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Badgers, Meles meles, discriminate between neighbour,
alien and self scent
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For group-living animals, the ability to discriminate between familiar individuals and strangers may allow
reduced agonistic behaviour between holders of neighbouring territories, termed the ‘dear enemy’ effect.
We tested the hypothesis that Eurasian badgers can discriminate between self-, neighbour- and alien-
(unknown) group faeces placed near their main sett. We carried out a series of controlled field experiments
over a 12-month period at the main setts of three badger groups occupying contiguous territories. The ex-
perimental design used two different treatments: ‘alien treatment’ involved the display of self-group scents
with alien-group scents and ‘neighbour treatment’ involved the display of self-group scents with neigh-
bour-group scents. Badgers showed heightened behavioural responses towards alien- compared with
self-group scents, but there was no significant difference in response to neighbour- relative to self-group
scents. The relative responses towards alien-group scents were greatest during the breeding seasons, but
there were no significant seasonal differences in the responses to neighbour-group versus self-group scents.
In undisturbed badger populations, levels of aggression between neighbouring territory-holders are likely
to be kept relatively low through neighbour recognition. However, increased levels of aggression will be
shown towards dispersing or itinerant (alien) badgers, especially during periods such as the breeding sea-
son when the potential threats to the long-term fitness of territory owners are greatest. This behaviour may
reduce the effectiveness of management strategies involving the culling of group-living wildlife hosts to
reduce levels of livestock or human disease.
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Many territorial animals are able to discriminate between
familiar individuals and strangers. This is thought to be
beneficial since it allows them to avoid costly territorial
conflicts with neighbours (Vestal & Hellack 1978; Ferkin
1988), with whom recognition relationships have already
been established and which may pose little threat to stable
territory ownership (Bee 2003). As a consequence, the
level of agonistic behaviour between holders of neigh-
bouring territories may be reduced relative to that
between strangers. This phenomenon has been termed
the ‘dear enemy’ effect (Fisher 1954) and has been
observed in a variety of taxa (Leiser & Itzkowitz 1999;
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Langen et al. 2000; Rosell & Bjorkoyli 2002; Pratt &
McLain 2006).

The threat posed by both familiar individuals and
strangers to the long-term fitness of a territory holder is
likely to vary according to the social environment (Hyman
2005). In particular, it may be greater at certain times of
the year, such as during the breeding season. At this
time, the potential benefits to be gained from direct ag-
gression are likely to become greater relative to the poten-
tial costs, and aggression towards all individuals from
other groups may be expected to peak. For example, the
incidence of bite wounds in both foxes and badgers
show increases during the breeding seasons (Cresswell
et al. 1992). Therefore, while familiar (neighbouring) ene-
mies may face reduced aggression from territory holders
for much of the year, they may not be held so ‘dear’ dur-
ing the breeding season, and an increased level of aggres-
siveness may be displayed towards them by territory
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holders. There may also be sex-related differences in be-
havioural responses, depending on the mating system of
the species involved. However, the individual-level behav-
ioural mechanisms underlying temporal variations in
wounding rates at the population level have received little
attention to date.

To display differences in levels of aggression towards
familiar individuals and strangers, animals must be able to
discriminate, recognize and distinguish familiar individ-
uals from unfamiliar ones (Johnston 1993). For mammals,
this is mostly achieved through olfactory communication
(Daly 1977; DeVries et al. 1997). This ability for neighbour
recognition suggests that, in undisturbed situations,
groups of social, territorial mammals may exist as an inter-
locking social network across the landscape, maintained
primarily by ritualized behaviour rather than through di-
rect aggression.

The Eurasian badger is a group-living carnivore,
widely distributed throughout the western Palearctic,
ranging from Ireland, across Europe and Asia, to Japan.
Within this geographical range, the group size of
badgers varies between 2 and 25 individuals and
territory size ranges from 0.14 to 14 km?, according to
a combination of ecological (resource-related), demo-
graphic and behavioural (philopatry versus dispersal)
constraints (Johnson et al. 2002; Revilla & Palomares
2002; Palphramand et al. 2007). Badger groups normally
occupy a single main burrow system or ‘sett’ (Roper
et al. 1991) and members of the same social group fa-
miliarise themselves by regular ‘allomarking’ (Kruuk
et al. 1984). Badgers, like many social carnivores, use
a number of different scent marks to signal their
presence. The most visually obvious scent marks used
by many species to demarcate territorial boundaries are
faeces (Brown & Macdonald 1985; Estes 1991). Although
the use of faeces is constrained by their rate of produc-
tion, which limits their availability for marking (Bra-
shares & Arcese 1999), they incur minimal energetic
costs to the signaller (Gosling, 1982).

Individual badgers frequently occupy the same territo-
ries for their entire life, and they can inflict serious injuries
on another during fights (Cresswell et al. 1992; Neal &
Cheeseman 1996). Badgers would be expected to be able
to distinguish between neighbour and stranger scents,
since this would allow them to show the dear enemy ef-
fect as an evolutionary response to the potential high
cost of aggression and the benefits of more ritualised en-
counters. Dispersing animals moving across an occupied
landscape in search of an opportunity to become estab-
lished within a territory pose a more significant threat to
territory holders. These animals will be perceived as
strangers, not familiar to the resident animals, so a higher
level of aggression might be expected towards them. Al-
though most social groups maintain a well-defined terri-
tory throughout the year (Neal & Cheeseman 1996),
interbreeding does occur, especially between close neigh-
bouring groups (Evans et al. 1989; Carpenter et al.
2005). Badgers have two peaks of ovulation, in spring
(the main breeding season) and autumn (Cresswell et al.
1992; Roper et al. 1986). At these times of year, the poten-
tial benefits of direct aggression may be greater and the

dear enemy effect may be reduced. If females are a limiting
resource for badgers (Roper et al. 1986, 1993), the re-
sponses of males to nonself scents should also be stronger
than those of females.

In this study, we tested whether badgers possessed the
capacity to display the dear enemy effect by showing
differences at the group level in their responses to self-,
neighbour- and alien- (unknown) group faeces placed
close to their main sett. Faeces are thought to represent
a group composite scent (Davies et al. 1988) and therefore
the use of faeces in our study avoided potential biases
that might have resulted from using other forms of scent,
such as subcaudal secretion or urine, which may contain
individual information (Buesching et al. 2002). We also
investigated seasonal and sex-related differences in re-
sponses. We tested the specific hypotheses that: (1) bad-
gers would display an increased level of investigation
towards scents from strangers than those from familiar
neighbours, and (2) the level of investigation of scents
from both familiar individuals and strangers would be in-
creased during the breeding season, especially by male
badgers.

METHODS
Study Site

Our study was carried out in Dalby Forest, situated in
the North York Moors National Park, in northeast
England. This is predominantly coniferous plantation
woodland, interspersed with broadleaved woodland, in-
cluding oak, Quercus spp., and beech, Fagus sylvatica, and
grassland. During 2001—-2003, the mean adult group size
at the study site was 5.5 £ 0.8 badgers, and the mean
group territory size was 0.53 km? (Palphramand et al.
2007). Three badger groups forming an interlocking
neighbouring network were selected for the scent recogni-
tion experiments. Within these groups, the identity of
a number of individuals was known, either recognizable
from fur-clips or radiocollar frequencies.

Collection of Scents

To establish whether badgers could discriminate be-
tween self-group scents, neighbour-group scents and
alien-group scents, we carried out a series of experiments
over a 12-month period (autumn 2003 to autumn 2004) at
the main setts of the three social groups. The experiments
were carried out across all four seasons of the year to
incorporate changes in patterns of badger behaviour:
spring (March to May), the peak breeding season; summer
(June to August), when young animals range more widely
through the territory and food is most limiting; autumn
(September to November), covering the secondary breed-
ing season and the period over which the animals need to
build up their fat reserves for the winter; and winter
(December to February), when activity is reduced in
response to food shortage and severe conditions (Neal &
Cheeseman 1996). These four seasons were aggregated
into two seasons for analysis: the breeding seasons (spring



and autumn) and the nonbreeding seasons (summer and
winter).

Faeces for display in the experiments were collected
earlier on the same day to ensure they were fresh and that
the ages of each sample were as equally matched as
possible. All faecal samples were handled using disposable
plastic gloves to minimize human scent and placed in
sealed plastic bags for storage and transfer to the sett at
which they would be displayed. Self-group scents and
neighbour-group scents were collected from the main
study setts, and alien-group scents were collected ran-
domly from badger setts located approximately 5—8 km
away from the study setts. This distance is equivalent to
the diameters of at least 7 home ranges on the study site
(mean home range size 0.53 km?; Palphramand et al.
2007). Since dispersing badgers tend to move to neigh-
bouring or nearby groups (Woodroffe et al. 1993; Rogers
et al. 1998) and the furthest movement by a badger
recorded on our site was 1.8km from its main sett
(K. Palphramand, unpublished data), there would be no
expected previous contact between the study and alien
groups.

Experimental Design

We used a paired-scent approach to investigate badgers’
responses to neighbouring and alien scents relative to
a self-group scent control. There were two treatments:
‘alien treatment’, involving the display of self-group
scents with alien-group scents and ‘neighbour treatment’,
involving the display of self-group scents with neighbour-
group scents. We carried out two separate 3-day experi-
ments at each of the three study setts during each of the
four seasons. Only one main sett was the subject of an
experiment during a single night.

Before each experiment, we established the locations of
any radiocollared badgers present at the sett, to determine
the entrance hole close to which the scents should be
placed. First, this increased the chances of positioning the
scents in an area where a badger was likely to emerge and
investigate the scents. Second, badgers deposit dung in
pits around the entrances of active holes to show owner-
ship and so placing the scents in these ‘latrine’ areas
would mimic natural badger behaviour. Third, it allowed
the potential identification of individual badgers, if, as
was often the case, only one collared badger had been
using the hole as a day rest. If no collared badgers were
present at the main setts, the scents were positioned near
to a hole that was in regular use.

We placed equal-sized subsamples of faeces, normally
representing a single defecation in volume, directly onto
the ground from a storage bag, approximately 30 min be-
fore the start of each experiment. Samples were approxi-
mately 3 m apart, at a distance of 2—3 m from a main
entrance hole to the sett. The positioning of the samples
was randomised during the experiments to avoid any
bias produced when the badgers approached the experi-
mental set-up. Because the experiment was designed to
test the reactions of badgers to faeces only, we avoided us-
ing any samples containing subcaudal and obvious anal
secretions.
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Monitoring Behaviour

We used remote infrared video surveillance to record the
behaviour of badgers towards the scents over an 8-h
period covering emergence times, and started filming
between 1700 and 1800 hours GMT. Filming was carried
out over 72 nights (18 per season), totalling 576 h of video
footage. The equipment used was a Sony bullet mono-
chrome waterproof camera attached to a 12 V 24-h time-
lapse video recorder (Real Time VCR, Henrys Electronics
Ltd., U.K.) with a waterproof infrared light source (IR
LED illuminator, Tracksys, U.K.). Both the camera and in-
frared lighting were attached to a tree close to the area un-
der surveillance, approximately 1.5 m off the ground, to
minimise their detectability by badgers. All appliances
were powered by two 12V 24Ah gel sealed lead acid bat-
teries. The video and batteries were housed in camou-
flaged waterproof boxes, positioned away from the
filming area.

Classification and Analysis of Behavioural
Responses

Video footage was examined by K.L.P. to quantify
behavioural responses to the scents. The randomisation
of scent placement between different experiments meant
that this scoring of tapes could be done ‘blind’, with the
scorer being unaware of the relative placements of the
different scents in individual experiments. A potential
response event was defined as when a badger came within
1 m of either of the scents, at which distance it is very likely
to have been able to detect the presence of the scent. We
defined an actual response event as being initiated when
the nose of a badger first came in close proximity (within
10 cm) to a scent (e.g. Sliwa & Richardson 1998). Behaviou-
ral responses to the scent were defined as occurring within
approximately 50 cm of the scent and always following an
initial response (e.g. Saunders 1992). A time period of 5s
after an initial response was used as a buffer zone for fur-
ther behavioural patterns associated with that response
event to occur. Any reactive behaviour occurring beyond
this time window was defined as a new response event.
During each individual response event, the following be-
havioural patterns were recorded: (1) the number of times
a scent was investigated; (2) sniff duration, the time in sec-
onds for which an investigating badger’s nose was within
10 cm of a scent until it turned away; (3) the occurrence
of overmarking with their own scent, and (4) any other re-
sponses in addition to sniffing, such as backing away from
the scent.

We analysed the data within treatments, using linear
mixed-effects models fitted by REML within Brodgar
(Highland Statistics Ltd., Newburgh, U.K.), to determine
the relative effects of scent type and season on aggregate
behavioural patterns: (1) the number of contacts based on
all potential response events and (2) the total duration of
sniffing for those response events that involved sniffing.
Data on sniff durations were log transformed before
analysis to reduce non-normality (Zar 1999). In the
mixed-effects models, season and scent type were treated
as nominal fixed variables. It was not possible to
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Table 1. The total number of successful footage nights at the three
study groups during the different seasons

Season
Experimental

Group  treatment Autumn Winter Spring Summer Total
Pines  Alien 2 2 3 0 7

Neighbour 2 1 3 3 9
Earth-  Alien 2 1 3 3 9
works  Neighbour 0 2 3 2 7
North  Alien 2 0 2 2 6
Head  Neighbour 0 0 1 2 3
Total 8 6 15 12 41

Three nights of filming were carried out per season for each treat-
ment at each sett.

distinguish consistently between individuals and approx-
imately half of the response events we recorded involved
unknown individuals. Therefore, in the models, we
treated social groups rather than individuals as random,
repeated effects, to account for the use of repeated exper-
iments conducted at the same setts. This approach was
also appropriate because we were interested in behavioural
patterns at the level of the group rather than at the level of
the individual.

RESULTS

Badgers were filmed on 41 nights across the four seasons
(Table 1). This provided 76 potential response events to
each of the self and alien scents within the alien treatment
(combined N =152) and 41 potential response events to
each of the self and neighbour scents within the neigh-
bour treatments (combined N = 82).

Responses to Alien Treatments

The number of contacts per potential response event
with scents in the alien treatments varied significantly
with scent type (linear mixed-effects model fitted by
REML: ANOVA for fixed effects: scent: Fj 146 =9.14,
P =0.003; Fig. 1). Badgers made significantly more close
contacts with alien scents (mean + SE: 0.64 + 0.13) than
with self scents (0.22 & 0.06). The number of contacts
made with different scents also varied significantly by
season (season: Fj 146 = 7.53, P =0.007), and there was a
significant interaction between scent type and season
(scentxseason: Fq 146 = 4.57, P = 0.034). The mean number
of contacts with alien scents in the breeding season was
significantly higher than the numbers of contacts with
alien scents in the nonbreeding season and self scents
in both seasons (alien, breeding versus self, nonbreeding
(reference combination): t; 146 = —2.14, P = 0.034).

Scent type had a significant effect on the aggregate time
spent by badgers sniffing scents (linear mixed-effects model
fitted by REML: ANOVA for fixed effects: scent: F; 3, = 8.60,
P =0.006; Fig. 2), with badgers spending a significantly
longer mean time sniffing at nonself scents (10.12 +
1.84 s) than self scents (3.38 4 0.76 s). There was also an
overall significant effect of season (season: F; 3, =4.58,
P =0.040), with badgers spending a significantly greater
mean time sniffing at scents during the breeding seasons
(8.68 +1.52 s) than in the nonbreeding seasons (3.17 +
1.14 s), although there was no significant interaction be-
tween scent type and season (season*scent: Fj 31 = 2.62,
P=0.116).

Within the alien treatments, only one of the 17 actual
response events associated with self-group scents (Table 2)
induced any response other than sniffing, which was over-
marking. In contrast, out of the 49 response events associ-
ated with alien-group scents, we recorded five instances of
overmarking and nine instances of other reactive
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Figure 1. Number of contacts per response event with alien-group versus self-group scents (ll) and neighbour-group versus self-group scents
(O) within (spring and autumn) and outside (summer and winter) the breeding season. Vertical bars indicate standard error of the mean.



PALPHRAMAND & WHITE: SCENT DISCRIMINATION BY BADGERS

14
12
=
= 10
S
£ 8
o
=
g
s 4
p=
2
0 o =) = S = =
[} (%) [ %] (%} [
] w [%0] = ) w
= <

Neighbour

Breeding (spring and autumn)

Neighbour

Nonbreeding (summer and winter)

Season and scent displayed

Figure 2. Aggregate time spent by badgers investigating alien-group versus self-group scents (ll) and neighbour-group versus self-group
scents (1) within (spring and autumn) and outside (summer and winter) the breeding season. Only those scents that were contacted are in-
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behaviour. Ten collared adult badgers out of an estimated
total of 18 adult badgers across the three social groups (Pal-
phramand et al. 2007) were identified during the video
surveillance trials (four male adults and six female adults).
This was not a sufficient sample to analyse statistically for
sex-related differences in behaviour, but males and females
appeared to spend similar amounts of time investigating
scents, and overmarking of alien scents was done by
both males (three occasions) and females (two occasions).
Eight of the 10 instances of multiple investigations to-
wards scents (where a badger returned to the same scent
on more than one occasion) were recorded for alien scents.
Self-group scents were never returned to once they had
been investigated. For multiple investigations towards
alien scents, there was a significant trend for the mean
sniff duration to decline with successive contacts (Spear-
man rank correlation: r = —0.30, N = 50, P < 0.05; Fig. 3).

Responses to Neighbour Treatments

Within the neighbour treatments, we observed nine
response events directed towards self-group scents and 18
directed towards neighbour-group scents. The aggregate
number of contacts per response event within the neigh-
bour treatments was not significantly affected by scent
type or season and neither was there any significant
interaction between scent type and season (linear mixed-
effects model fitted by REML: ANOVA for fixed effects:
scent: F;76=3.07, P=0.084; season: F;76=1.10,
P =0.298; scentsseason: F; ;¢ =1.67, P=0.201; Fig. 1).
There were also no significant effects of scent type
or season on the aggregate time spent by badgers investi-
gating scents within the neighbour treatments (scent:
F1,16 = 060, P= 0451, season: F1,16 = 168, P= 0214,
scentxseason: Fy 16 = 0.31, P = 0.586; Fig. 2).

Within the neighbour treatments, of the nine response
events associated with self-group scents, one evoked an

over-marking response by a female and of 18 response
events associated with neighbour-group scents, one
evoked an over-marking response by a male and five
evoked other forms of reactive behaviour (Table 2).

DISCUSSION
Scent Recognition

This was the first experimentally controlled investiga-
tion into the responses of badger groups, including known
individuals, to scents of different origin (i.e. self-group,
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Figure 3. Relationship between the order of successive contacts and
the mean duration of sniffing during each contact, for multiple inves-
tigations towards alien-group scents in the alien treatments. Succes-
sive contacts: order 1, N =12, order 2, N =7, order 3, N = 3; order 4,
N =3, order 5, N = 2. Vertical bars indicate standard error of the
mean.
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Table 2. Number of potential and actual response events observed
in the alien and neighbour treatments

Alien treatment Neighbour treatment
Self Alien Self Neighbour
scent scent Total scent  scent  Total
Potential 76 76 152 41 41 82
response events
Breeding season 54 54 108 17 17 34
Nonbreeding 22 22 44 24 24 48
season
Actual response 17 49 66 9 18 27
events
Breeding season 13 46 59 3 10 13
Nonbreeding 4 3 7 6 8 14
season

For definitions, see text.

neighbouring-group and alien-group) across a seasonal
spectrum. Badgers showed heightened behavioural re-
sponses towards alien-group compared with self-group
scents, but there was no significant difference in the
responses to neighbour-group relative to self-group scents.
The relative responses towards alien-group scents were
greatest during the breeding seasons, but there were no
seasonal differences in the responses to neighbour-group
versus self-group scents. There were also no discernible
differences in responses between males and females,
although sample sizes for observations of badgers of
known sex were small.

The lack of a significant difference in the number of
contacts and the time spent investigating neighbour-
group versus self-group scents suggests that badgers were
equally familiar (or equally unfamiliar) with both types of
scent. However, badgers were less familiar with the alien-
group scents, so investigated these more frequently and
for a greater length of time relative to self scents. Kruuk
et al. (1984) argued that badgers spent a long time sniffing
alien scent marks to familiarize themselves with the smell
to aid in future encounters. Our results provide some evi-
dence for this in that the duration of time spent sniffing
alien-group scents decreased progressively during succes-
sive contacts. It is likely that the duration of sniffs reflects
the time required by an individual to identify the scent
mark donor and after sniffing the first mark, the individ-
ual gradually habituates to subsequent investigations
(Sliwa & Richardson 1998).

The reactive responses displayed by the badgers towards
neighbour-group scents were weaker and less aggressive
than has been suggested by two previous studies (Neal
1986; Christian 1993). However, Christian’s (1993) study
was carried out within a provisioned food patch, and the
behaviour he observed may therefore have been partly
or wholly in response to the presence of food rather
than solely in response to different scents. Our results
were more consistent with those of Kruuk (1978), who
found that badgers showed only limited responses to fae-
ces from neighbouring groups placed on a main sett.
Kruuk argued that (1) the effects of faeces from other

groups only became apparent during subsequent interac-
tions with the alien intruder, (2) the function of faeces
alone was to advertise the presence of other more specific
information contained in glandular secretion or (3) faeces
only had a specific effect in an appropriate context (i.e.
boundary latrine marking). However, Kruuk’s results can
now also be interpreted in the context of badgers display-
ing familiarity with the scent of known neighbours.
There may be a number of reasons why overmarking of
alien faeces, as predicted by Gosling (1982), was observed
only rarely during our study. First, faecal marking is con-
strained by the actual production of faeces and their avail-
ability may limit the marking rate in species that use them
to demarcate territorial boundaries (e.g. Peters & Mech
19735; Macdonald 1979). The limited group size of the bad-
gers at the study site (average of 5.5 adults/group; Palphra-
mand et al. 2007) may mean that faecal resources from all
group members need to be conserved for marking in an
appropriate, higher-priority context, such as boundary
marking, consistent with Kruuk’s (1978) theory. In addi-
tion, if faeces and anal secretion represent a uniform
group scent, it is more advantageous to the group to de-
posit these scents around territory boundaries. Second,
the observed scent marking during the present study in-
volved setting scent with the subcaudal gland. Subcaudal
secretion is commonly used by badgers (Gorman et al.
1984) and is not constrained by the amount produced,
making it readily available to mark objects frequently. It
is often used to mark the sett area and territorial bound-
aries (Gorman et al. 1984), and is more likely to convey
individual information about the owner than other forms
of scent mark (Gorman et al. 1984; Kruuk et al. 1984;
Buesching et al. 2002). Subcaudal secretions deposited
by a resident badger provide a priori indication of that in-
dividual’s status, so an intruder can assess the potentially
costly aggressive interaction in the absence of the signaller
(Gorman et al. 1984). They may also serve to reiterate to
other group members information on the resident badg-
er’s own quality, especially for males signalling to females.

Seasonal Patterns in Behaviour towards
Scents

The badgers showed a greater degree of investigation of
alien- relative to self-group scents during the breeding
seasons (spring and autumn), when the potential threat
posed by itinerant or dispersing animals is highest (Roper
et al. 1986; Cheeseman et al. 1988). During these seasons,
there were only a few occasions when badgers ignored the
scents. These findings are consistent with the observation
that badger mating seasons are accompanied by an increase
in subcaudal scent-marking activity (Kruuk 1978). The
number of contacts with neighbour- relative to self-group
scents was higher during the breeding season, although
this difference was not quite significant at the P =0.05
level. However, it does suggest that this may be a time
when near enemies are not so ‘dear’ and is consistent
with the AntiKleptogamy Hypothesis (Roper et al. 1986).
The lack of any difference in the length of time spent in-
vestigating neighbour versus self-group scents at any time



of year is likely to be because badgers were already familiar
with the donor of these scents and could therefore iden-
tify them quickly.

Sex-specific Responses to Scents

There are very few data in previous literature regarding
the behaviour of individual badgers towards scent cate-
gories, especially sex-related differences. Our results, al-
though relatively sparse, suggested no apparent difference
between the responses of male and female badgers in
terms of the number or duration of investigations of
neighbour- or alien-group scents relative to self-group
ones. Males were responsible for five of the seven reactive
responses of known individual badgers. Scent marking is
done more frequently by males (Gorman et al. 1984), with
the group composite scent usually dominated by that of
the alpha male (Kruuk et al. 1984), which may explain
this observed behaviour. Females are likely to be respond-
ing to nonself scents for different reasons. There is evi-
dence that adult badgers interact with members of other
groups more than previously thought, including breeding
(Evans et al. 1989; Woodroffe et al. 1993). Female resi-
dents may therefore be assessing nonself scents with the
potential to secure opportunistic matings within their
own territory.

This study focused on behaviour at the level of the
social group. At this level, badgers clearly showed height-
ened behavioural responses towards alien- relative to
neighbour-group scents compared with self-group scent
controls. However, it is likely that there will be variation
between individuals in their responses towards different
scents, which will depend on their own status in the
group, the status of the signalling individual and also on
the nature of the scent being displayed. In future studies,
the behaviour of resident animals towards identifiable
scents collected from individuals of known sex and age
(such as subcaudal secretion, which may be capable of
advertising individuality; Buesching et al. 2002) would
confirm whether sex-related or status-related differences
are apparent. The experimental design we have used
would provide a means of investigating this in a robust
manner. Using this approach, it would be possible to
link the observed behaviour of marked individuals to their
status and likely motivations. Longitudinal studies may re-
veal further information about how social groups and hi-
erarchies are maintained, and also about the driving forces
behind behavioural patterns at the population level, such
as dispersal.

Implications for Population Management

Badgers in the U.K. have long been identified as
a wildlife reservoir of Mycobacterium bovis, the causative
agent of bovine tuberculosis (TB) in cattle (Muirhead
et al. 1974). As a consequence, they have been the focus
of management strategies aimed at reducing the risk of
TB transmission to livestock (Krebs et al. 1997), the pri-
mary means being culling based on trapping around
setts. Recent large-scale experimental field trials have
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shown that badger culling can actually lead to an in-
crease in the levels of infection in cattle (Donnelly
et al. 2003; Godfray et al. 2004). One possible contribu-
tory factor is that culling disrupts badger social groups,
resulting in increased movement and fighting among
badgers (Rogers et al. 1998; Tuyttens et al. 2000). The
difference in behaviour shown by badgers towards famil-
iar neighbours and strangers provides a potential mech-
anism for the effects of culling-induced perturbation in
amplifying disease risks to cattle. The same mechanisms
may act to reduce the efficiency of disease management
strategies in other parts of the world where group-living
animals serve as wildlife hosts for diseases of humans or
livestock.
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