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ABSTRACT 

This study of breeding arctic foxes (Alopex lagopus) and their 

major prey, the brown lemming (Lemmus trimucronatus) and the Greenland

collared lemming (Dicrostonyx groenlandicus), was conducted at Aberdeen Lake, 

District of Keewatin, N.W.T. in the summers of 1968, 1969 and 1970. 

Lemming trapping showed that the density of both species was low 

in 1968 and 1969, and a high occurred in 1970 with maximum density of, 

50 lemmings/ha. Poor fox reproduction occurred in 1968, no whelps were 

raised in 1969 and high reproductive success was recorded in 1970. Analysis 

of the frequency of dens occupied in late spring during this study and 

previous years suggested that a low proportion of the fox population bred 

when lemming densities were low the previous winter and spring. Literature 

on the relationship between reproductive success and nutritional planes and 

reinterpretation of earlier data on foxes in the area, suggested that 

insufficient food during fall and winter and spring when mating occurs could 

inhibit reproduction in a large proportion of the foxes. An hypothesis 

explaining the increase of fox densities which sometimes occur one year 

after lemming peaks as well as increases of foxes during lemming population 

increases is presented. 

During 1970 observations of hunting foxes showed that the mean 

hunting range was 2.9 km2 and all hunting was conducted between 4:00 p.m. 

and 10:00 a.m. Prior to parturition and during the suckling period male 

foxes do most of the hunting whereas both adults at all dens hunted when 

the whelps consumed lemmings. Although both adults at one den hunted most 

frequently within 600 m of the den, the female did more hunting within 



ii 

600 m of the den and made shorter hunts than the male. Her behaviour 

suggested that she hunted more efficiently and had greater concern for the 

whelps' food supply than the male, whose behaviour indicated that he 

spent a large part of his time on territorial behaviour during his hunts. 

During early June 1970 rapid flooding of low habitats forced 

Lemmus into higher habitats where they were caught by faxes utilizing 

stalking and dashing capture techniques. As the lower habitats dried and 

thawed during the latter half of June, Lemmus reoccupied them and initiated 

breeding. The faxes responded by increasing the frequency of hunts and captures 

in lower habitats by digging into peaty hummocks where Lemmus burrows. 

Upon emergence of the new Lemmus cohort in the latter part of JUly the 

foxes conducted more stalking and dashing behaviour in the lower habitats 

in response to the higher prey density there. 

Dicrostonyx occupied the higher habitats throughout the summer 

and were mostly captured by stalking or dashing as their burrows are 

located deep in sandy soil or under rocks, and are difficult for foxes to 

excavate. 

The ratio of Lemmus to Dicrostonyx consumed by whelps at nine 

breeding dens during JUly 1970 was 6.9 to 3.1 whereas the weight ratio 

of the two species was 5.7 to 4.3, respectively. The difference between 

the quality and quantity of the two prey consumed was related to the 

selection of Lemmus habitats by foxes for hunting and their failure to 

excavate Dicrostonyx nestlings from their burrows. 

Food consumption of two captive Whelps averaged 363 g/whelp per day 

or 11,975 g/whelp during the second half of the denning period. Food 
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consumption of a mean litter of 10.6 whelps was estimated to be 127 kg 

equivalent to about 2,400 lemmings. The impact of a pair of breeding 

foxes on lemmings during an entire denning period was estimated to be 

15 lemmings/ha within the hunting area. 
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1. INTRODUCTION 

The extensive literature on arctic foxes (Alopex lagopus) 

contains no detailed description of hunting behaviour of adults or food 

requirements of growing whelps during the denning period. There are 

many reports on the hunting behaviour and food ecology of red foxes 

(Vulpes vulpes and VUlpes fulva) (Scott~ 1943; Murie, 1944; Martin, 1955; 

Lockie, 1959; Englund, 1965; Storm~ 1965; Burrows, 1968; Englund; 1969; 

Ables, 1969; Johnson, 1970 and Allison, 1971) but detailed analyses of 

hunting habitats of this genus and changes in hunting behaviour throughout 

the denning period are lacking. There are also extensive studies on the 

hunting behaviour and food ecology of wolves (Canis lUpus) (Murie, 1944; 

Crisler, 1958; Burkholder, 1959 and Pimlott et al., 1969), African hunting 

dogs (Lycaon pictus) (Estes and Goddard, 1967), grey foxes (Urocyon cinereo

argenteus) (Turkowski, 1969) and coyotes (Canis 1atarans)(Murie, 1940 

and Ozogan and Harger, 1966); however, quantitative estimates of food 

returned to the growing whelps of these canids as well as VUlpes fulva 

and VU1pesvulpes have not been documented. Kuyt (1970) provided the only 

reference to the food consumption and growth rates of wolf cubs. 

Cyclic fluctuations of arctic foxes and microtine rodent 

populations have been the subject of extensive reviews (Elton, 1942; 

Chitty, 1950; Chirkova, 1951,1953 and 1955 and Macpherson, 1969); however, 

few studies (Chirkova, 1953 and Macpherson, 1969) have examined the 

relationship of these cycles quantitatively. Fluctuations in prey density, 

climatic factors, migration, disease, den abandonment and sibling aggression 

have all been shown to be mechanisms regulating the abundance of arctic foxes. 

In addition, food scarcity during autumn, winter and spring was suggested 
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by Chirkova (1951) and Ch~rkova et ale (1959) as a mechanism regulating 

the reproductive potentia] of foxes the following summer, although 

Macpherson (1969) did not !find this in his study. Examination of recent 

literature dealing with t4e role of nutrition in reproduction (Sadleir, 

1969) and Macpherson's (1969) data suggested that this mechanism may be 

operative in arctic fox p~pulations in Canada. 

Arctic foxes in t~e central District of Keewatin in the low arctic 

of Canada are an excellen~ subject for study of food ecology, hunting 

behaviour and food requir~ments of growing Whelps in thedenning period. 

The treeless and gently r~lling terrain provides an unobstructed view of 

hunting foxes over large a.reas and the vegetative habitats are distinct 

and limited in number. Wlilelps of arctic foxes are easily captured and 

reared for feeding studie$. Finally, the two lemming species which 

are most of the foxes' diet are similar in size and are easily identified 

from scat analyses. 

1.1. Objectives of this $tudy 

The objectives of'this study were: 1) to verify the relationship 

between arctic fox breeding success and lemming abundance published in the 

literature and examine ot~er mechanisms which may regUlate the foxes' 

reproductive potential, 2) to analyze in detail the hunting behaviour of 

breeding arctic foxes with relation to the habitat and abundance of brown 

lemmings (Lemmus trimucronatus) and the Greenland collared lemming 

(Dicrostonyx groenlandicu~), their maj or prey during the post-natal period, 

3) to determine the proportion and mean weights of Lemmus and Dicrostonyx 

in the diet of fox whelps! and quantify the food requirements of growing 

whelps during the denning period. 
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The methods, results and discussion for each objective are 

in separate sections of this report. The objectives have been arranged 

in order to clarify their interrelationships within the study. There is 

a general discussion of the findings of the study. 

1.2. Statistical analyses of data. 

Unless otherwise mentioned significant differences in the data 

recorded in this study were determined from chi-square tests. Chi

square values greater than 3.84 are significant at the 5% level 

(p < O~05).



4 

2 . LITERATURE REVIEW 

The arctic fox, Alopex lagopus (Linnaeus), inhabits the circumpolar 

tundra biome (Walker et al., 1964). The species is about the size of a 

large cat ranging between 71.3 cm and 110.0 cm in total length and 2.5 to 

9.0 kg in weight. They have short, rounded and well-furred ears, long 

hairs on the soles of their feet and a long tail which contributes between 

30 and 40% of their total length. 

There are two colour forms: the "white" form which in summer is 

dark brown on the back, tail and legs and buff coloured on the underparts, 

and pure white or nearly so in winter; and the "blue" form which is dark 

bluish-grey in summer and pale bluish-grey in winter. The proportions 

of white to blue forms in populations in different geographic areas varies 

from one percent blue on the Canadian mainland to 50% blue in western 

Greenland and the Pribilof Islands off Alaska. Local proportions may also 

vary through immigration from year to year (Walker et al., 1964 and 

Macpherson, 1969). 

During their reproductive period arctic foxes typically burrow 

into stable surface deposits, although rocky crevices may also be used 

where burrowing is impossible (Riewe, Univ. of Manitoba, Winnipeg, personal 

communication). Mating occurs in March and April and the Whelps are born 

in late May and early June after a 51- to 57-day gestation period 

(Asdell, 1964 and Walker et al., 1964). The litters are typically 8-12 

but range from 4-22 (Chirkova, 1951; Walker et al., 1964; Bannikov, 1969 

and Macpherson, 1969). The large litter size of the arctic fox compared 

to the grey fox, with a mean of 4.1, and the red fox, with a mean of 5.5, 
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which both live at lower latitudes is probably a consequence of heightened 

seasonal contrast in food resources rather than of winter mortality (Lord, 

1960 and Macpherson, 1969). 

Systematic studies of dens, den sites, den ecology and the 

distribution of dens have been presented for the tundra districts of the 

U.S.S.R. by Danilov (1958), Sdobnikov (1958) and Skrobov (1961). In 

North America Chesemore (1969) carried out studies of the denning eco~ogy

of arctic foxes along the arctic coastal plain of northern Alaska. 

Macpherson (1969) described the characteristics of the den sites, their 

ages, distribution and frequency of use by breeding foxes in-the central 

District of Keewatin, N.W.T. between 1959 and 1963. The dens are typically 

located on the tops or sides of low, till mounds or on the tops of lake 

or river banks where the soil is sandy and dry and solifluction is minimal. 

They are commonly located close to large permanent bodies of water and 

are associated with wide expanses of wet meadow. 

Den sites were categorized as youthfUl, mature, old and senile 

by Macpherson (1969). Area, frequency of holes and collapsed burrows and 

types and density of vegetation were used as aging criteria. Macpherson 

estimated the average life-span for dens in the study area to be 330 years, 

based on an increment of 0.3% per year in the number of holes. He estimated 

the density of dens within his Aberdeen Lake study area to be one per 

26.83 km2 (10.36 sq miles) in 2147 km2 (829 sq miles). 

Throughout most of its range, the diet'of arctic faxes consists 

primarily of microtine rodents, and fox populations tend to fluctuate in 

parallel with the microtine cycles (Braestrup, 1941; Elton, 1942; Chitty, 

1950; Shibanoff, 1951 and Macpherson, 1969). However, the diet of fox 
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populations varies according to geographic location and local abundance 

of rodents. Chesemore (1968a) found that in summer faxes on the arctic 

slopes of Alaska depend upon nesting birds and eggs in addition to 

lemmings, whereas marine birds and mammals were important in the winter 

diet. On the other hand, Macpherson (1969) showed that inland or tundra 

foxes are dependent upon lemmings for the entire year while birds, eggs 

and caribou provide a small supplement to the basic diet. In contrast, 

faxes living in west Greenland and some of the Pribilof Islands off Alaska, 

where lemmings do not exist, depend entirely on colonial nesting birds 

and their eggs as well as marine animals (Braestrup, 1941; Murie, 1959 

~d Berns, 1969). These foxes cache food~ especially bird carcasses, for 

winter use. 

Disease as well as lack of sufficient food reduces the density 

of faxes, especially in winter. The epizootics of rabies are the most 

prevalent disease among arctic foxes in the U.S.S.R. and has been well 

documented by Syuzyumova (1967). The disease persists in the population 

at levels of 0.7 to 6.0% in years of lemming abundance and reaches levels 

of 10 to 75% during winters of food shortage and the peak of the cycle. 

The epizootic peaks are linked with high population densities in which 

young of the year are prevalent and most seriously affected whereas in 

years when larger adult to young ratios occur the prevalence of the disease 

subsides. "Red paw" and mange are other diseases which affect arctic fox 

populations in the U.S.S.R. (Gerasimoff, 1951 and Shilyaeva, 1961). In 

North America, Rausch (1958) found rabies present in arctic fox populations 

every year and rabid faxes are infrequently shot in Canadian settlements, 
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however, no reports of mass death have been reported in contrast to the 

Russian literature. 

Migrations of arctic foxes throughout the tundra in the U.S.S.R. 

are well documented (Shilyaeva, 1967). Chirkova (1955) stated that food 

shortage is the historical trigger of arctic fox migration; however, 

Shilyaeva (1967) qualified this statement by showing that density, food 

supply at freeze up and weather conditions influence the intensity and 

scope of the migration. The foxes migrate both east and west through the 

tundra as well as south into the forest and north onto the sea ice. 

Migrations in the latter two directions usually result in starvation 

and death due to deep, soft forest snow and lack of food on the sea ice. 

On the ice, foxes frequently follow polar bears and consume the remains 

of their kills. In North America little work has been carried out on 

arctic fox migrations. Chesemore (1968) described the general movements 

and sightings of foxes in winter on the north coast of Alaska. The 

literature for Canada consists mainly of casual and isolated observations; 

however, Manning (1943) stated that fox migrations may be linked with 

caribou migrations as the foxes consume the remains of wolf kills. 

The beautiful and valuable pelt of the arctic fox is an important 

source of income to native people in the U. S . S. R. , Alaska, and Canada 

who have few other sources of revenue. Arctic fox ranches were established 

40 years ago when there was a demand for long-haired fur. During the 

past 20 years ranching has declined because of low prices; however, 

during the past few years increased demand for long-haired fur has again 

increased its value. 
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Because arctic foxes are of great biological as well as economic 

interest extensive papers discussing their population fluctuations and methods 

of predicting their cycles have been written (Lavrov, 1932; Boitzov, 1937; 

Braestrup, 1941; Elton, 1942; Chitty, 1950 and Chirkova, 1951 and 1955). 

Furthermore, the literature contains abundant notes on this species written 

by biologists as well as trappers and traders. During the fifteen years 

prior to 1968, most scientific studies of the ecology and population dynamics 

of arctic foxes were restricted to the U.S.S.R. in association with the 

fur industry. Danilov (1958) described the dens and densities of these 

foxes, Sdobnikov (1958) and Skrobov (1961) described the den ecology and 

distribution and Skrobov(196la) showed the importance of den surveys in 

predicting trapping harvests. Studies of the age structure of fox 

populations was carried out by Smirnov (1960) and (1964) during different 

periods of their cycles by sectioning the canine teeth and counting the 

rings of cementum deposited annually. Shibanoff (1951) described the food 

of adults and whelps for different years and in different regions. Chirkova 

(1951 and 1955) summarized the influence of food, weather, migration and 

disease on the reproductive potential of the foxes whereas Formozov (1946) 

in his lucid monograph discussed snow cover as an integral factor in the 

ecology of arctic foxes and lemmings, the foxes' major food supply. 

In North America relatively few intensive studies on arctic foxes 

were carried out until 1968. Chesemore (1968) described distribution, 

winter movements, food habits and den ecology of arctic foxes in northern 

and western Alaska. Macpherson (1969) made the first extensive study in 

Canada, mostly within the Barren Lands or low tundra regions of the District 



9 

of Keewatin. His four-year study included description of dens, den ecology, 

distribution, an analysis of diet, the age structure of the population 

and their reproductive success. Macpherson's work established a basis 

for the present study, which was conducted in the same region. 
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3. STUDY AREA 

3.1. Location and duration of study 

A study area of approximately 518 km2 (200 sq miles) was located 

between Aberdeen Lake and Beverly Lake (Fig. 1). The lakes are part 

of the middle Thelon River Basin in the District of Keewatin, N.W.T. 

(Bird, 1967). The region is located approximately 193 kID (120 miles) 

west of the settlement of Baker Lake and 200 kID (125 miles) south of the 

Arctic Circle. It is about 90 m (300 ft) above sea level (Dept. Mines 

and Tech. Surv., 1965. Maps 66B and 66c, ed. 1 A S E, Ser- A 502). The 

study was conducted from 29 May to 26 JUly 1968, 15 May to 24 JUly 1969 and 

20 May to 11 August 1970. 

3.2. Topography and physiography 

The study area is within the central arctic lowland (Bird, 1967). 

The terrain is low and undulating in most of the region. Northward the 

land rises gradually to hills 16 kID (10 miles) inland. On the south 

the Marjorie hills rise gently to an elevation of 305 m (1000 ft) above 

lake level. Their slopes are terraced by post-glacial lakes and the 

marine transgression. Base rock outcrops are very rare as the surface 

is covered with a thick layer of till 3.1 to 15 m (10 to 50 ft) thick which 

is frequently sorted into expanses of sand and small rocks (Bird, 1967). 

Long, sharp-ridged eskers from 18 to 30 m (60 to 100 ft) high and sand 

dunes around the mouth of the Tibielik River are prominent features because 

of their lack of vegetative cover. The banks of the two major lakes 

and the Thelon River are mostly steep and actively eroding. Ice-pushes 

are common at promontories along the lakes, the river and among the river 
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Figure 1. The study area. 
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islands. Drainage is poor and numerous lakes and ponds dot the region 

(Fig. 1). Water flows throughout the summer only in creeks with steep 

banks cut through till. Temporary overflow streams from lakes are 

common during the spring thaw. 

The bed rock is foliated metamorphosed base rocks of early 

Proterozoic age overlain by undeformed Dubawnt sandstone, conglomerate and 

volcanic rocks (Donaldson, 1965). Recent physiographic features were 

produced by the Wisconsin Laurentide glaciation and subsequent post

glacial lakes and a marine transgression (Bird, 1967). 

3.3. Climate 

The stUdy area is within the region of continuous permafrost and 

the active layer varies from 15.2 cm (6 inches) in wet peat and silt soil 

to 3 m (10 ft) in sandy terrain (RAND, 1963). Soils in the area resemble 

upland and meadow tundra and bog profiles described by Tedrow et ale 

(1958) and the humus layer varies in thickness according to the drainage 

gradient. 

Tree line is approximately 354 km (220 miles) south of the study 

area; however, trees approach to within 32 km (20 miles) of the western 

edge of the area because of a sharp swing of the tree line towards the 

northeast along the Thelon River. 

The mean monthly temperatures at Baker Lake (125 miles east of 

the study area) range from -33 C (-27 F) in January to 10 C (50 F) in 

July. The mean annual precipitation is 20.8 cm (8.2 inches). The average 

snowfall is 50 em (19.5 inches), while summer rainfall averages 11.2 cm 

(4.4 inches). Mean temperatures rise above freezing during the first week 
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in June and fall below freezing during the first half of September. 

During the three years of stu~ at Aberdeen Lake, 1968 was the 

only year in which the onset of thawing occurred about June 6, the mean 

date for the region. The onset of thawing in June 1969 was two weeks 

later than average. Blizzard conditions with -7 C (20 F) temperatures 

were recorded on June 10 of that year and snow flurries continued until 

June 24. In June 1970 the onset of thawing was one week early and rapid 

and all snow except late snow banks had melted by June 6. 

Phenological records kept by Mr. E. Land, Game Management Officer, 

Baker Lake, during the fall of 1968 and 1969 showed that the fall of 1968 

was atypical. The first snowfalls in October melted in low-lying areas 

during an unusual warm spell and the region was subsequently subjected to 

10 days of severe cold before the next snowfall. Typically, in the fall 

of 1967 and 1969 the initial snowfalls were deep and there was no late thaw. 

3.4. General description of plant communities 

A characteristic plant association of black and green lichen 

mixed with heath plants and interspersed with feathery grasses covers the 

tops and steep sides of the rolling hills. On more moist and gentle slopes 

heath plants are mixed with sedges, and small hummocks appear in poorly 

drained regions. The steeper portions of lower slopes and marsh edges 

are formed into hummocks of various sizes according to the water gradient 

present. Many of the larger broken hummocks in low-lying areas are associated 

with mud boils up to 3 m (10 ft) in diameter. On the lower slopes of hills 

in situations protected from prevailing winds, dwarf birch (Betula 

glandulosa) grows up to 45 cm (18 inches) in height and forms dense patches 
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up to 0.4 ha (1 acre) in area. MarshesJfrequently 4 to 5 ha (10 to 12 

acres) in area and interspersed with hummocks or sedge tussocks,occur 

in broad valleys between high hills. Prostrate forms of willow (Salix spp.) 

occur among wet hummocks but reach their maximum height of approximately 

3 m (10 ft) in isolated protected creek gullies. Typically, willow patches 

average 62 em (2 ft) in height and occur in protected areas of marshes, 

streams, lakes and river edges. 

3.5. General description of fauna 

Lemmus trimucronatus, the brown lemming, and Dicrostonyx 

groenlandicus, the Greenland collared lemming, are found within all 

habitats except rocky eskers, river and lake edges and sand dunes. 

Typically, Lemmus is found in low, moist meadows whereas Dicrostonyx 

occupies dry hillsides and tops (Krebs, 1964). Arctic ground squirrels, 

(Spermophilus undulatus) are commonly localized along high river banks. 

Their burrows are also found on some hilltops and they often occupy 

abandoned arctic fox dens. Arctic foxes are the most numerous predators 

seen and a high frequency of dens occurs in the area (Macpherson, 1969). 

Individual wolves were sighted several times during each summer and two 

fox dens were dug out by wolves. Caribou (Rangifer tarandus) are abundant, 

as animals overwintering in northern Saskatchewan migrate through the 

region in summer. Small groups were frequent and herds of 500 or more were 

seen several times. Four arctic shrews (Sorex arcticus) were captured and 

one each of arctic hare (Lepus arcticus) and ermine (Mustela erminea) were 

sighted. Diggings by griZZly bears (Ursus horribilis) were observed in 

a few isolated hummocky areas and one arctic fox den had been excavated by 

bears in the past. 
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The Lapland longspur (Calcarius lapponicus) is the most common 

passerine bird and breeds in high densities in the study region. The 

region is also the moulting area for juvenile and unpaired Canada geese 

(Branta canadensis) (Sterling and Dzubin~ 1967) and flocks of approximately 

300 birds were seen in 1968 and 1969. White-fronted geese (Anser albifrons) 

and snow geese (Chen hyperborea) breed in limited numbers on the lake 

and river islands as do oldsquaw ducks (Clangula hyemalis) and arctic terns 

(Sterna paradisaea). Herring gulls (Larus argentatus) nest on one island at 

the mouth of the Thelon River where it enters Aberdeen Lake. A variety 

of shore. birds~ oldsquaw ducks and red-throated loons (Gavia stellata) nest 

in marshes and on lake edges. Sandhill cranes (Grus canadensis) nested on 

the tundra in 1968 and 1970. Short-eared owls (Asio flammeus) and jaegers 

(Stercorarius pomarinus and £. longicaudus) bred commonly in the lemming 

high in 1970. Snowy owls (Nyctea scandiaca)~ rough-legged hawks (Buteo 

lagopus) and golden eagles (Aguila chrysaetos) were sighted several times 

during the study. Rock ptarmigan (Lagopus mutus) were frequently sighted 

and willow ptarmigan (Lagopus lagopus) were killed by arctic foxes. 
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4. ARCTIC FOX BREEDING SUCCESS AND LEMMING DENSITIES DURING 1968, 1969 AND 1970. 

4.1. Methods and Materials 

4.1.1. Lemming trapping 

All trapping was carried out within an area of approximately 2.6 km2

(1 sq mile) located just north of the entrance of the Thelon River into 

Aberdeen Lake. Museum special snap traps (Woodstream Corp., Niagara 

Falls, Ontario) were used and trapping periods were conducted at various 

intervals in each summer (Appendix A). 

During 1968, grid and trapline techniques were used. All grids were 

90 x 90 m (294.6 ft) and 36 trapping stations were marked at 15 m (50 ft) 

intervals. P:ach traplitle had one row of traps vith trapping sta.tions at 15 

m intervals. During 1969 and 1970, a modified trapline technique was used 

for all trapping periods. Each modified trapline consisted of two parallel 

rows of traps 7~ m (25 ft) apart. The trapping stations were marked at 15 m 

intervals and situated so that trapping stations of both rows alternated. 

The center of each trapping station was marked with a small circle of orange 

paint and one trap was placed at lemming burrow entrances or runways within 

five m (16.5 ft) of the mark. 

Most trapping intervals lasted three days. In 1968, three grids 

were run for 3~ days and one for 2 days; one trapline was run for five 

days and one for four days. In 1969 the last two trapping intervals were 

run for two days. All traps were set out during the evening of the first 

trapping day and collected at 0900 and 2100 each day except for the last 

three periods in 1970 when they were checked at 0600 and 1800. Each trapline 

was established so that it covered most of the vegetation zones present 
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in the area. During each year traplines or grids never overlapped; 

however, portions of trapping areas overlapped during the three years. 

4.1.2. Lemming demography 

The density of both lemming species was estimated for each trapping 

period by a standard trapping index CSTI) expressed in numbers of lemmings 

captured per 100 standard trapnights (Krebs, 1964). 

Lemmings captured in June 1968 and in 1969 were measured, weighed, 

sexed and examined internally for reproductive condition. Skulls were 

saved and cleaned in a dermestid colony. All lemmings captured in July 

and August 1968 were used as fox bait. During M~ and June of 1970 most 

lemmings we~e processed as in early 1968 and in 1969. Additional animals 

were processed as required to insure that a representative sample of all 

weight classes of both species was obtained. All other specimens caught 

in 1970 were weighed, sexed and checked internally for reproductive condition. 

4.1.3. Estimates of arctic fox breeding success 

All dens accessible by motor-toboggan or dog team were visited 

in the first 10 days of study each year to determine the frequency of dens 

with recently opened holes or with foxes present. All dens accessible 

by canoe were visited at irregular intervals between late June and early 

JUly and the occurrence of breeding foxes and the number of whelps observed 

at each was recorded. 

The number of whelps at breeding dens was not always determined 

because observation periods were limited. In 1970, the abundance of scats at 

these breeding dens was used to estimate the number of whelps present at 

three other dens. 
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The total number of foxes in the study area was estimated from

JUly 10 to 30 each year.

4.2. Results 

4.2.1. Lemming demography 1968-1970 

4.2.1.1. Lemming density 

Table 1 shows the STl for Lemmus and Dicrostonyx captured during 

various trapping periods in 1968, 1969 and. 1970. 

The data show that the density of both species was very much 

higher in 1970 than in 1968 and 1969. The density of Dicrostonyx remained 

relatively constant after June 1, whereas the Lemmus density dropped in 

mid-June, then rose to its peak in August. Between May 27 and June 2, 

Lemmus were frequently observed running on snow patches and hundreds were 

seen on Aberdeen Lake up to 1.6 km (1 mile) from shore. On May 29, 63 

Lemmus were captured by hand on the lake ice between 0415 and 0615 and 

they by no.means represented the number we could have captured. Approximately 

30 Lemmus were captured by hand in about 8.1 ha (20 acres) within the 

trapping area between 1000 and 1100 on M~ 28. No Dicrostonyx were seen 

on the lake ice or snow patches during this period. 

The mean STl for both species in 1968 is lower than their actual 

estimated densities as several grids and traplines were situated in regions 

inhabited by only one of the two species. The BTl for Lemmus was probably 

about 1.5 whereas Dicroston~ was 0.3. The density of Lemmus reached its 

peak in mid-July (STI4.0), whereas the density of Dicrostonyx was 

consistently very low. 

The mean density of Dicrostonyx was higher than that of Lemmus in 1969 . 
. "1 

Variation in the densities of both species, especially Lemmus, in the summer 
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Table 1. The Standard Trapping Indices (STI) for Lemmus (L.) and 

Dicrostonyx (~.) captured during various trapping periods 

in 1968~ 1969 and 1970. 

1968 1969 1970 

Date L. D. Date L. D. Date L. D. 

May 25-28 16.4 2.7 

May 31-June 3 0.5 0 .. 0 

JUne 1- 4 11.7 9.7 

June 6-10 0.8 0.3 June 7-10 0.0 0.0 

June 11-14 2.0 0.0 June 13-15 0.0 0.0 

JUne 16-20 0.0 2.5 June 16-18 0.0 0.0 

June 19-23 0.2 1.0 June 20-23 6.5 11.4 

June 24-26 1.2 3.2 

June 27-30 2.3 2.7 

June 30-July 5 1·7 0.0 July 1-5 4.3 1.0 July 8-11 10.3 12.0 

July 15-27 4.0 0.2 July 11-19 0.7 1.7 

Aug. 7-10 22.6 12.1 

Mean STI 1.5 0.5 1.0 1.2 13.3 8.3 
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4.2.1.2. Lemming weight classes and reproduction 

Figures 2, 3 and 4 show the proportions of captured Dicrostonyx 

and Lemmus distributed in 10 g weight classes between 10.0 and 149.9 g for 

1968, 1969 and 1970, respectively. Diagonal lines in the figures separate the 

juvenile «29.9 g) and adult (>29.9 g) cohorts. 

The figures show that juvenile animals «29.9 g) occurred each 

year in the June population of each species. Based on growth rates for 

Dicrostonyx (Hansen, 1957), these animals were probably born in the second 

half of May. During late May and early June of 1970 and early June of 1968 

a few pregnant females of each species were captured indicating some breeding 

activity. However, the testes of all males were enlarged and scrotal in 

position and the tubules of the cauda epidigymidis were visible. Pregnant 

females were not captured until June 24 in 1969, however, and the 

reproductive organs of the males were inactive in mid-June. The lack 

of early breeding was probably caused by the late spring in 1969. 

In 1968 and 1970 the second cohort of Lemmus was born from mid-June 

to early July and formed the major portion of the popUlation during late 

July and early August of those years. The second cohort of Dicrostonyx 

followed the pattern of Lemmus in 1970, however, insufficient numbers 

were captured in 1968 to determine their breeding pattern. In 1969 no 
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recruitment of either species into the second cohort had occurred by July 19. 

Although most females were in the late stages of pregnancy, none were 

lactating. Breeding by both species decreased rapidly in the latter part 

of July 1970. Only one large pregnant Lemmus female was captured in 

August. All other females were neither pregnant nor lactating and their 

vaginas were closed. The testes of all males had regressed in size from the 

breeding condition and were abdominal or inguinal in position and the 

tubules of the cauda epididymidis were microscopic. 

4.2.2. Reproductive success of arctic foxes 1968 to 1970 

Thirty-six dens were visited at least once (Figure 5) during 

the study. The proportion of active dens among those visited in late 

spring and during July of 1968, 1969 and 1970 ranged from 51.6 to 0.0 

per cent (Table 2). The average number of whelps per breeding den ranged 

from 6.3 to 0.0 and a minimal estimate of the number of foxes in the 

study area ranged from 94 to 3. 

The four indices of arctic fox reproductive activity were highest 

in 1970. At three breeding dens 14, 13 and 9 whelps were observed and a minimum 

of six were counted at three other dens. All whelps were fat and played 

actively during most of the evening and early morning hours in the July visit. 

In 1968 the proportion of active dens during late spring was similar 

to 1910, whereas the proportion of dens with breeding foxes in July was 

significantly lower than the 1910 value (P<0.05). A maximum of four whelps 

was counted at one den and the average number of whelps per breeding den 

was significantly lower than the 1910 value. The decomposing remains of four 
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Figure 5. The location and numbers of arctic fox dens visited in the study area. 



Table 2. Reproductive indices of arctic faxes 1968 to 1970. 

No. of %of No. of %of Average Estimate of 
dens spring dens July Total no. of· total no. of 
visited dens visited dens with whelps whelps per faxes in area 

Year in spring active in July whelps seen breeding den in July 

1968 26 42.4 26 15.4 10 2.5 25 

1969 26 15.4 19 0.0 0 0.0 3 

1970 33 57.6 21 42.8 57 6.3 94 

I\) 
0\ 
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whelps were found at one den site in mid-July of 1968, and it was 

abandoned by the adults. On July 25 the body of one whelp that had been bitten 

to death within the past 24 hours was found beside a live-trap holding two 

other whelps. All whelps captured in 1968 were emaciated in comparison 

to those raised in 1970 and they were never seen playing actively on the 

den sites. 

No whelp production was recorded for foxes during 1969. A 

significantly smaller portion of dens (P<0.05) were active in May than 

in 1968 or 1970 and all were abandoned by early JUly. Two adult foxes were 

seen at two different dens in July; however, no digging and scat accUIllulation 

associated with residency or breeding were found. These foxes were 

considered to be transients which occupied the dens for only brief periods. 

4.3. Discussion 

The correlation between arctic fox breeding success and lemming 

density is evident when the results for 1970 are compared with 1968 and 1969 

and it supports the hypothesis that there is a direct relationship between 

microtine rodents and arctic foxes throughout the tundra biome (Braestrup, 

1941; Elton, 1942; Chitty, 1950; Chirkova, 1951; Macpherson, 1969). 

However, the poor breeding success in 1968 and the lack of breeding success 

in 1969 cannot be related to obvious differences in the mean lemming 

densities in those years. The overall lemming densities were low and 

approximately equal in the two years, although there was a three-fold decrease 

in Lemmus density and a four-fold increase in Dicrostonyx density between 

the summers of 1968 and 1969. 



28 

Differences in the numbers of whelps raised in 1968 and 1970 

can be attributed to post-natal whelp mortality. Macpherson (1969) showed 

that adult foxes in this region abandon dens when lemming densities 

are low during two phases of the denning period. Some dens are 

abandoned in early June just after parturition or during early stages of 

lactation, and others in late June and early July when the whelps begin to 

consume lemmings. A combination of high nutritional demands by lactating 

females (Sadleir, 1969) and insufficient food for the growing whelps 

probably forces abandonment in July. Macpherson (2£. cit.) also showed that 

in years of low lemming density sibling aggression results in the death 

of one or more whelps. This litter reduction reduces the food demands 

on the adults and increases the probability of survival of a portion of the 

Iitter. Macpherson also showed that the mean number of placental scars 

in winter-trapped faxes did not vary between years despite large 

differences in the density of both lemming species. He believed that the 

number of whelps raised during the breeding season was regulated by the 

amount of post-natal mortality during the denning period and that mortality 

in turn was regulated by the availability of lemmings. 

The occurrence of both den abandonment and sibling aggression in 

July 1968 but not in 1970 was probably the result of insufficient lemmings 

in the former year and supports Macpherson's observations. However, poor 

reproductive success of the foxes in 1969 was not associated with den 

abandonment, as a much lower proportion of fox dens were occupied that 

year than in 1968 and 1970 (Table 2). Furthermore, in 1969 there was no 

evidence of extended residence of the dens that were occupied. Thus the 
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foxes apparently failed to initiate breeding at all in 1969. 

Macpherson (1969) recorded differences in the proportion of 

females breeding during different years, although he did not correlate 

these differences with changes in the available food supply. By combining 

his data for all years for females one to four years old~ he showed that 

only 34% of females one and two years old had placental scars whereas 85% 

of those three years old or older had scars. However, his data also showed 

that the percentage of one- and two-year old females breeding in different 

years and in different areas varied from 11.9 to 81.8% with intermediate 

values of 71.4,71.4,70.6, 66.7,42.4 and 19.6%. Among all age groups 

trapped by hunters in the central District of Keewatin and Eskimo Point 

on the eastern fringe of the district, significantly more females bore 

scars in 1961-1962 than in 1962-1963. His data also showed that this 

difference was due to a high portion of one- and two-year aIds breeding in 

1961. However, the small proportion (11.9%) of two-year old females that 

bred in the central District of Keewatin in 1962 were probably experienced 

breeders as 70.6% of that cohort had been pregnant in 1961. 

The analyses for 1961-1962 and 1962-1963 are important because: 

a) the lemming density in 1961 was high but had begun to decline in t/le ea.r(y 5prl1l8 

of 1960 and reached the low point of the cycle in 1962. The greatest decrease 

in lemming density during his study occurred between the summer of 1961 

and 1962. b) The frequencies of dens occupied in late spring of 1961 

and 1962 were the highest and lowest recorded for his study and the 

difference is significant X2 = 39.57 (P<O.Ol). 

Macpherson concluded that the only factor responsible for the 

large increase and decrease in the proportion of dens active in the 
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early spring of 1961 and 1962 respectively was the large population of faxes 

breeding in the spring of 1961 and the low numbers breeding in 1962. 

He explained the large proportion of one- and two-year old foxes breeding 

in 1961 by saying that these foxes breed only once; in their first year 

if the population is large, and in their second if it is small. However, 

this interpretation can be questioned because high proportions of dens were 

occupied for breeding following one or two consecutive years of poor 

reproductive success. This is evident from my 1970 records for spring den 

activi ty (Table 2) and for 1960 and 1963 from Macpherson's data. 

Sadleir (1969) states that the lack of sufficient nutrition can 

reduce reproduction in feral mammal populations, retard the growth of embryos 

or cause resorbtion or abortion to occur. Perhaps more important is the 

effect insufficient nutrition has on the timing of the oestrous cycle as 

it can delay the initiation of breeding and pUberty. Furthermore "there 

can be considerable effect of nutrition on regimes which can last for at least 

12 months". Chirkova (1951) stressed the importance of food to arctic fox 

reproduction in all seasons. She suggested that the autumn food supply 

was especially important as the production of germ cells for the following 

season begins in autumn in both sexes, and poor nutrition may result in 

a delay of the breeding cycle. For arctic foxes this delay would be critical 

because of the short summer breeding season in the arctic. Results from 

an intensive study of red fox reproduction in Sweden, (Englund, 1970) 

showed that variations of almost six-fold in fox productivity could be 

related to pre-implantation and early post-implantation losses as well as 

the absence of oestrus. The resulting lack of placental scars (barrenness) 

was especially evident in yearling female foxes the summer following an 
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early winter crash of the microtine population in the northern forests of 

the country. 

Nutritional demands during the second half of pregnancy are 

appreciable as mammary tissue enlarges, weight is gained by the female 

and the foetuses have a high nutritive requirement (Sadleir, 1969). 

The nutritional demand upon female arctic foxes during the second half 

of pregnancy would be especially severe because of the large mean litter 

size of 10.6 (Macpherson, 1969). Chirkova et al., 1959, in Bannikov, 1969) 

found that in years of low lemming density almost one-third of the embryos 

of each female were resorbed at various stages of pregnancy. 

The relationship between low reproduction in populations 

and poor nutritional supply has been documented for many wild numnnal 

species (Sadleir, 1969). The longest periods of reproductive interruptions 

are exhibited by species living in tundra, hot and cold deserts. and. grassland 

biomes. 

Breeding failures of pomarine jaegers which depend on lemmings for 

the major portion of their food supply have been observed during the 

breeding season at Barrow, Alaska (Maher, 1970). The density of breeding 

pairs is regulated by lemming density present in low lemming years but by 

territorial behaviour in peak lemming years. During lemming lows the jaegers 

fail to breed and depend on other food resources in the area during the 

summer. In the cold desert of the Urals, U. S. S. R., the steppe lemming 

(Lagurus lagurus) reproduces continually under favorable conditions; 

however, drought and consequent poor nutrition result in reproductive 

inhibition (Sadleir, 1969). In Australia a high proportion of female red 

kangaroos (Megaleia Tufa) and euros (Macropus robustus) ovulate after the 
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cessation of drought conditions and the onset of rains and the production 

of green grass. During a prolonged drought in Queensland, grey kangaroos 

(Macropus gigantus) stopped reproduction for 16 months (Sadleir, 1969). 

Although unmentioned by Macpherson (1969), I believe that insufficient 

nutrition (low lemming densities) for foxes between breeding seasons may delay 

oestrus and increase pre-natal mortality in a large segment of the population. 

Insufficient nutrition in winter would have its greatest effect on yearling 

females which are still growing during their first winter and would delay 

or inhibit their first oestrus or cause pre-implantation or early post~

implantation losses. This argument is supported by the high and low 

proportions of one-year old foxes reproducing during years of abundant and 

low lemming numbers respectively. Furthermore, insufficient food during the 

late stages of pregnancy could cause abortion or resorption ,of a portion 

or all of the embryos (Chirkova. et al., 1959 and Englund, 1970). This 

breeding failure would be evident from the reduced frequency of dens active 

at the beginning of the breeding season. Evidence to support this hypothesis 

comes from annual differences in summer densities of lemmings, 

den activity and records of snowfall accumulation in October and thawing 

conditions in June between 1967 and 1970. 

During the fall of 1968 Lemmus densities were reasonably high and 

the population was distributed throughout the low--lying habitats. However, 

this population appears to have suffered unusually high mortality in October 

due to adverse climatic conditions (p. 13 ). This period of thaw followed 

by severe cold with insufficient snow inSUlation probably killed a large 

portion of the lemming popUlation in exposed areas and accounted for the 

low average densities of lemmings in the spring of 1969. Animals which occupied 

the lower slopes of hills probably had a relatively high survival rate because 
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5. B~IAVIOUR AND }~BITAT SELECTION OF HUNTING ARCTIC FOXES WITH RELATION 

TO THE HABITAT AND DENSITY OF THEIR PREY 

5.1. Methods and Materials 

5.1.1. Observation periods and sites 

Dens 154 and 28 were intensively observed to study hunting behaviour/n /910, 

Observations were carried out for periods ranging from two to four days and 

were made at intervals throughout most of the denning period. These two 

dens were selected for intensive observations because a reliable index of 

hunting behaviour could be obtained from a single position high above and 

close to the den sites. Observation sites were located 200 m (656 ft) 

and 400 m(1312 ft) from dens 154 and 28, respectively. Three additional 

dens (16,27 and 13) were also observed for brief periods to supplement 

data collected at these two dens. A spotting scope was used for observations 

and notes on fox activities were recorded with a tape recorder. 

During JUly, observations lasted for most of 

24-hour periods. The dates and durations of observation periods at all 

dens are shown in Appendix B. 

5.1.2. Hunting area 

The observed hunting area within which the breeding pairs confined 

their hunting was measured on maps. To do this, the most distant 

positions from the den that foxes were observed to reach.were connected 

by straight lines. The area of all lakes and rivers was subtracted from 

the total area to obtain the total land area used. 

A suspected hunting area was also calculated by a similar 

method based on the presence of preferred hunting habitat and the duration 
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of hunts carried out beyond my limits of observation. 

5.1.3. Distribution of hunting time and hunts within the hunting area 

The distribution of hunting time within the hunting area at dens 

154 and 28 was analyzed by drawing circles on maps at distances of 

200, 400 and 600 m (656, 1312 and 1968 ft) from the den. The total area 

within. each circle was defined as a hunting radius, whereas the area 

between consecutive circles was defined as a hunting annulus. Therefore, 

each hunting radius contained one or more hunting annuli. When a 

hunting radius is discussed all hunts or hunting time that occurred within 

all annuli included by the radius are considered. 

5.1.4. Simultaneous hunting by the breeding adults at den 154 

The proximity of den 154 adults as they hunted simultaneously 

was calculated by measuring the minimum distance between one fox as it 

hunted within an annulus and the other as it moved from one annulus to the 

next. The time required by a fox moving from one annulus to another~to

cross each annulus was also recorded. A total of 25 hr of simultaneous 

hunting was observed in 220 time intervals. However, only 9 hr of 

hunting observation and 119 time intervals were recorded when both adults 

were in sight. The distances between the male and female were divided 

into seven 100 m intervals from 0-100 m to more than 600 m. 

5.1.5. Description of lemming habitats 

Lemming habitats were described by Krebs (1964) at Aberdeen Lake 

in association with his studies of lemming cycles and I have adopted them 

for this study. Only dominant plant species within the habitats are 

mentioned. 



36

Lichen-heath 

Lichen-heath habitat is found on xeric hilltops. Up to 40% of this 

habitat consists of gravel and exposed rock sparsely covered by a variety 

of crustose and foliose lichens. Black lichen (Alectoria nigricans) 

frequently forms large pure mats up to 61 cm (2 ft) in diameter or is 

mixed with clumps of caribou moss (Cladonia spp.), Labrador tea (Ledum 

decumbens) and mountain cranberry (Vaccinium Vitis-idaea). In areas 

where wa.ter accumulates temporarily, mats of crowberry (Empetrum nigrum), 

grasses, mosses and tufts of cotton grass (Eriophorum spp.) are 

also present. Lemming burrows commonly occur under large rocks or in 

cracks between them or are dug into sandy mounds. 

Heath-sedge 

Heath-sedge habitat is found on well-drained slopes of hills or 

gently rolling sandy regions. Ledum, Eriophorum spp., Vaccinium and mosses 

are the.most common plant species and are interspersed with grasses, 

baked-apple (Rubus chamaemorus) and arctic white-heather (Cassiope tetragona). 

Lemming burrows are not common in this habitat and are dug into sandy 

soil where they occur. 

Heath-sedge....hummock 

Heath-sedge-hummock habitat possesses the same vegetation in 

similar proportions to the heath-sedge habitat; however, it is conspicuously 

segregated with relation to the drainage gradient about the hummocks 

(Britton, 1957). Foliose lichens, Ledum and Vaccinium occupy the tops of 

hummocks whereas Eriophorum spp., Carex spp., Sphagnum and other mosses 

and Betula glandulosa occupy the lower slopes and troughs between. 
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Segregation is related to the size of the peaty hummocks. These range 

from 30 cm (1 ft) in diam and 15 cm (6 inches) in height in the better 

drained areas to 6.1 m long, 1.8 m wide and 1.0 m high (20-6-3 ft) 

on lake shores. In wetter areas hummocks are frequently broken-sided due 

to annual freezing and thawing of saturated soils (Britton, 1957). Lemming 

burrows dug into these hummocks probably facilitate their erosion 

(Tikhomirov, 1959). 

Sedge-hummock 

Sedge-hummock habitat is always located beside marshes, small lakes, 

meandering streams or continuously moist sloping depressions between gently 

rolling hills. Ledum occupies the tops of hummocks with Eriophorum spp. 

covering the sides and troughs as well. Carex spp., Sph~um and other 

mosses also cover the lower slopes and troughs. The hummocks are usually 

round or knobular from tufts of Eriophorum spp. growing on. them. The 

hummocks range from 30 to 90 cm (1-3 ft) in diam and 20 to 40 cm (8-16 inches) 

in height. Their sides are not eroding even though they are frequently 

riddled with lemming burrows. 

Sedge-tussock 

Sedge-tussock habitat is infrequent in the study area and occurs 

next to large marshes and continuously moist, depressed areas. The 

tussocks of Eriophorum spp. are composed of dense, dead and decomposing 

vegetation and frequently range up to 30 cm (12 inches) in diam and 

45 cm (18 inches) to the tops of flowering stems. Ledum.is usually 

dispersed among the stem bases and Sphagnum and Carex spp. grow between 

the tussocks. Lemming burrows are usually located in the bases of the 
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larger tussocks. 

Sedge-marsh 

Sedge-marsh habitat occurs in lowlying level or gentle sloping 

regions and is frequently dissected by meandering creeks or covered 

by shallow temporary ponds. Carex spp., Eriophorum spp •., Sphagnum 

and other mosses and a few grasses compose the lush growth of vegetation. 

The marshes usually dry out by early July but tend to become soggy immediately 

after heavy rains. In July, tunnels constructed by lemmings during the 

winter can frequently be seen running through the vegetation. Dispersed 

within all marshes are islands of sedge-tussock and sedge-hummock habitat 

which are invariably riddled with lemming burrows. 

Figure 6 shows lichen-heath habitat whereas Figure 7 shows lichen

heath and heath-sedge habitat on a hillside. Heath-sedge-hummock 

habitat and the edge of sedge-hummock and sedge-marsh habitats are seen 

in Figures 8 and 9, respectively. The entrance of a Dicrostonyx burrow 

in lichen-heath habitat and a Lemmus burrow entrance in heath-sedge-hummock 

habitat are shown in Figures 10 and 11. 

5.1.6. Habitat selection by lemmings 

From snap trapping studies the number of captures of each lemming 

species in each habitat was divided by the number of standard trapnights 

conducted in each habitat. The (STI) values for each species for all 

habitats were added and the percentage (STI) was calculated for each 

habitat. 

5.1.7. Description of arctic fox hunting habitats 

The hunting habitats of arctic foxes were the same as'those for 
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Lichen-heath habitat on a hilltop. July 1969. 

Figure 7. Lichen-heath and heath-sedge habitats on a hillside. 

July 1970. 
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Figure 8. Heath-sedge-hummock habitat. The hummocks in the 

fore-ground are over 30 em high. July 1969. 

Figure 9. The edge of sedge-hummock and sedge-marsh habitats. 

July 1970. 
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Figure 10. Entrance of a Dicrostonyx burrow in lichen-heath 

habitat. The rock is about 20 em in diam. August 

1970. 

Figure 11. Entrance of a Lemmus burrow in heath-sedge~hummock

habitat. August 1970. 
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lemmings with the following exceptions. 

Sedge-tussock habitat was combined with sedge-hummock habitat 

as the former was rare within the hunting areas of both·dens. Brush

patches of Betula or Salix were separated from the heath-sedge habitat 

upon which they grew because a specific type of hunting behaviour was 

characteristic in the patches. Lake-edge habitat with Carexand 

Eriophorum spp. was defined for den 154 because a characteristic 

hunting behaviour occurred in it. Sandy-beach habitat was defined for 

den 28 as it was frequently travelled by hunting foxes. Sedge-marsh 

habitat was deleted from den 28 analyses as the habitat was rare within 

the hunting area. 

The proportions of various lemming habitats within the region 

surrounding dens 154 and 28 were calculated. 

5.1.8. Definitions of arctic fox hunting behaviour 

Hunting period: The total time between the first departure of an adult 

fox from the den in the evening of one day and the last arrival of either 

adult in the morning of the following day. A non-hunting period was 

the converse of the former. 

Hunt: The total time spent between departure and arrival at the den during 

which behaviour facilitating the capture of lemmings was observed. In 

cases of unobserved hunts the presence of lemmings in the mouth of an 

adult fox indicated hunting had occurred. 

Den attentiveness: All time spent at the den by either the male or female 

fox during a hunting period. 

Hunting intensity: Four classifications based on the speed and behaviour 

of hunting foxes. Intensity 0: No hunting, adult fox lying down, running 
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or defending the den, habitats not recorded. Intensity 1: Steady lope 

with wide sweeps, direction of hunt evident, occasional brief stops. 

Intensity 2: Slow lope with narrow sweeps, direction of hunt not always 

discernible, frequent stops of varying length, infrequent periods of 

brief digging. Intensity 3: Walking or stalking only, direction not 

discernible, area of activity restricted to about 85 m2 (lOO sq yards), 

majority of time spent digging or watching at lemming holes, kills frequent. 

Capture behaviour: The behaviour exhibited preliminary to the grasping 

or attempted grasping of a lemming. Digging: Digging with one or both 

front feet at vegetation or peat at lemming holes, pulling vegetation with 

teeth; alternated with brief interval of watching or listening at one or 

more lemming holes. Freezing: Body still; semi-crouch, tail extended, 

head low and pointed straight ahead, ears perked: preliminary to stalking, 

dashing, leaping or pouncing. Stalking: Semi-crouch position, tail 

extended, head low and pointed straight ahead, ears perked; legs move 

slowly and deliberately: preliminary to a dash, leap or pounce. Lunging: 

Carried out from a standing position or walking slowly, frequently 

accompanied by one or two quick steps and a rapid turn. Dashing: Short 

dash: one to two m (4-8 ft). Long dash: 2.5-4.5 m (8-15ft). Carried 

out from a freezing or standing position or stalking, walking or loping. 

Pouncing: Rearing up on hind quarters, tail up and landing with both front 

paws together with head between. Frequently followed by digging, lunging 

or dashing. Leaping: Jumping about two feet off the ground, tail held 

high; four paws together upon landing, head snaps down quickly after landing. 

Frequently followed by digging. 



5.2. Results and discussion 

5.2.1. Hunting area 

Observed and suspected hunting areas for dens 154 and 28 
mapped

respectively areAon Figures 12 and 13. The distribution of lemming 

habitats within the region of each den is also shown. 

The hunting area for the faxes at den 154 in terms of land area 

was 1. 5 km2 (0.6 sq miles) observed and 2.4 krn2 (0.9 sq miles) suspected. 

The observed and suspected values for den 28 were 1.8 krn2 (0.7 sq miles) 

and 3.4 km2 (1.3 sq miles), respectively. The values for the observed 

and suspected hunting area at both dens were within the same order of 

magnitude. The majority of positions recorded for calculating the hunting 

area at both dens were obtained from hunts carried out by the male faxes. 

The mean suspected hunting area of 2.9 krn2 (1.1 sq miles) 

for dens 154 and 28 is similar to the home range size of 2 km2 reported 

by Skrobov (1968) for centers of concentration of arctic fox in the 

Bolshezemelskaya and Malazemelskaya tundras of the U.S.S.R. during years of 

food abundance. Skrobov also noted that the home area of foxes may vary 

by a factor of six, depending on the abundance of food. A single three-

hour observation of the hunting male from den 28 in June of 1968 showed that 

this fox travelled almost 3.2 krn (2 miles) from the den. This observation 

suggests that the hunting area of faxes in the study area increases when 

lemming densities are as low as those recorded for 1968. Increases in 

hunting area were also noted by Skrobov (1968) in different tundra 

regions of the U.S.S.R. where food supplies were not plentiful. The small 

hunting area at both dens in 1970 may be accounted for by the high density 

of lemming throughout the summer. Furthermore, it may be suggested that 
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dens located on small islands and dens located in close proximity could 

be used for breeding during lemming highs. 

5.2.2. Hunting periods 

Figures 14 and 15 show the daily observation activities and 

the time of initiation and completion of hunting periods for each 

observation period at dens 154 and 28, respectively. Data for the 

observation period at den 154 on August 5 are not shown as only 1.5 hr 

was spent observing the den. 

All hunting periods were initiated after 1600 hr and were 

completed by 1000 hr the following day. The den 28 male began hunting 

between 1800 and 2000 hr in the first two observation periods, and hunting 

periods were initiated between 2100 and 2400 hr in the remaining observation 

periods. This change in the initiation of the hunting period may be 

explained by the male's apparent sensitivity to swarms of mosquitoes and 

sand flies which were active until about 2300 hr during the latter three 

periods. He also seemed reluctant to leave the den when large herds of 

caribou were in the hunting area. On June 30 the presence of a wolf in the 

area was probably responsible for the late start of the hunting period. 

At 0430 hr the following morning, the wolf came to the den and was 

drawn off by the male fox. 

The foxes at den 154 consistently initiated the hunting period 

between 1600 and 1800 hr. The completion of only three hunts was 

observed at den 28 and no conclusions could be drawn concerning their 

variability. All hunts at den 154 were completed between 0700 and 1000 hr. 

The failure of the foxes at both dens to hunt between 1000 and 1600 

hr was probably because of the lack of lemming activity during the middle 
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of the day. Results from three traplines run in late June, early July 

and early August showed that consistently more lemmings of both species 

were captured between 1800 and 0600 hr than between 0600 and 1800 hr. 

Furthermore, lemmings were frequently seen during the night, late evening 

and early morning hours, but seldom during the hotter periods of the day. 

No conclusions relating to changes in the duration ot hunting 

periods in the denning period could be drawn from these data. 

5.2.3. Frequency and duration of hunts 

Figure 16 shows the proportion of hunting time and hunts 

carried out by the male and female at den 154 and the den 28 male within 

various 20-minute intervals. Data for this figure were collected between 

June 24 and July 29 for den 154 and between May 30 and July 2 for den 28. 

Data for July 10-11 and JUly 21-22 at den 28 were not included as sustained 

observations of the foxes could not be made. Results for the den 28 female 

are not given because she spent almost all her time at the den during the 

first three observation periods. 

The figure shows that the den 154 female restricted all her hunts 

to less than 180 min and the den 28 male restricted his to 140 min. In 

contrast, 40.0% of all hunting time and 15.4% of all hunts by the den 154 

male ranged between 180 and 300 min. 

The den 154 female and the den 28 male spent 39.3 and 44.6% 

of their respective hunting time on hunts of less than 60 min. These 

foxes also carried out 70.5 and 75.6% of their respective hunts within 

less than 60 min. In contrast, the den 154 male spent 13.3 and 46.1% 

of his total hunting time and hunts respectively in periods of 60 min or 

less. The mean duration for each hunt was 38.0, 46.8 and 85.4 min for the 
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den 28 male, the den 154 female and the den 154 male, respectively. 

An ap..alysis of variance (Sakal and Rohlf,1969) of duration 

of all hunts carried out by each of the three animals showed that there 

was a significant difference (P<O.Ol) between the den 154 male and den 154 

female as well as the two males. However, there was no significant 

difference between the den 154 female and the den 28 male. 

Although the total time devoted to hunting by the den 154 

male was significantly greater than that of his mate, she carried out 1.3 

times as many hunts (not sig.) as the male. In comparison, the den 28 

female carried out only six hunts during observation periods between 

May 30 and July 22. 

5.2.4. NUInber of hunts conducted during hunting periods 

The number of hunts conducted by the male and female foxes at 

dens 154 and 28 during hunting periods partially or completely observed 

is in Table 3. 

The male and female at both dens hunted during all observat ion 

periods except between June 17-19 when the den 28 female did not hunt. 

The two hunts conducted by the den 28 female during the night, of May 30 

when she was in the late stages of pregnancy and during the next observation 

period when she did not hunt,she was no longer pregnant and was lactating. 

She did leave the den on six occasions during this period, but ventured 

less than 200m from the den and was never gone for more than 13 min. 

She walked and loped about, rolled and urinated frequently and drank from 

the lake once. During the June 29-July 2 observation period, she only 

hunted once. However, by JUly.21-22 she was seen hunting three times during 
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Table 3. Numbers of observed hunts conducted by breeding foxes at dens 154 and 

28 during hunting periods in 1970. 

Min of Number of hunts 

Date Den observation male female both 

May 30 28 202 4 1 5 
May 31 28 188 5 1 6 

June 17 28 207 2 0 2 
June 18-19 28 383 6 0 6 
June 19 28 228 4 0 4 

June 24....25 154 359 3 6 9 
June 25 154 205 3 2 5 
June 26 154 325 1 3 4 
June 27 154 281 2 4 6 

June 29....30 28 555+ 9 0 9 
June 30....July 1 28 501* 11 1 12 
JUly 1-2 28 219* 4 o . 4 

July 4-5 154 969* 10 12 22 
JUly 5-6 154 915* 8 7 15 
July 6-7 154 802* 8 13 21 

JUly 11....12 28 234+ 21 11 31 

July 15-16 154 708+ 5 11 16 
July 16-17 154 820* 7 6 13 
July 17-18 154 751* 9 5 14 

JUly 21-22 28 683* 41 3 71 

JUly 28-29 154 589+ 6 9 15 
July 29 154 311 3 7 10 

+ Majority of hunting period observed. 
* Entire hunting period observed. 
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a single hunting period and returned with lemmings on two occasions which 

suggested that she was beginning to take a more active part in supplying 

food to the den. During the four observation periods at den 154 the 

female consistently performed more hunts than the male. Although this 

relationship. did not hold for each and every hunting period,the values 

for the female were very similar to those of the male when she carried 

out fewer hunts than the male. The average number of hunts carried out 

by both foxes, during hunting periods entirely or almost entirely observed, 

was 16.6. However, the number of hunts carried out during consecutive 

hunting periods was quite variable and varied by a maximum of 32.0% 

between JUly 4-5 and 5-6. 

Although the data for the latter two observation periods at den 

28 in JUly are poor, the results indicate that the adults carried out far 

fewer hunts than the adults at den 154. The den 28 whelps were about four 

weeks younger than those at den 154 and there were only six, half the 

number at den 154, which may explain the difference in hunting intensity 

between the two pairs. 

Although the frequency of hunts by the males and females at dens 

13, 16 and. 27 was not determined, observations at these dens showed that 

both adults hunted and returned lemmings to the den during July. These 

observations support the evidence from dens 154 and 28·that both male and 

female arctic foxes hunt and return with food for their whelps. 

5.2.5. Den attentiveness 

The den 154 male and the den 28 male spent 21.0% (1478 min) and 
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31.0% (769 min) of their respective hunting periods attending the den. 

In comparison, the den 154 and the den 28 females spent 43.4% (3052 min) 

and 92.0%(2282 min) of their respective hunting periods att~nding the 

den and both values were significantly higher than those of their 

respective .mates. Approximately 11.0 and 29.4% of the hunting periods 

was spent by both adults attending dens 154 and 28, respectively. 

5.2.6. Distribution of hunts and hunting time within the hunting area 

Table 4 shows the hunting time spent within various 200 m annuli 

and radii and the number of hunts that were carried out within radii 

by each member of the breeding pair at den 154 and t.he den· 28 male. 

The data include observations from June 24-July 29 and from May 30-July 2 

for dens 154 and 28, respectively. The data also include 86.5, 73.3 and 77.1% 

of the observed total hunting time and 74.4, 82.4 and 80.0% of all observed 

hunts carried out by the den 154 male, the den 154 female and the den 28 

male, respectively. Most hunting activities occurring beyond 600 m (1968 ft) 

from the den could not be monitored. Chi-square tests were used to compare 

differences and all differences stated are significant at (P<O. 05) . 

A comparison of the results for the male and female at den 154 

(Table 4) showed no difference in the proportion of the total hunting time 

each spent within the 0-200 m (0-656 ft) annulus; the female spent more 

time in annuli 200-400 (656-1312 ft) and 400-600 m (1312-1968 ft) than 

the male; and the male spent more hunting time beyond 600 mthan the female. 

A comparison of total hunting time spent within different radii showed no 

difference in the proportion of hunting time spent within radius 0-200 m 



Table 4. Proportions of hunting time spent within annuli and hunting radii and the number of hunts within hunting 

Sex 

radi i by the male and female foxes at den 154 and the male at den 28. 

Hunting Annuli (m) Hunting radii 

radii 0-200 200-400 400-600 600+ Total 
(m) Min % Min % Min % Min % Min % 

Hunts 
No. % 

male 
den 154 

200 
400 
600 
600+ 

386 
59 
32 

147 

100 
22 
14 

5 

212 
40 

447 

78 
18 
15 

157 
474 

69 
16 1851 64 

386 
271 
229 

2919 

10 
7 
6 

77 

17 
6 
5 

21 

35 
12 
10 
43 

Annuli 

female 
den 154 

Totals 
Percent 

200 
400 
600 
600+ 

624 
16 

270 
27 
77 

127 

100 
17 
12 

7 

669 
18 

132 
243 
288 

83 
39 
16 

631 
17 

300 
396 

48 
21 

1851 
49 

1051 56 

3805 

270 
159 
620 

1862 

100.0 

9 
6 

21 
64 

49 

29 
5 

11 
25 

100.0 

41 
7 

16 
36 

Vl 
0'\ 

Annuli Totals 
Percent 

501 
17 

663 
23 

696 
24 

1051 
36 

2911 100.0 70 100.0 

male 
den 28 

200 
400 
600 
600+ 

79 
667 

96 
86 

100 
46 
39 
10 

80 
50 
85 

54 
20 
10 

100 
200 

41 
24 479 56 

79 
147 
246 
850 

6 
11 
19 
64 

9 
8 
8 

11 

25 
22 
22 
31 

Annuli Totals 
Percent 

328 
25 

215 
16 

300 
23 

479 
36 

1322 100.0 36 100.0 
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by each fox; the female spent more time within 0-400 and 0-600 m radii than 

the male; and the male spent more time beyond 600 m of the den than 

the female. There was no difference in the proportion of total hunts 

carried out by each sex within each of the radii. 

A comparison of the results for each adult at den 154 showed that 

both animals spent a larger portion of their time on hunts which extended 

beyond 600 m from the den than on all other hunts. However, a comparison 

of the total hunting time beyond 600 m and within 600 mofthe den showed 

no difference for the male whereas the female spent more time hunting 

within 600 mof the den than beyond. There was no significant difference 

in the number of hunts carried out within 0-200 and beyond 600 m for 

each fox; however, the number of hunts conducted within 0-400 and 0-600 m 

radii were similar and significantly lower than the other two values for 

each fox. 

Analysis of the results for the den 28 male showed that he spent most 

of his time on hunts beyond 600 m of the den, as did the den 154 faxes; 

however, the den 28 male spent more time within 600 m 

of the den than beyond. There was no difference between radii in the 

number of hunts in each. These results differed from the significant 

differences recorded for each of the den 154 faxes. 

A comparison of the results for the two males showed that the den 154 

male spent proportionally more time hunting within radii 0-200 m and 

beyond 600 mwhereas the den 28 male spent more time within radii 0-400 and 

0-600 m. The den 154 male spent proportionally more time hunting beyond 

600 m than in each of the other annuli whereas the den 28 male spent more 

time in annuli 0-200 and 400-600 m than in the other annuli. There was 
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no difference in the number of hunts conducted by the males within 

each radius~

A comparison of the den 28 male and the den 154 female showed 

that the female spent a larger portion of her hunting time within 

radius 0-200 mwhereas the male spent more time within 0-400 m. However, 

there was no difference in the amount of hunting time spent within radius 

0-600 m and beyond 600 m. The male spent a larger portion of his time 

hunting within annulus 0-200 m and the female spent more time within 

annulus 200-400 m but there was no difference between the faxes for 

the time spent in the two other radii. No difference was recorded in the 

number of hunts carried out by both foxes in each radius. 

In summary, (Table 4) the den 154 male spent significantly 

more of his time hunting beyond 600 m from the den than his mate and the 

den 28 male. Although all three faxes spent most of their time on hunts 

which carried them beyond 600 m, the den 154 female and the den 28 male 

spent more hunting time within 600 m of the den than beyond whereas the 

den 154 male spent almost the same amount of time within and beyond 600 m 

of the den. The similarity of the results for different annuli for the 

den 154 female and the den 28 male as opposed to the den 154 male suggests 

that the hunting behaviour for the former two faxes was very similar. Although 

there was no difference in the number of hunts conducted in each radiusby 

all three faxes, the pair at den 154 conducted fewer hunts in the 0-400 and 

0-600 m radii compared to each of the remaining two radii. 

A striking feature of the table is the similarity of the percentage 

hunting time spent by all three faxes within all annuli contained within 
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each radius. It can be seen that in most cases the percentage hunting 

time within all annuli contained by the most external r-adius are much lower 

than the value for the external annulus. The results for the den 28 

male are not so widely different as those for the pair at den 154 

as many of his hunts during the first observation period May 30-31 were 

restricted to less than 400 m from the den. 

The routes used by hunting arctic foxes are shown in Figures 17 

and 18 for den 154 and 28, respectively. The 600 m (1986 ft) radius 

surrounding each den is also shown. The above figures maybe compared 

to Figures 12 and 13 (p. 45 and 46 ) which show the distribution of lemming 

habitats in each of the hunting areas. 

The routes shown indicate regions where the foxes frequently 

hunted successfully or lead to regions where hunting was frequently 

successful. During each hunt the faxes typically proceeded from the den 

and returned along the same route. 

The den 154 foxes followed several specific routes within 300 m 

of the den as they travelled to hunting regions more than 600 m away. 

They often proceeded directly to the narrows between the two lakes which 

they swam or waded, then headed up the hillsides in a south-easterly 

direction or hunted along the lakeshore before heading up the hillsides. 

The foxes also travelled directly from the den to a creek 400 m to the 

south-east and across it at one particular point even though the creek could 

be crossed at several locations. After crossing the creek and the marsh 

beyond they followed one of the various routes shown in the figure. 

The den 28 male frequently proceeded north along the lakeshore 
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and passed between the gently rolling hills aligned at rightangles to 

the shore. He also hunted in an westerly direction along the banks of 

the creek which flows towards Aberdeen Lake. He typically hunted for 

200 to 300 m along the creek before proceeding in a southerly or 

northerly direction; however, on several occasions he continued up the 

creek, crossed a sandy esker and hunted in an area over 1000 m from the 

den. During late May and mid-June the male often hunted in a southerly 

direction along the lakeshore before proceeding into the meadow behind 

the shore or hunting in habitats farther south. 

The'se results indicate that the foxes did not search each annulus 

with respect to the land area present as they extended their hunts from 

the den. Detailed observations of the hunting behaviour of all three faxes 

showed that they walked or loped away from the den and in most cases 

weaved back and forth. If a lemming was killed during one of their 

frequent stops, it was deposited under some vegetation and intensive 

hunting continued. If no further lemming; could be located the fox continued 

on. However, if more lemmings were present the fox usually killed three 

or four more, picked up the entire catch and returned to the den. Animals 

killed and deposited during the outward phase of long hunts were collected 

on the return trip to the den. However, if the fox returned to the den 

by a different route the lemmings might be picked up four to six hr later 

during the return from another hunt. Usually the foxes returned directly to 

the den after they had captured their lemmings, although kills did occur 

on less than 10 occasions as the foxes returned to the den. Typically the 

freshly killed lemming was included with those the fox carried and was returned 

to the den. 
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The consistency of this behaviour in all observation periods at 

both dens suggests the faxes did not hunt randomly but hunted as they 

travelled towards areas where hunting had been successful in the past 

or to places where they might expect successful hunting. Furthermore, the 

faxes at den 154 and male at den 28 followed specific routes as they 

hunted, especially within an area of about 400 m of the den site (Figs. 17 

and 18). 

5.2.7. Spatial relationship of hunting faxes at den 154 

Table 5. Time spent by den 154 adults hunting simultaneously within 

several 100 m intervals of each other. 

Distance intervals in meters 

Description 
0 

100 
100
200 

200
300 

300
400 

400
500 

500
600 600+ 

Time in min 62 108 77 104 75 27 86 

% of time 11.5 20.0 14.3 19.3 13.9 5.0 16.0 

No. of time 
intervals 16 23 16 17 15 17 15 

The den 154 adults tended not to hunt together (Table 5) as 

only 11.5% of the simultaneous hunting time conducted by this pair 

occurred within less than 100 m of each other. However, if all observations 

of simultaneous hunting are considered, including also those times when one 

of the pair was out of sight beyond 600 m from the den, only 4.1% of all 

simultaneous hunting occurred within less than 100 m. 
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Many of the observations within 100 m were of one fox hunting 

50 to 100 m in front of or parallel to its mate. The pair travelled 

together on five occasions for 11 min and covered about l200m(3900 ft). 

On four of these occasions the pair left the den together and separated 

after loping steadily for about 200-300 m (660-950 ft). No indication 

of cooperative hunting was ever observed; (in other words one fox digging 

for lemmings while the other captured them). Neither adult ever picked 

up lemmings that its mate had killed and cached. 

5.2.8. Hunting intensity 

Table 6 shows the percentage of the total hunting time spent 

at each of the four classifications of hunting intensity during each 

observation period by the male and female at den 154 and the male at den 28. 

Data for the den 28 female were not included as her hunting time was 

insignificant compared to that of the other three foxes. 

An examination of the mean values in the table showed that the 

male foxes, especially the den 154 male, exhibited significantly more 

(0) hunting intensity or periods of lying down or den defence during 

hunts than the female. A comparison of the mean frequencies of (1), (2) 

and (3) hunting intensity for all faxes showed that the den 28 male 

devoted a significantly smaller portion of his hunting time to intense 

hunting than the den 154 male and female. Furthermore, the proportion 

of hunting time spent by this fox at intensities (1) and (2) was 

significantly higher than the respective values for the other two foxes. 

A comparison of the mean values for the pair at den 154 showed no significant 

difference in the proportion of hunting time spent at intensity (1); 
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Table 6. Percent hunting time in each observation period spent at eaeh 

of four classifications of hunting intensity by the foxes at 

dens 154 and 28. 

Observation Intensity Total
Den Sex period 0 1 2 3 min

154 female June 24-27 2 41 24 33 192
July 4- 8 1 28 43 29 599
July 15-18 5 26 22 47 364
July 28-29,Aug.5 6 21 10 64 198

Mean value: 3 28 30 39 1353
Mean for intensities 1,2,3 only: 29 31 41 1315

-----~-~-~~~-~------~--~-----------------------------~--~-------------------

154 male June 23-27 23 31 28 19 454
July 4- 8 23 22 34 21 641
July 15-18 7 22 23 49 448
July 28-29 14 6 39 41 119

Mean value: 18 23 29 29 1662
Mean for intensities 1,2,3 only: 28 36 36 1362

-~----_.~-~-~------------------------------------------------------~---------

28 male May 30-31 4 72 15 10 227
June 17-19 3 41 46 11 331
June 29-July 2 9 25 49 17 502

Mean value: 6 40 40 14 1060
Mean· for intensities 1,2,3 only: 43 43 14 995
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however ,the value for the male was significantly higher than that of 

the female for intensity (2) and the converse was true for intensity (3). 

For each animal the proportion of the hunting time spent at 

intensity( 0') was significantly smaller than at each of the other intensities. 

The den 154 female spent significantly more hunting time at intensity (3) 

than at (1) or (2) and there was no significant difference between the 

latter two intensities. The den 154 male spent significantly less of 

his hunting time at intensity (1) than intensities (2) and (3) and there 

was no significant differ between the latter two intensities. The 

values for the den 28 mal differed widely from the values for the den 154 

pair in that the proporti n of his hunting time spent at intensity (3) 

was signif~cantly less th the values for intensity (1) and (2) and 

the latter two values wer not significantly different. 

The table also sh ws that the proportion of intense hunting, (3), 

was increased by both adu ts at den 154 during later observation periods 

whereas the proportion of intensity (1) decreased. Between May 30 and 

July 2 the den 28 male gr atly decreased the proportion of his hunting 

time spent at intensity ( ) and increased the proportion of hunting time 

at intensities (2) and (3 • 

5.2.9. Habitat selection of lemmings and of hunting foxes 

5.2.9.1. Habitat selecti n of lemmings 

Table 7 shows the proportion of Lemmus and Dicrostonyx captured 

in six different habitats during five trapping intervals in 1970. The 

percentage values were ca culated from the STI values for each habitat. 
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Table 7. Habitat selection of Lemmus and Dicrostonyx; captured during 

five trapping intervals in 1970. Percent STI used as an 

index of selection. 

Habitat types* 

Date Species L.-H. H.-S. H.-S.-H. S.-T. S.-H. S.-M. Total 

May 25 ...28 Lemmus 1.6 13.3 16.3 0.0 21.0 47.9 100 
Dicros. 0.0 0.0 84.6 0.0 15.4 0.0 100 

June 1-4 Lemmus 8.6 20.9 13.5 41.8 15.2 0.0 100 
Dicros. 35.5 0.0 23.4 0.0 41.1 0.0 100 

June 20-23 Lemmus 12.7 24.6 21.6 12.5 28.6 0.0 100 
Dicros. 56.2 21.8 5.1 0.0 16.9 0.0 100 

July 8-11 Lemmus 0.0 32.4 7.0 32.4 13.0 14.9 100 
Dicros. 34.0 49.5 16.5 0.0 0.0 0.0 100 

Aug. 7-10 Lemmus 1.0 29.4 21.1 0.0 38.7 9.8 100 
Dicros. 82.0 0.0 18.0 0.0 0.0 0.0 100 

Mean 1970 Lemmus 3.1 18.4 13.8 15.0 23.6 26.1 100 
values Dicros. 45.5 16.1 26.5 0.0 12·9 0.0 100 

* L.-H. = Lichen-heath 
H.-S. = Heath-sedge 
H.-S.-H. = Heath-sedge-hunnnock 
S.-T. = Sedge-tussock 
S.-H. = Sedge-hummock 
S.-M. = Sedge-marsh 
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The proportion of Dicrostonyx trapped in the drier habitats, 

lichen-heath, heath-sedge and heath-sedge-hummock, increased gradually 

after May 28. The percentage captured in sedge-hummocks decreased 

rapidly between June 4-20 and none were trappedthere from early July onwa.rds. 

No Dicrostonyx were trapped in sedge marshes during the study. 

Most Lemmus were captured in heath-sedge, heath-sedge-hummock, 

sedge-hummock and sedge-tussock habitats during the last four trapping 

intervals. During the first trapping interval 47.9% of a.nimals were 

captured in sedge-marsh habitat that was covered with deep snow. However, 

the animals abandoned it during the next three days because of rapid 

flooding caused by the spring thaw. Lemmus began returning to the drying 

marshes after early JUly, although their density did not continue to 

increase because after mid-July rains flooded the marshes. A small 

portion of the Lemmus which emigrated from the marshes in early June 

were captured in lichen-heath habitat during the two trapping intervals 

that month; however, they were not captured in July and few were caught in 

early August. 

5.2.9.2. Habitat selection of hunting foxes 

The proportion of hunting time spent by the male and female at 

den 154 and the den 28 male in various hunting habitats are in Table 8. 

The hunting time includes all time spent by the foxes at intensities (1), 

(2) and (3) combined. In addition, Table 9 shows the proportion of hunting 

time spent at intensity (3) in various hunting habitats by the three foxes. 

All of the foxes carried out a significantly larger portion of their 

hunting in the moist heath-sedge-hummock, sedge-hummock, bush vatches; and 



Table 8. Percent time spent at hunting intens.ities (1), (2) and (3) in different habitats by adult foxes at dens 

28 and 154 during observation periods in 1970. 

Major Habitats*Total 
Obs ervat ion time L.-H. H.-S.-H. S. -II. 

Den Sex period (min) L.-H. H.-S. H.-S~-H. S.-H. B.-P. S.-H. S.-M. S.-M. L.E.V. 

154 female June 24-27 150 5·3 12.7 18.0 18.7 5.3 26.7 10.7 2.6 0.0 
July 4-6 500 0.4 6.0 10.9 27.4 8.7 32.4 12.2 1.0 1.0 
July 15-17 291 0.3 4.1 24.1 14.4 28.9 23.4 0.7 1.0 3.1 
July 28-29+Aug.5 157 0.0 0.0 30.3 0.0 7.6 59.2 0.0 1.9 1.0 

1098 
Mean percent 100.0 1.0 5.6 18.1 18.8 13.4 33.1 7.2 1.4 1.4 

154 male June 24-27 258 1.9 5.8 15.9 24.0 0.0 34.9 1.6 6.2 9.7 
0'\July 4-6 386 0.0 4.9 12.7 45.1 5.8 19.4 9.3 0.0 2.8 \0 

July 15-17 351 0.3 7.7 24.2 14.5 9.4 20.5 23.1 0.3 0.0 
JUly 28-29 157 1.0 10.4 13.6 69.8 3.1 2.1 0.0 0.0 0.0 

1091 
Mean percent 100.0 0.6 6.5 17.2 32.4 5.4 21.9 11.1 1.6 3.3 

--------------------~----------~--------------------------~------------------------------------------------------------~----
L.-H. H.-S.-H.
B.-S. L.-H. H.-S. H.-S.-H. S.-H. B.-P. S.-H.

28 male May 30-31 116 14.7 43.1 6.9 4.3 5.2 0.8 25.0 
June 17-19 296 13·5 22.3 4.1 0.8 32.1 2.0 25.2 
June 30-Ju1y 2 439 2·7 16.4 1.4 32.6 29.6 0.2 17.1 

851 
Mean percent 100.0 8.1 22.1 3.1 17.7 27.1 0.9 21.0 

* L.-H. = Lichen-heath B.-S. = Bush-patches 
L.-H. S.-H. = Sedge-hummock= Lichen-heath and Heath-sedgeH.-S. S.-H. = Sedge-hummock and sedge-marshH.-S.-H. = Heath-sedge hummock S.-M.
H.-S.-H. S. -M. = Sedge-marsh= Heath-sedge-hummock and sedge-hummockS.-H. L.E.V. = Lake edge with vegetation 
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Table 9. Percent time spent at hunting intensity (3) in different habitats by adult foxes at dens 28 and 154 

during observation periods in 1970. 

Major Habitats*Total 
Observation time L.-H. H.-S.-H. S.-H. 

Den Sex period (min) L.-H. H.-S. H.-S.-H. S.-H. B.-P. S.-H. S.-M. S.-M. L.E.V. 

154 female June 24-27 63 0.0 0.0 14.3 0.0 6.3 58.7 22.2 1.5 0.0 
July 4-6 172 0.0 0.0 4.1 3.5 16.3 61.6 14.5 0.0 0.0 
July 15-17 171 0.0 0.0 18.1 5.2 38.6 32.2 0.6 0.0 5.3 
July 28-29+Aug.5 126 0.0 0.0 21.0 0.0 6.0 73.0 0.0 0.0 0.0 

523 
Mean percent 100.0 0.0 0.0 13.4 2.8 19.9 54.5 7.5 0.2 1.7 

154 male June 24-27 87 0.0 0.0 8.0 5.8 0.0 50.6 0.0 10.3 25.3 
July 4-6 133.5 0.0 0.0 12.7 11.2 12.4 36.7 24.0 0.0 3.0 

-.:J
July 15-17 219 0.0 0.0 23.7 4.6 15.1 27.4 28.8 0.4 0.0 0 

July 28-29 49 0.0 0.0 10.2 79.6 6.1 4.1 0.0 0.0 0.0 
488.5 

Mean percent 100.0 0.0 0.0 16.6 14.1 10.7 31.7 19.5 2.1 5.3 
------------~----~------------~---------------~------------~------------------------------------------------

L.-H. H.-S.-H.
B.-S. L.-H. H.-S. H.-S.-H. S.-H. B.-P. S.-H.

28 male May 30-31 22 0.0 0.0 22.7 0.0 0.0 0.0 77.3
June 17-19 36 0.0 22.2 0.0 0.0 0.0 8.3 69.5
June 30- 85 0.0 0.0 0.0 54.1 12.9 1.2 31.8
July 2 

143 
Mean percent 100.0 0.0 5.6 3.5 32~1 7.7 2.8 48.3 

* L.-H. = Lichen-heath B.-S. = Bush-patches 
L.-H. S.-H. = Sedge-hummock= Lichen-heath and Heath-sedgeH.-S. S.-H. = Sedge-hurmnock and sedge-marshH.-S.-H. = Heath-sedge-hummock S.-M.
H.-S.-H. S.-M. = Sedge-marsh= Heath-sedge-hummock and sedge-hummockS.-H. L.E.V. = Lake edge with vegetation 
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the den 154 faxes also hunted in the edge of the sedge-marsh and sedge

hummock habitats. The drier habitats and the edges of lakes were not 

extensively hunted. However, a comparison of the proportion of hunting 

done by the den 28 male and the pair at den 154 in the drier habitats 

showed that the den 28 male carried out a significantly greater portion of his 

hunts in these habitats than the den 154 pair did. Furthermore, a comparison 

of the changes in the proportion of hunting in the drier habitats from 

Table 8 show that the values for successive observation periods decreased 

for the den 28 male and the den 154 female and the sum of the values for 

each of the two animals on June 24-27 and June 30-July 2 was almost the 

same. The values for the den 154 male also decreased in the first 

two observation periods but then increased in the latter two periods. 

A comparison of the distribution of lemming habitats within the 

hunting area of den 154 and the hunting routes used by the faxes (Figures 

12 and 17, p.45 and 60) shows that the hunting routes of the den 154 

faxes typically passed through or led to habitats occupied by Lemmus. 

These habitats were the edges of sedge-hummock and sedge-marsh and sedge

hummock between hills. The routes also passed through or led to heath

sedge-hummock habitat on the lower slopes of hills where both lemming 

species occurred. The faxes conducted much intensity (2) and (3) hunting 

along these routes as they proceeded away from the den. In the higher 

habitats (heath-sedge and lichen-heath) they hunted mostly at intensity (1) 

as they proceeded to more distant, lower habitats. 

The compari son of Figures 13 and 18 (p .46 and 61 ) for den 28 

also shows that many of the male's hunting routes led to sedge-hummock 

habitat between hills and heath-sedge-hummock habitat on the lower slopes of 
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hills that were occupied predominantly by Lemmus. During late May and 

mid-June many routes passed through or led to the higher heath-sedge and 

lichen-heath habitats where both lemming species were captured. However, 

during successive observation periods in June and July the frequency 

of hunts on routes passing through or leading to the higher habitats 

decreased. 

The percentage of various lemming habitats within the region 

surrounding dens 154 and 28 is shown in Table 10. The distribution of 

the habitats is shown in Figures 12 and 13 (p.45 and 46), respectively. 

Table 10. Percent of the region surrounding dens 28 and 154 covered 

by various lemming habitats. 

Habitats 

Lichen- Heath-sedge and Sedge- Sedge-
Den heath Heath-sedge-hummock hummock marsh 

28 19 38 42 I 

154 32 40 16 12 

The table shows that more lichen-heath and sedge-marsh habitat 

occurs within the hunting area of den 154 than den 28 whereas sedge-hummock 

habitat was much more common within the hunting area of den 28 than den 154. 

A comparison of the frequency of lemming habitats in the hunting 

regions of both dens and the proportion of all hunting by the faxes at both 

dens in these habitats (Table 8) shows that den 154 faxes conducted 

approximately 40% of their hunts during JUly in the sedge.....hummock habitat 
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which occurs in only 16% of the hunting region. In comparison, the den 28 

male tended to distribute his hunting more evenly with relation to the 

area of the habitats during June. 

5.2.9.3. Lemming capture techniques used by foxes in different habitats 

The frequency with which the foxes at dens 28 and 154 captured 

or attempted to capture lemmings by utilizing various capture techniques 

in different habitats during the observation periods are in Table 11. 

Captures by dashing and lunging combined with stalking or freezing 

probably employed sight detection. Digging, leaping or pouncing during 

May 30-31 were used to break into the snow-burrows of lemmings that were 

probably detected by scent or sound. During the remainder of the summer 

digging was emploYed to remove lemmings from their burrows in hummocks. 

Pouncing and leaping followed by active digging were used by foxes to collapse 

the burrow entrances in hummocks in summer. However, pouncing or leaping 

in the absence of digging was used to trap exposed lemmings. 

The table shows that stalking and dashing, and digging were used 

with similar frequency to capture lemmings from late May to mid-June. 

Stalking and dashing were predominant in the two drier habitats in late 

May, whereas digging occurred in the snow-covered hummocky habitats. 

During mid-June stalking, dashing and digging were employed in the exposed 

hummocky habitats. From the latter part of June to early July digging 

was predominant especially in the hummocky habitats. From mid-Julyonwards 

dashing and lunging became much more frequent especially in the sedge

marsh and bush-patch habitats as well as in the hummocky habitats. 
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Table 11. Frequency with which faxes at dens 154 and 28 used various 

lemming capture techniques during 1970. 

Habitats* 

Date Den Behaviour L.-H. H....S. H.-S ....H. S.-H. S.-M. B.-P. Total 

May 
31 

30 28 Stalk and 
Dash 
Digging 

3 

0 

7 

1 

0 

4 

3 

5 

0 

0 

0 

2 

13 

12 

June 17... 
19 

28 Stalk and 
Dash 
Digging 

2 

0 

1 

0 

2 

2 

5 

6 

0 

0 

3 

2 

13 

10 

June 24- 154 
27 

Stalk and 
Dash 
Digging 

2 

0 

0 

0 

9 

17 

2 

16 

0 

2 

0 

0 

13 

35 

June 29
July 2 

28 Stalk and 
Dash 
Digging 

0 

0 

1 

0 

2 

16 

1 

9 

0 

0 

4 

1 

8 

26 

JUly 
7 

4- 154 Stalk and 
Dash 
Digging 

1 

0 

0 

0 

1 

6 

4 

26 

1 

6 

3 

3 

10 

41 

July 15-154 
17 

Stalk and 
Pounce 
Digging 

2 

0 

1 

0 

7 

9 

9 

15 

9 

6 

7 

2 

35 

32 

July 28- 154 
29 + Aug. 
5 

Stalk and 
Pounce 
Digging 

0 

0 

0 

0 

2 

2 

5 

6 

2 

1 

4 

0 

13 

9 

Total stalking, dashing 
pouncing 

Total digging 

or 105 

165 

* L.-H. = Lichen-heath 
H.-S. = Heath-sedge 
H.-S.-H. = Heath-sedge-hummock 
S.-H. = Sedge-hummock 
S.-M. = Sedge-marsh 
B.-P. = Bush-patches 
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Only stalking and dashing were used in the lichen-heath habitat 

and for all but one capture in heath-sedge habitat. Dashing, lunging 

and pouncing were conducted exclusively by foxes from late June onwards 

as they loped slowly through bush patch habitat. 

5.2.9.4. Hunting behaviour used by foxes to obtain food items other than 

lemmings 

The foxes observed at dens 154 and 28 did not appear to seek out 

the nests of Lapland longspurs, rather, their discovery was fortuitous 

as the foxes hunted for lemmings. On all occasions the adults ate the 

eggs or nestlings and were not seen returning them to the den. Short 

dashes were·made after adult birds in the late spring but no captures 

were seen and few carcasses were found at dens during the study. The 

Whelps at den 154 attempted to capture fledglings near the den in late 

summer and one was successful on July 29. 

Both den 154 adults, especially the male, hunted along lake edges 

covered with thick vegetation in search of nests of ducks, geese, loons or 

shorebirds. On June 26 the male flushed an oldsquaw from her nest and removed 

the six eggs, one at a time, to an area approximately 100 m from the nest. 

The fox dug briefly in the vegetation, dropped the egg and covered it with 

vegetation using its nose. The fox was not seen returning the eggs to 

the den or eating them. On one other occasion the same fox waded along a 

lake edge, searching among small clumps of emergent vegetation, apparently 

for eggs. 

Attacks on geese and sandhill cranes followed a similar behaviour 
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pattern. The fox would charge, then retreat rapidly from the prey while 

the bird defended itself with outstretched wings and head held high in a 

position to strike. Two attacks on sandhill cranes, one by the den 13 

female On a single bird and the other by the den 154 male on a pair, 

were unsuccessful. In JUly of 1968 a fox successfully killed a single, 

flightless Canada goose after a 15-minute attack (Speller, 1969). In an 

attack on a pair of white-front geese by the den 154 male, the geese 

charged the fox which ran about 15 m, then turned and chased the geese 

into a creek. The geese eventually flew away. Although hunting foxes 

frequently leaped up or snapped at jaegers and short-eared owls which 

often harassed them, they were not seen to initiate attacks on these birds 

as they hunted away from the den. However, they did run at jaegers and 

owls which landed close to the den or attacked whelps playing about the den. 

5.3. Discussion 

In order to explain the similarities in the hunting behaviour 

of the den 154 female and the den 28 male as opposed to the behaviour 

of the den 154 male and the differences in the frequency of hunting and den 

attentiveness by the females, the age of the whelps at each den, the 

relationship of the male and female to the whelps and territorial or 

hunting range defence must all be considered. 

Observations of the whelps at den 28 on July 21 showed that they were 

about the same age as those at den 154 on June 24. In each instance the 

whelps weighed about 500 g each, lacked co-ordination when they walked, were 

seldom seen on the den, were carried from hoJe to hole by their mothers and 

the elongated mammary glands of the females indicated that they were still 
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suckling frequently. 

A comparison of den attentiveness by the males and females at 

both dens showed that the females spent significantly more time at the 

den than their mates despite the age difference of the whelps. Also, 

during interspecific interactions with humans or larger mammals the male 

faxes typically tried to draw the intruder away from the den, whereas 

the female remained in the den with the whelps. These results suggest 

that the females maintained a closer relationship to the whelps than the 

males and probably had a greater concern for their feeding· than the males. 

Evidence for defence or at least exclusiveness of the core of the home 

range or hunting area was gained from observations of the den 154 male 

during his hunts. This male was frequently seen urinating or defecating 

on rocks on top of the semicircle of hills about 600 to 800 m (1968-2624 ft) 

from the den. Den 13 (Fig. 17) which was also used for breeding in 1970 

was located about 1200 m (3936 ft) from den 154. On one occasion the 

males from these two dens were seen hunting within about 700 m (2296 ft) 

of each other and on two occasions the den 154 male was seen briefly 

running over the hills, then heard barking with a fox from den 13, no more 

than 600-800 m from den 154. No adults from den 13 were ever seen within 

600 m (1968 ft) of den 154. Observations of hunting b.ehaviour showed that the 

den 154 male hunted over a wide portion of the hunting area, frequently 

conducted much longer hunts than his mate and spent a·1arge portion of his 

hunting time lying down watching the observation site or carrying out other 

behaviour typical of territorial or den defence. 

The behaviour descriptions and the differences in the age of the 

whelps at the two dens will be used to explain differences in the hunting 
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behaviour of the adult faxes and provide a sequence for chanfScs in t.he 

hunting behaviour of arctic foxes during the denning period. 

Because the whelps at the two dens differed in age by approximately 

four weeks the behaviour of the faxes at den 28 between May 30 and July 2 

was possibly typical of the behaviour which occurred at den 154 between 

late May and June 24. At den 28 the female solicited food, in the manner 

typical of a young whelp, upon almost every return of the male to the den 

suggesting that in the later stages of pregnancy the male fox probably 

provides most of the female's food. After parturition the male supplies 

almost all food to the female as she nurses and cares for the young during 

the first two weeks. The high demand for food by the lactating female and 

the young when they first begin to consume lemmings forces the male to 

hunt actively and efficiently which explains the short and frequent hunts 

and the concentration of hunting carried out by the den 28 male in close 

proximity to the den. As the young grow and become more dependent and 

demanding of lemmings and less dependent on the care of the female, she 

begins to take an increasingly active role in providing lemmings to the 

whelps. The active hunting by the female reduces the hunting effort required 

of the male and in turn releases more of his time for territorial defence. 

At den 154 defence was probably exceptionally strong because of the close 

proximity of another breeding den. Because the female has a stronger 

attachment to the litter and probably a greater concern over their food 

requirements, her hunts are frequent, short in duration and close to the den 

and her hunting efficiency is ma.-x.imum. Therefore, her hunting behaviour would 

be si.milar to that carried out by the male just after the litter was born 

and i texplains the similarit:r in the hunting behaviour of the den 28 male 

and the den 154 female. The difference in the hunting behaviour of the pair 
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at den 154 may also be explained by the fact that the female was probably 

hunting as efficiently as possible during each of her hunts in order to 

provide the whelps with food whereas the male was conducting territorial 

defence during his hunts which probably reduced his total hunting time. 

In order to explain the difference in the proportions of high 

intensity hunting and the higher frequency of hunting in the drier habitats 

exhibited by the den 28 male compared to the pair at den 154, the dates 

when the observations took place, the breeding biology of the lemmings 

and changes in their habitat selection must be considered. 

The observations at den 28 took place between May 30 and July 2 

whereas those at den 154 took place between June 24 and August 5. During 

the latter part of May and early June the spring thaw occurred rapidly 

and the marshes and sedge-hummock habitats flooded, forcing the dense Lemmus 

population to seek higher ground. Because a large portion of the 

population could not relocate in the frozen hummocks or survive in the 

flooded hummocky habitats many animals were forced to live on or near the 

drier habitats where they were frequently exposed and often seen running. 

The abundance of exposed Lemmus on drier habitats facilitated their 

capture by the den 28 male which typically stalked, then dashed after the 

lemmings as he hunted at intensities (1) and (2). As the hummocks thawed 

and the water drained from the hummocky habitats the Lemmus gradually re

occupied them. Consequently, fewer animals were in the drier habitats and 

the foxes hunted less frequently in them. As the Lemmus shifted into the 

hummocky habitats by mid-June their summer breeding period·began and 

the foxes used scent or sound to locate the lemmings in their nests and 

burrows. By mid-July the second cohort of lemmings was leaving their nests 

and the subsequent increase in the Lemmus popUlation p:rbbably left a large 
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portion of the young lemmings without burrows. At this point the foxes 

again turned to sight detection but this time in the hummocky habitats 

and bush patches where the density was high. 

Another reason for the large proportion of high intensity 

hunting by the pair at den 154 compared to the den 28 male was the high 

proportion of hunts carried out by the pair on the edges of sedge-hummock 

and sedge~arsh habitats. A sizeable portion (12%) of the hunting range 

of den 154 contained sedge-marshes surrounded by sedge-hummock habitat 

especially within the vicinity of the den (Fig. 12), whereas the hunting 

range of den 28 contained only a few small patches of sedge~arsh (Fig. 13) 

which were located more than 400 m (1300 ft) from the den. The frequency 

of concentrated hunts by the pair at den 154 probably added substantially 

to the proportion of high intensity hunting exhibited. On the other 

hand, the lack of extensive expanses of sedge-hummock habitat and the 

infrequent occurrences of sedge-marshes caused the den 28 male to search 

at intensities (1) and (2) for longer periods before locating areas where 

lemmings were abundant. 

The most significant feature of these results is the high proportion 

of hunting time spent by the foxes in the moist habitats occupied by 

Lemmus from late June onwards (Table 9) while the drier habitats occupied 

by the majority of the Dicrostonyx population were infrequently hunted. 

This difference is also evident from the high frequency of Lemmus consumed 

by foxes compared with Dicrostonyx, as shown in the results for food 

consumption. The failure of foxes to hunt in habitats where high densities 

of Dicrostonyx occurred may be explained by the differences in the sites 

selected for burrowing by these two species. The burrows of Dicrostonyx 
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differ from those of Lemmus in two ways. Firstly, Dicrostonyx typica.1ly 

burrows into sand, gravel or under large rocks (Fig. 10, P.41 ) whereas 

Lemmus burrow into peaty hummocks (Fig. 11, p.41). Secondly, the burrows 

of Dicrostonyx are typically long and twisted and frequently dug deep 

into the substrate, whereas those of Lemmus are shallow. Arctic foxes 

probably do not attempt to dig out the burrows of Dicrostonyx as the 

digging would be long and tedious and easier rewards are gained from 

digging out the soft peaty burrows of Lemmus. This hypothesis explains 

why the faxes were never seen digging in the drier habitats, especially 

lichen-heath habitat, carried out low proportions of high intensity hunting 

there, and were only seen dashing from late June onwards, probably after 

exposed Dicrostonyx. 
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6. FOOD ECOLOGY AND FOOD REQUIREMENTS OF BREEDING ARCTIC FOXES 

6.1. Methods and Materials 

6.1.1. Scat collection and aging 

During visits to arctic fox dens, scats and remains of other 

food items were collected. 

Arctic fox scats can be aged and those deposited by adults and 

whelps at breeding dens can be separated (Macpherson, 1969 and Chesemore, 

1968 a). Recently deposited scats retain bile pigments and mucus on their 

surfaces and a characteristic odour. After about a month, bile pigments 

and mucus are absent from the surface and the odour disappears. After 

two months all the bile pigment disappears, although the hair is still 

fresh and tough. In very old scats the hair is fractured, the colour is 

bleached and green mould is frequently present. 

In early 1968, scats nine months to one year old were collected 

whereas only scats less than six weeks old were included in all remaining 

collections in 1968, 1969 and 1970. Scats collected during the first 

visit to dens in Mayor early June, before continuous snow melting had 

occurred, were called early spring scats. These scats were collected 

from the snow surface or were recently deposited on freshly exposed den 

surfaces. Scats collected within or under the snow were not included in 

this group as they were probably deposited during winter. Winter scats 

are easily confused with spring scats as the former retain the characteristics 

of recently deposited scats (Chesemore, 1968a). 

In 1970 scat collections were divided into the following classes 

according to date: Spring scats: Deposited between late April and early 

May until May 23. Early summer scats: Deposited between May 24 and June 26. 
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Mid-summer scats: Deposited between June 27 and July 27. Late summer 

scats: Deposited between JUly 28 and August 7. 

Scats of young whelps can be separated from adult scats by their 

long, thin and stringy appearance compared to the cigar-shaped scats 

of adults. Whelp scats become indiscernible from the adults in late 

July. The majority of late summer scats belonged to whelps as extensive 

observations of breeding dens showed that the adults rarely defecated at 

the dens. Furthermore, the whelp to adult ratio was high and the whelps 

spent all their time on or about the den site. 

6.1.2. Scat analyses for food remains 

The 1970 scat collections from 9 breeding dens were dried to a 

constant weight and counted (Appendix C). This procedure was not followed 

in 1968 or 1969. All collections were divided into groups of about 60 

scats and broken up in a soapy solution in a domestic blender run at a low 

speed. The mixture was poured into a large sink containing about eight 

inches of water and stirred. The floating material was skimmed off, 

washed and dried. The water was drawn off sloWly through a one mm sieve 

inverted over the sink hole so that its metal rim stopped any moving 

material. The remaining material was collected, separated from any floating 

material and dried. 

Scats from several 1970 collections were soaked in water and analyzed 

individually for food contents before processing. 

The teeth, bones, and hair of mammals and the beaks, claws, bones 

and feathers of birds were used to classify the food items present in the 

collections. 
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6.1.3.1. Weights of Lemmus and Dicrostonyx consumed 

The incisor teeth were chosen to test if a significant correlation 

could be obtained between body weight and upper or lower incisor tooth 

measurements. The incisors were chosen because they grow continuously from 

persistent pulp (Cockrum, 1962). Ninety-four Lemmus and 79 Dicrostonyx 

males and females captured during 1970 were chosen for the analyses. The 

total weights were considered in all cases except those pregnant females 

whose uterine contents exceeded 5% of their total weight. Three Dicrostonyx 

females falling into this category were weighed minus their uterine contents. 

Three measurements were taken on the upper and lower incisor teeth 

from the right side of each animal. The tooth length was measured along a 
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straight line between the tip of the eutting edge and the anterior ed{r,e 

of newly deposited enamel. The width and thickness of the upper incisor 

Were measured at the tip of the short extension just ventral to the dorsal 

limits of the notch (Figs. 19a and b). The two measurements were taken 

at the ventral limit of the beveled side of the lower incisor. All 

measurements were taken under a binocular microscope fitted with a calibrated 

eye piece. 

Regression analyses between total body weight and each of the six 

measurements showed that the lengths of both incisors provided the two 

best estimates of body weights for both species. However, I decided to 

reject these measurements and Use the next best measurements to estimate 

body weight; the product of the width and thickness of the upper incisor. 

These measurements were used because a large portion of the incisor teeth 

are broken crosswise during passage through the digestive tracts of foxes. 

In the final form of the regression analyses the 2/3 root of the 

total body weight was plotted against the product of the width and thickness 

of the right upper incisor for each species (Appendix D). The correlations 

for both species were very highly significant. 

The regression equations for Lemmus and Dicrosto~yx were: 

~,.....-~-
Lemmus 3,f-wt. = 1.46542 + 0.33851 (width x thickness cm) 

2 
Dicrostonyx 3~= -2.54677 + 0.80993 (width x thickness cm) 

6.1.3.2. Proportions of Lemmus and Dicrostonyx consumed 

In order to determine if the right upper incisor teeth could be used 

as an index for comparing the frequency of Lemmus and Dicrostonyx consumed 

by foxes, a two-way analyses of variance (Sokal and Rohlf, 1969) was 
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Figure 19A. The position on the upper right incisor tooth where 

the width was measured. (x51. 

Figure 19B. The position on the upper right incisor tooth,. where 

the thickness was measured. CX5). 
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performed on 10 subsamp1es of scats. [fhe subsamp1es were collected on 

,June 23 and August 3-5 and the total number of each of the 16 tooth types 

was counted for each species (Appendix E). The numbers of each species 

consumed and the numbers of. teeth counted for each of the 16 tooth types 

were highly significantly different. However, there was no interaction 

between the 16 tooth types and both species (Appendix F). These results 

showed that the teeth of both species react similarly to the digestive 

processes of foxes, 

Analyses of variance carried out between all tooth types for 

each species showed no significant difference between the number of 

each Lemmus tooth type counted, F =1.93 whereas the value for Dicrostonyx 

was significant, F = 2. 9J6.o,(iS,l'l-If)::2,.~ The right upper incisor for Lemmus 

was used even though it was only the fourth most common tooth type found 

in the scats. The upper right incisor for Dicrostonyx was also used as it 

was the most frequent tooth type counted. 

The thickness and width of all right incisor teeth recovered from 

each scat collection were measured for each species and the weight estimate 

was calculated from the regression equations. The weights were divided 

into 15, 10 g weight classes ranging from 0.0 to 150.0 g. The collections 

were also lumped into the four date categories and all whelp scats were 

also lumped. Results were compared to the weight classes of both lemming 

species trapped in the field. 

6.1.4. Food consumption of arctic fox whelps 

Seven whelps, four males and three females were live-trapped at 
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three dens in the study area between ,Tune 23 and July 16, 1970. 

The total weight of food consumed between June 30 and July 27 

was recorded for various daily periods for one male and one female. Food 

consumption for the remaining five faxes was measured at various daily 

intervals from July 14 to 28. Food consumption for all seven foxes 

was recorded from July 28 to August 1. 

The group of two foxes were fed both species of lemmings between 

June 30 and July 11. After this period caribou meat was supplied as 

sufficient lemmings could not be obtained to supply their food requirements. 

The food consumption per fox per day or for series of days was calculated 

for each group of foxes'. 

6.2. Results and discussion 

6.2.1. Food items consumed by breeding arctic faxes in 1970 

Table 12 shows the frequency of various food items present in 

collections of scats and food remains at fox dens during different periods 

in 1970. In addition, Table 13 shows the frequency of various food items 

in 1274 scats collected at dens 154 and 28 during 1970. The frequency 

of lemmings is based on the presence of skeletal elements in the scats. 

Table 12 shows that lemmings were the only food item present in 

all scat collections and they constituted the major portion of the diet 

of foxes. Lemming hair was found in all individual scats examined; however, 

the portion containing skeletal elements decreased from above 90% before 

mid-June to between 80 and 88% between late June and late July, then rose 

to over 95% during the last collection period. That young whelps probably 

defecated more frequently per lemming consumed than older whelps and adults 
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Table 12. Food items consumed by breeding arctic foxes in 1970.

Food items 

,-j 
(\) 

H 
H 

·rl 
;j 

[/) oi. 
bO ill 

bO bO ;j
s:: r:r:l 0 r-c:l +'

·rl ,..0 s:: CJScat collection r-c:l r-c:l ·rl ;:j ,.q (\) 
+'s::§ H H H 0 [/) [/) ro 

·rl 'rl ro H ·rl s:: ,-jYear Period Den no. H f:l:l f:l:l 0 d lit H P-! 

1970 spring 131 + + 
154 + + + + 

27 + + + 
28 + + + + 

all other dens + + + + + + 
~~---~-~----------~--------~--------------------------------

1970 early 13 + + + + 
summer 154 + + ++ + 

27 + + + 
131 + + + 

28 + + + + + + 
---~-~-~-~---~----------------------------~~----------------

1970 mid-summer 16 + + + + + + 
27 + + + + + 

154 + + + + + 
131 + + + + + + + 

13 + + + + + 
28 + + + 

-.---------------------------------------_...--------------_._---

1970 late summer 154 + + + + + 
131 + + + 

28 + + + 
27 + + + + 
16 + + + + + 
13 + + + + + 
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Although a large portion of individua.l scats contained sma.ll amounts 

of vegetation it was not included in the results as the faxes accidently 

ingest it when they pull vegetation as they lunge and snap at lemmings. 

Few scats contained large amounts of vegetation and no berry seeds were 

found. 

The "high proportion of lemmings in the diet of faxes compared 

to the other food items in years when lemming densities are high and fox 

reproduction is successful supports the results of Macpherson (1969). 

6.2.2. Proportions and weight classes of Lemmus and Dicrostonyxconsumed 

by breeding adult faxes and their whelps during the stUdy 

Table 14 shows the numbers and general weight classes of Lemmus 

and Dicrostonyx consumed by faxes during late spring of 1968 and 1969. 

Only general weight classes are given as no weight estimates from 

tooth measurements were calculated for those years. 

Table 14. Numbers and general weight classes of Lemmusand Dicrostonyx 

consumed by arctic faxes in spring of 1968 and 1969. 

Lem.mus Dicrostonyx 

Year 
0.0-15.0 

g 
15.1-29.9 

g 
30.0+ 

g 
0.0-15.0 

g 
15.1-29.9 

g 
30.0+ 

g 

1968 2 5 23 o 4 19 

1969 o 1 15 o 1 12 

For 1970 Tables 15 and 16 show the proportions and weight classes 

of Lemmus and Dicrostonyx consumed by adult faxes at all dens in spring 
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Table 15 Size and weight frequency of Dicrostonyx and Lemmus consumed 

by ·adu1t foxes at all dens from May 1 - 23, 1970. 

Weight Dicrostonyx Lemmus Both Species 

classes (g) Number % Nwnber % Nwnber % 

0.0..... 9.9 2 5.7 35 53.0 37 36.6 
10.0- 2 5.7 5 7.6 7 6.9
20.0- 1 2.9 2 3.0 3 3.0
30.0- 3 8.6 5 7.6 8 7.9
40.0- 5 14.3 10 15.2 15 14.9
50.0- 5 14.3 3 4.5 8 7·9
60.0- 4 11.4 1 1.5 5 5.0
70.0- 5 14.3 1 1.5 6 5.9
80.0- 3 8.6 2 3.0 5 5.0
90.0- 0 0.0 1 1.5 1 1.0

100.0- 3 8.6 1 1.5 4 4.0
110.0- 1 2.9 0 0.0 1 1.0
120.0- 0 0.0 0 0.0 0 0.0
130.0-139.9 1 2.9 0 0.0 1 1.0
140.0+ 0 0.0 0 0.0 0 0.0

---------~-~-~-----------------------------------------------~--~---------------

Weight Weight Weight 
(g) % (g) % (g) % 

0.0- 9.9 18.0 0·9 147.9 9.5 165.9 4.5
10.0 27.3 1.3 72.7 4.7 99.9 2.7
20.0- 25.3 1.2 50.4 3.2 75.7 2.1
30.0..... 102.9 4.9 175.3 11.3 278.2 7.6
40.0- 222.9 10.6 447.7 28.8 670.7 18.3
50.0- 281.1 13.3 164.2 10.5 445.3 12.1
60.0- 257.4 12.2 61.0 3.9 318.4 8.7
70.0- 370·7 17.6 70.4 4.5 441.0 12.0
80.0- 255.5 12.1 164.0 10.5 419.5 11.4
90.0- 0.0 0.0 99.2 6.4 99.2 2.7 

100.0- 303.7 14.4 104.1 6.7 407.8 11.1
110.0- 113.5 5.4 0.0 0.0 113.5 3.1
120.0- 0.0 0.0 0.0 0.0 0.0 0.0
130.0-139.9 132.3 6.3 0.0 0.0 132.3 3.6
140.0+ 0.0 0.0 0.0 0.0 0.0 0.0

~---~---~-~~~-~~~-~~------------~-------------~-------------~-~~--------,---------

Total nwnber 35 34.7 66 65.3 101 
Total weight 2110.6 57.5 1556.9 42.5 3667.5 
Mean 60.3 23.6 36.3
Standard
deviation 29.9 26.2 32.5

Standard error 5.0 3.2 3.2
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Table 16 Size and weight frequency of Dicrostonyx and Lemmus consumed 

by adult foxes at 9 breeding dens from May 21k to .June 26'1 19'""(0. 

Weight Dicrostonyx Lemmus Both Species 

classes (g) Number % Number % Number %

0.0- 9.9 o 0.0 14 6.6 14 5.2 
10.0 1 1.8 3 1.4 4 1.5 
20.0 1 1.8 9 4.2 10 3.7
30.0 o 0.0 9 4.2 9 3.4
40.0 2 3.6 28 13.2 30 11.2
50.0 5 8.9 32 15.1 37 13.8
60.0 6 10.7 31 14.6 37 13.8
70.0 3 5.4 24 11.3 27 10.1
80.0
90.0

7
7

12·5 23 10.8 30 11.2
12.5 16 7.5 23 8.6

100.0 6 10.7 12 5.7 18 6.7
110.0 8 14.3 7 3.3 15 5.6
120.0 3 5.4 3 1.4 6 2.2
130.0-139.9 2 3.6 o 0.0 2 0.7 
140.0+ 5 8.9 1 0.5 6 2.2 

-~-----~-----~-----------------~---~-------~----------

Weight Weight Weight 
(g) % (g) % (g) % 

0.0 9.9 0.0 0.0 56.0 0.4 56~0 0.3 
10.0 13.8 0.3 42.5 0.4 66.3 0.4 
20.0 21.0 0.4 231.8 1.7 252.8 1.3 
30.0 0.0 0.0 326.3 2.4 326.3 1.7 
40.0 92.5 1.8 1276.5 9.4 1368.9 7.3 
50.0 289.9 5.5 1747.0 12.9 2036.9 10.8 
60.0 392.4 7.5 2001.3 14.7 2393.6 12.7 
70.0 221.4 4.2 1810.1 13.3 2031.5 10.8 
80.0 598.2 11.4 1958.8 14.4 2557.0 13.6 
90.0 673.9 12.8 1520.2 11.2 2194.1 11.7 

100.0 622.7 11.8 1274.4 9.4 1897.1 10.1 
110.0 920.8 17.5 800.2 5.9 1721.0 9.1 
120.0 373.2 7.1 374.1 2.8 747.3 4.0 
130.0-139.9 262.4 5.0 0.0 0.0 262.4 1.4 
140.0+ 778.2 14.8 140.9 1.0 919.1 4.9 

---------~----~---------------------------------------------~-~---------~--------

Total number 56 20.9 212 79.1 268 
Total weight 5260.5 27.9 13569.8 72.1 18830.3 
Mean 93·9 64.0 70.3 
Standard 
deviation 32.8 28.9 32.1 

Standard error 4.4 2.0 2.0 



95

and at all breeding dens in early summer respectively whereas Tables 1'7 

and 18 show similar values for both lemming species consumed by whelps 

at six breeding dens during mid-summer and late summer, respectively. 

Data from dens 12, 21 and 31 were not included in the latter two tables 

as the scats were collected during or before mid-June and early August 

only. Table 19 shows the values for both lemming species consumed by the 

whelps at.all nine breeding dens. The combined weight of both lemming 

species shown in this table represents only about 8% of all. food that 

was consumed by the whelps at the nine breeding dens, as determined from 

page 109. 

Tables 20, 21, 22 and 23 show the proportions and weight classes 

of Lemmusand Dicrostonyx captured in snap traps between May 25-June 4, 

June 20-23, JUly 8-11 and August 7-10, respectively. These trapping dates 

above correspond with the scat collection periods in Tables 15, 16, 17 

and 18, respectively. 

Table 24 summarizes the data for total numbers, total weight and 

mean weight of Lemmus and Dicrostonyx consumed by foxes and snap-trapped, 

given in the eight tables mentioned in the above paragraph. 

The results in Tables 14 and 15 show that the proportions of 

nestlings and juveniles (weight range 0.0-29.9 g) consumed by foxes in 

late spring of 1968, 1969 and 1970 were 20.8, 6.9 and 46.5% respectively 

• 
of all animals eaten. The comparat i vely low proport ion of young lemmings 

consumed in the late spring of 1969 suggests that poor breeding success 

was experienced by lemming and it supports the evidence for poor reproductive 

success of Lemmus presented in Section 4.3 (p. 33). The fact that foxes 

consumed twice as many younger lemmings in 1970 as in 1968 a.lso· suggests that 



'rablc l'{. Size and weight t'requellcy of Dicro~)tonyx and LenulluG eon::urn('<! 

by whelps at 6 breeding dens from June 27 to July ~l7 , 1970. 

Weight Dicrostonyx Lemmus Both Species 

classes .(g) Nwnber % Nwnber % Number % 

0.0- 9.9 0 0.0 55 14.6 55 10.8
10.0- 1 0.8 46 12.2 47 9.3
20.0- 1 0.8 60 16.0 61 12.0
30.0- 10 7.6 33 8.8 43 8.5
)~o. 0- 17 13.0 25 6.6 42 8.3
50.0- 16 12.2 38 10.1 54 10.7
60.0- 14 10.7 32 8.5 46 9.1
70.0- 15 11.5 40 10.6 55 10.8
80.0- 16 12.2 10 5.1 35 6.9
90.0- 11 8.4 10 2.7 21 4.1

100.0- 6 4.6 13 3.5 19 3.7
110.0- 7 5.3 5 1.3 12 2.4
120.0- 9 6.9 0 0.0 9 1.8
130.0-139.9 4 3.1 0 0.0 4 0.8
140.0+ 4 3.1 0 0.0 4 0.8

-~---~-~-------~--~~-~------~------------------------------------------------~--

Weight Weight Weight 
(g) % (g) % (g) % 

0.0- 9.9 0.0 0.0 295.4 1.8 295.4 1.1
10.0- 13.8 0.1 658.1 4.0 671.9 2.5
20.0- 20.9 0.2 1533.3 9.4 1554.2 5.8
30.0- 370.8 3.6 1137.9 6.9 1508.6 5.6
40.0- 801.4 7.8 1152.1 7.0 1953.6 7.3
50.0- 889.0 8.6 2065.8 12.6 2954.8 11.1
60.0- 919.4 8.9 2077.6 12.7 2996.9 11.2
70.0- 1146.7 11.1 3008.0 18.3 4154.7 15.6
80.0- 1362.7 13.2 1599.1 9.8 2961.8 11.1
90.0- 1063.6 10.3 948.1 5.8 2011.7 7.5

100.0- 636.6 6.2 1347.6 8.2 1984.3 7.4
110.0- 813.6 7·9 575.7 3.5 1389.3 5.2
120.0- 1133.1 11.0 0.0 0.0 1133.1 4.2
130.0-139.9 541.3 5.3 0.0 0.0 541.3 2.0
140.0+ 592.4 5.7 0.0 0.0 592.4 2.2

---~------------------~-----------------------------------~----------------------

Total number 131 25.8 376 74.2 507 
Total weight 10305.1 38.6 16398.7 61.4 26703.8 
Mean 78.7 43.6 52.7
Standard
deviation 30.9 29.8 33.8

Standard error 2.7 1.5 1.5
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Table 18. Size and weight frequency of Dicrostonyx and Lerrunus consumed 

by whelps at 6 breeding dens from July 28 to Aug. 7,1970. 

Weight Dicrostonyx Lemmus Both Species 
classes (g) Number % Nwnber % Number % 

0.0- 9.9 0 0.0 22 6.5 22 4.6 
10.0- 0 0.0 31 9.1 31 6.5 
20.0- 4 2·9 98 28.8 102 21.2
30.0- 10 7.1 63 18.5 73 15·2 
40.0 21 15.0 12 3.5 33 6.9 
50.0- 21 15.0 28 8.2 49 10.2 
60.0- 20 14.3 29 8.5 49 10.2
70.0- 15 10.7 20 5.9 35 7.3
80.0 13 9.3 12 3.5 25 5.2 
90.0- 15 10.7 15 4.4 30 6.3

100.0- 11 7.9 6 1.8 17 3.5
110.0- 2 4 61.4 1.2 1.2 
120.0- 2 1.4 0 0.0 2 0.4
130.0-139.9 5 3.6 0 0.0 5 1.0 
140.0+ 1 00.7 0.0 1 0.2 

~------------~---~--~-~-------------~-------------~-------~-----------------------

Weight Weight Weight
(g) % (g) % (g) % 

0.0- 9.9 0.0 0.0 123.5 0.9 123.5 0.5
10.0- 0.0 0.0 485.1 3.4 485.1 2.0
20.0 105.1 1.1 2506.9 17.6 2611.9 10.8 
30.0 347.2 3.5 2162.8 15.2 2509.9 10.4
40.0- 961.3 9.7 521.1 3.7 1482.4 6.1
50.0- 1168.3 11·7 1525.8 10.7 2694.1 11.2
60.0 1278.2 12.8 1882.0 13.2 3160.2 13.1
70.0- 1120.4 11.3 1498.2 10.5 2618.6 10.8
80.0- 1109.7 11.2 1013.3 7.1 2123.0 8.8
90.0- 1413.5 14.2 1404.8 9.9 2818.2 11.7 

100.0 1141.8 11.5 634.1 4.5 1776.0 7.4 
110.0 235.9 2.4 452.0 3.2 687.9 2.8
120.0- 245·.7 2.5 0.0 0.0 245.7 1.0
130.0-139.9 678.9 0.0 2.86.8 0.0 678.9 
11+0.0+ 146.7 1.5 0.0 0.0 146.7 0.6 

----------~----------------------------------~---~-----~-------~----~--~----------

Total number 140 29.2 340 70.8 480
Total weight 9952.8 14209.4 24162.241.2 58.8 
Mean 71.1 41.8 50.3 
Standard
deviation 26.9 26.1 29.5

Standard error 2.3 1.4 1.3 



Table 19. Size and weight frequency of Dicrostonyx and LernInus consumc'd 

by whelps at 9 breeding dens from <-Tune 27 to Aug. 7, 1970. 

Weight Dicrostonyx Lemmus Both Species 
classes (g) Number % Number % Number % 

0.0- 9.9 1 0.2 90 10.1 91 7.0 
10.0- 1 0.2 90 10.1 91 7.0 
20.0- 8 2.0 199 22.3 207 16.0 
30.0- 30 7.5 132 14.8 162 12.5 
)~O.O- 55 13.7 40 4.5 95 7.4 
50.0- 55 13·7 80 9.0 135 10.4 
60.0- 45 11.2 84 9.4 129 10.0 
70.0- 47 11.7 70 7.8 117 9.1 
80.0- 44 11.0 42 4.7 86 6.7
90.0- 40 10.0 35 3.9 75 5.8

100.0- 29 7.6 23 2.6 52 4.0
110.0- 16 4.0 5 0.6 21 1.6
120.0- 16 4.0 2 0.2 18 1.4
130.0-139.9 9 2.2 0 0.0 0.79 
140.0+ 4 1.0 0 0.0 4 0.3 

~------"'---.----------------.----------------------............-..._-_..... _----~-_ .... __._----------
Weight Weight Weight 

(g) % (g) % (g) % 

0.0- 9.9 6.6 0.0 519.6 1.4 526.2 0.8 
10.0- 13.8 0.0 1332.0 3.5 1345.8 2.0 
20.0 198.6 0·7 5059.3 13.2 5257.9 7.7
30.0- 1058.9 3.6 4725.7 11.8 5586.6 8.2
1-1-0.0- 2542.8 8.6 1085.4 4.7 4348.2 6.4
50.0- 3030.5 10.2 4351.1 11.3 7381.6 10.9
60.0- 2920.4 9.9 5487.7 14.3 8408.1 12.4
70.0- 3545.7 12.0 5264.2 13.7 8809'.9 13.0
80.0- 3756.7 12.7 3541.2 9.2 7298.0 10.7
90.0- 3801.5 12.8 3310.3 8.6 7111.8 10.5

100.0- 3037.5 10.3 2397.3 6.2 5434.7 8.0 
110.0- 1859.2 6.3 566.4 1.5 2425.6 3.6
120.0- 2001.2 6.8 257.7 0.7 2258.9 3.3
130.0-139.9 1220.8 4.1 0.0 0.0 1220.8 1.8
140.0+ 592.9 2.0 0.0 0.0 592·9 0.9 

---.....----.-----~----------~------------------_ ...---~------------_.--- ....._~---------_._----

Total number 400 31.0 892 69.0 1292 
Total weight 29586.6 42.7 38418.6 57.3 68005.2 
Mean 74.4 43.1 52.6
Standard
deviation 28.3 27.8 31.4

Standard error 1.4 0.9 0.9
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Table 20. Size and weight frequency of Dicrostonyx and Lemmus trapped 

from May 25 to June 4, 1970. 

Weight Dicrostonyx Lemmus Both Species
classes (g) Number % Number % Number %

0.0- 9.9 ? ? ? 
10.0- 2 5.4 2 2.4 4 3.4
20.0- 7 18.9 6 7.3 13 10.9
30.0- 3 8.1 12 14.7 15 12.6 
40.0- 1 2·7 17 20.7 18 15.1 
50.0.... 3 8.1 6 7.3 9 7·5' 
60.0- 6 16.2 7 8.5 13 10.9
70.0 5 13.6 13 15.9 18 15.1 
80'.0 7 18.9 10 12.2 17 14.3 
90.0- 2 5.4 3 3.7 5 4.2

100.0 a 0.0 5 6.1 5 4.2
110.0 0 0.0 1 1.2 1 0.0 
120.0 1 2·7 0 0.0 1 0.9 
130.0....139.9 0 0.0 0 0.0 a 0.0
140.0+ 0 0.0 a 0.0 0 0.0 

-~-------~---~-~-~~--~-~--------------------~--------------~-~------------------

Weight Weight Weight
(g) % (g) % (g) % 

0.0- 9·9 ? ? ?
10.0.... 36.7 1·7 32.8 0.7 69.5 1.0
20.0 172.5 8.2 160.8 3.3 333.3 4.8
30.0- 36.4 1.7 404.2 8.4 440.6 6.3
ltO. 0- 45.4 2.1 741~ .1 15.4 789.5 11.3
50.0 159.1 7.5 282.2 5.8 441.3 6.4
60.0- 394.4 18.7 461.8 9.5 856.2 12.3
70.0 369.2 17.5 960.9 19.9 1330.1 19.2 
80.0 587.6 27.8 860.0 17.8 1447.6 20.8
90.0- 189.1 8.9 288.5 6.0 477.6 6.9

100.0- 0.0 302.8 6.30.0 302.8 4.4 
110.0- 0.0 332.1 6.90.0 332.1 4.8 
120.0- 123.8 5.9 0.0 0.0 123.8 1.8 
130.0-139.9 0.0 0.0 0.0 0.0 0.0 0.0
140.0+ 0.0 0.0 0.00.0 0.0 0.0 

---------~-~---~-----------------------------------------------~--------~--------

Total number 
Total weight 

37 
2114.2 

31.1 
30.4 

82 
4830.2 

68.9 
69.6 

119 
6944.4 

Mean 57.1 58.9 
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Table 21· Size and weight frequency of Dicrostonyx and Lemmus trapped 

from June 20 to June 23, 1970. 

Weight Dicrostonyx Lemmus Both Species 

classes (g) Number % Number % Number % 

0.0- 9·9 ? ? ?
10.0- 0 0.0 0 0.0 0 0.0
20.0- 3 8.6 0 0.0 3 5.5
30.0- 6 17.1 2 10.0 8 14.5
40.0- 5 14.3 5 25.0 10 18.2
50.0- 1 2.9 8 40.0 9 16.5
60.0- 6 17.1 2 10.0 8 14.5
70.0- 5 14.3 1 5.0 6 10.9
80.0- 6 17.1 1 5.0 7 12.7
90.0- 1 2.9 1 5.0 2 3.6

100.0- 2 5.7 0 0.0 2 3.6
110.0.... 0 0.0 0 0.0 0 0.0
120.0- 0 0.0 0 0.0 0 0.0 
130.0-139.9 0 0.0 0 0.0 0 0.0 
140.0+ 0 0.0 0 0.0 0 0.0 

--~~~-~---~~--~-~-~-~~~-~-~-~---~-----~-----~-~-----------~------------~-------

Weight Weight Weight 
(g) % (g) % (g) % 

0.0.... 9.9 ? ? ?
10.0- 0.0 0.0 0.0 0.0 0.0
20.0 72.3 3.4 0.0 0.0 72.3 2.2
30.0- 220.9 10.4 72.0 6.5 292.9 9.0
40.0- 216.6 10.1 227.6 20.4 444.2 13.7
50.0- 59.6 2.8 430.1 38.5 489.7 15.0
60.0- 386.8 18.1 133.5 12.0 520.3 16.0
70.0- 380.3 17.8 71.6 6.4 451.9 13.9
80.0- 504.5 23.6 89.6 8.0 594.1 18.3
90.0- 90.6 4.2 91.0 8.2 181.6 5.6

100.0- 205.4 9.6 0.0 0.0 205.4 6.3
110.0- 0.0 0.0 0.0 0.0 0.0 0.0
120.0- 0.0 0.0 0.0 0.0 0.0 0.0
130.0-139.9 0.0 0.0 0.0 0.0 0.0 0.0
140.0+ 0.0 0.0 0.0 0.0 0.0 0.0 

-----------------~~~~~--------------------------------

Total number 35 63.6 20 36.4 55 
Total weight 2137.0 65.7 1115.4 34.3 3252.4 
Mean 61.1 55.8 59.1 
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Table 22. Size and weight frequency of Dicrostonyx and Lemmus trapped 

from July 8 to July 11, 1970. 

Weight Di crost onyx Lemmus Both Species 

classes (g) Number % Number % Number % 

0.0- 9.9 ? ? ?
10.0- 1 4.0 11 38.0 12 22.2
20.0- 0 0.0 0 0.0 0 0.0
30.0- 5 20.0 0 0.0 5 9.3
40.0- 2 8.0 0 0.0 2 3.7
50.0- 1 4.0 0 0.0 1 1.9
60.0- 5 20.0 0 0.0 5 9.3
70.0- 2 8.0 2 6.9 4 7.8
80.0- 3 12.0 4 13.8 7 12.9
90.0- 4 16.0 3 10.3 7 12.9

100.0- 2 8.0 5 17.2 7 12.9
110.0- 0 0.0 3 10.3 3 5.6
120.0- 0 0.0 0 0.0 0 0.0
130.0-139.9 0 0.0 0 0.0 0 0.0
140.0+ 0 0.0 1 3.5 0 1.9

-~-----~-~~~--~~-~~-~--~------------------------------------------------,-------

Weight Weight Weight 
(g) % (g) % (g) % 

0.0- 9.9 ? ? ? 
10.0- 16.7 1.0 172.5 8.8 189.2 5.2
20.0.;.. 0.0 0.0 0.0 0.0 0.0 0.0
30.0- 177.2 10·7 0.0 0.0 177.2 4.9
40.0- 88.6 5.4 0.0 0.0 88.6 2.4
50.0- 53.8 3.3 0.0 0.0 53.8 1.5
60.0- 318.6 19.3 0.0 0.0 318.6 8.8
70.0- 154.0 9.3 155.5 7.9 309.5 8.6
80.0- 254.5 15.4 333.1 16.9 587.6 16.2
90.0- 374.9 22.7 286.5 14.6 661.4 18.3

100.0- 213.0 12.9 531.9 27.0 744.9 20.6
110.0- 0.0 0.0 347.1 17.7 347.1 9.6
120.0- 0.0 0.0 0.0 0.0 0.0 0.0
130.0-139.9 0.0 0.0 0.0 0.0 0.0 0.0
140.0+ 0.0 0.0 140.3 7·1 140.3 3.9

--------.--,---------------------~-----....--_ ..... _-------------------------------------

Total number 25 46.3 29 53.7 54
Total we ight 1651.3 45.6 1966.9 54.4 3618.2
Mean 66.0 67.8 67.0
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Table 23. Size and weight frequency of Dicrostonyx and Lemmus trapped 

from Aug. 7 to Aug. 10, 1970. 

Weight Dicrostonyx Lemmus Both Species 

classes (g) Number % Number % Number % 

0.0- 9.9 ? ? ?
10.0- 6 16.7 6 9.0 12 11.7
20.0- 6 16.7 14 20.8 20 19.7
30.0- 5 13.8 37 55.2 42 40.8
40.0- 1 2.8 6 9.0 7 6.8
50.0- 6 16.7 0 0.0 6 5.8
60.0- 4 11.1 1 1.5 5 4.8
70.0- 3 8.3 1 1.5 4 3.9
80.0- 4 11.1 0 0.0 4 3.9 
90.0- 0 0.0 2 3.0 2 1.9

100.0- 1 2.8 0 0.0 1 1.0
110.0- 0 0.0 0 0.0 0 0.0
120.0- 0 0.0 0 0.0 0 0.0
130.0-139.9 0 0.0 0 0.0 0 0.0
140.0+ 0 0.0 0 0.0 0 0.0

---~-----~-------~-----------~----------------~----------------~-------------

Weight Weight Weight 
(g) % (g) % (g) % 

0.0- 9.9 ? ? ?
10.0- 98.7 5.8 108.2 4.6 206.9 5.1
20.0- 142.1 8.3 346.4 14.9 488.5 12.1
30.0- 178.3 10.4 1285.1 55.2 1461.4 36.2
40.0- 41.6 2.4 250.4 10.8 292.0 7.2
50.0- 327.0 19.1 0.0 0.0 327.0 8.1
60.0- 353.3 14.8 67.9 2.9 321.2 8.0
70.0- 229.3 13.4 74.3 3.2 303.6 7.5
80.0- 333.0 19.5 0.0 0.0 333.0 8.3
90.0- 0.0 0.0 195.4 8.4 195.4 4.8

100.0- 107.8 6.3 0.0 0.0 107.8 2.7
110.0- 0.0 0.0 0.0 0.0 0.0 0.0
120.0- 0.0 0.0 0.0 0.0 0.0 0.0
130.0-139.9 0.0 0.0 0.0 0.0 0.0 0.0
140.0+ 0.0 0.0 0.0 0.0 0.0 0.0

--~--------~-----------~-~-----~----------------------

Total number 36 34.9 67 65.1 103 
Total weight 1711.1 42.3 2327.7 57.7 4038.8 

'Mean 47.5 34.7 39.2 
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Table 24. Percentage of the total number and total weight and the 

rneanweight of Lemmus and Dicrostonyx consumed by foxes 

a~d trapped during each of the four collection periods 

in 1970. 

Consumed by foxes Snaptrapped 

Period Description Lemmus Dicros. Lemmus Dicros. 

spring 

early 
summer 

mid
summer 

late 
summer 

% total no. 
% total wt 
mean wt 

7; total no. 
%total wt 
mean wt 

%total no. 
%total wt 
mean wt 

%total no. 
%total wt 
mean wt 

65.3 
42.5 
23.6 

79.1 
72.1 
64.0 

74.2 
61.4 
43.6 

70.8 
58.8 
41.8 

34.7 
57.5 
60.3 

20.9 
27.9 
93.9 

25.8 
38.6 
78.7 

29.2 
41.2 
71.1 

68.9 
69.6 
58.9 

36.4 
34.3 
55.8 

53.7 
54.4 
67.8 

65.1 
56.6 
33.3 

31.1 
30.4 
57.1 

63.6 
65.7 
61.1 

46.3 
45.6 
66.0 

34.9 
43.4 
47.5 
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lemming breeding success was best in 1970. Although the younger

lemmings contributed only 9.3% o~ the total weight of lemmings consumed,

the successful rearing of young during this period undoubtedly contributed

to the highly successful reproduction o~ ~oxes that year.

Comparisons o~ the proportions and weight classes of Lemmus and 

Dicrostonyx are not given ~or the summer of 1968 and 1969 as no ~oxes

occupied dens during this period o~ 1969 and the scats collected in 1968 

were inadvertently discarded. 

6.2.2.1. Proportions o~ Lemmus and Dicrostonyx consumed by foxes and 

captured in traps during 1970 

Chi-square analyses o~ the results in Table 24 showed that the 

proportions o~ Lemmus consumed by ~oxes during each of the four collection 

periods were significantly greater than those of Dicrostonyx (p < 0.05). In 

contrast the proportion o~ Lemmus to Dicrostonyx trapped was not significantly 

different in early or mid-summer. However, the number of Lemmus trapped 

was significantly greater than Dicrostonyx in spring and late summer. 

A comparison o~ the numbers o~ Lemmus and Dicrostonyx consumed by foxes 

and trapped during each collection period showed that the proportion of 

Lemmus cons'~ed by foxes was significantly higher than the proportion trapped 

in early summer and mid-summer. However, there was no significant difference 

in the proportion consumed and trapped in spring and late summer. The 

converse of the above analyses is true for Dicrostonyx. Finally, a 

comparison of the proportions of both species consumed by foxes with the 

proportions of both species trapped during mid- and late summer combined 

showed that significantly more Lemmus were consumed by foxes than were 

trapped during both periods. 
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Breeding foxes apparently capture a disproportionately larger 

number of Lemmus than Dicrostonyx between early June and early August. 

These results conform with the high proportion of hunts carried out by 

adult foxes in the low wet habitats occupied by Lemmus as opposed to 

the relatively high dry habitats occupied by Dicrostonyx during this 

period. 

The lack of a significant difference in the proportion of both 

species consumed by foxes and trapped in late spring may be explained 

by the occurrence of both species within lower habitats; Lemmus in sedge

marsh and Dicrostonyx in sedge-hummock and heath-sedge-hummock habitats. 

Because both species occupied a similar subnivean environment, their 

chances of being captured by foxes were probably related to their relative 

densities. A comparison of the numbers of each species consumed 

(Table l~ shows that nestling Lemmus were more vulnerable to predation 

than nestling Dicrostonyx. On the other hand, larger Dicrostonyx appeared 

to be preyed upon more heavily than Lemmus. However, the proportions 

of the two species in the population in early May were similar to that 

captured in late May and early June when the nestlings had grown old enough 

to be captured in traps. 

6.2.2.2. Total and mean weights of Lemmus and Dicrostonyx consumed by foxes 

and captured in traps during 1970. 

Table 24 shows that the mean weights of Lemmus and Dicrostonyx 

captured in traps during each of the four collection periods were not 

significantly different despite the variability in the percentage of total 

weight within some weight classes (see Tables 20, 21, 22 and 23). In 
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contrast, the mean weights of Lerrnnus consumed by foxes were significantly 

lower than those of Dicrostonyx for all collection periods except early 

summer, for which the X2 value was 2.86 but not significant(P > 0.05). 

By comparing the total numbers and total weights of each species for each 

collection period it can be seen that the foxes were able to capture more 

Lemmus weighing 0.0-29.9 g than Dicrostonyx which undoubtedly accounted 

for the lower mean weight for the species. Furthermore, the low proportion 

of younger Lemmus consumed in early summer accounts for the lack of 

significance between the mean weights of both species consmned during that 

period. 

The failure of foxes to capture younger DicrostonYx as frequently 

as they captured younger Lemmus from mid-June onwards can be directly 

attributed to the hunting behaviour of the foxes and the burrowing habits 

of the lemmings as explained in Section 5.3, p. 81. One possible 

explanation for the vulnerability of Lemmus nestlings in early spring is 

that the nests of this species are located in the frozen marshes or beside 

hummocks whereas the nests of Dicrostonyx are possibly located on hillsides 

and among hummocks where the snow is deeper. l Consequently, Lemmus 

nests could be easily reached by foxes digging through the snow whereas 

Dicrostonyx nests would be more difficult to excavate from the snow. 

The analysis of these data is not complete without showing the 

importance of proportions of the total weight contributed by each lemming 

species to the food requirements of the breeding foxes. From Table 19 

it can be seen that during the period of intensive hunting by the adults 

l·Observations of a high proportion of ~. groenlandicus subnivean nests located 
under 50-60 em of snow were recorded by the author on Devon Island, N.W.T. 
in 1971. 
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in mid- to late summer, significantly more Lennnus than Dicrostonyx were 

captured. The mean individual weight of Dicrostonyx was significantly 

higher than that for Lemmus and the total weight of all Lemmus consumed 

was only 14.6% higher than Dicrostonyx. These results show that the 

larger Dicrostonyx supplied a large portion of the total food consumed 

by the whelps despite their lower frequency in the diet. Furthermore, 

a comparison of the total numbers and total weights of Lemmus weighing 

30.0 g or less showed that 42.5% of all Lemmus consumed included only 18.1% 

of the total weight consumed. On the other hand, Dicrostonyx weighing 

70.0 - 79.9 g comprised only 11.7% of the animals captured and 12.0% 

of the total weight consumed. 

6.2.3. Food consumption of arctic fox whelps 

Figure 20 shows the mean weight of lemmings and caribou meat 

consumed /fox per day by two captive whelps, one male and one female, 

between June 30 and August 1, 1970. Daily food consumption increased from 

about 235 g/day to approximately 450 g during the period. Much of the 

variability in the daily food consumption may be directly attributed to 

moving the foxes and our inability to meet the food demands of the faxes 

on several separate days of the study. The value for June 30 was abnormally 

high as the foxes were starved for 24 hr prior to feeding whereas the 

value for July 28 - August 1 is probably low as these data were obtained 

from a group of seven foxes varying in age up to three weeks. The total 

quantity of lemmings and caribou meat consumed /fox was 1~75 g or 

approximately 26.4 Ibs between June 30 and August 1, or an average daily 

consumption of 363 g (0.80 lb). 
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Figure 21 shows the relationship between the mean food consumption 

/fox per day and the mean weight of the two whelps between June 30 and 

July 31, 1970. The dates below the points indicate when the weights were 

measured. 

The figure shows that food consumption rose linearly with 

increasing weight and that an increase of 10 g in body weight corresponded 

to a 2.5 g increase in food consumption. Kuyt (1970) also showed that 

food intake rose almost linearly with body weight during the early stages 

of growth of wolf cubs. 

Although the observation period was restricted, it does represent 

a large portion of the denning period during which the whelps were dependent 

upon the adults for lemmings. At the beginning of this period captured 

whelps were suckling and consuming lemmings whereas at the end of this 

period the whelps were becoming independent of the adults for food. 

Consequently, the study period provides a reliable estimate of the food 

demands of dens with various numbers of whelps at different periods during 

their growth. In order to estimate the number of lemmings which the breeding 

pair must provide in order to meet the food demands of their whelps at 

different periods during the denning period, the following parameters must 

be known: 

A. The mean weight of lemmings captured during the period, based on 

the weight classes and proportions of Lemmus and Dicrostonyx captured. 

B. The weight of the whelps. 

C. The food consumption of whelps at different weights. 

Table 25 shows the estimated numbers of lemmings which the adults 
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Table 25. Estimated food consumption at dens 154, 13 and 16 for 

three daily periods in 1970. 

Description Den 154 Den 13 Den·16 

Date: June 30 
Number of whelps at den 
Mean weight of whelps - g 
Mean food /whelp per day - g 
Average wt. of lemmings eaten 
No. of lemmings required /day 

- g 

14 
600 
145 

54.7 
37 

12 
820 
230 
51.8 
53.2 

9* 

Date: July 13 
Number of whelps at den 
Mean weight of whelps - g 
Mean food /whelp per day - g 
Average weight of lemmings eaten 
No. of lemmings required /day 

- g 

11 
1165 

315 
54.7 
63.3 

10 
1330 

360 
47.7 
75.5 

9 
700 
195 

70.7 
24.9 

Date: August 1 
Number of whelps at den 
Mean weight of whelps - g 
Mean food /whelp per day - g 
Average wt. of lemmings eaten - g
No. of lemmings required /day 

12 
1810 

480 
38.3 

150.4 

10 
1810 

480 
49.6 
96.8 

6 
1200 

325 
53.4 
36.5 

*whelps too young to estimate food consumption 
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at dens 154, 13 and 16 provided to the dens at different dates between 

June 30 and July 1. Data for the table is taken from Appendix G and 

1Figure 21.. The table shows that the number of lemmings provided by 

the adults each day for the large litter at den 154 ranged from 

approximately 57 when the whelps were young to about 150 at the end of 

the denning period. If one considers that an average of 10.6 embryos 

are produced by each female fox in the study region (Macpherson, 1969) 

and all the whelps survive,then each breeding pair must provide an average 

of 2400 lemmings to the whelps as well as feed themselves during this 

period. In terms of weight this equals about 127 kg or 280 Ib of lemmings. 

These results lend an immediate appreciation as to why sibling 

aggression and/or den abandonment by the adults occurs in early July 

during years of low lemming density. If the female successfully rears 

the mean litter size of 10.6 whelps until they start consuming lemmings, 

a mean 60 lemmings /day must be provided to the den. If the quota cannot 

be supplied den abandonment may take place removing all food demands from 

the parents or sibling aggression reduces the food demand to the level 

which the adults can supply. The results for den 16 on August 1 compared 

to dens 154 and 13 on July 13 show the difference four and five additional 

whelps can make to the food demands of the adults. 

Tne results also show why both adults must hunt in order to meet 

the food demands of the average litter. Based on data from Table 3 

(Section 5.2.3, p. 53 ) the mean number of hunts carried out by the pair 

at den 154 per hunting period was 16.6. Observations of the pair also 

l·Calculations based on the mean weight of both species of lemmings consumed 
by whelps during mid- and late summer at nine breeding dens and an 
estimated food consumption of 11975 g/whelp during this period in 1970. 

J 
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showed that during long hunts a maximum of seven or eight le1JIDlings could 

be carried back to the den whereas on short hunts from one to four were 

returned. If a mean of five lemmings per hunt is considered, it would 

take the pair 16 or 17 hunts per night to meet the demands at the den in 

the latter part of July. A maximum of 12 or 13 hunts recorded for den 154 

female who was considered to be hunting efficiently could not meet the 

food demands of the whelps at that den. Table 25 shows that about 150 

lemmings/day were required by the den 154 whelps at the end of their 

denning period. If the adults conducted the mean number of hunts per day 

they could not meet the whelps' daily food demands. On August 5 two whelps 

were seen hunting both with the female and by themselves which suggested 

that the whelps were providing a portion of their food requirements. 

Finally, the results show how critical the timing of lemming reproduction 

is to the reproductive success of the faxes. A delay of one or two weeks 

in the breeding period of lemmings in mid-June would substantially reduce 

their density as well as the mean weight of the cohort when the foxes 

must meet the rapidly increasing food demands of their whelps. Any 

reduction in the mean weight of lemmings would force the foxes to expend 

more energy and hunting time to make up the difference by increasing the 

quantity of lemmings brought to the den. 
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7. GENERAL DISCUSSION 

The results of this study of arctic fox behaviour support 

Macpherson's (1969) hypothesis on the regulation of fox denning 

success by food shortage in the post-natal period. Den abandonment 

during years of low lemming densities, especially during suckling and 

when whelps are taking their first solid food, is probably related to the 

male's entire responsibility for most of the hunting early in the denning 

period. A lack of sufficient lemmings to feed the suckling female, 

the whelps just starting on solid food and the male himself, may force the 

female to hUnt sooner than she normally·would. Her search for food may 

force her to abandon the litter completely or cause severe mortality 

because of insufficient milk for the whelps (Sadleir, 1969). During the 

second phase of the denning period when both adults usually hunt, low 

prey densities may prevent them from supplying the rapidly increasing food 

demands of the whelps. This argument is supported by results showing 

that both adults must hunt to supply the food demands of the average 

litter during lemming highs. Under conditions of food stress in the second 

portion of the denning period, sibling aggression can also act to reduce 

litter size and subsequent food demand. 

In this study I have also presented evidence supporting an 

hypothesis that food shortage can regulate fox popUlations by causing actual 

reproductive failure in a large portion of the population in some years. In 

summary, the normal development of primordial sex cells, sexual behaviour 

or pre-natal development may be inhibited by insufficient food resources 

during the fall, winter or early spring. Prior to denning, the number of 
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lemmings available during lows in their cycles are responsible for 

occasional fox reproductive failures as they constitute the major food 

resource of foxes. It must be stressed that reproductive failures do 

not occur during every lemming cycle low and that the precise period in 

the cycle when lemming numbers begin to increase determines whether the 

fox population will reproduce successfully the following summer or not. 

A model suggesting the manner in which fox reproductive success 

may be affected by differences in the time in the lemming cycle when the 

total lemming population density begins to increase is in Figures 22A and B. 

If a lemming population that has been in a cyclic low through 

the winter successfully reproduces in May and again in JUly, the increased 

food supply for foxes would occur too late for a large proportion of 

the population to reproduce as foxes breed from March to mid-April (Fig. 

22A). Lemming populations would then reach peak density in late summer 

while fox densities would remain low. On the other hand, if lemmings 

breed successfully in February or early March, the faxes would breed and 

have sufficient food to insure successful denning of a large portion of 

the population (Fig. 228). Continued reproductive success by lemmings 

in spring and summer would result in coinciding lemming and fox peaks. 

If the first case (Fig. 2~A) is projected into the following year, 

the occurrence of fox peaks one year after lemming peaks or during lemming 

declines (Chitty, 1950) can be explained. Lemming declines frequently 

continue for two years, so food supplies would still be sufficient for 

faxes during the second fall, winter and spring following a lemming peak. 

A large proportion of the fox population breeding that spring would result 

in a fox peak despite a suboptimal lemming density. Reproductive success 
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of foxes that summer would be limited by post-natal mortality, similar 

to that observed in 1968 and by Macpherson (1969). 

Data, on lemming and fox cycles in the Canadian Arctic (Chitty, 

1950) and fox reproduction and lemming densities (Macpherson, 1969) 

and the present study are clarified by this hypothesis. Analyses of 

fox and lemming cycles must consider winter and summer densities as well 

as the period when build-up and crash of lemming populations occur up to 

18 months prior to fox peaks in order to understand the proportion of 

fox populations reproducing in any year. 

This study has also shown that the timing of fox parturition 

and lemming reproduction during May and July is critical if foxes are to 

realize their reproduction potential in the post-natal period. Lemming 

reproduction in M~ provides a flush of food late in the gestation period 

of the fox and through the suckling period when nutritional demands on the 

female are highest. 

Increased prey density during the initial phase of the denning 

period facilitates the male's hunting. Successful lemming reproduction 

during JUly is also essential if the foxes are to successfully realize 

their full reproductive potential, because the period when the summer 

lemming cohort leaves the nest is also important to fox reproduction. In 

terms of fox predation high lemming density and mean body weight reduces 

hunting effort for bigger energy packages. If lemmings reproduced two or 

three weeks later than normal in July, the foxes would be forced to search 

for nesting lemmings. Because the new cohort is restricted to the nest 

and the mean weight per lemming is low, much more hunting effort would be 

necessary to acquire the biomass required by the foxes. Insufficient food 
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for the wh Ips during this period would reduce the litter size through 

sibling ag ression or possibly den abandonment. Normally the second 

portion of denning period coincides with the emergence of the new 

lemming co from their nests~ lemming densities are high and their 

mean indiv·dual body weights are continually increasing. Thus, arctic 

fox huntin success is facilitated during this period of intense food 

demand by 

lyses of the relative amounts of hunting conducted by the 

breeding a ult foxes during this study showed that both adults must 

hunt if th high reproductive potential of the pair is to be attained. 

Although t e males carried out almost all of the hunts and were able 

to provide sufficient food for the female and the suckling whelps during 

part of the denning period, both adults hunted when the whelps 

were eatin lemmings. The hunting behaviour of a male fox during the 

initial po tion of his denning period was similar to that exhibited by 

another den during the second portion of her denning period. 

restricted their hunting to short intervals and within close 

The similarity in hunting behaviour was concluded 
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and attended the den for longer periods than the male. These differences 

were related to the female's greater attentiveness toward the litter and 

the male's concern for territorial integrity. 

The proportion of time spent hunting by each adult arctic fox 

during various stages of the denning period cannot be compared with other 

small Canidae as comparative Observations are mostly lacking. Seton (1925) 

noted whole food provision by male and female denning adult coyotes. 

Burrows (1968) in his well-documented account of red fox biology in 

West Gloucestershire, England found that male foxes contributed almost 

no food to the females or their litters of four or five whelps. Male fox 

territories broke down after the rut and the males remained about the 

dens for a short time before they dispersed. The females conducted diurnal 

as well as nocturnal hunting during the second part of thedenning period 

in May whereas only nocturnal hunting was carried out during the remaining 

portions of the year. In contrast, Seton (1925), Murie(1944) and Allison 

(1971) observed monogamy and both adults feeding the whelps in red foxes 

in North America and the former two authors reported the male fox 

luring WOUld-be attackers from the den. Seton (1925) also mentioned that 

arctic foxes and grey foxes are monogamous and that both adults provide 

food to the den. In comparing these conflicting observations it should be 

noted that the English foxes were studied in a populated, rural farmland 

where domestic food was readily available whereas in North America the foxes 

were observed in an environment relatively uninfluenced by man at the time. 

Consequently, it may be suggested that differences in food availability 

determine the feeding behaviour of the male during the denning period of 

some small canids. 
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However, a discussion of the reproductive potential of various 

fox species must be related to the availability of food throughout the 

year and mortality of offspring between breeding seasons in various 

biomes. In other words, a species must produce sufficient young in order 

to ensure that enough breeding animals are available the following year 

to perpetuate itself (Lack, 1968). As pointed out by Lord (1960) the 

mean litter size of related fox species (grey fox, 4.1 and red fox, 5.5) 

increases with latitude and the mean litter size of arctic foxes, 10.6, 

is much higher than that of red foxes. Lord (1960) believed that increased 

litter size was related to the severity of the environment and resulting 

sparsity of breeding populations whereas Macpherson (1969) suggested 

that variable food resources regulated arctic fox reproduction. In this 

region arctic faxes are almost entirely dependent on lemming populations 

whose densities fluctuate widely in a regular although non-annual pattern. 

The regular occurrence of a super-abundance of prey promotes the high 

reproductive potential of the foxes which, in turn, offsets high winter 

mortality during lemming lows. The survivors are able to breed in sufficient 

numbers the following year or even in two years to sustain the population. 

In order to realize their high reproductive potential both adults must hunt 

to supply sufficient food for their large litters. Active hunting by both 

adults is of selective advantage to arctic fox populations as the reproductive 

potential is achieved during good years and maximized during intermediate 

and poor years. The production of a large cohort insures the persistence 

of the population's gene pool despite severe mortality between breeding seasons. 

The study of the behaviour and habitat selection of hunting foxes 

and the habitat selection of their prey showed that hunting foxes concentrate 
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their hunting in habitats where prey are most abundant and easily 

captured. In early June 1970 rapid melting of snow forced Lemmus to 

leave the flooded lower habitats and to occupy higher habitats in which 

they were more frequently exposed. The foxes responded by concentrating· 

their hunting in the higher habitats and captured lemmings using stalking 

and dashing hunting behaviour. The foxes also hunted in lower, snow 

covered areas by pouncing and digging in the soft snow where they easily 

excavated Lemmus burrows. As the low habitats drained and hummocks thawed 

during the remainder of June and early July, Lemmus gradually re-invaded 

them and initiated breeding in early July. During this period the faxes 

hunted more frequently in these habitats and dug the animals from their 

peaty burrows. In the second half of July the new Lemmus cohort left 

their nests and the faxes increased the amount of stalking and dashing to 

capture the exposed animals. 

Dicrostonyx occupied the higher habitats throughout the summer. 

Because their burrows are located deep in sandy soil or under large 

rocks the foxes did not excavate them and conducted stalking and dashing 

behaviour as they hunted in these habitats. Because the relative density of 

Dicrostonyx was usually less than that of Lemmus and their burrows were difficult 

to excavate,the faxes spent a smaller portion of their hunting time in 

higher habitats than in lower habitats in July. The greater amount of time 

spent hunting for Lemmus rather than Dicrostonyx was reflected in the 

significantly greater proportion of Lemmus in the diet of the whelps. 

This prey selection was also reflected in the mean weights of individuals 

of each prey species consumed by the whelps. Because the faxes captured 

a large proportion of Lemmus they took a large number of each new cohort 
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which weighed much than their parents. In comparison, Dicrostonyx 

nestlings were most unavailable to foxes, because of the protection 

ess 

of their burrows, a d mostly adults were captured. Although the ratio 

of Lemmus to Dicroston x in the whelps' diet was 6.9-3.1, the ratio of 

the calculated tota weights of each species consumed was 5.7-4.3 

Food consumption rates of two captive whelps during July, the 

second portion of t e denning period when solid food is consumed, ranged 

from 335-490 g/fox er day; mean 363 g/fox per day; total 11.98 kg for 

33 days. Food cons a mean litter of 10.6 whelps was calculated 

to be approximately equivalent to 2400 lemmings. The impact 

of a on the high lemming populations in the study 

area during 1970 was approximately 15 lemmings/ha; based on a hunting area 

2of 2.9 km , litter of 10.6 whelps raised successfullyl and 900 lemmings 

consumed/adult hedenning period of 90 days. The impact of arctic 

foxes on the populations in this area is much lower than that 

recorded for j aegers, Stercorarius pomarinus, at Ba.rrow, Alaska 

during a lemming high (Maher, 1970). Jaegers at a density of 7 pair /km2 

removed 77 lemmings/ha or 5.1 times the value estimated here for arctic 

foxes. A compariso of lemming population densities in the two areas 

showed that peak de sities of 125 Lemmus/ha are reached at Barrow (Maher, 

1970) whereas peaks of approximately 50 Lemmus and Dicrostonyx/ha were 

reached at Aberdeen Lake during this study and similar densities were 

calculated from Mac herson's (1969) data from 1960 to 1963. At Barrow, 

Maher (1970) recorded the high density of Le.mmus only in lOW-lying habitats 

which occupy most a the Barrow area. In this study the density of both 

l·Assumes no mortality after birth during high lemming population densities. 

pair of breedi g faxes 
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Lemmus andDicrosto~yX was determined in a region where low, intermediate 

and high habitats o(~cur in the study area. Because the foxes concentrated 

a high proportion o~ their hunts in the lower habitats during JUly when 

predation was optim~Ll (Table 8, p. 69), and took a significantly 

larger portion of LEmmus than Dicrostonyx, the impact on Lemmus was 

probably higher tha~ 15 lemmings/ha on suitable habitat. The higher 

densities. of lemmin~~s during their cycle peaks probably accounts for higher 

predator densities (~t Barrow compared with Aberdeen Lake. 
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Appendix A. Record of trapping stations and methods used during various 

trapping intervals for lemmings during 1968, 1969 and 1970. 

Trapping Total 

Year Trapping interval method stations 

1968 May 31 - June 3 Grid 36
" " 36

June 6 - 11 Trapline 94
June 10 - 13 Grid 36
June 11 - 14 36" 

" " 36 
June 13 16 " 36 
June 27 - 30 " 36 

" " 36 
June 29 - July 2 36" 
June 29 - JUly 3 Trapline 36 
July 20 - 22 Grid 42 
JUly 23 26 36- " 

" " 36 
" " 36 

Total 604 
---------~--_._-----------------------------,,-- ....--.....--------------------------

1969 June 7 - 10 Mod. trapl. 60
June 13 16- " " 56 
June 17 -, 20 35" " 
June 19 - 22 " " 20 

" " " 90 
June 21 - 24 " " 98 
June 23 - 26 90" " 
June 25 - 28 100" " 
June 29 - July 2 " 52" 
June 30 - JUly 3 " " 22 
JUly 2 - 5 " " 65 
JUly 10 - 13 100" " 
JUly 17 - 19 98" " 

" " " 50 

Total 936 
-------~-~-------------~-------~---~-~---~----~~------ --------------------

1970 May 25 - 28 Mod. trapl. 100
June 1 - 4 " " 100
June 20 - 23 103" " 
July 8 11 100" " 
Aug. 7 10- " " 99 

Total 502 
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Appendix B. Duration of observations at five breeding fox dens in 1970. 

Hr.min of observation Total hr.min 

Observation period Den hr min hr min 

June 
JUly 
July 
JUly 
August 

24 
4 

15 
28 

5 

-
-
-
-

27 
7 

18 
29 

154 27 
59 
53 
15 

1 

20 
42 
26 
30 
43 157 41 

May 
June 
June 
JUly 
July 

30 
17 
29 
10 
21 

-
-
-
-
-

31 
19 
JUly 2 
11 
22 

28 19 
30 
46 
20 
25 

35 
32 
53 
00 
15 142 15 

July 
July 

15 
28 

13 1 
1 

20 
25 2 45 

JUly 19 27 3 10 3 10 

JUly 16 16 1 30 1 30 

307 21 



Appendix C. N"umbers and dry weights of scats deposited at nine breeding dens during 1970. 

Den 

No. 

Quant. 

Wt. g 

Number 

Interva1s* 

Totals 

154 
Wt. 
No. 

M.16-23 
38.9 
22 

M.23-J.23 
84.6 
91 

J.23-Ju.22 
2027.0 
1407 

Ju.22-29 
436.7 
252 

Ju.29-A.5 
279.1 
107 

2866.3 
1879 

16 
Wt. 
No. 

M.27-J.9 
463.7 
114 

J.9-23 
373.1 
114 

J.23-Ju.16 
255.2 
119 

Ju.16-A.5 
1648.6 
1065 

2740.6 
1412 

131 
Wt. 
No. 

M.16-23 
79.6 
69 

M.23-J.23 
561.5 
220 

J.23-Ju.18 
903.4 
697 

Ju.18-A.6 
1590.8 
1079 

3135.3 
2065 

f-J 
w 
+:"" 

13 
Wt. 
No. 

M.26-J.26 
160.9 

89 

J.26-Ju.7 
112.6 
114 

Ju.7-28 
1834.5 
1556 

Ju. 28-A. 5 
1053.7 

711 
3161.7 
2470 

27 
Wt. 
No. 

M.23-J.22 
134.0 

91 

J.22-Ju.19 
327.6 
153 

Ju.19-A.3 
525.6 
418 

987.2 
662 

28 
Wt. 
No. 

M.24-Ju.2 
26.2 
12 

Ju.2-23 
589.6 
498 

Ju.23-A.2 
1336.3 

772 
1952.1 
1282 

31 
Wt. 
No. 

J.2-9 
7.6 
4 

J.9-A.7 
2421.8 
1719 

2429.7 
1723 



Appendix C. cont'd 

,guant. Intervals* 
Den Wt. g 

No. Number Totals 

12 
Wt. 
No. 

M.26-A.5 
1242.6 
1271 

1242.6 
1271 

21 
Wt. 
No. 

J.23-A.7 
921.0 
632 

921.0 
632 

Total weight 
numbers 

19436.2 
13396 

f-J 
W 
Vl 

*M = May, J = June, Ju =July, A = August. 



Appendix D. Statistical results obtained from regression analysis between total body weight and 

incisor tooth measurements for Lemmus and Dicrostonyx captured in 1970. 

Statistical results* 

Species S.D. e. C. R.C. S.E.-R.C. "T" S.E.-E. "F" 

Lemmus 14.934 0.9716 0.3385 0.0086 39.4055 1.2372 1552.796 

Dicros. 4.754 0.9008 0.8099 0.0445 18.2020 1.8683 331.313 

* S.D. - Standard Deviation S.E.-R.C. - Standard Error Reg. Coeff. 
C.C. - Correlation Coefficient "T" - Computed 1fT" value f-J 

LV
R.C. - Regression Coefficient S.E.-E. - Standard Error of Estimate 0\ 

ifF" - Computed ifF" value 
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Appendix E. Total numbers of Lemmus and Dicrostonyx tooth types in 10 subsamples of scats collected in 1970. 

Tooth types* 
Date of 
Sample Species UIL UMIL UM2L UM3L LIL LMIL LM2L LM3L UIR UMIR UM2R UM3R LIR LMIR LM2R LM3R Total 

June 23 G2 Lemmus 20 20 17 30 26 20 11 15 28 17 25 17 26 30 20 15 337 
June 23 G3 " 10 11 10 12 8 17 4 7 6 9 14 15 12 7 6 5 148 
June 23 G9 " 17 22 11 12 20 15 6 16 22 13 6 19 18 14 8 8 227 
June 23 F6 " 46 54 47 31 42 54 8 16 43 23 39 39 41 62 31 16 592 
Aug. 5 E2 " 26 27 18 22 33 32 17 13 41 27 17 24 23 28 25 16 389 
Aug. 7 C7-10 " 82 59 51 80 88 132 15 73 90 59 44 59 95 162 15 37 1141 
Aug. 3 C5-6 " 41 28 7 42 37 28 14 35 41 42 7 49 39 35 21 35 501 
Aug. 5 El " 27 33 39 39 37 55 17 17 18 33 28 44 33 55 28 22 525 
Aug. 5 E5 " 46 31 24 30 42 50 28 17 46 31 26 27 42 45 30 26 541 
Aug. 5 E8 " 40 21 14 20 35 36 14 11 31 24 16 14 34 37 22 16 385 I-' 

w 
--:J 

Total 355 306 238 318 368 434 134 220 366 278 222 307 363 475 206 196 4786 
I 

June 23 G2 Dicros. 6 4 4 5 6 11 9 5 8 4 5 4 8 10 7 4 100 
June 23 G3 " 9 8 10 7 8 5 10 12 10 4 2 8 6 7 4 6 116 
June 23 G9 " 16 12 9 14 17 25 19 14 16 9 6 8 13 26 17 9 230 
June 23 F6 " 6 2 6 4 12 13 3 3 10 3 4 4 7 11 3 8 99 
Aug. 5 E2 " 7 8 11 8 9 7 4 5 7 10 11 7 8 6 7 6 121 
Aug. 7 C7-10 " 23 18 9 18 25 13 5 13 22 9 5 9 19 31 18 5 242 
Aug. 3 C5-6 16 1 2 5 19 4 2 4 19 0 1 2 18 7 5 2 107" 
Aug. 5 El " 10 5 3 5 13 5 6 4 14 6 7 9 10 11 9 4 121 
Aug. 5 E5 " 16 13 9 11 11 11 10 10 13 10 13 11 18 14 10 8 188 
Aug. 5 E8 " 11 4 5 6 5 6 5 4 12 2 5 4 3 5 3 3 83 

Total 120 75 68 83 125 100 73 74 131 57 59 66 110 128 83 55 1407 
I 

* U - upper I - incisor L - left side 1,2,3 - order anterior to 
L - lower M - molar R - right side posterior 

I 
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Appendix F. Statistical analysis for data recorded in Appendix E.

Source of variance 

Subgroups 

Species 

Tooth types 

Sp. x T. t. interaction 

Within group error 

Total 

* P < 0.001 

df. 

31 

1 

15 

15 

288 

319 

SS 

49665.8 

35680.13 

9840.95 

4144.2 

67852.2 

167183.8 

MS F 

1602.1 

35680.13 

656.06 

276.32 

235.59 

151.54* 

2.78* 

1.17 
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Appendix G~l. Size and weight frequencies of Dicrostonyxand Lemmus 

consumed by whelps at den 154 from June 24 to July 22, 1970. 

Weight Dicrostonyx Lemmus Both Species 

classes (g) Number % Number % Number % 

0.0- 9.9 0 0.0 7 7.4 7 4.7
10.0- 0 0.0 7 7.4 7 4.7
20.0- 0 0.0 30 31.9 30 20.3
30.0~ 4 7.4 10 10.6 14 9.5
40.0- 9 16.7 5 5.3 14 9.5
50.0- 6 11.1 10 10.6 16 10.8
60.0- 10 18.5 5 5.3 15 10.1
70.0- 5 9.3 10 10.6 15 10.1
80.0- 7 13.0 6 6.4 13 8.8
90.0- 4 7.4 3 3.2 7 4.7

100.0- 2 3.7 1 1.1 3 2.0
110.0- 1 1.9 0 0.0 1 0.7
120.0- 3 5.6 0 0.0 3 2.0
130.0-139.9 1 1.9 0 0.0 1 0.7
140.0+ 2 3.7 0 0.0 2 1.4

--------~--~~-----~-----------------------~-----------

Weight Weight Weight 
(g) % (g) % (g) % 

0.0- 9.9 0.0 0.0 47.2 1.2 47.2 0.6
10.0- 0.0 0.0 104.9 2.6 104.9 1.3
20.0- 0.0 0.0 759·5 19.0 759.5 9.4
30.0- 152.0 3.7 328.1 8.2 480.1 5.9
40.0- 420.4 10.3 223.3 5.6 643.7 8.0
50.0- 333.0 8.1 558.8 14.0 891.8 11.0
60.0- 658.9 16.1 322.8 8.1 981.7 12.1
70.0- 388.8 9.5 758.2 19.0 1147.1 14.2
80.0- 605.4 14.8 499.7 12.5 1105.1 13.7
90.0- 387.3 9.5 285.3 7.1 672.6 8.3

100.0- 217.0 5.3 103.3 2.6 320.3 4.0
110.0- 116.0 2.8 0.0 0.0 116.0 1.4
120.0- 382.0 9.3 0.0 0.0 382.0 4.7
130.0-139.9 139.6 3.4 0.0 0.0 139.6 1.7
140.0+ 297.6 7·3 0.0 0.0 297.6 3.7

---------------------------------------.------------------------------------------------
Total number 54 36.5 94 63.5 148 
Total weight 4097.9 50.7 3991.3 49.3 8089.2 
Mean weight 75.9 42.5 54.7 
Standard 
deviation 29.5 25.8 31.6

Standard error 4.0 2.7 2.6
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Appendix G-2. Size and weight frequencies of Dicrostonyx and Lemmus 

consumed by whelps at den 154 from July 30 to Aug. 5, 1970. 

Weight Dicrostonyx Lemmus Both Species 

classes (g) Number % Number % Number % 

0.0- 9.9
10.0

o
o 

0.0 o 0.0 o 0.0
0.0 6 22.2 6 17.6

20.0 1 14.3 9 33.3 10 29.4 
30.0 1 14.3 8 29.6 9 26.5
40.0 o 0.0 1 3.7 1 2.9 
50.0 2 28.6 
60.0 1 14.3 

1 
o 

3.7 3 8.8
0.0 1 2.9 

70.0 1 14.3 1 3.7 2 5.9 
80.0
90.0

o
o 

0.0
0.0

0.0 o 0.0
3.7 1 2.9 

o
1 

100.0 o 0.0 0.0 o 0.0
0.0 o 0.0
0.0 o 0.0

o
o
o 

110.0
120.0
130.0-139.9

0.0
0.0

o
o 
1 14.3 o 0.0 1 2.9 

140.0+ 0.0 o 0.0 o 0.0o 
---~-------~-.~~~-~---~~------~---~-~-~-----------------------~---~-~-------------

Weight Weight Weight 
(g) % (g) % (g) %

0.0 9.9 0.0 0.0 0.0 0.0 0.0 0.0 
10.0 0.0 0.0 88.4 10.3 88.4 6.8 
20.0 27.5 6.2 225.6 26.4 253.1 19.5 
30.0 39.2 8.8 273.9 32.0 313.0 24.1 
40.0 0.0 0.0 44.3 5.2 44.3 3.4 
50.0 111.1 24.9 52.8 6.2 163.9 12.6 
60.0 62.0 13.9 0.0 0.0 62.0 4.8 
70.0 74.0 16.6 79.7 9.3 153.8 11.8 
80.0 0.0 0.0 0.0 0.0 0.0 0.0 
90.0 0.0 0.0 91.0 10.6 91.0 7.0 

100.0 0.0 0.0 0.0 0.0 0.0 0.0 
110.0 0.0 0.0 0.0 0.0 0.0 0.0 
120.0 0.0 0.0 0.0 0.0 0.0 0.0 
130.0-139.9 131.6 29.5 0.0 0.0 131.6 10.1 
140.0+ 0.0 0.0 0.0 0.0 0.0 0.0 

------------------.----.----------------------------------.----',----------------------

Total number 7 20.6 27 34
Total weight 445.4 34.2 855.7 1301.1 
Mean 63.6 31.7 38.3 
Standard 
deviation 33.6 18.3 25.3 

Standard error 12.7 3.5 4.3 
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Appendix G-4. Size and weight frequencies of Dicrostonyx and Lemmus 

consumed by whelps at den 13 from July 8 to July 28, 1970. 

Weight Dicrostonyx Lemmus Both Species 

classes (g) Number % Number % Number %

0.0- 9.9 o 0.0 11 10.8 11 9.1 
10.0 1 5.3 19 18.6 20 16.5 
20.0 1 5.3 13 12.7 14 11.6 
30.0 1 5.3 
40.0 1 5.3 

7
6

6.9 8 6.6
5.9 7 5.8

50.0 5 26.3 11 10.8 16 13.2 
60.0 o 0.0 13 12.7 13 10.7
70.0 4 21.1 12 11.8 16 13.2
80.0 1 5.3 5 4.9 6 5.0
90.0- 3 15.8 2 2.0 5 4.1

100.0 o 0.0 3 2.9 3 2.5
110.0 o 0.0 o 0.0 o 0.0
120.0
130.0-139.9
140.0+

2
o
o 

10.5 o 0.0 2 1.7 
0.0 o 0.0 o 0.0
0.0 o 0.0 o 0.0

........_._..... -.._lOOIiIIl.......__ ....._--._.-.. .... . - . _

Weight Weight Weight 
(g) % (g) % (g) %

0.0 9.9 0.0 0.0 72.4 1.6 72.4 1.3 
10.0 13.8 1.0 272.6 6.1 286.4 5.0 
20.0 20.9 1.6 320.7 7.2 341.6 5.9 
30.0 37.4 2.8 243.2 5.5 280.6 4.9 
40.0 49.2 3.7 286.9 6.4 336.2 5.8 
50.0 270.4 20.5 591.3 13.3 861.6 14.9 
60.0 0.0 0.0 853.1 19.2 853.1 14.8 
70.0 306.3 23.2 887.3 19.9 1193.6 20.7 
80.0 87.6 6.6 416.6 9.4 504.2 8.7 
90.0 287.6 21.8 192.2 4.3 479.8 8.3 

100.0 0.0 0.0 313.8 7.1 313.8 5.4 
110.0 0.0 0.0 0.0 0.0 0.0 0.0 
120.0 244.9 18.6 0.0 0.0 244.9 4.2 
130.0-139.9 0.0 0.0 0.0 0.0 0.0 0.0 
140.0+ 0.0 0.0 0.0 0.0 0.0 0.0 

----.-~----.--~-----.-~-----~-------------------------------------~-----~------------

Total number 19 15·7 102 84.3 121 
Total weight 1318.0 22.8 4450.1 77.2 5768.0 
Mean 69.4 43.6 47.7 
Standard 
deviation 30.2 28.2 29.9 

St andard error 6.9 2.8 2.7 



~---~---~--~~-~-~-~-~-~---~-----------------------------------------------------

Weight Weight Weight 
(g) % (g) % (g) % 

0.0- 9.9 0.0 0.0 14.3 2.0 14.3 1.6 
10.0- 0.0 0.0 0.0 0.0 0.0 0.0 
20.0- 0.0 0.0 26.6 3.7 26.6 3.0 
30.0- 0.0 0.0 39.2 5.5 39.2 4.5 
40.0- 0.0 0.0 126.8 17.7 126.8 14.4 
50.0- 0.0 0.0 115.8 16.2 115.8 13.1 
60.0- 65.5 39.5 136.2 19.1 201.8 22.9 
70.0- 0.0 0.0 74.6 10.4 74.6 8.5 
80.0- 0.0 0.0 83.6 11.7 83.4 9.5 
90.0- 0.0 0.0 98.1 13.7 98.1 11.1 

100.0- 100.4 60.5 0.0 0.0 100.4 11.4 
110.0- 0.0 0.0 0.0 0.0 0.0 0.0 
120.0- 0.0 0.0 0.0 0.0 0.0 0.0 
130.0-139·9 0.0 0.0 0.0 0.0 0.0 0.0 
140.0+ 0.0 0.0 0.0 0.0 0.0 0.0 

~-~-,-~~-~---~-~-----~------~----------------------------~--~--------------------

Total number 2 11.8 15 88.2 17
Total weight 165.9 18.8 715.0 81.2 880.8
Mean 82.9 47.7 51.8
Standard
deviation 24.6 29.0 30.2

Standard error 17.4 7.5 7.3
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Appendix G-5. Size and weight frequencies of Dicrostonyx and Lemmus 

consumed by whelps at den 13 from July 29 to Aug. 5, 1970. 

Weight Dicrostonyx Lemmus Both Species 

classes (g) Number % Number % Number % 

0.0- 9.9 0 0.0 0 0.0 0 0.0
10.0- 0 0.0 6 7.5 6 5.9
20.0- 1 4.5 22 27.5 23 22.5
30.0- 2 9.1 19 23.7 21 20.6
40.0- 4 18.2 4 5.0 8 7.8
50.0-- 2 9.1 7 8.7 9 8.8
60.0- 4 18.2 7 8.7 11 10.8
70.0- 1 4.5 8 10.0 9 8.8
80.0- 1 4.5 2 2.5 3 2.9
90.0- 3 13.6 5 6.3 8 7.8

100.0- 3 13.6 0 0.0 3 2.9
110.0- 0 0.0 0 0.0 0 0.0
120.0..... 1 4.5 0 0.0 1 1.0
130.0-139.9 0 0.0 0 0.0 0 0.0
140.0+ 0 0.0 0 0.0 0 0.0

~---~---~-~-~-~-~--~~--~~-~---~---~---~~--------------------~-----------------~

Weight Weight Weight 
(g) % (g) % (g) % 

0.0- 9.9 0.0 0.0 0.0 0.0 0.0 0.0
10.0- 0.0 0.0 100.7 2.8 100.7 2.0
20.0- 20.7 1.4 574.1 16.2 594.8 11.7
30.0- 67.9 4.5 657.4 18.5 725.3 14.3
40.0- 186.6 12.3 166.0 4.7 352.6 7.0
50.0- 109.7 7.3 385.3 10.8 495.0 9.8
60.0- 250.4 16.6 438.3 12.3 688.7 13.6
70.0- 74.0 4.9 590.3 16.6 664.3 13.1
80.0- 81.9 5.4 170.0 4.8 251.9 5.0
90.0- 286.4 19.0 470.5 13.2 756.9 14.9

100.0- 309.9 20.5 0.0 0.0 309.0 6.1
110.0- 0.0 0.0 0.0 0.0 0.0 0.0
120.0- 124.3 8.2 0.0 0.0 124.3 2.5
130.0-139.9 0.0 0.0 0.0 0.0 . 0.0 0.0
140.0+ 0.0 0.0 0.0 0.0 0.0 0.0

~-----------------~-----~---------------------------------~--------------------

Total number 22 21.6 80 78.4 102
Total weight 1510.9 29.8 352.6 70.2 5063.5
Mean 68.7 44.4 49.6
Standard

deviation 27.9 22.5 25.6
St andard error 5.9 2.5 2.5
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Appendix G-6. Size and weight frequencies o~
\ 

Dicrostonyx and Lemmus 

consumed by whelps and adults at ded 16 from May 27 to JUly 16, 
I 

1970. 

Weight Dicrostonyx Lemmus Both Species
classes (g) Number % Number % Number %

0.0- 9.9 0 0.0 5 9.6 5 6.3
10.0- 0 0.0 1 1.9 1 1.2
20.0- 0 0.0 2 3.8 2 2.5
30.0- 0 0.0 7 13.5 7 8.7
40.0- 3 10.7 6 11.5 9 11.2
50.0- 5 17.9 2 3.8 7 8.7
60.0- 1 3.6 8 15.4 9 11.2
70.0- 4 14.3 6 11.5 10 12.5
80.0- 3 10.7 5 , 9.6 8 10.0
90.0- 3 10.7 2 3.8 5 6.3

100.0 2 7.1 3 5.8 5 6.3 
110.0- 3 10.7 5 9.6 8 10.0
120.0- 1 3.6 0 0.0 1.21
130.0-139.9 2 7.1 0 0.0 2 2.5 
140.0+ 1 0 13.6 0.0 1.2 

---~-~-------------~-----~---~---------------------------~-~----------------------

Weight Weight Weight
(g) % (g) % (g) % 

0.0- 9.9 0.0 0.0 25.6 0.8 25.6 0.5 
10.0- 0.0 0.0 17.8 0.6 17.8 0.3
20.0- 0.0 55.1 1.70.0 55.1 1.0
30.0- 0.0 0.0 251.7 7.8 251.7 4.4
40.0- 144.8 5.9 273.5 8.5 418.3 7.4
50.0 285.7 11·7 108.1 3.4 393.8 7.0
60.0- 69.7 2.8 514.9 16.0 584.6 10.3
70.0- 300.2 12.3 461.5 14.4 761.7 13.5
80.0- 253.4 10.3 423.6 13.2 677.0 12.0
90.0- 292.4 11.9 190.4 5.9 482.7 8.5

100.0- 210.9 312.5 9.28.6 9.7 523.4 
110.0- 348.6 924.2 16.314.2 575·7 17.9 
120.0- 127.9 5.2 0.0 0.0 127.9 2.3 
130.0-139.9 270.1 11.0 0.0 0.0 270.1 4.8
140.0+ 146.1 0.0 146.16.0 0.0 2.6 

-~---~-~---~~-~--~~~-~---~~----------~~-~------~----~-

Total number 28 35.0 52 65.0 80 
Total weight 2449.8 3210.2 5660.043.3 56.7 
Mean 87.5 61.7 70.7 
Standard
deviation 29.4 32.2 33.5 

Standard error 5.6 4.5 3.7 



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

145

Appendix G-7. Size and weight frequencies of Dicrostonyx and Lemmus 

consumed by whelps at den 16 from July 17 to Aug. 5, 1970. 

Weight Dicrostonyx Lemmus Both Species 

classes (g) Number % Number % Number % 

0.0- 9.9 0 0.0 6 10.2 6 6.7 
10.0- 0 0.0 6 10.2 6 6.7 
20.0- 0 0.0 15 25.4 15 16.7 
30.0- 2 6.5 9 15.3 11 12.2 
40.0- 3 9.7 1 1.7 4 4.4 
50.0- 8 25.8 6 10.2 14 15.6 
60.0- 3 9.7 6 10.2 9 10.0 
70.0- 3 9.7 2 3.4 5 5.6 
80.0- 3 9.7 2 3.4 5 5.6 
90.0- 2 6.5 4 6.8 6 6.7 

100.0- 5 16.1 1 1.7 6 6.7
110.0- 0 0.0 1 1.7 1 1.1
120.0- 0 0.0 0 0.0 0 0.0
130.0-139.9 2 6.5 0 0.0 2 2.2
140.0+ 0 0.0 0 0.0 0 0.0

~-~-~-~-~-~-~---~-~-~-~---~-~----------~--------------

Weight Weight Weight 
(g) % (g) % (g) % 

0.0- 9.9 0.0 0.0 32.8 1.3 32.8 0.7 
10.0- 0.0 0.0 90.4 3.6 90.4 1.9 
20.0- 0.0 0.0 390.4 15.7 390.4 8.1 
30.0.... 64.2 2.8 303.6 12.2 367.8 7.7 
40.0- 135.8 5.9 44.9 1.8 180.7 3.8 
50.0- 455.4 19.7 327.2 13.1 782.6 16.3 
60.0- 192.3 8.3 393.1 15.8 585.5 12.2 
70.0- 228.5 9.9 145.7 5.8 374.1 7.8 
80.0- 260.6 11.3 167.5 6.7 428.1 8.9 
90.0- 181.9 7.9 379.7 15.2 561.6 11.7 

100.0- 516.4 22.3 102.0 4.1 618.4 12.9
110.0- 0.0 0.0 112.7 4.5 112·7 2.3
120.0- 0.0 0.0 0.0 0.0 0.0 0.0
130.0-139.9 276.7 12.0 0.0 0.0 276.7 5.8
140.0+ 0.0 0.0 0.0 0.0 0.0 0.0

--.---,-.--.-.---.----.-------.------------------- ....---------------------------------------

Total number 31 34.4 65.659 90
Total weight 2311.8 48.1 2490.1 51.9 4801.9
Mean 74.6 42.2 53.4
Standard
deviation 27.4 28.3 31.9

Standard error 4.9 3.7 3.4
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