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Dispersal,wherebyindividualspermanentlyrelocatefrom

theirbirthplace,isafundamentaldemographicparameterwith

severalimportantadaptiveconsequences.Theavoidanceof

inbreedingdepressionisonesuchpotentialÞtnessconse-

quence.ItiswellestablishedthatindividualÞtnessisreduced

bymatingwithcloserelatives,andthatrelocationofmembers

ofonesexÑmostfrequentlymalesinmammalsÑpreventsthis

(Lambinetal.2001).Competitionamongkinalsoisan

importantdrivingforcebehinddispersal;eveninastableand

saturatedenvironmentinwhichthemortalityofdispersing

individualsis100%,dispersalrates , 0.5 are not evolution-
arily stable (Hamilton and May 1977). Recent theoretical work
has demonstrated that the balance between competition among
kin and inbreeding avoidance may determine the frequency and
degree of sex-bias in dispersal (Perrin and Mazalov 2000). At
the same time, limits on dispersal may promote group
formation and may thus be a factor in the evolution of sociality
(Emlen 1982). Hamilton’s (1964a, 1964b) concept of kin
selection suggested that locally elevated relatedness resulting
from low dispersal (which he termed population ‘‘viscosity’’)

could allow altruistic behavior to evolve. Thus, knowledge of
the patterns of movement of individuals is a prerequisite for
understanding the adaptive significance of the processes
underlying reproductive behavior and social dynamics.

The Eurasian badger (Meles meles) is a medium-sized
omnivorous mustelid. It provides a particularly interesting
model species for exploring the relationship between dispersal
and social organization. It is distributed across the Palearctic
region where, in some parts of its range, populations are
arranged as large social groups, whereas elsewhere individuals
are solitary (Johnson et al. 2000). Badger social groups occupy
territories that are loosely spatially demarked by a system of
boundary latrines (Delahay et al. 2000; Kruuk 1978a). Groups
form through natal-group philopatry (Cheeseman et al. 1987; da
Silva et al. 1994; Kruuk and Parish 1982; Rogers et al. 1998;
Woodroffe et al. 1993), which is thought to occur because of
constraints on dispersal (Woodroffe and Macdonald 1992). As
a result, dispersal patterns appear to play a critical role in badger
social structure.

The mating system within groups appears to be polygynan-
dry. Early allozyme evidence suggested that most badger young
in a population at Wytham Woods, United Kingdom, were
fathered by a minority of males (Evans et al. 1989)—a result
now supported by microsatellite analyses (Domingo-Roura
et al. 2003; Dugdale et al. 2007). Males that sire young are
frequently not resident in the same social group as the females
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classes (Table 4); there was a conspicuous but nonsignificant
tendency among older badgers for males to be more likely than
females to visit more than 1 group per year (v2 ¼ 3.02, d.f. ¼ 1,
P ¼ 0.08).

Effects of season on movement rate.—Overall, movements
between social groups were most common in autumn (17.1%,
n ¼ 626 trapping events) and least common in winter (10.9%,
n ¼ 339). Comparing patterns between sexes, movement rates
for males were highest in autumn and spring (18.4% and
18.2%, respectively), whereas those for females peaked in
summer (15.9%). Binary regression analyses revealed that
these seasonal patterns differed significantly between males
and females (sex � season: v2 ¼ 12.7, d.f. ¼ 3, P ¼ 0.0054).
With regard to movement distance, no effect of season, sex, or
age was found when only positive movement events were
considered (i.e., distances of 0 were not included; MIXED
procedure F ¼ 0.94, d.f. ¼ 1, 104, P ¼ 0.33, F ¼ 0.89, d.f. ¼
3, 120, P ¼ 0.44, and F¼ 3.44, d.f. ¼ 1, 122, P ¼ 0.07).
Hence, sex-related differences in seasonal movement resulted
from seasonal differences in tendency to stay or move at all,
rather than the distance that was traversed by badgers that
moved.

Dispersal group size and sex ratio.—More dispersal events
originated from larger groups (i.e., greater group size index), as
would be expected if the study population was homogenous
with respect to its likelihood of dispersal. A regression of
dispersal events on group size index suggested a slope of 0.02
events per badger year (SE ¼ 0.005, F ¼ 14.2, d.f. ¼ 1, 24, P ¼
0.001). Males tended to move to groups with a larger group
size index than the group in which they had been resident.
Accordingly, the percentage change in group size (‘‘to group’’
minus ‘‘from group’’) was significantly greater than 0% (n ¼
22, �X ¼ 92.5, SE ¼ 32.4, t ¼ 2.85, d.f. ¼ 21, P ¼ 0.01). The
overall sex ratio for this population is at parity (Dugdale et al.
2003). If the difference in absolute numbers of females is
considered, males tended to move to groups with more females
(�X ¼ 1.29, SE ¼ 1.23), whereas females moved to groups with

fewer females (�X ¼ � 0.75, SE ¼ 0.77); this difference in
dispersal patterns was marginally significant (F ¼ 3.82, d.f. ¼
1, 47, P ¼ 0.055).

Movement rates and wounding or scarring.—We examined
the effect of movement rates on the likelihood of observing old
scars as well as on the proportion of trapping events for which
1 or more fresh wounds were recorded. There was strong
evidence that a badger’s movement history affected the
probability of encountering scars; adjusting for age and number
of captures, badgers that had a history of movement between
social groups were significantly more likely to be scarred (v2 ¼
12.9, d.f. ¼ 1, P ¼ 0.0003). This tendency did not differ
between the sexes (v2 ¼ 0.08, d.f. ¼ 1, P ¼ 0.78).

Escape from reproductive suppression.—Dispersal did not
affect the likelihood of reproduction by females; 12 (54.6%) of
22 females were observed to be pregnant postdispersal,
compared with 16 (61.5%) of 26 females that did not disperse
(v2 ¼ 0.0, d.f. ¼ 1, P ¼ 0.97). Similarly, the likelihood of
detecting evidence of breeding (i.e., lactation) was not affected
by dispersal history status (v2 � 3.84, d.f. ¼ 1, P � 0.05).

DISCUSSION

We estimated that 19.1% of badgers in the Wytham
population dispersed during this study. The majority of
dispersal events were to adjacent social groups. There was no
evidence among dispersers of deviation from a 1:1 sex ratio.
Dispersal distances did not differ between the sexes. Although
not significant, there was a tendency for males to disperse to
larger groups and to groups with more females. For those
movements between groups that did not satisfy our definition
of dispersal, there was evidence that males moved more than
females. Older badgers also moved between groups more than
younger animals. Movement by males tended to be more
prevalent in autumn and spring, whereas females moved more
in summer.

We estimated that 10% of individuals surviving to age 1
dispersed, with this figure rising to around 40% for badgers
surviving to year 8. These findings are broadly consistent with
our earlier studies at Wytham (Woodroffe et al. 1993), which
were based on a smaller proportion (1987–1992) of the data set
considered here. The dispersal rate we observed is higher than
that reported in Roger’s et al. (1998) study of another high-
density population (at Woodchester Park), where approximately
10% of badgers were categorized as ‘‘permanent movers.’’ In
that study, approximately 56% of badgers were never observed
outside of their natal group, compared with 35% of the badgers
in our study at Wytham. Although the methodologies employed
in the 2 studies were not identical, they were sufficiently similar
that a difference of this magnitude is probably biologically
significant. The dispersal rates observed at the high-density
Wytham and Woodchester populations contrast with those in
lower-density badger populations in urban Bristol, where
badger territories were not contiguous (Harris and Cresswell
1987), social structure was fluid, and intergroup movements
occurred more commonly, with up to 27% of males and 11.3%
of females dispersing (Cheeseman et al. 1988).

TABLE 4.—Proportion of badgers (Meles meles) in each age class
trapped at . 1 social group. Data are from those individuals trapped
more than once in each year of life.

Age class

Females Males

n �X SE n �X SE

0 376 0.03 0.01 384 0.04 0.01
1 177 0.04 0.02 208 0.07 0.02
2 145 0.17 0.03 152 0.14 0.03
3 108 0.19 0.04 114 0.06 0.03
4 111 0.14 0.03 83 0.14 0.04
5 89 0.11 0.05 67 0.12 0.04
6 67 0.06 0.03 48 0.15 0.05
7 51 0.04 0.02 37 0.18 0.06
8 42 0.07 0.05 31 0.15 0.07
9 29 0.07 0.07 24 0.29 0.09

10 24 0.17 0.08 15 0.13 0.11
11 14 0.14 0.00 6 0.40 0.17
12 6 0.17 0.00 3 0.00 0.00
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Dispersal tendency did not differ between the sexes, contrary
to general observations of male-biased mammalian dispersal
(Greenwood 1980). The slight tendency toward female-biased
dispersal observed by Woodroffe et al. (1993) was not
confirmed. We detected 2 instances of approximately simulta-
neous dispersal by more than 1 female, partially supporting
a similar observation by Woodroffe et al. (1993) of mixed sex
and age ‘‘coalitions’’ of animals. The absence of a sex
difference in our data set was in marked contrast to the male-
biased dispersal observed by Rogers et al. (1998). In that study,
there was a highly significant tendency for males to move more
frequently, with 19% of males that moved making permanent
group changes, compared to only 3% of females. Similarly,
studies by Cheeseman et al. (1987), Cheeseman et al. (1988),
Kruuk and Parish (1987), and Harris and Cresswell (1987) all
showed that dispersal rates for males exceeded those for
females. Only a single study conducted in Sussex Park, UK,
reported that mature females, but not males, made permanent
group changes (Christian 1994). Thus, clearly, the dispersal
tendencies of male compared to female badgers vary among
populations.

We did not confirm a tendency for females to disperse over
longer distances or to be more reproductively successful
postdispersal, as was reported by Woodroffe et al. (1993) based
on the earlier years of our data set. The greater tendency for
males in Wytham to move between groups in autumn and
spring—seasons coinciding with estrus and peaks in female
receptivity (Cresswell et al. 1992)—also was observed in
Woodchester (Cheeseman et al. 1988) and in the low-density
population studied by Revilla and Palomares (2002). Females
were most often trapped in new groups (i.e., groups that
differed from the previous capture effort) in summer,
suggesting that movement may not be directly related to
reproduction. Although some of the differences between this
study and that of Woodroffe et al. (1993) may reflect the more
stringent definition of dispersal used here, overall the marked
among-population differences in rates and patterns of dispersal
suggest that the social dynamics of badgers are complex, with
no single explanation for dispersal being apparent.

The only statistically significant difference between sexes
that we observed was the tendency for males to make more
frequent temporary movements, a finding that was concordant
with that of Rogers et al. (1998). The frequency of movement
to other social groups, generally neighboring groups, may have
considerable consequences for gene flow if transgressions are
on occasion linked to extraterritorial matings and kleptogamy
(e.g., Clobert et al. 2001). Overall, approximately 16% of
trapping events were of individuals trapped at a social group
other than that at which they had been captured during the
previous trapping event. We observed that although only 20%
of males met our definition of dispersal by the age of 2, almost
40% of males of this age had been captured at a sett outside of
their natal group.

Movement tendency per se increased with age and was
greater in males than females. Temporary movements from 1
social group to another appeared to be associated with social
pressures, insofar as rates of excursions were associated with

accumulations of scars and fresh wounds; the latter was
particularly true for males. Although the ‘‘social fence’’
hypothesis (Hestbeck 1982; Wolff et al. 2002) predicts low
dispersal in a high-density population as a result of an
increased individual cost to dispersal, we have no evidence
that dispersal rate declined with increasing density during our
study, which also would be predicted by this hypothesis.
However, trapping data are a relatively crude instrument with
which to obtain precise estimates of dispersal rates and, given
the apparent scarcity of permanent moves between social
groups, we may not have had adequate power to detect a re-
lationship between density and dispersal rate.

In the Woodchester population (Rogers et al. 1998),
temporal changes in transfer rates were significantly related
to the incidence of infection with Mycobacterium bovis (bovine
tuberculosis) in the following year, indicating that movement
may alter disease transmission rates (Tuyttens and Macdonald
2000). In our study, dispersing males tended to move to
relatively larger social groups and to groups where there were
more females, whereas only weak evidence was found that
females tended to disperse to groups with a sex ratio favoring
males. This trend was not apparent, possibly because of small
sample sizes, in the earlier years of our study (da Silva et al.
1994). In contrast, Rogers et al. (1998) noted that in the
Woodchester population, males tended to move to smaller
social groups. This difference may be linked to the differences
between these populations with regard to disease status;
although bovine tuberculosis was endemic at Woodchester, it
was absent at Wytham. It is possible that one effect of this
disease is to keep the population well below carrying capacity,
such that intraspecific competition and, hence, dispersal rates
are lower.

Our results on the frequency of movements to neighboring
social groups, including the finding that this frequency is
greater among males, suggest that it is not necessary to change
group affiliation permanently in order to mate with a neighbor.
Even by our coarse and infrequent measure of movement,
considerably more badgers visited different social groups than
permanently changed group affiliation. Studies on the genetic
structure of the Wytham population have revealed a high
incidence of extragroup paternity and indicate that badgers in
neighboring groups are more related to each other than to the
general population (Dugdale et al. 2007). Thus, our results
suggest that a high level of extraterritorial mating may be
facilitated by a tendency for both sexes to range beyond their
social group boundaries. Insofar as dispersal functions to
alleviate inbreeding, the badger’s social system at high
population density may reduce the selective advantage of
dispersing and ensure that, for at least some individuals, the
reproductive advantages of dispersal can be achieved without
abandoning home.
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