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The Four-Area Badger Study: Progress Report 1998 

J.M. Griffin, F. Quigley, K. P. Towey, E. Costello, R. F. Hammond, 
G. McGrath and D. P. Sleeman 

Introduction 
The Four-Area Badger Study is a research 
programme, that along with other elements, 
includes a study of the effects of badger 
removal on prevalence of tuberculosis in 
cattle populations. Evidence of the likely 
involvement of the tuberculous badger in 
the development of Mycobacterium bovis 
infection in the cattle population in Ireland 
has been documented (O'Connor and 
O'Malley, 1989; Dolan, 1993). In 1989, a 
Badger Removal Project commenced in 
East Offaly and involved the removal of 
1, 797 badgers over a six year period, during 
which the prevalence of tuberculosis in the 
local cattle population showed a substantial 
decrease (Eves, 1999). 

The present study' s intent is to further 
evaluate this relationship, utilising a 
somewhat similar investigation process 
involving both badger removal and 
monitoring of tuberculosis prevalence in 
cattle populations. In this study there are 
four replicates, each in a different county 
and each includes an area of badger 
removal and an area from which badgers 
are not removed. 

The Four-Area Badger Study commenced 
in November 1996 (Griffin et al., 1998). 
This paper presents progress to December 
31st 1998, with information on survey 
techniques and results and on badger 
removal operations. Tuberculosis levels in 
the cattle populations will be published at a 
later stage. 

Methodology 
Badgers were culled in four geographical 
areas, known as Central Removal Areas. 
These are located in Counties Cork, 
Donegal, Kilkenny and Monaghan (Figure 
1). 
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The tuberculosis levels m the cattle 
populations in each of these areas is being 

Figure 1. Location of the sites in the 
Four-Area Badger Study. 

compared to those in a comparable 
Reference Area in the same county. In so 
far as possible, the boundaries of the 
Central Removal Area consist of natural 
barriers that prevent or at least retard 
inward migration of badgers. Where such 
natural barriers to badger migration do not 
exist, an effort is made to curb migration by 
extending badger removal beyond the 
relevant boundary of the removal area 
proper. Data from cattle herds in these 
peripheral areas, known as Buffer Areas, 
are excluded from the comparison. Griffin 
(1997) and Hammond (1997) have given 
further details of the study design and 
environmental variables. 

A comprehensive survey of badger setts 
was carried out in the Central Removal, 
Buffer and Reference Areas. The purpose of 
this was to locate as many setts as possible. 
In each area, the surveys were carried out 
by teams of surveyors. The survey teams 
were overseen by Veterinary Inspectors, 
who had received some prior training in 
badger survey techniques; fi eld staff 
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consisted of a mix of experienced personnel 
who had knowledge of survey and snaring 
techniques from prior studies or operations 
and/or had received some prior training in 
badger survey techniques, and unqualified 
operatives (who were given basic on-the
job training in survey and snaring practice). 
The surveyors completed a questionnaire 
for each sett identified in a systematic 
search of every piece of land, with all 
boundaries checked on both sides. Each 
sett located was subjectively categorised as 
either a main sett or a non-main sett. After 
survey of the entire area was completed, the 
categorisation of each sett was further 
evaluated on the basis of its geographical 
relationship to other setts in the vicinity. A 
definitive categorisation was assigned to 
each sett at that point. 

A comprehensive programme of badger 
snaring was then carried out in the Central 
Removal and Buffer areas under license. 
Each badger carcass underwent a gross 
post-mortem examination. If any evidence 
of tuberculosis was obtained during this 
examination, the appropriate tissues were 

sent for histopathological examination and 
for culture. If no evidence of tuberculosis 
was found during the gross post-mortem 
examination, a pool of tissues was sent for 
culture. A carcass was regarded as positive 
for tuberculosis if it was positive at 
histopathological examination and/or on 
culture. Due to administrative reasons, 
samples were not taken for histology and/or 
culture from ten badgers caught in 
Monaghan and one badger caught in both 
Donegal and in Cork in 1997. In 1998, 
samples were not taken for histology and/or 
culture from six badgers in Monaghan and 
two badgers in Kilkenny. In these 20 cases, 
a decision on tuberculosis status was based 
on the gross post-mortem examination 
result. Costello et al., (1998) provide 
further details of the laboratory post
mortem procedures. 

Results 
The size of each Central Removal, Buffer 
and Reference Area is given in Table 1. 

Table 1. Land area (square kilometres) of the Central Removal Area, Buffer Area and 
Reference Area in the four study areas. 

County Central Removal 
Cork 188 
Donegal 215 
Kilkenny 252 
Monaghan 305 
Total 960 

Badger survey 
Surveying began in November 1996. By 
December 31 si, 1998, surveying had been 
completed in all of the Central Removal 
and Buffer Areas and in 92% of the 
Reference areas. In the latter areas, 
surveying had been completed in Kilkenny 
and Monaghan. In Donegal, surveying had 
been completed in 249 km2 (90%) of the 
Reference Area. In Cork, surveying had 
been completed in 142 km2 (71 % ) of the 
Reference Area. 
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Buffer Reference 
119 199 
11 276 
61 253 
63 274 

254 1002 

A total of 614 main and 2,396 non-main 
setts had been located in the Removal Areas 
by the end of 1998. The ratio of non-main 
setts to main setts, at 4.49, was highest in 
Cork and lowest (3.39) in Monaghan (Table 
2). 

There was no evidence of badger activity at 
7 1 of the main setts (Table 3). The density 
of main setts that were in use, i.e. the 
number of active main setts per km2

, was 
highest in Cork and lowest in Monaghan. 
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Table 2. Number of setts located in the Central Removal and Buffer Areas to 
st December 3t·, 1998, by county. 

County Main setts Non-main setts Total Non-main sett/main 
sett ratio 

Cork 202 906 1108 4.49 
Donegal 107 442 549 4. 13 
Kilkenn y 162 563 725 3.48 
Monaghan 143 485 628 3.39 
Total 614 2396 30 10 3.90 

Table 3. Main sett density in the Central Removal and Buff er Areas, by county. 

County Area surveyed Number of Number of No. of active 
? (km-) main setts active main setts per 

Cork 307 
Donegal 226 
Kilkenny 3 13 
Monaghan 368 
Total 12 14 

Results of badger removals in snaring 
operations 
The removal of badgers from the Central 
Removal and Buffer Areas began on 
September I s t, 1997. Setts were visited a 
few days in advance to determine their level 
of activity. Snaring proceeded if the 
landowner gave permission and if any 
badger activity was evident. Landowners 
refused permission to snare at four of the 
614 main setts and at 17 of the 2,396 non
main setts. 

In most cases snares were left in place for 
11 consecutive nights. Occasionally, if the 
field operator was of the opinion that all of 
the badgers associated with a sett had not 
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202 
107 
162 
143 
614 

main setts km2 

192 0.63 
102 0.45 
11 5 0.37 
134 0 .36 
543 0.45 

been removed at the end of this period, the 
snares were left in place for a further 11 
nights and visited dail y. 

Three rounds of snaring were completed by 
the end of 1998. Snaring operations took 
place on one or more occasion at 5 12 
(83.4%) of the main setts (Table 4 ) and at 
878 (36.6%) of the non-main setts that were 
visited (Table 5). One or more badgers were 
caught at 38 1 (74.4%) of the 5 J 2 main setts 
and at 255 (29.0%) of the 878 non-main 
setts. 
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Table 4. Number of main setts at which snares were laid and the number at which 
one or more badgers were caught, to December 3151 1998, by county. 

County Total No. at No. at which No. at which No. at wh ich one or 
number which snares were one or more more badgers were 
of setts snares laid as% of badgers were caught as % of the no. 

were total caught at which snares were 
laid laid 

Cork 202 167 82.7 126 75.4 
Donegal 107 92 86.0 67 72.8 
Kilkenny 162 123 75.9 89 72.4 
Monaghan 143 130 90.9 99 76.2 
Total 614 5 12 83.4 38 1 74.4 

Table 5. Number of non-main setts at which snares were laid and the number at 
which one or more badgers were caught, to December 31st 1998, by county. 

County Total No. at No. at No. at which No. at which one 
number of which which one or more or more badgers 

setts snares snares badgers were caught as % 
were were laid were caught of the no. at which 
laid as % total snares were laid 

Cork 906 255 
Donegal 442 222 
Kilkenny 563 2 14 
Monaghan 485 187 
Total 2396 878 

Classification of badgers removed in 
snaring operations by sex 
A total of 1,274 badgers were removed in 
these snaring operations (Table 6 ). Of the 

28.1 
50.2 
38.0 
38.6 
36.6 

98 38.4 
56 25.2 
6 1 28.5 
40 2 1.4 
255 29.0 

1,247 badgers for which the sex was 
determined, 527 (42.3%) were male and 
720 (57.7%) were female. 

Table 6. Badgers removed - by county and by sex, to December 31 si, 1998. 

County Male Percent Female Percent Total Unknown Overall No. of 
Total badgers 

? 
per km-

Cork 204 44.2 258 55.8 462 5 467 1.52 
D onegal 92 43.0 122 57.0 2 14 7 22 1 0.98 
Kilkenny 109 37.2 184 62.8 293 3 296 0.95 
Monaghan 122 43.9 156 56.1 278 12 290 0.79 
Total 527 42.3 720 57.7 1247 27 1274 1.02 

ERADrrEAGASC 4 Tuberculosis Investigation Unit, UCO 



Post-mortem results of badgers removed 
in snaring operations 
Of the 1274 badgers that were caught at the 
snaring operations in 1997 or 1998, 1,254 
underwent a full post-mortem examination, 
i.e. gross post-mortem examination 
followed by culture and histology, in those 
cases that were positive or inconclusive at 

the gross post-mortem examination. 
Overall, 104 (18.8%) of the 552 badgers 
examined in 1997 and 167 (23.8%) of the 
702 badgers examined in 1998 were 
positive at histology and/or culture and 
were classified as positive for tuberculosis 
(Tables 7 and 8). 

Table 7. Tuberculosis status of badger carcasses obtained as a result of snaring 
operations in the Central Removal and Buffer Areas in 1997, by county. 

County No. Culture Histology Histology Total Percent 
examined Positive Positive and culture posi tive Positive 

positive 
Cork 156 3 1 2 13 46 29.5 
Donegal 139 13 1 8 22 15.8 
Kilkenny 136 9 0 0 9 6.6 
Monaghan 121 22 2 3 27 22.3 
Total 552 75 5 24 104 18.8 

Table 8. Tuberculosis status of badger carcasses obtained as a result of snaring 
operations in the Central Removal and Buffer Areas in 1998, by county. 

County No. Cultu re Histology Histology Total Percent 
examined Positive 

Cork 3 10 53 
Donegal 81 5 
Kilkenny 158 22 
Monaghan 153 27 

Total 702 107 

A total of 159 (42.3%) of the 376 badgers 
that were classified as positive or 
inconclusive at gross post-mortem 
examination were subsequently deemed 
positive following histology and/or cu lture 
(Table 9). This percentage varied from 
29.3% in County Donegal to 54.9% in 
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Positive and culture positive Positive 

7 
I 
0 
2 
IO 

positive 
34 94 30.3 
5 11 13.6 
5 27 17.1 
6 35 22.8 

50 167 23.8 

County Monaghan. One hundred and 
twelve (12.8%) of the 878 badgers that 
were classified as negative at gross post
mortem examination were subsequently 
deemed positive following histology and/or 
culture (Table 10). 
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Table 9. Final tuberculosis status of badger carcasses that were classified as positive 
or inconclusive at gross post-mortem examination, by county. 

County No. Cu lture Histology Histology Total Percent 
examined Pos itive Positi ve and culture positive Positi ve 

positi ve 
Cork 20 1 37 8 46 9 1 45.3 
Donegal 92 13 2 12 27 29.3 
Kilkenny 32 8 0 5 13 40.6 
Monaghan 51 15 4 9 28 54.9 
Total 376 73 14 72 159 42.3 

Table 10. Final tuberculosis status of badger carcasses that were classified as negative 
at gross post-mortem examination, by county. 

County No. Culture Histology Histology Total Percent 
examined Positi ve 

Cork 265 47 
Donegal 128 5 
Kilkenn y 262 23 
Monaghan 223 34 
Total 878 109 

Post-mortem results of badgers removed 
as road casualties in the four study areas 
In addition to the badgers examined as a 
result of snari ng operations, a further 12 
road casualties were examined in 1997. Ten 
of these had a full post-mortem. 
examination; four were positive. T he 
remaining two badgers underwent a gross 
post-mortem examination on ly; Neither of 
these were pos iti ve or inconclusive. 

Positive and culture positi ve Pos iti ve 

I 
0 
0 
0 
I 

positive 
I 49 18.5 
I 6 4.7 
0 23 8.8 
0 34 15.2 
2 11 2 12.8 

Twenty road casualties were examined in 
1998. S ixteen of these underwent a full 
post-mortem examination; four of these 
were positive. The remaining 4 badgers 
received a gross post-mortem only; none of 
these were positive or inconclusive. A 
summary of the results for those badgers 
that had a fu ll post-mortem examination 1s 
given in Table 11. 

Table 11. Tuberculosis status of badger carcasses obtained as road casualties in the 
Central Removal and Buffer Areas in 1997 and 1998, by county. 

County No. Histology C ulture Histology Total Percent 
examined Positi ve Positive and culture positive Positi ve 

positi ve 
Cork 15 I 2 0 3 20.0 
Donegal 4 0 I I 2 50.0 
Kilkenny 4 I 0 2 3 75.0 
Monaghan 3 0 0 0 0 0.0 
Total 26 2 3 3 8 30.8 
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Discussion 
Badger density, as adjudged by the number 
of main setts in use, showed some variation 
between the four counties - which would be 
expected, in view of the differing landscape 
characteristics of each area. The main food 
source for badgers in Ireland are 
earthworms, which are found principally 
within pasturelands. The proportion of 
pastures in each of the four counties varied 
from 90% in Co. Cork to 37% in Co. 
Donegal, with Monaghan and Kilkenny 
intermediate (73 % and 71 % respectively) 
(Hammond, 1997). 

Thus, the values for main sett densities 
reported here - with a higher density of 
active main setts identified in Donegal than 
in Monaghan and Kilkenny - is surprising. 
It should be borne in mind, however, that a 
number of official snaring operations had 
already been undertaken in these (latter) 
counties prior to the commencement of the 
study; final reports will consider the impact 
of these earli er removals on badger 
densities in these counties. 

Smal ( 1995) conducted a nation-wide 
survey of badger setts from 1989 to l 993, 
which was aimed at providing information 
on the numbers and distribution of badgers 
in Ireland. A surveys was also conducted in 
Northern Ireland (Feore, 1994). In the 
Republic, 729 I km squares were surveyed 
( I% of the land area) , and an estimate was 
obtained for the overall density of main 
setts in use, which was considered 
equi valent to the number of badger social 
groups present. An overall estimate of 0.50 
active main setts was indicated by surveys, 
with substantial variation according to 
county - Kilkenny was indicated as a 
county of high badger density ( 1.25 groups 
per km sq.). This study has obtained a far 
lower value for that county (0.37), slightl y 
lower in Monaghan (0.36 v. 0.51) with 
values s imilar in Cos. Cork and Donegal 
(0.63 v. 0.64, and 0.45 v. 0.37, 
respective ly). The larger discrepancies (e .g. 
in Co. Kilkenny) certainly require further 
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scrutiny. A survey utili sing I km squares 
rather than larger sample quadrats has some 
drawbacks, with a tendency to 
overestimation (Smal, 1995). The sampling 
methodologies in these two studies do 
differ, with the values presented in this 
study being based on a complete survey of 
a part of each county. Nevertheless, the 
overall value for the density of active main 
setts in the Four Area Study, at 0.45 per 
km2

• is very similar to the value of 0.50 km·2 

reported by Srnal nationwide. 

In the four areas, the total number of social 
groups (based on assessed number of main 
setts in use) was 543. Smal ( 1995) 
estimated that the number of badgers within 
each social group was 5.9 adults - based on 
a limited number of snaring studies (mainly 
carried out in TB 'blackspot areas' in 
Ireland). Smal's ( 1995) value was very 
similar to group sizes reported from a total 
of 11 studies in UK (Cresswell et al, 1990) 
and also that reported from the Co. Offaly 
badger removal study (O'Corry-Crowe et 
al, 1993: 5.8 adults per social group). 
Smal ( 1995) recommended further studies 
of badger group size, as group size was 
like ly to be lower in areas of poorer habitat; 
indeed, Feore's ( 1994) studies in Northern 
Ireland have suggested lower group sizes 
(varying from 3.0, 4.3 and 6.1 individuals 
in three study areas). 

Based on Smal's ( 1995) estimates, which 
utilised the value of 5.9 adults per active 
main sett, badger population estimates for 
the four areas anticipated a maximum of 
3,204 captures, assuming a 100% capture 
success in snaring operations. This is 
considerably higher than the number of 
badgers ( 1,274) actuall y captured from 
September I st 1997 to December 31st 1998 
in the four areas. There have been further 
badger captures in the four areas since 
December 1998, and it is acknowledged 
that no sn<!ring programme can be 100% 
effective. Nevertheless, the average group 
size, in this study, estimated from the 
number of captures and the number of 
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active main setts identified, is 2.35: the 
group sizes were 2.4 in Cork, 2.2 in 
Donegal, 2.6 in Kilkenny, and 2.2 in 
Monaghan. The values show high and 
unexpected consistency between counties of 
quite different landscape character, and the 
values are substantially lower than those 
reported in previous studies, including the 
badge r removal project in Co. Offaly. The 
6 year programme of badger removal there 
removed 1,797 badgers, which is more than 
have been removed in this study in four 
county trial areas. The number of badgers 
removed in the fou r study areas reported 
here, snaring success and population 
parameters, therefore, do requ1re further 
appraisal and evaluation as do initi al 
population estimates. 

This study has, additionally, reported 
incidence of TB in badgers snared in 
re moval operations and from road 
casualties, which has shown substanti al 
variabi lity between counties (from 6.6% to 
29.5%). The reasons for such variation of 
the disease in badger populations between 
counties are not understood: further 
investigations will address these issues, 
with reference to the substantial 
information now available on badger 
populations and landscape, habitat, cattle 
populations, TB prevalence, and farm 
holding characteristics, obtained within thi s 
study. 
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