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European badgers Meles meles are vectors of bovine tuberculosis, 
and may have negative impacts on the cattle grazing industry. In order 
to control tuberculosis in badger populations, the use of baits containing 
vaccines or fertility control agents has been proposed. However, in social 
species such as badgers, multiple bait uptake and competition for baits 
at baiting stations could reduce the efficiency of baiting campaigns. We 
used video surveillance and Passive Integrated Transponder (PIT)-tag sys-
tems to monitor the behaviour of two social groups of badgers offered 
plain baits. We recorded the following data: (i) proportion of baits taken 
by badgers/by non-target species; (ii) potential occurrence of caching; (iii) 
potential occurrence of bait monopolisation and competition. Badgers 
removed 97.8% of baits. There was no evidence of bait uptake by non-tar-
get species. Some 85% of the baits were immediately eaten at the baiting 
station; caching was not observed although it cannot be excluded. In 1/3 
of visits, badgers consumed two or more baits. In 30% of all visits, the 
contemporary presence of two or more badgers searching for baits was 
recorded. In three instances badgers were observed to compete for baits. 
This study shows evidence of aggressive behaviour and direct competition 
for food by free-living badgers. Bait monopolisation and intra-specific 
competition at feeding stations could influence bait uptake and should be 
evaluated in other wildlife species when bait-delivered vaccines or contra-
ceptives are used. 
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INTRODUCTION

Vaccination, in combination with fertility control has been suggested as a 
valid and publicly acceptable option for controlling wildlife diseases and reduc-
ing overabundant populations (Smith & Cheeseman 2002, Massei et al. in press). 
Baits are increasingly employed in wildlife management to deliver vaccines, toxi-
cants and contraceptives (Southey et al. 2001, Glen & Dickman 2003a). The cost-
effectiveness of baiting campaigns depends on bait uptake by a high proportion 
of animals in the target species, which in turn is affected by non-target species 
uptake (Saunders et al. 1999, Delahay et al. 2003, Glen & Dickman 2003a). In an 
ideal baiting campaign, multiple bait uptake by individuals should be minimised 
to increase the proportion of animals treated with vaccines or contraceptives 
(Wandeler et al. 1988). However, the availability of attractive resources such as 
baits may result in competition for food or sites (Quy et al. 2003) and bait cach-
ing (Trewhella et al. 1991). In social species, access to localised food resources 
may be monopolised by dominant individuals (Trewhella et al. 1991), resulting 
in the consumption of baits by relatively few animals. 

Badgers, Meles meles L., are believed to be the main wildlife reservoirs 
of Mycobacterium bovis, the causative agent of bovine tuberculosis, and are 
suspected of transmitting this disease to cattle in the UK (Krebs 1997). Vac-
cination has been considered as a potentially valid option for the control of 
tuberculosis in badger populations (Smith & Cheeseman 2002, Donnelly et al. 
2003). Also, as a social species and food generalist, badgers represent an ideal 
model to study the behaviour at bait stations. 

Studies on bait uptake by badgers have relied on indirect methods such 
as the use of bait-markers (Southey et al. 2001, 2002; Cagnacci et al. 2006, 
2007; De Leeuw et al. 2006). However, competition and multiple uptake, lead-
ing to bait monopolisation, can only be adequately investigated by direct obser-
vations or by using remote photography or video surveillance (Glen & Dick-
man 2003b). We used video surveillance and the PIT-tag system in a pilot study 
investigating the behavioural aspects of bait uptake in badgers which could 
potentially affect the cost-effectiveness of baiting campaigns. The aims of the 
study were (i) to assess the proportion of baits taken by non-target species; (ii) 
to determine the proportion of baits consumed on site by badgers; and (iii) to 
monitor potential bait monopolisation and/or competition between badgers.

METHODS

The study was conducted between the 4th and the 20th of August 2003 in two of 
the 36 well established badger social groups (Rogers et al. 1998) in an 11 km2 study 
area (Woodchester Park, UK, 51°43’N 2°16’E): Parkmill and Hedge. In this area, the 
territorial boundaries of social groups and active setts are routinely determined in the 
spring of each year by bait marking (Delahay et al. 2000). Both social groups occupied 
territories of approximately 0.4 km2 each, around a main sett of 30 m ca, were non- 
contiguous and approximately 4 km apart. During 2003 the population density of Wood-
chester Park was 24 adult badgers/km2. Estimated group size was 17 badgers (nine 
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males and eight females) in Parkmill and 12 badgers (five males and seven females) in 
Hedge. At capture, all animals were given a unique fur clip pattern for individual identi-
fication and, in Parkmill only, 4 males and 5 females were fitted with Passive Integrated 
Transponder (PIT) tag collars. 

Baits were distributed at dusk for 6 nights between the 4th and the 12th of 
August 2003 in Parkmill and between the 14th and the 20th of August 2003 in Hedge. In 
both areas, nine baits were placed daily around the main active sett (minimum distance 
of 2 m between adjacent baits). Each bait was placed in a depression of the ground and 
then covered by a large stone (> 2 kg) to protect it from the rain and to deter non-target 
species (Delahay et al. 2000). Each bait was made up of 40 g minced beef, mixed with 
15 ml of 3% (w/w) porcine skin gelatine (Sigma-Aldrich Co., Poole, UK). 

At each sett, all baits were filmed simultaneously using three video surveillance 
sets, thus obtaining three “visual fields” of three baits each, per social group per night. 
Each video surveillance equipment set consisted of two 12 v dryfit batteries (Son-
nenshein A500, CMP Batteries Ltd., Stevenage, UK) placed in a metal ammunition 
box, linked to a watertight plastic box containing a time-lapse video recorder (Sanyo 
TLS-9168P, Sanyo Electric Co. Ltd., Basel, Switzerland), to a camera (Sanyo CCT-533 
“Vista”) and to two infra red lights (Tracksys Ltd., Nottingham, UK). The camera was 
mounted on a tripod and placed 2-6 m from the baits. Therefore, each visual field was 
on average 9 m2. In Parkmill only, two baits per visual field were mounted on a PIT-
tag ID logging system each (Single channel logger, Francis Scientific Instruments, Cam-
bridge, UK), consisting of an aerial linked to a time logger. The aerial was buried so 
that the top was at the same level as the surface of the ground. A magnet was tethered 
to the aerial and placed on the bait. When the magnet was removed, the specific code of 
any PIT-tagged badger and the time of removal were recorded by the logger. If a PIT-tag 
collared badger approached the aerial, the PIT-tag code and time were recorded by the 
logger, thus allowing us to time the presence of individual badgers at the baiting sta-
tions. PIT-tag and video data were collected from sunset to dawn. A “visit” was defined 
as an animal entering and then leaving the visual field. On each filming session, all the 
visits by any species (and by tagged badgers) within the visual fields were recorded until 
all baits were removed. When a visit involved the removal of a bait, the following vari-
ables were recorded: 1. species; 2. time of removal; 3. location where the bait was con-
sumed (directly at the baiting station, within the visual field or removed from the visual 
field); 4. multiple uptake, defined as consumption of two or more baits during a visit; 5. 
number of badger visits to the visual field before each bait was removed, as an indica-
tion of the latency to consume baits. The proportion of baits consumed and the number 
of visits were compared between social groups with the 2-sample test for equality of 
proportions with Yates’ continuity correction performed by R 2.4.0 (2006).

The simultaneous presence of two or more badgers in all visual fields of the same 
area, as shown by the time logger, was also recorded, together with instances of aggres-
sion or competition for a bait. Badgers were considered to be searching for baits if they 
were actively sniffing the ground while moving between baiting stations. “Competition” 
was defined as two or more badgers trying simultaneously to gain access to a single 
bait. “Aggression” was defined as an attack on another individual.

RESULTS

Out of 108 baits, the fate of 19 was not known because of video equip-
ment failure (Table 1). Of the 89 baits filmed in 31 visual fields, 87 were 
removed by badgers whilst 2 were not removed. Bait consumption started in 
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the first part of the night in both social groups (Parkmill: average time = 10:00 
± 00:15 pm ranging between 8:56 pm and 0:19 am; Hedge: average time 9:02 
± 00:04 pm ranging between 8:39 pm and 9:28 pm). 

At least three different individuals from each social group were recogniz-
able in the visual fields throughout the experiment and in a single night. Most 
individuals were recorded as “unmarked”, either because they were never cap-
tured or because the fur clip pattern was not clearly visible. Two dogs and three 
rabbits were also filmed in the visual fields, but no baits were taken by these 
non-target species. A greater proportion of baits were eaten in situ in Parkmill 
than in Hedge (93.5% vs 75.6%). In 1/3 of the visits badgers removed two or 
three baits at a time (equivalent to 59.8% of all the baits), and in half of all visits 
badgers removed a single bait (37.9% of the baits). Visits by badgers that did 
not result in bait uptake were recorded throughout the experiment (16.7% of all 
visits) and did not differ between the two social groups (Table 1). On average, 
0.61 badger visits occurred before a bait was removed (i.e. baits were not always 
immediately consumed by visiting badgers). In nine instances, the contemporary 
presence of two or more badgers searching for baits was recorded (i.e. 30.3% of 
all visits). In three cases, badgers simultaneously tried to gain access to a single 
bait, which in two cases, one per social group, led to aggressive behaviour. In 
both cases, one individual pushed the other one away from the baiting station: 
the “attacker” consumed the bait and the “attacked” moved away. 

DISCUSSION

This study suggested that the foraging behaviour of badgers might, to 
some extent, limit the efficiency of large scale baiting campaigns due to intra-
specific bait monopolisation and competition. On the other hand, the lack of 
bait uptake by non-target species indicated that, if baits are placed around the 
main setts, badgers are likely to be the main target of baiting campaigns.

Bait uptake by non-target species is usually a major problem for the cost-
effectiveness of vaccination/fertility control campaigns (Thomson & Kok 2002, 
Glen & Dickman 2003a). Although the method used to deliver the baits in this 
study resulted in no uptake by non-target species, the density of badgers in the 
study area was very high. It is possible that more bait uptake by non-target spe-
cies would be observed in areas with lower densities of badgers. The presence 
of dogs indicated that pets should also be considered as non-target species. 

Caching behaviour reduces the potential number of individuals which 
may have access to the baits. For instance, foxes can cache 1/3 or more of 
the baits taken (Trewhella et al. 1991, Saunders et al. 1999). In this study, 
most of the baits taken by the badgers were consumed as soon as they were 
discovered; however, as some baits were removed from the visual fields, cach-
ing cannot be excluded. In future studies, beads of different colours (Delahay 
et al. 2000) together with PIT-tags could be included into the baits, in order to 
monitor them after removal, whether eaten or not. 

The observation that the baits available in a single visual field were not 
always discovered at the first visit, suggested that the method used allowed, in 
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principle, several badgers to gain access to the baits. In many cases, baits were 
consumed in groups of two or three in the same visit, indicating multiple uptake, 
potentially leading to bait monopolisation by individual badgers. This is consist-

Table 1.

Bait uptake by two social groups of badgers offered 9 baits per day for 6 days. In each social 
group, bait uptake was recorded in 3 visual fields containing 3 baits each. 

Parkmill Hedge Total
Percentage of 
baits removed/

visits filmed

Group 
comparison

Baits delivered 54 54 108

Visual fields filmed (excludes 
equipment failures)

17 14 31

Baits filmed 47 42 89

Badger visits filmed 28 38 66

Baits removed 46 41 87

Baits removed by badgers 46 41 87 100.00

Baits eaten at the feeding station 
(not removed at all)

28 9 37 42.5
χ2 = 11.9, df = 1, 

P < 0.001

Baits eaten within the visual field 43 31 74 85.1
χ2 = 4.1, df = 1, 

P < 0.05

Visits with no bait eaten 2 9 11 16.7
χ2 = 2.1, df = 1, 

P > 0.05

Visits with one bait eaten 12 21 33 50.0
χ2 = 0.6, df = 1, 

P > 0.05

Visits with two baits eaten 8 4 12 18.2
χ2 = 2.4, df = 1, 

P > 0.05

Visits with three baits eaten 6 4 10 15.1
χ2 = 0.8, df = 1, 

P > 0.05

Two or three baits eaten in the 
same visit

32 20 52 59.8
χ2 = 3.1, df = 1, 

P > 0.05

Average number of badger visits 
prior to bait consumption

0.48 0.76 0.61

Events of simultaneous presence of 
badgers in search of baits within 
the filmed area (all three visual 
fields)

4 5 9

Max number of badgers 
simultaneously searching baits 
within the filmed area (all three 
visual fields)

3 3 6

Observations of competition for a 
single bait

2 1 3

Observations of aggressive 
behaviour

1 1 2
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ent with the results obtained by bait markers in the same study area which indi-
cated multiple bait uptake by some badgers (Cagnacci et al. 2007). Furthermore, 
badgers were observed competing for the baits and in some instances showing 
aggressive behaviour. The preliminary results of this study thus indicate that bait 
monopolisation and competition could affect bait uptake by badgers. 

At medium and high population densities, badgers live in social groups 
and maintain territories (Kruuk 1989, Rogers et al. 1998). In such popula-
tions, the main sett, where much group activity is concentrated, represents a 
target area for vaccination which is ecologically meaningful (Delahay et al. 
2003). To improve bait consumption by a high proportion of the badger popu-
lation the following approaches could be tested: 1. widening the area of dis-
tribution of baits around each main sett so as to decrease the simultaneous 
presence of individuals at any one stations; 2. regularly changing the location 
of the feeding stations, to limit progressive spatial learning by badgers (Mell-
gren & Roper 1986); 3. using conditioned taste aversion to decrease bait 
monopolisation (Gentle et al. 2004, Cagnacci et al. 2005). 

Oral contraceptives and vaccines are increasingly used worldwide to 
prevent economic losses resulting from zoonotic diseases and to mitigate the 
impact of over-abundant wildlife on human interests. This study highlighted 
how the efficiency of these methods may be affected by the social behaviour 
of target species. Hence, when baits are used to deliver pharmaceuticals, the 
effects of potential competition, multiple bait uptake and caching should be 
evaluated in every wildlife species.
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