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Active wolverine Gulo gulo dens as a minimum population 
estimator in Scandinavia

Arild Landa, Jarle Tufto, Robert Franzen, Terje B0, Mats Linden & Jon E. Swenson

Landa, A., Tufto, J., Franzen, R., B0, T., Linden, M. & Swenson, J.E. 1998: 
Active wolverine Gulo gulo dens as a minimum population estimator in 
Scandinavia. - Wildl. Biol. 4: 159-168.

Minimum numbers of wolverines Gulo gulo were estimated for Scandina
via, based on the average number of active dens recorded in 1995-1997. To 
estimate the proportion of females active at dens, we followed individual 
females using radio-telemetry in northern Sweden, northern Norway and 
south-central Norway. The sex and age structure of the population was esti
mated based on a sample of wolverines harvested before the introduction of 
protective measures and harvest restrictions. Our results are compared with 
those found in other published wolverine studies, mostly from North 
America. The Scandinavian population of one-year-old and older wolver
ines was estimated at 413 ± 71 (SD) individuals (265 + 55 in Sweden and 
147 ± 25 in Norway). This method gave a lower population estimate than 
those found in earlier surveys based on summation of local (municipality) 
estimates (Troms) and on local tracking surveys (Nordland). The differ
ences may be explained by the existence of a large number of undiscovered 
natal dens in the two counties mentioned above, but the previous estimates 
were based on methodologies with sources of error that could inflate esti
mates. The population size in south-central Norway (the Snphetta plateau, 
Trollheimen, Reinheimen and Rondane), based on the average number of 
active natal dens during 1995-1997, was estimated to be 26 ± 7 individuals. 
This was in concordance with the 23-30 individuals estimated from inten
sive tracking and radio-telemetry in spring 1995. Monitoring wolverine 
reproduction as a basis for population estimates could provide an important 
management tool. Based on our results, we recommend that the manage
ment authorities in Norway closely monitor the presently high harvest rate 
of wolverines in parts of the country, and establish population monitoring 
methods that allow continuous evaluation of management strategies.
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The ecological role o f carnivores as important spe
cies for the integrity and health o f ecosystems is 
being increasingly  recognised (Eisenberg 1989, 
K ucera & Zielinski 1995). Recently, wolverine Gulo 
gulo  populations seem to have increased in density 
and distribution throughout Fennoscandia following 
their protection in 1968 in Sweden, 1973 and 1982 in 
southern and northern Norway, respectively, and 
1979 in Finland (Bevanger 1992, Landa & Skogland 
1995, M inistry o f Agriculture and Forestry 1997). 
Therefore, w olverines have becom e increasingly 
involved in conflicts with man because of their pre
dation on sem i-dom esticated reindeer Rangifer ta- 
randus throughout the year in Fennoscandia, and on 
free-ranging domestic sheep Ovis aries in the sum 
m er in Norway (Bjarvall, Franzen, Nordqvist & 
Ahman 1990, Landa & Tpmmeras 1996, Aanes, 
Swenson & Linnell 1996, M inistry of Agriculture 
and Forestry 1997). For this reason, limits to popula
tion size and distribution, based on social acceptance 
of their predation, have been advocated as m anage
m ent tools. Perm its to kill wolverines due to preda
tion on sheep or sem i-dom esticated reindeer have 
been granted in recent years in several areas. These 
managem ent measures were based on the general 
evaluation that the wolverine populations were via
ble. However, the accuracy of the population esti
mates is uncertain because of the variety o f survey 
methods used for different subpopulations (Berg
strom, B0, Franzen, Henriksen, N iem inen, Overrein 
& Stensli 1993).

The wolverine is mostly nocturnal and occurs in 
rem ote boreal mountainous areas. Reported densities 
range between 0.12 and 2.5 wolverines per 100 km 2 
(Banci 1994). Its fragmented distribution and incon
spicuous way o f living com plicate both management 
and research. Surveys and tracking o f wolverines are 
usually carried out in spring on fresh snow, when the 
cubs are still inside the natal den (Haglund 1966, 
M yrberget 1968, Pulliainen 1968, Landa & Skogland 
1989). These surveys record wolverines that are one 
year old or older.

A long-term management policy for wolverines, 
especially when they are harvested, requires reliable

data on population dynam ics and population esti
m ates based on a quantitative and repeatable estim a
tion technique. Our objective was to develop a stand
ardised model to calculate the num ber o f one-year- 
old and older wolverines based on the num ber of 
recorded active natal dens. W olverine natal dens are 
often tem porary constructions in snow drifts, and 
they may be used repeatedly (M agoun 1985, Lee & 
Niptanatiak 1996, Landa, Strand, Linnell & Skog
land 1998). The dens are found in a variety o f habi
tats, often in steep rocky valleys at the treeline 
(Landa et al. 1998). If the distribution of wolverine 
males is determ ined by females, as suggested for 
solitary carnivores (Sandell 1989), it seems reason
able to assume that wolverine populations are struc
tured around breeding females. The num ber and dis
tribution of natal dens could thus have potential for 
providing an index of wolverine population density 
(Lee & N iptanatiak 1996) and distribution. To esti
mate the Scandinavian population, we used the aver
age num ber o f active natal dens recorded from 1995 
to 1997. We tested this technique on a small, inten
sively studied population in south-central Norway, 
by com paring the results with a population estimate 
obtained using intensive tracking on snow and radio
telemetry.

Material and methods

Systematic recordings of denning females have been 
carried out in Sweden since 1974 (Bjarvall & Lind- 
strom 1991), and in the three northernm ost counties 
of Norway (Nordland, Troms and Finnmark) since 
1991 (Bergstrom et al. 1993). In the Snphetta area in 
south-central Norway, records of wolverine numbers 
and breeding attem pts have been available since the 
wolverine population was re-established in 1979 
(Landa, Strand, Swenson & Skogland 1997).

Since 1991, wolverine reproduction in northern 
Fennoscandia has been surveyed and recorded using 
a standardised m ethodology (Bergstrom, B0, Fran
zen, Henriksen, N iem inen, Overrein & Stensli 1994), 
based on earlier surveys in Sweden and the Snphetta
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area. O nce a den locality has been found, it is sur
veyed in subsequent years and the certainty o f suc
cessful reproduction is determined on a subjective 
scale (0 - 100%). The subjective scale was based on 
criteria of wolverine activity and behaviour as indi
cators o f reproduction. The criteria for 50% certainty 
are that an assum ed adult female (>2 year) visits the 
site during February - M ay (observed each time on a 
m inimum of five checks), and that her behaviour 
suggests that she gave birth (tracks in and out, exten
sive scent marking, food stores). Reproduction is 
classified as 100% certain when cubs or cub tracks 
are seen, if dead cubs are found, or i f  a lactating 
female is caught (Bergstrom et al. 1994). Because 
our aim was to obtain a reliable figure of the num ber 
of reproducing females, we only included records 
that were at least 50% certain.

To be able to estimate a minimum population size 
from the num ber of breeding females, sex ratio, age 
structure, and the proportion of breeding females 
should be known. This is obviously a problem, be
cause these param eters may vary with locality and 
year. However, because we were interested in Scan- 
dinavia-w ide estim ates, we were willing to accept 
average values representative for Scandinavia.

Female breeding frequency
The proportion of adult females at natal dens was cal
culated from  three radio-telem etry studies carried out 
in south-central Norway (1990-1995), northern Swe
den (1993-1997) and northern Norway (1996-1997). 
In Scandinavia, 17 radio-marked adult females gave 
birth 21 tim es during 37 fem ale-years in northern 
Sweden (Linden, Segerstrom & Stuge 1996). On the 
Snphetta plateau in south-central Norway, Landa et 
al. (1998) reported three breedings by three adult fe
males followed for five female-years. In Troms, 
northern Norway, seven females gave birth during 10

fem ale-years (A. Landa, R. Andersen & I. Halgund- 
seth, unpubl. data). There was no difference in the 
breeding frequency among the three study areas; the 
data were actually slightly underdispersed. This is as 
expected if the autocorrelation between successive 
breeding attempts is negative. The breeding frequen
cy is therefore best estim ated from the sum o f the 
number of breedings (31) o f the total num ber of 
female years (52), assuming that the num ber of 
breedings is binom ially distributed in each area, giv
ing the estim ate q = 31/52 = 0.596.

Number of females
The total num ber of recorded active dens from 1995 
to 1997 are given in Table 1. Assuming that q and the 
num ber of adult fem ales N '/’in subpopulation j  re
mains approxim ately constant during these three 
years, the num ber of recorded active dens X tij in sub
population j in different years t, are random variables 
identically distributed with the expectation

E(XtJlq) = N fq  (1).

For simplicity, we also assume that the num ber of 
breedings in successive years is independent, which 
is conservative, because breeding in one year is like
ly to be followed by a year w ithout breeding, thus 
causing negative covariance between successive XtJ’s 
and less variance in the sum (see e.g. M cCullagh & 
N elder 1989).

The unknown num ber o f adult females can be esti
m ated using the unbiased estimator

i 1997
N f 4 l X ^ l q  (2),

J J  t=  1995 J

the average num ber o f active natal dens within a 
county or area during 1995 to 1997, divided by the 
breeding frequency.

Table 1. N um ber o f w olverine dens recorded during 1995-1997 in five N orw egian  and fou r Sw edish  coun ties/areas w ithin tw o classes o f 
certainty, i.e. 50-90 and 100%.

Year 1995 1996 1997

C o u n ty /a rea 50-90% 100% Total 50-90% 100% Total 50-90% 100% Total

F in n m ark , N 6 6 12 0 5 5 5 3 8
T ro m s, N 3 8 11 2 9 11 2 4 6
N o rd lan d , N 1 7 8 0 10 10 4 2 6
N ord-T r0 nd e lag , N 0 0 0 0 0 0 0 1 1
S o u th -cen tra l N o rw ay 0 8 8 0 5 5 2 2 4

N o rd b o tten , S 7 23 30 18 31 49 16 32 48
V aste rb o tten , S 4 0 4 0 15 15 8 9 17
Jam tlan d , S 0 1 1 0 1 1 0 4 4
D alarn a , S 0 0 0 1 0 1 0 0 0

Total 21 53 74 21 76 97 37 57 94
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Proportion of adults
To estim ate the size o f the whole population, we also 
need to know the present proportion of adults in the 
population. The estim ation of this proportion is based 
on historical hunting statistics consisting of time 
series of the num ber of adults VtJ (age >2 years) in 
relation to the total num ber W tJ of adults and sub
adults (age = 1 - 2  years) caught in different years t 
and regions j from  1910 until introduction o f protec
tive m easures and hunting restrictions in Scandinavia 
about 1970. Because of the large annual variation in 
cub production, we ignored cubs produced each year. 
It is reasonable to assume that the num ber o f adults 
caught in any particular year t and region is binomi- 
ally distributed

V1Jlpg ~ b in (p y,WtJ) (3),

given the unknow n proportion o f adults ptJ in that 
population at that time. It is clear, however, that the 
proportion of adults may vary considerably among 
years and regions. Here we assume that the p ./s  are 
independently beta distributed with unknown expec
tation pi and variance cr. The assumption of indepen
dence means that we are ignoring temporal and spa
tial autocorrelations in the underlying proportion, in 
the hope that the extra variance in the estim ated para
m eters caused by these dependencies would be small 
if  incorporated in the analysis. W ith these assum p
tions, the unconditional distribution of each V tJ is 
beta-binom ially distributed with param eters u  and cr2 
(Anderson 1988). These two param eters can be esti
m ated by m axim um  likelihood using standard nu
m erical methods.

We assume that the population dynam ics determ in
ing the distribution of the proportion of adults until 
protection is representative also for the present pop
ulation, so that the p ,./s  follow the same distribution 
as the historical data, that is, the p t. /s ,  given u  and cr2, 
are independent beta-distributed variables.

Bootstrapping procedure
Relying on an equal sex ratio (see Results), the total 
size in subpopulation j  can be predicted by

Nj -  2 N f  I pt,j (4),

where N fis  given by equation (2) and pt.j is beta-dis
tributed with expectation u and rr2. The uncertainty in 
the final estimates for the subpopulation j = l ,2 ,... ,n  
can be found by sim ulating bootstrap hunting data

param etrically (see e.g. Efron & Tibshirani 1993) 
from  the fitted beta-binom ial model, and refitting this 
model for each bootstrap data set to obtain bootstrap 
estimates p* and <f2*. We then sim ulate one bootstrap 
value q* for the estim ate o f the breeding frequency 
under the assum ption that the num ber of breedings 
are binom ially distributed. Then for each subpopula
tion j, we sim ulate the present proportion o f adults 
p*,.j~  beta (fi*, d 2*), and sim ulate den activity data 
non-param etrically by resam pling with replacem ent 
(Efron & Tibshirani 1993) from the observed den 
activity data within each subpopulation to obtain 
bootstrap estimates N f*  o f the num ber o f adult fe
males. Substituting these values into equation (4) for 
each subpopulation j  and repeating the procedure say, 
500 tim es, we obtain bootstrap replicates Nj* of all 
subpopulation sizes. Bootstrap estimates of popula
tion size in larger sets S of subpopulations, for exam 
ple Norway or Sweden, are then given by N  * =
_  A  .

Z  N  j. A pproxim ate confidence intervals are then 
given by, for exam ple, the 0.025 and 0.975 quantiles 
o f the resulting distributions.

Figure 1. W olverine d is tribu tion  and active  natal dens in N orw ay 
and  Sw eden during  1995 - 1997.
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Table 2. Sex and age d istribu tion  o f  w olverines killed in S cand ina
v ia  w ith in  10-year periods from  1910 until protection. P rotection 
w as in troduced in 1969 in Sw eden, and in 1973 and 1982 in sou th 
ern  and northern  N orw ay, respectively.

10-year period C ubs Su b ad u lts A dults

% A d ults  o f  
ad u lts  +  su b 

adults
Sex ratio  

M ales/fem ales

1910 7 3 8 72.7 1.3:1
1920 3 3 5 66.7 0.7:1
1930 6 3 5 62.5 0.4:1
1940 11 12 18 60.0 1.2:1
1950 4 6 22 44 66.7 1.0:1
1960 86 33 100 75.2 1.2:1
1970 28 12 33 73.3 1.1:1
1980 4 1 3 7 5 .0 0.6:1

Total 191 89 216 N  =  2 4 5 :2 2 3 "

11 S ex  d esig n a tio n s  w ere  lack in g  fo r  so m e  sp ecim en s w hich  w ere  ag e  d e te r
m ined .

Results

In 1995-1997, an average of 85 active dens were docu
mented in Scandinavia. An average of 62 was veri
fied at 100% certainty; the rest had 50-90% certainty 
(Fig. 1). In Sweden, the number o f natal dens in
creased from 35 in 1995 to 66 in 1996 and 69 in
1997. In Norway, 39 dens were recorded in 1995, 
com pared to 31 in 1996 and 25 in 1997. However, as 
the num ber varied from area to area during these 
three years, south-central Norway and the county of 
Finnm ark had higher numbers in 1995 (see Table 1).

Sex ratio
Natural carnivore populations are usually assumed to 
have equal sex ratios. For this study, we assumed a 
1:1 sex ratio. M ales com prised 52% of the wolver

ines killed in Scandinavia between 1910 and protec
tion (Table 2), which was different neither from the 
expected sex ratio (x2 = 1.03, d f = 1, P > 0.05), nor 
from  the total sample (1846-1992; Landa & Skog- 
land 1995). No difference in the sex ratio was found 
among the three regions in Scandinavia (Landa & 
Skogland 1995). Live-captured wolverines, caught in 
box-traps in Scandinavia and North America, have a 
sex ratio o f approxim ately 1:1; data from 83 live-cap- 
tured wolverines gave a sex ratio o f 41:42 = 1:1 
(Table 3).

Estimated numbers and a test of the model
W hen fitted to the hunting statistics data, the beta- 
binomial model gave an estimate o f the proportion of 
adults equal to fi = 0.72, with a standard error (found 
by bootstrapping) equal to 0.028. The estimate of the 
natural variability in ptJ was equal to ct = 0.076. 
Estim ates o f m inim um  wolverine population sizes 
based on these form ulas were 265 ± 55 (SD) in Swe
den, 147 ± 2 5  in Norway, and 413 ± 7 1  in Scandina
via as a whole. Estim ates o f total subpopulation sizes 
with confidence intervals calculated following the 
procedure described in the previous section are given 
in Table 4. In 1995, a tracking survey com bined with 
radio-telem etry carried  out in the south-central 
Norwegian wolverine population (Snphetta and sur
rounding m ountains) resulted in an estimate o f an 
absolute m inim um  of 23 and an assum ed minimum 
of 30 individuals. The average num ber of active dens 
(5.6) recorded during 1995-1997 in this population 
gave an estimate of 26 ± 7 individuals.

Table 3. Sex and age structure o f live-captured  w olverines in S candinavia  and N orth A m erica. C ubs w ere 0-1 year old (dependent cubs, 
i.e. <6 m onths o ld, w ere excluded in reports from  N orth A m erica, except in M agoun 1985). C ap ture  m ethods are c lassified  as box traps, 
secondary  dens w here fem ales and cubs w ere captured, and he licop ter w here anim als w ere darted  from  the helicopter.

L o catio n
C ap tu re
m eth o d

S ex ratio  
m ales/fem ales N %  C ubs % S u b ad u lts %  A du lts N

%  A d u lts  o f  adults 
+  sub ad u lts S ource

S can d in av ia
S C  N o rw ay B ox  traps 1.4:1 7:5 8 23 61 12' 73 L a n d a  e t al. 1998
N N o rw ay Sec. dens 0 .41: T 7:17 71 0 29 24 - A. L an d a  et al. unpubl. da ta
N  S w eden Sec. dens 0 .6 4 :12 2 3 :36 56 3 41 59 - L in d en  e t al. 1996

N o rth  A m erica
S W  Yukon B ox  traps 1.0:1 5:5 20 7 73 15* 92 B an ci 1987
N W  A lask a B ox  traps 0.85:1 12:14'* 33 17 54 22 81 M agoun  1985
N W  M o n tan a B ox  traps 0.9:1 11:13 0 2 9 5 71 24 71 H o rn o ck e r &  H ash  1981
N C  Id ah o B o x  traps 1.2:1 6:5 0 27 73 11 73 C o p e lan d , C esar, Peek , H arris , 

L o n g  &  H u n te r 1995
N  Yukon H elico p te r 2 .5 :1 2 10:4 7 7 86 14 - D. C o o ly  (in B anci 1994)
S C  A lask a H e lico p te r 2 .4 :1 2 12:5 - 24 7 17 - W h itm an  &  B alla rd  1984

1 In clu d es  tw o  u n m ark ed  adu lt fem ales.
2 B iased  due  to  cap tu re  m eth o d s and  therefo re  not used  in com parison .
3 Inclu d es  five u n m ark ed  an im als.
4 S ex  ra tio  in clu d es  tw o  w o lv erin es  o f  u n k now n age.
5 S u b -ad u lts  and  c u b s-o f-th e -y ea r w ere not separa ted .
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Table 4. M inim um  population  estim ates o f  w olverines by county  and region  in S candinavia, based on  average num ber o f recorded  active 
dens during  1995-1997.

C ounty N j S D
95%  co n fid en ce  

in terval
90%  co n fid en ce  

in terval
80%  co n fid en ce  

in terval

F in n m ark , N 38.7 10.1 22 60.5 23.7 56.6 26.6 51.4
T ro m s, N 4 3 .4 11.2 27.5 70.4 29.2 63.3 31.6 57.4
N o rd lan d , N 37.2 8.8 2 5 .4 56.6 26.6 51.9 29.5 48.1
N o rd -T r0 nd elag 1.5 1.3 0 4.6 0 4.1 0 3.5
S o u th -cen tra l N o rw ay 26.3 7.3 16.6 4 5 .6 17.8 40.1 19.4 36.2

N o rw ay 147.4 25.1 108.6 202 .75 112.8 192.3 121.3 185.6

N o rd b o tten , S 197 44.7 132.9 296 .2 140.6 271.8 149.3 254 .4
V aste rb o tten , S 57.4 21 23 103.1 31.2 95.4 35.2 83.6
Ja m tlan d , S 9.3 4 .4 3.7 18.6 3.9 16.9 4 .2 15.5
D alarn a , S 1.5 1.3 0 4 .6 0 3.8 0 3.3

S w eden 265.3 54.7 191.6 385.5 198.1 352.7 212.6 338.9

S can d in av ia 412 .6 7 0 .6 309.6 567.8 324.5 540 .6 339.6 507.1

Discussion

Recorded numbers of dens and problems
During periods when nutritional conditions are good, 
m ost fem ales in an area will probably have a den and 
will therefore be recorded during field work, w here
as the same females will not be recorded in a year 
with poor conditions. The num ber of active natal 
dens used in our model therefore was based on aver
age num bers during three years, thus avoiding varia
tions between years.

There are two main sources of error when record
ing natal dens: 1) classifying dens used by yearling 
fem ales (Landa 1992), and 2) multiple den use by 
females. Secondary dens have been observed as far 
as 13 km  from  the primary den (M. Linden, J. Pers- 
son & P. Sagerstrom, unpubl. data). The same female 
could therefore be counted tw ice if neighbouring den 
sites were not carefully examined with this possibili
ty in mind. This fact is especially important because 
the new  com pensation scheme in Sweden for sem i
dom esticated reindeer losses to carnivores makes it 
econom ically profitable to verify as many active 
wolverine dens as possible within the area o f reindeer 
husbandry. Nearly SEK 100,000 (about USD 13,000) 
was paid to com pensate for each active den in 1996 
and 1997.

As discussed below, the estim ates o f population 
size are conservative, especially in Norway, where 
the true num ber m ay be higher, based on recent expe
rience in Sweden (see below). In addition, both coun
tries have counties with very poor survey coverage 
(Nord-Tr0ndelag in Norway and Jamtland in Swe
den). M ore dens probably exist in these parts o f the 
continuous range, but systematic surveys have not 
been carried out.

The num ber o f recorded, active dens varies from 
year to year. Some of this variation is undoubtedly 
due to variation in breeding conditions, but in some 
cases it may also depend on methodology and the 
m otivation of the personnel involved. The 100% 
increase in the num ber of active dens in Sweden, 
from 35 in 1995 to 66 in 1996 and 69 in 1997, is an 
example of the latter. A new com pensation scheme 
for losses o f dom estic reindeer to carnivores was 
introduced in 1996. Com pensation is paid according 
to the num ber o f carnivore reproductions docum ent
ed in the grazing areas. So the high compensation 
paid for reproducing carnivores, may have lead to 
increased efforts to search for and report active 
wolverine dens since 1996. Thus, the apparent in
crease probably simply was the result o f increased 
survey efforts, and should not be interpreted as an 
increase in the actual num ber of wolverine dens in 
Sweden. B ecause each reported den had to be 
checked by representatives of the County Adm inis
tration, the criteria used to verify dens were com pa
rable to those used previously.

Searching for active dens is carried out with differ
ent intensity in different areas and is also affected by 
the topography. Hence, the likelihood that all dens 
are found varies from one area to another. The fact 
that the num ber of recorded active dens in Sweden 
alm ost doubled from 1995 to 1996/1997 suggests 
that the results reported from northern Norway are 
conservative, owing to a topography which is diffi
cult to monitor, and lower m otivation to find and 
report active dens. Furtherm ore, the recording of 
active natal dens was introduced only recently, and 
still has not been established as a standard m onitor
ing m ethod in every county. Results from  south-cen
tral Norway are probably more reliable because the
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wolverine population within this area has been m on
itored intensively since 1979 (Landa & Tpmmeras 
1996, Landa et al. 1997).

Far few er natal dens were found in Troms and 
Nordland (Norway) than were expected from previ
ous population estimates, which were 80-120 and 70- 
90, respectively, o f a minimum of 200 individuals in 
all o f northern Fennoscandia (Bp & Schplberg 1990, 
Bergstrom  et al. 1993). This could be due to insuffi
cient searching, but in spite o f increased efforts in 
recent years, the num ber o f active natal dens record
ed in Norway has decreased while harvest rates have 
increased. The previous numbers in Troms were 
based on a w eak data set (Bergstrom et al. 1993). A 
very sim ilar m ethodology led to a highly inflated 
population estim ate for the brown bear Ursus arctos 
in Norway in the 1970s and 1980s (Swenson, Wabak- 
ken, Sandegren, B jarvall, Franzen & Soderberg 
1995). The m ethod used in Nordland may be som e
what more reliable (Bp & Schplberg 1990), but the 
results are more than seven years old. M inimum esti
mates from both these counties were 1.9 times high
er than our estim ate, and their assumed minimum 
estimates were 2.4 and 2.8 times higher. The previ
ous estimate of the entire Fennoscandian wolverine 
population  w as approxim ately  250 individuals, 
including 20 wolverines in the counties of Nord- 
Trpndelag, Norway, and Jamtland, Sweden (K. Knut- 
sen, unpubl. data), and the south-central Norwegian 
w olverine population consisting of about 30 individ
uals (Landa et al. 1997).

Proportion of females giving birth
The proportion of radio-m arked females giving birth 
in Scandinavia was about 60%, which was used in 
our model. Our estimate is probably biased because 
two of the samples (northern Sweden and northern 
Norway) consisted o f selectively captured adult fe
males at secondary dens, thus the proportion of fe
m ales active at dens will decrease when the females 
have been followed for some years. The q = 60% 
used in our model is therefore most likely too high, 
thus resulting in a conservative estimate. Two North 
A m erican studies reported low er rates; M agoun 
(1985) reported 40% and the general im pression of 
Flornocker & Hash (1981) was that about 50% of the 
females in their study area had cubs each year.

The age structure of wolverine females in a given 
area will influence the num ber active at dens. 
Investigations of reproduction in wolverines consis
tently report that females have their first litter when

they are two years old, i.e., they m ate first as year
lings. However there is a large variation in the pro
portion of pregnant yearlings (subadults). Rausch & 
Pearson (1972), Liskop, Sadleir & Saunders (1981), 
and Banci & Harestad (1988) reported proportions to 
be 50%, 85%, and 7%, respectively in North A m eri
ca. U ncertain age determ ination m ethods in the first 
two studies m ay account for some o f the variation 
(Banci & Harestad 1988, Landa 1992, Banci 1994). 
Furtherm ore, the litter sizes o f wolverines increase 
with female age, whereas litter frequency decreases 
with age (Banci & H arestad 1988).

Surveys of wolverine carcasses have shown that 
between 59% and 92% o f adult females are pregnant 
each year. The proportion o f harvested adult females 
that were pre or post-partum  was 59% in Norway 
(M yhre 1968, N  = 29). North American data were 
more variable, w ith higher proportions o f harvested 
adult females that were pre or post-partum ; 92% in 
A laska and the Yukon (Rausch & Pearson 1972, N = 
98), 88% in British Colum bia (Liskop et al. 1981, 
N = 26), 73% in the Yukon (Banci & Harestad 1988, 
N  = 79). These proportions are generally higher than 
those found in the live-capturing studies referred to 
above.

A lthough m ost adult fem ales m ay mate every year, 
not all give birth (M agoun 1985). The main issue for 
our estim ator model is whether or not all pregnant 
females are active at a den site. Banci & Harestad 
(1988) believed that cubs were probably lost early in 
pregnancy, but field data from  excavated dens have 
shown that cubs also may die in the den (Landa et al. 
1997). The condition o f the fem ale before im planta
tion in Decem ber-February may also be a factor de
term ining whether or not cubs will be born (Banci 
1994). Analyses of reproduction from  harvested ani
mals may overestim ate the num ber of reproductively 
active fem ales at natal dens. It is likely that some of 
the females regarded as pre or post-partum , based on 
placental scars or foetuses, reabsorbed their embryos 
due to poor nutritional condition (Banci & Harestad 
1988), and thus would not have been active at a natal 
den. The lower proportion of fem ales active at dens 
found by telem etry than indicated in analyses of 
reproduction in harvested animals supports this.

Sex ratio and age distribution
The sex ratio, based on killed wolverines in Scandi
navia was not different from  the expected 50/50 dis
tribution. However, sex ratios o f killed wolverines in 
North Am erica were skewed toward males (x2 = 24,
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df = 1, P <  0.001, Rausch & Pearson (1972) and x2 = 
5.34, d f = 1, P = 0.02, B an d  (1987)). B a n d  (1994) 
believed that wolverines captured in live traps re
flected the true age and sex distribution o f wolverines 
in a given locality. In studies where the sex ratio was 
in favour of males (north Yukon and south-central 
Alaska), the wolverines were caught after im m obili
sation with a dart gun from a helicopter. The captur
ing was often carried out during the denning period 
o f the females, which might explain the skewed sex 
ratio  tow ards m ales (Banci 1994). In northern 
Sweden and northern Norway excavation of sec
ondary dens has mainly been used to catch w olver
ines, thus biasing the sample towards females (see 
Table 3).

The hunting statistics from 1910 until protection 
show that adults com prised about 72% which we 
used in our model. In North America, Banci (1987) 
found 73% adults using a sim ilar age classification 
method, and Rausch & Pearson (1972) found 68% 
with a classification method that was nearly the 
same. The proportion of adults found among live- 
captured animals in Scandinavia (excluding animals 
caught using selective m ethods of catching) was 
73% , but the sample size was too small to be used in 
our study. However, this proportion averaged 78% ± 
0.09 (SE, range 71 - 92%) in five live-capturing stud
ies (south-central Norway and North America, see 
Table 3). The variation in the age structure of killed 
wolverines in Scandinavia, when divided by area and 
period, suggested that restrictions on time, methods, 
and area o f harvest might have resulted in a selective 
sample (Landa & Skogland 1995). However, data 
from animals killed before protective restrictions 
were implemented are less selective and based on a 
larger sam ple size than data obtained from live-trap- 
ping. The age distribution based on data from har
vested animals in Scandinavia did not differ much 
from North American data.

Management implications
Estim ates o f the distribution and population density 
of the wolverine are obtained using numerous m eth
ods throughout its range, although all are based on 
the finding of tracks on snow (e.g. Becker 1991, 
B jarvall & Lindstrom  1991, Novikov 1994, Zielinski 
& Kucera 1995, M inistry of Agriculture and Forestry
1997). The methodology presented in this paper, 
using counts o f natal dens as a basis for population 
estim ation, might be an additional useful tool. A pop
ulation estim ate m ade with our method conformed

well to an estim ate based on a tracking survey carried 
out during the same year (1995) in the well-studied 
south-central N orw egian w olverine population. 
M ore knowledge about the actual proportion of 
fem ales active at natal dens and the age and sex 
structure within populations is needed to improve the 
m ethod in the future. However, the method as used is 
conservative and thus applicable when issuing con
trol permits, provided that field records of females 
active at natal dens are carried out in a reliable way. 
Furtherm ore, this m ethod may be adapted, in the fu
ture, to helicopter-based surveys, to allow censuses 
in large and remote areas. However, the m ethod used 
to estimate the num bers of wolverines should always 
depend on the purpose, the topography, available 
resources, the size o f the area which needs to be cov
ered, and the degree of accuracy required.

The practice o f killing wolverines to reduce dam 
age to livestock and domestic reindeer is widely ap
plied in Norway; 56 w ere killed legally during 1993-
1998. The Swedish managem ent authorities issued 
perm its for the destruction of three active dens (i.e. 
killing o f fem ale and cubs) in 1997, the first legal 
removal of denning fem ales and cubs since 1986. In 
addition, illegal hunting has been docum ented in 
both Norway and Sweden. Some of the recent m an
agem ent actions in Norway should be re-evaluated in 
view of the data reported here. For example, permits 
were issued to kill 10 wolverines in Troms during 
1996-1997. These constituted almost a quarter of the 
estim ated population (43 ± 1 1 ) ,  based on wolverine 
dens found during 1995 - 1997. This is definitely a 
high harvest rate, unless the goal is to reduce the pop
ulation. The four permits issued in Nordland in 1996 
appeared more reasonable, based on our population 
estimate (37 ± 9). Even though our population esti
mates are likely to be conservative, the present data 
do not support the high quota in Troms.

Even though wolverine populations are considered 
to have a relatively low resilience (Weaver, Paquet & 
Ruggiero 1996, Landa & Skogland 1995, Landa et al.
1998), populations began to increase and recolonise 
parts of their form er range following protection (Lan
da & Skogland 1995). Nevertheless, it seems that in 
many places wolverine population densities remain 
much lower than before the turn of the century (Bjar
vall & Lindstrom  1991, Landa & Skogland 1995), 
and the wolverine has not yet reoccupied all o f its 
form er range, especially in southern Scandinavia 
(Landa 1997). The social dynam ics o f wolverines is 
poorly known, and rem oval of a few individuals may
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have unexpectedly large consequences in small pop
ulations o f carnivores. For example, it has been sug
gested that the killing o f adult male brown bears led 
to increased m ortality among cubs (Swenson, Sande- 
gren, Soderberg, Bjarvall, Franzen & W abakken 
1997).

In conclusion, we recom m end that the search for 
and verification of natal dens be given higher priori
ty throughout the distribution area of the wolverine. 
This is especially im portant in Troms, Nordland and 
N ord-Trpndelag, in Norway, and Jamtland, in Swe
den. M onitoring of den sites and mapping of dens 
using the stringent criteria that have been developed 
(Bergstrom et al. 1994) should continue on an annu
al basis throughout the range o f the species in 
Fennoscandia. If  harvest quotas are based on popula
tion estim ates using the m ethod reported here, un
intentional overharvesting can be avoided and m an
agem ent authorities would have an obvious incentive 
to find and docum ent natal den sites as com pletely as 
possible. We recom m end a re-evaluation of our pro
posed census method, using data on the sex ratio, age 
structure and proportion of adult females that breed, 
from the ongoing wolverine research projects in Swe
den and Norway when sufficient data becom e avail
able.

Survival of cubs varies among years and areas 
(Landa et al. 1997). In areas where harvest is 
planned, the num ber of surviving cubs should also be 
m onitored, as they represent the 'surplus' which can 
be harvested after accounting for natural mortality. It 
is especially im portant to m onitor the num ber o f cubs 
produced in areas with small population numbers 
(e.g. the southern Norwegian core conservation ar
ea).

In 1996, the wolverine was reclassified from  'vul
nerable' to 'rare' in the Norwegian National Red Data 
List. In Sweden, the wolverine is listed as 'vulnera
ble', even though there seem to be many m ore w ol
verines in a smaller area than in Norway. The species 
is listed as endangered in Finland, where the author
ities estim ate that there are at least 110 wolverines 
(M inistry o f Agriculture and Forestry 1997). Based 
on the m ost recent IUCN criteria (IUCN 1996), we 
conclude that the Fennoscandian wolverine popula
tion as a whole should be classified as vulnerable.
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