
rely heavily on marine invertebrates, fish, sea-
mammals, and sea-birds. Such diets have been
analysed on the Commander Islands by Barabash-
Nikiforov (1939) and on Kildin Island, Barents
Sea, by Lavrov (1932). The propensity of arctic
foxes to eat the remains of seals (mainly Pusa
hispida) left on sea ice by polar bears (Ursus
maritimus) is mentioned by several authors (i.a.
Elton, 1927; Freuchen, 1935).

The food of an arctic fox population has rarely
been analysed for a period of more than a single
year. The exception is an analysis by Shibanoff
(1951) of the diet of arctic fox whelps in 1946
and 1947, presumably on the Kanin Peninsula,
USSR

Much comparable work has been done on the
foods of the red fox (Vulpes vulpes) in Scan-
dinavia, Great Britain, and the United States of
America. The results of several such studies, par-
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ticularly as they concern the advantages and
shortcomings of the various techniques, have been
basic to the present analysis (see, for example,
Scott and Klimstra, 1955; Lockie, 1959; Lund,
1962; Englund, 1965).

Materials and methods
Assessment of lemming numbers

Estimates of the relative size of the lemming popu-
lation in the vicinity of base camp at Aberdeen
Lake were obtained each year in mid-June and
mid-July, by means of a standard line of snap-
traps. Lemmings in the vicinity of Baker Lake
were studied intensively during the same period
by Krebs (1963, 1964, and in litt.), whose esti-
mates are available for the period 1959 to 1962.
My estimates of lemming numbers are discussed
in an earlier publication, from which Table 5 and

Table 5 ILemming population indices, Aberdeen
Lake standard trap line

Dicros/on_vy Lemrr;us Combined
Year June July June July June July
1960 100 100 100 44 100 72
1961 121 81 24 13 74 48
1962 12 19 41 7 26 13
1963 36 43 33 11 34 27

X Dicrostonyx

Figure 9 A hypothetical
curve of changes in the
number of trappable lem-
mings (Dicrostonyx and
Lemmus) at the northwest
corner of Aberdeen Lake,
1959-63, based on adjust-
ed snap-trap indices. The
indices are shown as “x’s”.
For comparison, the rela-
tive abundance of the two
species, according to Krebs
(1963), 115 miles to the
east at Baker Lake, is
shown by an “L” for
Lemmus and a “D” for
Dicrostonyx.




Figure 9 are borrowed (Macpherson, 1966).
Lemmings were very scarce in 1959, very abun-
dant in 1960, declining through 1961 and 1962,
and more numerous again in 1963.

Analysis of food remains

The main purpose of the food analyses performed
was to find out what the arctic foxes of the study
area ate during the breeding season, and how
their diet was related to lemming abundance and
to the reproductive success of the foxes. Most
information came from the identification of food
items in faecal pellets, classed according to their
frequency of occurrence. Studies referred to above
have shown that this method of analysis is unre-
liable for assessing the relative importance of
large and small game and of vegetable and animal
matter, the volumetric analysis of gut contents
being the preferred method. However, foxes were
neither abundant nor easily captured in the study
area, and specimens therefore were not obtainable
in the quantities that would be required. Although
it is improbable, on evidence from red fox feed-
ing trials (notably those of Lockie, 1959), that
the diet of the foxes was exactly represented by
the droppings analyses, most of the more com-
mon remains in the droppings were of items of
comparable size — lemmings, birds, birds’ eggs,
and fish. There is thus no reason to believe that
their proportions in the droppings differed appre-
ciably from the proportions of the foods they re-
presented in the diet. When, however, caribou or
bee remains are included, frequency of occur-
rence figures convey less adequately the compo-
sition of the diet, for caribou may be expected to
leave much fewer remains, and bees much more
numerous remains, than would lemmings, birds’
eggs, etc., per unit of meat eaten. These problems
should be remembered when the “frequency of
occurrence” tables are studied.

The droppings analysed were picked up on the
study areas, mainly at dens. It was often impos-
sible to relate the droppings to particular defeca-
tions, which might each include up to six or so
separate pellets. Consequently, each dropping or
pellet was analysed separately, and given equal
weight in the summary.

Droppings were collected systematically when-
ever dens were examined. They were assessed for
age on the following criteria based on timed ex-
posure of fresh droppings, and modified some-
what in accordance with weather:

— up to 2 weeks old — bile pigments on surface,
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odour, mucous (slippery when wetted);

— 2 weeks to 1 month old — bile pigments in-
side but not on surface, no odour;

— 1 month to 2 months old — no bile pigments
visible, hair fresh and tough, no green mould.

For examination, each dropping was washed in
a fine-meshed sieve under bubbling water, until
all its component materials were separated. A
binocular loupe was used for identifying such
objects as the incisors and cheek teeth of the two
lemming species. A binocular microscope was
used to identify smaller objects such as caribou
hair, and the finer hairs of mammals were iden-
tified from resin impressions made as described
by Williamson (1951).

A study of the winter diet of the arctic fox was
made using gut contents obtained from samples
of trappers’ catches. The samples were first ex-
amined for parasites, then washed and examined
dry for food remains.

The circumstances of capture of the trapped
animals examined did not facilitate the study of
diet. For the most part, arctic foxes taken by
Eskimo trappers are caught by leg-hold steel traps,
and the animals die from exposure or are killed
by the trappers on one of their infrequent visits.
The stomachs of trapped foxes frequently lack
food contents altogether, and often contain parts
of their own bodies. They may swallow fragments
of their teeth broken off in biting at the trap, and
sometimes parts of a mangled foot; almost every
stomach contains some fox fur, and a considerable
number contain pieces of skin, claws, or bits of
bone. Similarly, Lund (1962) mentions a Nor-
wegian red fox that had eaten two of its toes.
Many of the tracts removed from trapped foxes
contained no identifiable food remains.

The occurrence of bait in the digestive tracts of
trapped foxes requires some discussion. Traps set
for arctic foxes are not always baited. In the Dis-
trict of Keewatin, and in other parts of the Cana-
dian Arctic, they are placed at such naturally
attractive places as meat and fish caches, promi-
nent points or cairns on lakes and rivers, old
camp sites, garbage dumps, and the carcasses of
large animals. Traps are often set at dens, and
unoccupied dens may be improved as trap loca-
tions by bringing to them snow-blocks cut from
places where foxes have urinated. The gut con-
tents of foxes trapped at a carcass, a cache, or a
garbage dump were not considered to be bait; for
the following analysis, only lumps of blubber and

meat without skin and hair were considered to be
bait and excluded.

The remains of lemmings can never be con-
sidered other than indicative of natural feeding,
but hair from caribou (Rangifer tarandus) or
seals found in digestive tracts might come from
carcasses, caches or garbage dumps, or from bait.
From conversations with trappers, 1 believe that
all such occurrences can be considered indicative
of natural diets.

Finally, records were kept of the remains of
food items found at occupied dens. Pieces of bone
that appeared to date from previous years were
not included in the tabulation.

Droppings at dens
Nearly 5,000 droppings were examined during the

study, of which 4,653 were collected at breeding
dens, and were used in the analysis. Summaries
of the occurrences of identifiable food remains in
droppings, segregated by date into groups repre-
senting periods of 2 weeks to a month, are given
in Table 6. The data are shown graphically in
Figure 10.

Lemmings (Lemmus and Dicrostonyx) pre-
dominated in the samples, constituting up to 90
per cent, and never less than 50 per cent, of
identifiable occurrences. (Differences in the pro-
portion of lemming remains identified to species
between collections are due mainly to differences
in experience and confidence between the assist-
ants who helped me from time to time in examin-
ing the material.)

Birds and their eggs were next in importance;
their frequency in the droppings generally increas-
ed during the period from May to July, and over
the 4-year period ranged between 4 and 29 per
cent. The remains of caribou, largely of fawns,
were common in some years, with frequencies of
up to nearly 15 per cent. The remains of other
foods were scarce or lacking.

Arctic hare (Lepus arcticus) fur was identified
in several 1960 and 1961 samples, but none was
noted in the two following years. Fish (Cristi-
vomer and Lota) remains were rarely found in
droppings.

Insects were rare in the 1960 collection, but
were a substantial proportion of the foods iden-
tified in later samples. The only ones of any im-
portance were large bees (Megabombus sp.), the
frequency of which varied between zero and 10.5
per cent. In 1962 and 1963, droppings were

sometimes more than half composed of the re-
mains of bees, indicating that the foxes were hunt-
ing the insects selectively, or perhaps digging out
or lying in wait at nests. Berries also assumed
greater importance in the later years of the study.
Some of the 1962 and 1963 droppings would have
been indistinguishable from those of geese, but for
a little microtine hair between the skins and seeds
of the berries or the packed leaf fragments.
Moulting Canada geese (Branta canadensis) fre-
quently graze the lush vegetation of fox dens, and
there are often goose droppings even on occupied
dens. Empetrum and Rubus were the usual ber-
ries found in fox droppings.

A wide variety of miscellaneous items was
identified, but none occurred abundantly. An item
which appeared fairly regularly was a black,
amorphous material containing both vegetable
fibre and microtine hairs. It was believed to be
re-ingested droppings of caribou, with some other
material. Foxes are said to eat caribou or reindeer
droppings by such authors as Lavrov (1932),
Dubrovskii (1937), and Pedersen (1959).

The frequency of lemming remains in the drop-
pings decreased over the study period, undoubted-
ly owing to the concurrent decrease in lemming
abundance. There is a marked correlation
(£d = 0.954; P < .01) between ranked lemming
indices for each month and ranked frequencies
of lemming remains in droppings. Means of
grouped sample frequencies were used when more
than one sample was available for the period re-
presented by a single lemming index. The un-
ranked data are plotted in Figure 11.

Thus the use made of lemmings by foxes va-
ries with the abundance of lemmings as deter-
mined by snap-trapping. The percentage fre-
quency of all other items combined in fox drop-
pings obviously bears an inverse relationship to
the percentage frequency of lemmings. When lem-
mings are scarce, foxes tend to feed more heavily
on such foods as birds’ eggs, insects, and even
berries. Whether predation pressure on, for ex-
ample, birds’ eggs, is absolutely greater when
lemmings are scarce is another question, and one
which cannot be answered with the available data
(but see Sdobnikov, 1958). It is my impression
that droppings were harder to find in 1962 and
1963 than in 1960 and 1961, even at occupied
dens, and that the fox population was obtaining
very much less total food. On the other hand,
rock ptarmigan (Lagopus mutus) were abundant
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Figure 10 Histograms showing the proportions of various identifiable food remains in the droppings of arctic foxes
in central District of Keewatin, 1960—63. The numbers on the graphs show the number of pellets in each sample.

Table 6 Percentage occurrences of food remains in the droppings of denning arctic foxes in central Dis-
trict of Keewatin, 196063

No. of No. of
pellets occurrences

Year Period in sample of food items D L UM CL C H Bd F 1 Be M

1960 Late June 115 134 49.3 39.6 1.5 90.4 7.5 .5 0.7
Early July 217 265 366 479 34 879 1.5 08 83 1.5
Late July 108 127 38.6 457 5.5 89.8 10.2

1961 May 209 337 47.5 380 39 894 09 7.1 09 0.9 09
Early June 119 155 54.8 31.0 1.9 87.7 1.3 8.4 0.6 1.9
Late June 181 219 57.1 288 05 864 23 05 87 05 14 05
Early July 290 347 42.1 36.6 49 836 3.5 9.8 06 23 03
Late July 309 413 320 380 68 768 39 02 121 1.0 46 07 07

1962 May 22 25 28.0 28.0 28.0 84.0 4.0 4.0 4.0 4.0
Early June 271 380 179 21.8 226 623 113 9.5 92 7.6
Late June 377 544 18.6 20.8 257 65.1 55 7.2 10.5 11.6 0.2
Early July 443 551 20.5 29.8 23.6 739 5.6 9.6 65 36 07
Late July 183 256 18.0 22.7 219 626 11.7 9.4 7.8 86

1963 May 238 453 203 11.9 183 505 146 21.2 1.8 11.9
Early June 162 274 20.1 17.9 18.6 56.6 124 24.5 44 22
Late June 264 426 153 223 228 604 99 239 05 2.1 33
Early July 690 1030 19.8 204 246 648 93 20.1 03 33 22
Late July 455 685 13.0 19.1 30.8 629 3.6 28.9 29 15 0.1

Note: D = Dicrostonvx, L = Lemmus, UM = unidentified microtines (lemmings), CL = combined lemmings, C —
caribou, H — hare, Bd — birds and eggs, F = fish, I = insects, Be = berries, M = miscellaneous.
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on the study area only in 1960: they were least
abundant in 1961 and 1962, and in 1963 appear-
ed to have somewhat increased; that is, their num-
bers fluctuated concurrently with over-all lemming
numbers.

Comparing the relative frequency of remains
of the two lemming species of the region, the col-
lared lemming (Dicrostonyx) and the brown lem-
ming (Lemmus), with the indices of abundance
established for them with the standard trap line,
there was some indication that the foxes were
consuming more individuals of the more abundant
species (Figure 12).

By means of feeding trials, Lund (1962) found
an aversion to the Norway lemming (Lemmus
lemmus), a comparatively showy member of the
genus, in Norwegian ranch red foxes. From the
frequency of brown lemming remains in the drop-
pings of the arctic fox in the District of Kecwatin,
it seems unlikely that our Lemmus is distasteful to
the arctic fox.

The capacity of the red fox to switch to second-
ary prey species when its primary prey declines
in abundance is well known, whether the primary
prey be rabbits (Lever, 1959), small rodents
(Englund, 1965), or vertebrate prey in general
(Scott and Klimstra, 1955). Arctic foxes live in
regions of lower biotic abundance, and it may be
expected, as will appear, that a decline in lemming
abundance profoundly affects fox production and
numbers. Only in maritime areas may other food
sources be abundant enough to mitigate the effects
of a lemming scarcity (Manniche, 1910).

Food remains in digestive tracts
The numbers of digestive tracts examined, and of

food remains identified from them, are shown in
Table 7. The tracts came from foxes killed during
the trapping season, which extends from Novem-
ber 5 to April 15, and the food remains are thus
representative of winter diets only.

In a year of abundance such as 1960-61, lem-
mings made up a high proportion of total fox
food in the District of Keewatin. When lemmings
were scarcer, as in 1961-62, caribou remains
were found more often. The latter were no doubt
from carrion and from garbage at trappers’
camps.

At Resolute Bay, in the District of Franklin,
some 700 miles farther north than the inland
study areas, there is only one species of lemming,
and land mammals arc much scarcer. There the
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Figure 11 The proportion of all lemming remains to total food remains in the
droppings of breeding arctic foxes, and contemporareous indices of lemming abun-

dance, central District of Keewatin, 1960-63.
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Figure 12 Contemporaneous changes in lemming species abundance at Aberdeen
Lake, as determined by snap-trapping, and in the frequency of occurrence of lem-

ming remains (by species) in the droppings of denning arctic foxes, 1960-63.

remains of ringed seals, probably many of them
left by polar bears (c.f. Elton, 1927; Lavrov,
1932; Freuchen, 1935; Kirpichnikov, 1937),
formed a high proportion of the food remains
found; seals and garbage became more frequent
in the tracts as the frequency of lemmings de-
creased. No sea-mammal remains were found in
Eskimo Point samples, also from a coastal loca-
lity. The difference is tentatively ascribed to the
comparative abundance of polar bears at Resolute
Bay, and their rarity in the vicinity of Eskimo
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Table 7 Identifiable food remains in the digestive tracts of trapped arctic foxes

No. of
Place Year tracts D L CL C Birds Seals Garbage Miscellaneous
District of Keewatin
Inland: Baker L., Aberdeen  1958-59 5 2 4 1
L. and Ferguson L. 1960-61 59 10 25 35 9 2 3 canid,
1 wolverine
1961-62 36 8 1s 23 25 1 2 wolverine
Total 100 18 40 60 37 1 0 3 6
Per cent 56 35 1 3 6
Coastal: Eskimo Pt. 1960-61 33 1 12 17 7 4 canid
1961-62 84 1 20 21 41 13 15 1 fish
Total 117 2 32 38 48 13 0 15 5
Per cent 32 40 11 0 13 4
District of Franklin,
Resolute B. 1958-59 15 4 4 4 1 1 hare
(Coastal) 1959-60 20 14 14 1 1 2 canid
1960-61 100 27 27 10 5 10 4 1 marine algae
and
invertebrates
1961-62 35 3 3 2 15 14
Total 170 48 0 48 12 6 30 19 4
Per cent 40 10 5 25 16 3

Note: D = Dicrostonyx, L = Lemmus, CL = combined lemmings, C = caribou. “Canid” denotes hair of dog or wolf.
Dead dogs could also be considered garbage. Wolves and wolverines, for the most part killed at poison bait, might

best be considered carrion.

Point. Polar bears hunting seals usually leave
fragments of their prey on the ice, but Eskimo
seal hunters ordinarily haul away their victims
intact.

Information on foods from other sources
The remains of food items at dens are generally

believed to yield quite erroneous estimates of fox
diets, and the observations given in Table 8 are
included, with miscellaneous observations, only
for completeness.

The numbers of animal remains found at dens
differed considerably between years. Foxes ap-

Table 8 The number of times that animal re-
mains were found at dens, 1959-63.
Only remains that appeared to be less
than a year old were counted

Item 1959 1960 1961 1962 1963 Totals
Lemmus 200 ( 5) (5) (30)
Dicrostonyx (9 (1) (3) (12)
All lemmings 30 9 9 48

Caribou 4 S 3 1 3 16

Hare 2 1 3

Eggs 1 1 2

Waterfowl 2 2 1 4 9

Passerines 1 3 4

Other birds 3 2 3 8

Fish 2 1 1 4

Total all items 94
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peared quite prodigal of food in 1960, when lem-
mings were most abundant, leaving lemming
heads, stomachs, and even gravid uteri scattered
around their dens. In 1961 and 1962, on the other
hand, food remains were less common.

Foxes were frequently seen returning to the
dens with food in their mouths, usually lemmings.
Two breeding adult arctic foxes collected in other
years, one on Prince of Wales Island and the
other on Adelaide Peninsula, were carrying five
and two lemmings respectively in their mouths
when shot.

Age structure of arctic fox populations

Previous work
Several North American workers have studied as-

pects of the population dynamics of the red fox,
Vulpes vulpes, and the gray fox, Urocyon cine-
reoargenteus, including Richards and Hine
(1953), Layne and McKeon (1956), and Wood
(1958). Only one arctic fox population has pre-
viously been studied systematically, and that in
the U.S.S.R. The samples used came from an un-
specified trapping area, and were analysed by
Smirnov (1964) at Sverdlovsk. Techniques of
age determination adequate for separating young-
of-the-year, or whelps, from older red foxes are
discussed by Reilly and Curren (1961). Few
techniques for separating foxes of the older age
classes are known. Wood (1958) aged gray foxes
by tooth wear. His method was not applicable to
the arctic foxes of the study area, whose teeth
were found to wear very slowly. The methods
that T used were developed from the work of
Churcher (1957, 1960) on the red fox. Smirnov
(1960) has developed another method based on
the thickness of cemental deposition in the pulp
cavities of the teeth, which he has used with suc-
cess. In a footnote to a more recent paper, Smir-
nov (1964) says that he has been able to age
arctic foxes by annuli in the cementum as well.

Materials
Most of the information obtained on the dynamics

of arctic fox populations came from examination
of samples from trappers’ catches. The carcasses
were, for the most part, examined in improvised
laboratories at the settlements, but samples were
occasionally shipped to Churchill or Ottawa for
study. At some settlements a part-time curator of
the samples was hired for the project.

I tried to get as many carcasses as possible, up
to about 100, from both the early part of the trap-
ping season, November and December, and the
latter part, March and April. The skinned car-
casses received from the trappers were, prefer-
ably, individually tagged with the date trapped,
or, where it was unknown, kept in separate lots
representing 2-week collecting periods. They were
left frozen until they could be examined — some-
times as late as early June.

The carcasses were thawed in lots of up to 20
and subjected to post-mortem examination. Mea-
surements were made, and organs and bones col-
lected as necessary. Bones were later cleaned with
dermestid beetles, and bleached and coated for

examination. Nearly 1,000 spccimens wcre so
treated between 1958 and 1964.

Through the courtesy of Curator Edvard K.
Barth, Zoological Museum of the University of
Oslo, a collection of known-age blue fox carcasses
was obtained from the experimental fox ranch of
the Norwegian Agricultural College at Vollebeck,
Norway, for the purpose of evaluating aging tech-
niques.

Methods
The skulls and long bones of whelps killed in No-

vember and December are easily recognized by
their open epiphyseal and basioccipital-basisphe-
noid sutures. Until arctic foxes are a year old
these sutures are visible, and the presphenoid-
basisphenoid suture is either open or visible. Arc-
tic foxes in their first year of life are thus easily
identified.

Several progressive changes take place in arctic
foxes as they age, and all that could be identified
were evaluated as bases for aging techniques.
They included deposition of cementum on the
roots of the teeth, increasing eye lens weight, bone
accretion (as examined by measurement and
weight, and by microscope and radiology), allo-
metric cranial growth, and suture closure. The
main criterion finally adopted was the degree of
eruption of the upper canine teeth. The appear-
ance of the canine tooth sockets, the state of cer-
tain sutures, and the condition of the cutting sur-
faces of the teeth were helpful in relegating ques-
tionable specimens to their most probable age
classes.

The canine teeth of foxes continue to erupt
through life. They progressively acquire cemen-
tum deposits on the roots, and at the same time
their points become worn. Consequently, although
the tooth changes little in length after the first
half year of life, any fixed point on its surface
moves gradually away from the root and toward
the outer tip. As Churcher (1957, 1960) discover-
ed in his study of the red fox, the proximal edge
of the enamel forms such a fixed point, and the
distance between it and a standard point on the
edge of the alveolus is related to the age of the
individual (Figure 13). The measurement was
taken as shown on the anterolateral surfaces of
both canine teeth, unless one was diseased or
otherwise abnormal, in which case the single
measurement was doubled. When the edge of the
enamel was inconspicuous, it was revealed by
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Figure 13 Stages in the eruption of the left upper canine tooth of the ar

August) with permanent upper canine erupting over the deciduous canine.
with the boundary of the canine enamel coinciding with the edge of the alveolus. C — Fox 1'2 years old (late Novem-

ber) with a band of dentine showing below the edge of the alveolus. D — An aged fox, perhaps 6 years old.

scratching with a knife, or by staining with
alizarin, and routine skull preparation came to
include the latter treatment,

The fact that arctic fox catches usually contain
one dominant year-class or cohort made it pos-
sible to identify age classes up to 2%z years for
November—December specimens, and up to 3
years for March—April specimens. That is, speci-
mens of these ages were separable from specimens
both a year younger and a year or more older.
Plots of enamel height measurements for the
males of Resolute Bay samples are shown in
Figure 14. The females present a similar picture,
but their enamel heights lag a few tenths of a
millimetre behind those of the males. District of
Keewatin foxes in successive samples yielded si-
milar plots. Mean collection dates differed be-
tween successive samples: when specimens were
abundant, it was possible to limit the sample
period more than when the harvest was meagre.
However, knowing the collection date of a sexed
specimen, it was usually possible to assign it to its
probable age class with confidence, particularly
when, as was usually the case, alternate classes
were scarce or absent in the sample. Other cha-
racters were, as stated, employed when a decision
was impossible on the basis of enamel height
alone.

The determination of age composition in sam-
ples does not by itself yield information on popu-
lation structure, productivity, or survival. Methods
of calculating the vital statistics of wild animal
populations have been described and explained by
Deevey (1947), and more recently by Quick
(1963). The nature and representativeness of the
sample must be considered. Such questions must
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ctic fox. A — Whelp 3 months old (late
B — Fox 6 months old (late November)

be answered as: is it large enough? are all sex and
age classes represented proportionally? Samples
of trapped arctic foxes vary enormously in age
composition, as has already been shown. It is
clear that, even if samples from the trapping har-
vests are representative of the population from
which they come, they are representative of it for
a particular period only: a sample from the next
trapping season is likely to display an utterly dif-
ferent picture. Consequently, averaging sample
composition over a period of years cannot yield
as full an understanding of population processes
in these populations as in ones with more stable
age compositions.

The method employed for the analysis of sam-
ples is substantially that of Smirnov (1964). Its
basic feature is the treatment as a separate entity
of the part of the population destined to die in
traps. Thus samples are analysed, and the propor-
tions of the different age groups in them extra-
polated to each total kill represented. The por-
tions of each year class that are caught in traps in
successive years are accumulated, and their
strength assessed through each trapping season in
which they appear. The size and age composition
of the “population” can thus be deduced for any
trapping season for which the required data are
available.

Smirnov apparently worked without data from
the field on breeding success. In the present study
such data were obtained for several of the years
represented by specimen samples. Furthermore,
he lacked information on age-specific reproduc-
tive rates. As will be shown, such data are neccs-
sary for the amalgamation of age structure analy-
ses with uterine scar counts for the purpose of
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igure 14 The frequency distribution of the sum of enamel height measurements from left and right upper canines, from male arctic foxes of successive Resolute

Bay samples.




estimating differences in trap-proneness between
whelps and older animals. They are also neces-
sary for determining the effect of food abundance
on breeding performance. In neither Smirnov’s
study nor in mine was an estimate of natural mor-
tality obtained, a deficiency which has possibly
introduced a considerable error into our analyses.

The Resolute Bay population

Of the settlements from which samples of trapped
foxes were obtained, Resolute Bay produced the
longest regular sampling period and the largest
samples. This was due both to the excellent co-

teristics of the community itself. All the trappers
lived in the settlement and brought in their catches
for skinning at home; also, caribou, fish, and
marine mammals were available for man and dog
food, and fox carcasses were rarely needed for
meat. The climate kept the specimens solidly
frozen until late in the spring, and frequent flights
by the Royal Canadian Air Force permitted easy
and inexpensive access at will. Sampling from the
kill has been more successful at Resolute Bay than
at other settlements, and more information has
been obtained from this region than by the same
means elsewhere.

In all, 614* foxes were examined from Resolute
Bay. The sex ratio, 290 males to 321 females
over-all, did not differ significantly from 100:100
(chi-square = 1.57), though the individual sam-
ple ratios varied within wide limits. The widest
deviation from the expected ratio is found in the
late winter sample of 1958-59, in which were 33
males and 61 females (chi-square = 8.34). The
missing males were, according to sample infor-
mation, not caught in later years, and the reason
for the preponderance of females remains ob-
scure.

The analysis of age composition is shown in

formed by adding to the catch of the year in
question the number of animals in subsequent
catches belonging to cohorts born before the trap-
ping season began. To these estimates are affixed
standard errors calculated from the sum of the
squares of the standard errors for the segments of

Table 11 The number of arctic foxes traded at
Baker Lake, 1917-18 to 196465

operation of the trappers, of our curator, Mr. J. The country around Resolute Bay differs mar- tabular form (Table 10), following the model of Year Pelts traded
Idlouk, and of the Royal Canadian Mounted kedly from that in central District of Keewatin. Smirnov (1964). }g:g—:g 2,653
Police members stationed there, and to charac- Though the land is far more barren, the sea pro- It may be seen that sample age composition 191920 %»3?8
vides a wealth of animal life absent from the inland changes drastically from one trapping season to 1920-21 945
tundra, and contributes heavily to the support of the next. The proportion of specimens in the first igg—%g 3,‘2{;;
Table 9 The number of arctic foxes traded at the local arctic foxes. The frequency F)f occurrence age class (i.e., young of the year) shows a parti- 192324 1167
Resolute Bay, 1953—-65 of the different food remains in the digestive tracts cularly marked fluctuation, from less than 1 per 1924-25 1,735
of trapped arctic foxes from various localities has cent of the total sample to 100 per cent. Generally ig%g:%g 1 Z(l)g
Year Pelts traded already been discussed. speaking, a heavy catch of whelps one year is fol- 1927-28 495
’ggi:g‘s‘ 1;2 The Resolute Bay arctic fox population was lowed the next year by a heavy catch of yearlings, 1928-29 256
:955_56 ;63 sampled through seven consecutive trapping sea- and the large cohorts which these catches repre- }ggg:g? 2:232
1956-57 380 sons, 1957-58 to 1963-64, during which time the sent are also recognizable in later catches. 1931-32 1,255
1957-58 825 catch varied between 40 and 825, and the samples In the table, sample age composition has been 1932-33 538
1958-59 738 K . . . 1933-34 1,320
1959-60 57 obtained between 13 and 182. A general decline extrapolated to the entire catch of each trapping 193435 515
1960-61 282 in trapping harvests occurred during the period, season, and the total catches from four cohorts 1935-36 '543
:gg;:g% 3% here ascribed to social and economic factors have been summed under the years 1957 to 1960 ;ggg_gg é’;éz
1963-64 210 rather than to a decline in the abundance or avail- (the last may be slightly underestimated as no 1938-39 2900
1964-65 405 ability of foxes (Table 9). sample was available for 1964-65). From the 193940 1,520
sample data, it seems probable that the 1956 igj?j; 3,283
cohort was smaller than that of 1957 but larger 1942-43 2147
Table 10 Arctic fox catches and their composition by age from Resolute Bay, Northwest Territories, 1957 tEan t};lat of 1958, that the 1961 cohort was smaller ;gjﬁ; f}ﬂl;
58 to 1963-64, with estimates of relative cohort size and of the population size at the beginning than that of 1959, and that theTlh963 COhO}:t was 1945-46 3,544
of each of four trapping seasons similar in size to that of 1956. They may thus be 194647 3431
_ = ranked as follows: (1) 1957; (2) 1960; 194748 1,615
P e ED Lith (3) 1956, 1963; (4) 1958, 1962; (5) 1959;  |948—49 2950
Season  caught sample 1953 1954 1955 1956 1957 1958 1959 1960 1961 1962 1963 (6) 1961. 1950-51 2,904
1957-58 825 60 14*14 1414 0 2722 770+27 No demonstrable correlation exists between llggé‘g 2,91631
igég“gg 7;?} 1?% 52x14 23310 8;3‘1‘7 5(2)gf§6 6gf;6 _— ranked cohort size and harvest size (£d = .46; 195354 20;5
1960-61 282 143 0 241 0 4+1 27643 P > 1). This is largely the result of high catches 1954-55 3,022
1961-62 382 140 27+8 309 309 29214 323 of yearlings and 2-year-olds in years when whelps 13556 767
1962-63 40 13 0 0 0 0 40 are scarce 1956-57 1,248
1963-64 210 45 0 542 9+6 0 196%8 : 1957-58 1,104
Total number trapped The data may also be used to calculate the 1958-59 767
by cohort 1328+39 10819  47+10 57314 minimum number of arctic foxes at the beginning 1355-60 377
\ Minimum population of each trapping season, that is, the numbers alj T yi
J at start of season 155755 84041 150+17  666+21 & ? » VO IHMDCES "ive 1961-62 903
\ (1957-58) (1958-59) (1959-60) (1960-61) ) each autumn that were caught in the following 1962-63 303
' - — and in subsequent seasons. The calculation is per- :ggz:gg lggi
Note: Standard errors of age class sizes are calculated from the formula J—’zz where p = per cent of sample in age class, “Th . i - :
5 ree of these were w:thgrgwn from the sex ratio Note: Trading statistics from Hudson’s Bay Company
q = 100 — p, n = number of specimens in sample. Standard errors of cohort and population estimates are calculated from fﬁ"}pl?s because of contradictions in the recording of post records, after T. H. Butters (1961), and Northern
eir sex. Administration Branch records (A. M. Millican, in litt.)

the formula \/23_xz where x = number of foxes per standard error in each of the individual age classes summed.
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Table 12 Arctic fox catches and their composition by age from central District of Keewatin, North-
west Territories, 1958-59 to 1962-63, with estimates of relative cohort size and of the po-
pulation size at the beginning of each of four trapping seasons. The standard error calcu-

lations are explained under Table 10

Number  Size of

Year of birth

Season caught sample 1954 1955 1956 1957 1958 1959 1960 1961 1962
1958-59 767 32 96+45 24+23 55+33 551+61 5533

1959--60 377 21 3624 36+24 108*37 0 197+41

1960-61 1,855 163 6827 45%23 0 8029 1662+45

1961-62 903 39 23423 0 11647 76452 0
1962-63 303 82 116 22+9 25512 11+6 4=+4
Total number trapped

by cohort 6637 >415+69 >2681+70

Minimum population
at start of season

11084113 >742+96 304699

the catches that were analysed by age groups.
These figures constitute our best estimates of the
size of the population yielding annual harvests to
the trappers of Resolute Bay. It must be repeated,
however, that the estimates are based only on the
numbers of foxes trapped, and foxes dying of
other causes are not taken into account,

The Keewatin population
Samples from local fox catches were not as easily

obtained at Keewatin settlements as at Resolute
Bay. The people of the area were undergoing a
period of social upheaval (Vallee, 1962; Brack
and Mclntosh, 1963). The local Eskimos depend-
ed on barren-ground caribou until the early
1950’s, when caribou were becoming much less
abundant. They have since been abandoning their
scattered camps, and moving to Baker Lake and
the settlements of the Hudson Bay coast. Factors
in this movement have been the decline in number
of the barren-ground caribou and attraction to
the amenities of the settlements. Trapping is
carried on in an increasingly casual manner. The
places from which samples were obtained included
Baker Lake and satellite trapping camps at Fer-
guson Lake and Aberdeen Lake. Samples from
the three areas were combined for the following
analysis.

Catches in the study period ranged from 303 to
1,855 (Table 11), and samples from 21 to 144.
The harvest of 1963-64 was a heavy one and,
since no large proportion of it could be ascribed
to older cohorts, production was evidently good
in the spring of 1963 (see also litter counts, in a
later section). Though sample evidence is lacking,
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the cohort may be ranked in order of size with the
others, on the above evidence, as follows: (1) 1960;
(2) 1963; (3) 1957; (4) 1958, 1959; (5) 1961,
1962. The correlation between Baker Lake and
Resolute Bay cohort sizes as ranked from 1957 to
1963 was not significant (£d = .786, P > .1), the
only major discrepancy being between the 1957
cohorts, which are comparatively poorly known
owing to lack of a 1957-58 Baker Lake sample.

The samples obtained included 166 males and
171 females, a ratio not differing significantly
from 100:100 (chi-square = .1, P about .75),
though greater disproportions exist, on either side,
in the 1958-59 and 1962-63 samples. As for the
Resolute Bay population, it does not seem pos-
sible to explain these changes in sex ratio among
harvest samples.

Calculations were made (Table 12) of the
minimum population size for the period before
each trapping season began, ignoring, as before,
the possibility of natural mortality. That for 1958
was based on 5 years’ data, and those for later
years on shorter series. Thus for the season fol-
lowing 1959 the series lacks the fifth year’s catch
of the 1959 cohort. Fifth year catches are, how-
ever, small in proportion to earlier yields of co-
horts. For the season following 1960, the above
catch, and the probably much larger fourth year
catch of the 1960 cohort, are both missing, and
the estimate is indeed minimal. It is evident from
the calculations, however, that the population at
the beginning of the trapping season varied be-
tween four-fold and five-fold between successive
years — to about the same degree, in fact, as the
catches.

The reproductive success of the
arctic fox and its determinants

Introduction
The factors implicated in varying rcproductive

success required identification and assessment. The
size of any cohort obviously depended on several
variables, including thc abundance of brecding
stock, differences in performance between animals
of different ages, and the age composition of the
population. It was necessary to obtain data on as
many of these variables as possible, in order to
make comparisons between years and between
places.

The size and age composition of breeding popu-
lations have already been discussed, from the
analysis of harvest samples. The proportion of
dens occupied was assessed annually for the Kee-
watin population. Litter size, and the proportion
of vixens of various ages breeding, were obtain-
able by examining the uteri of vixens from the
trapping samples. Finally, litters could be counted
directly around the time of weaning, when the
whelps would emerge to play at the surface of the
dens.

Data from reproductive tracts
Materials and methods

The age of reproductive maturity and the propor-
tion of females of different ages bearing litters
could be determined from samples of the trapping
harvests. Variation in litter size with age could
not be determined directly, for digging out litters

Number of Age
ﬂsi)ecimens (yrs.)

18 1%} None
1 1V Weak oestrus, no copulation

1V Bore 13 whelps previous June (1962)
14 Bore 12 whelps previous June (1962)

1
1
| 214 Bore 8 whelps 1961, none 1962
| 2Va Bore 8 whelps 1961, none 1962

Table 13 Evaluation of placental scars as indicators of number of whelps in last litter

Reproductive history

from the deep, solidly frozen dens of the region
was impossible. Evidence of litter size, however,
remains for several months in the utcrus of a
post-partal vixen, and this information also could
be obtained from harvest samples. The pigmented
placental scars of arctic foxes are easily visible
through the thin-walled resting uterus, particu-
larly when it is stretched between the fingers and
held against the light. The main difficulty encoun-
tered in the study was to collect adequate data.
Large samples of carcasses were never easy to
obtain, and usually, as has been shown, some age
classes were poorly represented in, or absent from,
particular samples. This greatly limited the num-
ber of opportunities for testing for differences in
placental scar counts between localities, years, and
age classes.

A series of vixens of known reproductive his-
tory, killed late in 1962, was obtained from the
Norwegian  Agricultural College, Vollebeck,
through the kindness of Curator Edvard K. Barth,
University Zoological Museum, Oslo. Their breed-
ing records are shown in Table 13. The data in-
dicate that placental scars do not appear in the
uterus before the arctic fox vixen has bred, that
breeding may occur at the age of a year, and that,
in this particular sample, placental scar counts
closely resembled actual litter sizes. Some of the
discrepancies shown in the table between litter
sizes and scar counts can probably be attributed

Placental
scars Appearance of uterus

None Virgin
None Virgin

14 Thick

12 Thick

? Full of pigmented matter

? Some implantation sites could be dis-

tinguished but not counted

1 24 Bore 10 and 14 whelps 1961 and 1962 ? Full of pigmented matter
1 2V Bore 12 whelps 1961, none 1962 12 Right horn shrivelled; ovary atrophied
1 pA%) Bore 13 and 14 whelps 1961 and 1962 12 Right horn damaged by lesion
1 pa%) Bore 15 and 10 whelps 1961 and 1962 10 Plus 2 lighter scars in each horn
1 31A Bore 12, 12 and 15 whelps, 1960-62 15
| kY%) Bore 14, 14 and 15 whelps, 1960-62 15 Plus 2 lighter scars in each horn
1 31, Bore 9, I5 and 9 whelps, 1960-62 9
1 3h Bore 5, 11 and 10 whelps, 1960-62 11
1 1% Bore 10, 8; aborted 12; bore 10, 1959-62 ? Full of pigmented matter
| 4, Bore 7; aborted no. ?; bore 10 and 5,

1959-62 5

Average size of last litter 11.5

11.5 Average number of placental scars (n = 10)

Note: Vixens of known reproductive history from Norwegian Agricultural College, Vollebeck, courtesy of Edvard K.

Barth.
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Table 15 The occurrence and number of placental scars in the uteri of trapped foxes from District of
Franklin, 1958-59 to 1963-64

Table 14 Frequency distribution of placental scar counts from vixens of various ages taken by trappers
at Franklin and Keewatin localities, 195758 to 1962—63. The ages given are those of the
animals at the last breeding season before their deaths

No. bearing scars

Mean no. of scars

- Number of placental scars Place v : Ag'e at last Per cent (ital. if N =2 §5)
ear : :
Place Age Year 2 3 4 5 6 8 9 10 11 12 13 14 15 16 17 18 19 20 2l £ reeding season. ~ No. No. (ifN = 5) +SE.. (if N2 7)
Resolute Bay 1957-58 1 7] 1 11
Resolute Bay 1 1957-58 1 2 0
1958-59 1 2 2 2 2 1 14 . . 5
1959-60 1 !
1961-62 4 1 4 4 2 2 13 1 1 1 2 1958-59 1 77 15 19.5 885 = 0.517
2 11 9 81.8 11.63 =+ 1.017
2 1958-59 2 1 1 2 1 63 = 1.
1961-62 1 1 11 1 1959-60 1 1 1 11
34 1957-58 1 § 71 f 71.4 5.2
1958-59 2 1 4 1 2 1 1 1 + 8
1959-60 1 1960-61 1 0 |
1961-62 1 3 3 1 | 9 0
Central Keewatin 1 1958-59 1 3+ 0 L
1960-61 11 1961-62 1 59 25 42.4 10.88 + 0.664 ‘j
1961-62 1 2 2 2 1 1 1 1 2 7 5 71.4 10.4
2 1958-59 1 3+ 10 10 100.0 12.9 =+ 0.485
1961-62 1 1 1962-63 1 0
1962-63 1 1 2 1 2 0
34 1958-59 1 34 0
Eskimo Point 1 1961-62 11 1 1 1 1963-64 1 0
1962-63 1 1 1 13’- (1)
2 1962-63 11 + 0
34 1962-63 11
Totals 1 11 7 16 16 13 14 14 12 6 4 4 3 1

to reproductive disorders: poor or irregular re-
productive performance had been recorded for

The proportion of vixens bearing placental scars
The occurrence and number of placental scars in
the uteri of vixens from the districts of Franklin

Table 16 The occurrence and number of placental scars in the uteri of trapped foxes from District of
Keewatin, 1958-59 to 196263

No. bearing scars

Mean no. of scars

the vixens in question, and reproductive difficul- \
ties probably led to their selection for killing and and Keewatin are shown as frequency distribu- Place Vear bre/zgienzt;:::on N " Per ent (ital.ift N 2 5) \
pelting. It also should be noted that placental tions in Table 14 and again summarized in Tables Central e l i 0. (fN 2 5) +SE.z (ifN27)
scars seemed generally less distinct and discrete in 15 and 16. Keewsti ) lg } g ‘
the ranch vixens than in those from trapping har- The available data are insufficient to test for 34 3 1 9
vests. differences in the proportion of vixens parous be- 1959-60 1 3 39

Other students of fox biology have found pla- tween different places, but within the same age 2 0
cental scar counts to be reasonably accurate indi- classes and in the same years. It will be remem- 3+ 1 1
cators of the number of whelps per litter. Smirnov bered that a correlation could not be established 1960-61 1 5 3 12.5
(1964) relied on arctic fox scar counts for esti- between the ranked cohort sizes for Resolute Bay §+ (2) 0
mating fertility. Wood (1958) and Layne (1958) and Keewatin populations. It might be that, if all 1961-62 1 17 12 70.6 11.82 + 1.135 ‘
found no significant differences between mean variables were properly quantified (in particular, 2 2 2 ) 4s.
embryo and scar counts in gray foxes from the there are no indices of lemming abundance for 3+ 0
southeastern United States and southern Illinois, Resolute Bay), the comparisons should be made, 1962-63 1 3 0
though in both red and gray foxes from New York not for the same years, but for different years in §+ 4% (5) 11.9 9.8
State scar counts tended to be somewhat higher the series for which the populations were inves- m’ 196162
than embryo counts from comparable samples tigated. The few comparisons that were possible Point - ; ?) 6 66.7 11.2
(Layne and McKeon, 1956). were made between age groups and between 3+ 0

Arctic fox placental scars (“pigmented areas”) years, The significance of difference* was obtain- 1962-63 1 21 3 14.3 10
are described and figured by McEwen and Scott *As before, the 99 per cent level is meant, unless other- 2 13 3 8 ‘
(1956). wise stated. = i 2 2 8.5
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ed from chi-square calculations and from four-by-
four contingency tables, following the method of
Mainland et al. (1956).

Using data from all samples (all places, all
years), no significant difference was detectable in
the proportions of vixens bearing scars dating
from the first and second springs after birth. Of
these, about one-third (34 per cent) bore scars.
Of the vixens that were 3 years old or older at
the last breeding season, some 85 per cent had
bred, a significantly greater proportion than was
found in the more youthful age classes. No differ-
ences in reproductive performance between ages
within the 3-year and older group could be sought
owing to the lack of a method of separating the
older age classes.

Testing for differences within age groups and
between years, it was found that significantly more
Resolute Bay 1-year-olds bore scars in 1961-62
than in 1958-59. The corresponding 2-year-old
and older vixens showed no such differences. The
paucity of the data prevented more such compa-
risons being made.

Combining age groups and testing for differen-
ces between years, significantly more vixens from
central District of Keewatin and Eskimo Point
bore placental scars in 1961-62 than in 1958-59
or 1962-63, and the same was true of all vixens
combined, though not of the Resolute Bay sam-
ples alone. The 1- and 2-year-olds were respon-
sible for most of the differences between years.

The findings may be summarized as follows, for
the years, places, and age groups investigated.
About a third of the vixens bred in each of their
first and second years, and about five-sixths in
each of their later years. Such data as are avail-
able indicate variations in these proportions be-
tween years, particularly in 1- and 2-year-old
vixens.

A high proportion of 1-year-old vixens bred in
the spring of 1961. These were part of the large
cohort of 1960. A lower proportion bred in 1958
(central Keewatin) and 1962 (Eskimo Point):
these were from smaller cohorts. The available
data thus suggest that 1- and 2-year-old vixens
breed only once, in their first year if from a large
cohort, and in their second if from a small one.

The production of a particular season does not
necessarily follow on the proportion of young
vixens breeding, for 1961 was a year of very low
production both at Resolute Bay and in central
District of Keewatin.
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The number of placental scars

Analysis of variance was performed for each se-
ries (separated according to year and age of vixen)
consisting of eight or more placental scar counts.
No significant differences were detected between
the means at even the 95 per cent level. Thus,
although assumptions regarding the nature of the
frequency distribution of the counts are unwar-
ranted, it seems evident that their means vary
significantly neither with age nor with year.

The mean of scar counts from the vixens of all
samples was 10.576 = 0.2834 (N = 118;
S.D.x = 3.0788).

Clarke (1940) was told at Fort Reliance that
the number of embryos in arctic foxes varies from
year to year. If so, it is possible that uterine
resorbtion may be an important factor in some
years. Tchirkova’s (1951) observation that litter
size varied annually with food supply could also
concern only resorbtion. 1 obtained no evidence
for variation in litter size between years, though,
as shown below, the mean size of weaned litters
was found to vary greatly.

Data from observations at dens
In the course of the field studies in central Dis-

trict of Keewatin, many observations were made
on the foxes, their dens, and their ecological cir-
cumstances. Those concerning the proportion of
dens occupied, the proportion subsequently aban-
doned, and weaned litter size relate directly to
production. The available data on these subjects
are discussed in the following sections.
Proportions of dens occupied and abandoned
Disregarding the 1959 data, which were obtained
from a small and poorly distributed sample, the
proportion of dens occupied (including those later
abandoned) varied materially (Table 17). In
1961, the proportion occupied was significantly
higher than in any other year, and, among the
years of lower den occupancy, more dens were
occupied in 1960 than in 1962. The proportion
occupied in 1963 was intermediate between those
of 1960 and 1962, and differed significantly from
neither.

The proportion of dens occupied but aban-
doned before the end of the denning season also
varied. Again excluding the 1959 data, signifi-
cantly more were abandoned in 1962 than in any
other year. The years of lowest den abandonment,
1960 and 1963, showed no significant difference.
Otherwise, all years showed significant differences

in the proportion abandoned. Most den abandon-
ment occurred in the first weeks of July, though
a few dens were abandoned in June, and one in
early August (Table 18).
The number of weaned whelps per litter
It was not possible to obtain direct information on
litter size at birth (see above), but about mid-
July the whelps would emerge, and could be seen
on fine days at the surface. At first they confined
their excursions to depressions at the burrow en-
trances, where they sat blinking in the sun. Later
they could be seen romping and playing around
the whole den site, and it was then, in the latter
half of July, that they could best be counted.
Whelps of the younger litters were at this time
still suckling, but even the smallest voraciously
devoured the prey that the dog fox delivered to
the den, at intervals throughout the day and night.
In only 3 of the 5 years were fox litters seen,
in 1960, 1961, and 1963. In 1959, opportunities
for viewing whelps were rare, for few dens were
found. In 1962, however, dens were watched suc-

cessively for many days without a single whelp
being observed. The data obtained are given in
full in Table 19 and in summary in Table 20. It
seems unlikely that anything other than loss of the
entire litter could have been responsible for the
absence of whelps at dens occupied only by pairs
of adults, and for the total abandonment of dens
occupied at the beginning of the whelping period.
The effect of abandonment has been treated se-
parately. The number of dens at which adults
were seen alone was small enough to neglect.
“Zero” counts are therefore not included in the
litter size statistics.

Weaned litter means varied from 9.7 whelps in
1960 to 4.6 in 1961, with the intermediate figure
of 7.2 in 1963. The differences between the 1961
mean and the other two are significant.

Placental scar counts from vixens breeding in
the years for which counts of weaned litters are
available were discussed above (see Tables 15
and 16). There is no evidence of a relationship
between variations in weaned litter counts and

Table 17 Occupation of dens and abandonment of occupied dens in central District of Keewatin,

1959-63
Occupied but
. abandoned before
Occugled through end of denning
No. of dens denning season season

Year examined No. Per cent No. Per cent
1959 19 0 0 19 100
1960 113 45 39.8 0 0
1961 163 81 49.7 21 20.6
1962 169 20 11.8 27 574
1963 188 63

33.5 3 4.5

Table 18 Abandonment of arctic fox dens, by approximate date, in central District of Keewatin,

1960-63

June July August
Year May Early Mid Late Early Mid Late Early
1960 0 0 0 0 0 0 0 0
1961 0 0 0 1 4 1 0 0
1962 0 0 1 1 9 4 3 1
g3 0 2 0 0 1 1 0 0
Total o 2 1 2 14 6 3 1




Table 19 Counts of weaned arctic fox litters,
central District of Keewatin, 1959-63

Year
Den 1959 1960 1961 1962 1963
16 0 7 S 0 0?
18 0 0 0 0 10
19 0 14 8 0 11
21 0 4? 2? 0 9
27 10 7 0 6
30 11 ? 0 0?
31 0 5 0 0
32 0 3 0 0
47 ? 5 0 ?
53 4 3 0 4
68 ? ? ? 4
102 ? ? 0 10
110 2 7 0 3
128 ? 1? 0 ?
129 ? 4 0 5
130 0 0 0 8
131 12 0 0 0
154 2 0 0 5
162 2 2 0 0
164 ? 2 0 0

Note: A blank means the den was not seen, and a zero
that it was uninhabited by whelps. A question mark
shows that the den may have been occupied but the
number of whelps in it was not ascertained.

placental scar counts. The former are for the most
part considerably smaller than the latter. Scar
counts in Keewatin vixens, dating from the 1961
breeding season, when the mean of weaned litter
counts was 4.6, averaged about 12. The mean of
all placental scar counts was 10.6 per parous
vixen (N = 118), and that of all weaned litters
was 6.7 (N = 27). It is evident that the average
litter suffers a considerable reduction between im-
plantation or birth, and weaning. Since the num-
ber of placental scars did not vary significantly
from year to year, and weaned litter counts did,
the scale of reduction in the litters obviously va-
ried from year to year. This process, and later mor-
tality of whelps occurring before the commence-
ment of the trapping season, together seem to

be responsible in themselves for most of the ob-
served variation in arctic fox numbers and the
age composition of their populations. It is discus-
sed further in later sections.

Causes of whelp mortality

Little direct evidence was secured on the causes
of whelp mortality. Food scarcity seems the most
probable factor, particularly in view of the rela-
tionship between the scale of mortality and the
abundance of lemmings discussed in a later sec-
tion. Though actual starvation may play a part,
the available evidence suggests that food shortage
operates in a less direct manner.

Six dead whelps were found at one den, and
one at another, during the study. I visited the
former den on June 29, 1961, with the intention of
digging out and tagging the whelps. Despite the
fact that the den was selected for its apparent
shallowness and ease of digging, several hours of
work with a post-hole auger resulted in unravel-
ling only the central portion. Four of the six dead
whelps were found outside the den and two inside.
Inspection of the rather emaciated carcasses show-
ed that death was due in all cases to a fracture at
the base of the cranium and severe internal
hemorrhage. On July 12, the three surviving
whelps were seen at the den and counted.

The carcasses of 40 collared lemmings and one
brown lemming, all adult or nearly adult, were
found in the major galleries, mostly about 2 feet
from the entrances. Some were far from fresh.

Two live whelps of about the same size as the
survivors of the above litter in mid-July were
brought south in early August 1961, and released
into an outside pen. A few days later, the larger
and more aggressive of the two killed his sibling.
Post-mortem examination revealed a broken base
of the skull and extensive hemorrhage, both inside
and outside the cranium; the whelp’s appearance
when skinned was identical to that of the whelp
shown in Figure 15. The stronger one had caught
it by the upper jaw and shaken it to death.

Table 20 Some data on the sizes of weaned arctic fox litters

Year No.  Range X = S.E. S.D. = S.E. C.V. = SE.
1959 4 0 0

1960 6 4-14 9.667 + 1.476 3.615 = 1.044 37.394 + 10.795
1961 11 2-8 4.636 = 0.622 2.063 = 0.440 44.487 = 9.485
1962 19 0 0

1963 10 4-11 7.200 = 0.854 2.699 = 0.604 37.499 = 8.385
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The captive whelps had quarrelled only once
before, when a white rat was introduced into their
cage. The larger one immediately seized it and
carried it squeaking into the “den” (a cylindrical
fibre container about 18 x 36 inches with the top
off). From there, while killing and eating the rat,
he kept up a continual snarling. When the smal-
ler whelp entered the den, the larger dropped his
prey, attacked it furiously, and drove it out. The
next morning I found that the smaller one was
still not permitted into the den, and therefore
had to put a second container into the cage.
It thus seems probable that jealousy over prey
(or food?) was responsible for the death of the
captive. That the deaths of the wild whelps were
brought about by similar injuries suggests that
they also were killed by siblings.

Injuries to the facial parts of arctic fox skulls,
made by the grip that seems to have been fatal in
the encounter between the captives, were fre-
q§lent1y noted in the specimens from the catches.
Sixty-seven, or 20.3 per cent, of 330 Keewatin
Specimens bore marks of puncture wounds on the
face or palate.

Figure 15 A fox whelp found dead and skinned to
show the cause of death: traumma, including fracture, at
the base of the cranium. June 30, 1961, Aberdeen Lake.




The regulation of arctic fox populations

Hypotheses

Changes from year to year in reproductive success
were evidently responsible for much of the varia-
bility in arctic fox numbers. An effort was there-
fore made to identify and analyse the factors that
most affected reproductive success.

Many hypotheses have been elaborated to re-
late variations in fox populations to one or more
environmental variables, including, i.a., sunspots
and fertility agents in plants, acting supposedly
through their effects on lemming populations, and
hypothalamic stimulation caused by cumulative
sightings of prey. Only those based on scholarly
evaluations of observations, preferably systematic,
and on actual ecological investigations will be dis-
cussed.

Charles Elton has written voluminously on the
4-year fox cycles in Ungava and elsewhere (EIl-
ton, 1942). The data upon which his conclusions
are based are traders’ records and diary extracts,
some more than a century old, and many of
questionable accuracy. The feature of rodent cy-
cles of greatest import to foxes and other preda-
tors was in his view the decline: the years of
bumper fox harvests coincided most often not
with the year of peak vole populations, but with
the year following the herbivore peak. It is
starving foxes then, that fall prey to trappers, and
starving snowy owls that emigrate to the Tem-
perate Zone. Elton identifies this “quadrennial
driving hunger” as “a master factor influencing
the fur returns. . .” (1942; 278, 331). The “Ca-
nadian Arctic Wild Life Enquiry”, a question-
naire survey undertaken annually between 1935-
36 and 1947-48 by interested agencies in Ottawa,
and analysed by D. and H. Chitty and their col-
leagues at the Bureau of Animal Population, Ox-
ford, gave further evidence of a relationship be-
tween fox and lemming numbers. The relationship
was variable, however, some fox peaks apparently
coinciding with lemming peaks, and others lag-
ging by 1 or even 2 years. It was owing to the
impossibility of reaching conclusions on the dyna-
mics of the cycle with such data that the enquiry
was finally terminated. The arctic fox cycle was,
by the end of the enquiry, determined to be a
result of the lemming cycle, and the periodic dis-
appearance of lemmings was evidently considered
the major factor responsible for high fox yields
(Chitty, 1950).

F. W. Braestrup, in his exhaustive compilation
of observations on the natural history of the arctic
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fox, and analysis of Greenland records (1941),
demonstrated a cyclic fluctuation in the catch from
northeast Greenland, in comparison to west
Greenland, where no tendency for a 4-year
rhythm was discernible. In northeast Greenland,
the arctic fox depends on lemmings: in west
Greenland it cannot, for rodents are entirely ab-
sent. The cycles in abundance of foxes in north-
east Greenland corresponded to those of the lem-
mings, with maximum fox catches in the winters
following lemming maxima. By an impressive ac-
cumulation of evidence, Braestrup showed that
foxes depending on lemmings raised about twice
as many whelps per litter as those which lived on
the coast, preying mostly on marine animals and
birds. Whether the litters of the latter are actually
smaller, or whether they lose more whelps before
weaning, has not yet been ascertained.

Attempts to develop methods of forecasting
arctic fox harvests were made by A. F. Tchirkova
between 1944 and 1949 for the All-Union Scien-
tific Research Institute of the Trapping Industry
of the U.S.S.R. Masses of data were accumulated
from correspondents. A preliminary report (Tchir-
kova, 1951) stressed the importance of abundant
food to fox production in any given season, par-
ticularly of lemming abundance during the pre-
ceding autumn. The abundance of lemmings de-
termined the level of nutrition of the foxes, and
this in turn governed the proportion breeding and
the sizes of their litters. This conclusion might
appear to account, at least in part, for the coin-
cidence of peak fox catches with the years follow-
ing peak lemming abundance (Elton, 1942;
Chitty, 1950). However, in the final report of the
survey, Tchirkova (1955) did not repeat her
earlier conclusion, but proposed more intensive
studies.

By discussing the above conclusions and hypo-
theses in context, I do not mean to imply that the
material upon which each of the investigations
was based, and that of the present study, were all
derived from similar populations undergoing simi-
lar processes. I intend rather to show what has
been done, and what previous ideas might relate
to the dynamic process under investigation. In the
same vein, an important hypothesis by A. O.
Gross (1947) on the reasons for snowy owl
(Nyctea scandiaca) invasions in New England
should be considered.

Gross noted that snowy owls lay large clutches,
of from 6 to 8 or even 13 eggs. When lemmings

are scarce much starvation occurs among the
owlets, with ordinarily only two or three reaching
maturity (see also Murie, 1929). When lemmings
are abundant, on the other hand, most or all of
the young survive. Following such a successful
breeding season, when the lemmings decline, the
owls invade the Temperate Zone in large numbers.
Gross states, then, that there are two main opera-
tive factors in the invasion, “. . . first, the great
increase of the Snowy Owl population; and, sec-
ond, the abrupt disappearance of their chief food,
the lemmings”. For another species, the tawny owl
(Strix aluco), Southern (1959) has shown that
the maximum variation from year to year in the
number of young fledged per nest may exceed the
variation in clutch size.

The importance to arctic fox population fluc-
tuations of the second factor, abrupt disappear-
ance of lemmings, was not thoroughly evaluated
in the present study, the lemming decline, in fact,
being not “abrupt” but rather gradual, from a
high in 1960 to a low in 1962. It may possibly
have been operative, however, in the increased
catches of older foxes in the winters following
those yielding high proportions of whelps. As is
shown below, the importance of the first factor
(high reproductive success), which is made pos-
sible by an abundance of food during the breeding
season, is very great. The point made by Dymond
(1947) and Lack (1954; 212), that it is the de-
clines which need explaining and not the increases,
is not at issue, though there seems no a priori
reason for considering the capacity of a population
to increase beyond its usual limit more understand-
able than its corresponding capacity to sink below
normal abundance. What matters in the present
study, at least, is the identification and assessment
of the causative factors.

What causes cyclic fluctuations in the abun-
dance of lemmings is another problem. The read-
er is referred to Marsden (1964) for a discussion
of the subject, and to Krebs (1963) for an analy-
sis of population processes in the lemmings of
Baker Lake in the years 1959 to 1962.

Factors identified in the present study

In this section, I propose to survey briefly the
information secured on factors influencing fox
numbers, including the biological limitations of
the animal in nature, and the limiting factors of
its habitat.

The arctic fox is sexually mature in its first
rutting season, at the age of about 9 months. As
previously discussed, only about a third of the 1-
and 2-year-old vixens breed in a given year,
whereas some five-sixths of those 3 years old or
older do. The proportion breeding varies between
years, but appears unrelated to any other variable
examined in the study.

The animals mate and the pairs occupy widely
scattered breeding dens in late winter. Each pair
raises a single litter, which is born about late May
and weaned about the third week in July. The
whelps disperse from the den after mid-August.
Litter size at birth, estimated from placental scar
counts, averages 10.6, and varies consistently
neither with year nor with age of vixen.

Other features of breeding biology vary more
obviously between years. The major variables
identified are summarized in Table 21.

The catch of the preceding winter may be used
as an estimate of abundance in early spring, when
the arctic fox mates and occupies its breeding
den. In the 4 years for which reliable data are
available, the catch varied by a factor of six. The
proportion of dens occupied, however, varied by a

Table 21 Summary of data on lemming abundance, fox numbers and production, 1960-63, District of

Keewatin (see also Table 24)

@or 1960 1961
Catch preceding winter 377 1855
Dens occupied (per cent) 39.8 62.6
Dens abandoned (per cent) 0 20.6
Weaned litter size 9.7 4.6

Whelp production per 100 dens 386 229

Le&ling abundance v. high high

1962 1963 Source

903 303 Table 11
27.8 35.1 Table 17*
57.4 4.5 Table 17
0 7.2 Table 20
0 241 Calculated
v. low low Table 5

> :
In Table 17, dens abandoned during the breeding season are not listed in the “occupied” column, as they are here.
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factor of little more than two, though it was highest
in the year following the highest catch, Between
zero and 57 per cent of the occupied dens were
abandoned during the summer, during the 4 years.
The size of weaned litters appears related to the
scale of den abandonment (Figure 16), abandon-
ment evidently occurring when a litter is reduced
to zero. This idea is borne out by the result of a
rank correlation test (£d equals 1.0; P < .05 for
one-tailed test), inverting rank order of den aban-
donment percentages. It seems evident that den
abandonment and litter reduction are in them-
selves responsible for by far the larger part of the
variability in whelp production between years.
Indeed, both weaned litter means and den aban-
donment percentages (inverted) give significant
rank correlations (as above) with the extrapolat-
ed size of the harvest of whelps in the subsequent
trapping season.

What factors are responsible for litter reduction
and den abandonment? The obvious possibility is
variability in the predator’s food supply, of which
lemmings provide the mainstay. The year of high-
est whelp production (highest weaned litter size,
lowest scale of den abandonment) was also that
of highest lemming abundance, and the year of
lowest whelp production was also the year of
lowest lemming abundance. Dr. P. R. Grant of
McGill University, on reviewing the data, has
suggested (pers. communication) that the abun-
dance of potential breeders may also produce
some indirect effects. In the breeding seasons fol-
lowing the highest catches (1961 and 1962) den
abandonment was heaviest and litter size least,
suggesting competitive interaction. This hypothesis
is particularly appealing with respect to the 1961
data, a year in which production was poor in spite
of an abundance of lemmings. On the other hand,
breeding dens are so widely scattered, and breed-
ing foxes so scarce in the study area, that serious
interaction and competition for food in the breed-
ing season can hardly be considered a possibility.
My own explanation for the conflicting data for
1961 is that lemmings decreased rapidly during
the summer, but more slowly near my base camp,
where they were sampled, than over most of the
study area. It is interesting to note that unusually
large numbers of young foxes were attracted to
Keewatin settlements in the early autumn of that
year, but that few were caught after the trapping
season opened in November. A sample I secured
of 33 arctic foxes shot as a public health measure
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Figure 16 The relationship of mean weaned litter size
and the proportion of dens abandoned for the years
1960-63, central District of Keewatin.

in October 1961, at Baker Lake, were all young
of the year.

Litter reduction and den abandonment are no
doubt causally related (directly through starvation
or indirectly through aggression) to food scarcity,
and in particular to a scarcity of lemmings. No
statistical correlation can be established, however,
the lemming index being unexpectedly low in
1963, or unexpectedly high in 1961, in relation
to weaned litter means, den abandonment, and the
sizes of the fox cohorts produced. In my opinion,
failure to establish a correlation may be attributed
to the continuation of the lemming decline of
1961 after the period chosen for estimating lem-
ming abundance, to the short run of data (only 4
years), and to the possible inadequacy of the
standard line index as a measure of lemming
abundance in the vast area of central District of
Keewatin rather than to independent variation
in lemming numbers and fox whelp survival.

My tentative conclusions on the problem of
population fluctuation in the arctic fox may be
summarized as follows. Breeding populations vary

by a factor of less than three. This factor is de-
rived from den occupancy figures, and thus, if it
may safely be assumed that all vixens occupying
dens are pregnant or parous, the factor covers all
variations in reproductive potential inherent in
the variations in age structure of the breeding
population and of the year-specific fecundity of
the 1- and 2-year-olds. These variations, then, fail
to account for changes in production or cohort
size, which in central Keewatin between 1958 and
1960 varied by a factor of about 40, summing
cohorts, or from zero to over 1,600, if the number
of whelps in the catch is taken alone (Table 12).
It is evident that litter reduction and den aban-
donment are the overriding determinants of cohort
size, and it is believed that the scale of these is
determined by the relative scarcity of lemmings,
with sibling aggression the proximate cause of
some, at least, of the reduction.

Estimates of population and production
Age structure and numbers

Estimates of population size, and of the forces of
production and repression to which the popula-
tion is subject, may be based on the age structure
of the catches, den occupancy, proportion of
vixens parous, and weaned litter sizes, though it is
necessary, as stated before, to assume either that
natural mortality (other than inferred whelp mor-
tality) is insignificant, or that trapping mortality
is representative of total mortality (with the same
reservation). The second of these assumptions is
in my opinion reasonable. As a first step, it is ne-
cessary to examine the differences between whelps
and older animals in their vulnerability to trap-
ping.

In the seven catches from Resolute Bay, taken
between 1957-58 and 1963-64, extrapolations
from sample data (Table 10) give whelp to adult
ratios varying from 100:0 and 100:2 to 1:100. It
is evident that there are years (1957-58, 1960—
61, 1962-63, 1963-64) in which whelps are
caught far in excess of the number that could
have been raised by the animals of older genera-
tions in the same catches. In other years 1958-59,
1959-60, 196 1-62), the number of whelps caught
could reasonably have been produced by the
adults in the catches. It is self-evident that al-
though the age compositions of the latter years
could be representative of the age compositions
of the populations at the time, those of the former
Years cannot be so considered. In only one year

(1960—61) of the five (1958-59 to 1962-63)
for which samples were available from central
District of Keewatin (Table 12) were whelps
found in excess of the number that could have
been produced by adults in the sample extrapo-
lation.

At least two hypotheses could be made to ex-
plain the overabundance of whelps in the catches
of certain years. One is that many were born else-
where, and another is that whelps are far more
prone to capture than adults. Neither accounts,
however, for another feature of the age compo-
sitions, namely that more animals of the older age
classes tend to be found in the catches following
a year of high whelp abundance.

A somewhat more elaborate hypothesis is need-
ed to account for both these striking features of
catch age composition. Certain assumptions must
be made concerning winter food abundance and
territoriality, subjects upon which satisfactory
data are lacking. The hypothesis is as follows. In
a year of high whelp abundance, the adults are
relatively scarce, and remain in occupation of
their breeding territories. The whelps, on the other
hand, are numerous, and few of them enjoy the
possession of settled territories. They may also be
harried out of the territories of the adults, and
thereby kept on the move. The traps take the
settled adults in whose territories they happen to
have been set, but for the most part they catch
the wandering, harried whelps. Consequently
whelps are vastly over-represented in the catches
of such years.

At the beginning of the next year’s trapping
season, if few young survive, the most numerous
fox cohort is between 1 and 2 years old. Its mem-
bers are presumably competitive with older foxes;
hence competition for territories and food is at its
peak. At the same time, the abundance of lem-
mings, which favoured whelp survival the pre-
vious year, is likely to have declined. With food
scarcity, adult foxes wander more widely than
they did the year before. All age classes are
mobile, none having the survival advantage of a
sedentary life.

The above explanation is frankly hypothetical.
The differences in sample age compositions, how-
ever, are such that some process of the kind des-
cribed is obviously affecting trap-proneness dif-
ferentially in relation to the size of the whelp
cohort. The hypothesis is supported by a compa-
rison of the Resolute Bay and central Keewatin
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age composition extrapolations, which shows that
adult foxes are proportionally more numerous in
the catches of the mainland study area, where
dens are far more abundant than on the high arc-
tic islands.

There is no reason to believe that arctic foxes
between the ages of 1 and 2 years are more trap-
prone than older foxes. Indeed, on general con-
siderations of the relationship between age-specific
reproductive potentials and survival rates (Figure
17), it would seem unlikely that such a disad-
vantage could be perpetuated. If this assumption
is correct, mean age composition and survival cal-
culations may be based on the proportions of all
foxes other than whelps (i.e., all older than 1.0
year) in the trapping catches (Tables 22 and 23).
Production
Estimates of total weaned whelp production per
100 dens may be calculated from den occupancy,
den abandonment, and mean weaned litter size as
shown in Table 24.

These estimates agree with estimates of the
number of whelps in subsequent catches (Table
12) only in that both show 1960 as the year of

Table 22 Arctic foxes over a year old alive in
the central District of Keewatin popu-
lation in October 1958, 1959, and
1960 (data from Table 12)

Individuals alive

Year [to2 2t03 3tod Overd

(October) years years years years Total
1958 727 159 60 96 1,042
1959 11 176 104 36 327
1960 218 11 68 68 365
Totals 956 346 232 200 l,73i
Table 23 Arctic foxes over a year old alive in

the Resolute Bay population in Octo-
ber 1957 to 1960 (data from Table
10)

Individuals alive

Year 1-2 2-3 34 Over 4

(October) years years years years Total
1957 121 28 66 14 229
1958 558 94 28 52 732
1959 39 S5 9 0 103
1960 34 30 29 0 93
Totals 752 207 132 66 1,157
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Figure 17 A curve of survivorship for arctic foxes in
the Northwest Territories, from the 1. means of Table
25. The histograms below the curve show the number of
litters in the expected reproductive contribution of the
cohort at each age.
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Table 24 Estimated whelp production per 100 dens, computed for 1959-63 inclusive, in central District
of Keewatin. Data from Tables 17 and 21

Per cent Per cent

of dens of these
Year occupied abandoned
1959 100 100
1960 39.8 0
1961 62.6 20.6
1962 27.8 57.4
1963 35.1 4.5

Per cent

Average
weaned of dens Total
litter producing production
number litters per 100 dens
0 0 0
9.7 39.8 386
4.6 49.7 229
0 11.8 0
7.2 241
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Table 25 Life table for the arctic fox in the Northwest Territories, based on data from reproductive
tracts, den surveys, weaned litter counts, and harvest samples, detailed elsewhere in this report

X dy I«

1,000,

L,

€x

Number surviving Mortality rate per

Number dying in  at beginning of

1,000 alive at

Number alive

Expectation of
life, or mean life
remaining to those

Age age interval out age interval out  beginning of age  between ages attaining age
(yrs.) of 1,000 born of 1,000 born interval xand x + 1 interval (yrs.)

0 —0.5 609 1,000 609.0 695.5 130
0.5-1.5 135 391 345.3 323.5 1.54
1.5-2.5 176 256 687.5 168.0 1.09
2.5-3.5 27 80 337.5 66.5 1.39
3.5-4.5 17 53 320.8 44.5 0.50

4.5+ 36 36 1,000.0 18.0 unknown
highest production and 1962 as a year of very low Life table

production. In 1961, despite fair production, and
a heavy influx of young foxes into the settlements
In September, no whelps were identified in the
(admittedly small) sample from central Keewatin.
However, young foxes were being shot at Baker
Lake before the trapping season began (I exa-
fnined 33 frozen carcasses the following spring),
In the belief that they were starving and diseased,
and hence a menace to public health. At Eskimo
.Point, Cpl. Bob Ward, R.C.M. Police, took mov-
Ing pictures of foxes scavenging at the settlement
In groups of a dozen or so. Most disappeared be-
fore their coats were prime and the Eskimos had
Set their traps. During the summer of 1961, an ab-
fupt decline in lemming abundance was recorded
at Aberdeen Lake. This decline evidently caused
Continued whelp mortality past the time of wean-
Ing, and up to the beginning of winter.

The figures obtained seem suitable for tentative
life table analysis, although the samples are smal-
ler than desirable and there are many possibilities
of error. Of these, one is occasioned by our in-
ability to estimate natural mortality after the age
of one-half year. Even a preliminary life table is
useful, however, in that it brings together in one
format all the data gathered in various ways on
age composition and mortality (Table 25). The
derivation of the figures is outlined in Table 26.

The upper part of the table is based, neces-
sarily, on the central Keewatin breeding studies.
The age composition of the adult part of the popu-
lation (a year or more old) had been estimated
from both Keewatin and Resolute Bay samples.
The adult age structures estimated for the two
areas differed very little, and the means of the two
were used as a basis for the life table calculations.
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Table 26

Age

Birth (ca. May 25) 1,000 whelps or

Weaning (2.5 mo.) Mean
Year litter count
1 9.7
2 4.6
3 0.0
4 7.2
Total
Mean
October 31 (5 mo.) Total weaned whelps less
October 31 S Keewatin )
(Older age classes) From Table 22  Reduced to
1.5 yrs. : 956 223
2.5 yrs. 346 81
3.5 yrs. 232 54
4.5 yrs. 200 47

Placental scar counts are used for estimating
mean number of whelps born per litter, and the
average of all annual means, each previously cor-
rected for den abandonment, for estimating mid-
summer whelp numbers. Little information is
available on mortality among cubs after weaning
and before the trapping season. Only in 1961, or
in 1 year out of 4, did autumn mortality appear
important; in that year the number of whelps per
breeding pair dropped from 4.6 to zero (see
above). There seems little chance of such an
event unless preceded by heavy litter reduction,
as in 1961, when the weaned litters averaged only
half the mean placental scar count. An estimate
of mortality at this stage can thus best be made by
recalculating the mean cohort size from den oc-
cupancy and abandonment and mean weaned
litter counts, giving that of 1961 a value of zero.

It was next necessary to fit together the two
segments of the life table, separately calculated
from field production data and sample age com-
position estimates. Assuming negligible adult mor-
tality between whelping and the beginning of the
trapping season, the problem is reduced to finding
the number of foxes, of the age composition and
age-specific reproductive performance determined
from catch samples, required to produce 1,000
whelps, or 94.6 litters.

Calculations of life table data (see text)

" no. é)frwhelps
mean placental scar counts

Number

- = 94.55 litters

" Dens abandoned No. of No. of weaned
(per cent) litters whelpL

00 946 914

20.7 94.6—20.7% 346

57.4 — 0

4.5 94.6—4.5% 650

1,910

478

7year 2, divided by total years = 391

Resolute Bay

From Table 23  Reduced to Mean
752 288 256
207 79 80
132 51 53
66 25 36

Figure 17 shows survivorship in the theoretical
cohort of the life table. The curve is of the “posi-
tively skewed rectangular™ type, indicating heavy
mortality in the first and lighter mortality in the
later parts of life. The reproductive contributions
of the cohort at successive breeding seasons are
indicated below the curve. Most foxes over 6
months old no doubt die in the winter months,
when food is difficult to obtain and the trappers
are active. Seasonal differences in mortality rates
are represented subjectively on the survival curve
by changes in the slope of the line connecting
the 1, estimates. A vertical line running through
the histograms to the circled points on the curve
marking parturition dates would represent an es-
timate of the number of foxes of the cohort avail-
able for reproduction at each age. The histograms
represent the estimated fraction that are breeding
vixens, and therefore the number of litters ex-
pected from the cohort at each age. If the esti-
mates were sufficiently accurate, and the intrinsic
rate of natural increase in the population equal
to unity, the sum of the litters produced by the
cohort multiplied by mean litter size would exactly
equal the initial size of the cohort, or 1000. In
fact, the quotient is 1026, and therefore close to
the expected figure.

-

Adaptive features of the arctic
fox breeding cycle

Morphologically, the arctic fox exemplifies arctic
adaptation in its reduced limbs, snout, and ears,
its dense, warm winter coat, and the whiteness of
its winter pelage. It comes as no surprise to learn
of its magnificent physiological adaptations to a
cold environment (Scholander et al., 1950). One
is tempted to seek evidence of adaptation to arctic
conditions in its reproductive characteristics as
well, in particular, in the comparatively large size
of the average arctic fox litter.

A general decrease in the length of the growing
season occurs as one moves northward from
southern North America, central to the range of
the gray fox, through the Temperate Zone occu-
pied by the red fox, to the Arctic-Alpine Zone,
where the arctic fox predominates. Other related
species (the last two not always accepted by
modern taxonomists) are the swift fox (V. velox),
the Pribilof Islands fox (A. pribilofensis), and the
Commander Islands fox (A. beringensis). Lord
(1960) found a positive regression between their
median embryo counts and the median latitudes
of their ranges, but the correlation coefficient he
calculated was not significant.

The island arctic foxes live under unusual cir-
cumstances, and direct comparisons between their
litter sizes and those of continental populations do
not appear justified in this context. The climate
of the North Pacific islands is much milder than
that at similar latitudes in central North America,
and the natural foods of the foxes there are related
less to the production of the land than to the
bounty of the sea. The observation of Braestrup
(1941), that litter size differs between lemming-
based and marine-based arctic fox populations,
has already been mentioned. The red and gray fox
litter sizes in the published reports referred to by
Lord (1960) are shown plotted against latitude
in Figure 18 (see Table 27 for data and refer-
énces). Only embryo counts and placental scar
Counts, alone or in combination, are included, and
data on island foxes have been omitted.

As Lord pointed out, the red fox data show a
negative slope, and the gray fox data have a simi-
lar tendency. Looking only at the means of litter
Counts and latitudes for each species, however,
It is evident that the farther north a species lives
the larger is its mean litter size.

‘Lord (1960) ascribes the tendency for litter
Size in closely related species to increase with
latitude to severe winter mortality and consequent
Sparsity of breeding populations. I am in substan-

tial agreement with Lord’s hypothesis, though pre-
ferring to view large litters as a consequence of
heightened seasonal contrast in food resources
rather than of winter mortality as such.

In the winter, life is precarious for the arctic
fox, and mortality may be severe. In summer,
life is comparatively easy. Lemmings that wintered
in dense drifts where they were able to feed se-
curely in tunnels on frozen plants are now more
easily caught as they scamper on the surface or
cower in shallow crevices. Birds, insects, fish, and
even caribou on the mainland, are all available in
much greater abundance in summer than in win-
ter. This time of plenty is necessarily also the time
of whelping. Lack (1954) postulates that litter
size is adaptively adjusted so as to make for the
maximum production of viable young per breed-
ing pair. It presumably, then, relates essentially
to the breeding season, when food is compara-
tively abundant. Breeding populations, on the
other hand, are composed of the survivors of one
or more rigorous winter seasons, and are conse-
quently small. Farther south, with less contrast
between summer and winter food resources, there
is a smaller food surplus available in summer,
over the needs of the breeding population, for the
raising of young. The same point, in regard to
clutch size in birds, has recently been made by
Lack (1965), quoting Ashmole (1961).

While other prey, such as birds and caribou,
may be vital to the maintenance of arctic foxes in
years of scarcity, lemming abundance appears to
be the sine qua non of high reproductive success.
As noted above, Braestrup (1941) shows that
smaller fox litters are the rule where lemmings
are absent, and larger where they are present.

The arctic fox displays other reproductive fea-
tures which may be viewed as adaptations to a
cycling microtine prey population. At the same
time, although cycling microtines are not confined
to the Arctic, complete dependence upon them
for production by a predator may be. There are
few alternate prey species in terrestrial arctic
ecosystems, and none, evidently, that can support
a tolerable level of breeding success by arctic
foxes.

Arctic fox vixens breed comparatively rarely in
their first and second years. This is apparently in
marked contrast to Temperate Zone red and gray
fox vixens (Layne and McKeon, 1956; Wood,
1958). It is unfortunate that more data could not
be obtained on associated factors. The ermine,
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Figure 18 Gray fox (Urocyon), red fox (Vulpes), and
arctic fox (Alopes) litter sizes in relation to latitude.
The “x’s” represent the means of all localities.

Maustela erminea, has been shown to exhibit an im-
mature yearling stage in arctic Canada (Mac-
pherson and Manning, 1958), in contrast to Tem-
perate Zone representatives of the same species.
Whether delayed maturity is an adaptation to arc-
tic life, or whether it is an adaptation to depen-
dence on a cycling prey species, is open to ques-
tion. Assuming selection for maximum production
of viable young (Lack, 1954; pace Wynne-Ed-
wards, 1962), delayed maturity under the condi-
tions reported here might be of selective value.
Most arctic foxes destined to survive their first
winters are born in years of lemming abundance,
and it is unlikely that the following year, or even
the year after, will bring another such bumper
season. Breeding in the first or second years of
life may thus be non-advantageous: it may result
only in the production of whelps with very little
chance of survival to breeding age. Though non-
advantageous or neutral characteristics no doubt
may suffer by selection, it is possible that early
breeding in the arctic fox is actively selected
against by a small margin owing to the risks and
energy drain of parenthood being counter-bal-
anced so rarely by the production of descendants.

The efficacy of the arrangements for the reduc-
tion of litter size in the species appears remark-
able. Gross (1947) calls attention to the enor-
mous size variation between nestlings in the snowy

Table 27 Litter size and latitude in North American foxes (Urocyon, Vulpes, and Alopex)

6 7 8
Mean placental scar ond!or embryo counts

owl, and points out how it may contribute to the
rapid decline and death of the smaller nestlings if
food is short, with the waste of food to doomed
young minimized. No such extreme size variation
was noted in sibling arctic foxes. Perhaps part, at
least, of the same role is played in the arctic fox
by a precocious development of a hierarchy of
aggression in the litter.

Mean litter size

Approximate (embryos and/or

Species Place latitude placental scars) Authority
Gray fox Georgia-Florida 31° N, { :_'2((::;':305) Wood (1958)
Alabama 33 3.8 Sullivan (1956)
S. Illinois 38 3.8 Layne (1958)
S.W. Wisconsin 42 3.9 Richards and Hine (1953)
New York State 43 4.4 Layne and McKeon (1956)
New York State 43 3.7 Sheldon (1949)
Red fox S. Michigan 42° N. 5.5 Schofield (1958)
New York State 43 5.4 Sheldon (1949)
New York State 43 5.4 Layne and McKeon (1956)
S.W. Wisconsin 43 5.1 Richards and Hine (1953)
N. Michigan 46 4.6 Schofield (1958)
Indiana 40 6.8 i Hoffman and Kirkpatrick (1954)
Arctic fox - -
(continental) 10.6 This study

Franklin-Keewatin 65° N.
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Suggestions for management of
continental arctic fox populations

The habitat of the arctic fox seems unlikely to be
aflected greatly by exploitive industries and ex-
panding human settlement for the next few de-
cades. It also seems improbable, in view of present
trends, that Canadian arctic fox populations will,
in the same period, be exposed to heavier trapping
pressures than they now withstand. The red fox
appears to be widening its range into the arctic
zone, both in the U.S.S.R. (Skrobov, 1959) and
Canada (Macpherson, 1964), but the effect of its
. spread on arctic fox populations is questionable,
and the possibility of effective measures against it
highly problematical.

When arctic fox fur is in fashion, the trapper
can obtain $30 or more for a single pelt, but when
it is in disrepute he may be lucky to obtain a sixth
the price. If and when the value of the fur makes
management economic, there are certain measures

® that could be taken with benefit. These include
the protection of breeding adults before whelping,
the capture and feeding of whelps before their fur
becomes prime, and the replacement of the steel
trap by one that kills the fox before it has a chance
to escape, or that keeps its pelt safe from preda-
tors, or that does both.

Trappers favour fox dens as trap locations.
Throughout the District of Keewatin, and in many
other parts of the Canadian Arctic, a large pro-
portion of the catch is taken at fox dens in late
winter and spring. Fox dens within a few hours’
travel of Baker Lake raise few whelps and appear
to be falling into disuse, due, I believe, to heavy
trapping pressure by hunters from the settlement.
Farther afield, den occupancy is greater: there
traps are likely to be sprung earlier, so that the
people can leave to sell their fur and move to the
settlement or to other locations for the summer.
Den trapping continued late in the spring pre-
ceding a good lemming year may well result in
reduced catches for the trappers in the following
winter.

The fate of the central Keewatin whelps born
in 1961 has been described above. When they
over-ran the settlements in early autumn, their
pelts were valueless. The same situation is well
known in the trapping regions of the U.S.S.R., but
there, according to Lavrov (1932), the trappers
catch the animals and put them in stout wooden
hutches, to which they keep them confined until
their pelts are prime. Indeed, when the prices
Warrant the necessary effort, and where the cost
of fox food is not prohibitive, whelps might be

caught in summer at the dens, and kept until mid-
winter, as Lavrov says is done in various parts of
the U.S.S.R.* Alternatively, food may be provided
at the dens (see Shereshevskir and Petriaev, 1949),

Trappers always lose a few trapped foxes: some
tear their toes or feet away and escape, and the
frozen bodies of others are ravaged by predators,
including other foxes. In the U.S.S.R., Greenland,
and Svalbard, according to Lavrov (1932) and
Pedersen (1959), it is customary to catch the arc-
tic fox in box or deadfall traps. The use of such
cumbersome structures is unlikely to be revived in
the Canadian Arctic, however, unless an increased
demand for arctic fox pelts occurs, bringing with
it a demand for a registered trapping area, a sense
of trap-line ownership, and a wish by the indi-
vidual trapper to improve his trap-line.

In the meantime, inefficiently exploited as its
populations may be, the arctic fox continues to
form the basis for one of the most important in-
dustries of the Canadian tundra.

“Mr. T. H. Manning has informed me that whelps have
been caught and kept until prime, experimentally, at
Pangnirtung and on the west coast of Hudson Bay, in
the late 1930's. The practice was presumably found to
be uneconomic at that time.
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Summary

Canadian populations of the panarctic species
Alopex lagopus (L.) are of considerable econo-
mic importance and biological interest. The fac-
tors concerned in the wide fluctuations in abun-
dance that they display were studied from 1958 to
1964 in the districts of Keewatin and Franklin,
Northwest Territories.

Over 200 arctic fox dens were found, and be-
tween 100 and 200 were examined annually, be-
tween 1960 and 1963, in central District of Kee-
watin, a low-arctic area of sandy surface sedi-
ments and low relief. Breeding arctic foxes ap-
peared to be territorial in that they never denned
less than a mile apart, but other features of den
dispersion suggest that they failed to fill their
breeding habitat. The dens are often ancient, per-
haps lasting for several centuries. Only one-quar-
ter to three-quarters were occupied each year.
“Old” (Stage 3) dens were occupied more fre-
quently than “youthful” or “mature” (Stages 1
and 2) and “senile” (Stage 4) dens. Average den-
sity of occupied dens on the study area was lower
(one per 27 square miles) than reports suggest
is the case in important denning regions of the
U.S.S.R.

Lemmings formed by far the largest component
of the diet of breeding arctic foxes, averaging up
to 90 per cent and never below 50 per cent of
total food remains in droppings, analysed by
semi-monthly periods in the breeding seasons of
1960 to 1963. The frequency of lemming remains
in droppings tended to vary with the abundance
of lemmings as determined by snap-trapping.
Other foods eaten were birds and their eggs, cari-
bou, fish, insects, and berries. Lemmings were
also important in winter diets, as shown by ana-
lyses of digestive tract contents from trapped
animals. The remains identified included those of
caribou, seal, and other carrion.

Semi-annual samples of carcasses from the
trapping harvests were collected and examined.
The age of each carcass was determined, mainly
by skull suture closure and canine tooth eruption.
The samples were found to vary in age compo-
sition, to the extent that inferred variations in
breeding success were large enough to account
for observed fluctuations in trapping harvests.
Extrapolations were made from sample age com-
positions, and, summing these, estimates were ob-
tained of cohort sizes and of the minimum popu-
lation before each of several trapping seasons.
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These cstimatcs failed to take account of natural
mortality, on which data are lacking.

Post-mortem examinations of vixens revealed
differences in the proportions breeding, related to
age and also to year. These differences failed to
account for differences in whelp production from
year to year. Placental scar counts varied con-
sistently neither with age nor with year, the mean
being about 10.6.

The scale of reduction in mean litter size, and
associated den abandonment, varied greatly. In
one year both were trivial, and in another not a
single whelp appeared to have been raised. There
was evidence that lemming abundance in the
breeding season governed the survival of fox
whelps, and thereby the abundance of arctic foxes
in each age class in any trapping season. The little
evidence obtained suggests that litter reduction is
in part the result of sibling strife.

Further examination of sample age compo-
sition in the light of the data on production re-
vealed inconsistencies in the ratios of whelps to
potential parents in the catches. These are con-
sidered indicative of greater trap-proneness in
whelps than in adults, at least in the trapping sea-
sons following summers of high whelp produc-
tion. If natural mortality past the age at which
whelps are first trapped may be assumed propor-
tionate to trapping mortality, a life table may be
based on the figures calculated for adult age com-
position, production, and whelp mortality. This
gives a survival curve of the “negatively skewed
rectangular’” type.

Adaptive features of the breeding cycle include,
as an adaptation to the arctic environment, the
relatively high litter size. They include also, as
adaptations to fluctuating prey abundance, but of
special importance in view of reduced high-
latitude species diversity, relatively infrequent
breeding on the part of young vixens, and an effi-
cient mechanism for litter reduction. The latter is
perhaps activated through the precocious develop-
ment of dominance hierarchy among siblings.

Measures that might be introduced, if and when
the value of the arctic fox as a fur animal warrants
intensive management, include cessation of spring
den trapping, and the raising of whelps by hand
until their fur is prime. Present trapping practices
could be improved by the adoption of a trap that
kills the fox immediately and protects its pelt from
damage by predators.

——
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Résume

Les populations canadiennes de I’espéce panarc-
tique appelée renard arctique (Alopex lagopus 1..)
sont a la fois d’une importance économique et
d’un vif intérét biologique. Les facteurs dont dé-
pendent les fluctuations de leur nombre ont été
étudiés de 1958 a 1964 dans les districts de
Franklin et de Keewatin (Territoires du Nord-
Ouest).

De 1960 a 1963, on a trouvé plus de 200 ta-
niéres de renards arctiques et on en a examiné
de 100 a 200, chaque année, dans le district cen-
tral de Keewatin, région arctique basse, peu acci-
dentée et recouverte de sédiments sableux. 1l
semble que les renards arctiques reproducteurs se
réservent un certain territoire, puisqu’ils cons-
truisent toujours leurs tanieres a un mille environ
de distance les unes des autres; cependant,
d’autres aspects de la répartition des tanieres
laissent croire qu’ils n’occupent pas tout le terri-
toire disponible. Les tanieres sont souvent an-
ciennes, ayant méme parfois plusieurs siécles
d’existence. La proportion des taniéres occupées
chaque année varie du quart aux trois quarts. Ils
occupaient plus fréquemment les tanicres treés
anciennes (stade 3) que les taniéres récentes ou
anciennes (stades 1 et 2) et les tanieres les plus
anciennes (stade 4). Le nombre des taniéres oc-
cupées dans la région étudiée était inférieur (une
par 27 milles carrés) a celui que des relevés
avaient indiqué a propos de certaines régions
de I'URSS.

Les lemmings constituent 1’élément le plus im-
portant du régime alimentaire des renards arc-
tiques en période de reproduction; ils peuvent
représenter jusqu’a 90 p. 100 et jamais moins de
S0 p. 100 de I'ensemble global des restes de nour-
riture dans la fiente qui fut analysée deux fois par
mois pendant les saisons de reproduction des an-
nées 1960 a 1963. La quantité des restes de lem-
mings dans les fientes avait tendance a varier avec
le nombre des lemmings évalué par piégeage. Les
renards se nourrissent aussi d’oiseaux et de leurs
ceufs, de caribou, de poisson, d’insectes et de
baies. De plus, les lemmings constituent un élé-
ment important du régime d’hiver des renards,
comme !'indique I'analyse des restes trouvés dans
le tube digestif des animaux pris au piege. Parmi
les restes identifiés, mentionnons ceux du caribou,
du phoque et d’autres viandes putréfiées.

On a recueilli et étudié, deux fois par année,
des échantillons de carcasses d’animaux pris au
piege. L’age de chacune des carcasses fut déter-
miné surtout par I’étude de la suture cranienne
et I’éruption de la dent canine. On a constaté que
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la composition des échantillons par catégorie
d'age variait au point que les fluctuations attri-
buées, par voie de déduction, au succés de la
reproduction étaient assez €levées pour expliquer
celles du nombre d’animaux pris au piege. Des
extrapolations ont été faites a partir de la com-
position des échantillons par catégorie d’age.
Celles-ci permettaient, en résumé, d’obtenir une
estimation de 'importance des cohortes et de leur
population minimum avant chacune des saisons
de piégeage. Ces estimations ne tiennent pas
compte de la mortalité naturelle sur laquelle les
données font défaut.

Les autopsies pratiquées sur des femelles ont
révélé I'existence de différences dans le rythme de
reproduction, suivant I’age et l'année. Ces diffé-
rences n’expliquent pas cependant les fluctuations
de la mise bas d’année en année. Le compte des
cicatrices placentaires n’a pas révélé de variations
constantes selon I'dge ou l’année, la moyenne
étant d’environ 10.6.

Le taux de réduction du nombre moyen des
petits de chaque portée, ainsi que I’abandon des
taniéres qui en résulte, accusait d’importantes
fluctuations. Au cours d’une année, les deux élé-
ments €taient négligeables, alors que, au cours
d’une autre année, il semblait qu'aucun petit n’avait
été €levé. Il y a des raisons de croire que 1'abon-
dance des lemmings pendant la saison de repro-
duction détermine le taux de survivance des re-
nardeaux, et partant, ’abondance des renards
arctiques dans chaque catégorie d’age, quelle que
soit I'année de piégeage. L’insuffisance des don-
nées obtenues porte a croire que la diminution des
portées résulte en partie des combats que se livrent
les renardeaux.

Un examen plus approfondi de la composition
des échantillons par catégorie d’age, a la lumiere
des données sur la reproduction, révele une dis-
proportion entre la quantité de petits et de bétes
capables de reproduction qui sont pris au piége.
Il semble en effet, que les renardeaux se laissent
plus facilement prendre au piége que les adultes,
du moins lorsque I'été qui précede la saison de
piégeage a ét¢ marqué par une production élevée
de petits. En supposant que la mortalité naturelle
chez les animaux ayant dépassé 1'dge qu’ont les
petits qui se font prendre au piége, est propor-
tionnelle a celle des animaux pris au piége, on
peut fonder un tableau de longévité sur les chiffres
calculés d’apres la catégorie d’age des adultes, la
production et le taux de mortalité des petits. L’on
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obtient ainsi une courbe de survivance de type
«négativement asymétrique et rectangulaires.
L’une des conséquences de [I'adaptation du
cycle de reproduction aux conditions rigoureuses
de I’Arctique, c’est que les portées y sont rela-
tivement nombreuses. Il faut noter également,
pour ce qui est de l’adaptation a l’abondance
variable des proies, mais d’une importance par-
ticuliere en raison de la diversité réduite des
especes dans les latitudes élevées, un ralentisse-
ment relatif du rythme de reproduction chez les
jeunes renardes et un mécanisme efficace pour la
réduction des portées. Ce dernier phénomene est
peut-étre accentué du fait de I'apparition précoce
de tendances dominatrices chez certains petits.
Si jamais la fourrure du renard arctique ac-
quiert une valeur qui justifie 'intensification des
mesures de conservation, il faudrait notamment
interdire le piégeage tout prés des tanieres, au
printemps, et recourir au biberon pour élever les
petits jusqu’a ce que leur fourrure soit a son meil-
leur. On pourrait aussi améliorer les méthodes
actuelles de piégeage en adoptant un piege qui tue
le renard immédiatement et protége la fourrure
contre les dommages effectués par les prédateurs.

PE3IOME

[TonyJfiLMH KaHAJACKUX NAHAPKTHYECKHX BH-
goB Alopex lagopus (L) npeacraBasier 3Ha-
YHUTEJIbHYH XO3AHCTBEHHYI) LEHHOCTb M 6HO-
JIOTHYECKHE  HHTepec. [IpHUHHBI WHPOKHUX
koneOaHUH YHCAEHHOCTH TMecua B paioHax
KuyatnH u Ppankann B CeBepo-3anmaigHbix
TepPPHTOPHAX u3yuasuch ¢ 1958 no 1964 roxn.

boiio ycranoBaeno cBbilie 200 g0roBHLy
necua. B ueHTpanbHoMm paloHe KuyaTHH exe-
roaHo H3yuanaoch oT 100 po 200 sorosuul B
nepuod mexay 1960 u 1963 rr. Palion 3ToT
HH3KO-dPKTHYeCKHH, mpeacTaBisfeTr co6oM
OTJIOXKEHHS C MeCYaHOH MOBEPXHOCTLIO Y HHU3-
KkuM  pedabedom. PasmHo)xawoowMica necen
MPHIEPKHBAETCA ONPeLeNeHHON TePPUTODHH,
H JIOFOBHILIAa €r0 HMKOrJAa He HAXOISTC Ha
pacCTOSHHH MeHbLUe MHJIH OAHO OT APYroro.
OpHaKO, HHbLIE XapaKTepHbLIE 4yepTol pacnpo-
CTPaHEHHs JIOTOBULI HABOASIT HAC Ha MBbICJIb
O TOM, YTO MecCel He HCMOJb3YyeT MOJNHOCTbLIO
CBOI0 TEPPHUTOPHUI0 PacMmIoAa: JOroBHUIA B
60JILLUHHCTBE CJaydaeB CTapbie, NMPOCYLIECT-
BOBaJ/M, JOJKHO ObITb, HECKOJIbKO CTOJIETHH.
Bo Bpemsi Hawux ucclenoBaHu# TOJNLKO OT
OJHOH YeTBEpPTOH OO TPeX 4eTBepThbIX HX 3a-
HHMaJIMCh MecuoM Kaxabljp roxa. ‘‘Crapoie’”
JOroBuilla (TPeTHH Mepuoa) 3aHHMaJHCh 6O-
JIEE YACTO, 4eM “‘HelaBHHE' | MJH “'BLLAEPXKaH-
Hple” (nepBbiii U BTOPOH MepHOAbL), 1 “‘Apsax-
Jble” (uerBepThift nepuon). CpeaHss MJIOT-
HOCTb 3aHfITHIX JIOTOBHLI HA H3YYeHHOH Tep-
puropuu Oblia OAMH Necew Ha 27 KB. MHJIb.
Hokaaapl yKaspiBawT Ha TO, YyTO 3Ta MJOT-
HOCTb MEHDLLUE MIOTHOCTH BaXHDLIX JIOTOBHILL
necua B CCCP.

HanGosee MHOrouHC/IEHHBIMH JKMBOTHLIMH,
KOTOpbIMKH nuTaeTcss necew (B cCpesHeM a0
90%, 1 Hu B KoeM ciyuae He MeHblue 509,
OT BCeX OTXOJOB, HaHJEHHbLIX B MOMETe, KO-
TOPLIH H3yuaJscsi ABa pa3a B MeCsill B MepHOL
Pacmiosa ot 1960 no 1963 r.), OblIu JeM-
MuHru, Yactora oCTaTKOB B MOMETe HMejia
TE€HAEHUMK H3MEHATbCS B 3aBUCUMOCTH OT
306U  JIEMMHHIOB, MOACYET KOTOPLIX
NpOKU3BOAMICSH NyTEM HX JIOBJIH KAMKAHAMH,
llecen nuranca ewe nTuuamu u ux siinamy,
Kapuby, pni6OH, HACEKOMBLIMH H MATOAAMM,
JleMMunry Gpin Taioke BaKHOH mulLed 3H-
MO¥, 0 yeM MOXHO CYAMTb MO AHAJAM3y CO-
ACPKUMOrO B MHUILEBaPUTEJILHOM KaHaljle, CO-
ACPxcalllem KHBOTHDBIX, NONMAHHBIX KalKaHa-
MH. OG6HapyseHHble OCTaTKH BKJAIOUYAJH TMO-

ruOWHX KapuOy, KOTHKOB H APYTHX JKHBOT-
HbIX, MACO KOTOPBLIX Pa3Ji0oXHJOCh.

Cobupasuch W H3ydajauch o6pasubl Kap-
KacoB >XHBOTHbBIX, MOAMAHHLIX BO BpeMs 3a-
FOTOBKH MYLIHHHDLL, Bo3pacT kaxuoro kapka-
ca OMpEeAeNsiCsl TJIaBHLIM 00pa3oM Mo 3apa-
CTAHHIO LUBOB 4epena H NMPOPEe3bIBAHHK KJb-
KOoB. Bbu10 ycTaHoBJeHO, uTo o6pasupl OT-
JHYAJIHCh B BO3DACTHOM OTHOLUEHHH B TaKOH
CTEMeHH, YTO BAPHALMH YCNELWHOro pacnioa,
K ueMy Mbl MPHLUJIH MMOCTE U3yueHHs, OblIH
JIOBOJbHO 3HAYHTEJNLHBLIMH, uTOObLI OGBsIC-
HUTb 3aMe4eHHble H3MEHEeHHsl B 3aroTOBKax
NYWHUHBLL, DKCTPANOASUHU MPHTOTOBJISJIHCD
13 006pasuoB BO3DACTHOIO COCTAaBa; CYMMH-
pysi 3TOT COCTaB, yCTAHABJIHBAJNHCL pPa3Mepbl
KOrOPT M MHHHMaJbHO} MONYJsiUHK Hame-
pea, A0 KaxaA0ro M3 HECKOJbKHX Ce30HOB
3arotoBku necua. OJHAKO, MPH TAaKOro po-
lla OMpele]eHHUsIX He YYHUTLIBAJOChL ecTecT-
BEHHY CMEPTHOCTb, O KOTOPOH HET HMUKAKHUX
JlaHHDIX.

llcciie fOBaHUST MOCAC CMEPTH JHCHL yKa-
3bIBAIOT HA Pa3HHULY B NMPOMOPLUHSAX Pa3MHO-
HKEHUs, KOTOpasd 3aBHCHT W OT BO3pacTa H
ot roza. M3 3To# pa3dHUUbLI HEBO3MOXHO Obl-
JIO yHeCTb PasHHLY pacnioaa LWEHKOB H3 ro-
na B rod. lloacueTsl MOCJAEpPOAOBLIX LIPAMOB
NOCJAeA0BATEIbHO He HW3MEHANHCh, OYAb-JIH
B OTHOLUEHMHM BO3pacra, WIH [0Aa, U Cpel-
Hee uucao Ovwio npubauzurensbHo 10,6,

[llxana yMeHbLIEHHS] CpeIHEro pasMepa
noMeTa Y COMPOBOXKAAEMbIH YXO4 mecua H3
JOrOBHUUL JAOBOJLHO HenocTosHHasi. B on-
HOM rojy 3Ta LliKaja yMeHbUIEHHS H YXOJ
necua M3 JIOFOBHUL ObLIH HE3HAUHUTEJbHDI,
a B IDYrom Kas3aJocCb, YTO HH OJHOIO LIEH-
Ka He ObIIO BbIpallleHO. DBbljo sicCHO, YTO
H300H/IHE NEMMHHIOB BO BpeMs Ce30Ha pac-
naojga sIBJAAJOCh TVIaBHLIM (haKTOPOM, BJIHSA-
I0ILIMM Ha BbDKHBAaHHE LLEHKOB (M TakHM 00-
pa3oM Ha H300HJHE Mecua B KKAOH BO3-
pacTHOH rpynne Jgw060ro nepHoja 3aroTos-
KH 3TOrO XHBOTHOrO). He3nauuteabHoe A0-
KAa3aTeJbCTBO B HAlLEM pacnopsiKeHHH HaBo-
JMT HAC HA MDLICAbL O TOM, UTO YMEHbLUEHHE
yMCJa TOMETOB SIBJASIETCH YaCTHUHO pe3ylb-
TaTOM ©60pbLObLI 3a CYLUECTBOBAHHE LIEHKOB
OJQHOTO M TOTO XK€ BbIBOA.

Janbheiiee nccaegoBaHne o6pas3uos BO3-
pacTHOTO COCTaBa B CBeTe AAHHLIX O PAa3MHO-
JKeHHH Mecua BbIIBMJAO HEMOCTOAHHOCTL MpPO-
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NOPUMH LIEHKOB K BO3MOXHBIM DOILHTEJSIM,
NOMMaHHLIM BO BpeMsi 3aroToBKH. Henocto-
SIHCTBA 3TH CUMTAOTCA MOKA3ATEJbHBIMH IS
LIEHKOB, KOTOPLIE TOPA3A0 yallle NMONanarT-
CSl B KaNKaHbl, YeM B3POCJ]bIe Neclbl (B Kpau-
HeM cJyuae BO BpeMsi nepHona 3ar0TOBKH
necya nocje 3HAYHTENbHOrO BbIBOAA LIEH-
KOB JeToM). ECJIH NpHHATb eCTeCcTBeHHYIO
CMEepPTHOCTb Tnecua (nocjae Bo3pacra, KOrma
OH CTAHOBHUTCH B3POCJALIM H BIepBble Nomna-
JaeT B JIOBYUIKH) Kak TNPONOPLHOHANbHYIO
CMEPTHOCTH OT NONaAaHHsi B JOBYUIKH, TOT-
Jla MOXHO COCTaBHTb TabJIMLUY ero XH3HM Ha
OCHOBAHHH YHCeJ, NMOACUHTAHHBIX AJIsi B3pOC-
JbIX MeClLOB, ero YHCJIEHHOCTb H CMEPTHOCTb
LLIEHKOB., DTO [aeT KPHBYK BbIXKHBAeMOCTH
THna ‘“OTpHLATeNbHbIH CKOLIEeHHBLIH npsMo-
YT ONBHUK,

Kak npucnocobienre K apKTHYeCKHM ycC-
JIOBHSIM, UepThbl NPHUCNOCOOMEHHS LHKJIA pas-
MHOJXKEHHSI BKJIKOYAIOT CPaBHUTENbHO 3HAUH-
TeJbHbIH pa3dmep nomerta. OHH TaKkKe BKJHO-
YalT OTHOCHTEJIbHO PeAKH# pacnioa, Hab-
JIOJAeMbIH Y MOJIOABIX JHCHL, ¥ YClelHoe
CPeACTBO MJIsi YMEHbLIEHHS noMeTa. DTH yep-
Thl — 3TO MNPHCNOCOOJEHHEe K H3MEHUHMBOMY
M306UIHI0 OOBEKTOB MHUTAHHS, KOTOpPOE Hr-
paeT OueHb BaXHYI0O pOJb B KH3HM mecua
BBHAY YMEHbIIEHHOTO pa3Ho06pa3usi BHIOB,
BCTpeuaeMblX B BBICOKHX LIMPOTaX. YMeHb-
LIeHHe 3TO, AOJDKHO ObITb, aKTUBHPYETCS MNO-
CPeACTBOM  MNPeAOCTOPOXNHOTO  pPa3BUTHSA
HepapxuH AOMHHHPOBAHHA CPeAH LIEHKOB
OIHHX W TeX Xe pOoaHTeseH.

MeponpusaTHs, KOTOpbie MOMHO Obl BBe-
CTH (TOJILKO B TOM CJyuae, ecly 3HauyeHHe
necua Kak NVWHOro 3Beps OGyneT rapaHTH-
poBaTb €ro YCHJEHHYIO 3KCIIJYaTalHIo),
BKJIIOYAIOT NPEKpaLleHHe BeCeHHeH 3arOTOBKH
necua B ero JOTOBHIUAX, a TAaKxe BblpallHBa-
HHE MOJIONHAKA 4eJOBEKOM, NOKa ero Mex
He CTaHeT NMPeBOCXOAHBIM. HacTosiuyio 3aro-
TOBKY MOXHO YJAYYLIHTb NyTeM Mepekaye-
HHS Ha HCNOJIb30BAHHE KANKAHOB, KOTOpbIE
yOuBau 6bl necua HeMeJIeHHO W B TO e ca-
MOe BpeMsl COXPaHAJH ero MeX OT MOBpeXx-
JEHHH JAPYrUMy XHIIHBIMH XHBOTHBIMH,
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