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ABSTRACT

The food habits of arctlec foxes denning on both lowland

tundra and sea cliff habitats on St, Lawrence Island, Alaska,

were studied from 9 June to 23 Aupust 1968, Analyses of
1,555 secats and the remalns of dozens of prey revealed that
in general, the compositioﬁ of the diet reflected replonal
differences in the availabllity of prey species,

Based on the frequency of occurrence of thelr remains
in scats, about 90f of the dlet of foxes denning on lowland
tundra consisted of small mammals, Of the five specles of
small'mammals on the island, the tundra vole was by far the
_most frequently represented in secats, The remains of birds
primarily eider and oldsquaw ducks and’em§éror geese; o
cccurred in 20-30% of the scats collected on the tundra,

A high frequency of occurrence of avian remains (80
100%) was noted in scats collected on ¢liffs adjacent to
the sea, reflecting the proximity of thousands of nesting
seabirds., Specles were taken in proportion to the acces-
sibility of thelr nesting habltat, Crested and parakeet
auklets sustained the greatest degreerf rredation whille
horned and tufted puffins were taken in moderate numbers.
turres, pigeon gulllemots, pelagic cormorants, and larlds
were taken only rarely.

Though readlly avallable, marine mammal carrion and

marine invertebrates were little used,
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providing traasportation during the study,
As Walt Wnitman observed, ". . . the best 1s that

which must be left unsald,”
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INTRODUCTION L

St. Lawrence Island, Alaska, lies in the northern part
of the Bering Sea, a reglon characterized bg leaden skles
and gale-force winds. Approximately 600 Yupik Eskimos live
on the island, with the popﬁlation almost equalily divided

betyesn twec permanent villages, Garbell and Savoonga. The !

furs of the arctie fox (Alogex 1azogus) provide an impore
tant source of income for many of these people.

According to Chesemore (1967), the islands in the
Bering Sea produce the highest catch of foxes per unit area -
nf any geoéraphical region of Alaska and‘St. Lawrence i

‘Wisiahéﬁééééﬁnﬁsffor thevgreatést pfopoéticn of the catch on ‘

.Athese islands, Catches of 50 and 100 foxes per trapper are

i
not uncommon on St. Lawrence Island {Hughzz, 1960). F

Initiation of the present study was prompted by the
lack of basle Information needed for sound management of the
aretic fox population cn St, Lawrence Island., A unique
ecological situation exists on this island in that both tune
dra and coastazl blotopes are present, each supporting
abundant prey populations during the summer. Ny primary ;
objective was to detesmine the food hablts of foxes’dennipg .
in areas representative of the two major biotopes. Seconds
arily, I enceavored to secure informatlon on other aspects
of the fox's ecology includine the physlcal characteristics

1 -
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of dens, reproductlon, distribution, and behavior,

From studles on its morphologlical characters, Pausch '%
(1353a) concluded that the arctic fox is a single, highly

- variable specles of sircumpolar distribution, It became

apparent to me, after a perusal of ihe literature, that ‘!
the arctic fox is remarkably versatile in 1ts food habilts J
as well, The list of foods utilized by this animal includes
"~ a wide varlety of plant and animal organisms, both marine
and terrestrisl in origin, The preatest varlabllity in !
diet occurs during winter, when these animals roam far and '
wide, obtaining nourishment from 2 variety of sources, Dure

: ing the breeding neriod the foxes are linked to certain bloe

topés and hence dependent cn a food supply of relatively
limited variety (Vibe, 1967). Braestrup {1941), in hils
treatise on the arctlc fox in Greenland, indicates that an
il ecologlcal differentiation exists between f{oxes dependent
ﬁ on lemmings (Lemmus and Dicrostongx) and those dependent on
i products of the sea, He termed the former type "lerming"
foxes and the latter "coast"™ foxes, In z more recent con-
sideration of fox populations in the arectic, Vibe (1967)
i supported Braestrupfs views, adding that the white color
phase is characteristic of "lemming" foxes while the blue
color phase 1s predominant in "coast" foxes,

Arctic fox populations inhablting the arctic tundra in
Canada and Alaska have been studied extensively by Macphere

son (1969) and Chesemors (1967), respectively, Both authors

A



noted the primacy of lemmings in the fox's summer diet,
Shibanoff (1951) deseribed a similar situation on the iun-
dra of northern Russla. On 5t, lawrence Island, the tundra
vole (lMicrotus oeconomus), rather than the lemming, is the
predomipant microtine rodent on the island's tundra.
Bérabash-Nikiforov (1938), Osgood et al. (1915),

Braestrup (1941), and Lavrov (1932) have noted the depen-

dence of "coast" foxes on seabirds and marine invertebrates™ = YT

on the Commander Islands, Pribilof Islands, and in Greenland

and Russia, respectilvely.



DESCRIPTION OF THE STUDY AREA

St., Lawrence—-Island (Pig. 1)} 1s about 100 miles (160
km) long and 10 to 40 miles (16 to €4 km) wide and lies in
the Bering Sea about 200 miles (320 km) south of Bering
Stralt. Fay and Cade (1959) have reviewed the major eco=
loglecal considerations lncluding paysiography, climate, and
vegetation., The island 1s primarlly of voleanie origin,
mountain ranges occupylng about one-fourth of its 2,000
square mile (5,180 sq km) surface area, About twoethirds
of the interlor land is low, rolling tundrz dotted with
lakes, The flora is characteristic of the circummolar tune
dra4£1§me;'thé ai;;;t ;;gﬁleteriack of arbcrescent forms of
shrutby specles being the primary distinetion between its
vegetation and that of the adjacent mainlands,

¥y asslstant and I spent the periods from 9 to 27 July
and from 17 to 23 Aurust on the Putgut Plateau study area
(Fig. 2). The southern rim of this formation is at an
elevation of 100 feet (30.5 km) above sea level and 1is
oriented in a peneral easte-west direction, about 1 mile
north of the coast. The southefacing slope of this anclent

wave=cut terrace rises 9 to 15 m'above the tundra, To the

north and south of 1t lle areas of gently sloping tundra

where moss of the genus Sphagnum, forbs including the genera

Rumex and Saxifraga, and grasses and sedges of the genera
]
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Carex, Eriophorum, Calamaprastis, Festuca, Arctogrostis,
and Poa are typlcal (Fay and Cade, 1959). Numerous small
streams drain the plateau; their valleys are consplcuous
features of the platesu rim, The rim. and river valleya‘are
cnaracterized by dry rocky ground ccvered with lichens,
scattered nerbs, and some Salix and Dryas.

The period from 28 July to 16 Aupust was spent on the
sea cliff study area, located on the southwestern coast in
the vicinity of Boxer Bay (Fig. 3). Here, on the southern
limits of the Poovoot Range, are located precipitnus slopes
ranging in helght from 50 to more than 1,000 feet (15 to
more than 305 m)., Tay and Cade {1959) recosnized two malor
types of sea ciiffs on St. Lawrence Island., One tyoe they
termed "rockepile" cliffs,

characterized by great heaps and Jumbles of boulders,

ranging in size from a Tew cublec feet to several

hundred cublc feet, a2nd occasionally tall pinnacles
or columnar shafts jut up from the con®usion of
smaller boulders, These ¢liffs are particularly dise
tingulshed by the absence of sheer rocky escarmments,
though they are in some Instances adjacent to them.
The portlon of the c¢liff study area to the west of Boxer
Bay is principally of this type. The other type of cliff
designated by Fay and Cade 1s the "sheer-wall™ type,
characterized by high escarpments ranging in height
from about 200 to nearly 1,000 feet, These precie
pices frequently drop directly into the sea with
little or no intervening beach but in most instances

. the sheer-walls are interrupted at intervals by rock-

plle c¢liffs, The most abundant and characteristic

plant of the sheer«wall cliffs 1s Sedun roseum, which
ocecurs principally on the upper levels,
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The cliffs on the east side of Boxer Bay zare representative
of cnis type. The distinetive associationz cf birds found
on each type of cliff w=e¢re described by Fay and Cade and
~113 be consldered in the féllcwing seetion.

Another distinctlon betwesn these habltats 1s the
character of the areas Inland from them, The uplands adia=-
cent to the rock—piiepﬁliffs are almost entirely rocky
barrens while those adjacent to the sheer=wall cliffs sup~
port considerable zreas of wet and mesic tundra. This is
due primarily to the relatively steeper slopes and the
different substrata found in the uplands adjacent to the
rock=-pile ¢cliffs, For comparative purposes I have treated
the data from these areas separately.

The Boxer River Valley vrovided yet another habitat
near the cliffs, For a distance of one mile north of the
mouth of this river the floor of the valley 1s about one
mile 1n width, relatively flat, and characﬁerizéd by wet
tundra, The surrounding area is almost entirely barren
uplands although some mesic tundra is found to the north in

the Boxer and Wanmayee river valleys.




METHODS

Primary sources of data on the summer diet of the arc;

tic fox were scats and food remains: collected at den sites,
‘I obtalned some additional information by observing the
hunting behavior of foxes althoupgh frequent fog reduced the
effectiveness of this technique, -

As originally planned,.scats and food remains were to
be collected at each den site at intervals of two weeks so
that changes in the sumﬁer dlet related to environmental
changes could be détected. The general locatlon of several
dens had been obtalnea from Francis H., Tay (viva voce) and
from several people in tke villige of Gambell, However,
the 1nconspicﬁous nature of fox dens on the plateau, my
lack of famillizrity with the study area, and the necessity
of conducting field investigations on foot made the initial
location of dens more d}fficult than expected, These facw
tors and the comparatively short perlod of time I was able

© to spend in the cliff study area resulted in the data belne
more heterogeneous, with respect to time and number of cOl=
lections per den, than was desired,

Every scat found wag collected, Those not assoclated
with a den were analyzed as "random collections™; 211 others
were znalyzed according to den number, date, and study area.
Scats and focd remains were placed in individual paper bags.

10
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Since the foxes on this Iisland frequently harbor adults of
the cestode Echinococcus multilecularis (Rauseh, 1967), the
causative agent of alveolar hydatid disease in man, scats
were handled with forceps in the fleld and znalyzed only
after being autoclaved at the Arctic Healthﬂﬁesearch Center
in College, Alasksa,

Scats were composed primarily of indigestible matter,
including hair, claws, bone, teeth, featheré; vegeﬁation,
and soll, The scats were pulled apart and thelr contents
identified by comparison with study skins and skeletons of
birds and mammals collected on the island, Mammal remalns
were identified using color and texture of Sur and dental,
skeletzl, and claw characteristics. Avian remains in secats
vere principally body feathers and were classifled using
the size, color, and shape of quills, It was always vossi=
ble to ldentify mammal remains at the specl-.s level out
avian remains could usually be 1dentified with certainty
only to the family level,

From a study in which captive red foxes (Vulpes vulpes)

were fed known guantities Qf prey and their fecal emissions
studied, Scott (1941) concluded that frequency of occurrence
provided the Best estimate of the relative importance of
prey'species. He found that, 1n eeneral, fecal passapges

are produced approximatgly in direct proportion to the
quantity of food consumed, ¥From a simlilar study Lockie

(1959) concluded that percentage welght is the most accue
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rate wa‘y‘ of lnterpreting the results of fecal analysis.
For the purposes of the present study I employed the fre=
quency of occurrence method since the volume of material
precluded the use of the latter method, To show the relaw
'iive frequencies of occurrence of the species of small
mammals and familles of birds represented in scats, I have =
presented the datz with these sepments delineated., However,
to obtain an indication of the relative importance of the
"two major groups (birds and small mammals) in the diet a
different treatment was reguired, As noted above, small
mammals were easlly ldentifled to specles while bird ree-
mains could, in most cases, ve identified only to the family
level, For this reason, as well as the fact that due to -
thelr small size a relatively greater varlety of small
mammals can be ingested in a short per}od of time by 2z fox,
small mammals are llkely to score a greater number of
occurrences in a scat than are tirds, Because of this I
have also presented the data in the “grouved" form suge
gested by Scott (1941), By this method, each group can
seore no more than_ one occurrence in a scat, These compuw
tations avoid overemphasizing the importance of small
mammals and underemphasizing the importance of birds in the
fox's dilet,

I collected forty species of birds and the five specles
of small mammals found on St. Lawrence Island and prepared

thelir skins and skeletons as reference material. for the

FELIY s 'Li'll.mfu'ﬂ
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analysis of scats and food remains.

. Yhenever posslble, food remains, as opposed to scats,
were analyzed in the fleld, This treatment was especlally
effective at dens loéated in alecid nesting colonies where
there was a considerable volume of material, primarily
aleld remains, and an accurate and rapid determination o€
-specles composition was possible, The data on food remains
for eacn den indicate the minimum number of individuals of
each speciles represented in the remains. Though they are a
qualitative indication of species taken by foxes, these
data are not a quantitative sample of diet, for they are
undoubtedly biased in favor of larze birds which are un-

- likely to be completely consumed, - Further, they are not an
accurate indication of the number of individuals cohsumed,
for prey are not always consumed at the den. Some remalns
could have been inside the den; others could have been
scattered elsewhere by larids (Bédard, 1967) and other
scavengers.

Most of the scats aég.?ood remains that I found were
fresh and evidently had accumulated in the spring and sume
mer of 1968, Por this reason, my data are considered to be
indicative of the summer diet only. The late summer cole
lectlons at dens hclding litters of pups provide a good
record of pups in adolescence as Lund (1962) suggests,

Some of the dens that I visited probably had produced lit=-

ters of pups during the previous summer, but the small num=
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ver of old scats collected there, early iln the summer of
1968, suggests that many of those that accumulated earlier
had disappeared during the winter mohths‘ Tay (viva voce)
found secats 1& the stomachs of St, Lawrence»Island foxes
trapped in the winter months, and he reports that, 1n late
winter and spring, food resources 2re so llmited that any
avaiiable organlic material 1s llkely to be Incested by
foxes,

The varlation amone groups of scats from the different
habitats in the frequency of occurrence of small mammals,
birds, and egg shells was statistibally evaluated with a
Chl=square test, Thé overall féequency of ceccurrence of
each of the zbove food items in scats, without regard to
study areas, was considered to be the "expected" frequency.
The frequency of occurrence observed in scats collected on
each study area was then tested agalinst the approoriate
"expected™ frequency to determine any statistically signifie
cant difference, The statistical sienificance of the re=

sults will be discussed in conjunction with the data from

each hablitat,

P




PREY POPULATIONS=-=-PLATEAU STUDY AREA

Of the three microtine rodents endemic to the island,

only the tundra vole (Micratus aeconomuz) is abundant

(Rausch, 1953a; Féy and Cade, 1959). Burrows and runways
of this animal were commonly seen on the tundra above and
below thé plateau rim, Fay and Cade (1959) indicate that
tne tundra vole population undergoes perlodic fluctuations
but without the amplitude observed in lemmine populations,
A snap-trap census conducted during late Aurust by Prancis
H. Fay of the Arctic Health Research Center indicated that
the tundra vole population was moderately hiech compared to
previous years. Little 1s known of the status of the red;

backeq vole (Clethrionomys rutflus) or the collared lemming

(Dicrostonyx torquatus) éxcept that both are relatively .

uncommon (Rausch, 1953a). In other areas of Alaska the red-
backed vole has been assoclated primérily with areas where
overhead cover is avallable (Bee and Hall; 1956; Pruitt,
1967). Apparently, this habitat preference is also chare
acteristic of the red-backed vole on St. Lawrence Island as
they are found in the vieinity of boulder fields (Fay, viva
voce). PRausch (1953a) indicates that the tundra shrew

(Sorex tundrensis) is uncommon; only one was caught in the

small mammal census during the present study. The arctic
ground squirrel (Citellus undulatus) is common on the well-

15
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dralned slopes of the plateau whlle nearly absent from the
surrounding wet tundra.

The only passerine birds I saw were the lapland long=
spur (Calcarius laponicus) and the snow 5unting (Plectro=
phenax nivalis). Longspurs were typical of the resic tune
dra while snow buntings were characteristic of rocky areas
on the plateaﬁ rim, I found severzl nests of the longspur
in late June and early July, and newly fledged young of
this specieé were occasionally seen in early July.

Shorebirds were abunidant in this area, the most common
being dunlins (Erolia alpina}, rock sandpipers (E. ctiloc=
nemis), and red phalaropes (Phalaropus fullcarus). - Present
though less common were the northern phalarope (Lobipes
lobatus), western sandpiper (Ereunetes mauri), long=billed
dowitcher (Limnodromus scolopaceus), ruddy turnstone
(Arenaria interpres), and golden plover (Pluvialis dominicz).
Nests of specles in the first group were commonly found in
June,

Fay (1961) estimates the summering population of waterw
fowl on this i1sland tc be about 9,000 nesting and more than
25,000 nonebreeding ducks, geese, and swans. Both breeding
and non=breeding segments of the waterfowl population were
represented on the plateau study area, OFf the four specles
of elders present the most abundant was the common elder

(Somateris mollissima), I found nests of thils species near

the beach in late June though most occu-red on several small
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1slands in Koozata Lagoon. 1In genéral, the greatest number
of eiders occurred near the coast, Flocks of up to two
'hﬁﬁdred immature king and Steller's elders were frequently
seen offshore and &l-rr Konzata Lagoon, Oldsquaws

(Clangula hyemalis) were common inroughout the summer, both

near the coast and inland, Pintaill ducks (Anas acuta) were
Nl o

-fzirly. common, especially near fresh water,

Emperor geese (Philacte canagica) were amongz the most

common waterfowl in this area. Flocks were seen dally
along the coast and near Koozata Lagoon, Tay and Cade
(1959) note that ten to twenéy thousand aon=breeding birds,
outnumbering breeders by at least ten to one, svend the

T Tsummer aloﬁg the southern coast and larcer lagoons on the
northern coast and suggest that St. Lawrence Island 1s the
principal summering area for the population of immature
emperor gees2 produced in Alaska and Siberia. Flightles;
birds wefe seen alonpg the coast from late June to the end
of July; the largest concentratlons occurred on the barrier
beach between Koozata Lagoon and the sea. The latter area
is lavored by geese during thelr molt. TFlocks of from two

to twenty seven geese were observed on the uplands lmme-

diately north of the plateau rim in early July. I found
fresh goose droppings in and around entrances to fox dens
on several occasions and older drop»ings indicated utilizae
tion of the plateau by geese in previous years.

Wnistling swans (Cyenus columblanus) were occaslonally
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seen, A nest contalning three eggs was found east of the
plateau .on June 18 and 7 observed a2dults on lakes in thg
{ricinity of the plateau, Fay (1961) estimates the populae
tion on the western half of the islznd to be about twenty,
Three specles of loons are found on St, Lawrence Is-

land. These include the yellow=bllled loon (Gayviai ddamsil),

arctic loon (G, arctica), and the red-throated loon (G.
stellata), These birds were commonly seen carrying small
fish from the sea to their nests near the inland lakes,

of tne three specles of Jaegers on the island the 1on?-‘
talled Jaeger { St:ercor;arius 1onz1caudus). v)as most common.

A nest of ‘this specles containing one enr was found on

‘mesic tundra along a small river valley north of the plateau

rim on 6 July. Pomarine jaegers (S, pomarinus) and para=
sitic Jaegers (S. parasiticus) were also obsﬁerved, the
latter species'being: .the least common;

Of the larids found on the island the blackelegged
kittiwake (Rissa tridactyla) is by far the most abundant.
Though 1t does not nest in the plateau study area thls bird
was abundant along the nearby coast. The rlauvsous gull
(Larus hyperboreus) and herring gull (L. argentatus) were
also common, the latter being the only larld known to nest
in the study area. At least fifty nesting pairs have been
observed on small islands in Koozata Lagoon (Tay and Cade,

1359). Arctic terns {Sterna paradisaea) were common near

the lagoon ;xhere they also nest,
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Sandhlll cranes (Grus cenadensis) were occasionally

seen and a nest containing two epes was found on 13 June
2C0 m south of the plateau rim, Not included in thils dis=
cussion are rare avian species and those not assoclated
with the terrestrilal environment, These have been described
by Fay and Cade (1959) and by Fay (1961),

Various types of potential focd were avallable on the
beach throughout the summer. Remains of marine inverte-
brates including decapod crustaceans, mollusks, and
coelenterates were abundant., Carrion of avian specles sueh -

I st S

as fulmars (Fulmarus glaclalus), rurres (Uria sp,), and
auklets (Aethia sp. and Cyclorrhynchus psittacula), thoueh
often nearly stripped of flesn by marine amphipods, was
common, especlally after storms., The carcasses of three
valrus (Oéobenus rosmarus), a sea llon (Eumetoplas jubata),
and a young ringed seal (Phoca hispida) were present in
July and August. The carcass of a harbor seai'(_l:. vitulina)
lay for the em;ire summer on the beach near the base camp.

lost of the larger lakes and lagoons on the island cone

" taln aretic char (Salvelinus alpinus). Koozata Lapgoon also

holds arctic grayling (Thymallus arcticus) and lake herring

(Coregonus sardinelia), and red salmon (Oncorhynchus nerka)
are reported to spawn here, Blackfish (ballia gectoralis)
and nine=spined sticklebacks (Pungitus pungitus) are common

in most lakes and streams,




PREY POPULATIONS«=CLIFF STUDY AREA

The two major types of sea cliffs on the i1sland each
support distinct associations of nesting birds., The rocke _
pile cliffs (Fig, 8) characterisfically are the habitat of -
pigeon guillemots (Cepphus columba), crested auklets (Aethia
gristatells), least auklets (A. pusilla), parakeet auklets,
snd snow buntings. The parakeet auklet nests primarily on
the upper slopes, using crevices in the shafts and pinnacles - -
Jutting above the surrounding boulders, Crested and least
" auklets nest below in the interstices in boulder fields and

talus formations. The lowest slopes are used primarily by

pigeon guillémots.
The avifauna of the sheer=wall cliffs is characterized
by the pelagle cormorant (Phalacrocorax nelasicus), blacke
legged kittiwake, glaucous gull, common murre (Uria salpe),
thick-bllled murre (U. lomvia), horned puffin (Fratercula
corniculata), tufted puffin (Lunda cirrhata), parakeet auk=-
let, and raven (Corvus corax). Murres, kittiwakes, and core

morants are restricted in their nesting to narrow ledres on

the escarpments. Glaucdus gulls nest primarily on pinnae

cles, especially offshore, and on the seaward ends of
ridges extending out into the sea., The upper limits of

these ¢liffs are utilized by parakeet auklets, horned

puffins, and tufted puffins,
29
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Anatids were relatively uncommon in this study area
though oecaslonally pintall, oldsquaw, elder ducks, and
emperor geese were observed in the Boxer Biver valley,

Harlequin ducks (Histrionicus histrionicus) were seen along

the coast.

Shorebird and passerine populations appeared to be cofe

varable in specles composition and numbers to those in the
plageau study area but with lower numbers on the rocky,
barren areas west of Boxer Bay.

The areas of wet tundra In the Boxer Rlver valley and
to the east of Boxer Bay.supnorted tundra voles, Isolated

ropulations of tundra voles were zlso found in erassy

" swales on the cliffs west of Boxer Bay. Red=Cacked voles

were seen on several occasions in rocky areas near the
cliffs west of Boxer Bay and collared lemmings could also
be expected In those areas, thoush none was seen,
Nine-spined sticklebacks were common in the small
lagobn at Boxer Bay and in August a few sllver, pink, and
chum salmon (Oncorhynchus kisuteh, 0. gorbusha, and Q.
keta, respectively) and Polly Varden trout spawned in this

lagoon and in the Boxer River.



RESULTS

A tetal of 24 dens was found during the study; 15 of
these were located in the plateau study area (Fig. 2) znd
nine in the Boxer Bay area (Fig. 3).

St. Lawrence Island'is known faor its relatively high

pulatlion density of foxes and duriné, the fleld investirie=
tion sightings were of aimost dally occurrence, The many
foxes that 1 observed exhibited a variety of responses to
my presence, 'ranging from indifference and close anproach
to avoldance at a distance of several hundred meters.
Almost without exception, however, the foxes became guite
vocal when I aporecached them,

Fox puns’ .w_éz:; '_f‘irst seen outside of a den on 8 July
2t &en 14 and sightings here and elsewhere increased as the
summer progressed. Thouph first seen only neac- the den
entrance, by mid-August pups were observed traveling up to
100 m from the den in the course of pnlay activities, This
increase in pup activity is reflected In the sudden appedre

ance of large numbers of scats at these dens after mideJuly.

Pups were often seen dui'ing i-elatively falr weather and dure -

ing late afternoon and evening,

With the following exceptions all ©of the foxes that I
observed on the island were of the white color phase, The
one adult blue phase arctiz fox seen during the summer was

22

3




23

one parent of a litter of at least five pups at den 22,
Three cf these pups were blue phase and two were white
phase, In ‘addition, two of the six pups that my assistant
observed at den 13 on 21 August were of the b.lue color
ohase, The entlire coat of both pup and aduit blue foxes
was sooty brown to almést black in color. In summer, tl;xe
adult vhite fox 1s dark brown on the face, neck, back, legs,
and the dorsal surface of the tall, and greyish white on

“the s_ides and underparts (Pigs. 9 and 12), The white phase
pups I s2w in July were almost entirely brown while the
coloration of pups seen in Aupust closely resembled that of
the adults, This change from natal to adult=llike pelare
has bveen described b‘y Chesemore {2675)., @~~~ T 77

I ccllected and analyzed a total of 1,555 scats and

' the remains of dozens of birds. The results from each den,
with a brief description of the den site, the z2ctivity of
foxes in the vieinity, and the general conditlon of food

remains, are presented in the following pages.

Plateau Study Area

Five dens on the plateau had litters of pups at some
time during the summer, though in one and possibly two
cases pups were ncved from one den to another, These dens,
with one exception, were relatively extensive 1in construc-
tion having fro;n five to 13 entrances. Only cne den was

discovered in a wet tundra situation though others could




have been present. This den (den 9) was on a 2 m elevation
along a small stream. All other dens in the plateau area
were asscciated with either mesic tundia or rocky barrens

on the slopes of the plateau and river valleys (Fig. 5).

The bﬁrrowing,of ground squirrels appeared to exert a

direct influence in determining the location of dens. The
burrows of these animals were almost always nresent among
those of foxes and three of the single entrance fox dens
that I excavated iu late August were enlarged cround squire
rel burrows, the upper 1 to 2 m balng used by foxes, The
plant communities around dens were notlceably altered in
that the dry tundra community was replaced by relatively
lush stands of grasses and sedges. This chanre 1s due ori-
marlily to disturbance and the addition of organic compounds
to the soil.

in the middle of June, during the spring thaw, I found
three caches of small mammals alanc the plateau rin, The
first cache, found on 13 June at den 1, eontained five
tundra voles (Fig. 6). On 16 June another cache was found
at den 4 containing 27 tundra voles, 2 red-backed vole, and
a collared lemming. The third céche, containing 16 tundra
voles and 2 collared lemming, was found 50 m from den 1 on
13 June. 0f the tundra voles in these caches, 73.6% were
males. The five voles in den 1 were plled 50 cm inside the
entrance while at the other two sites the prey were par=

tially buried. The condition of the prey in these caches




25

indicated that they had been taken in the previous few
days. The animals were intact but showed evidence of have
ing been chewed, The shallow and apparently hurried con=-

struction of these caches indlcates that they were of a

temporary nature, I visited the cache at den 1 the day

after discovering 1t and found'only one vole, The other
caches were visited within a week 2fter their discovery

and were found empty, again indicatingy that the caches were
of a temporéry nature., However, the disappearance of theA
céche contents may have been oromnted by the author's
interference or may have been caused by other foxes. Other

crifices that mipht have harbored a cache were probed,

'inciuding many not constructed by foxes, but no other - -

caches of smz2ll mammals were found,

The relatively small number of scats collected at den
1 indicates that this site was not usedlintensively (Table
1'. Excavaticn of this den revealed that it was 1.5 m in
depth. The birds identified in the fecd remalns were each
represented by a sternum and scattered wing bones, all in a
weathered condition,

Den 2 had been constructed in the midst of a ground
squirrel colony and had three entrances. No scats were
found after the initial collection (Table 2) and foxes were
not seen in the immediazte area, This was the only lnstance
wnere I identified fish parts (arctic zraﬁling) in a scat

or in food remains., The remains of 2 ohalarope were fresh,




Table 1. Results from den 1.
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Date: 6=15-68 7-3-68 T=22-68 8~22-68

‘No. scats: 38 g 1 7T,
Item No. 4% No. % No. % No. %
Microtus 2 5%.3 6 66.7 1 100,00 5 71l.4
Clethrionomys 1l 2.6 - — - - ——
Dicrosto : 1 2.6 - — - — - —
Citellus 2 5.3 = — - — - —
Waterfowl 25 65.8 6 6647 = -— 2 28.6
Shorebird 2 563 = - - — 1 14.3
Unidentified

bird 1 2.6 = — - - - —
Odobenus 2 5.3 - — - - - -
Decapod “

Crustacean 1 2.6 = — - — - —
Insect 1 2.6 l 16.7 - - - ——
Vegetation 2 5.3 1 16.7 =~ — - —
Soil 4 10.5 1 16.7 = — - ——

$rouped Data

0, scats = 55
No. 2

Small mammals 36 65.5
Birds - 36  65.5

Food Rermains
Dates 6-15-68
ltem No.
Murre .- 1
Eider duck 1
Emperor goose 1
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Table 2. Results from den 2.

Date: 6=-18-68

No. scats: 26

Item No. %

.l.ﬁicmtus 15 577

Clethrionomys 1 3.8
) 1te us 1 3 . 8

ATopex 6 23.1

waterfowl 6 23.1

Shorebird 1l 3.8

Egg shells 1l 3.8

Grayling 1 A 3.8

Insect 4 15.4

Vegetaiion 3 11.5

Grouped Data
No. scats = 26
Small mammals 17 65.4
Birds 7 26.9

Food Remains
Date: 6-18-68

Ltﬂ No.
Murre 1
Crested auklet 1
Emperor goose 1
Red phalarope 1
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Looking southeast from the rim of the Putgut
Piateau in mid-June. Part of the ice-covered
Koozata Lagoon (light area) is visible in the
center of the picture.

Fig. 4.

Fig. 5. Den 13, a ‘site representative or the dens along
the river valleys draining the plateau. Note
relatively lush vegetation around the den
entrances tc the right of assistant.
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Fig. 6. Den 1 and eache of 5 tundra voles found on
13- June. Note-molted winter halr clinging
to top and sides of entrance. The prey
- were found piled 50 cm inside the den.

2
2 v

Iy i Sige s

Fig. 7. Cache of 16 tundra voles and one collared
lemming (bottom) that was-found 50 m from
den 1 on 18 June,
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conslsting of a wihg and scattered feathers, but the bones
of other specfes showed sigs cf weathering and appeared
to have been deposited in previous years.

Den 3 was located in a small area of rocky barrens
and had three entrances. Thcugh it was evident from the
amount of food remains that this site had been used by
foxes in previous years, no sizns of use were found after
early July (Table 3). A scat collected at this site pro-
vided the only evidence durlng the summer of a fox consume
ing 2 tundra shrew, The food remzins were gll in a dry and
weathered condition, The'birds were represented by thelr
sterna and a few scattered boness a seal was fepresented by
a pelvie bone, The eggs were those of a duck=sizad ‘bird,

Some of the dens on the plateau appeared to be used
relatively little during the summer and yielded 1ittle in
the way of food remains or scats. Dens 4, 5, 6, and 7 were
of this type., The data from these dens zare pfesented in
Table 4, However, the largest cache of small mammals found
‘was at den 4, Dens 9, 10, and 12 showed no signs of recent
use and no scats or food remains were found, All of the
above dens had but one entrance,

Den 8 had one large entrance and was used by a family
of foxes which also oceupied den 13, located about 200 m to
the northwest. I saw an adult male and a lactating female
fox near these dens on several occaslons, Seven pups were

observei at den 8 on 14 July. On 21 August six pups were
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Table 3. Results from den 3.

Date: 6-24-68 7-6-68

No. scats: 11 6

Item ’ No. % No. %
Microtus , 4 36.4 4 66.7
Clethrionomys 1 9.2 - -—
Sorex - - 1 16.7
Waterfowl 6 54.5 - -
Shorebird 3 27.3 1 167
Egg shells 1 9.0 - -
Soil ' - -— 1 16.7

Grouped Raﬁg

No. scats = 17

No.
Small mammals 10 58.8

Birds 10 58.8

Food Remains

Date: 6-24-68

Item No.
Murre 5
Crested auklet 3
Common eider 1
Egg shells 3
Phoca sp. 1

e L
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Table 4, Results from dens 4, 5, 6, and 7.

e e ——— e S
B e e

Den Date No, scats Contents
Ty 6=24=68 1 Microtus & Vepetation
5 6-18=68 2 1. fMicrotus
. 2. WMcrotus & Sipunculid
6 7=22-68 1 " Merotus —
7 6=-18-68 1 Vaterfowl

e —

playing near den 13, When alerted, four of these went into
den 13 while the cther two ran directly to den 8. after
these pups had disappeared another apnroached the area indie-
cating that a2t least seven pups were still using these dens,
A fox skeleton found at den 3 was weathered, whille the other
remains were fresh, A female oldsquaw, intact and lying

0.5 m inside the entrance, anpneared to.have'digd and stif=-
fenei in a sleeping position a few days prior to my finding
1t, Its vlumage was undisturbed and 1t 1s llkely that it
had succumbed to dlsease rather than having been killed by

a fox. The pups were in the den at the time this bird was
found arnd I saw the parent foxes in the viecinity. One tun-
dra vole, 3 or 4 days of ame and evidently taken from a nest,
was found 1lntact. Remains of a.ground squirrel comprised
only the tall and a few tufts of hair.

Den 13 had five entrances and appeareh tc be 2t an old
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well-established den site. The food remains found there
were of blrds, each specles being represented by a sternum
and other bones, The remalns of the eider and Jaeger were
0ld while those of the kittiwake indicated 1t had been
taken a few weeks previocusly. The data from dens 8 and 13
ére combined in Table 5, since these two dens were simul-
taneously occupled by only one family groud.
Den 11‘was located 1.4 km north of the plateau rim on
the steep slope of a river valley. I heard pups in this
den at the first visit and'the“nugber of scats collected in — =
August indicates that a litter of pups was reared there
(Tablg 6). The bird remains censisted of sterna and were ’
devold of flesh, indicating that they were quite old, I .- . 1
saw an adult fox in the vicinity on the éirst visit, ' :
Den. 14 had 11 entrances and seemed td be a well used L
site, Striking, however, was the relative scareity of
scats and remains found on the first visit (Table 7)., At
least four pups were seen entering thils den on 9 July and
two adult foxes, including é léctatinﬁ female, were seen at
that time. The great number of scats that accumulated there
during the 42 days between the first and second collections,
and similar accumulations at dens 11, 14, and 15 aré undoubt-
edly due to the increasing activity of pups cutside the dens,
No foxes were seen or heard on the second visit and it may
be that thls litter was the one found at den 15 bn 22 Aupust.

The food remains at den 14 were all old and weathered, An



Table 5. Results from dens 8 and 13.

. Date: ' 7-7-68

7-14-68 B-21-68

No. scats:. 73 " 138 127

Ttem - Ro. % No. % No. %

Microtus 50 68,5 132 95.7 117 92.1

Dicroasto 9 1203 - w— 1 0.7

Citelius 4 5.5 1l 0.7 4 3.1

Shorebird 1 1.4 2 1.4 12 9.4
-Passerine . - —_— 4 2.9 - =

Egg shells - - 1 0.7 1 0.7

tUnidentified bird 2. 2.7 - - 8 6.2

Vegetation 2 2.7 4 249 6 4.7

Soil 1 1.4 2 l.4 4 3.1

Grouped Deta
No. scats = 338
No. %
Small mammals ‘ 311 92,0
Birds 125  37.0
Food Remains

Date: T-14-68 Date: B8-21-68

i1tem No. Item No.

Microtus 1 Eider 1

Citellus 1 Jaeger 1

Liopex 1l Black~legged kittiwake 1

Uldsgquaw (female) 1
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Table 6. Results from den 11.

_Date: 7-6-68 8-20-68

No. scats: 8 71

Item. No. % T %
Microtus 5 62.5 687 94.4
Picrosto - - 4 546
Citellus - —— 3 4.2
IIogex 3 375 - ——
Waterfowl 1 12.5 - -
Shorebird 1 12.5 1 1.4
Passerine 1 12.5 1 1.4
Egg shells - -— 1 1.4
Vegetation - —-— 2 2.8
Soil - — 1 1.4

Grouped Data
No. scats = 79

No. %
Small mammals 7717 7. 91.5
Birds 5 6.3

Food Remains

Date: 8-20-68

Item No.
Tufted puffin 1

Emperor goose 1

]



Table 7. Results from den 14.

Date: 7-9-68 : 8-20-68
No.-3cats: 15 128
Item ~ No. % No. %
Microtus 14 93.3 127 99.2
Clethriono - - 1 0.8
Citellus - . - 8 . 6.3
Waterfowl ' - - 6 4.7
Egg shells 1 6.7 2 1.7
Unidentified

bird T - - 5 3.9
Insect - —— 1 Cc.8
Vegetation 4 26.7 9 7.0
Soil - = o2 1.6

Grouged Data
No. scats = 143

No, &
Small mammals 142 99.3
Birds 11 7 . 7

Food Remains
Date: 7-9-68
Emperor goose

)
1l
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emperor goose was represented by a sternum and other bones,
and scattered feathers. The remains of a fox included the
maxillae and vortions of the appenéicular skeleton,

Den 15 was the only den found on the nlateau associa-
ted with large boulders. These boulders were in two forma-
tions about 50 m apart, Fach formation had three entrances.
This site was visited e;ri§ in the summer, but evidence of
foxes using 1t was not found until 22 August, when I saw
six Dups. All food remains and scats found at that time
aépe;r;ﬁ to be fresh (Table 8). Each bird was représented
by a sternum, one or both wings, other bones, and feathers.
The condition of some of the primary feathers from the
peese indicated that at least three of these birds were
completing a molt when killed.

The comblned results of analyses of scats and food
remains from all dens in the plateau study area are shown -
in Table 17. The scats collected on the plateau indieate
that the summer diet of young foxes In this area is come
posed primarlly of small mammals and that the tundra vole
is the predcminant prey. The fregquency of occurrence of
this $pecies was consistently 95% or more in the collection
of scats deposited uy fox pups., The overall frsguency of
occurrance for this vole is slightlﬁ over 90%, Of the
remaining small mammal specles the tundra shrew occurred
least often (one scat) while the red-backed vole, colilared

lemming, and ground squirrel occurred generally in less
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Table 8. Re=ults from den 15.
Date: 8-24-68
No. scats: 134
Item No. %
Micretus 107 79.9
Cletnrionomys 1 0.7
Picrosto 1l 0.7
Citellus 34 25.4
IIogex 2 1.5
Waterfowl - 39 29.1
Pasaserine 4 3.0
Egg shells .3 2.2
Vegetation 2 1.5
Soil 8 6.0
Grouped Data - -
No. scats = 134
No. 2
Small mammals 125 93.3
Rirds 43 2.1

Item

Common eider
Emperor goose

Food Remains

Date: E=20-68

No.

1
5
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than 10% of the scats. I considered the presence of fox
halr, vegetation, or soll in scats to be due to aceldental
ingestion. The occurrence of marine carrion (pinniveds-and
inverfebrates) is surprisingly iow (6 scats) in view of the
avallable supply of thils type of food. The slpnificance of
this will be discussed in the next sectlon,

The avian material in these scats was primarily of
waterfowl and occurred in a considerzble proportion of them
(29.9%). Items occurring in less than 5% of the sezts from
the plateau include egp shells, fishes, Insects, wvepetation,
and soill., The possible origin and sipnificance o the zleld
remains found near“dens on the plateau will be considered
A in the followine section,

The results from random collectlons of scats, not
associnted wilth dens, are shown in Table 17. In reneral,
tnece scatrs aspeared more weathered than those collected
around the dens, They are presumed to be scats of adult
foxes, The frequency of occurrence of small mammals and
birds 1s similar to that in scats collected near dens on
the plateau., The hair of 2 seal puv (lanugo) was idsntiied

in one of these scats,

Boxer Bay Study Area

The physical characteristics of dens in the Boxer Bay
area showed a marked contrast with those on the plateau.

All nine dens in the cliff area were located under large




boulders (Figs, 10 an@‘ll) while only one den on the plateau
was assoclated with 2 large rock formation. The number of
entrances to the dens 1n the cliff area varied Pfom three

to elght, At least four of these dens contzined litters of
pups in Aupust,

On the plateau, hunting by foxes was not observed due
to the relatively level topography which precluded the -
observer's remaining undetected by 2 fox for any lenesth of
time, However,‘the following cbservations were made in the
cliff area with the ald of a 20X spotting scope. On 11
August a fox carrying a erested auklet was seen, The bird
was dropped and upon examination proved to te freshly killed
by a bite through the neck, On 14 August a female fox - -
carrying a parakeet auklet returned to its den after an
absence of U0 minutes. Tﬁis bird was freshly taken and
kllled in the same manner as the crested auklet. On the
same day 2z fox was observed stalklng 3 eroup of horned
puffins and a few minutes later a erested auklet, In toth
instances, this fox crawled to within 3 m of 1ts Intended
prey but then abandoned the stalk, probably because of 1its
awareness of the observer!'s presence, Nelther thelr move-
ment nor the vocalization eof foxes ecaused any wldespread
alarm among the neoting alelds.

The data from scats collected at dens west of Boxer
Bay 1s presented below, Den 17 was located on the east

side of Tzveeluk Polnt at the top of a steep rock-pile
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eliff and was situated under large boulders, The adjacent
slopes were used primarily by large numbers of crested and
parakeet auklets and by hormed puffins. The hish frequency
of occurrence of aleids in the scats and their dominance

in the remains about the den reflect the ready avallability
of these birds (Table 9). The aletds 1dentified in these
remalns and iIn those found at other dens along the eliffs

were almost invarlably represented by the sternum and wings,

with the wings sometimes attached to the sternum and with

varyling amounts of feathers znd flesh clinring to the bones,
Occasionally the feet or bill of 2 bird was found, It is
interesting to note that at three dens the head of a
recently killed horned puffin was found neatly separated
from the body Just posterlor to the cccipital bones. A
puffin egg was found 9,5 m inslde one of the entrances to
the den., The shell was unbroken, Except for the puffin—-
egg, the food remains found here on my first visit appeared
to have been deposited prior to 1968, On the second visit
I found the remaiﬁs Indicated in Table g, No Toxes were
observed in the immediate vieinity of this den,

Den 18 was located under a conspicuous heap of boulders
on the west side of Taveeluk Point (Pigs. 10 and 11)., An
adult male and an adult female fox and three pups were lden-
tified here on several occeasions, With the exception of the
fox remains (a few lumbar vertebrae) the remains found were

quite fresh and included partly consumed carcasses of
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Table 9. Results from den 17.

- ]

Date: . 8-1-68

No. scats: 44

Item No. %

Microtus 6 13.6

ethArionomys 1 2.3

Dicrosto 2 4.5
itellus 1 2.3

Alopex 1 2.3

Alcids 41 93.2

Egg shells 8 18.2

Grouped Data
No. scats = 44

nmmn i No. %
Small mammals . 10 22.7
Birds 41 83.2

Food Remains

Date: B8-1-68 Date: 8-9-68

Item No. Item No.
Horned puffin 2 Horned puffin 1

Puffin egg 1 Crested auklet 1

Murre 2 Parakeet auklet 2

Crested auklet 5

Parakeet auklet 4
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crested and parakeet auklets and an intact parakeet auklet
'(’}Ja._blfe 10}, No siegns of receﬁt use were found at den 19,

'iﬁén 20 was located under a large overhangling rock on
the rim of a steep slope a few hundred meters east of ‘
Siteeluk Béy. Thougvh. I observed adult foxes in the vieinity,
the quantity of scats and food remzains found was relatively
" meager, “'iﬁ‘&:i;‘c“a.ting intermittent use or at least that no ouos
were in the den (Table 11),

Den 23 was situateé 300 m north of the rim of the
cliffs In the midst of a boulder Cield, An adult fox was
seen here on several occasions. Most of the remains col-
lected appeared to be from birds taken in recent months,

The great p';eponderance of parakeet auklets 3in the food
remains (Table 12) 1s striking and not readily attributable
to a local abundance of thils speciles, In addition, the food
remains collected at this den and at den 1B are the only
remains in which the least auzlat 1is represented, Although
none of the major nesting colonies of this bird are located
in the study area, the specles ls present in numbers compar-
able to the crested auklet, especially in the Siteeluk Bay
area a few hundred meters west of this den silte, The possi-
ble sipgnificance of the low occurrence of the least auklet
in food remains will be conslidered in the following sectlon.

The results from dens 21 and 22, near the cliffs east
of Boxer Bay, are presented below, Den 21 exhiblted the

most striking physical characteristics of any den I found,




Table 10. Results

from den 18.

by

L ]
Date: 8-1-68 8-9-68

No. scats: 75 36

Item No. % No. %
Microtus 15 20,0 6 16.7
Clethrionomys 1 1.3 1 2.8

icrostonyx 4 5.3 - -
Citellus 1 1.3 - -
Klopex 2 2.7 2 5.6
Alcids 73 97.3 35 97.2
Egg shells 15 20,0 12 33.3
Vegetation 4 53 2 5.6
Soil 2 2.7 - -

‘Grouped Data i
No. scats = 111
No.
Small mammals 28 25.2
Birds 108 97.3
Pood Remains

Date: 8-1-68 Date: 8-9-68

Item No. item No.
'Horned puffin 4 Pigeon guilliemot 1l
Tufted puffin 3 Least auklet 5
Murre 1 Parakeet auklet 2
Crested auklet 8

Parakeet auklet 4

Alopex 1




Table 1l. Results from den 20.

Date: 8-9-68
No,. scats: 27
Item No. %
Microtus 6 22.2
Clethrionomys 1l 3.7
citellus . 1 3.7
Alcids 25 92.6
Egg shells ™ 6 2242
Vegetation 2 7.4
Soil 2 T4

Grouped pata

No. écats = 27

No. ]

Small mammals 8 29.6
Birds 25 g92.6

Item

Crested auklet
Parakeet auklet

W

Food Remains
Date: 8-3-65
| No.
6
4




Fig. 8. a-¢liffs of the Poovoot Range on the
southwest coast of the island. The upper
slopes characterize the rock-pile cliff
while=the lower cliffs are typical of the
sheer-wall type.

" Fig. 9.’ An adult arctic fox moving along thc—plateau

rim in late June. The completely white tall
and long white hairs on the neck and . shoulders
indicate that this individual is in the latter
stages of the spring molt.



Fig. 10. Large boulders on Taveeluk Point where den
18 was located. Rock~pile cliffs of the
type seen here are predominant along the

' ‘vqast west of Boxer Bay. -

Fig. 11. Anothér view of den 18 showing, in front
of assistant, one of the entrances.

b7




Plg. 12.

One of the adult arctic foxes inhabiting
den 18. The coat of this individual is
typical of the summer pelage.
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Table 12, Results from den 23.

Date: 8-16-68
No. scats: : 47
Item No. %
Microtus 3 6.4
Dicrosto 1l 2.1
IIoEex 1 2.1
Alcids 47 100.0
Egg shells 9 19.1
Vegetation 1 2.1
Grouped Data
No. scats = 47 )
No, 2
Small mammals 4 17.4
Birds 47 100.0

Date: 8-16-68

Item No.
Crested auklet 1
Parakeet auklet 36
Least auklet 5

R,
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It was located in an area of rdcky, meslec tundra and under
a heap of iarge boulders ranging in size from zbout 59 to
100 m3. An adult fox was hear? in this den on the first
visit, dbut other activity was not noted, XNone of the food
remains collected here were fresh; though a2 few had flesh
st1ll eclinging to'thgm. At least one of the horned puffins
found her was a fledgling (Table 13).

Den 22 was in ﬁn érea of rosky mesle tundra and was
sltuated under partially buried boulders 75 m from the rim
of the sheer-wall cliffs. The litter of five pups inhablte
ing the den was observed playing within a 50 m radius of
the den on two evenings in mideAugust and an adult blue
phasé fnx-was seen here on these ané other occaslons. %he
food remains found here were in varylng stapes of decomposi-
tion and were scattered over a wide area (Table 14),

The statistlcal comparlson cf the results from scats
collected on the cliffs west of Boxer Bay (dens 17, 18, 20,
and 23) (Table 17) with those from scats collected east of
Boxer Bay {(dens 21 and 22) (Table 17) revealed sipnificant
differences in the occurrence of smzall mammals and egg
snells, The freguency of occurrence of small mammals (pree
dominantly the tundra vole) 1s significantly higher
{P<.005) and the occurrence of egg shells significantly
lower (P £.05) in scats collected east of Boxer Bay near

the sheerewall c¢liffs.

The data from scabs collected at the six dens near




Table 13. Results from den 21,

e st A e R ———————r e o ASHSMAS Aot A———— ot e e e ———_——————

Date: Bell-68 B=1468
Ho. scats: 9 25
Item Ho. 4 ~ No. %

. Microtus 6 66,7 14 56,0
Cletaricnomys 1 1.1 3 12,0
Crietre : = 2 8.0
Elopex - - 1 4.0
Aleids 9 100.0 21 840
Egg snells 1 11.1 - -
Vegetation - - 5 20,0

-~ Grouped Data
Mo, scats = 34
do. 2
Small mammals 29 85.3
Birds ’ 30 g8.2
Food Remains
Date: B«11-68
Iten No.

Horned puffin
Tufted puffin
Murre

Pigeon guillemot
Pelagic cormorant
Black=legged

kittiwake

Crested auklet 1l
Parakeet auklet

o

W W

s ——————————————s e ———— T
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Table 14. Results from den 22.

B eresoreteemesmemam et ettt e e eSO Semmarareetg oo VAP — S —————— o 7P aremt s —

Date: Bullub8
Ho. scats: LY}
Item No. . %
Microtus 2] 54,8
Dicrostonyx 2 4.8
Cite us 3 ?ol
Alcids 34 81,0
Egez shells . ] 9.5
Vegetation 3 7.1

Grouned Data

No, secats = 42

No, z

Small mammals 27 64,3
Birds 34 81.0

Tood Remains

Date: B8«li468

Item No,
Horned puffin 8
Tufted puffin 2
Murre 3
Pilgeon guillemot 2
Crested auklet 13

Parakeet auklet 11

ettt o et St — A oA 2o Sk SAL—r RO O3 EA eeeaceeettatl pmtOP—Y
D e e ettt st seemar oo S e e
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alcid nesting colonies indicate that in summer the foxes
inhabiting these areas prey mainly on alcids, The occur-
rence of both alcids and egg shells is significantly

higher (P« .005) than in the other habitats studied while
small mammals occurred at 2 sipnificantly lower (P <,005)
frequency. The f’rgquencies of occcurrence of fox halr, vege~
tation, and soll are similar to those in scats collected in
other habitats, Food remains collected neatr these dens

also indicate a preponderance of alcids in the dlet,

Boxer Rlver Va.llex

Den 16 was located under a conspicuous fomation of
large boulders 1.4 km north of the coast. Six pups were
seen playing near this den on several occaslons in August,
The only recently deposited prey remains were those of a
pintall duck znd of a vole, The primary fSe2athers of the
pintail indlcated that 1t was molting when kllled. The vole,
an immature, was intact, though 1t showed siens of having
been chewed. Another vole was represented by 1lts skull,

Tne quantity of scats collected here indlcates that this den
was used during the entire summer by a family of foxes
(Table 15).

Den 24 was situated under 2 formation of large boulders
on 2 hill between the Boxer and Wanmayee rivers 2.8 km north
of the coast. Though six pups were seen here, scats were

relatively scarce and no food remains were found {(Table 16).
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Table 15. HResults from den 1l6.

Dates 7~30-68 ... 8=15-68
No. scats: 212 66
Item -No. % No. %
Microtus 183 86.3 63 95.5
e 10nomys 13 6.1 - -
Dicrosicnyx 5 2.4 1 1.5
Citellus 9 4.2 14 21.2
Alcids 47 22.2 5 76
wWaterfowl 2 G, 9 ) 5 7 . 6
Shorebird 1. 0.5 - -
Egg shells 2 0.9 2 3.0
Unidentified bird 1 0.5 1 1.5
Insect 4 1.9 11 16.7
Vegetation 19 9.0 13 19.7
Grouped Data- e
No. scats = 278
No.
Small mammals 262 94.2
Birds 62 22.3
Food Remains
Date: 7-30-68 ;
Item No.
Crested auklet
Black-~legged
kittiwake
Herring or

glaucous gull
Emperor goose
Pintail
Kicrotus
IIoEex

HROHRE NI

. _______}



Table 16, Results from dern 21,
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il

|

Date: 8-15-.69
No. scats: 5¢
Item de. b4
Microtus by 78.6
Dicrostonyx 5 8.9
Citellus 8 14,3
Aleids 9 16.1
Yaterfowl 1 1.°
Egg shells 2 3.8
Vecetation 3 5.4
Grouged Data
No, scats = 56
No, 13
Small mammals 48 85.7
Birds 10 7.9

|
I




This probably indicates that the foxes had moved to this
slte only a few weeks prior tb the ececllection date,

The data presented in Table 17 indicate that the dlet
of the foxes inhabiting the Boxer Rlver valley consists
orimarily of small mammals. The frequency of_odcurrence
of fhis type of prey is simlilar to that found in scats
from the plateau study area. Avian material, primarily
aleids, occurred at a significantly lm-:er. (P<.05) fre-
quency in scats collected in this valley than in scats
collected along the nearby cliffs, Insects and veretation
occurred at frequencles similar to those chbserved iﬁ scats

from the other habitats studled,
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DIScUsSsION

The aretlc Tox's preference for denning in elevated,
well=drained solls has been noted by several authors.
Tsetsevinsxi (1940) found most of the arctic fox dens on
the Yam2zl Peninsula to be situated on the banks of rivers
and stréams. In the lower reaches of the Kara and Sibir-
chayalka Rivers In Russia, Danilov (1558) found 37 of 41
dens bullt.on the maln valley sldes indicating 2 marked
» tendency to use elevated loecations, Danilov also demon=
strated that areas having a comparatively deep active frost
layer and high soil temperatures zre favored by foxes for
de-nniné. Chesemore {(1967) described similé.r characteristieces
in arctic Alaska, as has Macpherson (1969) in aretic Canada,

The rocky, sloping ground along the rim and river

valleys of the Putzut Plateau is relatively well drained and.

could be expected to have a deever active frost layer than
the surrounding areas of comparatively level tundra, The
above conditions cause the soll on Lhese slopes to '> rela=
tively drier and more stable and thus account for the fox's
preference for dennlng in these areas. In .adéition, ground
squirrels favor simllar soil conditions for burrowing and

tneir burrows are often enlarged and used by foxes. Fecal

deposits of ground squirrels were commonly found In entrances

to fox dens and on several occasions eground squirrels were

58
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seen in dens known to have been used by foxes only a few
days previously, This apparéntly close assoclation of
predator and prey deserves further study. Macpherson (1969)
reports that foxes often utilize dens throuchout the winter
and varlous trappers on St. Lawrence Island reported similar
observations, The use of an elewated 15cation, such as the
plateau rim, for denning is thus a rurther'advantage in that
such areas are kept relatively free of snow by wind, allow=
ing easy aceess to dens in winter,

In the more rocky habitaf around Boxer Bay the iuva..on,
arrangement, and extent of each den slte depends on the posie
tion of large boulders. This situation resembles that found
on the Commander Islands by Barabash-Nikiforov (1933).-

The influence that territorialism has 1n‘determin1ng
the density of occupled dens and the home range of foxes 1s
not known, but 1t may well be an important factor. One

-instance of territorial behavior was observed in mid-June

on the plateau. This 1lnvolved one fox sporadlically chasing

another for a distance c¢f about 200 m aloneg the plateaﬁ rim,
Botnh foxes vocallzed frequently during the l0-minute chase,

Bédard (1967) noted that the periphery of the Kongkok basin,
2 large cirque located several kilometers west of Boxer Bay,
was divided among five or six foxes, and he observed terri-
torial clashes among them,

The caches found during the present study indicate

that the foxes inhablting lowland areas may take advantage
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of a temporary increase in the vulnerability of mlerotine
rodents due to loss of snow cover and concurrent rlooding
of burrows during the spring thaw. The fact that these
caches were located well away from the more extensive dens
where pups were found may indlcate that they were delibe}-
ately esfablished where pups could not interfere wiéh them,

Though no caches were found in the Boxer Bay study
area, Qr. Charles Slwoocko, an elderly resident of the 1sland,
reported that he and other men had found caches of "little
auklets and other birds™ in this area in previous years,
Consldering the overwhelming abundance of alelds, it seems
that gztnering a surplus of these birds would be quiteAeasy
for the foxes, -

There is evidence indlcating that tne “oxes on the
island depend on prey cached in the summer months for part
of thelr winter diet.. The scarcity of prey specles in the
winter months is as striking as tne abundance in summer,
Except for a few ravens, terrestrlzl blrds are absent from
the island in winter, though maritime birds, primarily old=-
squaw and elder ducks, are founé offshore in considerable
numbers, Cround squirrels, of course, hibernate during the
winter and other small mammals are largely unavailable bee
cause of snow cover, Nevertheless, the stomachs of a cone
siderable number of foxes trapped in winter contained
remains of birds that do not winter in this reslon as well

aé an abundance of small mammals of limited avalilability
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(Fay, unpublished data). Further research is needed to

adequately deseribe the caching activities of the foxes on

St. I~vrence Island. Though evidence 1s in most cases

fragmentary, there seems tc be a consensus amony investia
gators that have worked 1n other reglons that the arétic =
fox often caches various foco items in summer when food is

most plentiful (Fielden, 1877; Beddard, 1902; Osrood et al.,

19133 Gibson, 1922; Seton, 1929; Freuchen, 1935; Dubrovskili,

1937; Braestrup, 1541; Soper, 1944; Tuck, 1960; and Barry,

1967).

The frgquency of cccurrence of small mammal remains in
scats collected on the plateau in summer indicates that
thHese animals are the predominant item in the diet of foxes
inhahiting the islané's vast areas of tundra, Simllar
results have been obtained in comparable habitats by
Braestrup (1941), Elton (1942), Mineyev (1946), Pitelka et
al. (1955), Macpherson (1969), and Chesemore (1967). From
nls observations on St, Lawrence Island, Rausch (1958)
stated that voles are an important food resource for young
foxes while in the den., This view 1s substantiated by the
results from the plateau and Boxer River valley study areas.
The litters reared in dens near the cliffs, however, were
dependent primarily on alecids for food.

The frequencies of occurrence of the three microtine
rodents, the tundra'shrew, and the ground squirrel corree-

spond In a general way to the relative popuiation levels
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of these species, However, as Enplund (1965) has suepested,
differences in catchabllity may exist among the speeles and
the fox may show a preference for certaln specles, The
tundra veles hablt of living mainly in the open tundrz may
render it more vulnerable than, for instance, the red=-backed
vole wnich is found 1in rocky havitats. From studies Aone on
tne food hablts of the red fox, Errington (1935), Sectt
(1943), Scott and Klimstra (1355), Lockie (1957), and Lund
(1962} nave suggested that thls specles hzs a preference

for 4i:rctus over other small 'mammals, Tﬁe extremely low
occurrence of tundra shrews in scats may also be influenced
by the predilectlion of the foxes for voles, Scott and
~Klimstra (1955) and Lund (1962) have shown that insecti-
vores are killed but often left uneaten by the red fox.

Of the avian remains identified in scats from the plae
teau, members of the Order Anseriformes were represented
most frequently. The food remalins indlicated that the prine
cipal specles 1involved were the oldsquaw, common elder, and
emperor goose, Tne condition of some of the romains of the
latter specles indlcated that these Individuals were molte
ing, and hence flightless, when captured, Resldents of the
1sland reported other cases of foxes preyine on moiting
geese and 1t is likely that 2 major pertion of the geese
taken by foxes are in this condition, Mineyev (1946) de=
scribes a simlilar situation on Wrangel Island.

The aretlic fox has been shown to be 2 highly efficlent
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predator on the eggs and youngvof waterfowl (Lewis, 1923
and 1942; Kenyon, 1961; Ryder, 1967; Barry, 1967). Ina
study--of waterfowl nesting on the Anderson River Delta,
Horthwest Territories, Barry (1967) found that species
larger than Pacific brant (Branta bernicla nigricans) vere
capable of driving foxes away from nests while brant and
smaller birds could not do so effectively and thus reguired
" island habitat for suceessful nesting, Barry regularly

cbserved a palr of whistling swans harassing nearby foxes,

Lawrence Island as well since nesting elders and smaller
waterfowl favor island locations while larrer blrds, notably
the whistling swan and sandhill crane, nest on the inland
tundra. On the plateau study area nests of the latter two
specles were found within a few hundred meters of occupied
fox dens. l

The occurrence of vasserines and shorebirds in scats
and remains was relatively low in all of the habltats
studied. Though the fox is capable of capturing these
birds (Jones, viva voce) and they are abundant, it appears
that other prey are more easily obtalned and the foxes cap=
ture small birds only occasionally,

It 1s probable that the alcids identified in the bird
remains collected on the plateau were picked up as carrion

on the beach., Murres and other c¢liff nesting birds are

often killed by falling rocks and there 1s sometimes cone




slderable mortality among young alelds, especlally when

they are leaving the nestiﬁg colonies in larpge numbers dure
ing late summer and fall (Bédard, 1967)., The carcasses of
these virds may wash ashore at distant beaches, Thus, each
alcid nesting colony in the arctic is, direectly or indirectly,
important to foxes aé Tuek (1960) has sumpested,

-Deseriptions of the aretic fox's predatory habits in
aleid nestings zreas ar: zommon in the literature but vary
widely witnh the speecles of aleld and the type of nesting
hab;tat involved., In general, the arctic fox has been
shown %o be the primary factor goferning the nest location
of seabirds (Turner, 1886; Nelson, 1887; Manniche, 1912;
Kirpichnikov, 1937; Bertram and Lack, 1938; Braestrup, 1941;
McEwen, 1958; Fay and Cade, 1959; Tuck, 1960), Aleclds
nesting under rocke-piles thus require Interstices of a size
permitting theilr entry while offering wrotection against
foxes and other predators. In like manner, puffins and
guillemots utilice burrows or cerevices and the murres, core
morants, and larids are restricted to the most preclpitous
¢liffc due to théir’hab;t of nesting above greund,

Though the vulnerabllity of the various nesting sea-
birds needs to be more fully documented, some general statee
ments can be made concerning this aspect with relatlon to
the Boxer Bay study area, Bédard (1967) has described the
ecologlical relationships of the threé specles of auklets

found on the island. The majority of nesting least and



crested auklets are concentrated in a few well=defined
colonles hereas parakeet auklets are more widely distri-
buted along the cliffs but occur at lower densities than the
least and-crested auklets, The latter two species, and
especlally the crested auklet; were.present in considerable’
of Boxer Bay even though the study area did not
encompass any of the major nesting wirsai, A few crested
auklets were seen east of Boxar Bay but least auklets were
rare, Parakeet aukleis ware abundant on the eastern cliffs
but only moderately so on the ¢liffs to the west of Boxer
Bay.

The least ar.d crested auklets are undoubtedly the most
vulnerable of the -cliff nesting birds, The vulnerability
of the former specles, however, 1s not reflected in the
food remains. The presence of entlre wines of the least
auklet in some scats indicates that due to its small size,
the entlire carcass of this spmecles may be consumed by the
fox. From hils observations of food remains in the large
auklet colonies on the island, Bédard (1967) concluded that
the crested auklet is the main object of fox predation in
‘these areas., Tnis view 1is supported by the results of my
study. In terms of numbers and probably in terms of blo=
mass, the crested auklet sustains a higher level of preda-
tion than any other c¢liff nesting bird.

The characteristically precivitous habltat of the

parakeet auklet would appear to render it much less sus=




ceptible to predation than the other auklets., Nevertheless,
the food remains indicate that this bird iz taken in cone
siderable numbers. The overvhelming oreponderance of para=
keet“auki;t remains at den 23 could be attributed in part
to a highly efficient method of capturing these birds used
by the foxes inhabitinz the site or perhaps to a predomi-
nance of this specles in the hunting territory of these
foxes,

The horned puffin and tufted puffins are less vulner=
able to predation than the auklets due to thelr compara—
tively 1naccéssib1e nest sites and also to thelr Jdifferent

behavioral characteristics. In.general, these specles

-aceuny wore prenlpitous cliffs and seem more.alert to Intruw

ders. The number of puffins represented in the food re=
mains reflects their lesser vulnerability, The reason for
the greater number of horned puffins versus the number of
tufted puffins in the remains is not knoun,

The cliffenesting birds moét inaccessible to the foxes
are undoubtedly the murres, cormorants, and larlds,
Despite the fox's tremendous azility, it would be difficult
indeed for them toc capture these blrds on the sheer escarp-'
ments where these species typlcally nest, Though some
adults and young are eaten by the foxes, many of these
probably die from.bther causes Qﬁch as rock-falls or are
fallen nestlings that have been picked up on the rocks

below,
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The comparison of da_té vfrom the dex:xs east of Boxer Bay
| with that from dens west of this bay revealed that the
| character of the uplands adjacent to cliffs has a signifi-
cant influence on the diet of foxes inpabitina areas near
the aleid nesting colonles, Th2 proximity of wet and mesic
tundra east of the bay and the resultant greater availability
) of small mammals was reflected by the significantly preater
occurrence of small mammal remalns in scats colleated here
as compared to those collecped to the west where the Inland
areas are ~pz«edcm:!.na.m:l:sv rocky barrens., The nature of the
cliffs themselves also influences tfze occurrence of food
- ' ltems in the diet, The significantly lower occurrence of
egg shells 1n scats collected east of Boxer Bay is.pi'obably :
_z; due to the smaller number of auklet nests on the area and
iiei to the mor2 inaccessible nature of the seabird nests that
}Ef are opresent, ‘
i In spite of the almost total dependence on alcld popuw
| ’ lations for summer fcod by foxes denning near the nesting
| colonies, predation is probably nowhere simmificant in
terms of the proporti&n of the alcid population affected,
The number of birds taken probably variles with the relative
| population ievels of alcids and foxes, Hipgher alcid popu=
lations vould probably cause a greater number of relatlvely
accessible nest sites to be used,
i Shivanoff (1951) noted that the greater the abundance

of food, the more restricted i1s the daily range of the arc=
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tic fox. Thus, it 1s sipgnificant that the tremendous
avian blomass found on the cliffs was used only lightly by
foxes denning In the nearuy Bexer River valley. The data
indicate, rather, that the foxes in this valley relled
almost entlirely on small mammals, especlally the tundra
vole, as tnelr summer food resource, Though the prey come
munity of the tundra was not as spectacular, in terms of
apparent actlvity, as the prey communlty of the sea ¢liffs,
it was of sufflclent availabllity ¢tc sunport a surmer fox
popula{:ian compzrable 1n density to that ‘ound along the
cliffs.

The remalns of varlous species cf fish and narine
invertebrates have been noted in the diet of i1sland foxes
and in some Instances are used extensively (Lavrov, 1932;
Barabash-{ikiforov, 1941; Braestrup, 1941}, Jones (viva;
voce) reports that marine invertebrates, particularly
amphlpods, are an essential component of the dié‘c on some
of the Aleutian Islands. The above ltems occur only raz'ely,t
nowever, in the summer diet on St, Lawrence Island, Insects
occurred 2t a similarly low frequency. Vegetation, soll,
and fox hair were consldered to be items iIngested incidental
to feeding activities and cccurred only in trace amounts,
Similar occurrences have been noted by numerous other
WOTKETS.,

HBeach carricn appears to be a minor item in the summer

diet, Carcasses of marine mammals were present on the beach
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during the summer but remains of these food resources were
found in only a few scats. Further, little fox activity or
"sign" was observed along the beach and there was no evi=
dence of foxes feeding on carcasses of seal, sea lion, or'
walrus. Apparently, the summer availability of small mame
mals and birds 1is such that foxes are not required to utl=-
lilze carrion at this time. Trapvers on the island report
that the meat of marine mammals that 1s set out as bait in
the fall attracts foxes during and after lovember but not
before, and Schiller (1954) found abundant evidence of
foxes feeding on a number of dead walruses along the north=
east coast of the island in winter., Thus, carrion 1s pro=-
bably an important food resource only in mid-to=late winter.
The data indicate that, in eeneral, the summer diet of
arctic foxes on St, Lawrence Island clearly reflects rerional
differences in the composition of the prey population,
Foxes living along the cliffs feed mainly on alcids while
tundra foxes feed mainly on voles. The arctic fox has often
been descrlbed as an "opportunistic" predator and scavenger
(Mineyev, 1946; Braestrup, 1941; Chesemore, 1967) and this
term may well apply to the winter food habits of the foxes
on St, Lawrence I:zland. Though the summer Alet does indi-
cate a strong response to avallabllity, the foxes are not
entirely opportunistic in their food habits durine this
season of food abundance, The results of my study indicate

that during the summer of 1968, the foxes relied almost



70

entirely on recently captured prey despite a plentiful
supply of marine mammal carrion, Further, the abundant
passerines and shorebirds were little utilized and the
tundra shrew was nearly absent from the diet, indicatinr
t@gt the fox expends little hunting effort on these items
when other, larger prey are avallable, The fact that the
foxes can afford the luxuryuéf predilection supgests that
the summer food supply on the 1island is more than adequate

Zor thne population of foxes.
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