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ABSTRACT 

Presented are the results of an aerial stratified block sarrpli.ng census of 

arctic fox dens on the Yukon Coastal Plain between the Babbage and Crow Rivers 

to the east, and the Alaska/Yukon Terri tocy ln.Indary to the west.. The study 

area was divided .into a high density and a low density area based en the 

results of earlier surveys. In total, 34 .. 2% of the study area was censused. 

In the high density area, 23 samplirg units, representi.rg 90 .. 4% of the stratum 

area were censused, whereas in the low density stratum, 21 sant)ling uni.ts 

representi.rg 19.6% of the stratum area were censused. A sightability 

correction factor was derived fran the proporticn of ~ dens observed 

during the census whlch anomted to 77 .. 8%. The estimate of the total number 

of fox dens in the study area, oorrected for sightability bias am:x.Jnts to 92 !. 
19 ( 95% C. I .. ) .. Of 75 dens checked en the ground for use or occupancy by 

foxes, 19 (25 .. 3%) were classified as active. At three of these (4.0%), arctic 

foxes were observed while at an::,ther cne ( 1 .. 3%) a red fox was observed. No 

sign of pups was seen at any of the dens. A total of nine dens have produced 

pups during the perioo 1984-1987 .. Further activities planned under the arctic 

fox project are discussed. 
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L1'1I'RODUCTICN 

Arctic foxes use dens for rearing of yourg in spring' and sumner, and year 

round for shelter ( Eberh.ardt et al .. , 1983) .. Individual dens have been 

estimated to be active for up to 300 years, often bein;J enlarged, with 

additional entrances in successive years, until they deteriorate through 

natural processes (Macpherscn, 1969) • The clumped distributioo. of dens and 

their absence fran large areas in northern Yukcn Territory (Smits and Jessup, 

1985), suggests that suitable denning sites are limited .. 

Kn::iwledge of the abundance and distribution. of den sites is therefore crucial 

for the management of the species* Such i.n£ormaticn can assist in mak.in;J 

sound land use planning decisions in areas where preseJ:Ving high capability 

fox denning habitat is a priority. It also facilitates m:m.toring of arctic 

fox productivity which provides :1.rrportant baseline informatioo., against which 

the impact en the fox populatiCl'l by industrial develcpnent and harvest can be 

measured .. 

Since 1984 the Yukon Fish and Wildlife Branch has censused northern Yukcn 

Territory for arctic fox dens and m:ru:tored sore or all of these yearly (Sm.its 

and Jessup, 1985; Slough and Ward, 1987). High densities of dens were found 

locally, h:Mever low pi:op:,rtia,s of natal dens were observ'ed in all years. 

During these m:nitoring su:r:veys, dens n:,t prev.i.cosly located were also found. 

It became clear that in order to obtain a m:xe reliable estimate of den 

abundance a rrore intensive census was required. In 1984, the study area had 

been censused by a systematic transect procedure coverl.rg the ~le study area 

(Smits and Jessup, 1985).. This census sh:Med the distribu.tioo. of dens to be 

clumped .. In view of this, a stratified block sampling census (Jolly, 1969a) 

appeared to be a nnre appropriate technique and oculd be designed en the basis 

of the preliminary den distributicn .. 

This rep:,rt presents the resu1 t of the stratified block sarrplirg census of 

July, 1987. Incorp:,rated in the census are the results of the total intensive 

census of Herschel Island of July, 1986 ( Slough and Ward, 1987) .. Also 

presented are the resu1 ts of the den moni torirg sunrey which was a:nducted 

concurrently with the July 1987 census. 
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STUDY AREA 

The study area includes Herschel Island and the Yukon Coastal Plain ( Figure 

1)" 

Herschel Island ( 101 km
2 ) is canposed of marine sediments that have been 

deformed and ice-thrusted into their present fonn (M:Kay, 1959; Bcuchard, 

1974) .. While these defonned marine sediments are pred::minantly fine grained, 

there are limited exposures of sand and gravel. Differential erosion has led 

to the developnent of coarse textured ric%1es existirg within a landscape of 

othe:rwise fine grained materials. M:>st of the surface is roll.i.rg u.pland at 

elevations rangin; fran alx:>ut 60 to 180 m above sea level .. 

The Yukal Coastal Plain (Bostock, 1970) is an eastward extension of the Arctic 

Coastal Plain (Wahrn.aftig, 1965) frcm north coastal Alaska, ave:raging 20 km in 

width in Yukal Territory.. It slopes :frcm a high point of 150 m above sea 

level OClrthwards to the Beaufort Sea coast and enccmpasses an area of 

approximately 3700 km
2 .. The surficial materials of the Yukcn Coastal Plain 

have mixed origins, being derived fran glacial and rx:n-glacial processes. 

M:>rainic, lacustrine and fluvial deposits are more o.::xmu1.. Active fluvial 

landforms ( large deltas) pred::mi.nate en the plain west of Herschel Island. 

East of Herschel Island, the plain ca;;sists of rolling nnrainic deposits 

interspersed with nearly flat areas of lacustd.ne material. Lakes and pa,ds 

of thernokarst origin -oot the plain and local relief rarely exceeds 30 m 

( Ramptcn, 1982 ) • Mean annual ta:rpera.tu.re at Kanakt.ik is -12 .1 °c; the meafl 

annual percipitation is 125 mn (Canadian Cl.ima.te Program, 1982) .. 

Cottor:grass tussocks ( Erioplprun vagina.tum), noss, ericacecus shrubs and 

willow shrubs (Salix spp .. ) carprise the cbninant vegeta.ticn CXNer en 

imperfectly drained upland sites in the study area. en sites with better 

drainage, avens ( Dryas integrifolia), vetch ( Astragalus spp. ) and arctic 

willow ( Salix arctica) pred::mi.nate, c.amcru.y interspersed with mud b:Jils 

(Wiken et al.., 1981). 
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Prior to field activities, a 1: 50, 000 topographic map of the study area was 

divided into sample units ra.ng-ing fran approximately 7 - 21 km2 in size. 

Boundaries of sample units follChled gec:graphi.cal features and wer:-e drawn 

according to suggestions by Gasaway et al. ( 1986) .. Initially the study area 

included the whole Yukon Coastal Plain and Herschel Island.. tbwever, the 

Yukon Coastal Plain east of the Babbage River and Crow River was excluded fran 

the census when it was found that locally dense shrub cover ( mainly alder, 

Alnus sp o ) obscured dens. The remainder of the study area was stratified into 

a high density and a low density area. The high density area included 

Herschel Island, the Clarence Lagoon area and the coastal porticns of the 

Firth and Malcolm River deltas (Fig. 2, Appendix). The rema.inirg area west of 

the Babbage River was classified as low density denru.n,;; habitat.. Sampling 

effort between strata was allocated. in p:cop:,rtim to the stratas' relative 

variances which are a function of their den densities.. This procedure ensures 

that the variance of the estimated population mean is smallest (Cochran, 

1953) o Allocation of sampling effort was based on preliminary densities of 

fox dens as determined fran a systematic transect census (Smits and Jessup, 

1985) . An attempt was made to select sample uni ts in each stratum rand:mly .. 

Sane sample uni ts h:Jwever were ch:)sen for their proximity to the helicopter 

base as was occasionally dictated by matters of logistics.. Sighta.bility of 

dens during the census was ccmputed as the proportion of the krnm. number 

(£ran the systematic transect census) of dens observed dt.rdn1 the census .. 

The census was performed by helicopter ( Bell 206 Jet Ranger B) dt.rdn1 July 

13-19, 1987. During this period the colour of the lush den vegetaticn 

contrasted well with that of the surrounding area and improved sightabili ty 

ccnsiderably.. The landscape was searched for this ccntrast in vegeta.ticn at 

dens and other identification clues includirg bur:rcM openirgs, presence of 

-bones, avian predators (golden eagles, Pqt.rila. chrysa.etos, are krnvn to hunt in 

the vicinity of fox dens; Garrott and Eberhardt, 1982) and foxes.. Sample 

uni ts were censused flying overlapping transects. Transects were flown at 

50-100 m AGL at indicated air speeds of 90-100 km .. hr-1
• 'lw:> observers, coe en 

each side, were present in the helicopter. Dens located fran the air were 

ground checked to verify their identity by the size of burrow openirgs and the 

presence of fox scats, tracks, prey ranains and/or the presence of foxes ( fox 
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dens can easily be mistaken for ground. squirrel, spernq:ru.1us parryii dens 

fran the air). Dens were classified as active if foxes were sighted or if 

fresh tracks or faeces were present. The presence of juveniles was determined 

by actual sightin;s, the presence of small faeces or tracks, or the sound of 

characteristic barks a:m.tted when disturbed within the dens .. Den sites were 

numbered, ph::rtcgraphed fran the ground. and fran the air and their locations 

plotted on 1:250,()()Q ~c mapse 

....... A 

The estimate of the total observed den population (Y) and its variance (V(Y)) 

was derived using the ratio meth:d developed for unequal-sized uni ts ( after 

Jolly, 1969a): 

A ij yj 

Y= 

~ z. 
J 

.. z. 
l 

where y j = number of dens in j th sarrple unit 

z . = size of j th sample unit ( Km2 ) 

z: = total area (Ki) under survey in ith strab.lm 
l. 

~ denotes surrmaticn over all strata 

_i. N. ( N. -n. ) 
"J,,l l l. 

V(Y) = ----
n. 

l 

2 2 2 (Sy 
1
. - 2 R SZy. + R Sz .). 

l. l 

where N. = total number of Scltl:)lirg uni ts in i th stra:b.m, 
l fu 

n. = number of units selected fran i stratum, 
l 

S 2. ~·2. yi= yi-
n -1 

i 

y. = number of dens per irrlividual unit sampled, 
l 

S 2. ~-.2 Z l = Zl -
n -1 

i 

~zi)
2
), 

n. 
l 
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zi = area of each unit sampled, 

Szyi = ~~z.y. - (~z. ~. )l n _1 1 1 i i 

i ni 

R = ~j Y. 
J 

~ derx:>tes sumnation over all strata 

The total observed den population estimate is then corrected for sightability 

bias: 

....... i\ 

X = Y. SCF, where X = adjusted populaticn estimate 

SCF = sightability correction factor, 1/sightability 

The variance of this exterxied populatioo. estimate and its oc:nfiden::e interval 

( C. I. ) is calculated acoording to procedures outlined in Gasaway et al ( 1986): 

,,.. - __ _2 
V(X) = V(Y) .. sc::.r-

C. I. =X+t\J vf.'2f 
- e<.ve 

I 

t = Student's t ... statistic 

Ve = degrees of freed:m, 

canputed as (V(X) )2 

(V(t) )2 + (V(~) )2 

I\i - 1 ~ - 1 

..,... ,,,,...., 
Where~ is total den estimate for high density stratum,~ total den estimate 

for lON density stratun, and l\i, 11L the number of SU's flown in high and la,., 

density strata, respectively. 
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Abundance and Distributicn 

In the high density stratum, 23 samplirg units representi.n:] 90..4% of the 

stratum area, were censused, whereas in the lo,.i density stratum, 21 sampli.n]' 

units representi.n:] 19 .. 6% of the stratum area, were censused. In total 34.2% 

of the study area was censused... Table 1 gives the calculaticns fn::m which 

this sarrpling allocaticn was derived. The slight difference between q;;,timum 

and actual allocaticn was the result of logistical practicalities. 

A total of 56 dens was observed in ccmbined high density sample uni.ts versus 

h.o in canb.ined low density sanple uni ts ( Table 2) . Foor ( 77. 8%) of 18 kn::Mn 

dens in 14 sarrple units were observed duri.rg the census (Table 3).. In 

addi ticn to the 18 krnJn dens, ten unk:na,Jn dens ( 55 .. 6%) \Al8re observed within 

these 14 sample units. The total nunber of previously unkn:::,wn dens £a.ind 

during the 1986/1987 census was 32, representi.n:] 36..4 of all krcwn dens (88) 

(Table 4). 

The estimate for the total rn.mt)er of observed dens calculated. according to 

Jolly (1969a) is 71 with a variance of 50.0. Sampli.rg variance of the high 

and low density strata is 13. 5 and 36. 5, respectively.. Corrected for the 

77.8% sightability, the total extended estimate ano.mts to 92 ±_ 19 (95% C.I.) 

( d. f. 33), with a a::>efficient of variaticn of 20. 5%. Figures 1, 2, 3 and 4 and 

Table 4 give the locations of fax den sites kn:Mn to date .. 

Seventy-five dens were checked en the ground for use or occupancy- by foxes, of 

which 19 (25.3%) were classified as active (Table 5). At three of these 

( 4 e O % ) arctic foxes were observed ( a pair in u.o instances arrl a sirgle fox 

in one .instaoc:e) while at arx:,ther cne (1.3%) a sirgle red fox was observed .. 

tb sign of pups was seen at any of the dens. A total of nine dens have 

produced pups during the period 1984-87. H:Jwever this figure presents a 

mini.mum indicaticn of the nunber of productive denning sites in the study area 

as not all dens were revisited by us each year (Le. in 1986 cru.y dens on 

Herschel Island were surveyed; nore dens were identified as the study 

progressed) e 



Table 1 * Arrargement of calculations for allocatim of samplirg uni ts based 

en the number of fox dens located during a systematic transect 

census .. 

15 

Stratum ~ Allocatim of sarrpling units 

High 26 0.20 54 10.80 0..491 22 23 

102 0 .. 80 14 11.20 0 .. 509 22 21 

Total 128 LOO 68 22 .. 00 1.000 44 44 

Definiticos: 

~ = Total sampling uni ts per stra:b..m 

~ = P.cop:u: tim of sanpling uni ts in each stra:b.m 

~ = Number of fox dens located duriD3 a systematic transect census (Smits 

and Jessup, 1985) 

~~ = Product of ~ ard ~ 



Table 2.. Distributicn of observed fox dens in ~le units selected fran a 

high density and a lcw density stratum during an aerial census in 

rorthern Yu.ken Territory, July 1987. 

High Stratum Lew Stratum 

Sample Unit N:>. dens Sant)le ~t S~le Unit N:>. dens S~le~t 
ID located area (km ) ID located area (km ) 

1 2 10.08 2 0 9 .. 51 
2 6 9 .. 90 3 0 9 .. 19 
3 l 9 .. 71 5 0 10.49 
4 1 13.29 7 0 10 .. 49 
5 2 14,,01 15 0 9 .. 09 
7 0 12 .. 30 16 0 12 .. 41 
8 1 10 .. 41 22 0 10.80 
9 0 9.,79 24 0 10.70 
11 0 9 .. 79 25 0 15.20 
12 1 10.31 32 0 11.29 
14 2 16.34 33 1 10.70 
15 1 11 .. 50 34 0 7.30 
16 0 14.89 35 0 18 .. 60 
17 2 12.90 41 0 14 .. 49 
18 2 14.79 52 0 9 .. 09 
19 2 11 .. 78 56 0 9 .. 71 
20 7 17 .. 09 71 1 11 .. 29 
21 3 15 .. 05 73 0 14.49 
22 4 18 .. 03 74 0 15 .. 49 
23 5 20.90 81 0 13 .. 93 
24 6 14.48 84 0 20 .. 31 
25 4 10.67 
26 4 13 .. 83 

Sarrple total: 56 301 .. 83 2 254 .. 57 
Area of stratum: 333.75 1288 .. 27 
Total 5anl)ling 
units in 
Stratum: 26 102 

16 



Table 3., Sightability of fox dens during a stratified randan block sampling 
census en Yukcn Coastal Plain, July 1987 as dete:rntined fron the 
kncMn number of dens observed during the census. 

No. of dens Additi01.al No. 

17 

Samplin:J Unit No .. of dens observed previously of dens located 
Stratum ID during census located during census 

High 1 2 2 

2 2 2 4 

3 a 2 1 

4 1 1 

5 2 2 

8 1 1 

12 1 1 

14 2 3 1 

15 1 1 

18 1 l 1 

19 1 1 1 

15 0 1 

35 0 0 1 

41 0 0 1 

Totals 14 18 10 
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Discussicn 

Censusing fox dens on the Yukcn Coastal Plain by stratified rand:m sarrrpling 

~ to be an efficient technique to estimate den abundance.. The mettod 

provides a high level of precisicn ( a.s in:licated by the width of the 

cx:nfidence interval) relative to other censuses of this design (i .. e .. involvin:J 

rrocse, Gasaway et al. 1986; black rh:in:::>Ceros, Goddard 1969; elephant, Watscn 

et al.. 1969) .. 

A number of potential biases are inherent in the technique ( Gasaway et al 

1986, Jolly 1969b).. They include: 1 ) inaccuracies in coverl.rg sanple uni ts 

CC1Tpletely, 2) ccnsistent er.rors in counting, 3) ncn-rand:m dist:d.buticn of 

sane sarrpling units, 4) sightability bias, 5) faw.ty meth:ds of obtaining the 

final estimate fran the satft)le counts .. We do rot expect the first two sources 

to be resp:osible for biases, as the 1: 50,000 scale t:op:)grap'lical maps 

provided sufficient detail to be ccrlfident that the sarrple units were 

correctly identified and covered carpletely, and dais were readily 

identifiable frcm adjacent dens and co..ild be mapped accurately.. N:lr do we 

expect the ncn-rancbn distributicn of sane sanple units to cause a significant 

bias. On.ly scme low density units were chosen n:n-rand:mly, and this stratum 

showed little variaticn in the number of dens between units, both ana,g randcm 

and ncn-ranckm samples. The sightabili ty bias was detennined fran a 

relatively high number of sample units distributed over the two strata and the 

range of terrain types· present. We feel that it sh:w.d provida a reliable 

indicaticn of the proport.im of dens missed :Eran dens previOJSly located £rem 

aerial survey across the entire study area.. A negative bias may have arisen 

fran missing recently established dens en which the characteristic, lush 

vegetaticn has rot develcped yet.. These dens sh:w.d be less readily 

observable £ran the air, hJwever oo quantitative info:rma:ticn exists of their 

observability fran the air relative to dens with the characteristic 

vegetaticn .. Such dens have been reported to o:rstitute 10% (Maq;ilerscn, 1969) 

to 20% (Garrott, 1980) of all dens$ However an effort was made to identify 

dens £ran all pJSSible sighting clues including burrow entrances which in many 

instances during the census provided. the first indicaticn of a den. 

Q:osequently we d:ln' t expect this factor to create a significant negative 

bias. o.ir metrros of canputatioo are proven statistical methods specifically 

designed for unequal-sized sample units. We therefore assume that oor 
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estimate accurately reflects the total number of fox dens on the Yukcn Coastal 

Plain west of the Babbage River and Cro:rl Rivers, and en Herschel Island. 

The occupancy rates of dens during this year's rratltoring activities were the 

lCMeSt since 1984 and are reflective of occupancy rates inmediately followi.rg 

a population crash. 

The low sightability of fox dens east of Babbage River precludes the use of an 

aerial census of the design used in this study as a means to estimate den 

abundance. A useful approach might be to delineate 10\f and high visibi.li ty 

habitat fran aerial ph:)tographs and to survey the high visibility habitat for 

fox dens. The lCM visibility habitat, e.g. areas with shrubby vegetaticn, may 

well turn out to be unfavourable arctic fox habitat.. In other studies, dens 

with lush shrubby vegetation were m:stly occupied by red fox (Ruttan, 1974; 

Eberhardt, 1977) .. 

Further Activities planned 

We are plannirg to m:oi tor all kncMn dens over the next ho sumners for den 

occupancy. Fran this we expect to obtain infarma.ticn en the spatial and 

tanporal distributicn of fox dennirg.. In view of the repeated occupancy of 

sane dens by foxes (Eberhardt et al, 1983; this study) kn::Mledge of the 

location of these sites may be crucial to~ the species. hiditia,ally, 

we are proposing to m:ni.tor a sample of dens in the lCM visibility habitat 

east of the Babbage and Crow Rivers to determine the extent to which this 

habitat is red fox dennirg habitat. We also plan to census the high 

visibility habitat with the stratified block sampling technique. 

The rate of increase of foxes after a population era.sh, and ~tly the 

population size during highs in the population cycle, is a ftn:::ticn of the 

proportion of breeders during population lows. other factors, ro cb..lbt, like 

ingress of foxes fran adjacent areas may also be res.t:Q1Sibla for the rate of 

population increase after a crash. Nevertheless, with:ut information on the 

relative importance of these o:mbined factors, preserv:i.ng fox dens that are 

productive in years of low fox abundance should be a high management priority. 
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