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Introduction

Scent-marking is a conspicuous element of 
the behavior of many carnivores (e.g., Brown 
and Macdonald 1985, Macdonald 1985, Gorman 
and Trowbridge 1989) where most exploit feces 
and urine, as well as the secretions of special-
ized glands (Johnson 1973, Gosling and Roberts 

2001), as olfactory signals. In contrast to glan-
dular secretions, which are often costly to pro-
duce (Alberts 1992, Gosling et  al. 2000), feces 
and urine are obligatory metabolic by-products 
of any heterotrophic diet. They are readily avail-
able and “free” substances for scent-marking 
(Gosling 1981, 1985, Macdonald 1985) that can 
also be adapted to convey information about the 
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marking individual (e.g., Kimura 2001). While 
urine marking is typically difficult to study inso-
far as marks, once deposited are, in the majority, 
not visible (Peters and Mech 1975, Macdonald 
1985), visual detection of feces (droppings/scat) 
can reveal how individuals or groups, utilize 
their environment (e.g., Gompper et  al. 2006, 
Zhou et al. 2013). In addition, the amount of fe-
ces produced by an individual is fundamentally 
proportional to food consumption (Kendall et al. 
1992, Cavallini 1994, Kohn and Wayne 1997, Put-
man 2008), and fecal volume can thus be used to 
estimate of the number of individuals in an area 
(European badgers Meles meles: e.g., Tuyttens 
et  al. 2001, deer: e.g., Buesching et  al. 2014, ga-
zelles: Wronski et al. 2012).

While many solitary carnivores deposit sin-
gle feces strategically to convey olfactory in-
formation to conspecifics, some group-living 
carnivores use communal latrines (reviewed 
by Buesching and Jordan in press). These are 
typically used by several, or all, group mem-
bers, and generally appear to mark the inter-
face between adjacent group ranges (Gittleman 
1989). This difference in fecal marking behavior 
can be attributed, at least partly, to the fact that 
only group-living species can produce sufficient 
droppings to maintain border latrines (Macdon-
ald 1980, Sillero-Zubiri and Macdonald 1998). 
Understanding latrine marking patterns is thus 
important to understanding social carnivore so-
cieties and intergroup dynamics (for examples 
see Buesching and Jordan in press).

In the European badger, latrine use has been 
studied since the 1970s (Kruuk 1978, for review 
see Roper 2010). Badgers are macro-osmatic noc-
turnal mustelids, which, in high-density popu-
lations, form social groups (Johnson et al. 2001), 
where in some populations group ranges appear 
demarcated by a system of shared defecation 
sites (Kruuk 1978, 1989, Delahay et al. 2000, Stew-
art et  al. 2002, Macdonald et  al. 2004, Kilshaw 
et al. 2009). These latrines consist of one or more 
(in extreme cases up to several hundred) shallow 
pits (Tuyttens et al. 2001), in which feces are de-
posited alongside urine and glandular secretions 
(Kruuk 1978, Pigozzi 1990, Stewart et  al. 2001, 
Roper et al. 2003). Multiple droppings are usual-
ly found in the same pit (Stewart et al. 2001).

Two types of latrines can be distinguished: 
border (or boundary) latrines, which are shared 

between members of neighboring groups, and 
thus appear to demarcate group range peripher-
ies, and hinterland latrines, which are situated in 
the interior of the range, and are generally used 
only by members of the same social group (Roper 
et al. 1993, Stewart et al. 2002, Bodin et al. 2006).

Many studies have investigated different as-
pects of badger latrine usage patterns, and spec-
ulated on latrine function, typically predicated 
upon the concept of range exclusivity/territorial 
defense (see Kilshaw et al. 2009, Roper 2010). A 
commonality between studies, however, is the 
observation that some latrines are small (in the 
sense that they comprise only a few pits, spread 
over a relatively small area and contain only few 
fresh scats), whereas others are large, compris-
ing many pits, with many fresh droppings and 
extending over a large area (e.g., Tuyttens et al. 
2001). Two sociological parameters are relevant 
here: the number of animals in each group avail-
able to generate the feces and the size of their 
territory through which the feces are distributed. 
According to the Resource Dispersion Hypothe-
sis (RDH), these two parameters are determined, 
separately and respectively, by the richness of 
food patches and by their dispersion (Macdonald 
1983, Johnson et al. 2001, Macdonald and John-
son 2015).

Thus, if group size remains stable, we can pre-
dict that either the number of border latrines, and/
or the amount of fresh feces deposited at border 
latrines, and/or the volume of feces per defeca-
tion should be a decreasing function of range 
size. Where territories are small, and groups large 
(i.e., at high population density), it is even pos-
sible that the capacity to produce feces exceeds 
the minimum need, perhaps resulting in fecal re-
dundancy, whereas in larger territories, especial-
ly when occupied by smaller groups (i.e., at low 
population density), badgers may experience fe-
cal constraint (Macdonald 1980). With increasing 
territory size, badgers could thus, hypothetical-
ly, vary their defecation patterns in five different 
ways: (1) They could decrease the number of la-
trines per unit area; (2) They could decrease the 
frequency of fecal marking at each latrine, which 
would results in lower numbers of fresh feces at 
each latrine; (3) They could increase inter-latrine 
spacing distances; (4) They could prioritize mark-
ing at border latrines over marking hinterland 
latrines; and (5) badgers could, in theory, attempt 
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to manipulate the total number of scats available 
for latrine marking by dividing fecal matter into 
a larger number of smaller “mini-scats”. This last 
option, however, seems unlikely, as gut peristalsis 
is under autonomic control (Lubowski et al. 1987, 
Olsson and Holmgren 2011), and we found no 
evidence for this tactic, neither in this study nor 
elsewhere, nor has its occurrence been described 
in any other terrestrial carnivore species.

In this study, we review bait-marking data 
collected from four study areas with different 
population densities (Tuyttens et al. 1999), where 
we have conducted previous research (Wytham 
Woods, Oxfordshire: Stewart et  al. 2002, John-
son et al. 2001, Kilshaw et al. 2009, North Nibley, 
Gloucestershire: Tuyttens et al. 2001, Macdonald 
et  al. 2006, E1, South Gloucestershire and E2, 
Wiltshire: Macdonald et  al. 2006, Riordan et  al. 
2011, details see Table  1), to test, which of the 
above strategies badgers might implement under 
conditions of fecal restraint.

Materials and Methods

Data from four different badger populations 
in the South West of England were used (for 
details see Table  1).

Bait marking
At all sites, bait marking was used to de-

termine latrine usage patterns, following the 
methodology described by Kruuk (1978), and 
refined by Delahay et  al. (2000) and Kilshaw 
et  al. (2009), allowing direct comparison be-
tween populations. Each main sett was fed a 
uniquely colored indigestible plastic marker, 
mixed in with a peanut-syrup bait matrix, for 
12 consecutive days. Feeding of bait commenced 
at the same time of year at all sites (i.e., last 

week of February / first week of March; before 
spring green up). Subsequently, the area around 
these setts was surveyed systematically for 
latrine locations (recorded as a six-figure grid 
reference), and size (i.e., the number of pits 
at each latrine containing fresh feces). A latrine 
was defined as one or more pits containing 
at least one feces, color-marked or otherwise 
(Delahay et  al. 2000).

Delineation of badger social group ranges
Minimum convex polygons (MCPs; Johnson 

et  al. 2001) were generated based on the out-
ermost color-marked returns for each sett, pro-
viding an estimate of the group range size. 
Where possible, MCPs were modified by field 
evidence (e.g., boundary runs, as described in 
Delahay et  al. 2000, Johnson et  al. 2001).

Where insufficient (<  6) returns were found 
per social group (i.e., sett baited), group ranges 
were excluded from the respective analyses (for 
numbers of MCPs included for each study site 
see Table  1), as were all latrines not containing 
color-marked feces.

Classification of latrines
Following the method of Delahay et al. (2000), 

latrines situated within 30  m of the MCP-
delineated boundary were classified as Border 
latrines, whereas latrines inside this peripheral 
zone were classified as Hinterland latrines. 
Badgers are also known to use underground 
latrines in their setts (Roper 2010), but no data 
were available on these. Tables of latrine char-
acteristics, exported from the GIS, were ana-
lyzed using SPSS for Windows version 18.0 
(2009; SPSS, Chicago, Illinois, USA), and for 
all analyses a P-value of ≤ 0.05 was considered 
significant.

Table 1. Description of study sites (BM = Bait Marking).

Site Location For details see: Size
BM 

years
Number 

of groups Approx. density

E1 S. Gloucestershire Riordan et al. (2011) 40 km2 2002 38 5 adults/km2

2003 32 5 adults/km2

E2 Wiltshire Riordan et al. (2011) 20 km2 2002 12 5 adults/km2

2003 14 8 adults/km2

NN Gloucestershire Tuyttens et al. (2000) 13.4 km2 1995 15 9 adults/km2

WW Oxfordshire Macdonald and Newman (2002), 
Macdonald et al. (2004, 2009)

6 km2 2003 23 32 adults/km2
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Nearest-neighbor analyses: patterns in latrine 
location/ placement

To test whether latrines were distributed ran-
domly throughout each group range or whether 
latrine distribution followed a regular pattern, we 
used the GIS mapping package ArcView 3.0. 
Nearest Neighbor Analysis (NNA; Krebs 1999:620), 
following Kruuk (1978) and Gosling (1981, 1985); 
see also Stewart et  al. 2001, Johnson et  al. 2001). 
NNA measures the distance of each data point 
(in this case, each latrine) to its nearest neighbor, 
and then compares the observed pattern with the 
pattern expected from a sample of points following 
complete spatial randomness. A value of R  =  0 
indicates a clumped pattern; R  =  1 indicates a 
random pattern; while 1 < R ≤ 2.15 (i.e., the max-
imum value) indicates a regular pattern. To test, 
if these NNA values could be an artifact of MCP 
generation, a corresponding number of MCPs of 
equivalent areas were generated randomly for the 
E1 (2002) data subset, and the resulting latrine 
pattern was also analyzed using NNA.

Numbers of latrines and group range area
To investigate whether the numbers of latrines 

used by each group were related to the groups’ 
range sizes, we plotted the total number of la-
trines in each group range against the range 
area (derived from the MCPs; including all border 
and hinterland latrines with feces containing 

bait, along with other apparently contempora-
neous feces from the respective social group).

We again used the ESRI software application 
Random Point Generator v1.3 to generate 20 
randomly positioned MCPs for the E1 (2005; 
ArcView GIS, author: Jeff Jenness) data subset 
reflecting site-specific group range sizes estab-
lished by the survey data, and then test whether 
this relationship could be an artifact of the MCP-
based analysis. The derived regression was used 
to predict the number of latrines in simulated 
group ranges, and results were compared to the 
actual data obtained from bait-marking.

Results and Interpretation

Number of latrines correlated with 
group range area

Group range area, and the number of latrines 
therein, correlated significantly across all study 
sites and years (Pearson’s correlation: E12002: 
r  =  0.60, n  =  38, P  <  0.01; E12003: r  =  0.79, n  =  32, 
P  <  0.01; E22002: r  =  0.59, n  =  12, P  =  0.01; E22003: 
r  =  0.55, n  =  14, P  =  0.04; NN: r  =  0.70, n  =  15, 
P  <  0.005; WW: r  =  0.84, n  =  13, P  <  0.005) with 
larger ranges encompassing more latrines (Fig. 1). 

In contrast, there was no significant correlation 
between the number of latrines encompassed by 
the random MCP simulation and range area, based 
on E12002 data (r = 0.31, n = 20, P = 0.18; Fig. 2). 

Fig. 1. The relationship between number of latrines and area of social group range as estimated by MCP for 
the E1 study site in 2002. Number of latrines / group range area: r = 0.60, P < 0.001; Number of dung pits / group 
range area: r = 0.46, P < 0.01.
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Linear regression models predicting the num-
ber of latrines per group range exposed a simi-
lar positive association between latrine numbers 
and range sizes across all four study areas and 
all years (Fig. 3). In WW, where the population 

density was between three- and six-times higher 
than in the other three areas, the linear relation-
ship between number of latrines and group range 
size exhibited the steepest slope. E1 and E2, fol-
lowed very similar, intermediate slopes, while 
NN showed the shallowest slope. The simulated 
MCPs, in contrast, showed an even shallower 
slope. This correlation of latrine numbers with 
group range area indicates that latrine spacing 
might be important: badgers appear to attempt 
to prevent inter-latrine distance increasing above 
a certain maximum. 

The number of fresh feces per latrine was lower 
with larger group range area

Combining data for all sites and years, there 
was a significant negative correlation between 
the average number of pits containing fresh feces 
present per latrine and group range area (Pearson’s 
correlation: r  =  −0.27, n  =  128, P  <  0.01). The 
number of latrines increases as a function of 
group range area, implying that fresh feces might 
be a limiting resource in the maintenance of la-
trines, and that maintaining an optimum latrine 

Fig. 2. The relationship between number of latrines 
for a set of randomly positioned MCPs at the E1 study 
site in 2002. Number of latrines / group range area: 
r = 0.31, P = 0.18.
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spacing pattern is more important than the actual 
number of fresh feces in each latrine.

Latrines followed a regular spacing pattern
NNA R-values indicated that between 78% 

and 89% (mean 84.4%  ±  4.35% SD) of group 
ranges, at all four study sites, across all years, 
exhibited a regular latrine distribution pattern, 
while only 16% (mean 15.60%  ±  4.35% SD) of 
ranges had latrines spaced randomly. This 

tendency for a regular latrine pattern applied 
irrespective of group range area (Fig.  4). By 
contrast, the same analysis applied to the ran-
domly generated simulated MCP dataset for 
E12002 (Fig.  5) resulted in a very different out-
come: only 25% (mean 24.55%  ±  21.07% SD) 
of these MCPs exhibited a regular latrine dis-
tribution, whereas 71% (mean 70.98%  ±  25.95% 
SD) had latrines spaced randomly. This evi-
dences that badgers locate their latrines 

Fig. 4. R values resulting from nearest-neighbor analyses carried out for latrines within bait-marking-derived 
group ranges plotted against group range area (data from all group ranges are combined for each study site/year).
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according to a strategic design, likely evolved 
to optimize latrine detectability by the intended 
recipients of the signals. 

Badgers marked boundaries at a higher rate than 
hinterlands

Combining all years and sites, latrine distri-
bution defined a peripheral border zone (spec-
ified as a 30  m strip on either side of the edge 
of bait-marking-derived MCPs) that comprised 
~30% of mean group range, with the remaining 
70% as hinterland (Fig.  6). 

Despite this majority of range being hinter-
land, just over half (=53.3%) of the active dung 
pits were apportioned to border areas (Fig.  7). 
Thus, significantly more dung pits were posi-
tioned at boundaries compared with hinterland 
latrines (Wilcoxon signed-ranks test: T  =  21, 
N = 6, P = 0.028), evidencing that badgers priori-
tize border marking. 

General Discussion

Badger latrines were not distributed randomly 
throughout group ranges, but conformed to a 

regular spacing pattern, within which more 
latrines were positioned along the borders of 
group ranges than in their hinterland. While 
larger group ranges were ringed by more border 
latrines than were smaller ones, these contained, 
per latrine, fewer fresh feces. These traits in 
latrine distribution are apparent across popu-
lations of different densities in different regions 
of southern England.

The concentration of latrines at the interface 
between groups has been documented repeat-
edly in high-density badger populations, and 
interpretations have generally been predicated 
upon the concepts of territoriality and group ex-
clusivity (Roper et  al. 1986, Stewart et  al. 1997, 
2001, Allen et al. 1999, Kilshaw et al. 2009), either 
by active (Kruuk 1978) or passive defense (Stew-
art et al. 2001) mechanisms. Kilshaw et al. (2009) 
observed that badgers often defecated along a 
different border stretch than that closest to their 
current feeding areas, and interpreted this as ev-
idence for a division of labor in border marking. 
In contrast, Stamps and Buechner (1985) suggest-
ed that the maintenance of border latrines might 

Fig. 6. The proportional area of boundary and hinterland regions in each study site / year (data from all 
group ranges combined for each study site / year).
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aid in the defense of food resources, which has 
been proposed as the main latrine function also 
in the more solitary hog badger Arctonyx collar-
is (Zhou et al. 2015). Roper et al. (1986) suggest 
that range exclusivity maintained by border-
latrine marking may serve in mate defense (anti-
kleptogamy hypothesis); nevertheless, recent 
genetic evidence has revealed a promiscuous, 
polygynandrous mating system with high rates 
of extra-group paternity in high-density badger 
populations (Woodchester Park: Carpenter et al. 
2005, Wytham Woods: Dugdale et al. 2007, 2011). 
In WW, approximately 48% of cubs are fathered 
by extraterritorial males, the majority (approxi-
mately 86%) from neighboring groups, but also 
from more distant liaisons (Dugdale et al. 2007, 
Annavi et  al. 2014), and trapping reveals that 
~19% of badgers are caught in temporary cross-
boundary excursions (Macdonald et al. 2008, see 
also Huck et al. 2008).

In contrast, studies conducted in low-density ar-
eas, for example in Portugal (Rosalino et al. 2004) 
or in Switzerland (Do Linh San et al. 2007), did 
not find conclusive evidence of consistent group 

ranges marked with border latrines; instead con-
cluding that the predominant function of latrines 
is the exchange of olfactory information between 
individuals, especially in the context of reproduc-
tion (see also Kaneko et al.’s (2009) study on the 
closely related Japanese badger Meles anakuma). 
A further complication to seeking a consilient 
function for latrine marking is that different indi-
viduals may communicate different information, 
sometimes at different locations, and there could 
be very different variations on a single theme, 
ranging from threat to advertisement (Buesching 
and Macdonald 2001). Although we confirmed 
that, in all four study areas, borders between 
adjacent groups were defined by a high-density 
ring of latrines connected by well-traveled paths, 
we found no evidence that they functioned to 
maintain exclusive group range borders.

Conclusion

As predicted by the RDH, our findings sup-
port that the mechanism determining population 
density and group size (see comparison of study 

Fig. 7. Proportion of total number of dung pits per social group range that were placed in boundary areas 
and hinterland areas of the group range (data from all group ranges are combined for each study site / year).
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sites in Table 1) is different from the mechanism 
determining group area, i.e., patch richness vs. 
patch dispersion (review see Macdonald and 
Johnson 2015). A corollary of the non-defense-
based RDH model of territoriality appears to 
be its affect on feces availability: under condi-
tions supporting high-density groups, i.e., rich 
patches with low dispersion, as seen in WW, 
a smaller group range area to group member-
ship ratio leads to a prolific supply of feces, 
allowing badgers to maintain more latrine sites 
with more fresh fecal input. At the opposite 
end of this scale, where resource conditions 
dictated a high(er) group range area to mem-
bership ratio, conditions of fecal constraint (sensu 
Macdonald 1980) were associated with a de-
crease in the use of latrines (i.e., the number 
of feces deposited), and not the number of la-
trines. On this basis, our results imply that 
badgers occupying larger group ranges seek to 
maintain inter-latrine spacing patterns, plausibly 
to optimize latrine detection rates by conspecifics 
(Buesching and Jordan, in press). Under condi-
tions of fecal constraint, however, badgers may 
have to compromise the number of pits used 
per latrine as well as fecal renewal rates, where 
replenishment intervals are likely detectable 
from the odor profile (Buesching et  al. 2002).

Overarchingly, we conclude that latrine main-
tenance and fecal scent-marking activity in bad-
gers involves a trade-off between group size and 
group range area, while energetic costs of signal-
ing the intended message (Alberts 1992) are min-
imized (Maynard Smith 1974, Taylor and Jonker 
1978).
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