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ABSTRACT - Genetic variation in five populations of the Eurasian badger from Denmark was scree-
ned, using the hyper-variable minisatellite DNA probe 33.15. Very low genetic variability was found
within populations. This lack of variability could be related to the fragmentation of the Danish land-
scape which reduces the effective population size of local populations and the gene flow between dif-
ferent subpopulations. The present paper discusses the possibility of managing the Danish badger sub-

populations as a metapopulation.
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INTRODUCTION

The Eurasian badger, Meles meles (Mustel-
idae) has a limited dispersal (Kruuk and Parish,
1982; Cheeseman et al., 1987), and forms
highly stable social groups (Kruuk 1978).Bad-
ger populations in Denmark, estimated to con-
sist altogether of about 25,000 individuals,
are thought to be declining (Sgrensen, 1995).
Denmark, with few local exceptions, shows
arelatively low density of badgers (Sgrensen,
1995; Taastrgm, 1993). Furthermore, Cheese-
man et al. (1988) found that dispersal rates
are low in rural areas similar to the type found
in Denmark.

Badgers suffer supposedly because of habi-
tat fragmentation as they need different habi-
tats that include water, wood and pasture land.
Moreover, human disturbance and outdoor
activities have increased considerably in the
last few decades together with an increased
number of stray dogs that may cause olfac-
tive stress. Also road traffic has become a ma-

jor threat. From 1983 to 1991 road traffic,
measured by the number of kilometres driven
on the roads, increased by 38% in Denmark
(Sgrensen, 1995). Killings in traffic accidents
have sharply increased in the last 20 years
(Sgrensen, 1995).

The fact the genetic structure of natural pop-
ulations of badgers may be disrupted by iso-
lation, is a question of concern for their con-
servation. Small and isolated populations have
a high risk of extinction and may suffer from
the fixation of deleterious genes (Soulé, 1987
and references therein). The consequences of
isolation and small population size include
inbreeding depression and loss of genetic vari-
ation. Inbreeding is usually deleterious in
species that normally outbreed, whereas when
inbreeding is part of the natural social system
of a species, inbreeding depression is far less
severe, and the genetic load is usually low
(Soulé, 1987 and references therein).

The aim of this paper is to screen the genet-
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Figure 1 - Map of Denmark with the five zones of collection of badgers (full line=motorway).

ic structure of the Danish badger populations
examined in populations from five different
areas (with a maximum distance of 40 km
between individuals, within the same zone)
in Denmark (Fig. 1).The nuclear genomes
were screened using the DNA fingerprint (Jef-
freys et al., 1985a,b; Jeffreys et a/., 1988)
which has proven to be a powerful technique
in the study of the genetic structure of pop-

ulations (Smith and Wayne, 1996 and refer-
ences therein).

MATERIALS AND METHODS

Fifteen male badger bodies were collected
with reports on the exact place of death, and
which could be mapped within 10km?. Sam-
ples of muscle and liver were stored in freez-
ers at —30°Cand thereafter preserved in 100%



Effects of habitatfragmentation on the Eurasian badger 3

ethanol. Genomic DNA was extracted from
tissue following standard procedures includ-
ing proteinase K, phenol-chloroform, chloro-
form-isoamyl alcohol extraction (Sambrook
etal., 1989).DNA samples were run on a test
gel to check for degradation and to adjust con-
centrations. Ten micrograms of genomic DNA
were restricted with an excess of enzyme Alu
I overnight at 37°C. A second gel was run to
test for completeness of digestion and for even
concentration of samples. Electrophoresis was
performed in 1% agarose gels and TBE buffer.
Gels were run at 25V for 27-28 hours.

The banding pattern obtained with Jeffreys’
probe 33.6 (Jeffreys et al., 1988) were light
and confused and therefore could not be used
for our investigation. Only the probe 33.15
gave interpretable results. Individuals show-
ing band deviations of 1mm were considered
shared. Comparisons between individuals on

Table 1 - Banding pattern of the badgers collected in

different gels were made by photocopying one
autoradiograph over the other.

The similarity coefficient (S, ) between each
pair of individuals (x and y) was calculated
as the number of common bands in their fin-
gerprint profiles (ny,) divided by the average
number of bands in their fingerprint profiles:
Sxy: any/(“x+“y)~ The average number of
bands can be used for estimating the degree
of inbreeding (Lynch, 1991). Therefore the
mean number of bands in the five populations
was compared by an analysis of variance.

RESULTS

We found low genetic differences within pop-
ulations, indicating that populations were ge-
netically rather homogeneous (Table 1). The
same banding pattern was, however, never
found in two different populations (Table 1).
The genetic similarity coefficient (S,y) was

the five different populations (Pop.).
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Table 2 - Average genetic similarity D+SD of the badger between individuals within the five different

populations.
Zone n +SD

1 3 1+0

2 3 0.884+0.004

3 5 0.975+0.03

4 2 0.947

5 2 0.875
Table 3 - Comparison of average number of bands between subpopulations.
Zone n. of Average n. of Source of
__individuals bands SD variation df MS P
1 3 180 Between 4 4.04 0.0006
2 3 17.667+1.155 Within 10 0.32
3 5 16£0
4 2 19
5 2 175

different in the different populations, sug-
gesting a higher level of inbreeding and ge-
netic isolation (lower gene flow between the
other populations) in zone 1and 3 (Table 2).
The mean number of bands was 17.3+1.2, the
maximum number of bands was 19 and the
minimum 16,and only six bands were shared
by all individuals. The differences between
the number of bands in the different popula-
tions were significant (Table 3).

DiscussioN

The low genetic variability found in the Dan-
ish badgers makes DNA fingerprinting un-
suitable for paternity testing, especially in
those zones (populations | and 3) where the
banding patterns were all monomorphic or
very near to being monomorphic. In order to
avoid close inbreeding, the adult badger spon-
taneously transfers, sometimes permanently,
between adjacent social groups and mating
occurs between males of one group and fe-
males of another, but habitat fragmentation
nevertheless reduces this dispersal and in-
creases the genetic heterogeneity between the

different subpopulations. Therefore, we can
expect close inbreeding in the isolated patch-
esand the obtained results (the extremely low
genetic variability within the single subpop-
ulation) confirmed this hypothesis.

The low genetic variability found in popula-
tion 1was an expected result, because the re-
gion is totally isolated by the Limfjord. The
low genetic variability found in population 3
(population 3 is confined by the sea to the
north, east and south) indicates a high degree
of isolation from the other zones. This could
be due to main roads and now motonvays (with
rather high traffic intensity), west of the pop-
ulation which separates the population living
in zone 3 from the nearest population living
in zone 2. The genetic difference found be-
tween the adjacent populations 4 and 5 could
also indicate a degree of isolation due to the
highway that divides the two populations.
However, the higher genetic similarity found
in zone 4 compared to that found in zone 5
could suggest a higher degree of isolation in
zone 4. That could be the consequence of a
prevalent agricultural landscape that is thought
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to reduce the migration rate and density of bad-
gers. The extremely high genetic similarity
that was found within the single populations,
is consistent with evidence of inbreeding and
limited dispersal obtained from field studies
of ecology and behaviour of badgers. The fact
that within populations genetic variability was
low, and that the same banding pattern was
never found in two populations together, could
indicate a geographic partitioning, which can
reveal some fragmentation effect, like the in-
creased genetic difference between subpopu-
lations. The different average number of bands
found in the different populations could also
indicate that the populations differ in effective
population size (N,). The road killings may
alsoplay an important role in reducing the ge-
netic variability, because it reduces the effec-
tive population size (N,) by about 10%
(Sgrensen, 1995). Dutch findings indicate that
the loss of badgers to road traffic is particu-

larly significant, and these sources of mortal-

ity equal the annual level of cub production

(Griffiths et al., 1993). Therefore, fauna pas-
sages should be built in zones where the gene
flow is interrupted or reduced. However, the
fauna-tunnels built to prevent animals from
getting killed on the road have not worked for
badgers (see Madsen, 1996, for review).

The preliminary results suggest (also if strong
conclusions cannot be drawn because of the
small sample size) that the Danish badger can
be managed as a metapopulation with a gene
flow of different intensities between the sub-
populations living in each patch. In the
metapopulation, we have local extinction and
local recolonization, therefore population pa-
rameters of the Danish badger could be very
useful in predicting the extinction risk in the
different zones and for calculating the impact
that road killings have on its population struc-
ture.
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