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The Use of Geographical Information System (GIS) 
Derived Tesselations to Relate Badger Territory to 

Distribution Patterns of Soils and Land Use Environmental 
Habitat Variables within the East Offaly Badger Research 

Area 

R.F. Hammond and G. McGrath 

Introduction 
The badger's role in maintaining a source of 
Mycobacterium bovis infection in the 
national cattle herd has been under 
investigation since 1989 (Dolan 1998). In 
1997 new studies were initiated in four 
further areas (Griffin et al., 1998). Core 
elements in all of these culling programme 
studies are the location of badger setts, the 
tuberculosis status of the animals snared 
and the disease herd histories of the cattle 
enterprises in the study areas. Dolan 
(1993), in a review of the role of the 
wildlife factor, showed that tuberculosis is 
endemic in badgers in Ireland. Whilst the 
badger continues to be implicated as a 
major factor in the continued presence of 
tuberculosis in the national cattle herd, 
much needs to be done to understand the 
mechanism that brings this about. An 
important element in the interaction 
between the badger and cattle is to establish 
the significance of the badger's territory and 
the extent of its involvement in the 
transmission of disease. Martin et al. 
(1997) analysed the "nearness" of the herd 
to main setts where M. bovis infected 
badgers were snared. Their analysis 
concluded that there was a correlation 
between this nearness factor and the 
disclosure of reactors in herds. 

Central to this issue is the collection of data 
that helps quantify the magnitude of badger 
involvement. The National Badger Survey 
(Smal 1995) surveyed a one per cent 
sample of the surface area of the Republic 
of Ireland to establish a population figure 
for the badger. Features of this study dealt 
with the classification of habitat and soil 
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textures. Other aspects which now require 
examination are the extent of badger 
territory and the distribution of the habitat 
variables that maintain the badger 
population. 

The extent of badger habitat territory and 
the social group within it are core elements 
when studying the badger-cattle interaction. 
Definition of habitat territory is determined 
by means of a bait marking technique using 
a mixture of treacle peanuts and coloured 
plastic pellets (O'Corry-Crowe et al., 1993; 
Doncaster and Woodroffe, 1993; Ostler, 
1994). The methodology requires intensive 
field work and is time consuming. An 
important element in defining the 
interaction of badgers and cattle is to 
establish the significance of the badgers 
territory and their involvement in the 
transmission of the disease. 

Correlations can be established between 
badger territory using field bait marking and 
computer tessellation techniques based on 
main sett location (Doncaster and 
Woodroffe, 1993; Ostler, 1994). Badger 
populations are regarded as stable entities; 
once territories have been established they 
can remam so over long periods of time. 
Cheeseman et al. (1993) described the 
subsequent re-population after a 
depopulation study conducted in Great 
Britain in the 1970' s and showed very 
similar patterns of movement once the 
population had been re-established. The 
concept of stability and uniformity both in 
social structure of the badger population 
and the farming patterns in an area, 
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suggests that the contact between badger 
and cattle could operate in a similar manner 
from year to year. 

This paper presents soils and land use data 
that have been collected and collated from 
the East Offaly Badger Research Project 
(BOP) to illustrate a qualitative approach in 
the use of tessellations in the study of the 
di st1ibution patterns of the setts and 
relationships to land use and soils 
distribution patterns. Data bases are also 
available for future use to investigate the 
possibilities of applying this approach to 
the linking of tessellations that relate to (i) 
tuberculous badgers, (ii) herds and (iii) the 
numbers of reactor cattle within the 
boundaries of each of the 175 polygons in 
the East Offaly Badger Removal Project. 

Methodology 
Hammond and Eves ( 1995) described the 
characteristics of the East Offaly Badger 
Removal Area. The original survey of 
badger setts in the culling programme 
located 646 setts in total ; 231 of these were 
defined as main setts. Further fie ld surveys 
in 1996/ 1997 validated the exact location of 
main setts. Tessellations were then derived 
from the point loci for the main setts. The 
construction of the tessellations was carried 
out using ARC/INFO '° software. The 
tessellations created show lines running to 
the frame extent (default value); this is a 
consequence of "no point" locations for 
setts outside the area of the EOP (Figure 1 ). 
The structure was edited to remove the 
"spider web effect'', thus reducing the 
number of main sett tessellations to 175 
(inner dark green zone). 
Soil survey mapping units are presented in 
Figure 2. These were digitised from the 
National Soil Survey' s Co. Offaly soil 
survey (Hammond, R.F. in press). Land use 
data (Figure 3) were obtained in digitised 
format from the CORINE project. 
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Figure 1 Tessellation construction for 
the study area. 

Two sample polygons (!D' s 172 and 74) 
were arbitrarily selected on the basis of 
large and small badger social groups 
(Figure 1 ). The total numbers of badgers 
snared at all setts between 1989/1990 were 
used as the proxy definition for the number 
of badgers which constitutes a social group 
(Figure 4) . The distribution patterns of soils 
and land use environmental variables, as 
applied to the two sample tessellation 
elements and the location of setts within the 
selected areas, are illustrated in Figures 5 
and 6. 

Results 
The Badger Removal Area covers 738.04 
km2

. This is divided into the Project Area 
cov

2
ering 527.94 km2 and the Buffer 210.08 

km . The area covered by the 175 
tessellations derived for the purpose of thi s 
study comprises 518.83 km2

, or 70% of the 
area. The mean area of each of the 175 
polygons is 296.47 hectares; they vary from 
a minimum of 96.51 hectares to a 
maximum of 789.85 hectares. 

The total number of setts, located in the 
East Offaly Research Project Area 
(Removal and Buffer) was 646. These were 
categorised into 231 main setts and 415 
other setts. Categorisation of setts into 
annexe, subsidiary and outliers , as 
described by Smal (1995), was not included 
in the initial survey of the East Offaly 
Project Area. 
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Figw-e 2. Distribution pattern of soil series mapped in the EOP area. 
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Figure 3. Distribution pattern of land use categories mapped in the EOP area. 
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Table 1. Numbers of setts that badgers were snared at and total badger numbers culled 
over period 1989 - 1995. 

Total Setts 
Main setts 
Main setts yielding badgers 
Other setts 
Other setts yie lding badgers 

494 
175 
159 
319 
152 

No· Badgers culled 

No· Badgers culled 
Total Badgers(89/95) 

815 

365 
1180 

Social Group 
c=JO 
c=Jl -2 
.. 3-4 
.. 5-6 
.. 7-8 
.. 9 - 12 

# = Total setts 

Figure 4 . Distribution of total setts per polygon and the associated badger group. 

Of the total setts, 494 setts lie within the 
inner polygon structure of this study, i.e. 
175 main setts and 319 other setts. Over the 
period 1989 - 1995, 11 80 badgers were 
removed from within this area (Table I). 

The numbers of badgers in a social group 
(snared 1989- 1990) at main sett 
tessellations and the associated other setts 
that fall within them are shown in Figure 4. 
The numbers varied from 0 - 11 badgers. 

Table 2 shows the range in the number of 
setts within these 175 polygons and the 
distribution of the 494 setts across the 175 
polygons. The density of main setts was 
0.34/km2

, with other setts 0.6 1 and, overall, 
l .04. 
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These values take no account of the activity 
of the setts in question. When 
activity is taken into account density values 
for active main and other setts (1989/90) 
was 0.21 and overall 0.6/km2

. 

Using these data two tessellations, viz. 
Polygon 74 having eight setts and a social 
group figure of eleven and Polygon 172 
with two setts and a social group figure of 
one, were selected to illustrate the 
distribution patterns of soils and land use 
(Figures 5 and 6). The percentage 
occurrence of the different soil series and 
land use categories for the two tessellations, 
74 and 172, are shown in Tables 3 and 4 
respectively. 
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Table 5 shows the areas of the different 
land use categories, the number of setts 
within each and setts per square kilometre 
in the study area. Table 6 separates the 

and sett density per square kilometre in the 
EOP. 

Table 2. The number of setts/polygon category and the number of polygons in the 
study area. 

Setts/Polygon Number of Polygons 
1 @ 42 
2 @ 52 
3 @ 30 
4 @ 23 
5 @ 14 
6 @ 7 
7 @ 2 

Table 3. Areas of soil series and land use within Polygon 74 (two setts). 

ID/Total Area Soil Series Hectares Percent 

Dry mineral soils 
ID74/270.14 ha. Patrickswell 59.28 21.94 

Wet mineral soils 
Clonlisk 17.59 6.51 
Peatland 
Allen 28.79 10.66 
Banagher 30.67 l l .35 
Industrial Peat 82.08 30.39 
Gortnamona 28.13 10.41 
Turbary 23.60 8.74 

Total 270.14 100 

Land Use Description 
Woodland-scrub 43.79 16.21(2.27)* 
High Productivity Pasture 117.11 43.35 (66.8) 
Peat 11.11 4.11 (5.36) 
Industrial Peat 98.13 36.32 

Total 270.14 99.99 

* ()Per cent habitat type. After O'Corry-Crowe et al. (1993). 

mapped soil series into three basic 
categories, viz. (1) dry well drained soils 
with no permanent water table, (2) wet soils 
with a permanent water table especially 
winter time and (3) peat soils. These data 
indicate the total number of setts per series 
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Discussion 
This paper illustrates the distribution of the 
habitat variables, soils and land use in 
relation to the location of badger setts. The 
study to-date has indicated that sett location 
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Figure 5. Soils and land use distribution patterns within Tessellation ID 172, East Offaly Project. 

is more often than not close to, or on, soi l 
boundary changes. Soil boundaries are 
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related to a change in topography, but not in 
every case. Changes in slope, aspect and 
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Figure 6. Soils and land use di stribution patterns within Tessellation ID 74, East Offaly 
Project. 
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Table 4. Areas of soil series and land use within Polygon 172 (eight setts). 

ID!Total Area Soil Series Hectares Percent 
Dry mineral soils 

IDl 72/407.99ha Elton 60.77 14.89 
Mortars town 25.39 6.22 
Wet mineral soils 0 
Howards town 24.82 6.08 
Mylerstown 11.50 2.82 
Ballin temple 49.70 12.18 
Peatland 0 
Allen 13.04 3.20 
Banagher 128.04 31.38 
Industrial - milled 6.76 1.66 
Gortnamona 36.38 8.92 
Turbary 51.59 12.64 

Total 407 .99 99.99 

Land Use Description Hectares Percent 
Arable 2.25 0.05 (12.4)* 
Natural vegetation 25.91 6.35 
Coniferous forest 29.37 7.19 (4.13) 
Woodland-scrub 22.59 5.54 
High productivity pasture 258.58 63 .. 38 (66.8) 
Mix Hi-Lo productivity 50.18 12.3 
Peat 19.08 4.68 (5.36) 

Total 407.96 99.49 
* () Per cent habitat type. After O'Corry-Crowe et al. (1993). 

Table 5. Areas of land use categories in the study area and numbers of setts per Category. 

Land Use Category Hectares km2 Percent Area #of Setts setts km-2 

Peatland 2505.96 25.06 4.83 (5.8)* 13 1.92 
Industrial Peatland 8157.43 81.57 15.73 (5.36) 17 4 .79 
High Productivity Pasture 29740.99 297.41 57.34 (66.8) 340 0.87 
Low Productivity Pasture 790.35 7.90 1.52 9 0.87 
Mix Hi-Low Productivity Pasture 676.98 6.77 1.31 16 0.42 
Woodland-scrub 4743.80 47.44 9.15 (2.27) 40 1.18 
Natural Grassland 46.819 0.47 0.09 7 0.07 
Coniferous Forest 1217.36 12.17 2.35 (4.13) 15 0.81 
Deciduous Forest 120.52 1.20 0.23 (0.17) 2 0.6 
Natural vegetation 268.98 2.69 0.52 0 
Complex arable/ley 412.10 4.12 0.79 7 0.59 
Arable 2726.11 27.26 5.26 (12.4) 26 1.04 
Mineral extraction site 19.89 0.19 0.04 1 0 .18 
Discont. Urban Fabric 361.49 3.61 0.70 1 3.61 
Cont, Urban Fabric 80.68 0.80 0.15 0 

Total 51869.459 99.99 494 
*( )Per cent habitat type. After O'Corry-Crowe et al. (1993). 

parent materials can influence the 
"diggability factor" (Thornton, 1988). The 
soils factor has been perceived as an 
important determinant of the location of 
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setts. The combination of field data for 
sett location and soils distribution pattern 
has shown that sett density figures do not 
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clearly differentiate between mapped soil 
series. There are several factors which can 
mitigate against a strong differentiation in 
the sett density figures. Soil boundaries 
mapped in County Offaly were defined 
under detailed reconnaissance soil survey 
technique (Soil Survey Staff, 1951 ). This 
methodology allows the surveyor to show 
the extent of local soil problems and to 
provide a basis for assembling and 
distributing information in the fields of 
agriculture and forestry. Soil boundary 
delineation is an interpretative process 
backed up by detailed soil augering. In the 
field, extrapolation of soil boundaries 
between detailed boring points was at the 
map scale of 1:10,560 (6 inches to one 
mile). The productivity of the overall 
landscape and, in particular the territory, 
could influence the density of the badger 
population in that area. 
Setts density per square kilometre, when 
related to the dryness factor of the soil, 
shows some anomalies, e.g. the 
Ballintemple and Gortnamona Series (Table 
6). Such anomalies, however, can be 
ascribed to any of the following factors. 
In free form soil surveying, soil boundary 
lines when drawn onto a map at 1: 10,560 
(six inches to one mile) scale are open to 
interpretation and interpolation between 
detailed augering cross sections. A one to 
three millimetre spatial difference when 
drawing the line on the map relates to 30 
metres on the ground, thereby placing a sett 
in or out of a particular soil series. 
Therefore the precision of the soil boundary 
is an important consideration in the 
relationship between soils and sett 
densities. Furthermore, point location of 
the sett is itself a major factor. The 
nearness of setts to soil boundaries in this 
study shows that 51 of 175 main setts and 
100 of the 319 other setts occur within 30 
metres of a soil boundary. 

A further element to consider m the 
assessment of the influence of soil type and 
sett location is the contribution of the 
anthropogenic factor. Over the centuries 
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man has had a marked effect on the Irish 
landscape (Mitchell, 1986). Man's impact 
shows clearly in the areas of aggregate and 
peat extraction and afforestation but, whilst 
more muted in appearance when involved 
in agriculture, this effect is none the less 
significant. Land drainage has been both 
extensive and intensive in efforts to 
increase agricultural output, e.g. the rise in 
cattle population over the years (Central 
Statistics Office, 1994 ). 

Whilst the factor of soil boundary has been 
referred to above, situations arise where 
spoil banks are created after deep drains 
have been excavated in wet soil areas. 
These banks of material create suitable 
entry points for sett construction. In these 
situations the badger creates a linear sett in 
what is otherwise a non-suitable soil type. 
Peat digging for fuel over the centuries has 
created large areas of man-modified land 
where the irregular patterns of peat 
extraction leave behind blocks of uncut peat 
which have dried out to create ideal sites for 
sett locations. This is reflected in the high 
value for sett density in the peatland land 
use category of the CORINE data (Table 5)~ 

Sett densities in the peatland mapping units 
are equivalent when compared to well 
drained mineral soils (Table 6). The 
exceedingly high values for sett densities on 
the Kilpatrick Series and the Bagottstown 
Patrickswell Complex should be 
disregarded as aberrant values, because of 
the extremely small areas mapped. 
However, the higher value for the 
Baggotstown/Crush soil complex mirrors 
the nature of the sandy/gravel parent 
materials and associated irregular 
hummocky terrain. Ground control is an 
essential element when carrying out a more 
detailed correlation of soils and sett 
location data. O'Corry-Crowe et al. (1993) 
identified the percentage cover for ten 
habitat types present in their study area 
within the East Offaly Project. Definitions 
used by them are almost identical to those 
used to represent land use categories in the 
CORINE data set. 
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Table 6. Separation of soils into Great Soil Groups, Series respective areas and sett 
densities. 

Great Soil Group Soil Series Area km2 No Setts Sett Density/km2 

I .Mineral Soils - No Water Table 
Rendzina 

Burren 2.14 0 
Brown Earth 

Croghan 80.04 1 1.25 
Baggotstown 971.19 7 0.72 

Grey Brown 
Podzolic 

Elton 5750.20 70 1.21 
Patrickswell 6745.45 82 1.21 
Graces wood 131.46 2 1.53 
Mortars town 2147.59 28 1.30 

Soil Complexes 
Patrickswell-B aggotstown 2217.75 24 1.08 
Baggotstown-Patrickswell 33.17 1 3.00 
B aggotstown-Patrickswell 317.87 6 1.89 
Howardstown-Patrickswell 76.23 0 

2.Mineral Soils - High Water Table 
Regosol 

Alluvium 467.68 4 0.85 
Gley 

Howardstown 1116.04 12 1.07 
Kilpatrick 12.20 1 8.30 
Mylerstown 4148.99 59 1.42 
Allen wood 29.58 0 
Ballyshear 2350.47 24 1.02 
Drombanny 428.01 0 
Ballin temple 1562.23 21 1.34 
Clonlisk 931.60 9 0.96 

Peat 3.0rganic Soils - High Water 
Tables 
Allen 2399.05 18 0.75 
Banagher 6274.60 63 1.00 
Gortnamona 1204.81 16 1.33 
Turbary 3270.91 47 1.44 
Garrymona 122.99 2 1.63 
Pollardstown 20.33 0 

Industrial-Milled 5000.91 0 
Industrial-Machine 3943.22 0 
Miscellaneous Land Units 125.82 0 
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In this regard the percentage area values 
presented for their project area are 
compared to the overall area and sample 
tessellations. Their pasture value is very 
similar in the overall context (175 
tessellations) and with tessellation ID 172 
in particular. However, tessellation ID 74, 
with the low social group, has a much lower 
value. Their arable component is twice 
that for the overall area (175 tessellations) 
and 20 times that of tessellation ID 172, 
with the high social group. The low social 
group territory ID 7 4, has no arable 
component. The comparison of the data 
for the remaining habitat types shows 
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