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ABSTRACT

In this thesis, seasonal patterns of spatial behaviour, dunging and urinatory
behaviour and anal gland secretion for a badger (Meles meles) population are
quantified. The role of these excretory products and secretions in territoriality and
the significance of urine and faeces in the transmission of bovine tuberculosis
(Mycobacterium bovis) from badgers to cattle is assessed.

To look at the patterns of scent marking and spatial behaviour of individuals
of known age and sex, spool-and-line tracking was used to follow selected animals,
which had also been injected subcutaneously with fluorescein dye to monitor their
pattern of urination, defecation and anal gland deposition.

Forty two badgers from five contiguous social groups on the Cotswold
escarpment in Gloucestershire were spool-and-line tracked between June 1991 and
May 1992. For these five social groups mean group size in 1991 was 17.0 ± 2.8
badgers and mean territory size 37.2 ± 7. 1 ha. All five groups had adjacent groups
of badgers on all sides.

Contrary to earlier reports, there was no seasonal pattern of faecal deposition
by individuals, and seasonal variations in the number of faeces in latrines probably
reflect variations in faecal decomposition rates. Instead, urine appeared to be a
more important territorial mark. Territorial marking and boundary patrolling by
adult males in particular was most pronounced in the summer and autumn, and not
during the main mating season. Whilst all age and sex categories played a role in
territorial marking, adult females visited more latrines in the spring than any other
season, with latrine visits declining in the summer and autumn. Whilst not all
hypotheses on badger social behaviour were supported by the field data, the
evidence favoured the defence of food resources and not monopolising access to
oestrous sows as the main factor leading to the evolution of group living and
territorial behaviour in badgers.

Badgers are believed to be responsible for a high proportion of the cases of
bovine tuberculosis in cattle in south-west England, where in certain limited areas
comparatively high numbers of cattle continue to fail the tuberculin test.
Environmental contamination with urine from infectious badgers is probably the
main mode of transmission. Badgers may urinate on pasture after crossing through
a linear feature, and the number of these crossing point urinations increases with the
number of linear feature crossed. These urinations were not at latrines, and had a
peak occurrence between March and May, corresponding to a period when cattle are
believed to become infected. Since high risk areas have been found to be
characterised by a greater degree of habitat heterogeneity and more linear features,
it is hypothesised that these crossing point urinations probably pose a significant risk
to cattle, and areas with increased numbers of linear features have greater levels of
contamination of pasture with badger urine and hence greater chance of disease
transmission.
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CHAPTER 1

GENERAL INTRODUCTION

1.1 Eradication of tuberculosis in cattle

At the beginning of the century bovine tuberculosis (Mycobacterium bovis)

was one of the most serious diseases of cattle in Great Britain. By 1934, at least

40% of dairy cattle were infected with tuberculosis and in 1935 the first voluntary

national eradication programme for the disease was implemented. This eradication

programme however was halted due to the war (1939-1945). In 1950 the current

compulsory eradication campaign was introduced on an area by area basis. For this

an area was declared attested after all the herds had been tested twice and any

positive cattle had been removed for slaughter. By 1960 all areas of Great Britain

had been declared attested and at this stage the incidence of reactor herds was about

one herd in fifty. Over the next ten years the incidence of tuberculosis in cattle

continued to fall, except in parts of south-west England where levels remained

static. Between 1970-1972 a team of veterinarians from the Ministry of

Agriculture, Fisheries and Food investigated these higher levels of tuberculosis in

cattle in the south-west of England and concluded that several factors may be

responsible. One of their recommendations was that wildlife be examined as they

may be acting as a reservoir of infection. The discovery of bovine tuberculosis in a

dead badger (Meles me/es) on a Gloucestershire farm in 1971, together with the

recommendation to examine the possibility of wildlife acting as a reservoir of

M. bovis for cattle, led to an investigation to measure the prevalence of tuberculosis

in badgers in the south-west of England. These investigations led the Ministry of

Agriculture, Fisheries and Food to conclude in 1973 that badgers were a reservoir
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of infection and that action was required against infected badgers that posed a threat

to cattle.

Badger control commenced in August 1975, when the Ministry of

Agriculture, Fisheries and Food introduced a policy of gassing setts with hydrogen

cyanide gas in areas where badgers were believed to be responsible for transmission

of bovine tuberculosis to cattle (Muirhead, Gallagher & Burn 1974; Gallagher,

Muirhead & Burn 1976). The Consultative Panel on Badgers and Bovine

Tuberculosis was set up to discuss the problems associated with bovine tuberculosis

in the badger population, which met for the first time in September 1975. In 1976

the Ministry of Agriculture, Fisheries and Food initiated a long-term research

programme at a site on the Cotswold escarpment in Gloucestershire to investigate

the population biology of badgers and the epidemiology of tuberculosis in the

badger population.

Lord Zuckerman was asked in September 1979 by the then Minister of

Agriculture, Peter Walker, to look at the policy of badger control and advise on

how future operations should be tackled. During the period of policy review

(September 1979-October 1980) the gassing of new setts was suspended and

restricted only to those areas already cleared of the disease. Lord Zuckerman

recommended a continuation of the existing policy, although he also suggested that

the efficiency of hydrogen cyanide gas in setts be examined. Experiments

conducted by the Chemical Defence Establishment revealed that the gas was present

in setts at concentrations considerably lower than required to humanely kill badgers.

As a result in July 1982 the Minister of Agriculture announced the abolishment of

gassing as the method of control and the introduction of live trapping followed by

humane killing. This policy involved trapping in a centrifugal manner until all

infected groups surrounding the point of infection were removed. Lord Zuckerman

also recommended that three years after his own report was published another

policy review should be conducted. This second review was undertaken by a three
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man team and in March 1986 a second report on the policy of badger control was

published (Dunnet, Jones & Mclnerney 1986). As with the earlier report it also

endorsed a continuation of badger control, although it did recommend a number of

changes. One of these changes was the need to develop a diagnostic test for live

badgers. This would involve detecting those badgers producing antibodies against

M. bovis which are assumed to have been exposed to the disease. Badgers reacting

positively to the test would be destroyed, while those badgers not reacting would be

released. Thus this test would serve as a more discriminatory and therefore more

acceptable method of badger control. The present policy of only trapping on

'infected land', i.e. where transmission is thought to have taken place is also

intended to serve as a more discriminatory method of badger control.

The report also highlighted the need for a policy to limit the transmission of

disease from badgers to cattle by dealing with identifiable and avoidable risks.

Unfortunately there are still few quantified data indicating how M.bovis might be

transmitted nor how high risk situations might be identified.

1.2 Bovine tuberculosis and badgers

The role of the badger as a reservoir of bovine tuberculosis in the south-west

of England was revealed in the early 1970s when up to 20% of badgers examined

were found to be infected (Muirhead, Gallagher & Burn 1974; Gallagher, Muirhead

& Burn 1976). The levels of M. bovis infection in cattle in the south-west have

remained persistantly higher than the rest of Great Britain (Zuckerman 1980;

Wilesmith 1983) with the number of herd breakdowns rising to 104 in the south-

west in 1990, compared to only 39 herd breakdowns in 1990 in the rest of Britain

(Ministry of Agriculture, Fisheries and Food 1991).

Since the discovery of a tuberculous badger on a Gloucestershire farm,

circumstantial evidence has accumulated linking badgers with the transmission of
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bovine tuberculosis in the south-west of England (Muirhead, Gallagher & Burn

1974; Gallagher, Muirhead & Burn 1976; Ministry of Agriculture, Fisheries and

Food 1976, 1977, 1979). This evidence includes the finding that M. bovis from

infected badgers produces tuberculous lesions when inoculated into cattle (Little,

Burn & Stuart 1975), while healthy calves can become infected when in contact

with either artificially or naturally infected badgers (Little, Naylor & Wilesmith

1982). Also a close relationship has been found between the incidence of

tuberculosis in badgers and herd breakdowns (Muirhead, Gallagher & Bum 1974).

The route by which bovine tuberculosis might spread from badgers to cattle

has been little studied and remains speculative, although it is believed that cattle

may pick up infection while grazing pasture contaminated by an infected badger

(Muirhead, Gallagher & Burn 1974; Ministry of Agriculture, Fisheries and Food

1979). This could result from contamination of pasture by infected badger urine,

sputum and/or faeces (Muirhead, Gallagher & Burn 1974). Another source of

environmental contamination might be pus from infected bite wounds, since M.

bovis has been recovered from the exudate of wounds in live badgers (Muirhead,

Gallagher & Burn 1974). Although badgers and cattle are generally thought to

avoid each other (Benham & Broom 1989), behavioural changes in badgers in an

advanced stage of infection have been reported; such badgers may lose their fear of

man and inhabit farm buildings (Muirhead, Gallagher & Burn 1974; Cheeseman &

Mallinson 1981). Such behaviour may increase the risk of transmission between

badgers and cattle, especially if cattle food is contaminated. Contamination around

the sett may also be of significance, since cattle have been observed to rub their

heads in the exposed earth around setts and then lick the ground and each other's

faces (Benham 1984).

Of these various possibilities, badger faeces are likely to be of minor

importance in the transmission of M. bovis from badgers to cattle because they

contain a relatively low number of bacilli, and these are only exposed in small
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numbers by weathering (Ministry of Agriculture, Fisheries and Food 1976, 1979).

Furthermore, faeces are generally deposited in pits in discrete areas (latrines) and a

relatively large proportion of these are inaccessible to cattle; cattle also strongly

avoid the ingestion of pasture contaminated with faeces (Benham & Broom 1991).

Conversely, up to 300,000 M. bovis mV 1 of urine have been recovered from

infected badgers (Gallagher & Horwill 1977); with a badger excreting on average

about 30 ml of urine at a time (Ministry of Agriculture, Fisheries and Food 1976),

this would result in the emission of a considerable number of bacilli. Whilst the

pattern of urine deposition by badgers has been poorly documented, it is known that

cattle perform more sniffing in response to urine than faeces (Benham & Broom

1991). Therefore contaminated badger urine would appear to pose a greater risk

than faeces for transmission.

1.3 Scent marking in carnivores

One of the major problems associated with studying scent marking behaviour

in carnivores is the difficulty in detecting certain types of scent marks, in particular

urine and many of the glandular secretions. As a result, much of the information

relating to scent marking in carnivores comes from species inhabiting cold regions

where snow cover retains signs of scent marks e.g. wolves (Canis lupus) (Peters &

Mech 1975; Rothman & Mech 1979), wolverines (Gulo gulo) (Pullianen &

Ovaskainen 1975) and coyotes (Canis latrans) (Barrette & Messier 1980; Bowen &

McTaggart Cowan 1980).

Mammalian scent marking has been broadly reviewed by Rails (1971),

Eisenberg & Kleiman (1972) and Johnson (1973). Gorman (1980) has reviewed the

role of glandular secretions in scent marking, while Macdonald (1980) has reviewed

the pattern of scent marking with urine and faeces amongst carnivore communities.

Kleiman (1966) reviewed scent marking in the Canidae and clearly differentiated
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scent marking from simple elimination by the following criteria: (a) excreta was

orientated to specific objects, (b) elicited by familiar landmarks and novel stimuli

and (c) repeated frequently on the same objects. The importance of distinguishing

between scent marking and elimination has also been discussed by Barrette (1977),

although Barrette & Messier (1980) considered all urine signs to be potential scent

marks, while Dunbar (1978) and Bekoff (1979) suggested that all excretions may

act as potential marks to recipients irrespective of the intent of the producer.

Certainly there is no evidence to suggest any chemical variation between excreta

used for marking and that produced simply for elimination. This may explain the

excretory behaviour of itinerant wolves, observed in both sexes. To avoid or at

least reduce the chances of their excreta from being detected by resident pack

members, Rothman & Mech (1979) found no scratching associated with urination

by itinerants and that urine and faeces were deposited away from travel routes.

Itinerants also neither overmarked alien scent, nor marked in the vicinity of kills,

both of which were marked heavily by resident pack members. Thus by concealing

their excreta, itinerant wolves are able to maintain a low profile whilst in the

territories of resident wolf packs. Wells & Bekoff's (1981) criteria for marking

associated with the act of urination would be an associated behaviour, such as

scratching after urination or urinating over previous spots of urine. Another

important criterion of scent marking is that less urine is generally expelled during

marking than elimination (Peters & Mech 1975; Barrette 1977; Henry 1977; Bekoff

1979; Bell 1980; Macdonald 1980). Macdonald (1979) found that a tame fox

(Vulpes vulpes) leash-walked along paths and field borders in midwinter produced

over 100 token urinations per hour.

Amongst the Carnivora, faeces and urine are excreted at a wide variety of

sites. The pattern and frequency may vary with sex, social and reproductive status.

It is probable that many different messages are conveyed by scent marks, although

in most cases the exact function of the messages is unknown. As well as inter-
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specific variation in scent marking behaviour, some species show considerable intra-

specific variation in the pattern of marking, a feature largely dependent on habitat.

Field studies on carnivores have revealed that carnivores often concentrate

scent marks on or close to territory boundaries, e.g. in otter (Lutra lutra) (Erlinge

1968), spotted hyaena (Crocuta crocura) (Kruuk 1972), wolf (Peters & Mech

1975), badger (Kruuk 1978; Cheeseman et al. 1981; Roper, Shepherdson & Davies

1986; Pigozzi 1990), stoat (Musrela erminea) (Erlinge, Sandell & Brinck 1982),

coyote (Barrette & Messier 1980; Bowen & McTaggart Cowan 1980),

demonstrating the importance of scent marking in the maintenance of territories.

However, scent marks are often deposited within the territory, at junctions of paths

e.g. badger (Kruuk, Gorman & Leitch 1984), wolf (Peters & Mech 1975), or on

prominent objects e.g. red fox (Burrows 1968; Henry 1977; Macdonald 1979) and

wolf (Peters & Mech 1975).

As scent marks play a role in communication between conspecifics, they

should be distributed at localities that would maximise their detection by other

animals. This can be seen in the above examples with animals depositing excreta at

trail junctions and also on prominent objects. Peters & Mech (1975) found that

wolves would deposit urine on elevated locations such as on trees, shrubs, rocks and

snow banks. Depositing urine well above ground facilitated the dispersal of odour

by wind, increased the evaporative surface area of the urine as it trickled down the

elevated surface, and also minirnised the chance of the urine from being covered by

snow or washed away by rain.

Faeces have been more widely studied as scent marks due to the ease of

detecting faeces compared to urine. Foxes generally deposit faeces singly, and as

with urine, almost always deposit faeces on or near visually conspicuous objects.

The gray fox (Urocyon cinereoargenteus) and cacomistle (Bassariscus astutus)

deposit faeces in a similar pattern to the red fox, although they occasionally deposit

faeces in large quantities at particular sites (Trapp 1978). Other species consistently
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deposit faeces at particular sites (latrines). These include spotted hyaena (Kruuk

1972), palm civet (Paradoxurus hermaphroditus) (Bartels 1964), pine marten

(Martes martes) (Lockie 1966), dwarf mongoose (Helogale undulata) (Rasa 1977),

long nosed mongoose (Crossarchus alexandri) (Kingdon 1977), African polecat

(Poecilogale albinucha) (Alexander & Ewer 1959) and raccoon dog (Nyctereutes

procyonoides) (Ikeda, Eguchi & Ono 1979). Some species that leave large numbers

of faeces at latrines also defecate away from latrines. These faeces are generally

deposited singly and may either have no communicative function or convey

different information to those located at latrines. This behaviour has been observed

for a population of golden jackals (Canis aureus) (Macdonald 1979), where single

faeces deposited away from latrines were frequently deposited on conspicuous

objects, such as bushes. Golden jackal latrines were distributed along territory

boundaries, whereas single faeces were deposited within territories. In contrast

badgers have both boundary latrines and latrines within territories (hinterland

latrines). Kruuk (1978) found that badger boundary latrines were linked by paths

and that boundary latrines contained more faeces than hinterland latrines. Both

types of latrine were located more frequently by conspicuous landmarks than

predicted by chance. In some species hinterland latrines were often associated with

trails and trail junctions and were even located in close proximity to lairs. Given

the value of a lair as a resource and the activity centred around lairs, they are ideal

for the transfer of information between group members and/or intruders. This

behaviour of concentrating latrines around a lair can be seen in otters inhabiting

coastal areas but not by otters maintaining inland territories. Kruuk & Hewson

(1978) suggested that this intra-specific difference in otter scent marking behaviour

is due to ecological reasons. Inland otter territories could be entered along well

defined routes, and so latrines would be most effective along the territory boundary.

However, for coastal otters, where territories could be entered from anywhere along

the seafront, latrines were most effective around holts.
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European badgers, spotted hyaenas, golden jackals and otters living in

riverine habitats are the only carnivores that have been found to use latrines for

boundary marking. Macdonald (1980) suggested that this behaviour was associated

with group living species in high density populations which defend relatively small

areas. They are also long lived species whose borders are stable over periods of

time. Macdonald (1980) also suggested that the distribution of latrines may reflect

the quality and distribution of resources. For example, where food patches are

stable over time, then this may result in heavy marking of the territory, particularly

in the vicinity of the boundary. Where resources are clumped, then scent marks

would be more concentrated at these sites. This is the case in spotted hyaenas

(Bearder & Randall 1978), which establish temporary latrines in the vicinity of

large kills. Where resources are ephemeral scent marks may be inappropriate for

resource defence. Thus the pattern of resource distribution and its affect on the

social organisation of a particular species may be the principal factor regulating the

distribution of scent marks.

Carnivores produce a wide variety of odours which probably serve numerous

functions. Spotted hyaenas (Kruuk 1972) and badgers (Kruuk 1978) scrape at

latrines, a behaviour also observed in wolves and coyotes after urinating (Peters &

Mech 1975; Bekoff & Diamond 1976). This behaviour is probably associated with

the deposition of odour from the interdigital glands. Spotted hyaenas (Kruuk 1972)

leave anal gland pastings at latrines, while civets (Civerricris civetra) deposit perineal

gland secretions at civetries (Randall 1977). Badgers leave anal and subcaudal

gland secretions at latrines and also deposit subcaudal gland secretion on bedding

material within setts and on other members of the social group, especially females

and cubs (Kruuk, Gorman & Leitch 1984). These authors found that badgers were

able to distinguish individuals from their subcaudal gland secretion. Latrines

therefore contain a wide variety of scent marks, and as well as each mark producing

a different odour, combinations of marks may be interpreted in a different manner.
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The decay of scent marks may also ensure that a particular odour is most effective

during a limited period after its deposition. Apart from the information available

from the scent marks themselves, the overall pattern of deposition may have

communicative significance.

The pattern of scent marking in the badger is clear at the group level, but the

role of individuals within the group is unknown. Also, seasonal patterns of faecal

production in the badger at the group level have been studied, yet the use of urine

as a scent marker and the ecological significance of urine for disease transmission in

the badger have not previously been recorded. The primary objective of the thesis

was to investigate the possible mode of transmission of bovine tuberculosis from

badgers to cattle and in particular the role of excreta in the transmission process.

This was studied at an area on the Cotswold escarpment in Gloucestershire. This

study site was ideal given the high density of badgers, together with the high

prevalence of bovine tuberculosis in the badger population. To understand better

the risk of TB transmission posed by individual badgers required the development of

techniques to record the detailed movement patterns of badgers and the unique

opportunity to gather scent marking data from individual animals to establish sites

of excreta deposition and seasonal patterns of excretory behaviour. The techniques

used enabled the role of the individual in territoriality to be analysed and the

possible reasons behind the evolution of group living in the badger.

1.4 Study area and animals

The study site covered an area of approximately 9 km 2 of hilly terrain,

ranging from 47-237m above sea level (Cheeseman et al. 1988). Deciduous

woodland on the steep sided valleys occupied around 20% of the area, with

scattered built up areas another 20% and permanent pasture and arable land 45 %

and 15% respectively. The farming in the region was mixed, with beef and dairy
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cattle occurring largely on the hilly areas. This area supported a total of 34 social

groups with approximately 20 adults km 2 (Cheeseman et at. 1981; 1987), with a

mean nearest neighbour distance between main setts of 325m (Cheeseman et at

1985).

Badgers were trapped routinely by the Ministry of Agriculture, Fisheries and

Food as part of a long term study of the epidemiology of M. bovis in the badger

population. As part of the trapping operation, samples such as faeces, urine,

tracheal aspirate and blood for serology were routinely collected. Where

appropriate swabs were taken from open bite wounds and ruptured lymph node

abscesses, while enlarged lymph nodes were aspirated with a hypodermic syringe.

Both cultural and biological techniques were used to isolate M. bovis. The weight

and rectal temperature of each badger was also recorded. Animals were aged and

sexed and marked with a combination of ear tags and tattoo (Cheeseman & Harris

1982). Ear tags were applied to both ears and the tattoo placed on the ventral

abdomen in the inguinal region. Animals were held in captivity to prevent re-

capture during the catching period which continued for only 48 hours to prevent

stress and possible disruption of social groups.

For the present study, five contiguous groups in the south-west corner of the

area were selected; all five had adjacent groups of badgers on all sides. These

particular groups were located within an area with a history of herd breakdowns.

Bait marking was used to obtain information on territory sizes for the five study

groups (Kruuk 1978, Cheeseman ci' al. 1981). Bait consisted of peanuts, syrup and

plastic pellets (Alcathene supplied by I.C.I. Plastics Division, Bessemer Road,

Weiwyn Garden City, Herts.). Different coloured plastic pellets were placed at

each of the main setts over a two-week period in February 1991 and 1992. The

study area was surveyed after this period and latrines inspected for the presence of

plastic pellets. By relating latrines containing pellets to the sett from which they

originated it was possible to map out those latrines visited by members of each
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social group. Knowledge of the location of the boundary path that connected the

peripheral latrines of a group, combined with the bait marking, enabled latrines to

be differentiated into boundary and hinterland latrines. For these five study groups

mean territory size in 1991 was 37.2 ± 7.1 ha, mean territorial boundary length

2.71 ± 0.23 km, mean group size 17.0 ± 2.8 badgers, and mean number of setts

per social group (excluding the main sett) 5.0 ± 0.6. Within these territories mean

area of woodland was 6.24 ± 2.38 ha and mean area of permanent pasture 25.36 ±

2.86 ha.

1.5 The thesis

1.5.1 Thesis structure

Following the introduction, Chapter 2 describes how spool-and-line tracking

in conjunction with a biomarker was used to follow the detailed movement patterns

of individual animals and together enabled badger excretory products to be located.

Construction of the spool-and-line and the problems associated with spool-and-line

tracking such as tracking animals the night after capture are included, together with

the protocol used to ensure the minimum impact on the animals behaviour the night

following capture. Chapter 3 examines how these techniques were implemented to

analyse the role of the individual within the social group in scent marking and

territorial behaviour. Scent marking and spatial data from different age and sex

categories were used to compare the food-based and sex-based hypotheses which

attempt to explain the evolution of group living in the badger. Chapter 4 examines

the significance of scent marking by badgers in the transmission of bovine

tuberculosis from badgers to cattle. Data were collected using the combination of

spool-and-line tracking and biomarker and were analysed at the group rather than

the individual level. Analyses included the seasonal pattern of excretory behaviour
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in different habitats and the identification of the different sites used by the social

group for the deposition of excreta. The possible stimulus for urination and

defecation at latrines was also examined. Chapter 5 combines spool-and-line data

with data collected from latrines visited by focal badgers. This chapter examines

the significance of the seasonal pattern of latrine activity in badger territoriality and

TB transmission. Chapter 6 examines which parameters are important factors in

controlling the density of latrines on the study site and uses stepwise multiple

regression analysis to develop a simple predictive model for estimating the density

of latrines in different areas. Chapter 7 provides a summary discussion of the main

findings of the work.

1.5.2 Statistical analysis

The statistical tests in this thesis include one- and two-way analysis of

variance with blocks where appropriate, Friedman's analysis of variance, Kruskal-

Wallis one-way analysis of variance, matched sample t-tests, stepwise multiple

regression analysis, linear regression analysis and X2 . Analysis of variance and

matched sample t-tests are both robust parametric tests whose validity is only

slightly affected by data showing considerable departures from the assumptions of

normality and homoscedasticity of variances (Zar 1984; Sokal & Rohlf 1987). For

seasonal analyses, data were grouped as follows: spring March-May, summer June-

August, autumn September-November, and winter December-February. Three

different badger age categories were recognised; young of the year (cubs), yearlings

and animals ^ 3 years (adults). For some analyses, adult males were divided into

young (those in their third year) and old animals (^ 4 years). Animals entered the

next age class at the start of the spring season. Although radio tracking would have

resulted in larger sample sizes, because precise movement patterns of individual

animals were required, the spool-and-line technique meant that sample sizes were of
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necessity small. This posed particular problems when analysing seasonal variations,

especially in Chapter 3 where individual age and sex categories were also included

in the analyses. In Chapter 3 the most obvious analysis would have been three-way

analysis of variance with sex, age and season as variables. This however was not

possible as some blocks contained no data. As a result one-way and two-way

analysis of variance statistical tests were used. In Table 3.1 for example when

analysing differences in the number of boundary and hinterland urinations between

different age and sex categories within seasons, one-way analysis of variance was

used. In such analyses, each data point was an individual animal and hence was

independent. When analysing seasonal patterns in urinatory behaviour for particular

age and sex categories two-way analysis of variance was used. This was because

some animals in this analysis were followed in more than one season. When

measurements are taken from the same individual the measurements tend to be

correlated with each other. This correlation is taken into account by treating

individuals as blocks in two-way analysis of variance (SAS Institute Inc.; A. Dennis

pers. comm.). Also in this chapter, since the data on excretion rates, boundary and

hinterland latrine visits were small and some of the observations were zero, they

were subjected to square root transformation to improve the normality of the data

before analysis of variance (Bartlett 1936). Proportion and percentage data were

arcsine transformed before analysis of variance.

Several procedures are available to assess departures from normality

although these procedures have relatively unsatisfactory performance in testing for

these departures (Zar 1984). In this study the distribution of the data were

examined graphically from plots of frequency distribution and not by statistical

procedures. When data showed extreme departures from the assumptions of

normality non-parametric tests were used. Due to the robustness of the analysis of

variance test and that this test is only slightly affected by data showing considerable

departures from normality (Zar 1984; Sokal & Rohlf 1987), together with the
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unreliability of tests for normality, it was not considered that the method of

selecting particular statistical tests in this thesis was inappropriate.

In Chapters 3 and 4, for Kruskal-Wallis analysis of variance, where a

particular badger was tracked in more than one season a single data point was

selected at random for that badger. Likewise in Chapter 5, when comparing

between seasons, data from a particular latrine occurring in more than one season

were randomly removed to leave just one data point for that latrine throughout the

year. This procedure was not performed, however, when latrines were treated as

blocks in analysis of variance statistical tests. Within seasons, data obtained on

more than one occasion for a particular latrine were averaged. For analyses in

Chapter 5, latrines were either grouped according to habitat (pasture, woodland and

arable), or latrine type, i.e. boundary and hinterland latrines. Boundary latrines

were those latrines situated on the boundary run, hinterland latrines occurred

elsewhere within a group's territory. Due to a small sample size for arable latrines,

this category was omitted from many of the analyses, although data from these

latrines were incorporated into the overall analyses of latrine use. The chi-square

analysis for proportions (Zar 1984) in Chapter 5 used independent proportions.

Stepwise multiple regression techniques were applied to the data in Chapter

6 to produce the predictive model, using Minitab, a general purpose statistical

system (Ryan, Joiner & Ryan 1985). Stepwise multiple regression analyses

employed a backward elimination of independent variables whose t values were less

than the critical t value (Zar 1984). Simple linear regressions were performed to

examine how individual parameters influenced latrine density. The F-statistic and

R2 (the percentage explained variation) are quoted for all multiple and linear

regressions (Chatfield & Collins 1980). In order to provide a control on the

reliability of the predictions, the accuracy of the model was tested empirically with

data on latrine density provided by the Ministry of Agriculture, Fisheries and Food.

These test data were not used in the development of the model.
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Tukey's honest significant difference (HSD) test was used as aposteriori

comparison of means due to its reliability regarding data showing departure from

the assumptions of normality and homoscedasticity of variances and the fact that it

is a suitable test for small and/or unequal sample sizes (Zar 1984; SAS Institute Inc.

1985). Kruskal-Wallis one-way analyses of variance were followed by a posteriori

Tukey-type test of means (Dunn 1964). Non-parametric Tukey-type multiple

comparisons of means were also conducted following X 2 comparisons (Zar 1984).

Analyses of variance using blocks were conducted using the General Linear

Modelling procedure in the SAS statistical package. All other analyses were

conducted using Minitab. All means are expressed ± standard error and

significance is defined at the 0.05 level.
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CHAPTER 2

MATERIALS AND METHODS

2.1 Introduction

Radio tracking has revolutionised the opportunity to gather ecological data,

particularly on elusive nocturnal species such as the badger. However, the accuracy

with which radio fixes resolve movement patterns is often coarse compared with the

resolution required. Although direct observation has facilitated analysis of scent

marking e.g. Macdonald (1979, 1980), Wells & Bekoff (1981) and Kruuk (1992),

such observations are difficult and rely largely on chance encounters. Due to the

notoriously poor spatial resolution of radio tracking (Macdonald & Amlaner 1980)

and chance nature of direct observation, a technique for tracking badgers was

required that would reveal the precise path taken by an animal. Spool-and-line

tracking has been used successfully for this purpose on a wide range of mammals,

e.g. Miles, de Souza & Póvoa (1981a), Berry et al. (1987) and Hawkins &

Macdonald (1992). It involves attaching a spool of thread to an animal, releasing it

and later following the thread. This technique in conjunction with a biomarker that

would mark urine, faeces and anal gland secretions would enable a detailed

examination of the pattern of scent marking by individual badgers, a prerequisite for

understanding the process of bovine tuberculosis transmission from badgers to

cattle. Understanding the role in territorial scent marking behaviour of individuals

of known age, sex and social status would yield the type of information necessary to

understand the function of territoriality and hence the function of group living in

this species.
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In this chapter the use of spool-and-line tracking and biomarkers in other

studies is reviewed, together with a detailed account of the methodology behind the

techniques used in the present study. Problems associated with spool-and-line

tracking are discussed and data are presented that justify the use of the techniques in

this chapter.

2.1.1 Spool-and-line tracking

Spool-and-line tracking, first described by Breder (1927), has been modified

on several occasions since that date. Both Breder (1927) and Stickel (1950)

developed 'trailing' techniques to study the activities of turtles (Terrapene c.

carolina). Greegor (1980) was able to gage the extent of the home range of the

armadillo (Chaetophractus velierosus) by attaching a spool of polyester thread

(455m long) to the tail of individuals. Miles (1976) developed a crude spool-and-

line tracking device which was attached to mammals that had been captured in

traps. This device enabled him to locate the nests and refuges belonging to these

mammals, from which he could collect the silvatic triatomine bugs (Hemiptera:

Reduviidae) that transmit Trypanosoma cruzi. Miles, de Souza & Póvoa (1981a)

further improved the design of the tracking device and produced five different sized

spool-and-lines (range 160-2300m long) enabling a greater diversity of mammals to

be tracked as part of a study on the epidemiology of Chagas' disease (Miles, de

Souza & Póvoa 1981b). Spool-and-lines were attached to a total of 263 edentates,

marsupials, rodents and carnivores. For animals the size of the common opossum

(Didelphis marsupialis) the spool-and-lines were attached laterally between the base

of the thorax and the hips with strong adhesive tape. Animals smaller than

Didelphis carried the spool-and-line mid-dorsally to prevent disturbance of their

equilibrium. Of the 263 animals fitted with spools of line, 170 were retrieved, a

success rate of 64.6%. The success rate obtained varied between the 16 species of
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mammal tracked. Strictly terrestrial species inhabiting dry areas proved to be the

easiest to track, although arboreal species were also successfully tracked. The

major cause of the 93 failures was due to line breakage (over 50%), primarily

because of simple design faults which could quite easily be improved.

Berry et a!. (1987) improved on the spool-and-line design weaknesses of

Miles (1976) to track both black and white eared giant rats (Malloinys rothschildi)

and (Hyomys goliath) respectively. Spool-and-line tracking devices consisted of

1550m of fine terylene thread, enclosed in a plastic sheath with a hole at one end.

These were attached laterally to study animals with a belt of sticky tape to prevent

their removal and avoid impairing locomotion of the animal. The following day,

the thread trail was followed and mapped by taking 16 point compass bearings at

5m intervals along the thread trail. Relocating the animals at daytime refuges

enabled spool-and-line devices to be examined and replaced if the old one contained

insufficient thread. These authors found it possible to estimate whether an animal

was stationary (concentrated jumble), moving slowly (slack loops), or travelling fast

(taut), from the pattern of thread deposition. The information obtained from the

spool-and-line tracking demonstrated that these two superficially similar species are

segregated ecologically, both spatially and on the basis of diet.

Anderson et al. (1988) used the same spool-and-line device as Berry et a!.

(1987) for a short term ecological study of the New Guinea spiny bandicoot

(Echyrnipera kalubu). Design improvements included a largening of the exit hole

for thread in the spool device which provided a freer passage of thread from the

spool, thereby reducing fraying and breakage. Filing smooth the exit hole also

reduced fraying. Finally, melting rather than glueing the spooi and sheath together

prevented the spool from shifting within the sheath, a problem experienced by

Miles, de Souza & Póvoa (198la). To determine distances travelled in different

habitat types these authors also took compass bearings at 5m intervals along the

thread trail. Although this technique provided a precise topological map of thread
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trails, it did not provide information on the pattern of thread deposition between the

Sm intervals and hence underestimated distance travelled in a similar manner to

radio tracking. Another problem was that animals caught in traps by Berry et al.

(1987) and Anderson et al. (1988) were retained during the day in a canvas bag and

released at dusk. As the information gathered in both studies was derived from

movements of the study animal during that night this raises the question of

abnormality in behaviour of the study animals.

Hawkins & Macdonald (1992) have applied this technique to badgers.

Spools consisted of 4km of polyester thread encased in a plastic carton that were

attached to a collar on the animal so that they hung beneath the badger's neck.

Fifteen badgers were equiped with spool-and-line devices and data collected from

seven of these. Again the position of the thread was recorded at 5m intervals,

providing information on habitat use.

Spool-and-line tracking has great potential to follow fine grained individual

patterns of movement. Its application seems to suit studies on disease transmission

being used for such purposes by Miles (1976) and Miles, de Souza & Póvoa

(1981b). Another important application of the technique is for studying the pattern

of scent marking behaviour of individual animals. For animals that transmit disease

from their excretory products this technique is ideal for providing information on

scent marking and disease transmission. Spool-and-line tracking has only a limited

role in studies on habitat use, mainly because it provides no precise information on

time budgeting in different habitats. Although Berry ci al. (1987) suggested that the

speed of movement could be deduced from the pattern of thread deposition this will

probably be complicated by different vegetation types catching the thread at

different frequencies, affecting the deposition of the thread. Combining spool-and-

line tracking with radio tracking would overcome the problem above by providing a

time frame for the spool-and-line data.
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2.1.2 Biomarkers to locate urine and faeces

Fluorescent materials have been used as wildlife markers for many years

e.g. Gast (1963), Frantz (1972), Evans & Griffith (1973) and Johns & Thompson

(1979). Their uses include, bait identification, direct application to exterior of

animal and the internal marking of the digestive tract and excretory products.

Marking excretory products by feeding, injecting or implantation of various dyes

has been used to study animal movement (New 1958, 1959; Kindel 1960; Brown

1961; Brown & Conaway 1961).

New (1958) placed dyed baits at bait stations on a grid which was examined

for coloured scats. The location of coloured scats within the grid was used to

determine distances moved by short-tailed shrew (Biarina brevicauda), deermouse

(Peromyscus leucopus) and meadow mouse (Microtus pennsyivanicus). Davis,

Emlen & Stokes (1948) and Seal & Bhattacharji (1961) also supplied food

containing dyes that subsequently showed up in faeces or urine. The distributions

of dyed faeces or urine indicated movements of animals and their home range size.

The advantage of this technique for determining small mammal home ranges is that

no trapping or handling is necessary, thus providing the minimal disturbance to both

study animals and habitat. The disadvantage is that allowing animals to eat at bait

stations provides no information about individual animals. It is also possible that

the presence of baits may affect the movements of animals under investigation.

Another major disadvantage of the technique is that it is inefficient in terms of time

economy and accuracy when randomly searching for dye traces.

The problems associated with bait stations has largely been overcome by

Brown & Conaway (1961), marking individual Mus musculus and Microtus

ochrogaster by staining their urine with subcutaneously placed pellets of dye mixed

with beeswax. However, although they stated that activity was not depressed by

this operation, as measured by activity wheels, there is no information on the effects
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of such an operation on the social activity of the rodents in the field. Randolph

(1973) measured home range use by feeding marker bait to small mammals

temporarily held in captivity, releasing them and later collecting marked faeces

deposited in containers left around the study area.

Frantz (1972) developed a fluorescent baiting technique for estimating home

range size while studying the behaviour of lesser bandicoot rats (Bandicota

bengalensis) in India. This technique consisted of baiting with fluorescent pigment

and examining the study area under ultra-violet illumination for fluorescing rat

faeces, tracks and body rub-marks. Examining the study area under ultra-violet

light saved time and increased the chances of detecting evidence of movement.

The biomarker techniques (hscussed so far have been applied mainly to

determining home range size. Fluorescent pigments have been used by Lemen &

Freeman (1985) to track in detail small mammals for up to 900m, providing data of

a spatial quality similar to spool-and-line tracking. The fur of an animal would be

saturated with pigment by placing the animal in a plastic bag containing pigment,

gently shaking and releasing the animal during the night. The following night the

area would be surveyed using an ultra-violet lamp and movements during the

previous night recorded. The technique provides detailed information on home

range, movement patterns, dietary requirements and habitat use, both vertical and

horizontal.

2.1.3 Survival of Mycobacteriurn bovis

Locating excreta from infected badgers at night shortly after they were

produced would enable contaminated grass samples to be removed for subsequent

bacterial culture to establish the longevity and vertical distribution of M. bovis on

pasture. The Ministry of Agriculture, Fisheries and Food (1979) report that when

urine from naturally infected badgers was tipped on to pasture during the winter,
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large numbers of organisms were recovered after one week and scant numbers after

four weeks. However, when this trial was repeated in the summer, no organisms

were recovered after only three days of exposure. A similar pattern was reported

for faeces, with faeces remaining infected after one month in the winter and

becoming negative after two weeks of exposure in the summer.

Clearly the conditions experienced during the summer period are deleterious

to the organism, resulting in poor survival of M. bovis. However it is not

understood which particular climatic conditions or combination of conditions is

responsible for low and/or high survival, nor how the position of excreta on pasture

and grass length are related to their survival. Locating excreta on pasture, in

particular infected urine, would enable the vertical distribution of M. bovis on

pasture to be investigated and how this might be affected by climate. The timing of

excretion by badgers during the night may be important in relation to the number of

viable organisms present on pasture the following morning when cattle begin

grazing. Thus establishing how quickly organisms are killed in the first few hours

after being void is essential in understanding the potential risk from excreta on

pasture. Although the survival of M. bovis was not investigated in the present

study, the ability to accurately locate all excreta from individuals would provide a

useful research technique for subsequent studies on the survival of M. boy/s.

2.2 Methods

2.2.1 Construction of the spool-and-line

The original plan for the construction of the spool-and-line was to develop a

device which would allow the line to be released two or three nights after capturing

the badger. This would then overcome any potential changes in behaviour

following capture and handling. Two devices were tested that would control the
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release of the line. One involved a radio receiver mounted on the spool-and-line

connected to a servo motor (Figure 2.1). A metal plate attached to the servo motor

covered the exit hole for the line and held a wooden peg under tension. On receipt

of a signal the servo motor rotated causing the metal plate to uncover the exit hole

releasing the wooden peg and the line attached to it. Thus as the badger left the sett

two or three nights post-capture this system would be operated. However, this

proved to be too bulky and battery life was minimal with the equipment involved.

The second design was based on an electronic delayed timing device. The

electrical side was relatively simple and the technique overcame all of the above

difficulties, although due to reducing the size of the spool-and-line by removing the

additional features controlling line release, no reliable mechanical firing mechanism

could be developed. As a result of these problems, it was decided not to include

any device to delay release of the line.

The spool-and-line finally adopted was similar to that used by Anderson et

al. (1988), and did not include any triggering or timing device. Therefore the

badger had to be tracked the night following capture. Since this badger population

has been trapped extensively as part of a long term study, it was felt that any stress

following capture was likely to be minimal, and so following the animal on the

night post-capture was unlikely to give aberrant data. However, this assumption

was tested as described below. For the initial trials 1 ,500m lines were used, but

these were too short to provide a full night's data. These were replaced by 3,000m

lines; these consisted of bleached white tri-lobal polyester thread (breaking strain

0.9kg) which was enclosed in a polypropylene centrifuge tube (39mm internal

diameter) with a 10mm hole at one end. Centrifuge tubes were cut to 80mm from

an original length of 130mm, allowing a gap within the tube of approximately

10mm between the top of the spool and the exit hole. Spools of line are supplied by

James Pearsall & Co. Ltd., Tancred Street, Taunton, Somerset TA1 1RY. The

24



Figure 2.1 The firing mechanism of the original spool-and-line which it was hoped

could release the line two or three nights post-capture, although due to difficulties a

device delaying the release of the line was not included.
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hole created in the base of the centrifuge tube was filed smooth to reduce friction

between the line and the sides of the hole, allowing the line to run freely from the

device as the badger moved. The base of the spool was attached to the mouth of the

centrifuge tube with a soldering iron and again filed smooth to prevent the line

fraying. This method was prefered to using glue as it excluded the possibility of

glue touching the line and causing subsequent breakage.

The spool-and-line in its centrifuge tube weighed 70g and was fitted parallel

to a collar which also carried a radio transmitter (Figure 2.2). The centrifuge tube

containing the spool-and-line was attached using insulating tape; this would allow

the device to fall off within a few days if the animal was not later recaptured. The

complete package, including collar, spool-and-line, beta-light and transmitter,

weighed 21 ig and so was well within the guidline of 5% of the body weight

suggested by Macdonald (1978). Radio tracking was undertaken simultaneously

with the spool-and-line tracking, with a badgers's position recorded at 15mm

intervals, to provide a time frame for the spool-and-line data.

2.2.2 Capture and handling procedures

Selected badgers were caught in cage traps (Cheesernan & Mallinson 1980)

which were not set until the middle of the night. Traps were examined at first light

and selected animals sedated by an intra-muscular injection of ketamine

hydrochloride (Vetalar', Parke Davis), while still in the trap, before being fitted

with a spool-and-line. Anaesthetised badgers were transferred to a smaller holding

cage to recover. Movement within the holding cage 'was resriceO compared o ACne

cage traps, reducing the amount of tangling of the line around the badger as the

animal recovered from anaesthesia. The smaller mesh size of the holding cage also

prevented the spool-and-line device from contacting the ground, preventing soil

from entering the device through the exit hole.
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The badger was released at the hole closest to the capture point and the free

end of the thread attached to vegetation in the vicinity of the hole. Care was taken

when releasing the badger to ensure that the line was running freely. Although

tangling of the badger was reduced in the holding cage, ocassionally it proved

necessary to insert a stick into the cage to remove line around limbs. Before

releasing the badger the line hanging directly beneath the spool-and-line device was

brought to the side of the cage and held, ensuring that as the badger ran towards the

hole the line was running freely and did not become entangled around its limbs,

since this would probably break the line.

Although trapping in the middle of the night reduced capture rate, badgers

caught this way were returning from their feeding grounds with a full stomach.

This was important since urination and defecation were likely to proceed as normal

the following night. Badgers caught emerging from the sett would not have fed for

approximately 36 hours prior to being tracked. This reduced food intake could

result in a deviation from normal behaviour and a lack of or reduced rate of

urination/defecation during the early part of the night that they are tracked. Whilst

ensuring that the excretory behaviour was not affected on the night of tracking, this

protocol also meant that the period in captivity was as brief as possible and handling

procedures kept to a minimum, thereby ensuring that there was the minimum impact

on the animals behaviour the following night. All badgers that were spool-and-line

tracked had previously been fitted with a radio collar, and so the spool-and-line was

attached to an existing collar, thereby causing the minimum of additional stress.

To check whether the capture and handling procedures affected the animaPs

behaviour the following night, an activity recorder was placed near to the main sett

of one study group for the summer of 1991 to record both emergence times and

return times to the sett. The activity recorder was set so as to record only badgers

above ground in the vicinity of the main sett. Therefore it was also necessary to

record daytime badger positions to ensure that the first signal recorded was from an
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animal leaving the main sett, and the last recorded signal for a particular animal was

due to the animal entering the main sett and not just leaving the area. The recorder

was on continuous sweep to prevent animals emerging and returning undetected.

Data were collected nightly from all collared members of the social group (n =9)

during this season. This included badgers that carried just radio collars plus the

animals that were being spool-and-line tracked. Within this season the emergence

times and time away from the main sett were compared for individuals spool-and-

line tracked to randomly selected nights for the same individuals when they had not

recently been handled.

2.2.3 Administration of biomarker

A biomarker was needed that would show up in both urine and faeces and

could be detected at night, so that the pattern of urination and defecation by badgers

could be studied. As described earlier, Frantz (1972) used baits marked with

fluorescent pigments and examined the study area at night under ultra-violet

illumination for fluorescing rat faeces, tracks and body rub-marks. This technique

was considerably more efficient in locating dye traces than many other techniques

e.g. Davis, Emlen & Stokes (1948), New (1958) and Seal & Bhattacharji (1961).

Therefore, various fluorescent dyes were investigated using a captive colony of

badgers, but none proved as easy to locate as fluorescein. Fluorescein has a number

of other practical advantages: it is freely soluble in water and produces an intense

yellow/green fluorescence perceptible down to O.O4ppm. Webb, Fonda & Brouwer

(1962) found that, following oral administration, fluorescein and its mono- and

dihalogenated derivatives could be detected in the urine and bile of rats and that the

basic fluorescein structure was not degraded in the animals, as shown by the high

(90-100%) recovery of fluorescein from excreta. They also found that they were

absorbed at low dose levels (0.5 to 5.0mg kg 1 body weight) as indicated by their
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detection in either the bile, urine or both within 2-4 hours after ingestion. The tn-

and tetrahalogenated and tetrachloro-tetrabromo derivatives generally were not

detected in the urine at low dose levels and in fact the latter was not found in the

urine at any dose level. The higher halogenated derivatives were excreted in

significantly shorter times than that required for fluorescein or its dihalogenated

derivatives (Webb, Fonda & Brouwer 1962). Iga, Awazu & Nogami (1971)

reported that the presence of halogen groups had great influence on the biliary

excretion of the fluorescein dye. The larger the number of halogen groups the

larger the excretion ratio, i.e. a greater proportion is excreted in the bile and

ultimately in the faeces than in the urine. This is due to the halogen groups

increasing both molecular weight and polarity. These findings and the fact that

fluorescein has been demonstrated to be non-toxic (Smart 1984) led me to

investigate the use of this dye as a biomarker to help locate badger urine, faeces and

anal gland secretions at night using a hand-held portable ultra-violet lamp. The

lamp chosen was one that emits ultra-violet light of 366nm wavelength; this will not

kill bacilli since ultra-violet light is not bactericidal above 330nm. Fluorescein dye

was supplied by Holiday Dyes & Chemicals Ltd., P.O. Box B22, Leeds Road,

Huddersfield HD2 1UH.

For the original trials on captive badgers, held in a pen of 1600m 2 surface

area, fluorescein LT was presented orally in a bait. However, this method was non-

selective and also produced unnecessary contamination with dye in the area of bait

release, so a different technique was needed for field use. Two captive badgers

were used to compare subcutaneous injection and oral administration of lOrnl of a

O.38g ml solution of fluorescein LT prepared in sterile water. For the oral

administration a dog catheter (length 50cm, outer diameter 2.8mm) was used to

inject the dye directly into the stomach of a 12-year-old sow; a 2-year-old sow was

used for the subcutaneous injection with the dye injected into the flank of this

animal. The two badgers were then held in seperate cages (1.2m x 0.9m x 1.lm)
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and supplied with bedding, water and dead day-old chicks ad libitum. Each cage

was raised off the ground and a polythene sheet placed underneath. Pockets were

formed in the sheet using broom handles so that successive urinations were less

likely to mix. The sheet was examined at three hourly intervals for the following

five days and any urine and faeces collected. The quantity of urine produced at

each urination varied considerably, ranging from 5.5 to 85m1. The presence of

fluorescein in the urine, faeces and anal gland secretion was revealed at night using

the ultra-violet lamp.

2.3 Results

2.3.1 Badger emergence times

The emergence times and time away from the sett are shown in Table 2.1.

Both emergence times and time away from the sett the night following capture and

handling were compared with randomly selected data from the same animals in the

same season when they had not recently been handled. A paired sample t-test

revealed no significant differences in either emergence times (t=O.58, d.f. = 16,

p>O.S) or the time away from the sett(t=-l.49, d.f.=16, p>O.1).

2.3.2 Retention time of fluorescent dye

Following subcutaneous injection, fluorescein was detectable in the urine for

over 93hrs after injection and more than l44hrs for the faeces; the badger was still

excreting fluorescein in its faeces after it had been returned to the captive colony.

In comparison, with the catheterised badger the first negative urine occurred after

63hrs and no more fluorescein was detected in the urine after 84hrs. Faeces of this

animal no longer contained the dye after 45hrs. Clearly subcutaneous injection
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Table 2.1 Comparison of emergence times (time in minutes from sunset) and duration

away from the sett (mm), between nights post-capture during the summer season, with

randomly selected nights for the same animals in the same season when they had not

been recently handled.

Mean emergence
time

Mean duration
from sett

Spool-and-line

64.2 ± 15.7

351.4 ± 17.9

Control	 n

53.6 ± 10.9	 9

390.0 ± 21.0	 9

Sunset times prepared by H.M. Nautical Almanac Office, Royal Greenwich

Observatory (longitude W000° 00, latitude N52° 00).
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resulted in the longest retention of the fluorescein, and was subsequently used for

the field trials.

2.3.3 Effect of biomarker on Mycobacterium bovis

Trials were undertaken to examine the effect of a 0.38g mV 1 solution of

fluorescein LT on the growth of M. bovis. A dilution series (10-1 to 10-a) of M.

bovis was prepared in saline to give low numbers of organisms present in the

dilutions. From each dilution, 0. imI was added to 0.9m1 of each of a) saline, b)

urine and dye, c) urine alone. The second sample (urine and dye) was obtained by

collecting the first urination from a badger subcutaneously injected with lOmi of a

0.38g mV solution of fluorescein LT. From each treatment, 0.25ml was sown on

to each of three 7 H 11 slopes. This initial trial (Table 2.2) showed that a 0.38g

m14 solution of fluorescein LT appeared to inhibit the growth of M. bovis.

To establish the degree of inhibition of M. bovis by a 0.38g mV 1 solution of

fluorescein LT, the experiment was repeated using a higher dose of M. bovis with

dilutions ranging from 10-1 to io 6 . Colonies were present on the slopes of the

saline treatment down to a dilution of i0 and iO 4 for the urine treatment,

although, as with the previous experiment, M. bovis could not be isolated in the

presence of the dye (Table 2.3). It was possible that the concentration of

fluorescein present in the urine was critical and so a range of different dye

concentrations were examined. As with the above example lOin! of each dye

concentration was subcutaneously injected into a different badger and urine

containing the dye collected. Table 2.4 shows that considerable numbers of bacilli

were recovered when a 0.22g ml 1 solution of fluorescein LT was used, and that

more bacilli were recovered using fluorescein LT compared to fluorescein LTS.

The former is a technical grade dye that contains fewer impurities; these results

suggest that a 0.22g mV' solution of fluorescein LT is suitable for field use.

33



Table 2.2 Effect of fluorescein dye on the isolation of M. bovis from badger urine

(low dose of M. bovis used).

Sample

Saline

Urine
+ dye

Urine
only

Dilution

10-1
1 o2
1
1

10-1
1 o2
1
i

10-1

i
1
1

Replicate

1	 2

12b/c	 4b/c
-	 3b/c

5b/c	 3b/c
+1 col

3

14b/c

3b/c

lb/c

Key: b/c= "breadcrumb"(colony in condensation water); col= colony on slope; -
= no colonies present.
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Sample Dilution

Saline

Urine+ dye

Urine only

10-1
1 o2
i
1
1
1 o6

10
1 o2

10-1
i o2
i
1
1 0
1 o6

Table 2.3 Effect of fluorescein dye on the isolation of M. bovis from badger urine

(high dose of M. bovis used).

1

+++
+++
++
b/c
+

+++
+++
+
+
b/c

Replicate

2

+++
+++
++
b/c

+++
++
b/c
+

3

+++
+++
++

+++
++
b/c
+

Key: + + + = >50 colonies on slope; + + = 10-50 colonies; + = < 10 colonies;

b/c="breadcrumb"(colonies in condensation water); -=no colonies present.
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2.3.4 Relationship between period of above ground activity and trail length

In Figure 2.3, the period of above ground activity was compared with the

length of line collected per night for badgers throughout the year. This revealed a

significant relationship between these two variables (F =12.71, R2 = 38.1,

d.f.=1,18, p=O.002).

2.4 Discussion

Spool-and-line tracking can show the precise route taken by an individual

animal and when used in conjunction with a biomarker it allows the location of the

urination and defecation sites of specific animals. There are, however, a number of

problems associated with this technique.

According to Berry et al. (1987), the pattern of thread deposition provides

an indication of the time spent in each area. Figure 2.3 indicated this to be true in

the present study, although the pattern of thread deposition is likely to vary

according to the particular habitat type, as different types of vegetation catch the

thread at different frequencies, thereby making it very difficult to quantify.

Therefore, in the present study radio tracking was used in conjunction with the

spool-and-line technique to provide a time element for the analysis of the animals'

movements. Other problems relating to the spool-and-line technique are more

difficult to resolve. Grazing animals can cause problems by dragging the thread

from its original position with their feet and also by eating it. Animals which

forage on pasture, such as foxes and hedgehogs (Erinaceus europaeus), as well as

other badgers, can also alter the position of the thread. Wind can distort the

position of the thread as it is being released and also when on the ground, especially

in open fields where there are relatively few points of attachment. These problems

are minimised by following the thread during the night and at a distance behind the
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badger that makes it unlikely for wind and other animals to distort the line before

excreta are located. The major problem of distortion comes from cattle, especially

during their major feeding bout in the morning. For this reason the position of the

line was recorded on to a map and collected at first light, beginning with those

fields known to contain cattle.

Recording the trail of line directly on to a map was preferred to taking

bearings used in other studies, e.g. Berry et al. 1987, Anderson et al. 1988,

Hawkins & Macdonald 1992, since these authors experienced problems in taking

accurate bearings and also because of the time involved in taking bearings. Due to

the possible displacement of line on the ground by cattle, a simpler, more time

efficient technique was required to record the position of the line. Given the

abundance of visual reference points on the study site, this way of recording was

relatively easy.

Another difficulty relating to this type of tracking is the short term scope of

each device. A badger could only carry a certain amount of thread, which was

generally used up within one night. Thus the major potential problem associated

with this technique was that of following the animal on the night post-capture and

the possible behavioural abnormalities this may induce. However, since this

population is under intensive study and regularly trapped, any affect on an animal's

behaviour post-capture was likely to be minimal. This was supported by the lack of

a significant difference between emergence times and time away from the sett

between nights post-capture and nights when the same animals had not recently been

handled. Thus coupled with only capturing animals on their return to the sett,

ensured that this technique gave an accurate measure of an animal's movement and

excretory behaviour.

Fluorescein has been extensively tested on a variety of micro-organisms for

mutation and DNA alteration. The DNA-cell binding test suggested that this dye

was a possible mutagen on metabolic activation (Kubinski, Gutzke & Kubinski
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1981). Nestmann et al. (1979) and Douglas et al. (1980) reported rhodamine B to

be mutagenic in Salmonella and mammalian cells and demonstrated that the

mutagen was an impurity in the technical grade dye employed. This supports the

observation that more bacilli were recovered using the technical grade dye

fluorescein LT which contains fewer impurities than fluorescein LTS. This result

has important implications, because the concentration of impurities in commercial

dyes may vary with both manufacturer and dye batch, and so each batch of dyes

should be tested before it is used to locate urine patches from which bacilli are to be

cultured. Unfortunately during the period of data collection very few infected

animals were present on the study site and so survival of bacilli on pasture was not

investigated. However, this technique provides a valuable technique for future

research on this topic.

Apart from the bacteriacidal properties of the 0.38g mF' solution of

fluorescein, the 0.22g mV' solution was more suited to the spool-and-line technique

used, as dye would be excreted over a shorter time period, reducing the possibility

of confusion over the origin of excreta when following subsequent animals. This

possibility was minimised by leaving several days between the tracking of

successive animals from the same group.

By altering the number of halogen groups on the fluorescein structure it is

possible to alter the length of time the dye is excreted from an animal (Webb,

Fonda & Brouwer 1962). By the same procedure it is also possible to control the

proportion of dye excreted in the urine and faeces and even totally block excretion

in the urine using certain fluorescein derivatives (Iga, Awazu & Nogami 1971).

This level of control over the excretion characteristics of the dye suggests that

fluorescein is particularly suitable for studies requiring biomarkers.

Thus the combination of spool-and-line tracking, used in conjunction with

radio tracking, and subcutaneous injections of fluorescein provide a valuable means

of studying the precise nightly movement behaviour of individual badgers, and
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monitoring their nightly urination and defecation behaviour. In chapters 3 and 4 I

will show how this technique has furthered our understanding of these aspects of

badger behaviour.
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CHAPTER 3

SCENT MARKING AND SPATIAL BEHAVIOUR

3.1 Introduction

Members of the Carnivora do not often live in groups, with only about 10-

15% of all species aggregating at some time outside the breeding season (Bekoff,

Daniels & Gittleman 1984; Gittleman 1984). Several studies of the larger

Carnivora have shown that there is a clear relationship between the social

organization of the species and the way it exploits its food supplies (Kruuk 1972,

1975). This relationship is based on the extent to which an animal has to

collaborate with conspecifics in order to catch prey.

Badgers are unusual amongst social carnivores in that they show no

individual co-operation during foraging or group territorial defence, and the factors

leading to group living in this species are unclear. The advantages of group living

and the possible reasons for its evolution, such as the increase in foraging

efficiency, defence of captured prey and defence against predators, cannot be

applied to badgers (Kruuk 1989). In fact Cheeseman et a!. (1993) found that

following the removal of badgers, mortality of the re-colonising badgers was lower

than for badgers in other social groups. These authors also found a significant

increase in cub growth rates and adult body weights following badger removal,

although these differences diminished as group sizes reached previous levels.

Living in large social groups has also been shown to yield no net reproductive gain

to adult male or female badgers, with productivity declining per adult with

increasing group size (Cresswell ci' a!. 1992).
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The pattern of scent marking and territorial defence by social carnivores has

generally been studied at the group rather than the individual level e.g. Kruuk

(1978), Macdonald (1980) and Gorman (1990). Recently, some information on

individual behaviour patterns has been obtained for coastal otters (Lutra lutra)

(Kruuk 1992). The role of individuals in group territorial defence is generally

poorly understood, however, analysing the role of individuals within the social

group is particularly important in helping to understand the evolution of group

living and territoriality in mammals.

There are two main theories which attempt to explain the evolution of group

living and territorial behaviour in badgers. One states that the major function is the

defence of food resources (Kruuk 1978; Kruuk & Parish 1982), whilst the other

states that the evolution of group living has evolved to allow males to monopolise

access to oestrous females (Roper, Shepherdson & Davies 1986). Whilst these

theories are not mutually exclusive (Cresswell et at. 1992), they should lead to very

different individual patterns of behaviour. For the food hypothesis, the following

should hold true:-

(a) Since food is limiting (Cheeseman et at. 1987, 1993), territorial defence of food

resources should be undertaken by all adult and yearling members of the social

group, especially during summer when food availability is lowest, and the autumn,

when badgers lay down winter food reserves.

(b) Territorial defence of food supplies should be most pronounced in females

(Trivers 1972; Wrangham 1982).

(c) To avoid aggression from within the social group during periods of food

shortage, and in particular to minimise the risk of infanticide (Cresswell et al. 1992)

or the deleterious consequences to their survival and/or future breeding success

following expulsion from their natal group (Roper, Shepherdson & Davies 1986),

cubs should not advertise their presence to other group members.

For the sex hypothesis, the following should hold true:-
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(a) Adult male badgers should increase boundary patrolling and territorial scent

marking to restrict access to oestrous females by neighbouring males, particularly in

the late winter and spring, since matings at this time of year account for 65% of

total autumn blastocysts in yearling sows and 71 % in older sows (Cresswell et al.

1992).

(b) Dominant boars should exhibit preferential access to oestrous sows, probably by

some form of mate guarding.

(c) Younger boars should attempt to maximise their reproductive success by making

most extra-territorial forays to search for oestrous sows in other groups, especially

during the winter/spring.

To evaluate these two hypotheses, spool-and-line tracking was used to follow

the nightly movements of individual badgers of known age, sex and social status,

and fluorescein dye used to monitor their pattern of fecal, urine and anal secretion

deposition. The pattern of bite wounding in badgers was used to examine the level

of aggressive behaviour directed towards cubs, to evaluate the food hypothesis

which suggested that cubs should maintain a low profile during periods of high food

competition.

3.2 Methods

3.2.1 Measurement of movement patterns

The line laid each night was collected, cleaned, dried and weighed, and the

distance travelled determined from a known weight:length ratio. Distances travelled

within specific areas of the territory were calculated using a bit pad

(Summagraphics R Bit Pad' Plus) and 1:2500 maps to measure the proportion of the

trail within lOOm of the main sett and within 50m of the territory boundary. For

one of the five social groups, these two zones overlapped at one place; movements
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within the area of overlap were excluded from subsequent analyses. In addition,

distance specifically travelled along the boundary path was recorded. Area of

nightly minimum convex polygon range overlap into neighbouring territories was

also determined using a bit pad.

For each night, the number of latrines visited and the number of urinations,

defecations and anal secretions were recorded. Taking account of the number of

individuals within each age and sex category for each of the five groups and using

the mean number of urinations, defecations, latrine visits and anal gland secretions

for each age and sex category, the mean number of each of the above were

calculated per group per night. Due to a low capture, yearling females were

excluded from these calculations for each season. All movements were recorded on

a map of scale 1:2500 for subsequent analysis of the pattern of range use (Figure

3.1). From this, a nightly minimum convex polygon range size was calculated.

3.2.2 Quantification of bite wounding

To look at the pattern of bite wounding in badgers, data were used from

carcasses collected between March 1988 and March 1990 from Avon, Devon,

Dorset, Gloucestershjre and Wiltshire. Bite wounds were scored as absent, minor,

and moderate/extensive on each of four regions (head, neck, rump, elsewhere)

(Cresswell et al. 1992).

3.3 Results

3.3.1 Study animals

After a trial period to develop the technique, the data collected between June

1991 and May 1992 were used in this analysis. The number of complete spool-and-
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Figure 3.1 Spool-and-line trace for (a) an adult male in September, and (b) an adult

female in September from the same social group; arrows denote the direction of

travel. Woods and roads are marked, as are gardens (stippled); all other areas are

pasture. A solid square marks the main sett, open squares other setts, the thicker

solid line the territorial boundary, and circles latrines. Latrines that were visited are

marked with a cross, as are setts at which the animal went below ground and re-

emerged; a - anal gland secretion left by the focal animal, f - faeces, u - urine.
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line nights, and number of different animals tracked (n) for each season, were:

spring 24 (n=21), summer 22 (n=17), autumn 21 (n=17), winter 26 (n==21).

During the year the number of different animals tracked within each age and sex

category was: adult males 9, adult females 15, yearling males 7, yearling females 6,

male cubs 6, female cubs 7. Owing to the low capture of yearling females in the

summer, autumn and winter, these animals were omitted from the analyses during

these seasons.

3.3.2 Seasonal pattern of urination

One-way analysis of variance revealed that adult males urinated significantly

more times per night than the other categories during the summer

(F(category)l2.l9, d.f.=4,12, p<O.00l, Tukey's HSD). Although frequency of

urination by the groups reached a peak in the summer (Table 3. 1), no significant

seasonal variation was detected (one-way ANOVA, F(season) 2.75, d.f. 3, 16,

p>O.O5). One-way analysis of variance of ranks revealed that during the autumn

adult males urinated significantly more on the territory boundary than the other

categories (F(category)9 .O9, d.f.=4,12, p<O.Ol, Tukey's HSD), and adult males

urinated significantly more times per night along the territory boundary in winter

(one-way ANOVA of ranks, F(category)6.33, d.f. 4,15, p<O.Ol, Tukey's

HSD). Female badgers of all ages urinated significantly more than adult males at

hinterland latrines in the spring (one-way ANOVA of ranks, F(category) 4. 14,

d.f.=3,16, p<O.05, Tukey's HSD). The number of boundary urinations deposited

per group per night in the summer and autumn were significantly greater than in the

winter season (one-way ANOVA, F(season) =6.3l, d.f. =3,16, p <0.01, Tukey' s

HSD). This was not the case for hinterland urjnations, where there was no

significant seasonal variation (one-way ANOVA, F(season) 1.99, d.f. =3,16,

p>O.O5).
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Table 3.1 Seasonal pattern of boundary urinations i.e. at boundary latrines and/or on a

boundary run (above) and hinterland urinations (below) by different age and sex

classes; figures for individual age and sex classes are the mean number per badger per

night ± s.e and for the groups are the mean number per group per night ± s.e.

Spring	 Summer	 Autumn	 Winter

Adult males	 0.44 ± 0.32	 3.00 ± 4.24	 4.00 ± 5.66	 1.00 ± 0.58

	0.67 ± 0.23	 4.00 ± 2.83	 1.50 ± 0.71	 1.67 ± 2.04

Adult females	 0.57 ± 0.62	 0.63 ± 0.43	 0.25 ± 0.22	 0

	

1.86 ± 0.37	 2.25 ± 1.52	 0.60 ± 0.45	 1.00 ± 0.68

Yearling males	 0.67 ± 0.41	 1.00 ± 1.41	 1.00 ± 1.41	 0

	

1.17 ± 0.74	 0.67 ± 0.41	 0.50 ± 0.71	 1.00 ± 0.67

Yearling females	 0.25 ± 0.29	 -	 -

2.00 ± 0.47

Male cubs

Female cubs

Groups 4.34 ± 0.79

11.60 ± 2.25

0

0

0

0

8.22 ± 1.89

16.67 ± 4.41

0

0.25 ± 0.29

0

0.50 ± 0.33

7.60 ± 1.96

8.43 ± 1.56

0

0.33 ± 0.41

0

0.25 ± 0.29

1.20 ± 0.55

10.49 ± 1.99
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3.3.3 Seasonal pattern of defecation

Analysis of variance revealed no significant difference in the mean number

of defecations per night between age and sex categories in any season; similarly,

there were no significant seasonal variations within the categories nor in the number

of defecations per group per night (one-way ANOVA, F(season)l.72, d.f. =

3,16, p>O.O5). No significant differences were detected in the number of

boundary or hinterland defecations per night between the categories in any season,

although yearling males deposited a greater proportion of their faeces on the

boundary in the spring than adult females (one-way ANOVA of ranks,

F(categoryy4.88, d.f. =3,16, p<O.O5, Tukey's HSD). No seasonal differences in

boundary or hinterland defecations were detected within the age and sex categories

(Table 3.2), although in the summer the number of boundary defecations per group

per night was significantly greater than in the autumn and winter (one-way

ANOVA, F(season)6.lO, d.f. =3,16, p<O.Ol, Tukey's HSD), while the nightly

number of hinterland defecations per group in the autumn and winter was

significantly greater than in the spring and summer seasons (one-way ANOVA,

F(seasonyz 9.30, d.f. =3,16, p<O.001, Tukey's HSD).

3.3.4 Seasonal pattern of latrine visits

Summer was the only season in which there was significant variation in the

overall pattern of visits to latrines (i.e. boundary and hinterland combined), with

adult males visiting significantly more latrines per night than all other categories

except yearling males (one-way ANOVA, F(category)3.3l, d.f.4,12, p<O.O5,

Tukey's HSD). Adult males also visited significantly more boundary latrines per

night in the autumn than the other categories, again except yearling males (one-way

ANOVA, F(category)5°9' d.f.=4,l2, p<O.O5, Tukey's HSD), and adult males
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Table 3.2 Seasonal pattern of boundary defecations (above) and hinterland defecations (below)

by different age and sex classes and by the groups; figures for individual age and sex classes

are the mean number per badger per night ± s.e and for the groups are the mean number per

group per night ± s.e.

Adult males

Adult females

Yearling males

Yearling females

Spring

0.78 ± 0.34

0.28 ± 0.20

0.14 ± 0.15

0.71 ± 0.20

0.67 ± 0.41

0.17 ± 0.20

0.50 ± 0.33

0.25 ± 0.29

Summer

0.50 ± 0.71

0.50 ± 0.71

0.75 ± 0.55

0.13 ± 0.14

0.50 ± 0.71

0.33 ± 0.41

Autumn

0.50 ± 0.71

0

0.05 ± 0.06

0.45 ± 0.26

0.50 ± 0.71

0.50 ± 0.71

Winter

0.33 ± 0.41

0

0.17 ± 0.18

0.58 ± 0.22

0

0

Male cubs

Female cubs

Groups 2.68 ± 0.50

4.02 ± 0.92

0

0

0

0.25 ± 0.29

5.00 ± 1.00

2.85 ± 0.42

0.25 ± 0.29

0.50 ± 0.33

0

0.88 ± 0.36

2.39 ± 0.45

8.33 ± 1.16

0.17 ± 0.20

0.50 ± 0.35

0

0.75 ± 0.55

1.72 ± 0.47

7.58 ± 1.21
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visited significantly more boundary latrines in the winter than the other categories

(one-way ANOVA, F(category)4.4O, d.f.=4,15, p<O.05, Tukey's HSD) (Table

3.3).

Hinterland latrine visits by adult males reached a peak in the summer (Table

3.3). During this season adult males visited significantly more hinterland latrines

per night than the cubs (one-way ANOVA, F(category) 5.29, d.f. =3,13,

p<O.OS, Tukey's HSD). For individual age and sex categories and the group

category no significant seasonal trend was detected in the number of latrines

(boundary and/or hinterland) visited per night.

3.3.5 Seasonal pattern of anal gland secretions

Production of anal gland secretion reached a peak in the winter (Table 3.4),

with the mean number per group per night significantly greater than in the summer

(Kruskal-Wallis, H=15.57, d.f.=3, p=O.00l). No seasonal trends for individual

age and sex categories were detected; in all cases Kruskal-Wallis, p>O.5. During

the year females of all ages produced significantly more anal gland secretion than

males (Kruskal-Wallis, H =4.90, d.f. = 1, p <0.05). During the combined winter

and spring, adult females deposited significantly more anal gland secretion at

hinterland than boundary latrines (Kruskal-Wallis, H =4.29, d.f. = 1, p <0.05), but

they showed no significant preference for the type of latrine used for their anal

gland secretions in the combined summer and autumn period.

3.3.6 Seasonal pattern of movement within the territory

The nightly distance travelled within lOOm of the main sett reached a peak in

adult females in spring (Table 3.5), but this was not significantly different from the

other categories (one-way ANOVA, F(category) 2.92, d.f. 4,15, p >0.05).
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social group. Knowledge of the location of the boundary path that connected the

peripheral latrines of a group, combined with the bait marking, enabled latrines to

be differentiated into boundary and hinterland latrines. For these five study groups

mean territory size in 1991 was 37.2 ± 7.1 ha, mean territorial boundary length

2.71 ± 0.23 km, mean group size 17.0 ± 2.8 badgers, and mean number of setts

per social group (excluding the main sett) 5.0 ± 0.6. Within these territories mean

area of woodland was 6.24 ± 2.38 ha and mean area of permanent pasture 25.36 ±

2.86 ha.

1.5 The thesis

1.5.1 Thesis structure

Following the introduction, Chapter 2 describes how spool-and-line tracking

in conjunction with a biomarker was used to follow the detailed movement patterns

of individual animals and together enabled badger excretory products to be located.

Construction of the spool-and-line and the problems associated with spool-and-line

tracking such as tracking animals the night after capture are included, together with

the protocol used to ensure the minimum impact on the animals behaviour the night

following capture. Chapter 3 examines how these techniques were implemented to

analyse the role of the individual within the social group in scent marking and

territorial behaviour. Scent marking and spatial data from different age and sex

categories were used to compare the food-based and sex-based hypotheses which

attempt to explain the evolution of group living in the badger. Chapter 4 examines

the significance of scent marking by badgers in the transmission of bovine

tuberculosis from badgers to cattle. Data were collected using the combination of

spool-and-line tracking and biomarker and were analysed at the group rather than

the individual level. Analyses included the seasonal pattern of excretory behaviour
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Table 3.4 Seasonal pattern of anal gland secretions by different age and sex classes and

by the groups; figures for individual age and sex classes are the mean number per

badger per night ± s.e. and for the groups are the mean number per group per night ±

s .e.

Adult males

Adult females

Yearling males

Yearling females

Male cubs

Female cubs

Groups

Spring	 Summer	 Autumn	 Winter

o	 0	 0	 0.17±0.20

0.57 ± 0.32	 0.13 ± 0.13	 0.30 ± 0.22	 0.58 ± 0.34

o	 0	 0	 0

0.50 ± 0.29	 -

-	 0	 0	 0

-	 0	 0	 0.50±0.58

2.74 ± 0.68	 0.62 ± 0.16	 1.44 ± 0.36	 5.19 ± 0.90
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Table 3.5 Distance travelled within lOOm of the main sett by different age and sex

classes; figures are the mean distance travelled per badger per night in m ± s.e.

(above) and the mean proportion ± s.e. of the total distance travelled per badger per

night (below).

Adult males (old)

Adult males (young)

Adult females

Yearling males

Yearling females

Spring

303 ± 91

0.21 ± 0.08

133 ± 53

0.15 ± 0.06

463 ± 106

0.32 ± 0.07

201 ± 72

0.19 ± 0.05

186 ± 51

0.18 ± 0.07

Summer

246 ± 194

0.11 ± 0.04

399 ± 86

0.19 ± 0.04

196 ± 53

0.14 ± 0.03

Autumn

86 ± 86

0.03 ± 0.04

165 ± 52

0.46 ± 0.18

197 ± 8

0.16 ± 0.02

Wmter

204 ± 33

0.18 ± 0.05

263 ± 50

0.43 ± 0.14

288 ± 60

0.27 ± 0.06

Male cubs
	

420 ± 37
	

247 ± 63
	

141 ± 54

	

0.36 ± 0.03
	

0.18 ± 0.05
	

0.27 ± 0.12

Female cubs
	

152 ± 27
	

331 ± 84
	

312 ± 108

	

0.15 ± 0.03
	

0.18 ± 0.05
	

0.29 ± 0.07
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During the summer, male cubs travelled a significantly greater distance around the

main sett than female cubs (one-way ANOVA, F(categoryy4.27, d.f. =4,12,

p <0.05, Tukey's HSD) and a greater proportion of the total distance travelled was

around the main sett than for all other age and sex categories (one-way ANOVA,

F(category) =9.74, d.f.=4,12, p<O.O0l, Tukey's HSD). A significant seasonal

variation was also detected in male cubs. The distance travelled within lOOm of the

main sett was at a maximum in the summer, and declined with age, being

significantly less in the winter (one-way ANOVA, F(season)9. 43, d.f. =2,8,

p <0.01,	 's HSD). For adult males, a greater proportion of the total distance

travelled was around the main sett in the winter/spring than in the summer/autumn

(two-way ANOVA, F(season)=7.29, d.f. = 1,5, p <0.05).

When looking at activity within 50m of the territory boundary, adult males

travelled a significantly greater distance on the boundary than all other age and sex

categories in the winter (one-way ANOVA, F(category) = 9 .47 , d.f. 4, 15,

p <0.001, Tukey's HSD) (Table 3.6). The only other significant seasonal trend

was for male cubs, which in the autumn travelled significantly further on the

territorial boundary than in summer or winter (one-way ANOVA, F(seasony9.89,

d.f. =2,8, p<O.Ol, Tukey's HSD). When the data were reanalysed to allow for

differences between groups in the length of the territorial boundary (Table 3.7),

adult males travelled a significantly greater proportion of the territory boundary in

the autumn than all other categories (one-way ANOVA, F(category)3.39,

d.f. =4,12, p <0.05, Tukey's HSD). Adult males also covered a significantly

greater proportion of the territory boundary than yearling males and female cubs in

the winter (one-way ANOVA, F(category)3.52, d.f. =4,15, p <0.05, Tukey's

HSD).
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Table 3.6 Distance travelled within 50m of the territory boundary by different age and

sex classes; figures are the mean distance travelled per badger per night in m ± s.e.

(above) and the mean proportion ± s.e. of the total distance travelled per badger per

night (below).

Adult males (old)

Adult males (young)

Adult females

Yearling males

Yearling females

Spring

792 ± 365

0.46 ± 0.09

106 ± 38

0.11 ± 0.04

303 ± 181

0.15 ± 0.09

247 ± 128

0.26 ± 0.15

349 ± 257

0.21 ± 0.14

Summer

865 ± 670

0.40 ± 0.15

591 ± 82

0.28 ± 0.05

580 ± 331

0.35 ± 0.17

Autumn

1485 ± 1245

0.58 ± 0.39

129 ± 90

0.15 ± 0.08

320 ± 149

0.25 ± 0.08

Wmter

303 +65

0.25 ± 0.07

44 ± 31

0.06 ± 0.05

96 ± 56

0.09 ± 0.04

Male cubs
	

173 ± 12
	

470 ± 118
	

59 ± 36

	0.15 ± 0.01
	

0.31 ± 0.05
	

0.14 ± 0.10

Female cubs	 167 ± 25
	

440 ± 104
	

0

	

0.17 ± 0.02
	

0.23 ± 0.04
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Table 3.7 Seasonal pattern of distance travelled along the territorial boundary path by

different age and sex classes; the figures are mean percent of total boundary length ±

s.e. travelled per badger per night.

Adult males (old)

Adult males (young)

Adult females

Yearling males

Yearling females

Male cubs

Female cubs

Spring

10.7 ± 4.6

0.7 ± 0.4

8.8 ± 5.7

7.5 ± 6.0

5.7 ± 4.1

Summer

22.7 ± 22.5

5.2 ± 2.0

6.2 ± 5.0

0

0

Autunm

46.0 ± 38.1

3.3 ± 2.0

12.1 ± 7.2

2.0 ± 1.8

0

Winter

5.9 ± 3.7

1.0 ± 1.1

0.2 ± 0.2

0.9 ± 0.6

0
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3.3.7 Seasonal pattern of sett visits

Excluding the main sett, both male and female cubs entered significantly

more setts during the night than all other age and sex categories in the summer

(Kruskal-Wallis, H=l0.62, d.f. =4, p<O.O5) and autumn (Kruskal-Wallis,

H=11.29, d.f. =4, p<0.05) (Table 3.8). Badger cubs (sexes combined) also

visited, without entering, significantly more setts in the autumn than adults and

yearlings (sexes combined) (Kruskal-Wallis, II 3.83, d . f. =1, p < 0.05). Adult

males visited, without entering, significantly more setts during the winter/spring

than the summer/autumn (Kruskal-Wallis, H=4.34, d.f.=l, p<O.O5).

3.3.8 Seasonal pattern of extra-territorial forays

At no stage were females observed to cross a territory boundary and

temporarily leave their natal territory. This behaviour was only recorded in adult

and yearling males (Table 3.9). The area of overlap of nightly minimum convex

polygon ranges into neighbouring territories by adults in their first spring was

significantly greater than the other age and sex categories (Kruskal-Wallis,

H=13.31, d.f. =4, p<O.Ol). No other seasonal or age and sex related trends were

detected; in all cases Kruskal-Wallis p> 0.5.

3.3.9 Pattern of scent marking by cubs

No urinations were recorded from all eight badger cubs tracked during the

summer, and in the autumn cubs of either sex urinated above ground infrequently

(mean 0.38 ± 0.20 urinations per night). When they did, the urine was deposited

randomly and not located at a latrine or in association with a badger run (Figure

3.2). During the winter badger cubs again urinated infrequently (mean 0.29 ± 0.20
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Table 3.8 Seasonal pattern of visits to setts other than the main sett, showing setts

entered (above) and not entered (below) by different age and sex categories; figures are

the mean number of different setts visited per badger per night ± s.e.

Adult males

Adult females

Yearling males

Yearling females

Male cubs

Female cubs

Spring	 Summer	 Autumn	 Winter

	

0.25 ± 0.17	 0.50 ± 0.71	 0	 0.17 ± 0.20

	

1.00 ± 0.49	 0	 0	 0.83 ± 0.54

	

0.14 ± 0.15	 0.25 ± 0.29	 0.15 ± 0.17	 0.33 ± 0.23

	

0.57 ± 0.32	 0.75 ± 0.29	 0.20 ± 0.22	 0.42 ± 0.22

	

0.17 ± 0.20	 0.33 ± 0.41	 0	 0.25 ± 0.29

	

0.83 ± 0.20	 0.67 ± 0.41	 0.50 ± 0.71	 0.75 ± 0.87

1.00 ± 0.47

0.50 ± 0.33

1.50 ± 0.33	 1.00 ± 0.47	 1.00 ± 0.71

0.38 ± 0.28	 0.75 ± 0.29	 0.33 ± 0.41

2.00 ± 0.47	 1.38 ± 0.28	 0.75 ± 0.55

0	 0.63 ± 0.28	 0.75 ± 0.29
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Table 3.9 Seasonal pattern of nightly minimum convex polygon range overlap into

neighbouring territories by different age and sex classes; figures are the mean areas of

overlap (ha) per badger per night ± s.e.

Adult males (old)

Adult males (young)

Adult females

Yearling males

Yearling females

Male cubs

Female cubs

Spring
	

Summer	 Autunm	 Winter

0
	

3.25 ± 4.59	 1.01 ± 1.43	 1.60 ± 1.96

2.52 ± 0.24

0	 0	 0
	

0

0	 1.42 ± 1.78	 0
	

0.55 ± 0.45

0

0	 0
	

0

0	 0
	

0
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Figure 3.2 Spool-and-line trace for one night for (a) a female cub in July, and (b) a

female cub in October from the same social group. Legend as in Figure 3.1.
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urinations per night), but for the first time latrines were used to deposit urine,

which was no longer deposited randomly.

Badger cubs defecated infrequently during the summer (mean 0.13 ± 0.13

defecations per night). By the autumn and winter badger cubs were depositing as

many faeces above ground as the other age and sex categories (mean 0.81 ± 0.20

and 0.71 ± 0.29 defecations per night) respectively. During these three seasons

faeces were always deposited at latrines, with male cubs alone depositing a

proportion at boundary latrines (Table 3.2).

Correlated with the low levels of above-ground urinating and defecating

behaviour of young badgers, there were low levels of bite wounding, and these rose

as the cubs started to excrete above ground and explore the range more extensively

(Table 3.10). When the bite wound categories and sexes were combined,

significantly fewer badger cubs had bite wounds in the summer than cubs in the

autumn and winter, and yearlings in the spring (X2 =26.94, df=3, p<O.00l).

3.4 Discussion

Previous work on badger scent marking has concentrated on the role of

faeces as a territorial marker, with some work on anal secretion (Davies, Lachno &

Roper 1988) and sub-caudal glands (Gorman, Kruuk & Leitch 1984; Kruuk,

Gorman & Leitch 1984). The importance of urine as a territorial marker has so far

been ignored because of the difficulty of locating urine in the field. Yet the present

study found that there were no significant differences in the number of defecations

per night between the various age and sex classes, nor were there any seasonal

trends in faecal production by any of the age and sex categories. Urine scent marks

were much more variable and clearly the use of urine as a territorial marker in

badgers has hitherto been under-rated.
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Table 3.10 Pattern of bite wounding in young badgers; unpublished data from W.J.

Cresswell and S. Harris.

Males
	

Females

None	 Minor	 Moderate!
	

None	 Minor	 Moderate!

wounds	 extensive	 wounds	 extensive

wounds	 wounds

Cubs

Summer	 30

Autumn	 7

Winter	 4

Yearlings

Spring	 14

2	 1

4	 1

4	 2

7	 1

27	 2

10	 2

10	 3

13	 5

0

0

0

0
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If territorial behaviour in badgers evolved to restrict access to oestrous sows,

there should be seasonal differences in urinating and/or dunging behaviour between

the sexes in adult badgers, and a seasonality synchronized with the breeding season.

Roper, Shepherdson & Davies (1986) argued that the pattern of territorial scent

marking with faeces and anal gland secretions is bimodal, with a large spring peak

which they suggested is associated with the spring mating period, and an autumn

peak believed to be due to an upsurge in mating behaviour at that time. Since the

winter/spring mating period is over twice as important in contributing to overall

fecundity (Cresswell et al. 1992), if latrine use is associated with reproductive

activity the pattern of latrine use should reflect the much greater importance of the

winter/spring mating period.

However Roper, Shepherdson & Davies (1986) reported that the spring and

autumn peaks were very similar. Also latrine use reported by Roper, Shepherdson

& Davies (1986) was at its greatest in April and October, whereas the peak in pre-

ovulatory follicles in adult sows occurs in January and August (Cresswell ci al.

1992). Thus the peaks in latrine use reported by Roper, Shepherdson & Davies

(1986) occur after the main mating periods, not just prior to or during as might be

expected. Finally, the present study showed that there was no significant seasonal

variation in faeces production by any age and sex category, although mean group

daily above ground faecal production did show seasonal variations due to changes in

group composition. Thus for each social group, mean daily above ground faecal

production (excluding yearling sows, for which there were inadequate data) was

lowest in spring (6.73) before the cubs emerged, rising to 8.05, 10.70 and 10.11 in

the summer, autumn and winter respectively. Thus, it would appear that the low

number of faeces at latrines in summer as reported by Roper, Shepherdson &

Davies (1986) probably represents in large part seasonal differences in faecal

decomposition rates rather than any behavioural differences. Although these figures

appear very low it is important to stress that these figures and in fact all figures on
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the nightly production of excreta represent above ground production only. It is

possible that since badgers were only spending about 2.5 hours active above ground

per night throughout the year (see Chapter 2, Figure 2.3), large quantities of

excreta may have been deposited below ground, which were not recorded in this

study.

Perhaps a better measure of a badger's territorial behaviour would be to

examine seasonality of anal gland secretions and patterns of range and latrine

utilization. Roper, Shepherdson & Davies (1986) defined a second type of latrine

called a temporary defecation site. These sites usually only contained a single dung

pit and were used infrequently, with faeces found during only one or two months of

the year. These authors found a peak in anal gland secretions at latrines in the

spring and temporary defecation sites in the winter, and suggested that anal gland

secretions were deposited around territory boundaries for the purpose of territorial

defence. Their timing of the peak of anal gland secretions is consistent with the

present study; however, its role as a territorial marker is arguable. Anal gland

secretions were produced almost exclusively by adult females and deposited

primarily at hinterland latrines. Contrary to the views of Davies, Lachno & Roper

(1988), Gorman, Kruuk & Leitch (1984) suggested that badger anal gland secretion

is highly volatile and might therefore be used for short term communication; it

would not therefore be a particularly effective boundary scent marker. The view of

Gorman, Kruuk & Leitch (1984) is supported by the timing of anal gland

secretions, and the fact that they are produced mainly by females suggests that these

may convey information on sexual condition. Consistent with this idea is the fact

that adult males visited a greater proportion of hinterland latrines at this time of

year than at any other stage and in the winter/spring travelled a greater distance in

the vicinity of the main sett and visited more setts. This behaviour could imply

some degree of mate guarding by adult males, even though adult badgers were

rarely seen to travel together. Activity around setts may be a more effective
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strategy than boundary patrolling/scent marking, given the distance travelled in the

region of the main sett by adult females, which reached a peak in the spring. Since

most recorded matings take place on the main sett and given that intruding males

headed straight for main setts, resident boars may be showing mate guarding,

although at this stage there is only weak evidence to support this.

So why should a female in oestrus need to advertise her condition to the

resident boars, since occupation of the same sett would enable the boar(s) to detect

the odour of an oestrous female immediately? Whilst most adult males occupy the

main sett (Roper & Christian 1992; J. Brown unpublished), younger females with

cubs often occupy annexe setts during the mating period to avoid the aggression of

older sows (Cresswell et al. 1992), so at least some breeding sows may need to

advertise their condition to the resident boars. With a mean group size of 17 for

this study, a greater proportion of animals may spend the day away from the main

sett, thereby enhancing the need for advertisement. Also, the few observations on

mating in wild badgers suggest that several different boars may mate with a sow

during one oestrus (Neal & Harrison 1958; Paget & Middleton 1974). Hence an

oestrous sow may need to advertise her condition to all the males within the group,

some of whom may be occupying outlying setts (Kruuk 1978) to avoid dominant

males, since aggression is greatest at this time of year (Cresswell ci al. 1992).

Finally, a sow would need to advertise her sexual condition to ingressing males

from neighbouring groups, and since cuckoldry is the main means of gene flow

(Evans, Macdonald & Cheeseman 1989), this may be even more important than

advertising to males of the same group. In the spring, intruding males visited and

sometimes even remained in the main sett during the day, and this was the area of

greatest activity and marking with anal secretions by the adult sows.

The greater extent of male extra-territorial movements has been reported

previously (Cheeseman ci al. 1988). The significantly greater area of overlap by

young adult males into neighbouring territories during the spring suggests that these

66



animals were in search of oestrous females. All of the young adult males

performing these extra-territorial movements visited the neighbouring group's main

sett, presumably since adult sows concentrated their activity around the main sett in

the spring. As badgers become sexually mature between one and two years of age

(Ahnlund 1980), these observations suggest that younger males may be prevented

access to oestrous sows within their natal group by dominant boar(s), which have

some degree of preferential access to oestrous sows.

Although not significant, the number of boundary latrines visited by adult

males and boundary urinations reached a maximum in the summer and autumn, and

hinterland urinations were most frequent in the summer. Above-ground activity by

all badgers is reduced in the winter (Harris 1982), and the fact that adult males

urinated significantly more at boundary latrines in winter than other age and sex

categories was due to a decrease in boundary activity by other animals and not an

increase by adult males. The summer and autumn peak in territorial behaviour seen

in adult males clearly does not correspond with the predictions of the sex hypothesis

and may be more easily explained by the food requirements of badgers in the

summer and autumn. Food is probably limiting on the study area; Cheeseman et

al. (1993) found a significant increase in cub growth rates and adult body weights

following badger removals. The food hypothesis predicts that territorial behaviour

will reach a peak when food availability is at its lowest. Earthworms are most

active on the surface in spring and autumn (Evans & Guild 1947), but become

inactive during periods of dry weather in the summer. Other food sources such as

fruits and seeds are also unavailable at this time of year, suggesting that in summer

food availability to badgers can be low. In the autumn, whilst food resources are

more abundant, group energy demands are greater due to the increased size of the

cubs, and the need to lay down fat for the winter. Breeding females in particular

show greatest annual variation in body weight and lower survival rates than non-
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breeding females (Cheeseman et al. 1987), suggesting that adequate food reserves in

the autumn are important for over-winter survival.

Also in agreement with the food hypothesis was the observation that all adult

and yearling categories exhibited territorial behaviour. Food-based models of

territoriality predict that all members of the social group take part (Macdonald

1983), and that territoriality should be most marked in females, since female

reproductive success is food-limited (Trivers 1972; Wrangham 1982). During the

summer, however, it was adult males that urinated significantly more than other

animals, and visited significantly more latrines than other age and sex groups,

except yearling males. Although the number of boundary urinations by adult

females also reached a peak in this season, it was not significantly different from

other age and sex categories, and adult females showed no significant seasonal

variation in boundary urinations. The mean number of all urinations per night by

adult females was also maximum during summer, but again showed no significant

seasonal variation. Finally, all animals combined show greatest boundary activity

in the summer and autumn, with this being greatest in the summer for adult sows

and yearling males, and in the autumn for adult males and cubs.

Roper, Shepherdson & Davies (1986) suggested that as cubs grow and reach

adult size the demand for food within the group increases from spring to autumn,

and as food availability is probably at its lowest in the summer, competition for

food is probably greatest during June and July. Therefore there may be strong

pressures on cubs, particularly in summer, to maintain a low profile to prevent

conflict and possible expulsion from the group. These predictions are supported by

the clandestine behaviour of cubs. The total lack of urine above ground during the

summer and the random nature of its distribution on pasture in the autumn suggests

that cubs are trying to conceal this particular scent marker from other members of

the social group. During summer/autumn the few cub defecations that occurred

above ground were always situated at latrines. Thus although urine marks were
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being concealed, at least some of the faeces were deposited at latrines where they

would be detected by other members of the social group. It is possible, however,

that the faeces do not provide information on a badger's individual identity, just

group identity. Davies, Lachno & Roper (1988) found no evidence that badger anal

gland secretion aided individual identity, but did aid group identity.

Cubs also spent a large proportion of the night below ground at setts other

than the main sett, which they frequently visited during the course of the night. It

is probable that these setts were used for urinating and defecating, since latrines

have been found in a number of excavated setts (Roper 1992; S. Harris

unpublished). Since cubs were never observed foraging with their mother from

June onwards, cubs may also avoid the aggression of other group members by

remaining in these setts for long periods. The presence of annexe setts has been

shown to correlate with increased reproductive success of younger sows, and this is

probably due to reduced levels of infanticide (Cresswell et al. 1992). Direct

evidence for infanticide by dominant sows is lacking, and the few recorded cases

have been of young cubs (LOps & Roper 1990; S Harris unpublished). However, it

is possible that cubs are still vulnerable to aggression from other sows during the

summer and even the autumn. Hence their reduced activity levels above ground,

the restriction of their activity to the area around setts, and frequent visits to setts

which provide some protection. Associated with this clandestine behaviour were

very low levels of bite wounding in cubs compared to older animals (Cresswell et

al. 1992).

In conclusion, a detailed study of individual badgers has shown that

territorial behaviour is more complex than previously described. Most of the

predictions of the hypothesis that group living in badgers evolved to monopolise

access to oestrous females are not borne out. Whilst adult males urinated more on

boundaries in the winter, visited more latrines in the winter, and perhaps move

more on the boundaries in the winter than other age and sex categories, this is a
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period of very reduced activity by badgers generally, and not the period of greatest

territorial incursions by neighbouring males. Not surprisingly, therefore, whilst

boundary activity in the winter was significantly higher for adult males than other

age and sex categories, it was a period of reduced boundary patrolling and relatively

low urine marking and latrine visits by adult males compared to other seasons.

Although the few observations of matings suggest that individual boars do not

monopolise access to oestrous sows, the increased extra-territorial movements of

younger males in the spring suggests that dominant boars do have some preferential

access to oestrous sows.

In contrast, more of the predictions of the food hypothesis are borne out.

Thus most territorial activity occurs in the summer and autumn, and in the autumn

adult males travel greater distances boundary patrolling, have more boundary

urinations, and visit the greatest number of latrines. Contrary to the predictions of

the food based hypothesis, whilst all age and sex categories play a role in territorial

demarcation in the summer and autumn, this was not most pronounced in females,

and in fact for adult females latrine visits were greatest in the spring, declining in

the summer and autumn. Also as predicted, young cubs do not advertise their

presence to other group members during times of greatest food shortage and spend a

greater amount of time in or near a sett. Associated with this clandestine behaviour

are low levels of bite wounding in cubs. Thus whilst the hypotheses are not

mutually exclusive (Cresswell et a!. 1992) these observations favour the food-based

as opposed to the sex-based hypothesis as the major factor leading to the evolution

of group living and territorial behaviour in badgers.

Recently another hypothesis attempting to explain territoriality has been put

forward by Doncaster & Woodroffe (1993). They suggested that territoriality in

badgers functions to defend an established breeding site, thereby maximising long-

term reproductive success. For a Bristol population of badgers, Cresswell & Harris

(1988) found that latrines were clumped around setts, with latrines most clumped
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around setts in the spring, whereas in the autumn they were more dispersed. This is

consistent with this hypothesis as defence of setts is likely to reach a peak during the

breeding season. As the general pattern is for animals to breed and overwinter in

the main sett (Roper 1992), it should be expected that defence of the main sett will

be greater than for other setts. However, Cresswell & Harris (1988) found that the

distribution of latrines in relation to the nearest main sett was more random

compared to the distribution to the nearest sett. These authors also reported no

change in the number of faeces per latrine with increasing distance from the sett.

Clearly this hypothesis is difficult to test directly with the data presented in this

chapter. It would also be particularly difficult to distinguish between scent marking

and spatial behaviour involved in defending a breeding sett with behaviour involved

in defending a breeding sow.

As well as evaluating the role of the individual in scent marking and

territoriality, the spool-and-line and biomarker technique has enabled the seasonal

pattern of distribution of badger excreta to be examined. The applied aspects of

badger excretory behaviour and in particular the seasonal contamination of different

habitats and the identification of excretion sites are discussed in the next chapter.

71



CHAPTER 4

BADGER EXCRETORY BEHAVIOUR

AND THE TRANSMISSION OF TB TO CATTLE

4.1 Introduction

The situations in which cattle make contact with (i.e. investigate and/or

consume) badger excretory products remains unknown. Cattle have been shown to

strongly avoid the ingestion of badger urine and faeces (Benham & Broom 1991)

This observation led these authors to conclude that cattle were unlikely to contract

tuberculosis by the ingestion of contaminated pasture and since the majority of cattle

totally avoided excreta, the inhalation of bacilli was also unlikely. However,

Benham & Broom (1991) also found that a small proportion of cattle were totally

unselective towards badger excreta with the extent of this unselectivity increasing as

the amount of attractive herbage available to the cattle decreased. In other recent

studies, cattle have shown a positive preference for grazing on simulated cattle urine

patches because of the higher nitrogen content of the vegetation in these patches

(Jaramillo & Detling 1992). Whether badger urine is also attractive for the same

reason is unknown.

The dose of tubercle bacilli required to produce infection via the alimentary

route is several thousand times greater than the dose required to produce infection

via the respiratory route (Francis 1958). Francis (1971) examined the route of

infection in 56,000 cattle from several countries and found that the lungs were

infected about ten times more frequently than the abdominal cavity, indicating the

route of infection to be aerogenous in 90% of cases. Infection of the lungs is also

possible via an indirect route from the rumen. Waldo & Hoernicke (1961) found
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large numbers of marker bacteria in the lungs after being eructated in gases from

the gut. Lung infections could therefore result from either direct inhalation of

aerosols from infected excreta or alternatively by cattle grazing contaminated

pasture.

When one or more cattle in a herd reacts positively to the tuberculin test,

there is a detailed investigation of all the possible sources of infection by the

Ministry of Agriculture, Fisheries and Food. Where badgers are considered to be

the most likely source of infection a badger control operation is usually instigated.

Despite the various control operations, the number of herds with reactor cattle has

remained higher in the south-west than the rest of Britain, and there has been no

significant decline in the bovine tuberculosis problem (Ministry of Agriculture,

Fisheries and Food 1993). In the south-west bovine tuberculosis is still largely

confined to the same limited areas (about 12% of the total land area) of south-west

England.

The current advice supplied by the Ministry of Agriculture, Fisheries and

Food to farmers is to exclude cattle from badger setts and badger latrines on

pasture. The former is due to the head rubbing behaviour of cattle on badger setts

and because cattle may investigate discarded bedding material at sett entrances. The

fencing of badger latrines would minimise contact between cattle and badger excreta

located at these sites. To avoid the contamination of cattle food, the Ministry

advise the feeding of cattle at pasture with 'badger-proof' troughs and deny access

to badgers of farm buildings containing food stores.

In this chapter I will concentrate on the applied aspects of badger excretory

behaviour by examining how this behaviour may be involved in the transmission of

bovine tuberculosis from badgers to cattle. Analyses will include the seasonal

pattern of contamination of different habitat types with badger urine and faeces and

the seasonal distribution of excreta on badger territories. With an improved

understanding of the factors affecting the deposition of faeces and urine by badgers
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on their territories, it should be possible to identify ways of reducing contact

between cattle and badger excretory products, and hence ultimately reduce the

spread of bovine tuberculosis from badgers to cattle.

4.2 Methods

For each night's data the number of latrines visited, number of urinations,

defecations and anal gland secretions were recorded. Sites of excretion were

marked on location with conspicuous markers enabling their exact positioning on a

map of scale 1:2500. Movements were also recorded on the same scale map for

subsequent analysis of the pattern of range use. The following data were recorded

from each latrine visited by a focal animal; number of fresh faeces (judged to be

less than three days old), number of old faeces, number of fresh pits (as for faeces),

number of old pits, number of faeces in and out of pits, number of anal gland

secretions associated with faeces and number alone and a score (0-5) of the extent of

scraping. Although the ageing of faeces and pits was relatively subjective, the

accuracy of age assessment was increased by comparing the decomposition of faeces

and deterioration of pits with faeces and pits of known age produced by spool-and-

line tracked animals.

4.3 Results

4.3.1 Seasonal pattern of urine distribution on badger territories

This analysis examined the seasonal distribution of urine between those sites

most regularly used for urinating (latrines, runs and random), across all habitat

types (woodland, pasture and arable land). The number of urinations in the spring

season on runs and latrines was significantly greater than the number of random
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urinations (Friedman's analysis of variance, F= 15.27, d.f. =2,38, p=0.0001

Tukey's HSD) (Table 4.1). This pattern was repeated in the summer (Friedman's,

F=5.95, d.f.=2,32, p<O.Ol, Tukey's HSD) and winter (Friedman's, F=3.72,

d.f.=2,38, p<O.O5, Tukey's HSD). However in the autumn season no significant

difference in the general distribution of urine between these three sites was detected

(Friedmans, F=0.58, d.f.==2,32, p>0.05).

4.3.2 Seasonal pattern of urination beside field boundaries

The mean number and mean proportion of urinations on runs crossing field

boundaries (crossing point runs) per night on all habitat types reached a peak in the

summer season (Table 4.2). Although there was an overall significant difference

(Kruskal-Wallis, H=8.37, d.f.=3, p<O.O5) in the mean number of urinations, the

conservative nature of the Tukey-type multiple comparison of means meant that no

single season could be isolated as being statistically distinct from any other. No

significant seasonal variation in the mean proportion of urinations on crossing point

runs was detected (H =6.87, d.f. =3, p>0.O5).

A peak in the mean number and mean proportion of urinations at crossing

point runs on pasture occurred in the spring. As with the above, an overall

significant difference in the mean number of urinations was detected (H =8.14,

d.f.=3, p<O.OS), but no single season could be isolated as being statistically

distinct. Again mean proportion of urinations at these sites showed no significant

seasonal variation (H = 6.33, d. f. = 3, p> 0.05).

Urinations on these runs either took the form of trails (mean proportion 0.61

± 0.09) or patches (mean proportion 0.39 ± 0.09). At crossing point runs on

pasture, trails measured up to 1.60 iii in length (mean 0.75 ± 0.12 m), with a mean

patch diameter of 0.13 ± 0.01 in. They were normally deposited on the badger

path just after the badger had passed through the linear feature, but occasionally
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Table 4.1 Seasonal pattern of urine distribution; figures are the mean number per

badger per night ± s.e. (above) and the mean proportion of total urinations per badger

per night ± s.e. (below).

Spring

Latrine	 1.16 ± 0.31

0.61 ± 0.09

Run	 0.70 ± 0.17

0.38 ± 0.08

Random	 0.05 ± 0.05

0.01 ± 0.01

Summer

0.88 ± 0.43

0.48 ± 0.14

0.91 ± 0.38

0.50 ± 0.14

0.06 ± 0.06

0.02 ± 0.02

Autumn

0.84 ± 0.55

0.46 ± 0.16

0.24 ± 0.11

0.24 ± 0.13

0.18 ± 0.10

0.30 ± 0.15

Winter

0.38 ± 0.15

0.50 ± 0.16

0.63 ± 0.29

0.50 ± 0.16

0

0
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Table 4.2 Seasonal pattern of urination on crossing point runs (all habitat types) and on

pasture alone; figures are the mean number of urinations per badger per night ± s.e.

(above) and mean proportion of total urinations per badger per night ± s.e. (below).

Spring
	

Sunmier	 Autumn
	

Winter

Habitats grouped
	

0.63 ± 0.17
	

0.71 ± 0.34
	

0.12 ± 0.08
	

0.35 ± 0.19

	

0.31 ± 0.08
	

0.34 ± 0.12
	

0.04 ± 0.04
	

0.28 ± 0.13

Pasture	 0.53 ± 0.16	 0.44 ± 0.25
	

0.12 ± 0.08
	

0.23 ± 0.16

	

0.26 ± 0.08	 0.23 ± 0.09
	

0.04 ± 0.04
	

0.24 ± 0.13
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when it was travelling parallel to the linear feature. Although over 90% of the

crossing point urinations on pasture were within 4 m of the linear feature, a small

proportion were deposited up to 7.5 m away (Figure 4.1).

The proportions of crossing point urinations at different types of field

boundary are shown in Figure 4.2. Badgers urinated more than expected at

crossing points on boundaries with restricted access (sheep netting, thick

undergrowth and hedges), and less than expected on boundaries with less restricted

access (open woodland, barbed wire and walls with gates) (X2 =6.61, d.f.=1,

p<O.O5).

The number of crossing point urinations was significantly correlated with the

number of boundaries crossed per badger per night per km travelled both for all

habitat types and for pasture alone (Figure 4.3); thus there was an increase in the

number of crossing point urinations with the number of boundaries crossed. Taking

account of the mean group size for the five study groups, and using the mean

number of urinations for each age and sex category, the projected number of

crossing point urinations on pasture per night per group is 6.2 in spring, 7.7 in

summer, 1.5 in autumn and 2.4 in winter.

4.3.3 Seasonal pattern of latrine use on pasture

No significant seasonal variation was detected in the mean number of

urinations per night deposited at latrines on pasture (Kruskal-Wallis, H=4. 10,

d.f. 3, p >0.05), nor the mean proportion of urinations at pasture latrines

(J{=3.32, d.f. =3, p>O.O5) (Table 4.3). For defecations at pasture latrines a

significant seasonal trend was detected, with the mean number of defecations per

night during the autumn being significantly greater than in the winter season

(H=9.02, d.f. =3, p<O.05). This pattern was repeated for the mean proportion of

defecations per night at latrines on pasture, although latrines on pasture during the
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Table 4.3 Seasonal pattern of urination and defecation at latrines on pasture; figures are

the mean number per badger per night ± s.e. (above) and mean proportion of total

urinations/defecations per badger per night ± s.e. (below).

Spring

Urine

	

	 0.45 ± 0.31

0.17 ± 0.09

Faeces

	

	 0.35 ± 0.11

0.37 ± 0.12

Summer

0.74 ± 0.43

0.41 ± 0.15

0.35 ± 0.15

0.59 ± 0.19

Autumn

0.66 ± 0.54

0.27 ± 0.13

0.50 ± 0.13

0.73 ± 0.13

Winter

0.05 ± 0.05

0.09 ± 0.10

0
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Figure 4.1 Cumulative percentage of distances of crossing point urinations from

field boundaries; the figure shows the furthest point of the trail or patch of urine

from the field boundary.
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Figure 4.2 Proportion of different types of field boundaries selected for depositing

urine on crossing point runs; combined hedges are those in conjunction with either

barbed wire, sheep netting or a wall. The proportion of field boundaries selected

was calculated by dividing the mean number of crossing point urinations nigh(1

boundary type 1 by the mean number of crossings nighf 1 of that boundary type.
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Figure 4.3 Relationship between the number of crossing point urinations and the

number of field boundaries crossed km 1 travelled for (a) all habitat types (F = 4.71,

r=0.33, d.f. =1,40, p<O.OS) and (b) pasture only (F=7.46, r=0.40, d.f. =1,40,

p<O.Ol).
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summer also received a significantly greater mean proportion of total defecations

per night than in winter (H=12.88, d.f. =3, p<O.Ol).

4.3.4 Seasonal pattern of excretion on setts

Badgers were never observed to defecate on setts and only a relatively small

number of urinations were located on all types of setts (Table 4.4). This behaviour

was restricted to adult and yearling male badgers, with the mean number reaching a

peak during the winter season. No significant seasonal variation was detected

(H=l.72, d.f.=3, p>O.O5).

4.3.5 Seasonal pattern of excretion on boundary runs

As with urination on setts, boundary run urinations occurred very

infrequently throughout the year and this particular behaviour was restricted entirely

to adult male badgers (Table 4.5). No seasonal trend in the mean number of

boundary run urinations was detected (H =2.60, d.f. =3, p>O.O5). Faeces located

on the boundary were always deposited at latrines and never on the boundary path

itself.

4.3.6 Seasonal pattern of excretion on pasture and woodland

No significant seasonal variation was detected in the mean number of

urinations deposited per night in woodland (H=4.81, d.f.=3, p>O.O5), although

the mean proportion of urinations deposited in woodland reached a peak in the

winter which was significantly greater than summer and autumn. The mean

proportion of urine deposited in woodland in the spring was also significantly

reater than in the summer (H=8.95, d.f. =3, p<0.O5) (Table 4.6). In spring and
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Table 4.4 Seasonal pattern of urination on setts (all types); figures are the mean

number per badger per night ± s.e. (above) and the mean proportion of total urinations

per badger per night ± s.e. (below).

Spring	 Summer	 Autumn
	 Winter

	

0.03 ± 0.03
	

0.06 ± 0.06
	

0.06 ± 0.06
	

0.10 ± 0.07

	

0.02 ± 0.02
	

0.13 ± 0.13
	

0.10 ± 0.11
	

0.09 ± 0.06
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Table 4.5 Seasonal pattern of boundary run urinations (urine is at least 5m from the

closest latrine); figures are the mean number of urinations per badger per night ± s.e.

(above) and the mean proportion ± s.e. of total urinations per badger per night

(below).

Spring
	

Summer
	 Autumn

	
Winter

	

0.05 ± 0.05
	

0.06 ± 0.06
	

0.06 ± 0.06
	

0.10 ± 0.10

	

0.02 ± 0.02
	

0.02 ± 0.02
	

0.10 ± 0.11
	

0.05 ± 0.05
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Table 4.6 Seasonal pattern of urination on pasture and woodland; figures are the mean

number of urinations per badger per night ± s.e. (above) and the mean proportion ±

s.e. of total urinations per badger per night (below).

Spring

PasWre	 1.10 ± 0.33

0.48 ± 0.10

Woodland	 0.86 ± 0.19

0.52 ± 0.10

Summer

1.41 ± 0.53

0.83 ± 0.08

0.38 ± 0.21

0.17 ± 0.08

Autumn

0.96 ± 0.60

0.62 ± 0.15

0.24 ± 0.11

0.33 ± 0.16

Winter

0.28 ± 0.16

0.33 ± 0.15

0.63 ± 0.20

0.63 ± 0.14
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summer, badgers urinated significantly more times per night on pasture than during

the winter season (H =8.56, d.f. =3, p<O.O5), while the mean proportion of urine

deposited on pasture in the summer was significantly greater than in the winter

(H=9.87, d.f.=3, p<O.OS).

The mean number of faeces deposited per night in woodland reached a peak

during the winter/spring period (Table 4.7), although there was no significant

seasonal variation. In contrast the mean proportion of faeces deposited in woodland

was significantly higher in the winter than the autumn season (H = 11.26, d.f. =3,

p<O.O5). Pasture defecations reached a peak in the autumn with the mean number

per night during that season being significantly greater than in the winter (H=9.02,

d.f.=3, p<O.O5). A similar trend was observed in the mean proportion of

defecations on pasture, although the proportion in summer was also significantly

higher than winter (H=12.88, d.f.=3, p<O.Ol).

The number of defecations and urinations occurring on other habitat types

such as arable land, leys and scrub were infrequent and showed no significant

seasonal variation in either mean number deposited per night, nor in the mean

proportion per night.

4.3.7 Seasonal pattern of urine trail and patch production

The mean number of urine trails and patches deposited per night on a

badger's territory showed no significant seasonal variation (Table 4.8). The mean

proportion of urinations in the form of trails rose gradually from spring onwards,

reaching a peak in the autumn. A significantly higher proportion of urinations were

deposited as trails during the autumn than in the winter season (H=1O.1O, d.f.=3,

p<O.O5). Conversely the proportion of patches produced in the winter was

significantly higher than in the autumn.

87



Table 4.7 Seasonal pattern of defecation on pasture and woodland; figures are the

mean number of defecations per badger per night ± s.e. (above) and the mean

proportion ± s.e. of total defecations per badger per night (below).

Spring

Pasture	 0.35 ± 0.11

0.37 ± 0.12

Woodland	 0.54 ± 0.12

0.63 ± 0.12

Summer

0.35 ± 0.15

0.59 ± 0.19

0.15 ± 0.09

0.28 ± 0.17

Autunm

0.50 ± 0.13

0.73 ± 0.13

0.12 ± 0.08

0.15 ± 0.11

Winter

0.05 ± 0.05

0.05 ± 0.05

0.50 ± 0.14

0.85 ± 0.11
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Table 4.8 Seasonal pattern of excretion of urine trails and patches; figures are the

mean number per badger per night ± s.e. (above) and the mean proportion of total

urinations per badger per night ± s.e. (below).

Spring

Trail	 1.33 ± 0.28

0.66 ± 0.08

Patch	 0.63 ± 0.15

0.34 ± 0.08

Suinnier

1.32 ± 0.54

0.67 ± 0.13

0.53 ± 0.24

0.33 ± 0.13

Autumn

1.00 ± 0.48

0.75 ± 0.14

0.25 ± 0.14

0.25 ± 0.14

Winter

0.40 ± 0.19

0.26 ± 0.11

0.60 ± 0.18

0.74 ± 0.11
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4.3.8 Distribution of trails and patches within territories

The mean number of urine trails and urine patches deposited per badger

were pooled seperately for latrines and runs within each season (Table 4.9). This

accounted for some badgers being followed on more than one occasion within a

season. Expected values were determined from the pooled mean number of trails

and pooled mean number of patches produced within each season. In each season

the number of trails and patches deposited at latrines showed no significant

difference to that expected (spring, X2 =0.01; summer, X2 =2.90; autumn,

X2 =0.26; winter, X2 = 1.09; in all cases d.f.=1, p>O.05). Similarly for

urinations on runs, no significant difference could be detected in any season

between the observed number of trails and patches and that expected.

4.3.9 Seasonal pattern of habitat selection

Within each season the mean number of urinations on pasture and woodland

were pooled separately and compared to the pooled mean distances travelled (km) in

pasture and woodland (Table 4. 10). No significant difference between observed

and expected pooled means was detected in any season (spring, X 2 =0.14; summer,

X2 =O.94; autumn, X2 =O.26; winter, X2 = 1.09; in all cases d.f.=1, p>O.05).

This procedure was repeated for defecations on pasture and woodland (Table 4.11),

and revealed that in the winter badgers defecated significantly more in woodland

than expected on the basis of distance travelled in that particular habitat (X2=4.59,

d.f.=1, p<O.05).
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Table 4.9 Seasonal distribution of urine trails and patches on runs and latrines (top

values) and expected distribution (bottom values) based on total number of trails and

patches produced within each season; figures are pooled mean number of urinations per

badger per night. (Insufficient data were available for the analysis of distribution on

runs in the autumn.)

Spring	 Sunmier	 Autumn	 Winter

Run

Trail	 10.00	 7.50
	

6.50

10.61	 9.45
	

5.29

Patch	 6.00	 7.00
	

5.00

5.39	 5.05
	

6.21

Latrine

Trail
	

14.67
	

14.00
	

11.00
	

1.50

	

14.47
	

11.77
	

11.70
	

2.83

Patch
	

6.50
	

1.00
	

4.25
	

7.00

	

6.70
	

3.23
	

3.55
	

5.67
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Table 4.10 Expected pattern of defecation on pasture and woodland (bottom values),

based on distances travelled within those habitats, in relation to that actually observed

(top values); figures are pooled mean number of defecations per badger per night.

Spring

Pasture	 7.00

8.24

Woodland	 10.80

9.56

Summer

5.95

5.77

2.55

2.73

Autumn

8.50

7.98

2.04

2.56

Winter

1.00

3.62

10.00

7.38
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Table 4.11 Expected pattern of urination on pasture and woodland (bottom values),

based on distances travelled within those habitats, in relation to that actually observed

(top values); figures are pooled mean number of defecations per badger per night.

Spring
	

Summer	 Autumn
	

Winter

Pasture
	

22.00
	

23.97
	

16.32
	

5.60

	

21.27
	

22.41
	

15.63
	

7.12

Woodland
	

17.20
	

6.46
	

4.08
	

12.60

	

17.93
	

8.02
	

4.77
	

11.08
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4.3.10 Stimuli releasing marking behaviour

One-way analysis of variance revealed no significant differences in any

season in the various features, such as the number of fresh/old faeces and pits

(Table 4.12) recorded at latrines (boundary and hinterland grouped) between latrines

containing fluorescent urine from spool-and-line tracked animals and latrines

previously visited but not selected for urinating. However, a different pattern

emerged with respect to the badgers dunging behaviour (Table 4.13). In the spring

season focal animals defecated at latrines containing significantly more fresh faeces

than latrines visited earlier but not used for elimination of faeces (one-way

ANOVA, F = 6.31, d. f. =1,20, p < 0.05). This was repeated in the summer (one-

way ANOVA, F=75.38, d.f.=1,10, p<O.0001), when badgers also selected

latrines containing significantly more faeces in total (one-way ANOVA, F=11.18,

d.f.=1,10, p<O.Ol). The mean number of anal gland secretions (total) and the

mean number attached to faeces were also significantly greater at latrines used to

deposit faeces. During the autumn badgers defecated at latrines containing

significantly more pits in total (one-way ANOVA, F=6.28, d.f.=1,20, p<O.O5).

During both the autumn and winter seasons, the total number of faeces and number

of fresh faeces were significantly greater at latrines used for defecation.

When boundary and hinterland latrines were analysed separately, neither

latrine type receiving urine showed any significant differences to those not selected

for urinating by focal animals (Table 4. 14). Badgers defecated at hinterland latrines

containing a significantly greater mean number of faeces in total and mean number

of fresh faeces (one-way ANOVA, F=30.36, d.f.=l,44, p<O.0001) (Table 4.15).

Boundary latrine defecations occurred at latrines containing significantly more fresh

faeces than those not used for eliminating faeces (one-way ANOVA, F = 10.45,

d.f.=1,20, p<O.Ol).
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Table 4.12 Characteristics of latrines (boundary and hinterland grouped) selected for

urinating (above) and those previously visited but not selected for urination (below); with

the exception of scratching (mean score ± s.e.), figures are the mean number per latrine ±

s .e.

No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

No. anal gland

secretions (total)

No. anal gland

secretions attached

to faeces

No. anal gland

secretions alone

Scratching

Spring	 Summer	 Autumn	 Winter

	

5.44 ± 0.99	 1.60 ± 0.97	 2.40 ± 0.84	 5.25 ± 0.87

	

5.33 ± 0.85	 2.40 ± 0.57	 2.00 ± 0.79	 3.25 ± 0.55

	1.33 ± 0.81	 0.80 ± 0.65	 0.80 ± 0.42	 2.00 ± 0.47

	

1.00 ± 0.40	 0.60 ± 0.27	 0.80 ± 0.55	 0.75 ± 0.87

	

4.11 ± 0.45	 0.80 ± 0.42	 1.60 ± 0.76	 3.25 ± 0.73

	

4.33 ± 0.87	 1.80 ± 0.42	 1.20 ± 0.42	 2.50 ± 1.11

	

5.44 ± 1.08	 2.60 ± 0.97	 9.60 ± 5.56	 6.75 ± 2.18

	

5.89 ± 0.86	 2.60 ± 0.45	 4.20 ± 1.39	 3.00 ± 1.25

	

1.22 ± 0.68	 0.20 ± 0.22	 2.20 ± 0.89	 2.75 ± 1.66

	

2.56 ± 0.71	 1.00 ± 0.61	 1.80 ± 0.55	 1.00 ± 0.82

	

4.22 ± 0.70	 2.40 ± 0.91	 7.40 ± 5.50	 4.00 ± 0.82

	

3.33 ± 0.66	 1.60 ± 0.45	 2.40 ± 0.91	 2.00 ± 0.82

	

0.78 ± 0.34	 0.20 ± 0.22	 0.40 ± 0.27	 1.25 ± 1.44

	

1.33 ± 0.61	 0	 0.20 ± 0.22	 0.25 ± 0.29

	

0.56 ± 0.31	 0.20 ± 0.22	 0.20 ± 0.22	 1.00 ± 1.15

	

1.00 ± 0.61	 0	 0.20 ± 0.22	 0.25 ± 0.29

0.22 ± 0.24	 0
	

0.20 ± 0.22	 0.25 ± 0.29

0.33 ± 0.18	 0
	

0	 0

0	 0
	

0	 0.50 ± 0.58

0.11 ± 0.12	 0
	

0	 0
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No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

No. anal gland

secretions (total)

No. anal gland

secretions attached

to faeces

No. anal gland

secretions alone

Proportion of faeces

in pits

Scratching

Table 4.13 Characteristics of latrines (boundary and hinterland grouped) selected for

defecating (above) and those previously visited but not selected for faecal deposition

(below); with the exception of scratching (mean score ± s.e.) and mean proportion of

faeces in pits ± s.e., figures are the mean number per latrine ± s.e.

Spring

5.55 ± 0.77

5.73 ± 0.75

1.09 ± 0.30

1.00 ± 0.37

4.45 ± 0.59

4.73 ± 0.66

8.45 ± 1.32

6.36 ± 0.89

2.82 ± 0.69

1.00 ± 0.32

5.64 ± 0.94

5.36 ± 0.85

1.18 ± 0.40

0.73 ± 0.29

0.73 ± 0.40

0.18 ± 0.13

0.45 ± 0.22

0.55 ± 0.22

0.92 ± 0.04

0.99 ± 0.01

0

0

Summer

5.67 ± 2.22

2.67 ± 1.01

2.83 ± 1.31

0.83 ± 0.52

2.83 ± 0.96

1.83 ± 0.96

7.50 ± 1.62

2.17 ± 0.66

5.33 ± 0.54

0.67 ± 0.23

2.17 ± 1.25

1.50 ± 0.73

1.00 ± 0.40

0

0.67 ± 0.23

0

0.33 ± 0.23

0

0.58 ± 0.12

0.71 ± 0.18

0

0

Autumn

2.82 ± 0.58

1.27 ± 0.29

1.18 ± 0.31

0.45 ± 0.17

1.64 ± 0.35

0.82 ± 0.19

8.27 ± 1.41

4.64 ± 1.10

4.55 ± 0.71

1.00 ± 0.24

3.73 ± 1.01

3.64 ± 0.96

0.18 ± 0.13

0.18 ± 0.13

0.09 ± 0.10

0.18 ± 0.13

0.09 ± 0.10

0

0.33 ± 0.07

0.23 ± 0.07

0

0

Winter

4.75 ± 1.52

5.00 ± 2.45

1.00 ± 0.82

2.25 ± 2.23

3.75 ± 1.91

2.75 ± 0.55

7.75 ± 1.72

3.25 ± 0.87

4.25 ± 0.29

2.00 ± 0.82

3.50 ± 1.80

1.25 ± 0.55

1.50 ± 0.58

0.25 ± 0.29

1.25 ± 0.55

0.25 ± 0.29

0.25 ± 0.29

0

0.89 ± 0.04

0.95 ± 0.06

0.25 ± 0.29

0
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No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

No. anal gland

secretions (total)

No. anal gland

secretions attached

to faeces

No. anal gland

secretions alone

Scratching

Table 4.14 Characteristics of boundary and hinterland latrines (grouped separately

throughout year) selected for urinating (above) and not selected for urine deposition

(below); with the exception of scratching (mean score ± s.e.), figures are the mean

number per latrine ± s.e.

Boundary latrine
	

Hinterland latrine

2.57 ± 0.78

6.14 ± 2.60

0.29 ± 0.20

1.57 ± 0.78

2.29 ± 0.81

4.57 ± 2.32

7.57 ± 4.00

5.00 ± 1.27

1.29 ± 0.73

2.71 ± 0.90

6.29 ± 3.80

2.29 ± 0.65

0.43 ± 0.32

0.57 ± 0.32

0.43 ± 0.32

0.14 ± 0.15

0

0.43 ± 0.22

0

0

4.56 ± 0.66

4.22 ± 0.60

1.78 ± 0.45

1.34 ± 0.32

2.78 ± 0.37

2.88 ± 0.55

4.81 ± 0.64

A00 ± 0.5

1.63 ± 0.45

1.72 ± 0.40

3.19 ± 0.41

2.28 ± 0.37

0.53 ± 0.32

0.75 ± 0.36

0.44 ± 0.27

0.53 ± 0.32

0.09 ± 0.07

0.50 ± 0.34

0

0
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Table 4.15 Characteristics of boundary and hinterland latrines (grouped separately

throughout the year) selected for defecation (above) and not selected for faecal

deposition (below); with the exception of scratching (mean score ± s.e.), figures are

the mean number per latrine ± s.e.

No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

No. anal gland

secretions (total)

No. anal gland

secretions attached

to faeces

No. anal gland

secretions alone

Proportion of faeces

in pits

Scratching

Boundary latrine

5.00 ± 1.20

3.14 ± 0.75

2.00 ± 0.72

1.09 ± 0.43

3.00 ± 0.65

2.05 ± 0.60

7.50 ± 1.17

4.82 ± 0.69

3.86 ± 0.83

1.18 ± 0.28

3.64 ± 0.68

3.64 ± 0.71

0.64 ± 0.25

0.27 ± 0.15

0.36 ± 0.20

0.09 ± 0.10

0.27 ± 0.15

0.18 ± 0.13

0.73 ± 0.12

0.61 ± 0.12

0

0

Hinterland latrine

4.74 ± 0.56

3.26 ± 0.52

1.30 ± 0.24

0.87 ± 0.24

3.44 ± 0.52

2.39 ± 0.48

7.57 ± 0.86

4.48 ± 0.60

3.65 ± 0.39

1.20 ± 0.24

3.91 ± 0.69

3.28 ± 0.60

0.57 ± 0.22

0.41 ± 0.15

0.43 ± 0.20

0.24 ± 0.09

0.13 ± 0.07

0.17 ± 0.10

0.70 ± 0.07

0.66 ± 0.08

0

0
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4.3.11 Number of latrine visits before deposition of faeces and urine

The mean number of latrines visited (boundary and hinterland) before

defecation by the focal animal rose gradually from spring onwards, reaching a peak

in the autumn, before dropping sharply in the winter (Table 4.16). There was,

however, no significant seasonal variation (Kruskal-Wallis, H =4.17, d.f. =3,

p> 0.05). Throughout the year, badgers visited significantly more hinterland

latrines (1.47 ± 0.23) before defecating than boundary latrines (0.69 ± 0.35)

(H=5.41, d.f.=1, p<O.OS). Badgers also during the year visited more hinterland

latrines (0.90 ± 0.24) than boundary latrines (0.44 ± 0.26) before urinating,

however this difference was not significant (H=1.0l, d.f. =1, p>O.OS).

4.3.12 Seasonal pattern of behaviour at latrines

In each season a large proportion of faeces were deposited either on top of

or beside fresh faeces already present at latrines, with the peak occurring in the

summer (Table 4. 17). During this season all marked faeces were excreted on fresh

faeces, although no significant trend was detected (Kruskal-Wallis, H=7.74,

d.f.=3, p>O.O5), nor when the summer and autumn seasons were combined and

compared to the combined winter/spring period. The mean proportion of marked

faeces deposited in pits at latrines reached a peak in the spring when all faeces

produced by focal animals were deposited in pits. No significant seasonal variation

was detected (H =4.56, d.f. =3, p>O.O5). Those faeces from focal badgers not

found in pits were deposited directly onto the ground surface at the latrine.
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Table 4.16 Seasonal variation in the number of latrines (boundary and hinterland

grouped) visited before focal animals defecated (above) and urinated (below); figures

are the mean number per badger per night ± s.e.

Spring
	

Summer	 Autumn	 Winter

1.24 ± 0.28
	

1.63 ± 0.49
	

1.82 ± 0.69
	

0.75 ± 0.38

1.73 ± 0.43
	

1.00 ± 0.61
	

0.40 ± 0.27
	

1.17 ± 0.52
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Table 4.17 Seasonal pattern of behaviour at latrines; (a) seasonal variation in the

number of faeces produced by focal animals deposited in pits; (b) number of urinations

deposited in pits; (c) number of faeces deposited next to/on top of fresh faeces already

present at latrines; figures are the mean number per badger per night ± s.e. (above)

and mean proportions ± s.e. (below).

Spring

(a) 0.97 ± 0.14

1.00 ± 0

(b) 0.03 ± 0.03

0.03 ± 0.03

(c) 0.80 ± 0.14

0.84 ± 0.09

Summer

0.38 ± 0.15

0.79 ± 0.16

0.06 ± 0.06

0.06 ± 0.07

0.47 ± 0.16

1.00 ± 0

Autumn

0.50 ± 0.15

0.67 ± 0.15

0

0.65 ± 0.15

0.88 ± 0.10

Winter

0.60 ± 0.14

0.97 ± 0.03

0.18 ± 0.09

0.32 ± 0.15

0.40 ± 0.12

0.70 ± 0.14
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4.4 Discussion

Due to the difficulty in locating urine in the field, there is little quantified

data on the pattern of urine distribution on a badgers territory, yet urine appears to

be more important than faeces in the transmission of bovine tuberculosis from

badgers to cattle (Brown, Harris & Cheeseman 1993). The importance of urine as a

scent marker in badgers, particularly in the territorial behaviour of adult males has

only recently been established (Brown, Cheeseman & Harris 1993), and the

production of urine by different age and sex categories of badger was considerably

more varied than for faeces, both between age and sex categories and between

seasons.

The distribution of urine on a badgers territory was also varied, relative to

faeces, with its deposition occuring at a much wider range of sites. During the

spring, summer and winter seasons urine was deposited at latrines and on runs

significantly more times per night than random urinations. However, during the

autumn there was no significant difference detected between the mean number of

urinations per night between these three sites. This was due to the behaviour of

cubs in this season, which deposited urine entirely at random on pasture. The

behaviour of badger cubs in the autumn is potentially of major significance in the

transmission of bovine tuberculosis to cattle, due to the random distribution of urine

on pasture and also given the high incidence of bovine tuberculosis found in cubs in

parts of the south-west. Cheesenian eta!. (1981) found 36% of cubs to be infected,

compared with 19% of adults, indicating that M. bovis may be excreted onto pasture

in a random fashion which may increase the probability of contact by cattle.

Random urinations probably pose a greater risk to cattle since they do not occur

repeatedly at a strategic site such as a latrine where the higher levels of

contamination with both urine and faeces will increase their COflSpICUOUSi1CSS to
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cattle. However, although random urinations are potentially important they occured

infrequently and during a period when many cattle were being taken off pasture.

Faeces were deposited almost exclusively at latrines, with only a single

defecation occuring on a crossing point run during the winter. Concentrating faeces

at certain heavily reused sites has also been reported by Peters & Mech (1975) in

wolves and in coyotes by Camenzind (1978). This behaviour seems to have reached

its highest level in the spotted hyaena (Kruuk 1972). In badgers, the mean number

of urinations per night at latrines on pasture reached a peak in the summer, with

over 40% of total urinations per night occurring at pasture latrines during this

season, declining to a very low level in the winter. It is difficult to assess the

potential risk of urine at latrines to cattle. As latrines are generally regularly used

sites and visually conspicuous, cattle may learn of there location on pasture and thus

avoid them more readily than excreta on pasture away from latrines. The presence

of faeces at latrines, which are more strongly avoided than urine (Benham & Broom

1991), may result in cattle not coming into contact with a relatively large proportion

of the urine located at latrines. Benham & Broom (1991) found that although many

individuals obviously detected the presence of badger excreta at latrines and

strongly avoided it, a small number of individuals apparently grazed through the

latrine area without concern. Even if the majority of cattle avoid grazing at

latrines, during the sniffing process infected material may be inhaled by cattle,

which are very susceptible to infection by the respiratory tract (Francis 1971).

Denying cattle access to badger latrines would considerably reduce their exposure to

badger excreta particularly during summer and autumn. It is, however, important

that badgers at the same time are not excluded from latrines, since this may result in

a more unpredictable situation, with excreta deposition occurring elsewhere on

pasture.

Although not significant, the mean number and mean proportion of

urinations on crossing point runs on all habitats was at its highest in the summer.
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Urinating at such sites would maximise the chance of the scent mark being detected

by conspecifics as badgers travelling across field boundaries converge at these sites

to move from field to field, field to woodland and vice-versa. Similarly red foxes

(Macdonald 1980) and wolves (Peters & Mech 1975) often travel along well-used

trails and leave their scent marks on these routes and at junctions between them.

Pine martens occasionally use the ski trails of trackers, but regularly scent-mark the

junctions between these and their own trails. These scent marks are believed to play

an important role in the pine martens spatial organization, so that it 'reads' other

individuals tracks and learns whether it is worth hunting in the area or not

(Pulliainen 1982).

The badger urine mark on crossing point runs may transmit information on

the length of time that has elapsed since a badger passed that way. As the number

of crossing point urinations reached a maximum in the summer during a period

when food availability is low, providing information on how recently other animals

passed, where others are foraging, or have foraged in the recent past, will enable an

animal to avoid areas which are likely to be unproductive and hence increase their

foraging efficiency. Alternatively, rather than an altruistic behaviour, badgers may

deposit urine on crossing point runs during the summer when food availability is at

its lowest in order to defend food patches from other members of the group or from

neighbouring animals.

The peak in urinations on pasture crossing points occurred in the spring and

although an overall significance was detected, this season was not significantly

distinct from any other. The relevance of this peak at this time of year is borne out

when considering the time of year that cattle are at greatest risk to infection.

Wilesmith et al. (1982) have pointed out that cattle are at greatest risk in April and

May, and suggest that there was re-exposure to infection at this time each year.

The cattle were apparently exposed to M. bovis at sufficiently high levels for

transmission to occur over a relatively short period of time. They suggested that
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cattle were re-exposed to infection at the beginning of the grazing season each year

and pointed out that re-exposure to infection in each year was not entirely

coincident with a re-exposure to pasture as young stock that were out-wintered were

also infected during this period.

Urine left on pasture seems to be the most likely candidate in the

transmission process and, during this study, cattle were observed to eat pasture

contaminated with urine at crossing point runs within 24 hours of deposition.

Linear features which restrict badger movements to a limited number of crossing

points (sheep netting, hedges, thick undergrowth) are particularly important,

although the type of critical linear feature is likely to vary regionally. Walls were

not considered to restrict badger movements because at the study site large sections

of dry stone walls had collapsed. Gates were also common in these walls, which

were used by badgers on 40% of crossings.

The correlation between the number of crossing point urinations and the

number of linear features crossed suggests that a similar relationship may occur in

other problem areas of the south-west. If so, this is probably the key factor in

determining whether these crossing point urinations really are important in the

transmission process. White, Brown & Harris (1993) have shown that areas in

which cattle are at high risk from infection do not have higher badger population

densities, nor a higher proportion of habitats favourable to badgers, but do have a

greater degree of habitat heterogeneity and more linear features. The hypothesis is

therefore presented that these crossing point urinations pose a significant risk to

cattle, and that areas with increased numbers of linear features have greater levels of

contamination of pasture with badger urine and hence a greater chance of disease

transmission.

Obviously, other factors will also play a role in the transmission process.

Although at present there is no evidence of a relationship between badger group size

and the prevalence of bovine tuberculosis in badgers (Cheeseman et a!. 1988), it is
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still possible that there is an enhanced disease risk with larger badger social groups

and that there is some relationship between group size and habitat (Kruuk 1978;

Kruuk & Parish 1982; Hofer 1988), although data on any such relationships are

scant. In fact Cheeseman et a]. (1987) have shown that badger social group size

exhibits large variations from year to year, and can undergo significant long-term

changes in the absence of any habitat changes.

Although over 90% of crossing point urinations on pasture would be

excluded from cattle if cattle were denied axcess to an area 4 m from a field

boundary, a small proportion of urinations began up to 7.5 m into the field. The

major reason that such a large area would need to be excluded from cattle was that

badgers frequently produced trails of urine that extended into the field. Although

35.7% of all urinations on crossing point runs began within 1 m of a field

boundary, only 17.9% of all urinations at crossing points would be totally excluded

from cattle at that distance. A feature of urine trails that may be of significance in

the transmission process was that small droplets of urine commonly extended for

several metres at the end of trails. Even though cattle generally avoided badger

urine (Benham & Broom 1991), these droplets may be small enough to go

unnoticed. Although comparatively high numbers of cattle in certain limited areas

in the south-west continue to fail the tuberculin test, the risk of infection in these

areas is still low. The relatively low number of urinations on pasture would account

for the low risk of transmission even in the problem areas, since the chance of cattle

eating contaminated pasture whilst the bacilli are still infective is low, especially if a

high proportion of cattle avoid eating pasture contaminated with badger urine

(Benham & Broom 1991).

As well as the peak rise of infection and the re-exposure of cattle coinciding

with the peak in crossing point urinations on pasture, they are also coincident with

the peak in potential exposure of M. bovis from badgers. In Gloucestershire and

Avon the peak prevalence of badgers with advanced tuberculous pneumonia was
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found to occur in badgers caught or found dead in April, with 43% of all

tuberculous animals caught in March and April (J Gallagher unpublished).

The length of time any excreted M. bovis survive on pasture is an important

factor in the transmission of infection from badgers to cattle. The organism in

badger urine and sputum on pasture remains viable for only a few days in summer

and up to 10 weeks in winter (Ministry of Agriculture, Fisheries and Food 1979).

Although a peak in the mean number of urinations per night on pasture was

observed during the summer and the mean proportion of urinations on pasture

during this season was significantly greater than all other seasons, it is possible that

infected urine deposited on pasture during the summer months posses relatively little

risk to cattle due to the relatively poor survival of M. bovis during this period.

The low level of pasture contamination during the winter is consistent with

the observations of Wilesmith et al. (1982), who report that cattle are at little or no

risk of becoming infected during the winter months, the risk declining from a peak

in late spring throughout the remainder of the summer and following winter. In the

present study the majority of excreta produced during the winter was deposited in

woodland. In fact during this period badgers defecated significantly more in

woodland than expected on the basis of distance travelled in this particular habitat.

The pattern of defecation at this time of year is probably explained by the reduced

activity seen in badgers during the winter (Harris 1982), with animals generally

defecating at the first latrine visited, usually situated within woodland.

In each season badgers defecated at latrines (boundary and hinterland

grouped) that contained significantly more fresh faeces than those latrines

previously visited but not selected for faecal deposition. No significant differences

however, were detected between the contents of latrines receiving urine and those

not used for urinating. Faeces were therefore not responsible for eliciting urination.

This was probably produced in response to urine already located at latrines which

could not be recorded. Yamamoto & Hidaka (1984) found that raccoon dogs
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preferred to deposit their faeces on a site where dung piles already exist. They

suggested that the latrine is utilized as a place of information exchange about

conspecific individuals, as raccoon dogs are able to distinguish the faeces of

unknown conspecifics from their own at the latrine. By moving latrines utilised by

captive raccoon dogs, Yamamoto and Hidaka (1984) revealed that the presence of a

dung pile and not the location of the latrine was important for the animals in their

choice of elimination site. Further work is needed to investigate the effects on

badger excretory behaviour of manipulating badger latrines by the addition or

removal of faeces and urine, as well as monitoring the effects of moving or

removing entire latrines. It may be possible using such techniques to reduce the

level of contamination of pasture by badger excreta, and increase excretory

behaviour in areas not accessible to cattle, such as woodland. Achieving this should

help reduce the incidence of TB in cattle.

In conclusion, since White, Brown & Harris (1993) have shown that habitat

features are correlated with herds with reactor cattle, the urinatory behaviour of

badgers on crossing point runs, as determined by the type and density of linear

habitat features, is probably the significant causative factor behind this correlation.

However, more detailed information is needed on the nature of boundary

differences between different regions of the south-west and on the pattern of

crossing point urinations in different habitat types. Improving the understanding of

the relationship between habitat and the risk of transmission will provide a basis on

which to develop a more effective method of reducing the number of reactor cattle

in the south-west.
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CHAPTER 5

LATRINE ACTIVITY AND ITS ROLE

IN TERRITORIALITY AND TB TRANSMISSION

5.1 Introduction

Badgers defecate at small open pits and at particular sites within a group's

territory these pits are aggregated to form latrines. Latrines may vary considerably

in size, in both area, and in number of pits, with some latrines reported to contain

up to 50 separate pits within a few square metres (Neal 1977; Kruuk 1978).

Apart from defecations badgers may also deposit secretions from their anal

glands and from subcaudal glands at latrines (Neal 1977; Kruuk 1978; Kruuk,

Gorman & Leitch 1984). Anal gland secretions are frequently deposited on top of

faeces (Neal 1977; Roper, Shepherdson & Davies 1986), but can also be deposited

alone in separate pits (Kruuk 1978; Roper, Shepherdson & Davies 1986). Badgers

may scratch at the surface of the ground in the vicinity of the latrine, a behaviour

probably associated with the release of secretions from the inter-digital glands.

Badgers also urinate at latrines, either on the surrounding ground, or in specialised

pits (i.e. pits not used for defecation and/or anal gland secretion) (Paget &

Middleton 1974). Thus an active latrine forms both a visual and olfactory

landmark.

For badgers living at high densities in rural areas, latrines are generally

more frequent towards the edges of badger territories than in the centre (Kruuk

1978; Macdonald 1980). In such a situation, Kruuk (1978) found that well-

defended territorial boundaries were demarcated by large, active latrine sites, and

that latrines were smaller towards the centre of the range and near the setts. In
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contrast to these strongly defended group territories, a latrine survey for a Bristol

population of badgers revealed no obvious territorial boundaries even where social

groups were contiguous. In this population ranges showed considerable overlap and

latrines were accumulated around setts rather than along territorial boundaries

(Cresswell & Harris 1988).

Boundary latrines may be visited by badgers from more than one social

group (Kruuk 1978; Cheeseman et al. 1981), enabling inter-group transfer of

olfactory information, and several studies have shown that latrine use reflects

territoriality (Kruuk 1978; Cheeseman ci al. 1981; Roper, Shepherdson & Davies

1986). Whilst there is a general agreement over the significance of latrines in

territoriality, it is less clear which secretions and excretory products are important

components of latrines in maintaining territories, nor is it clear how the use of

latrines at certain times of the year reflects the degree of territorial behaviour at that

time.

It is presumed that the majority of the cases of infection in cattle are due to

the consumption of grass contaminated by badger urine, faeces or sputum

(Muirhead, Gallagher & Burn 1974; Ministry of Agriculture, Fisheries and Food

1979), although the role of latrines on pasture in this process is largely unknown.

Contact between cattle and latrines has been shown to depend on the location of the

latrine within the field, and the age of the cattle (Benham & Broom 1991).

Immediately after turn-out, younger cattle spent more time at latrines around the

perimeter of fields, while older cattle spent more time investigating more central

latrines. Cattle reacted to latrine areas with increased sniffing and reduced grazing

compared to non-latrine areas, although a small proportion of cattle grazed latrine

areas.

As described in the previous chapter, urine is probably the most significant

badger excretory product involved in the transmission of bovine tuberculosis from

badgers to cattle. In experimental studies, cattle strongly avoided the ingestion of
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badger faeces (Benham & Broom 1991), with 99.3% of cows avoiding

contaminated grass. In a similar experimental study, urine exposed to cattle was

avoided by a lower proportion of cows (88.7%). The lower level of sniffing

performed by cattle in response to faeces (Benham & Broom 1991) and its greater

avoidance suggests that faeces are more easily detected than urine. Due to the

strong avoidance of faeces, excretory products deposited by badgers at latrines, in

particular infective urine, may be of less significance in the transmission process,

especially at highly active latrines heavily contaminated with faeces.

Despite the possible lower risk of infection to cattle from latrines, compared

to waste products deposited on pasture away from latrines, the presence of infective

material at latrines still constitutes some risk to cattle, especially to cows that graze

latrine areas. This chapter looks at the seasonal pattern of latrine use and its

significance in territoriality, how the distribution of latrines is affected by particular

features of the habitat and how the use of latrines might afford an increased risk of

transmission.

5.2 Methods

For each focal badger that was spool-and-line tracked, the number of latrines

visited, the number of defecations, urinations and anal gland secretions were

measured nightly. The locations of all visited latrines and nightly movements were

recorded on a map of scale 1:2500. Following a nights tracking, data were

collected from all latrines visited by a focal badger. This therefore included latrines

which had not been used by focal animals to deposit marked excreta or anal gland

secretion. The data collected from latrines included: number of fresh faeces (judged

to be less than three days old), number of old faeces, number of fresh pits (as for

faeces), number of old pits, number of faeces in and out of pits, number of anal

gland secretions associated with faeces and number alone and a score (0-5) of the

ill



extent of scratching. Length of linear features and area of the major habitat types

were calculated using a bit pad.

5.3 Results

Between June 1991 and May 1992, data were collected from 121 different

latrine sites (total number of observations :=243). Within each season the percentage

of latrines visited were as follows: spring 77.3%, summer 79.3%, autumn 86.2%

and winter 73.0%.

5.3.1 Seasonal pattern of latrine activity (all latrine categories)

Two-way analysis of variance revealed an overall significant difference

between seasons in the number of fresh faeces per latrine (F =2.95, d.f. =3,64,

p=O.04, Tukey's HSD), although due to the conservative nature of the Tukey test,

no season could be isolated as being significantly distinct. The number of old

faeces per latrine showed considerably more seasonal variation and reached a peak

in spring and autumn (Table 5. 1), with the number per latrine during these seasons

being significantly greater than in the summer and winter seasons (two-way

ANOVA, F=5.52, d.f. =3,64, p=0.002, Tukey's HSD). Although the total

number of faeces per latrine reached a peak in the autumn, no significant seasonal

variation was detected (two-way ANOVA, F =1.94, d . f. = 3,64, p> 0.05). The

proportion of fresh faeces per latrine was at its lowest during spring and rose to

approximately 40% for the remainder of the year, with the spring proportion

significantly lower than that for the winter season (two-way ANOVA, F =3.67,

d.f. =3,59, p<0.05, Tukey's HSD). Chi-square analysis for proportions revealed

that although the percentage of latrines containing fresh faeces was lowest in the
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Table 5.1 Seasonal pattern of latrine use (boundary and hinterland latrines grouped from all

habitat types); with the exception of scratching (mean score per latrine ± s.e.) and the mean

proportion of fresh faeces and faeces in pits per latrine ± s.e., figures are the mean no. per

latrine ± s.e.

No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

Proportion of

fresh faeces

No. anal gland

secretions (total)

No. anal gland

secretions attached

to faeces

No. anal gland

secretions alone

Proportion of faeces

in pits

Scratching

Spring

6.55 ± 0.45

1.55 ± 0.19

4.99 ± 0.37

5.66 ± 0.44

1.32 ± 0.17

4.34 ± 0.37

0.24 ± 0.03

	

0.55 ± 0.11
	

0.34 ± 0.11	 0.17 ± 0.06

	

0.26 ± 0.09
	

0.18 ± 0.06	 0.14 ± 0.06

	

0.29 ± 0.06	 0.16 ± 0.06	 0.03 ± 0.03

	

0.94 ± 0.02	 0.59 ± 0.07	 0.31 ± 0.05

0.07 ± 0.04	 0
	

0

Winter

5.38 ± 0.46

2.18 ± 0.27

3.20 ± 0.31

4.40 ± 0.57

1.96 ± 0.28

2.43 ± 0.34

0.43 ± 0.05

0.57 ± 0.13

0.37 ± 0.12

0.20 ± 0.06

0.91 ± 0.03

0.20 ± 0.06

Summer	 Autumn

2.44 ± 0.46	 0.94 ± 0.21

0.67 ± 0.25	 0.25 ± 0.10

1.76 ± 0.29	 0.69 ± 0.16

3.07 ± 0.45	 6.28 ± 1.12

1.27 ± 0.28	 1.92 ± 0.31

1.80 ± 0.30	 4.36 ± 0.96

0.40 ± 0.07	 0.40 ± 0.04
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summer (Table 5.2), no significant difference between seasons was detected

(X2 =3.77, d.f.=3, p>O.O5).

A significant seasonal variation was detected in the total number of pits per

latrine (two-way ANOVA, F= 14.43, d.f. =3,64, p=O.0001, Tukey's HSD). This

analysis revealed that the number of pits per latrine during the spring was

significantly greater than during any other season. The number of pits per latrine in

the winter was also significantly greater than summer and autumn, with the number

in summer significantly greater than the autumn. This seasonal variation was due

largely to a variation in the number of old pits per latrine (two-way ANOVA,

F=20.84, d.f.=3,64, p=O.0001, Tukey's HSD), with seasonal differences the

same as for the previous analysis. Although fresh digging at latrines reached a peak

during the winter/spring period, no significant seasonal variation was detected (two-

way ANOVA, F=2.27, d.f.=3,64, p>O.O5).

Also during the winter and spring seasons, badgers deposited a greater

proportion of their faeces in pits than during the summer and autumn months when

badgers frequently defecated away from pits at latrines, leaving their excreta on the

surface of the ground (Kruskal-Wallis, H =53.66, d.f. =3, p<O.0001). This

behaviour was particularly common during the autumn season.

No seasonal trend was detected in the number of anal gland secretions

associated with faeces at latrines, although the number of anal gland secretions

deposited separate to faeces was significantly higher in the spring than during the

autumn (Kruskal-Wallis, H=1l.02, d.f.=3, p<O.O5). These anal gland secretions

were frequently deposited alone in pits. Considering the two cases together, the

overall output of anal gland secretion reached a peak during the winter season,

although no significant seasonal variation was detected. Combining the winter and

spring periods, anal gland secretion was significantly greater than in the combined

summer and autumn periods (Kruskal-Wallis, H =6.57, d.f. =1, p<O.O5). No
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Table 5.2 Seasonal variation in the proportion of boundary and hinterland latrines

containing (a) fresh faeces and (b) anal gland secretion throughout the year.

(a)

Spring	 Summer	 Autumn	 Winter

Boundary latrines	 69.57	 71.43	 81.25	 69.23

Hinterland latrines	 68.57	 58.82	 83.33	 68.18

Grouped	 68.97	 64.52	 82.35	 68.42

(b)

Spring	 Summer	 Autumn	 Winter

Boundary latrines	 34.78	 42.86	 43.75	 46.15

Hinterland latrines 	 45.71	 17.65	 27.78	 34.09

Grouped	 41.38	 29.03	 35.29	 36.84
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significant trend was detected in the percentage of latrines containing anal gland

secretion (X2 =3.49, d.f. =3, p>O.O5) (Table 5.2).

The scratching behaviour of badgers at latrines was only observed during the

winter and spring seasons, being most extensive in the winter. The mean scratching

score per latrine during this season was significantly greater than in the summer and

autumn seasons (Kruskal-Wallis, 11=11.63, d.f.=3, p<O.Ol).

5.3.2 Seasonal pattern of boundary latrine activity

The number of fresh faeces per latrine rose gradually from spring onwards,

reaching a peak in the autumn, before dropping away in the winter (Table 5.3).

Although a trend (p =0.08) was detected this was not significant (two-way

ANOVA, F =2.57, d.f. =3,20, p>O.O5). The percentage of boundary latrines

containing fresh faeces also reached a peak during the autumn, although not

significant (X2 =0.45, d.f.=3, p>O.O5) (Table 5.2). No significant differences

were detected in the number of old faeces per latrine, nor in the total number of

faeces per latrine.

Again the digging of pits was more common during the winter and spring

periods, although no significance was detected between seasons in the number of

fresh pits per latrine (two-way ANOVA, F=2.22, d.f. =3,20, p >0.05). The

number of old pits and total number of pits per latrine were significantly greater in

spring and winter than summer and autumn (two-way ANOVA, F=5.16,

d.f. = 3,20, P <0.01, Tukey's HSD). The proportion of faeces in pits was

significantly greater in spring and winter than autumn (Kruskal-Wallis, H=21.78,

d.f.=3, p<O.0001).

The total number of anal gland secretions per boundary latrine varied little

throughout the year (Kruskal-Wallis, H=3.25, d.f. = 3, p>O.O5), as did the

percentage containing anal gland secretion (X2 = 1.37, d.f.=3, p>O.O5) (Table
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Table 5.3 Seasonal pattern of boundary latrine use (all habitat types); with the exception of

scratching (mean score per latrine ± s.e.) and the mean proportion of fresh faeces and faeces

in pits per latrine ± s.e., figures are the mean no. per latrine ± s.e.

No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

Proportion of

fresh faeces

No. anal gland

secretions (total)

Proportion of faeces

in pits

Scratching 0.15±0.10	 0

Spring

7.14 ± 0.91

1.77 ± 0.33

5.37 ± 0.79

5.35 ± 0.66

1.40 ± 0.27

3.96 ± 0.58

0.26 ± 0.05

0.51 ± 0.18

0.90 ± 0.05

Summer

2.61 ± 0.93

0.82 ± 0.52

1.79 ± 0.50

4.07 ± 0.84

1.79 ± 0.54

2.29 ± 0.52

0.43 ± 0.10

0.50 ± 0.19

0.55 ± 0.11

Autumn

1.06 ± 0.35

0.16 ± 0.13

0.91 ± 0.29

7.66 ± 1.84

2.19 ± 0.53

5.47 ± 1.66

0.34 ± 0.06

0.28 ± 0.12

0.23 ± 0.06

0

Winter

6.77 ± 1.10

2.85 ± 0.59

3.92 ± 0.64

3.81 ± 1.12

1.50 ± 0.49

2.31 ± 0.72

0.48 ± 0.11

0.65 ± 0.23

0.98 ± 0.01

0.31 ± 0.13
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5.2). However, scratching at boundary latrines was significantly greater during

winter than in summer and autumn (Kruskal-Wallis, H = 11.27, d.f. =3, p <0.05).

5.3.3 Seasonal pattern of hinterland latrine activity

Unlike the seasonal variation in fresh faeces at boundary latrines, the number

of fresh faeces per hinterland latrine was at its lowest in the summer, rising to a

peak in the winter, being significantly greater at this time than in spring and

summer (two-way ANOVA, F=4.49, d.f.=3,40, p<0.Ol, Tukey's HSD) (Table

5.4).

The number of old faeces at hinterland latrines was also at its lowest level in

the summer, with the number in this season significantly lower than in spring and

autumn (two-way ANOVA, F=4. 11, d.f. =3,40, p <0.05, Tukey's HSD). Despite

significant trends in the number of fresh/old faeces, no significant variation was

detected in the total number of faeces per latrine.

The number of fresh pits was significantly greater in the winter season than

in summer and autumn (two-way ANOVA, F=2.95, d.f.=3,40, p<O.OS, Tukey's

HSD). The number of old pits and the total number of pits showed the same

significant seasonal trends as for boundary latrines (see Tables 5.3 and 5.4).

Despite an overall significance in the seasonal proportion of fresh faeces at

latrines (two-way ANOVA, F = 3.69, d. f. = 3,36, p <0.05, Tukey' s HSD), no

season could be isolated as being significantly distinct froni any other. The

proportion of faeces in pits was significantly higher in the spring than both summer

and autumn, and the winter proportion significantly greater than in the autumn

season (H=32.44, d.f.=3, p <0.0001). During spring significantly more anal

gland secretions were recorded at hinterland latrines than during autumn, while no

significant variation was apparent in the mean scratching score between seasons.
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Table 5.4 Seasonal pattern of hinterland latrine use (all habitat types); with the exception of

scratching (mean score per latrine ± s.e.) and the mean proportion of fresh faeces and faeces

in pits per latrine ± s.e., figures are the mean no. per latrine ± s.e.

No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

Proportion of

fresh faeces

No. anal gland

secretions (total)

Proportion of faeces

in pits

Scratching 0.01 ± 0.01	 0
	

0

Spring

6.16 ± 0.46

1.40 ± 0.23

4.73 ± 0.35

5.86 ± 0.60

1.27 ± 0.23

4.59 ± 0.49

0.23 ± 0.04

0.58 ± 0.15

Summer

2.29 ± 0.42

0.55 ± 0.21

1.75 ± 0.37

2.25 ± 0.39

0.85 ± 0.25

1.39 ± 0.33

0.38 ± 0.11

0.21 ± 0.12

Autumn

0.82 ± 0.26

0.33 ± 0.14

0.49 ± 0.17

5.06 ± 1.38

1.68 ± 0.35

3.38 ± 1.09

0.44 ± 0.06

0.07 ± 0.06

Winter

4.97 ± 0.50

1.98 ± 0.30

2.99 ± 0.35

4.57 ± 0.67

2.10 ± 0.34

2.47 ± 0.39

0.41 ± 0.05

0.55 ± 0.15

0.17 ± 0.07

0.97 ± 0.01	 0.62 ± 0.10	 0.35 ± 0.08	 0.90 ± 0.04
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5.3.4 Seasonal pattern of activity at latrines on pasture

Many of the significant trends detected in the analyses above were not

apparent when examining pasture latrine activity. The number of fresh faeces

increased from spring to a peak in the autumn, before falling sharply in the winter

(Table 5.5). This trend, however, was not quite significant (two-way ANOVA,

F=2.97, d.f.=3,20, p=O.06). As with previous analyses, the number of pits at

latrines on pasture during winter and spring were significantly greater than in

summer and autumn (two-way ANOVA, F =3.72, d.f. =3,20, p<O.O5, Tukey's

HSD). The digging activity of badgers (number of fresh pits) was at a very low

level during the autumn period, although not significant. Also during the autumn,

badgers infrequently deposited faeces in pits, resulting in significantly larger

numbers of faeces occurring at latrines that were not located in pits, than during any

other season (two-way ANOVA, F=3.81, d.f.=3,20, p<O.O5, Tukey's HSD).

These faeces, although situated at the latrine site, were deposited directly on to the

surface of the ground and not deposited in pits.

5.3.5 Seasonal pattern of activity at latrines in woodland

Significantly larger numbers of old faeces were located at woodland latrines

during spring than during any other season (two-way ANOVA, F =4.46,

d.f.=3,36, p<O.Ol, Tukey's HSD), while no significant trend was detected in the

number of fresh faeces (Table 5.6). Despite overall significance in the proportion

of fresh faeces at latrines (two-way ANOVA, F=2.95, d.f.=3,33, p<O.OS,

Tukey's HSD), no season was significantly distinct. Although the number of faeces

not deposited in pits reached a peak during the autumn, this behaviour was

considerably less pronounced compared to pasture latrines during the same period,

and no significant seasonal variation was detected (two-way ANOVA, F=1.86,
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0 0 0

0.45 ± 0.24	 0.50 ± 0.16 0.18 ± 0.09	 0.50 ± 0.29

Table 5.5 Seasonal pattern of pasture latrine use; with the exception of scratching (mean score

per latrine ± s.e.) and mean proportion of faeces in pits per latrine ± s.e., figures are the

mean no. per latrine ± s.e.

No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

Proportion of faeces

in pits

No. anal gland

secretions (total)

Scratching

Spring

5.35 ± 0.63

1.07 ± 0.36

4.29 ± 0.62

6.62 ± 0.82

1.25 ± 0.29

5.37 ± 0.78

0.84 ± 0.07

Summer

2.50 ± 0.72

0.74 ± 0.39

1.76 ± 0.43

3.63 ± 0.66

1.66 ± 0.43

1.97 ± 0.42

0.59 ± 0.09

Autunm

0.70 ± 0.25

0.08 ± 0.06

0.63 ± 0.24

8.85 ± 1.64

2.38 ± 0.45

6.48 ± 1.45

0.18 ± 0.04

Winter

5.63 ± 0.93

2.94 ± 0.76

2.69 ± 0.66

2.69 ± 0.85

0.88 ± 0.37

1.81 ± 0.67

0.82 ± 0.13

0.13 ± 0.13
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Table 5.6 Seasonal pattern of woodland latrine use; with the exception of scratching (mean

score per latrine ± s.e.) and the mean proportion of faeces in pits per latrine ± s.e., figures

are the mean no. per latrine ± s.e.

No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

Proportion of faeces

111 pits

No. anal gland

secretions (total)

Scratching 0.10±0.06	 0

Spring

6.91 ± 0.58

1.75 ± 0.24

5.14 ± 0.46

5.43 ± 0.54

1.44 ± 0.22

3.99 ± 0.41

0.98 ± 0.01

0.63 ± 0.14

Summer

2.55 ± 0.53

0.68 ± 0.30

1.87 ± 0.45

2.32 ± 0.54

0.60 ± 0.22

1.72 ± 0.47

0.70 ± 0.13

0.10 ± 0.11

Autumn

1.21 ± 0.31

0.42 ± 0.20

0.79 ± 0.22

3.00 ± 0.93

1.04 ± 0.24

1.96 ± 0.81

0.63 ± 0.10

0.09 ± 0.10

0

Winter

5.38 ± 0.56

2.18 ± 0.31

3.20 ± 0.36

4.56 ± 0.68

2.10 ± 0.34

2.46 ± 0.40

0.92 ± 0.03

0.59 ± 0.15

0.21 ± 0.07
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d.f.=3,36, p>O.O5). The number of pits per latrine (total and old) were

significantly greater in spring than during any other season.

5.3.6 Seasonal comparisons of activity between boundary and hinterland latrines

During the spring season, activity between boundary and hinterland latrines

varied very little. In particular, the number of fresh faeces at boundary latrines was

only marginally higher than for hinterland latrines (one-way ANOVA, F=0. 12,

d.f. := 1,56, p>O.70), while the number of anal gland secretions per boundary

latrine was actually less than the mean number for hinterland latrines, although not

significant (Kruskal-Wallis, H=0.22, d.f.=1, p>O.60) (see Tables 5.3 and 5.4).

The behaviour of scratching was more commonly observed at boundary latrines

during this season.

A different pattern of badger behaviour between these types of latrine was

detected during the summer period. Boundary latrines contained on average over

twice as many fresh faeces per latrine than hinterland latrines, although this was not

quite significant (one-way ANOVA, F=2.95, d.f. = 1,29, p=O. 10). As a result of

this greater defecation on boundary latrines, one-way analysis of variance revealed a

significantly larger number of faeces (total) at boundary latrines (F =4.70,

d.f.=1,29, p<O.O5). Despite higher levels of dunging behaviour at boundary

latrines during the autumn season, no significant difference was detected in the

number of fresh faeces (one-way ANOVA, F=0.70, d.f.=l,32, p>O.OS), nor in

the total number of faeces between the two types of latrine (one-way ANOVA,

F=1.40, d.f.=1,32, p>O.05).

A reversal in the dunging behaviour was detected in the winter, with

hinterland latrines containing more fresh/total faeces than boundary latrines,

although not significant in either case. Scratching was more frequent at boundary
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latrines over this period, although this trend was not quite significant (Kruskal-

Wallis, H :=3.28, d.f.=1, p0.07).

5.3.7 Seasonal comparisons of activity between pasture and woodland latrines

Few major differences in activity between pasture and woodland latrines

were detected throughout the year. The digging of pits in the spring occurred more

frequently at latrines within woodland, although not significantly so, while faecal

numbers varied little between latrines from these two habitats during this season.

In the summer, the most pronounced difference detected between the two

latrine types was the larger number of fresh faeces at latrines on pasture (one-way

ANOVA, F-3.05, d.f.=l,27, p=O.O9) (Table 5.7). During the autumn, badgers

seldom dug pits at latrines on pasture (one-way ANOVA, F=5.06, d.f.==1,29,

p<O.O5), however the number of fresh faeces (one-way ANOVA, F =4.57,

d.f.=1,29, p<O.OS) and total faecal numbers (one-way ANOVA, F=8.53,

d.f.=1,29, p<O.Ol) were significantly greater at latrines on pasture (Table 5.8).

As a result, significantly more faeces at latrines were deposited directly on to the

surface of the pasture and not in pits (one-way ANOVA, F=4.82, d.f. = 1,29,

p<O.O5). No significant differences were detected during the winter period

between pasture and woodland latrines for any of the activities recorded.

5.3.8 Seasonal pattern of latrine visits in different habitats

The mean number of woodland latrines visited (weighted according to the

availability of these latrines) per badger per night reached a peak in the spring

(Table 5.9), declining through the year, before rising slightly in the winter

(Kruskal-Wallis, 1-1=8.82, d.f. =3, p<O.O5), although no season was significantly

distinct. Visits to pasture latrines reached a peak during the summer period of 2.00
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2.33

0.00

2.35

0.01

1.05

0.03

1.44

1.83

0.21

3.05

2.90

0.15

1.38

3.13

1.59

n. 5.

n. 5.

n. S.

n.s.

n.s.

n. S.

n.s.

n. S.

n.s.

n. 5.

n. 5.

n.s.

n. S.

n.s.

n. S.

Table 5.7 Comparisons between pattern of use of pasture and woodland latrines during spring

(above) and summer (below); with the exception of scratching (mean score per latrine ± s.e.),

figures are the mean no. per latrine ± s.e.

Pasture latrines	 Woodland latrines
	

F
	

H
	

P

No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

No. anal gland

secretions

Scratching

5.35 ± 0.63

2.50 ± 0.72

1.07 ± 0.36

0.74 ± 0.39

4.29 ± 0.62

1.76 ± 0.43

6.62 ± 0.82

3.63 ± 0.66

1.25 ± 0.29

1.66 ± 0.43

5.37 ± 0.78

1.97 ± 0.42

0.45 ± 0.24

0.50 ± 0.16

0

0

6.91 ± 0.58

2.55 ± 0.53

1.75 ± 0.24

0.68 ± 0.30

5.14 ± 0.46

1.87 ± 0.45

5.43 ± 0.54

2.32 ± 0.54

1.44 ± 0.22

0.60 ± 0.22

3.99 ± 0.41

1.72 ± 0.47

0.63 ± 0.14

0.10 ± 0.11

0.10 ± 0.06

0
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Table 5.8 Comparisons between pattern of use of pasture and woodland latrines during

autumn (above) and winter (below); with the exception of scratching (mean score per

latrine ± s.e.), figures are the mean no. per latrine ± s.e.

Pasture latrines
	

Woodland latrines	 F
	

H	 P

1.69

0.03

5.06

0.94

0.17

0.33

8.53

1.30

4.57

2.25

7.01

0.44

No. pits (total)

No. fresh pits

No. old pits

No. faeces (total)

No. fresh faeces

No. old faeces

No. anal gland

secretions

Scratching

0.70 ± 0.25

5.63 ± 0.93

0.08 ± 0.06

2.94 ± 0.76

0.63 ± 0.24

2.69 ± 0.66

8.85 ± 1.64

2.69 ± 0.85

2.38 ± 0.45

0.88 ± 0.37

6.48 ± 1.45

1.81 ± 0.67

0.18 ± 0.09

0.50 ± 0.29

0

0.13 ± 0.13

1.23 ± 0.34

5.38 ± 0.56

0.45 ± 0.22

2.18 ± 0.31

0.77 ± 0.24

3.20 ± 0.36

2.36 ± 0.71

4.56 ± 0.68

1.05 ± 0.27

2.10 ± 0.34

1.32 ± 0.50

2.46 ± 0.40

0.09 ± 0.10

0.59 ± 0.15

0

0.21 ± 0.07

n.s.

n.s.

<0.05

u.s.

u.s.

u.s.

<0.01

n.s.

<0.05

u.s.

0.01

n.s.

	

0.55	 n.s.

	

0.00	 n.s.

	

0.22	 u.s.
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Table 5.9 Seasonal variation in number of latrine visits (weighted according to latrine

availability) by badgers in different habitat types; figures are the mean number of

different latrines visited per badger per night ± s.e.

Spring
	

Summer
	

Autumn	 Winter

Pasture
	

1.29 ± 0.35
	

2.00 ± 0.71
	

1.75 ± 0.84
	

0.30 ± 0.13

Woodland
	

5.51 ± 0.78
	

4.65 ± 0.89
	

3.05 ± 0.53
	

3.80 ± 0.79

Arable
	

0.88 ± 0.47
	

0.69 ± 0.38
	

1.49 ± 0.47
	

1.63 ± 0.80
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per badger per night, dropping to only 0.30 during the winter (H =8. 12, d.f. =3,

p<O.O5), although no season was statistically distinct. Latrines on arable land were

visited relatively infrequently throughout the year, with a non significant peak over

the autumn and winter period.

Analysis of the distribution of latrine visits between the different habitat

types within seasons (Table 5.9) revealed that during spring (Friedmans, F=23.29,

d.f. =2,38, p=O.0001, Tukey's HSD), autumn (Friedrnans, F =9.50, d.f. =2,32,

p<O.00l, Tukey's HSD) and winter (Friedmans, F=12.00, d.f.=2,38, p0.000l,

Tukey's HSD), badgers visited significantly more latrines within woodland than on

pasture or arable land. During summer the number of visits to woodland and

pasture latrines were not significantly different, although were both significantly

greater than for visits to arable latrines (Friedmans, F= 10.55, d.f. =2,32,

p<O.001, Tukey's HSD).

For each habitat type, the expected pooled mean number of latrine visits was

calculated seasonally, based on the availability of latrines within each habitat.

Comparing observed and expected number of latrine visits for each habitat, revealed

that for spring (X2 =19.18, d.f.=2, p<O.001), summer (X 2 =12.17, d.f.=2,

p<O.005) and winter (X2 =16.18, d.f.=2, p<O.001), badgers visited more latrines

in woodland than expected and fewer than expected in both pasture and arable land

(Table 5.10). During the autumn season, no significant difference was detected for

the different habitats (X2 =0.47, d.f. =2, p>O.05).

5.3.9 Expected number of defecations at latrines on pasture and woodland

For each season the expected number of defecations at latrines on pasture

and woodland was calculated, based on the availability of these two types of latrine

(Table 5.11). Comparing observed number of defecations with expected in spring

(X2 =2.05), summer (X2 =0.34) and autumn (X2 =2.08), no significant differences
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Table 5.10 Expected pattern of latrine visits in different habitats (bottom values),

based on the availability of latrines within those habitats, in relation to that actually

observed (top values); figures are pooied mean no. of latrine visits per night.

Spring
	

Summer	 Autumn
	 Winter

Pasture
	

21.40
	

34.00
	

29.80
	

6.00

	

34.23
	

37.11
	

27.96
	

19.00

Woodland
	

46.60
	

20.00
	

19.50
	

43.50

	

28.59
	

10.80
	

19.62
	

29.19

Arable
	

3.60
	

3.00
	

6.50
	

4.50

	

8.78
	

9.08
	

8.22
	

5.81
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Table 5.11 Expected number of defecations at latrines in pasture and woodland

(bottom values), based on the availability of latrines within those habitats, in relation to

that actually observed (top values); figures are pooled mean no. of defecations at

latrines per night (due to small values, arable latrine defecations have been omitted).

Spring	 Summer	 Autunm
	

Winter

Pasture
	

7.00
	

6.00
	

8.50
	

1.00

	

9.99
	

6.69
	

6.19
	

4.47

Woodland
	

10.80
	

2.50
	

2.00
	

10.00

7.81
	

1.81
	

4.31
	

6.53
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were detected (in all cases, d.f. =1, p>O.O5). However, during the winter season,

a significant difference was found, with badgers defecating more than expected at

woodland latrines and less than expected at latrines on pasture (X2 =4.60, d.f. =1,

p <0.05).

5.3. 10 Linear habitat features and latrine distribution

The number of hinterland latrines belonging to the five study groups, against

particular types of field boundary, were compared to the expected number based on

the availability of the different boundaries (total length within the five territories).

Latrines included those located on pasture, woodland and arable land. Analysis

revealed an overall significant difference between the observed number of latrines

against particular boundaries and that expected (X 2 = 17.68, d.f. =6, p<O.Ol)

(Table 5.12). In each case those boundaries which restricted the badgers

movements (sheep netting, hedgerow, combined hedgerow and thick undergrowth)

had a greater number of latrines beside them than expected. Likewise, those

boundaries that did not restrict movement (barbed wire, walls with gates and open

woodland) each had a lower number of latrines against them than expected.

5.3. 11 Habitat and latrine distribution

In Table 5. 13 expected numbers of latrines in different habitats were

calculated based on the total area of each habitat covering the five social groups.

For these five groups 51.04% of all latrines were located in woodland, with

woodland comprising only 16.67% of the total area. As revealed in Table 5.13,

greater numbers of latrines were located in woodland than expected, while fewer

than expected were found on pasture and arable land (X2 =21.58, d.f. =2,

p <0.001).
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Table 5.12 Total number of hinterland latrines in the five study groups against

particular types of field boundary; combined hedges are those in conjunction with

either barbed wire, sheep netting or a wall. Latrines were located in either pasture,

woodland or arable land and their positions established from bait marking in February

199 1.

Field boundary
	 Observed number

	
Expected number
	

Partial X2

type	 of latrines	 of latrines	 values

Sheep netting
	

11
	

5.76
	

4.77

Thick undergrowth
	

5
	

2.58
	

2.27

Combined hedgerow
	 13

	
10.00
	

0.90

Hedgerow
	

7
	

5.64
	

0.33

Open woodland
	

0
	

7.15
	

7.15

Barbed wire
	

2
	

5.15
	

1.93

Wall
	

7
	

8.70
	

0.33

Total X2 = 17.68

d.f.=6

p<0.01
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Table 5.13 Distribution of latrines between the maj or habitat types in 1991; expected

numbers have been calculated based on the total area of each habitat covering the five

social groups. Figures in brackets beside habitats are the percentage that each habitat

contributes to the total area; other bracketed figures are the percentage of total latrines.

Habitat
	

Observed no.	 Expected no.	 Partial X2

type	 of latrines	 of latrines	 values

Woodland (16.67)
	

98 (51.04)
	

67.3
	

14.00

Pasture (68.28)
	

81(42.19)
	

108.3
	

6.88

Arable (9.95)
	

13 (6.77)
	

16.4
	

0.70

Total X2=21.58

d.f.=2

p <0.001
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5.4 Discussion

Several studies have suggested that latrine use reflects territorial behaviour

(Kruuk 1978; Cheeseman et al. 1981; Roper, Shepherdson & Davies 1986).

Clearly then, if badgers are restricting access to oestrous sows (Roper, Shepherdson

& Davies 1986) or defending food resources (Kruuk 1978) it should be expected

that latrine activity will coincide with either the breeding season or a time when

food availability is at its lowest. If badgers defend food resources then defence may

not necessarily coincide with a period when food availability is at its lowest but

when competition for food is greatest.

Latrine use has been reported to show a seasonal peak in early spring (Neal

1977; Kruuk 1978) and later by Roper, Shepherdson & Davies (1986) who

examined how the pattern of latrine use varied on a monthly basis throughout the

year. The spring peak reported by Roper, Shepherdson & Davies (1986) in the

number of pits per latrine was supported by the present study, although contrary to

the secondary peak during the autumn, believed to be due to an upsurge in mating

activity at that time, this study found very low levels of pit digging during this

season, especially at latrines on pasture. Another measure of latrine activity used

by Roper, Shepherdson & Davies (1986) was based on the number of pits

containing fresh faeces. Clearly this will depend largely on the pit digging

behaviour of badgers and does not reflect seasonal changes in dunging behaviour.

Even with pits available to badgers at latrines during the autumn, faeces were

frequently deposited directly on to the surface of the ground away from pits. This

behaviour was also recorded in the summer period, although not as marked.

Certainly during the present study recording only pits containing fresh faeces would

have been misleading considering the above observations and that active latrines can

contain few or no pits at all.
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In relation to faecal output, the distribution of faeces on a badger's territory

is probably a more significant measure of territoriality than seasonal patterns of

faecal output, which is likely to be affected by variation in food input and probably

more importantly by variation in group size throughout the year. Summer was the

only season in which faecal numbers differed significantly between boundary and

hinterland latrines, with badgers defecating preferentially at boundary latrines. The

difference in the percentage of boundary and hinterland latrines containing fresh

faeces was also maximum during the summer, with 71.4% of boundary and only

58.8% of hinterland latrines containing fresh faeces. The percentage of latrines

containing fresh faeces was also a measure of territorial activity used by Roper,

Shepherdson & Davies (1986). As in the present study, they also found the overall

percentage of latrines containing fresh faeces was at its lowest during the summer

months, which they used as evidence to suggest a lower level of territoriality at that

time. However, as the above values indicate, badgers were largely ignoring

hinterland latrines and defecating on the boundary, resulting in a large percentage of

inactive hinterland latrines, which when included into an overall analysis would give

the impression of low latrine activity during the summer. Boundary latrine

defecations reached a peak during the autumn, although were not significantly

greater than for hinterland latrines. These findings suggest that during the summer

and autumn months, the use of faeces in territorial demarcation is at its highest. As

food availability can be at its lowest in the summer and the demand for food from

within the group increases from spring to autumn due to cub growth, the peak in

dunging behaviour observed at boundary latrines during the summer and autumn

supports the food based hypothesis of territorial defence.

Anal gland secretion reached a peak during the winter/spring period for both

boundary and hinterland latrines, supporting the data presented in Chapter 3.

During the spring, a period of greatest extra-territorial movement by young adult

males, only 34.78% of boundary latrines contained anal gland secretion, compared
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to 45.71 % of hinterland latrines. Clearly anal gland secretion has a very limited

role in territorial defence and the fact that it originates primarily from adult sows,

suggests that its function is to advertise the sexual condition of its producer.

Ground scratching at latrines was only observed during the winter/spring

period. This behaviour was performed to a greater extent during the winter season,

especially at boundary latrines. Kruuk (1978) also reported that scratching was

more common at boundary latrines at this time. Although not quantified, adult

males spool-and-line tracked during late winter and early spring, frequently

scratched at boundary latrines. This was detected when the trail of thread through a

latrine site disappeared as a result of it being covered in loose earth. As I was

generally close behind the focal animal (approximately 3Omins) I assumed that these

activities resulted from the behaviour of the focal animal, although were clearly

difficult to quantify. It has been suggested in a number of other species that ground

scratching was associated with the deposition of scent from inter-digital glands

(Ewer 1973; Peters 1974; Peters & Mech 1975). The behaviour of ground

scratching has also been viewed as a composite signal, combining both chemical and

visual components (Smith 1977; Wickler 1978), and as an intimidation display

(Ewer 1968). However, the literature on ground scratching and its function in

badgers is very limited.

Possibly associated with latrine scratching was the behaviour of pit digging

which was also more frequent over the winter/spring period. Digging pits may be

another means of dispersing scent from the inter-digital glands as during

winter/spring large numbers of fresh pits at latrines contained no faeces or anal

gland secretion. From Chapter 3 it was clear that badgers seldom urinated in pits at

latrines, although when they did they urinated on top of faeces, either over-marking

other faeces or more commonly urinating on their own faeces. Ground scratching

was more common at boundary latrines during the winter/spring period, whereas
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the number of fresh pits at boundary and hinterland latrines were similar during this

period. The function of these pits is therefore unclear.

The scratching behaviour observed at boundary latrines during the

winter/spring period would suggest that this particular behaviour was associated

with the defence of oestrous females, supporting the anti-kieptogamy hypothesis. It

is possible that due to the greater energetic demands during the summer and

autumn, time consuming activities such as scratching and even digging are not

pursued at these times due to energetic constraints. During the autumn badgers

emerged early and spent greater time foraging than at any other time of the year and

were frequently observed foraging before sunset and after sunrise. During winter

and spring emergence times were erratic with badgers occasionally spending all

night below ground. Therefore the investment of time into foraging by the group

and territorial boundary patrolling by adult males (Chapter 3) during the autumn

and to a lesser extent summer, are probably performed at the expense of time

consuming latrine activities. This may also explain why during the autumn, 75% of

urinations were made while the badgers were travelling (i.e. trails), while during

the winter, 75% of urinations were performed with the badger stationary (i.e.

patches) (see Chapter 4).

As reported in Chapter 1, faeces are likely to be of minor importance in the

transmission of M. bovis from badgers to cattle. Nevertheless the presence of

infected faeces at latrines on pasture would still pose a risk to cattle, particularly

those cattle that appear to be unselective in their grazing behaviour. So far the

significance of latrines in the process of TB transmission is largely unclear.

One of the major problems in attempting to calculate the significance of

latrines in transmission, is in deciding how the number of faeces at the latrine site

will affect the probability of contact between cattle and badger excreta. Given the

strong avoidance of faeces by cattle, latrines heavily contaminated by faeces may be

more easily avoided than latrines containing relatively small numbers of faeces.
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This may also reduce the probability of contact between cattle and badger urine

located at latrines. Alternatively a latrine containing large numbers of faeces is

likely to pose a greater risk towards cattle that exhibit unselective grazing

behaviour. As a high percentage of cattle have been shown to strongly avoid close

contact with badger faeces on pasture (Benham & Broom 1991), perhaps a simpler

approach of assessing the role of latrines would be to look at the risk towards those

cattle that graze unselectively.

During the summer season the ratio of fresh faeces to old was approximately

1:1, whereas during the spring, latrines on pasture contained over 4x more old

faeces than fresh. This rapid decomposition of faeces during the summer is likely

to accelerate the destruction of M. bovis (Wilesmith 1991). The relatively low

number of faeces observed at pasture latrines, resulting from decomposition, would

also suggest that the risk of infection from latrines is relatively low during the

summer.

The peak in both fresh and the total number of faeces per pasture latrine

during the autumn indicates that unselective grazers are probably at greatest risk

during this season. A significant behaviour during this season was that only 18% of

faeces were deposited in pits, the remainder being deposited directly on to the

pasture. This behaviour was almost certainly associated with the availability of pits,

as digging was at an extremely low level during this season. Although pit digging

was low at both woodland and pasture latrines during the autumn, latrines in

woodland contained significantly more fresh pits than pasture latrines. Digging on

pasture at this time of the year may have been impeded due to the longer grass

length. As a consequence of this behaviour, faeces were less conspicuous and

generally concealed within thick vegetation. When grass is long, cattle have been

observed to eat the tops of the leaves over areas contaminated with cattle slurry

(Broom, Pain & Leaver 1975; Pain & Broom 1978). This behaviour may be

important in bringing cattle into close contact with excreta during this season. The

138



low level of scratching and digging at pasture latrines in the autumn may result in

the whole latrine site being less conspicuous to cattle, resulting in greater contact

with cattle and badger excretory products.

In spring the greater digging activity and the high percentage of faeces in

pits (84%) may be significant in lowering the risk to cattle. Benham & Broom

(1991) found no evidence to suggest that newly turned-out cattle were attracted to

latrines at this time, with cattle spending significantly less time grazing latrine sites

than non-latrine sites. Clearly further work is needed to examine on a seasonal

basis how the contact between cattle and latrines is likely to be affected by latrine

activity.

As Table 5.9 shows, the mean number of woodland latrines visited per night

was greater than visits to pasture and arable latrines during each season. This was

significant during spring, autumn and winter. Badgers also visited more latrines

than expected in woodland and fewer than expected on pasture and arable land

during spring, summer and winter. This apparent preference for visiting woodland

latrines may to some extent be related to the distribution of latrines along runs in

woodland. Large numbers of latrines were located along the major woodland runs

radiating from the main setts. This system of runs terminated at woodland edges so

that apart from the boundary run, the only badger runs in pasture and arable land

were crossing point runs through field boundaries. As a consequence the density of

latrines in woodland was calculated at 3. 14 ha d , approximately five times that for

pasture (0.64 had ) and arable land (0.70 had).

Although badgers visited large numbers of woodland latrines throughout the

year, faeces were deposited at latrines in different habitats in accordance with

latrine availability in the different habitats, except for the winter season. During the

winter badgers defecated more than expected at woodland latrines as badgers spent a

large proportion of the night within woodland around the main sett. The pattern of

defecation at other times of the year is not surprising since the dunging behaviour of
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badgers in different habitats and the availability of latrines in different habitats are

obviously closely linked as latrines are only maintained by badgers defecating at

them.

The relatively high number of woodland latrines visited throughout the year

is an important factor in relation to the latrine manipulations discussed in the

previous chapter. Apart from woodland being generally inaccessible to cattle, this

habitat also has the advantage of maximising the probability of detection of artificial

latrines and/or foreign faeces placed at existing woodland latrines. Obviously with

larger numbers of badgers detecting artificial latrines this would increase the

likelihood of obtaining a response from badgers and possibly increase the level of

dunging behaviour within woodland.

The distribution of hinterland latrines against particular field boundaries,

showed a similar relationship to the selection of boundaries used for the deposition

of urine on crossing point runs. The linear features which restrict badger

movements to a limited number of crossing points are particularly important.

Initially only hinterland latrines were included in the analysis as for the five groups

only 52% of boundary latrines and 92% of hinterland latrines were located beside

field boundaries. The distribution of boundary latrines around a territory is

probably more closely associated with the requirements of territorial defence. It

was also felt that the positioning of a boundary latrine against a particular field

boundary arose primarily because that field boundary was the dividing line between

territories, and did not therefore relate to the characteristics of that field boundary.

When boundary latrines were included into the analyses, greater overall significance

was detected, suggesting that badgers probably select linear features as territory

dividers that restrict badger movement.

The reasoning behind these observations is that those field boundaries that

restrict badger movement to a limited number of crossing points are selected

preferentially for depositing scent markers. In this way badgers maximise the
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probability of detection of their scent markers by conspecifics. These results

suggest there is a close link between crossing point urination sites and latrines, and

it is hypothesised that a proportion of heavily used crossing points receiving initially

urine eventually form latrines. Throughout the year the only defecation from a

focal badger away from a latrine was produced by an adult female in the winter on a

well used crossing point run. The infrequency of this behaviour may explain why

new latrine sites are only occasionally created at the study site. The significance of

linear features has been shown by White, Brown & Harris (1993), who found that

high risk TB areas had a greater degree of habitat heterogeneity and linear features.

In conclusion, dunging behaviour has been shown to be associated with the

defence of food resources, although other latrine activities such as scratching and

digging are more closely related to the defence of females during winter/spring,

providing some support for the sex-based hypothesis. However, these activities

may be of secondary importance in territory defence, occurring during the

winter/spring period when boundary defecations were relatively low. One of the

major problems of taking data directly from latrines is that it provides no indication

of the participation of individual age and sex categories within the group in scent

marking and territorial defence. Significant behavioural patterns in territorial

defence by certain age and sex categories within the group may be missed if they

are not exaggerated by a similar behaviour from other members of the group. This

stresses the importance of determining the role of individuals within the group in

any analyses of territoriality.

Latrines on pasture during the autumn containing large numbers of faeces

deposited directly on to the pasture probably present a significant risk to cattle. The

rapid decomposition of faeces seen during the summer suggests that M. bovis

survival at this time is minimum. The higher number of latrines against linear

features that restrict badger movement suggests that as with crossing point
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urinations there may a positive relationship between the number of latrines in an

area and the density of field boundaries.
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CHAPTER 6

MODELS FOR PREDICTING LATRINE DENSITY

6.1 Introduction

Areas in the south-west of England subject to repeated badger control

operations have been shown to contain greater landscape heterogeneity and a higher

density of linear habitat features (White, Brown & Harris 1993). Since badgers

may urinate on pasture after crossing through a linear feature, and that the number

of crossing point urinations increased with the number of linear features crossed

(Chapter 4), it has been hypothesised that these urinations are a major source of

bovine tuberculosis infection in cattle, and that areas with increased numbers of

linear features have greater levels of contamination of pasture with badger urine and

hence increased opportunities for disease transmission.

Using logistic regressions (White, Brown & Harris 1993) were able to

distinguish between random and control operation squares with up to 75% accuracy

based simply on map-derived habitat features. Although crossing point urinations

are associated with linear features it was obviously not possible to quantify the

potential risk from these urinations outside the Cotswold study area, and so data on

the distribution of latrines recorded from badger control operations by the Ministry

of Agriculture, Fisheries and Food were used in these analyses. It was hoped that

by analysing map derived habitat variables it would be possible to predict the

density of latrines within a particular area and from this access the potential risk to

cattle on different landscape types.

Preliminary evidence suggests that the pattern of resource distribution in a

given habitat and the influence of that pattern on the social organisation of a
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particular species, may underlie some of the features of the distribution of latrines.

Also the pattern of latrine distribution by different species may be explicable in

terms of type and quality of resources to be defended, although as yet insufficient

data are available to test this hypothesis (Macdonald 1980). Examining which

factors play a role in determining the density of both boundary and hinterland

latrines should provide a better understanding of the mechanisms involved in

territoriality in the badger.

6.2 Methods

Data from the study site on the Cotswold escarpment in Gloucestershire

formed the basis of these analyses, with these baseline data being used to predict

latrine densities in four areas (Cornwall, Staffordshire, Gloucestershire and Avon).

Latrine densities were derived from bait-marking data supplied by the Ministry of

Agriculture, Fisheries and Food from these four counties. Latrine densities were

calculated for individual social groups. A bit pad was used to determine territory

size, territory boundary length, field boundary length, area of woodland and the

combined area of pasture and arable land within territories. This enabled the

density of latrines within different habitats to be calculated. Data on social group

sizes at the Cotswold study area were also supplied by the Ministry of Agriculture,

Fisheries and Food. Social group sizes were determined from capture records at the

end of each year. Animals found dead after the period of bait-marking were

included in the analyses, although since cubs were not involved in scent marking at

latrines during the period of bait marking, this category was excluded from the

analyses. Group size was therefore a measure of the number of adults and yearlings

within the group. Social group sizes for Cornwall, Staffordshire and Avon were

obtained from published data (Cheeseman et a!. 1981; Cheeseman eta!. 1985), and
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from the other site in Gloucestershire from unpublished data supplied by the

Ministry of Agriculture, Fisheries and Food.

Data from the Cotswold escarpment study site were analysed for 1991 and

1992, with group sizes, territory sizes and latrine densities averaged for the two

years. Thirty social groups were included in these analyses. Four groups were

excluded since large areas of settlement occurred within these territories, and the

disturbance may have affected latrine numbers or their distribution.

All active latrines located during the bait-marking survey were included in

the analyses. This included latrines that did not contain plastic pellets. Analysing

the data by social groups posed problems when calculating boundary latrine

densities, since these latrines were shared by two and even three or four different

groups. For the density calculations, when summing the number of boundary

latrines for a particular group, a boundary latrine shared by another group was

counted as 0.5. The density of latrines on pasture and arabic land on badger

territories was calculated by two different methods. The first determined the

number of latrines on pasture and arabie land km 2 of pasture and arable land and

has been referred to as the density of latrines on pasture and arable land. The

second method involved calculating the number of latrines on pasture and arable

land km 2 of territory.

6.2.1 Study areas

Habitat details for the Cotswold escarpment study site are given in Chapter

1. The area in Cornwall was fairly isolated, surrounded on three sides by a river

estuary, and supported six social groups of badgers. Hills rose to 76rn above sea -

level with the slopes from the estuary covered mainly by mature deciduous

woodland. Most of the setts were located in these belts of woodland which

comprised 6% of the total area. Pasture and arabic land covered 80% and 9% of
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the area respectively, while settlement covered a further 5%. Fields were generally

smaller than at the study site in Gloucestershire, with field boundaries typically

formed from hedge-banks (earth covered stone walls with vegetation growing on

top). Farming in the area was mainly beef and dairy with some sheep.

The area in Avon was relatively hilly, and ranged between 48m and 233m

above sea-level. The area contained seven social groups, with most of the setts

located in hill sandstone strata amongst deciduous woodland. The area comprised

of 1% settlement, 7% woodland, 79% permanent pasture and 13% arable land.

Farming was mainly beef and dairy.

The Staffordshire area supported five social groups, with a hilly terrain that

ranged between 150 and 280m above sea-level. Steep sided valleys were dominated

by deciduous and mixed woodland and comprised 15% of the total area. The

remainder of the area was predominantly permanent pasture. Field sizes were small

(5-15 ha), with field boundaries of hedges or dry stone walls. Farming was mainly

beef and dairy with some sheep. The Gloucestershire area contained five social

groups. Hills rose to 276m above sea-level, and woodland covered 35% of the total

area.

6.2.2 Methods of population estimate

On the Cotswold escarpment badgers were caught exclusively in cage traps

(Cheeseman & Mallinson 1980). In Avon badgers were caught in June 1979

predominantly in cage traps, although snares were also used to catch trap-shy

individuals. At the site in Cornwall only snares were used for the removal of

badgers. About 50 snares were deployed around setts on each of 18 nights in

October and November 1978. In Staffordshire saturation trapping with both cage

traps and snares was used to achieve the optimal rate of removal. Trapping began

in June 1982. At the Gloucestershire site badgers were caught mainly in cage traps
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although snares were also used. Trapping commenced in the middle of June 1982

and continued for a period of 16 nights.

6.3 Results

6.3.1 Relationship between latrine density and the density of linear habitat features

No significant relationship was found between the density of latrines on a

territory (no. km 2) and field boundary density (Figure 6.1) (F=O.26, R2=O,

d.f.=1,28, p>O.OS). Similarly boundary (Figure 6.2) and hinterland (Figure 6.3)

latrine densities showed no correlation with field boundary density, although the

density of latrines on pasture and arable land was significantly correlated with field

boundary density (Figure 6.4) (F=4.53, R2 = 10.8, d.f.=l,28, p<O.05). When

latrines on pasture and arabic land were separated into hinterland and boundary

latrines, neither type of latrine were found to be correlated with field boundary

density.

6.3.2 Relationship between latrine density and group size

Group size was found to be significantly correlated with the density of

latrines on badger territories (Figure 6.5) (F=7.61, R2 = 18.6, d.f.=1,28,

p=O.Ol). Analysing boundary and hinterland latrines separately revealed that

boundary latrine density was not correlated to group size (F=0. ii, R2=0,

d.f. = 1,28, p>O.OS), although as shown in Figure 6.6 the density of hinterland

latrines within territories was found to be correlated with group size (F= 13.25,

R2 =297 d.f.=1,28, p=O.O0l). Group size was not correlated with the density of

latrines on pasture and arabic land (F=2.32, R 2 =4.3, d.f.1,28, p>0.O5), nor

with hinterland latrine density on pasture and arable (F=2.73, R2 =5.6, d.f.=1,28,
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Figure 6.1 Relationship between the number of latrines km 2 and field boundary

density (m knf2) (F=O.26, R2 =O, d.f.=1,28, p>O.05).
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Figure 6.2 Relationship between the number of boundary latrines km 2 and field

boundary density (m km 2) (F =3.27, R2 =7.3, d.f. = 1,28, p >0.05).
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Figure 6.3 Relationship between the number of hinterland latrines km 2 and field

boundary density (m km 2) (F=O.36, R2 =O, d.f.=1,28, p>O.05).
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Figure 6.4 Relationship between the density of latrines on pasture and arable land

(number km 2 of pasture and arable land) and field boundary density (m km2)

(F=4.53, R2 = 10.8, d.f. = 1,28, p<O.O5).
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Figure 6.5 Relationship between the number of latrines km 2 and group size

(number of adults and yearlings) (F =7.61, R 2 18.6, d.f. 1,28, p =0.01).
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Figure 6.6 Relationship between the number of hinterland latrines km 2 and group

size (number of adults and yearlings) (F= 13.25, R2 =29.7, d.f. = 1,28, p=O.001).
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p>O.O5) and boundary latrine density on pasture and arable land (F0.79, R2=0,

d.f.=1,28, p>O.05).

6.3.3 Relationship between latrine density and territory size

The density of all latrine types grouped was not correlated with territory size

(F=4.03, R2 =9.5, d.f.=1,28, p>O.O5). The number of hinterland latrines

increased significantly with increased territory size (F=15.39, R2=33.2,

d.f. =1,28, p=O.00l). Although group size and territory size were not related, the

number of hinterland latrines on a territory was controlled for group size by

calculating the number of hinterland latrines per badger (Figure 6.7). This revealed

that the number of hinterland latrines per badger increased significantly with

increased territory size (F=7.30, R2 =17.8, d.f.=1,28, p<O.05). The number of

hinterland latrines per badger was also found to be significantly correlated with the

length of territory boundary per badger (Figure 6.8) (F=13.45, R2=30.3,

d.f.=1,28, p=O.001), although no correlation was found between the length of

territory boundary per individual and territory size (F =1.17, R 2 =0, d. f. = 1,28,

p>O.OS). Due to the increase in hinterland latrine numbers with increased territory

size, the density of hinterland latrines was not correlated with territory size

(F=0.01, R2 =O, d.f.=1,28, p>O.05).

Boundary latrine numbers remained fairly constant across the range of

territory sizes in the analyses. This was apparent from Figure 6.9, which showed

that the mean distance between boundary latrines was positively correlated with

territory size (F=12.13, R 2 =28.4, d.f.=l,27, p=O.002). Boundary latrine

density showed a significant negative correlation with territory size (F =21.02,

R2 =40.8, d . f. = 1,28, p <0.0001), and was found to show a greater correlation

with territory size after a logarithmic transformation of boundary latrine density

(Figure 6.10) (F=26.83, R 2 =47.6, d.f.=1,28, p<O.000l). The overall density of
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Figure 6.8 Relationship between the number of hinterland latrines per badger and

the length of territory boundary per badger (m) (F=13.45, R2 =30.3, d.f. = 1,28,

p=o.001).
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Figure 6.9 Relationship between inter-boundary latrire distance (m) and territory

size (km2) (F=12.13, R2 =28.4, d.f.=1,27, pO.002).
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Figure 6. 10 Relationship between loge (number of boundary latrines km 2) and

territory size (km2) (F=26.83, R2 =47.6, d.f.=l,28, p<O.000I).
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latrines on pasture and arable land (Figure 6.11), was also found to be negatively

correlated with territory size (F=l5.53, R 2 =33.6, d.f.=l,28, p<O.0001). This

relationship resulted entirely from the negative correlation found between boundary

latrine density on pasture and arable land with territory size (F=28.18, R2=48.4,

d.f.=1,28, p<O.000l) and not from hinterland latrine density on pasture and arable

land with territory size (F=2.20, R2 =4.0, d.f.=l,28, p>O.05).

6.3.4 The influence of woodland on latrine density

Although in Chapter 5 it was found that woodland was selected

preferentially for latrine sites, no correlation was detected between latrine density

on a territory and the proportion of woodland within the territory (F =0.09, R 2 =0,

d.f. =1,28, p> 0.05). Likewise no correlation was found between the density of

boundary latrines (F = 1.47, R2 = 1.6, d.f. 1,28, p >0.05), hinterland latrines

(F=1.73, R2 =2.4, d.f.=1,28, p>O.O5) and in particular the density of latrines on

pasture and arable land (Figure 6. 12) with the proportion of woodland within

territories (F=0.14, R2 =0, d.f.1,28, p>O.OS).

6.3.5 Analysis of test data

For the site in Cornwall, field boundary density explained 71.0% of the

variation in the density of latrines on pasture and arable land (F=13.21, R2=71.0,

d.f.=1,4, p<O.05). A similar pattern existed between latrine density on pasture

and arable and field boundary density for the Avon site (F= 13.74, R268.0,

d.f. =1,5, p<0.02). However, for the Gloucestershire and Staffordshire sites field

boundary density was not correlated with pasture and arable latrine density. At the

site in Cornwall (F =9.79, R2 = 63.8, d. f. = 1,4, p <0.05) and for the area in Avon

(F =7.31, R2 51.3, d .f. = 1,5, p < 0.05), latrine density on pasture and arable land
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Figure 6.11 Relationship between loge (density of latrines on pasture and arable

land) and territory size (kni2) (F=15.53, R2 =33.6, d.f.=1,28, p<0.000I).
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Figure 6.12 Relationship between the density of latrines on pasture and arable land

and the proportion of woodland within badger territories (F =0.14, R 2 =0,

d.f.=1,28, p>O.O5).
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was found to be negatively correlated with territory size. For the Gloucestershire

site, although not significant a trend was detected between latrine density and

territory size (F=5.94, R2 =49.7, d.f.=1,4, p=O.O7). No relationship between

these variables existed for the area in Staffordshire (F=0.69, R 2 =0, d.f.=1,5,

p>O.OS). No relationship between latrine density and group size was found for any

of these sites.

6.3.6 Development of the predictive model

Stepwise multiple regression of overall latrine density on the five variables,

proportion woodland (PW), proportion pasture and arable land (PPA), territory size

(TS), group size (GS) and field boundary density (FBD), gave the best model (at

5% significance) with just two variables (TS and GS), although only explained

34.9% of the variation in latrine density (LD) (F=8.79, R 2 =34.9, d.f.=2,27,

p=O.00l). The model took the following form:

LD = 81.81 - 126.16(TS) + 4.554(GS)

No transformation of any of the variables was found to improve this correlation.

The best model for explaining the observed variation in the density of

latrines on pasture and arabic land (DLPA) also included group size and territory

size (F =14.65, R2 = 48.5, d. f. = 2,27, p < 0.0001). Although this model was

highly significant, the proportion of variation explained was rather low. This model

was also found to underestimate pasture and arabic latrine densities for relatively

large territories. This was due to an exponential relationship between latrine density

and territory size, and after a logarithinic transformation of all variables the

predictive accuracy and the proportion of explained variation were improved

162



(F=23.75, R2 =61.l, d.f.=2,27, p<O.0001), with the model taking the following

form:

Loge DLPA = 1.7909 - l.O6O8(log TS) + O.46SO(log GS)

The final model estimated the number of latrines on pasture and arable land

per km2 of land (NLPA). Obviously this was dependent on the area of pasture and

arable within a krn2 , although the proportion of woodland within a km 2 was

selected by the stepwise multiple regression as a factor of greater significance.

Logarithmic transformation of the dependent variab'e increased the proportion ol

explained variation from 59.8% to 68.8% (F =22.27, R 2 =68.8, d.f. =3,26,

p<O.0001). The model took the form:

Loge NLPA = 4.672 1 - 2.0l23(PW) - 3.6332(TS) + 0.08075(GS)

6.3.7 Testing the accuracy of the models

The accuracy of the models was tested with data supplied by the Ministry of

Agriculture, Fisheries and Food for badger control operations conducted at sites in

Cornwall, Avon, Gloucestershire and Staffordshire. The calculated latrine densities

and predicted values for each social group at these four sites are presented in Table

6. 1. In order that the reliability of the model could have been quantified when

applied predictively to other areas, it would have been useful to have a priori

criteria by which success could have been measured. The conventional statistical

test of the correlation coefficient is inappropriate, since with a large volume of data

a significant correlation can be achieved with a relatively small proportion of the

total variation explained and with serious inaccuracies in prediction. Harris &

Rayner (1986) assessed the performance of a model predicting fox density
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Surveyed no.

of latrines on

pasture and

arable land

km 2 of

territory

9.27
9.72

8.51
14.68
16.59
6.46

Predicted no.

of latrines

8.10
12.00
16.20
13.87
77.95
8.00

	

18.23
	

43.35

	

47.62
	

40.17

	

26.09
	

82.74

	

13.84
	

23.04

	

1.73
	

6.44

	

37.58
	

82.30

	

17.84
	

21.68

	

23.60
	

65.02

	43.21
	

32.98

	

10.09
	

12.18

	

42.37
	

27.84

	

12.38
	

16.99

	

9.15
	

21.70

	

17.14
	

8.55

	39.54
	

11 69

	

66.58
	

29.81

	

18.41
	

6.89

	

31.41
	

74.81

	

10.47
	

14.85

	

8.96
	

14.46

Table 6.1 Surveyed and predicted values for the density of latrines on pasture arid arable land and

the number of latrines on pasture and arable land km 2 of territory, for the areas in Cornwall,

Gloucestershire, Avon and Staffordshire; residual values are surveyed minus predicted values.

Surveyed density
	

Predicted

of latrines on
	

latrine

pasture and
	

density

arable land

CORNWALL

10.17
	

4.77

11.58
	

8.98

11.18
	

17.41

21.20
	

15.77
21.47
	

26.32

7.62
	

6.19

GLOUCESTERSHIRE

23.49
	

22.84
62.73
	

47.02
31.83
	

31.77
25.64
	

24.67

8.47
	

14.77

74.19
	

61.42

AVON

19.46
	

13.72

23.81
	

22.92
51.47
	

26.06
12.99
	

9.34
54.35
	

38.28

13.46
	

13.65

11.08
	

21.20

STAFFORDSHIRE

23.28
	

11.64
51.93
	

7.94
101.12
	

32.33

36.58
	

10.95

44.22
	

41.40
15.93
	

24.56

18.05
	

25.61

Residual

value

5.40
2.60
-6.23

5.43
-4.85
1.43

0.65
15.71
0.06
0.97
-6.30
12.77

5.74

0.89
25.41
3.65
16.07
-0.19

-10.12

11.64
43.99
68.79
25.63
2.82
-8.63
-7.56

Residual

value

1.17
-2.28
-7.69
0.81
-61.36
-1.54

-25.12
7.45
-56.65
-9.20
-4.71
-44.72

-3.84

-41.42
10.23
-2.09
14.53
-4.61

-12.55

8.59

27.85
36.77
11.52
-43.40
-4.38
-5.50
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empirically, with one of their criteria being that at least 50% of predicted values for

squares must be within 0.5 family groups km 2 , and 75% within 1.0. In view of

the difficulty in locating all latrines within a surveyed area, and with data collection

performed by different people, it was unrealistic to expect a complete fit between

estimated and surveyed latrine densities, although the model could not be useful if

estimates were consistently poor.

For the predictions of latrine density on pasture and arabic land, residual

values of less than 5.0 occurred for 38.5% of social groups, 61.5% of predicted

values were within 8.0 of surveyed latrine densities and predicted values within

20% of surveyed values occurred for 30.8% of the social groups. For the number

of latrines on pasture and arable land per km2 , 42.3% of predicted values were

within 6.0, 61.5% were within 9.0 of surveyed values, and predicted values

occurred within 20% of surveyed values for 11.5% of the social groups.

6.4 Discussion

This analysis examined those factors that were important in regulating latrine

density, and then used those particular parameters to develop models to predict

latrine density outside the Cotswold escarpment study area. It was originally

intended to base the analyses on map-derived habitat variables since this would have

formed a simple and practical method of estimating latrine density and examining

the potential for disease transmission. White, Brown & Harris (1993) have shown

that for certain landscape types, habitat features were correlated with herds with

reactor cattle and correctly classified with about 70% accuracy, random versus

control squares simply on the basis of map-derived habitat variables. These authors

hypothesised that the type and density of linear features, which influenced badger

urinatory behaviour were a significant causative factor in the transmission of bovine

tuberculosis to cattle.
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Although the density of linear habitat features was found to be correlated

with the density of latrines on pasture and arable land, other factors were shown to

affect latrine density to a greater extent. Characteristics of the habitat such as field

boundary density were not important factors in determining latrine numbers and this

particular variable was dropped from the analyses during the stepwise multiple

regression. This may indicate that the findings of White, Brown & Harris (1993)

that high risk areas were characterised by greater field boundary density and habitat

heterogeneity may be explained in terms of badger urinatory behaviour on crossing

point runs and not because these areas were characterised by high latrine densities.

Although, as latrine density on pasture and arabic land was positively correlated

with field boundary density, areas with high densities of field boundaries are likely

to have higher densities of latrines on pasture with all other things being equal. One

of the factors that could not be included in these analyses which was possibly of

major significance was the type of field boundary in question. Chapter 5 showed

that the type of field boundary was a key factor in determining latrine sites, with

badgers creating latrines preferentially at those field boundary types with restricted

access. The lack of data on field boundary type for the study area was probably the

main reason why field boundary density was not a significant factor in the model

since certain types of field boundary appear to be particularly important in

establishing latrine sites. This omission from the model may explain to some extent

the poor predictive capability of the model within particular areas. White, Brown &

Harris (1993) found that habitat heterogeneity and field boundary density were only

significant factors in TB transmission to cattle within certain types of landscapes.

These landscapes may be characterised by having field boundary types that restrict

badger movement, providing increased potential for urination and/or defecation.

Analyses of the data for Staffordshire, Cornwall, Avon and Gloucestershire

revealed that in only Cornwall and Avon field boundary density was significantly

correlated with latrine density on pasture and arabic land. It is possible that the
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Avon and Cornwall sites were characterised by key field boundary types which are

selected by badgers for urination and defecation. This would explain the

relationship between field boundary density and latrine density for these areas.

Also, White, Brown & Harris (1993) have shown that for the type of landscape

found at the site in Avon, field boundary density was related to areas with repeated

herd breakdowns in the south-west of England. Thus for these areas, where field

boundary density is high, the density of latrines on pasture is also likely to be high

which may be responsible for the repeated herd breakdowns in these areas. Clearly

a survey to classify field boundary types in different regions is needed to improve

the model and would be particularly important in evaluating the potential risk from

crossing point urinations and latrines in different areas.

The major problem experienced in developing a model for estimating overall

latrine density was the difference between boundary and hinterland latrines in their

relationship with territory size and group size. Since the number of boundary

latrines per social group varied little on the Cotswold escarpment, across a range of

territory sizes, this resulted in a highly significant negative correlation between

boundary latrine density and territory size. In fact this single parameter accounted

for 40.8% of the variation seen in boundary latrine density and 47.1% after the

logarithmic transformation of boundary latrine density. The positive relationship

between the number of hinterland latrines on a territory and territory size, resulted

in no relationship between hinterland latrine density and territory size.

Possibly of major significance in the transmission of TB to cattle was the

finding that larger territories contained a greater number of hinterland latrines per

badger. Using the linear regression equation for the regression line from Figure

6.7, 1.74 hinterland latrines per badger occurred on a territory of 0.279 km2 , the

average territory size on the Cotswolds study site for 1991 and 1992 (C.L.

Cheeseman unpublished). This figure rose to 4.17 for a territory size of 0.70 km2,

a common territory size in many areas of the south-west (Cheeseman et a!. 1981).
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This suggests that given a finite production of excreta by badgers, hinterland

latrines on larger territories are likely to contain smaller quantities of excreta. This

may have important implications in the transmission of bovine tuberculosis at lower

badger densities, as latrines containing relatively small quantities of excreta may be

investigated by cattle with greater frequency than larger latrines heavily

contaminated with faeces.

For those species which mark throughout their range or territory it has been

argued that the function of the deposited scent mark is to help orientate the

individual producing the mark, maintaining the individuals familiarity with its range

(Lyall-Watson 1964; RaIls 1971; Ewer 1973). This may explain why badgers living

in large territories have a greater number of hinterland latrines per individual than

for badgers on smaller territories. Alternatively if hinterland latrines are considered

to have a defensive role against animals from neighbouring social groups, then the

observed increase in hinterland latrine numbers with increased territory size may

merely reflect the requirements of a social group defending a larger territory.

The relatively constant number of boundary latrines irrespective of group

and territory size may indicate that only a small proportion of the social group is

responsible for maintaining boundary latrines (i.e. dominant boar(s) and sow(s)).

This situation occurs in the wolf, where the alpha male and female are almost

exclusively responsible for the pack's scent marking (Peters & Mech 1975; Haber

1977). Yet Chapter 3 found that although adult males were the main instigators of

territoriality in the form of boundary path patrolling and boundary scent marking,

the division of labour in scent marking in the badger was not as well developed as

that in wolves, with all members of the social group taking part to some extent in

territorial behaviour. It is more probable that for badgers living in larger territories

investing in hinterland latrines is a more profitable strategy than increasing

boundary latrine numbers. Given a finite number of latrines, increasing latrine

168



numbers along the territory boundary ould occur at the expense of hinterland

latrines which, on a larger territory, ould leave large areas ithout latrines.

Although boundary marking does provide the earliest ;arning to

neighbouring social groups that a territory is occupied, it invohes only a single line

of defence ' hich must be maintained intact and renew ed regularly if overt conflicts

are to be avoided. To maintain a dense, fresh line of scent marks along the territory

boundary requires a large supply of scent relative to the length of perimeter to be

marked. Gien a limited time budget and a finite supply of excreta and scent

secretion, as territory size increases it becomes progressively more difficult to visit

and mark the border v. ith the frequency and regularity necessary to maintain the

continuity of the line of scent marks. Thus border marking is possible ' hen the

supply of scent is large compared to the length of perimeter to be marked.

Gorman & Mills (1984) believe that the length of boundar) to be marked per

individual group member is the critical parameter that determines if animals adopt

the hinterland or boundary marking strategy. In a situation here a social group is

faced ith scent marking a long border, hinterland marking is perhaps a safer

strategy, since although an intruder may cross the boundary and penetrate into the

territory, sooner or later that ind idual ill encounter a hinterland latrine. This is

the case for bron h',aecas (Hina brunnea) in the Kalahari hich lie in small

groups, the members of hich share a large territor) 235-480 km2) (Mills 1976)

and adopt the hinterland marking strategy (Mills 1982). This tpe of territory

marking has also been recorded in the striped haena (Thai na 'utgaris), a solitary

species ' hich occupies a large territor) (40-70 kin 2) Kruuk 1976. On the other

hand the aard olf (Proteles critatus) ' hich lives alone, or in pairs in the Serengeiti,

in a very small territory (1.5 km2), adopts the boundar) marking strategy (Kniuk &

Sands 1972). Intra-specific ariati n in marking strategy has been recorded for the

spotted hyaena. Spotted h)aenas living in the Kalahari live in relatiely small

groups and occupy large territories (C. 1000 km2). The length of border per group
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member is similar to that of the brown hyaena and here spotted hyaenas mark

throughout their territory (Mills & Gorman 1987). Group sizes are larger for

spotted hyaenas living in the Ngorongoro and territories considerably smaller than

for Kalahari hyaenas (30 km2). As a result each group member has only a

relatively small length of perimeter to scent mark and here boundary marking is the

adopted strategy. Figure 6.8 indicates that a similar phenomenon may be involved

in the territorial behaviour of the badger. For those groups where the length of

territory boundary to be marked per individual was relatively long, animals

concentrated their scent marking behaviour throughout the territory. Although the

number of hinterland latrines per individual rose with an increase in territory size,

this did not explain the relationship seen in Figure 6.8, since the length of territory

boundary per individual was not correlated with territory size. If the hinterland

marking strategy is preferred when the length of boundary to be marked per

individual is relatively large, then this strategy may be utilised by badgers living at

low population densities. With a greater investment in hinterland marking, the

deposition of urine on crossing point runs may occur more frequently at lower

population densities. Data collected using spool-and-line and biomarker techniques

at lower population densities in the south-west of England would be instrumental in

testing this hypothesis. Neal (1986) has suggested that for badgers in large

territories, boundary marking and patrolling along the whole of the perimeter

becomes physically impossible and that dung pits become restricted to such places

as good worming patches or where a seasonal abundance of food is found.

Macdonald (1980) has also suggested that the distribution of latrines may reflect the

distribution and quality of food patches. Perhaps an important omission from the

model were parameters that adequately describe food availability and distribution.

In the present analyses, since it was intended to derive variables from map-

derived habitat features, fields were not distinguished as permanent pasture or

arable land. Although Chapter 5 showed that latrine densities were similar on
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pasture (0.64 had) and arable land (0.70 had ) these values were only based on five

social groups and differences in the relative proportions of pasture and arable land

between the Cotswold escarpment and the other four areas may have been a

contributing factor in the inaccuracy of predicted latrine densities.

Apart from the different relationship between boundary and hinterland

latrine densities with territory size, the other problem in modelling overall latrine

density was that hinterland latrine density was significantly correlated with group

size, while no such relationship existed for boundary latrines. The positive

relationship between hinterland Ia rine density and group size may be borne out by a

more complex social structure relying on a higher level of olfactory communication

between group members. Alternatively the greater nightly output of excreta from a

larger social group may explain this relationship. Since Chapter 4 found that fresh

faeces appeared to stimulate defecation, defecations away from existing latrines are

more likely to be encountered and marked by other badgers when group size is

large. Given the higher latrine density for larger social groups, latrines are

probably encountered with greater frequency by badgers living in larger social

groups. Apart from the increased opportunities of tuberculosis transmission through

direct contact between badgers living in larger groups, higher densities of latrines

may act to accelerate tuberculosis transmission between group members, due to an

increased probability of contacting infective excreta from infected individuals within

the social group.

In conclusion, it was intended to analyse map-derived habitat variables

which would have formed a practical method of estimating potential high risk areas.

Although the model predicts latrine density reasonably accurately, knowledge of the

types of field boundary on the four areas would probably greatly improve the

predictive capability of the model. In its present state the model has few practical

applications given the parameters included, although these analyses have revealed

some interesting aspects of badger territoriality and the possible significance of this
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behaviour in TB transmission. Although only preliminary, these analyses indicated

that only within certain types of landscapes was field boundary density correlated

with latrine density. This is consistent with White, Brown & Harris (1993) who

found that field boundary density was only related to areas with repeated herd

breakdowns within certain types of landscapes. Chapter 5 indicated a possible link

between crossing point run urinations and latrines and it is hypothesised that types

of landscapes in which field boundary density is related to repeated herd

breakdowns are characterised by having high densities of field boundary types that

restrict badger movement resulting in greater levels of contamination of pasture with

badger urine and faeces and hence a greater chance of disease transmission. This

highlights the need to survey field boundary types as this is probably one of the

major factors that determines high risk areas in the south-west of England.
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CHAPTER 7

GENERAL DISCUSSION

7. 1 Tuberculosis transmission from badgers to cattle

The underlying objective of this thesis was to identify possible modes of

transmission of bovine tuberculosis from badgers to cattle. Since cattle are believed

to become infected while grazing pasture contaminated y tacSger exce, this st'dy

concentrated on the excretory behaviour of badgers, identifying sites of excreta

deposition and analysing seasonal patterns of dunging and urinating behaviour.

Probably one of the most significant findings in relation to TB transmission

was the urinatory behaviour of badgers on crossing point runs through field

boundaries. This thesis concentrated on these urinations as being potentially the

major factor involved in TB transmission and may perhaps have over-emphasized

the importance of these urinations, since at this stage the role of these urinations in

the transmission of bovine tuberculosis from badgers to cattle is still largely

speculative. However, the peak in the nightly excretion of urine on pasture crossing

point runs occurred in the spring, the time of year that cattle are at greatest risk of

infection. Wilesmith er al. (1982) have pointed out that cattle are at greatest risk of

infection in April and May and believe that re-exposure to M. bovis occurred at this

time each year over a relatively short period of time. The peak in contamination of

pasture with badger urine occurred during the summer and for faeces in the autumn.

Clearly these two peaks do not coincide with the high risk period for cattle, which

may be more easily explained by the urinatory behaviour of badgers on crossing

point ruins.
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The length of time that excreted bacilli remain infective on pasture is an

important factor in the transmission of infection from badgers to cattle. In summer,

M. bovis in badger urine and sputum have been reported to remain viable for only a

few days (Ministry of Agriculture, Fisheries and Food 1979). This may explain

why Wilesmith et al. (1982) found that cattle were only exposed to infection for a

relatively short period of time (April and May). Although the number of crossing

point urinations per badger per night on pasture (Table 4.2) continued at a relatively

high level between March and August, it is possible that since bacilli remain

infective for only a short period in the summer, infected urine deposited on pasture

crossing points later than May poses little risk to cattle. Likewise the peak in

urinations on pasture during the summer may be of reduced significance due to the

poor survival of bacilli at this time. The rapid decomposition of faeces recorded

during the summer is also likely to accelerate the destruction of M. boy/s. Although

bacilli in badger urine and sputum can remain viable for up to 10 weeks in winter

(Ministry of Agriculture, Fisheries and Food 1979), the low level of pasture

contamination with both urine and faeces during the winter months is consistent

with the observations of Wilesmith ci al. (1982), who report that cattle are at little

or no risk of becoming infected during the winter.

The urinatory behaviour of badgers at crossing point runs was influenced

largely by the type of field boundary, with badgers urinating preferentially at linear

features which restrict badger movement to a limited number of crossing points.

The positive correlation between the number of crossing point urinations and the

number of field boundaries crossed suggests that if a similar relationship occurs in

other problem areas in the south-west, the density of linear features may have an

influence on the number of crossing point urinations. Since White, Brown & Harris

(1993) have shown that field boundary density is correlated with herds with reactor

cattle in particular types of landscapes iii the south-west of England, this urinatory

behaviour may be the significant causative factor behind this correlation. However,
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the types of field boundary preferentially selected by badgers for urinating were also

selected preferentially for establishing latrine sites and since in some parts of the

south-west latrine density was related to field boundary density, the areas with

repeated herd breakdowns in the south-west that contain high densities of field

boundaries (White, Brown & Harris 1993) may be characterised by high latrine

densities. Thus in these areas the influence of field boundaries on both urinatory

and dunging behaviour would result in high levels of pasture contamination and

therefore increased contact probabilities between infected excreta and cattle.

Although cattle would have been excluded from over 90% of these crossing

point urinations if cattle were denied access to an area four metres from a field

boundary, this represents a relatively large proportion of the field area, particularly

in high risk areas with large field boundary densities and small fields. Since

badgers select linear features with restricted access, perhaps a more practical

recommendation would be to open up certain field boundaries to provide easier

access to badgers. This may have the effect of reducing the significance of a field

boundary as a site for urine marking and subsequently reduce the number of

crossing point urinations on pasture. Alternatively badgers could be allowed access

through just a small part of a boundary, with that area fenced from cattle.

7.2 Future work

At this stage these suggestions are not intended as recommendations, since

the effect of manipulating field boundaries on badger excretory behaviour is

unknown. Manipulations may have the effect of enhancing the problem and clearly

further research is needed to examine how the level of contamination of pasture

with badger urine may be reduced and/or how these urinations can be excluded

from cattle. Given that faeces were deposited almost entirely at latrines and that at

certain times of the year latrines received relatively large quantities of urine, the
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exclusion of cattle from latrine sites and the effect of this on badger excretory

behaviour also warrants investigation.

If badgers living at low densities adopt a hinterland marking strategy as has

been suggested, this may involve a greater dependence on crossing point urinations.

With this in mind a spool-and-line study on a low density population of badgers

would be essential in testing this theory, as well as quantifying the potential risk to

cattle from badger scent marking for a low density population. Given the

significance of certain field boundaries in regulating the urinatory and duriging

behaviour of badgers and since White, Brown & Harris (1993) have shown that

field boundary density is correlated with herds with reactor cattle, more detailed

information is required on the nature of field boundaries in different areas in the

south-west of England and on the pattern of crossing point urinations in different

areas.

Although cattle generally show strong avoidance of badger excreta, some

cows have been shown to graze latrine areas and consume contaminated pasture

when presented with turfs (Benharn & Broom 1991). In the present study cattle

were observed to eat pasture contaminated by badger urine on crossing point runs

within 24 hours of its deposition. More information is needed on the contact

probabilities with infected excreta by cattle and the avoidance and/or investigation

of these products by cows, especially crossing point urinations. In particular

research is needed to examine the longevity of survival of M. bovis on pasture since

this can be incorporated into models estimating contact probabilities between cattle

and infective excreta. Despite observations of cattle consuming and/or investigating

contaminated pasture, the significance of these behaviours is unknown without

quantified data on the seasonal pattern of M. bovis survival on pasture.
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Studies on the spread of bovine tuberculosis from badgers to cattle

J. A. BROWN*, C. L. CHEESEMAN** AND S. HARRIS*

* Department of Zoolog y . Universit y of Bristol, Woodland Road, Bristol BS8 JUG, UK
** Central Science Laborator y . Ministr y of Agriculture, Fisherie.s and Food, Tangier Place,

Worplesdon, Guildford , Surre y GU3 3LQ, UK

Bovine tuberculosis in cattle continues to be a problem in Britain, particularly in south-west
England, where the number of herd breakdowns in 1990 was 104, compared with only 39 herd
breakdowns in the whole of the rest of Britain (MAFF, 1991). Evidence linking badgers with the
spread of bovine tuberculosis in the south-west of England has accumulated since the discovery of
the disease in a badger in Gloucestershire in 1971 (Muirhead. Gallagher & Burn, 1974: Gallagher,
Muirhead & Burn, 1976; MAFF. 1976. 1977. 1979).

The route of transmission of bovine tuberculosis from badgers to cattle has been little studied
and remains speculative. It is believed that cattle may pick up infection while grazing pasture
contaminated by an infected badger (Muirhead el a!., 1974; MAFF, 1979). and that
contamination of pasture and cattle food could result from urine, faeces and/or sputum from an
infected badger (Muirhead et a!., 1974). In addition, infected badgers inhabiting farm buildings
may give rise to 'high risk' situations, especially if cattle food is contaminated (Cheeseman &
Mallinson, 1980).

Contaminated badger urine would appear to pose a greater risk in the process of transmission
than faeces (Brown, Harris & Cheeseman, 1992). However, there are no quantified data on the
pattern and frequency of urine distribution on badger territories, nor any information on the
effects of season, sex or social status on the pattern of urination. Considerably more is known
about the overall deposition of faeces on territories, but little is known about the influence of social
factors on a badger's dunging behaviour. Badgers defecate in small open pits, and at certain places
within the territory these are aggregated to form latrines which serve for territorial defence (Neal,
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1977; Kruuk, 1978). A second type of defecation site, termed a temporary defecation site, has been
identified, but these probably are not concerned with territorial defence, and are used only once or
twice before being abandoned (Roper, Shepherdson & Davies, 1986). Badgers also deposit anal
gland secretion at latrines either on top of faeces or in separate pits.

With an improved understanding of the factors affecting the deposition of faeces and urine by
badgers on their territories, it should be possible to identify ways of reducing contact between
cattle and badger excretory products, and hence ultimately reduce the spread of bovine
tuberculosis from badgers to cattle. That is the ultimate aim of this study. However, to understand
the pattern of urine and faeces deposition by badgers, it was first necessary to develop new study
techniques.

Selected animals were caught in cage traps, fitted with a spool-and-line, and injected
subcutaneously with fluorescein dye; this biomarker was subsequently excreted in the urine, faeces
and anal gland secretion (Brown et a!., 1992). Traps were set in the middle of the night, so that
badgers were caught returning to the sett after foraging. This was o ensure that the penod in
captivity was as brief as possible, and that food intake, and hence excretory behaviour the
following night, were not affected. Traps were checked at first light, and animals released within
one hour of anaesthesia at the entrance hole closest to the point of capture. The following night the
line was followed from the time the animal emerged until it finally returned to a sett; the tracker
was, on average, about 30 mm behind the badger. In addition, radio fixes were recorded at 15 mm
intervals to provide a time frame for the spool-and-line data. A lamp emitting ultra-violet light of
366 nm wavelength was used to identify the fluorescein labelled urine, faeces and anal gland
secretions deposited by the study animal.

Whilst a full year's data are not yet available, the preliminary results show for the first time the
potential importance of urine as a scent marker in territorial behaviour, particularly in adult
males. Adult male badgers urinated significantly more at boundary latrines than adult females
(y2 = 630, 1 d.f., P <005), and also visited significantly more boundary latrines than adult females
(2 1048, 1 d.f., P<0Ol). Analysis of variance showed that adult males urinated significantly
more times per night than all other age and sex classes (Tukey's HSD, F=709, 5 d.f., P<000l);
however, there was no significant difference in the mean number of faeces produced per night
(Tukey's HSD, F=065, 5 df, P>005). During the summer (June-August) there was a marked
lack of excreta from cubs. In this period a total of eight different cubs were spool-and-line tracked
throughout the night, but only one of these animals defecated, once at a hinterland latrine, and
none produced any urine. Because so little excreta from cubs was found above ground, they were
probably eliminating urine and faeces below ground. Other age classes also showed a low
production of faeces above ground at certain times of the year. Latrines, sometimes containing
large numbers of fresh faeces, have been found below ground in a number of excavated setts, and
these were in empty chambers as well as in tunnels (S. Harris and C. Cheesemari, unpubi.; Roper et
a!., 1991). Hence it is possible that badgers defecate below ground considerably more frequently
than previously believed; the extent to which this occurs is currently being investigated. Cubs also
urinated and defecated infrequently in the autumn (September-November), and of particular
interest was that they appeared to urinate randomly on pasture. This phenomenon was rarely
observed in adults and yearlings, where 973% of all their urinations on pasture occurred at
latrines or in association with badger runs.

With adults and yearlings depositing such a high proportion of their urine, and all of their
faeces, at strategic sites on pasture, it should be possible to reduce greatly the contact between
badger excreta and cattle, especially if cattle are denied access to latrines. Further work will
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investigate the effects on badger excretory behaviour of manipulating badger latrines by the
addition or removal of faeces and urine, as well as the effects of moving or removing entire latrines.
Monitoring the response of individuals of known age and sex to faeces and urine from known
individuals will improve our understanding of the way in which these products are used for
communication between badgers, both within and between social groups. Furthermore, it may be
possible to prevent badgers from contaminating pasture by identifying the reasons why certain
sites are used for latrines by badgers, in areas where TB is a regular problem. This should help to
reduce the incidence of TB in cattle.

JR is grateful to the Natural Environment Research Council for a studentship, and SH would like to thank the
Universities Federation for Animal Welfare for additional funds to purchase equipment for use on the
project.
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The development of field techniques for studying potential modes of transmission of

bovine tuberculosis from badgers to cattle

J.A. BROWN, STEPHEN HARRIS AND C.L. CHEESEMAN

Abstract

The routes of transmission of tuberculosis from badgers to cattle are still

largely speculative, and so novel techniques have been developed to help understand

these processes. Spool-and-line tracking in conjunction with a biornarker were used

to locate sites of badger urination and defecation. A 0.38 g mF' solution of

fluorescein LT injected subcutaneously was found to inhibit Mycobacterium bovis,

while large numbers of bacilli were recovered with a 0.22 g mV' solution. Thus

urine from infected badgers injected with a 0.22 g mV 1 solution of fluorescein LT

was located at night using a portable ultra-violet lamp, so that contaminated grass

samples could be removed for subsequent bacterial culture to establish the longevity

and vertical distribution of M. ho v/s on pasture. Behavioural interactions between

badgers and cattle, and of cattle to containinated pasture, were also recorded.

These techniques will help identify the possible routes of transmission of bovine

tuberculosis from badgers to cattle.
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Badgers (Metes metes), cattle and bovine tuberculosis
(Mycobacterium bovis): a hypothesis to explain the
influence of habitat on the risk of disease transmission
in southwest England

PERAN C. L. WHITE,JULIAN A. BRO\VN AND STEPHEN HARRISt

J)efiarl,,ienf of ZooIogi. Uniz't'rsily qf fins/uI. if oue//n,u/ Ruas/. Jjn,./u/ /?S8 / ( G. I 'A

SUM \IARV

Ba(lgezs are Itelieveci to ie respoitsil)le for a high pruautit3n of the (aSes of bovine tuberculosis itt (at tie
iii southwest England where, despite the onset uI badger control oj)erati(ttts in 1975. euitspiitativcI high
ittmlscrs of catik c(tiititlue to lit:1 tiLe ttiherculitt test. lu thiennuite wh y the disease I isutittu a prohlcust
in iftese areas, data ott badger densities and patterns of iiittd use wire exaittitied Areas subject to repeated
badger coit trol Operations had greater landsca ltetenigeneutv it od a higlter densi lv of lineat liahi tat
katures. 'l'hese habitat fcaturcs WCIC not related to badger densit y itteasured as the mean titituber ofsocial
groups per square kilometre. Environmental coitta otitla t ion I) itifeet ed badger urine is t itotiglt t to be (ftc
main mode for the transmission of bovine tufwrsulosis. held studies itt an area with t uberculosis j it hut ii
badgers and cat tie showed that badgers may urinate ott past ore after erossung through a I wear feat ore,
and that the number of these crossing-point urutiatiotts increases with the number of linear features
crossed. The hypot liesis is presented that fiese crossing-point wi nat toils are a major source of l)oVitte
to hercti I osis infect ion in cattle, a tid that areas svi lit i ncreasecl n tim hers of Ii tear kit t tires Ii ave greater levels
of contamina (jolt of pasture with badger urine attd hence increased ol)port u ni ties fin disease trattsnt i.ssiott.

I. INTRODUCTION

Since the discovery of a tuberculous badger (.l!des
me/es) itt Chouccstcrshitc in l971 (Muiritcad e/ al
1974), badgers have been thought to he responsible for
a high proportion of the cases of bovine tuberculosis
(Mycobacterium bovis) in cattle in southwest England
(Zuckerman 1980). Yet little is known about how
bovine tuberculosis might he transmitted from badgers
to cattle. Seriously infected badgers may show aberrant
behaviour patterns that bring them into close contact
with housed cattle or their feedsiuffs (Cheeseman &
Mallinson 1981). However, such seriously infected
animals arc now rare in southwest England, and it is
presumed that the majority of cases in cattle arc due to
contact with grass contaminated by badger urine,
faeces or sputum (Muirhead el al. 1974). Of these,
urine is thought to pose the greatest risk, because it
contains large numbers of bacilli (up to 300000 per
millilitre) (Gallagher & Horwill 1977).

To try to reduce the incidence of tuberculosis in
cattle, badger control operations have been in force in
southwest England since 1975. When one or more
animals in a cattle herd react positively to the
tuberculin skin test (the terms reactor cattle and herd
breakdown are used hereafter), there is a detailed
investigation of all the possible origins of infection by

To whom correspondcnce should be addressed.

the M ittistry of Agricul to Fe, lisl (cries ittt(l lot 1(1

(MAFF) ; when badgers are considered In be the most
likely soli rce, a l)adger control operitt iuts is ttsua I lv
itlititttC(l.

Gassing sctts with hydrogen cyanide was the maui
control method from August 1975 utttil June 1982.
From August 1982, cage trapping replaced gassing. In
this strategy, badger social groups were removed in a
centrifugal manner until a 'ring' of uninfected social
groups had been removed; mean size of the resulting
control areas was 7 km 2 , the same as lir the gassing
campaign (J. W. Wilcsmith, persotsal comtnuttica-
tion). From April 1986 an 'interim' strategy was
introduced, whereby badgcr trapping operations wet
confitscd to land used by the reactor cattle, or Ate
whole farm if it was not possible to identify where the
cattle were likely to have become infected. This srategv
continued until the end of the work described here.
Despite these various control operations, there has
been no significant decline in the number of herds in
the southwest with reactor cattle (MAFF 1993), and
bovine tuberculosis in cattle is still largely confined to
the same limited areas (about l2% of the total land
area) in southwest England.

This paper examines whether specific habitat fea-
tures may be significant in identifying these problem
areas through their influence on badger excretory
behaviour and hence the risk of transmission.

Proc. R. Soc. Lond. B (1993) 253, 277-284 	 © (993 The Royal Society
Printed in Great Britain
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Table 1. Desuiplions of/lie typkal topography and land use
found in land (lasses 1. 2, 5, 6, 7 aud 17 ada/J/edfrosn Bunc,'
et at. 1981b)

(The availabilit y of each land class is given as the percentage
of the total land area in the southwest. Figures for mean
badger densit y groups pe ku, 2 . j )ercentagC atable Ia cid
and percentage pasture are flout the I kin squares surveyed
iii soot Invest England as pa It tl ii cc I cat it tual badger survey
( :l-esS%%-(ll e a!. 1990 : utcaccs ate given ± s.c. Num hers ui

nfttats satiti)led : laud class I. 71 land c-lass 2. 84; land class
a. 7: land class 6. 59: latcd class 7. 26: land class 17. II .1

l.ticd class	 (I(sccij)t U iii

Fhct cit gcictiv iccccinl.ctitcg. little sictiace
chiciuc.cgc. ttcccliccici to inc ilticccdc. vttictl
l;cicdsc.cpcs is- j ill	 ccc's acid	 lu(lgc's. c........ils ;ttcd
(fluid) c.ft';Issl;ttcds. l'ccupcucccuicc uI laud :tcea.
2(1.5',,: tccc';ttc lctdgct ticctsitv. 0.6:1 ±0.12
grccccps l''	 kccc 2 	 ui-lilt Icc). 32.1 -f- 3.4

lca s lttc'('. 45.0+ 3:1
2	 l.,is ridges with ..ssucpictg cucivi's. iiieclituttt lii

l.s	 ulot	 cli'. ccc.cic,ls ccpccc is ccli liii ltcclgc.
gcccsl gu.ussl.ccccl (ccii cxtcccsli,- cc'tc'als.
I't icccctiuuic ill l;ciu(l acea, Ill_f),,: liccaic
Ii;cclgu'r duccsii v. (1.111 ± 0.11ff	 I iIF kuic1
atahle laud. 45.7 ± 3M .. ..: pastttre.
29 .6±3. ......

S 1_itiliurcic gc'ictic' sldclUs. ciccusuls at loss altitude.
mactv tcacccral Itaticces. cccixccl htrnclatcd hut
)cedociciliatltlV good glass, Pucipoutioic ct) laud

aria, LOG'',,: ucucaic badger dettsit.
0.67 ± (1.15 groups p km2 :aralule laud,
25.1 ± 4.')',,: )histuuce. 47.6 ± 5.4",,.

(i	 l)iss,'cted 1ul.itcauux isitlu ciu;itcv stitall rivers.
((itltl)lu'N tuu l ccugl.u)lcv is ichu liuu,ad i'i.iui slopes,
ttuciliuccct icc un ;cluit cult', tct;uccy sccu;uhl lields
cctdccstd I c I tcdgcs, su cia II will al laccds, cicaic cI
good grassland with some harle y . ('ropsirtion
of laud aIu'a, 33.2'',,; luau badger dc'nsitv,
(1.54 ± 0.12 grccccps l)eu kuci 2 ; aruhlc hutd,
21.2±2.9'',,; pitstttit', 5(i.l ±3.O',,.

7

	

	 \'arialde coastal ncorphucdogv. mainl y cliffs cut
ilttu patt'attX, mostl y low altitude, maiuclv
good grassland with souse aralife. l'roporuon
of land area, 4. I ',, ; mean badger deutsi tv,
0.37 ± 0.17 groups per km ! ; arabIc land,
19.7 ± 4.1 ' ; pasture, 25.9 ± 3.9 ',,.

1 7

	

	 M atgi utah u pla ccds, pl;c tea ccx often dissected by
small rivets, cited i u uc to Ic cglc al fit tide, mat cclv
(liii Ic steel) hillsides, mainl y i istures witic
sortie good gtitssliucids. litccpoccion of land
at-ca. 32 0 ,,; meauc badger densit y. 0.18±0.13
groups per km 2 ; arabIc laud, 4.6 ± 4.9%
pasture, 62.6±7.2",,.

2. METHODS

(a) Badger control operations

For those counties in southwest EngJand in which
the majority of badger control operations were under-
taken (namely Avon, Cornwall, Devon, Gloucester-
shire, Somerset and Wiltshire), 1 km squafes where
badger control had taken place betv,'een August 1975
and December 1991 were identified by using the
MAFF's database. As badger control was only initiated
following a herd breakdown that was attributed to

Proc. R. Soc. Loud. B (1993)

badgers, the I km squares used in all subsequent
analyses were predominantl y those in which one or
more herds had had reactor cattle which were thought
to be due to infection transmitted from badgers.

The Institute of Terrestrial Ecolog y's land classifi-
cation svstens (Bunce i a!. 1981 a, hf was used as ct
Iransework to examine the land usc.' cicaracteristics of
sq tcaues subjected to badger con ((-(11 operations. This
elassiltcation assigtcs cycr I kuci sq tot Ii' in Britain to
(cut' of 32 land classes wit It si ntila r climit tological acid
topographical characteristics. acid di crelore prosi(lrs a
fatsis on which to sti-a if a tc a ccalvsis involving habitat
vatiables over a l:ttge gecugr:uplcie;ul area. l'ccr hind
classes with nail-c ilcacu 1(1(1 icctttcuul lcpec;iticutus iii total.
the hcllowiutg vaui:ulches were ctce;csccrcd hunt I :25(1(1(1

ttia)S , lot sztnil)les of c;tccdotct acid ecucciricl cuperatioct

s(lt1at's: length	 of field field hcuicctdaties 	 ucceirest.
letugtlt of field iccad hcutctt(h.crics 	 utcuttes). leutgilc oh
held deeichtiotts vsuJt;(hltt)(l l,c,ucctcl;ttics - tcietucs, hctcgtlt
cii	 hic'lth tctctihetcctcs	 ivctcu,ll.ctt,h	 lccccccccl;ccies	 duties).
lcttgchc uI lic'lil 	 iccixccl sviu,ccll.uctch lccucutiih:cuics'tcte ties),
.uIc';i	 tul	 ,hc',-jrlucctcc	 iscccccll.icccl	 ltcctcccsi,	 atea	 ti)
cotuileicctcs 55(tct(lI.ltt(l luect;tcesj, :ttt,l area uI uccixetI
iitiu,dlttttl (hceeiact's). h.ecigtlts ccl licucc leiccuices were
eah,tclat,'cl front ilte icidex <heseuilie,l itt ()lsccit (I 950).
ttsiiug a gri(l dell si/c ctl 25(1 itt icr 125 tic.......
nct'asttred lit the nearest Itectait' b y ovethiuvitug a I ha
grid. 'l'Iie billowing uddi tic ttcal variables were cal-
culated from the uctap-dctivcd itices : tict;tl field ht,ttttcd-
arv lettgdt (tut<'ox's j, kttgdt <tI all Geld cactdla,td
))c,tiucdauies (uceuces), uoct1 wuccall.utccl aIeii lcuivaurs.
ltitotgeua'it iii dt'cidtuu,tcs ivtuccdl;cttd. lcciu'ucuciuceiiv of
,c,iuilerc,tis titoihli.uuid, lteuecucgctteitv iii utcixcil w-c,cal-
lauirl, anti total sv<iccdl:utu,h luitrrcigetteiiv. hlcirucu-
getwity oh a I)trtatultr habitat type 55 LS calculated its
hollows: Iceterogeuceitv = 'I + 1)1U(tba, where I is tie
lautuuccicry ht'tigihu oh the bactcce iii uiietres, actd a is u.s
,tuea ill liectaces. 'l'lcus Incite liagitccucced lcal,itats. i.e.
those comprising a larger nunther of snialler ptthses,
would have a greater total booccdarv length to area
ratio, and hence a lügher hetcrctgeuscit.' index, thats
more uniform ones. The Simpscuut's diversity (Simpson
194-9) of land classes in the eight squcitres immediately
surrounding a hiwal otie was also ,-aletulated.

Anal ysis of variance AN0V,s ) was used to compare
individual map-derived habitat -criahlcs from squares
subject to couctrol operations with ticose Irom randomly
selected squares within the sttcce land class. For
analyses on repeat (two or more) control operation
squares, 50 random and. svlccre possible, 50 squares
subject to repeated control, were used from each land
class; for single control operation squares, 25 random
and 25 squares subject to control svcrc used. Although
one of the assumptions of AxovA is that the samples
being compared should have equal variances, the test
is robust and operates svell even with considerable
heterogeneity of variances, provided that the sample
sizes are similar (Zar 1984). Onl y those variables
having non-zero values in more than 20% of the
squares considered for each land class were included in
the analyses. Because this approach required separate
comparisons of 16 different variables between random
squares and those subject to repeat control operations
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Table 2. Lnivariatefactorsfor which p 0.1 in the comparisons between squares subject to Iwo or more conirol opera/ions and
randon squares for land classes 1, 2, 5, 6, 7 and 17

(Asterisks denote variables significant at p 0.01 (see text); 50 random squares were used for all land classes, 50 repeat control
squares for land classes 1.2 and 6,49 for land class 5,27 for land class 7, and 45 for land class 17. Means arc prcscntcd±s.c.)

means
sigitilicance

land class	 varia bk	 random squares	 control squares
	

/• value

<0.01
3.07
	

t).03
4.06
	

0.05
8.27
	

<0.01
8.27
	

<0.0)
7.17
	

<0.01
t;.47
	

0.0)
:1.86
	

0.05
10.37
	

<((.1)1
5.1)4
	

((.02
2.73)
	

tIlt)
4.11)
	

((.01
II)

3.41
	

((.07

2.91)
	

0_till
2.3)5
	

(I.'))
21.47
	

<001
17.52
	

<(1.01
13. Ri
	

< 0.0)
fi.:311
	

0.01
5)1)
	

0.0:3

Neighbouring land class divcisitvt
Heterogeiieitv of deciduous woodlaiid
I-let clogIneit v at total woodland

2	 Field lOt tl W(K)dla ttd boundaries/rn *
lotal s-uodIaud artt/lia*
li(l(I dcc is) uotis wul d Ia rId 1)011 tida lies/ni *

•\rei of decid UOUs wood land/lot *
lickI a tixed wood ha tid boo iidaries/m

5	 :\l I iitkl lninda rics/ iii *
l:i.kl held boo nd.t ries/ in
Field n ad bou itda ries/lu
Neighibouritig land slass diversiiv

7	 \rughlniuring land class diveisitv*
lieiertigeueiiv cii total wisdland
1:1,IcI	 oil wuxilaiul laitiitdaries/in
Field Odd bou tid lies/lit

I 7	 :\i I hiild boittida lI('S/ at *
lield field boundaries/rn *
Field IOa(l l)OUttdaIies/lit *
I	 t-geiteitv of dedd toots soicdl;tiid *
II tier, igtncit v of total woodl a ttd

1.43 ± 0.07
0.12±0.02
0.15±0.03
895±142

6.05± 1.25
451 ± 106

2.92 ± 0.9(3
:385±93

8885±431
53:35
245:3 ± 226
1.39 ± 0.07
1.87±0.13
(1.16 ± ((.0-I
66(i± (-16

54l5±4t)9
562<4±611
3581 ±450
1275 ± 201
0.09 ± 0.1)2
0.13±0.0:3

1.74±0.0<)
0.22 ± 0.03
0.24 ± 0.03
198(1 ± 229

12.21 ± 1.77
11)6±227
7.91 ± 1.77
78) ± 181

1(1924 ± .173
(i(ill ±125
2941) ± 201
1.21) ± tt.t
1.3)1±0.13
0.07 + (3.02
298± 122

6642 ± 6)1)
10085± 767
6649 ± 600
2444± 261
(1.19 ± 0.04
0.22 ± (103

vithirt eult laual (lass, Bun fcrruiiis itdjustincnt was
used to determine ati appropriau' level of significance
br pairwise (On) parisons. lur I (i (onhl)arisniiS at a
maximum overall error rate of a = 0.20, the signifi-
caiicc of pairwisc conil)arisons (a') was set at 0.01
(Howell 1982). For large numbers of comparisons,
such as here, it is necessary to set a at no less than 0.20,
l)ecause otherwise a' becomcs too small and all the
dibIcrcnce.s arc masked. However, it also follows that
the resulting /-valucs should be used onl y as a guide
rather than significance levels in their own right (see
Discussion). Logistic regression was used to compare
squares subject to repeat and single control operations
separately with the randomly selected squares. Habitat
variables showing univariatc differences at /.' 0.1
were used as potential predictor variables, and selected
h using a stcpwisc procedure (Capen et al. 1986).

(b) Badger density

For those land classes with more than 100 control
operations, badger density (social groups per square
kilometre) and habitat data were obtained from all the
1 km squares surveyed in the same six counties during
the national badger survey (Cresswell c/al. 1990). Each
of the habitat variables was expressed as a percentage
of the total non-built-up land, adjusted for an' area of
sea, within each square surveyed. Additional variables
included were indices of landscape heterogeneity and
hilliness. Landscape heterogeneity was measured as the
sum of the number of different land use types occurring
in 30 100 m x 100 m squares within three 100 m wide
north-south transects of the 1 km square, and hilliness

Proc. R. Soc. Loud. B (1993)

IS ()u stitil oh tlti itititllar 0)25 ii contour lutes witltiit
die OW 30 tt:ti .s's. Badger densit y was eontpared
will) these v.triables h laud class usitig (OITekt(iOliS.
UnIv those liai)i(al variables which were recorded in
iliote tItan 2))'',, til (lie sqitares uorveve(l itt (alIt land
class were included itt the anal ysis for that land class.

() I3ad.'er exaclory behaviour

'1'his was studied using five badger social groups
living on the Cotswold escarpment in Glouccscrshire,
an area that cOnsists predominantly of land classes I
and 2, with bovine tuberculosis in both badgers and
cattle (\Vilcsmiih 1983). For the five stud groups, all
in land class 2, mean group size ( ± s.c.) was
17.0 ± 2.8 ha, and mean territory size 37.2 ± 7.1 Isa
(C. L. Chcc.scman, unpublished results). Mean areas
of tile main habitat types within these five territories
(measured from maps of scale 1:2500) were: pasture
25.4±2.9 ha; woodland 6.2±2.4 ha; arabIc
3.7 ± 2.9 ha. Mean length of linear features was
10703±2896 m per square kilometre. Cage traps were
set earI' in the morning so that animals were caught as
they returned to their sett after a night's foraging. A
spool-and-line was fitted to a radio collar already worn
by the badger, the animal was given a subcutaneous
injection of fluorescein dye, and returned to its sett
within 2 h. The night following capture, the line was
followed from the time the animal emerged until it
finally returned to the sett, and an ultraviolet light of
wavelength 366 nm was used to identify fluorescein-
marked excreta deposited by the focal animal (Brown
c/al. 1992). This technique had no detectable effect on
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Table 3. Summary ofthe logistic regression analyses onlpanng
squares subject to repeat badger control operations with random
squares for land dasses 1, 2, 5, 6, 7 and 17

(50 random squares were used throughout, 50 repeat control
squares for land classes 1, 2 and 6, 49 for land class 5.27 for
land class 7, and 45 for land class 17. Variabks used in the
models: land class 1, neighbouring land class divrsitv.
heterogeneit y of deciduous woodland: land class 2.
tidd-total woodland boundaries; land class 5. all Odd
bousidarics: land class 6, neighbouring land class diversity:
land class 7. neighbouring land class diversity. lwterogeneitv
of total woodlzuid; land class Il, all field boundaries. The
model is the dilkretiec beiwcen -2 lug likeliliotid hir the
model syitli a eonst;uu only, and -2 lug likelihood lor the
current niotlel. Ii tlirrcGre tests the ittill hypothesis thai the
eodlicients O,r all d'the Ierflu iii the current uuodd. exeeI)( the
Constant, are zero tNorus,s 1990).)

eurreil
l.uid hass ii	 osoclel a d.1_ p	 ilassIl'icatiini

I	 100	 I 2_SO	 2	 0.002 67
2	 htMl	 15.77	 I	 <0.001 bIt
a	 95)	 10.11	 I	 tUNIl 57
6	 lOt)	 4.53	 I	 0.033 55
7	 77	 14.09	 2	 <0.001 75

Ii	 95	 1924	 I	 <0.001 63

the behaviour of the focal animal (Brown ci a!. 19931.
Seasons were defined as: spring, March-May;
summer, June-August; autumn, September-Novem-
ber: and winter, December-February.

3. RESULTS

1tade'r on!tol op(ralia!vs

Of the 16 land classes in the southwest, univ six ri_c.
numbers I, 2. 5, 6, 7 and 17) had more tItan IOU
control ol)craliolIs, and ssere therefore used in these
;tnalvscs: thr- loritted 91.6",, of the land arc;, iii the
southwest, and are described in table I. L.u,d classes
which form univ a very small ps'opurlinss of the total
l;tu,d area and have kw coistrol ofkT;utioI)s were
ex(luclrd In'eat,ss' they is-mild have biased ;tiuvst;,tistic,tl
;tnalvsis through a relative i,wreasc in the iniluemmee of
ehaitee causative eveilts. Ihe uluilvanale Lu-tors that
5C(fl used in cimmuparistills beiweeui dte randoni 541u1;tres
and I luimse Ilavilig ummmdI-rg(nIe t,i or Inure badger
eimiitrcil (Ih)er;tIioIis for each of mite land classes art'
shown in tal,le 2. Alt bough tIme sante hahivau features
were not consistentl y significant across all Luid classes,
repeat control operation squares were geuierahiv associ-

IaI)le 4 Sin/Iran! correlation co4/Icientr (r) beiwern badger rou/J deniily aizd the habil,sI rarzabkr o,l/edrd d:irin' iIi, national
l,at/er surwq (Creirwell ci al. /990)

mNuuul,ers of I kin squares sampled: laud class I. 71; land class 2, 84: land class 5, 27: laud class Ii, 59; kind class 7, 26; Loud
class 17, II.)

land class habitat variable

Noiic
Length of trceiincs 	 -0.28

	
0.01

Area olarablc land	 -0.30 <0.01
Hilliness	 (1.31 <0.01
Hilliness	 0.55 <0.01
Area of broad-leaved plantations 	 0.40 <0.01
Area of tall scrub
	

0.27
	

0.04
Area of natural running Water

	
0.28 0.03

Area of lowland unimproved grassland
	

0,34 0.0I
Hilliness	 (1.29

	
0.03

7
	

Area of low scrub
	

0.39 0.05
'7
	

None

Table 5. .1 lean number ±s.e. of urinations, and mean proportion ± s.c. of lola! number of urinalions per badger per nigh! at
crossing-point runs in all habitat types

(Comparisons of males (adults and yearlings combined with fensaks adults and yearlings combined) were made by using
Kruskal-Wallis single factor analysis of variance by ranks Zar l984. Mean number of urinations: maks0.59±0.29, females
0.90±0.20,//=3.25, d.f. = l,p>O.05. Mean proportion of urinations: males 0.14±0.06, females 0.36±0.07,11=4.57,
d.f. = l,p < 0.05.)

number of number of
animals	 nights	 mean number mean proportion

adult males	 9
	

16	 0.75±0.49	 0.13±0.09
adult females	 15
	

28	 0.81±0.24	 0.31±0.09
yearling males	 7
	

13	 0.36±0.19	 0,15±0.08
yearling females 4
	

4	 1.25±0.29	 0.54±0.05
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Table 6. . lean number ± S.C. of urinations per badger per night on crossing_point runs bi season: all age and sex classes co,nbined

number of number of
animals	 nights

spring	 20
	

23
summer	 17
	

20
autumn	 17
	

21
winier	 20
	

25

crossing-point	 crossing-point
runs on all	 runs on
habitat types	 pasture only

0.63±0.17	 0.53±0.16
0.71 ±0.34	 0.44±0.25
0.12±0.08	 0.12±0.08
0.35±0. 1 9	 0.23±0.lG

15

1(1

so
:5

5)
C)

C)
0.

5

(I

100

5)

80

5)
C)

6(1

5)

40

2(1

0
	

1	 2	 3	 4	 5	 6	 7	 8
distance from field boundary / m

Figure I. (uititihitive pilcclitage of distances of erossilig-
l)int uriutations (loin field ltotuutdarics; the figure shows the
ía ri two point of the trail or patch ol urine from the field
boundary.

a ted wi iii an increased densi iv of linear features at
greater habitat heterogeneity within the land claases
examined. This pattern was consistent, but at a slightly
lower lcvel oi significance, for single control operation
squares. For land class 6, the diversity of land classes of
neighbouring squares was lower for control compared
with random squares, suggesting that homogeneous
areas of land class 6 were more susceptible to cattle
herd breakdowns.

Table 3 summarizes the results of the logistic
regressions on repeat control operation against random
squares for each of the six land classes. Logistic
regressions distinguishing random from repeat control
operation squares were significant (p <0.05) for all the
land classes considered, and correctly classified be-
tween 55% and 75 % of all squares in the analysis.

(b) Badger density

For each of the six land classes examined, the
significant (p <0.05) correlation coefficients between
badger density and the habitat variables collected
during the national badger survey are shown in table
4. Badger density was positively correlated with
hilliness in land classes 2, 5 and 6, and with scrub and/or
woodland in land classes 6 and 7. However, badger
density in southwest England was not correlated with
landscape heterogeneity or the length of hedgerows in
any of the land classes considered.

	

5)) .c	 >	 >	 0	 5)	 5)

	

—	 -	 -	 .	 Cs
C.s	 >	 so

	

C	 C)	 C)	 —C)	 ....	 01	 50	 o
4)

0.	 .	 3

	

o .	 — -	 3 Cs =
C	 .0

C)	 4)

	

.	 .E	 0.

	

U	 .0

	

-E	 E
c
C)

t ype of field boundary

Figure 2. The number of urinatiuns deposited by badgers at
specific licl(l l)ouutdarv t ypes, expressed as a percentage of the
total mini ar of times these boundaries were crossed. The
nit m tier of urinal otis deposited a ad field boundaries crossed
were summed across all badgers; where a badger was
Iollowcd mole than once, a mean value was used for that
animal. Cons hi ned hedges are those in conj unction with
either barbed wire, sheep netting or a wall.

(c) Badger urina tory behaviour

FromJune 1991 to May 1992, 93 complete nights'
spool-and-line data were obtained from 42 different
animals. Of the 125 urinations recorded, 24% were at
latrines in woodland, 28°,, at latrines on pasture, and
28% on pasture away from setts and latrines; the
remaining 20% were in woodland away from latrines
or on setts. Of those on pasture away from setts and
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