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Abstract. Many carnivores use latrines, and investigations of latrine use have typically been concerned

with territorial defense, often at the expense of fully evaluating other, not mutually exclusive, functions. In

particular, the relationship between food abundance and latrine use patterns has been explored

inadequately, where latrine location may be used to aid spatial memory, to stake a claim on access to

temporally variable food resources, or to signal the local depletion of resources. Little is known about the

hog badger (Arctonyx collaris), however the consensus is that they are solitary, but nonetheless deposit their

feces in latrines, but without any group-territory defense function. This provides an ideal study system to

investigate how temporal and spatial variation in latrine use strategy is associated with food resource

availability throughout the year. We use generalized linear mixed models (GLMM) and an information-

theoretic approach to test the hypothesis that seasonal latrine use patterns signal the resources most valued

(i.e., the foraging book keeping hypothesis). We found that latrine use showed significant seasonal and

habitat-related variations, where the number of feces per latrine reached seasonal maxima in early summer

but was lowest in autumn, and was significantly higher in logged forest and selectively logged forest but

lowest in farmland. The intensity of latrine use exhibited a significant negative relationship with

environmental food abundance, and was related to dietary output (fecal contents). That is, hog badgers

invested most in ‘marking’ those more limited resources, concurring with the scarce factor paradox, which

asserts that the value of any commodity is a function of its rarity.

Key words: Arctonyx collaris; China; diet; foraging; latrine; mustelid; resource distribution and defense; scarce factor

paradox; scent marking; subtropical forest.
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INTRODUCTION

Most carnivore species make use of their
intrinsically pungent feces for scent-marking,
often deposited in localized defecation sites, or
latrines (reviewed by Macdonald 1985, Hutch-
ings and White 2000). Although we recognize
that latrines can also serve other functions
unrelated to scent-marking (reviewed by Buesch-
ing and Jordan, in press), here we will concentrate
on their generally accepted function in olfactory
communication (Macdonald 1985; Buesching and
Jordan, in press). Latrine sites typically comprise
several feces, are visited at regular intervals
(Roper et al. 1993, Kilshaw et al. 2009), and—
depending on the social organization of the
species concerned—are often used by more than
one individual (Buesching and Macdonald 2001).
Investigations into latrine use are generally
limited to territorial defense (Begg et al. 2003,
Jordan et al. 2007, Kilshaw et al. 2009), often at
the expense of fully evaluating other, not
mutually exclusive functions.

Patterns of latrine use may signal the local
depletion of resources (e.g., the passive range
exclusion hypothesis; see Stewart et al. 1997),
and/or have implications for disease transmission
(Page et al. 1999, Riordan et al. 2011) and parasite
avoidance (Hutchings et al. 2001, Ezenwa 2004);
while at the ecosystem level, latrine use can relate
to endozoochorus seed dispersal (Zhou et al.
2008b, Capece et al. 2013, O’Farrill et al. 2013).

In particular, the relationship between envi-
ronmental food abundance and latrine use
patterns has been under-explored, and that is
our focus here. Different latrines, in different
locations, may aid spatial memory in order to
optimize foraging efficiency (Garber 1989), to
stake a claim on access to temporally variable
and potentially limiting scarce food resources
(especially by females raising young: Covich
1976, Mertl-Millhollen 2006, Espı́rito-Santo et al.
2007).

The hog badger (Arctonyx collaris) is a medium-
sized monotypic carnivore species, which is
distributed throughout sub-tropical East and
Southeast Asia, including much of China, the
eastern Indian Subcontinent, Indo-China and
Sumatra (Helgen et al. 2008), and classified as
‘‘Near Threatened’’ by IUCN. Very little is known
about hog badgers (Helgen et al. 2008), making it

imperative and helpful to better understand their
socio-ecology, to inform conservation measures
(Hutchings and White 2000). Their social system
is not firmly established, although the consensus
is that they are solitary, except for a brief period
during the mating season, which, in northern
China, occurs during a post-partum estrus in
April–May (Zheng et al. 1988). Phylogenetically
(see Bryant et al. 1993), it would seem plausible
that they may have delayed implantation, as
known in other mustelids (Thom et al. 2004).
Although speculative, this would fit with super-
ficial observations that both mating and cub
rearing season seem to overlap (Zheng et al.
1988).

Although information on their individual
territorial ranges is lacking, they nonetheless are
known to deposit their feces in latrines, where
camera trapping has revealed that these are used
by several individuals (Y. C. Wang, personal
communication; Zhou et al. unpublished data).

Their emerging social system is thus ecologi-
cally similar to that of low-density populations of
the better known European badger, Meles meles,
in southern Europe (Li et al. 2013), where latrines
are used in a far less territorial way than in high-
density, group-living populations in the south of
England (e.g., Roper et al. 1986, 1993, Kilshaw et
al. 2009). Under these less territorial circumstanc-
es, environmental factors (both biotic and abiotic,
spatial and temporal) and variation in food
availability have proven the key factors associat-
ed with European badger latrine use (Pigozzi
1990).

Our previous long-term surveys, observing
seed dispersal mutualism (April 2004–June
2010; Zhou et al. 2013a), indicate that hog badger
latrine placement in the environment is non-
random. Furthermore, they exhibit dietary shifts
in the sub-tropics, tracking the seasonal peaks of
their main food items, such as earthworms,
arthropod imagoes and fruit (Zheng et al. 1988;
Zhou et al., in press). Unobstructed by group-
territory marking behaviors, hog badgers thus
provide an ideal study system to investigate how
latrine use patterns relate to food resource
availability throughout the year in seasonal,
subtropical ecosystems (Zhou et al. 2008a, Al-
meida et al. 2012, Hanya et al. 2013). We take a
eulerian approach to this investigation, by
observing defecation patterns at latrines, rather
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than tracking individual badgers in a lagrangian

way (see Aarts et al. 2008) in part because

tracking would only give us information on the

presence of the individual in the vicinity of the

latrine and not whether it contributed feces; and

in part to establish a foundation for further work

on this otherwise little-known species.

Here, we use information theoretic modeling

(Burnham and Anderson 2002) to investigate: (1)

whether latrine site use varies seasonally in

different habitat types (Almeida et al. 2012); (2)

whether latrine use relates to hog badger diet

and responds to the environmental abundance of

trophic resources (i.e., the foraging book keeping

hypothesis; Henry 1977, Kruuk 1992, Remonti et

al. 2011); and (3) whether any patterns in latrine

use relate to the abundance or scarcity of key

food types in accord with Leontief’s scarce factor

paradox (Valavanis-Vail 1954), which states that

in commodity theory scarcity affects value (Lynn

1991, Patterson 1998).

METHODS

Study area

This study was carried out in Houhe National

Nature Reserve (308204500–804000 N, 11082902500–

4004500 E), located in Hubei Province, central

China (Fig. 1). This reserve lies in the transitional

belt between the middle and northern subtrop-

ical zones and is characterized by four distinct

seasons, including a cold winter and a hot,

humid summer. Mean annual temperature is

11.58C, and mean annual precipitation is 1,814

mm. The study site was located in a mid-

mountain alpine habitat zone, at an elevation

ranging from 1000 m to 1800 m, with rugged

dolomite and limestone geology. Based on

human management, we categorized habitats

within the reserve into primary (unlogged) forest

(PF), selectively logged forest (SLF), logged forest

(LF), plantation forest (PLF), and farmland (FL)

(see Zhou et al. 2008a for details).

Fig. 1. Map of the study area in Houhe National Nature Reserve, China, illustrating five habitat types and 38

latrine sites (quadrats). PF, primary forest; SLF, selectively logged forest; LF, logged forest; PLF, plantation forest;

FL, farmland. Solid black squares represent the 17 latrines used for our survey of environmental food abundance,

and the asterisks indicate the position of a supplemental comparative point near farmland (not a true latrine, but

a site where two feces were collected). Solid lines denote streams. The location of the Reserve within China is

inset.
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Survey procedure
Informed by our earlier long-term surveys in

Houhe National Nature Reserve, observing
carnivore ecology and behavior (April 2004–June
2010; Zhou et al. 2008a, 2008b, 2013a), and by the
advice of local previous trappers, we located and
monitored latrines every two-weeks between
February 2011 and April 2013 along 14 transects,
with an average length of 2.49 km (0.78 SD; range
1.4–4.3 km; total transect length ¼ 34.8 km)
traversing the five habitat categories (Fig. 1). The
terrain in our study site is extremely rugged. This
has two-fold implications. Firstly, it made it
impractical for us to generate linear cross-
country transects, because these would likely
have not been surveyable. Secondly, we know
from our other survey work in this study area
that a lot of terrain comprises very unsuitable
habitat for hog badgers, which they do not
appear to use (Zhou et al. 2013c). Consequently,
to optimize ability to collect meaningful data on
latrine use patterns, we positioned transects in
areas used consistently by hog badgers, such as
hill slopes, ditches, roads, trails, natural narrow
paths and habitat patch edges (ecotones) (Zheng
et al. 1988, Zhang et al. 2009). While this survey
protocol was designed to enable us to collect
more useful data than surveying random linear
transects (we are confident to have included the
majority (.95%) of hog badger latrines in these
surveys), this selective sub-sampling should not
influence the relative use of these latrines in
relation to proximate food resources.

The position of latrines and any additional
feces encountered opportunistically were record-
ed along each transect survey, following the
methods of Zhou et al. (2008a). A site was
considered a latrine only if it contained �3 scats
combined across all visits, and was used �3
times over the duration of the study (Crowley et
al. 2012). Unique latrine sites were delimited as
sites at least 10 m apart.

In our previous long-term surveys, observing
seed dispersal mutualism (April 2004–June 2010;
Zhou et al. 2013a), we recovered no hog badger
feces between December–February, corroborating
that hog badgers undergo a period of winter
torpor or (semi-) hibernation from November to
March in central and northern China (Zheng et
al. 1988). In addition, the potential for winter
snow cover in this mountainous study site (see

Zhou et al. 2013a) would have impaired our
ability to find scats reliably, and biased our
results. Consequently, we defined sub-seasons
with respect to the seasonal rhythm of hog
badger biology, as well as seasonality in envi-
ronmental food abundance: spring (March–
April), early summer (May–June; where spring
and early summer comprise the reported breed-
ing season), summer (July–August), autumn
(September–October), early winter (November–
December), and winter (January–February).

Diet analysis
Individual fecal samples were soaked in water

and washed through three sieves of 1.5, 0.5, and
0.1 mm mesh size, using up to one liter of water,
following the standard analytical procedures
described by Kruuk and Parish (1981). We
divided the items recovered from hog badgers
feces to represent the six principle food categories
consumed, reflecting foraging behavior; these
categories being comparable to those used in
European badger studies (Murdoch and Buyan-
delger 2010, Li et al. 2013): earthworms, insects,
diplopods, invertebrate larvae, fruits and other
minor items (i.e., mammals, birds, reptiles and
fungi).

We then extrapolated the actual biomass of
food items consumed from the average fresh
mass of that food item (Zhou et al. 2008a), or by
multiplying the dry mass of prey remains with a
coefficient of digestibility—i.e., the correction
factor (Jędrzejewska and Jędrzejewski 1998).
Hog badgers prefer multi-seed fruit (Zhou et
al., in press), and we therefore counted the mean
number of seeds per fruit and the mean mass of
fruits from parent plants for each fresh fruit
specimen collected. For unidentified seeds, we
used an estimate of average fruit mass. Data on
the mean number of seeds per fruit and fruit
mass were obtained from Zhou et al. (2013b). We
assigned invertebrate prey species their average
fresh weight from measurements of specimens in
the field. Consumed biomass of vertebrate prey
and fungi were calculated by using correction
factors provided by Martin et al. (1995) and
Revilla and Palomares (2002) for European
badger diet.

Key food resource abundance
The environmental abundance of these food
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categories (except for ‘other’) was quantified for
17 of the 38 latrine sites identified, as well as at an
additional farmland site. At each of these 18
sampling points (Fig. 1), we used the formalin
extraction method (Raw 1959, Callaham and
Hendrix 1997) to measure earthworm and
invertebrate larvae abundance; however, because
formalin sampling for earthworms is toxic and
kills soil microbiota, we sought to minimize our
environmental impact by only sampling at every
second latrine. To do this, we laid out duplicate
0.53 0.5 m quadrates over which we poured four
liters of 5% formalin solution, and collected
specimens surfacing over 20 minutes. In addi-
tion, we dug through the sample plot to a depth
of 20 cm in order to count all individuals killed
by formalin. All specimens collected were
weighed and measured. Because earthworms in
the study region are available throughout the
year (Zhang et al. 2010), we undertook sampling
once in each sub-season.

For other prey types, we sampled duplicate 50-
m length transects (1 m width) within ca. 50 m of
each of the 18 sampling sites, following the
methods of Revilla and Palomares (2002). Insects
and diplopods were counted, collected, inspect-
ed, weighed and measured. In total, 36 (18
duplicates) arthropod-transects were sampled
once in each of the six sub-seasons. Because
hog badgers are entirely cursorial feeders, we
used the number and weight of ripe fruits on the
ground along these same arthropod-transects to
represent fruit availability.

Statistical procedure
We used R language for statistical computing

(version 3.0.1; R Development Core Team 2013)
for all analyses. Due to over-dispersion in the
data set, a negative binomial model was used to
analyze variation in fecal deposition at latrine
sites over time and across habitats. We used a
likelihood ratio test, confirming that this negative
binomial distribution was preferable to Poisson
(see Results). We included the explanatory vari-
ables sub-season, year and habitat, and applied a
Tukey’s hsd multiple comparison test (a ¼ 0.05)
for post hoc comparisons.

To analyze the effects of environmental food
abundance on latrine use patterns, we used a
generalized linear mixed model (GLMM, the
‘‘lme4’’ package), resolving upon a Poisson

distribution, with a logarithmic link function.
The abundance of the different food categories
was included as explanatory variables (fixed
effects). To control for repeated observations
from the same latrine, we used ‘latrine’ as a
random factor (Schielzeth and Forstmeier 2009).
Data were ln(x þ 1) transformed. The variance
inflation factor (VIF) was used to assess each
variable for excessive multi-collinearity. In VIF
values exceeded 10, we would have excluded the
variable involved from the analysis (Chatterjee
and Hadi 2012), however, in this study none of
the model variables had excessive multi-collin-
earity.

We used the Akaike Information Criterion
corrected for small sample sizes (AICc) to
identify the most parsimonious explanatory
models, where models with AICc differences of
less than two had substantial support (Burnham
and Anderson 2002). We used beta-coefficients
and z-statistics (P , 0.05) to assess the relative
influence of the parameters included within the
most-parsimonious explanatory models.

Because we estimated environmental food
abundance, we were able to evaluate food
selection by comparing these data with ingested
biomasses inferred from fecal contents. Food
selection was analyzed with a GLM procedure,
using the log-likelihood ratio test with a type III
hypothesis (ANOVA Type III function in the ‘car’
package), with binomial distribution (ingested
biomass versus abundance) and logit link func-
tion. We evaluated the simple effects of the
continuous variables as well as their interactions
with the two categorical ones (i.e., season and
habitat). We used log-likelihood ratio tests using
chi-square to test whether these models were
significantly different (Moya-Laraño and Wise
2007). We then applied the Bonferroni step-down
correction (Holm 1979), to adjust the outputs
generated with this procedure. To control for
repeated observations from the same latrine, we
initially tested for random effects (i.e., latrine as a
random factor), fitting the general linear mixed
models with the lme4 package in R statistical
software. To standardize the two biomass mea-
sures used for our explanatory variables (i.e., kg/
latrine of ingested biomass and kg/100 m2 for
food availability), we adjusted them to present
the percentage of each prey per latrine or per 100
m2, respectively.
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RESULTS

The 38 latrines we located contributed a total
of 701 feces between February 2011 and April
2013. An additional 34 feces were found inciden-
tally, as single deposits, during surveys. Latrines
each contained between 3 and 54 feces (18.45 6

12.84 feces/latrine; mean 6 SD). For the analysis
of spatial and temporal variation in feces counts,
the negative binomial regression model per-
formed better than the Poisson regression model
(G2 ¼ 269.03, P , 0.001). The main effects of
season and habitat were significant (season: X2¼
71.396, P , 0.001; habitat: X2¼26.004, P , 0.001).
In all habitats, the number of feces per latrine
reached seasonal maxima in early summer
(Tukey’s hsd, P , 0.009; Fig. 2), and was
significantly higher than in autumn (P , 0.001).
Number of feces per latrine was significantly
higher in SLF and LF, and lowest in FL (P , 0.008
in both cases). No significant interaction effects
were detected between season and habitat (X2 ¼
17.702, P ¼ 0.125).

Effects of food abundance on latrine use
The three models we used to examine the

effects of food abundance on latrine use had
nearly equal AICc support (Table 1). The first-

ranked model (earthworms þ fruits) was most
parsimonious (wi ¼ 0.458), and included vari-
ables that contributed repeatedly in the top eight
models, although variables (invertebrate larvae
and insects) from the second- and third-ranked
models also had the potential to effect the
influence of food abundance on latrine use
patterns. From AICc models, however, relative
importance (wþ) and model-averaged variable
estimates indicated that earthworms and fruits
were the only two influential variables; latrines
were used most frequently when earthworms
and fruit were least abundant in the environment
(Table 2).

Food selection and fecal output
Despite earthworms being the principal food

item selected, with a year-round mean of 45% of
ingested biomass, our measures of the contribu-
tion this category made to feces, relative to
simultaneous seasonal abundance in the envi-
ronment, showed a tendency for earthworms to
be under-utilized in the hog badgers’ diet (across
all seasons; X2 ¼ 12.587, P ¼ 0.027; Table 3 and
Fig. 3). By contrast, the opposite was true of
insect consumption, with high contributions to
feces occurred even when environmental abun-
dance was low; i.e., a significant preference was
apparent (X2¼ 11.865, P¼ 0.037; Table 3 and Fig.
3). This insect consumption did not, however,
influence latrine use. In autumn, hog badger diet
was comprised predominantly by fruit (73%; Fig.
3), although this consumption was proportionate
to high environmental abundance, with no
evidence of selection preference (X2 ¼ 1.278, P ¼
0.734). No seasonal selection preference for
diplopods or invertebrate larvae was apparent
(X2¼ 4.039, P¼ 0.401 and X2¼ 6.465, P¼ 0.167),
and we observed no selection preferences across
habitat types (X2¼ 1.433–4279, P¼ 0.370–0.838).

DISCUSSION

Fecal marking behavior varies with social
system (Buesching and Macdonald 2001) and/or
ecological conditions (Remonti et al. 2011, Al-
meida et al. 2012), such as with seasonality in
food resources (Pigozzi 1990). Nevertheless, the
function of fecal marking and latrine use is
generally assumed to be linked, primarily, to
territorial defense (Begg et al. 2003, Jordan et al.

Fig. 2. Number of hog badger (Arctonyx collaris) feces

(mean 6 SE) found at each of the 38 latrines per

season, across five habitat types, in Houhe National

Nature Reserve, China. PF, primary forest; SLF,

selectively logged forest; LF, logged forest; PLF,

plantation forest; FL, farmland.
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2007).
Even for high-density European badger popu-

lations, more subtle functions of scent-marking,
beyond simple territorial defense (Roper et al.
1986, 1993), have been proposed, such as Passive
Range Exclusion (Stewart et al. 1997) and
Individual Advertisement (Buesching and Mac-
donald 2001), and there is evidence of coordina-
tion in latrine use between group members
(Kilshaw et al. 2009). These different or subsid-
iary functions are, however, often obscured, or
overwhelmed, in studies focused tightly on
group defense functions.

By investigating latrine use in a badger species
that does not form social groups (i.e., the hog
badger), and does not engage in the defense of a
group-territory (Johnson et al. 2002), we were
able to observe latrine use in relation to the
environmental abundance and seasonality of the
food types consumed. Although our study
design relied on removal of all recorded feces
for dietary analysis, any consequential affect on
marking behavior would be limited by the fixed
volume of feces available within the local hog
badger population. Furthermore, any such affects
should remain constant throughout the study
period and thus have no influence on seasonal or
environmental marking patterns. That is, despite
our interference with their latrines, we were still
able to observe a clear pattern of resource
marking.

Specifically, we found evidence that hog
badgers mark latrines in relation to food resourc-
es, in support of the book keeping hypothesis
(Kruuk 1992, Remonti et al. 2011). In particular,
their latrine use was inversely related to seasonal
variation in environmental food abundance; that
is, although they consumed predominantly
earthworms and fruits (by season), latrines were
used most frequently when earthworm and fruit
were least abundant in the environment. Fur-
thermore, despite earthworms comprising 43% of
their annual diet, hog badgers did not exploit this
resource to its full environmental capacity, rather
they selected preferentially for insects. Similarly,
they did not fully exploit the abundance of fruits
in the environment in autumn, where hog
badgers forage not only as insectivores but also
play a significant role as fruit consumers and
seed dispersers in the study area (Zhou et al.
2008b). They also tended to deposit more feces in
latrines in habitat types characterized by poorer
food abundance.

This behavior concurs with Leontief’s scarce
factor paradox (Valavanis-Vail 1954), which
states that in commodity theory scarcity affects
value (Lynn 1991, Patterson 1998). Similar pat-
terns have been reported for European badgers
in central Italy, where latrines were more active
in years when the autumnal availability of fruit
(i.e., their most important food resource in that
study area) was low (Pigozzi 1990). Further

Table 1. Summary of AICc model selection statistics for candidate models relating food abundance with hog

badger (Arctonyx collaris) feces counts in Houhe National Nature Reserve, China.

Model parameters Rank AICc DAICc wi

Earthworms, fruits 1 154.55 0.00 0.46
Earthworms, fruits, invertebrate larvae 2 156.11 1.56 0.21
Earthworms, fruits, insects 3 156.33 1.78 0.19
Earthworms, fruits, diplopods 4 156.86 2.31 0.14

Table 2. Relative influence (wþ) and model-averaged estimates for AICc selected model variables relating the

effect of food-type abundance on hog badger (Arctonyx collaris) feces counts, in Houhe National Nature

Reserve, China.

Variable wþ Coefficient SE 95% CI P

Intercept 1.312 0.279 0.752–1.860 ,0.001
Earthworms 1.00 �0.317 0.088 �0.492–-0.146 ,0.001
Fruits 1.00 �0.716 0.252 �1.210–-0.221 0.005
Invertebrate larvae 0.25 0.167 0.190 �0.207–0.540 0.382
Insects 0.22 0.551 0.744 �0.907–2.009 0.459
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evidence that hog badgers were marking most

when resources were most precious was appar-

ent in the trade-off between energy expended to

acquire food and its reciprocal energetic value

(Weiner 1992). In spring and early summer, when

they fed mostly on ‘expensive’ food items

requiring comparatively high energy expenditure

to acquire (such as earthworms, which needed to

be unearthed), latrines were used more actively

than in the autumn, when badgers consumed

‘cheap’ foods (i.e., comparatively low energy

expenditure during acquisition), such as fallen

fruit, which could simply be picked up from the

ground (Zhou et al., in press).

Hog badgers are generalists, with the majority

of their food types distributed randomly

throughout their habitat (i.e., earthworms, fruits,

insects, etc.: Zheng et al. 1988; Zhou et al. in

press). Thus, in times of food super-abundance

(e.g., autumn), it would likely prove unnecessary

and uneconomical (Carpenter 1987) for an

individual to signal a right of access to these

resources, to ensure its food security require-

ments (sensu Carr and Macdonald 1986) were

Fig. 3. Biomass (percentage; mean 6 SE) of Ea, earthworms; In, insects; Di, diplopods; IL, invertebrate larvae;

Fr, fruitsavailable (black) and consumed (white) in the diet of hog badgers (Arctonyx collaris) for all seasons in

Houhe National Nature Reserve, China.

Table 3. Significant differences between the utilzation and environmental abundance of the principal food

categories consumed by hog badgers (Arctonyx collaris) at 95% confidence interval, after binomial regression, in

Houhe National Nature Reserve, China.

Food items Season Ingested biomass Availability Z P

Earthworms (%) Spring 44.92 6 5.666 74.39 6 5.66 �2.994 0.003
Early summer 62.86 6 3.77 70.72 6 6.12 �2.274 0.006

Summer 52.38 6 4.89 77.11 6 4.88 �3.104 0.002
Autumn 16.09 6 5.84 58.56 6 7.54 �3.253 0.001

Insects (%) Spring 20.42 6 4.06 5.04 6 2.59 2.280 0.023
Early summer 31.14 6 3.87 1.17 6 0.54 2.701 0.007

Summer 34.62 6 3.68 3.87 6 1.44 2.745 0.006

Notes: Only significant tests after Bonferroni step-down correction are shown. Results are presented means 6 SE.
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met, or to mark the depletion of these resource
(Stewart et al. 2001). This also concurs with the
tenets of the resource dispersion hypothesis
(Macdonald 1983) where the dispersion of scarce
food patches, occurring at the most food-stressed
time of the year (i.e., the most limiting factor;
Rosalino et al. 2005), would be predicted to
determine the spatial extent and carrying capac-
ity of an individual’s range.

In line with this, the spring and early summer
peak in latrine use we observed could be due at
least in part to the need for lactating mothers to
sequester access to resources to ensure sufficient
food security to raise their offspring (Buesching
and Macdonald 2004, Goltsman et al. 2005). This
peak could also be bolstered by individuals
advertising their reproductive condition during
the spring mating season (Buesching and Mac-
donald 2001, 2004).

Understanding of the role latrine marking
plays in hog badger society also has epidemio-
logical implications. Hog badger removal opera-
tions to manage rabies (Hu et al. 2012) would
seem likely to disturb patterns of latrine use and
social contacts, potentially causing perturbation
effects similar to those reported in other species
(Prentice et al. 2014), and resonating with lessons
from bovine tuberculosis management in Euro-
pean badgers (e.g., Tuyttens et al. 2000, Riordan
et al. 2011). Habitat management, such forestry
operations, influence hog badger latrine use, with
latrines being used most in logged and selective-
ly-logged forest and least in farmland; this too
has implications for disease epidemiology (White
et al. 1993, Delahay et al. 2007).

In conclusion, we provide evidence that hog
badger latrine marking behavior concurred with
the scarce factor paradox (Valavanis-Vail 1954),
where latrine use related inversely to the
environmental abundance of the key food re-
sources they consumed (Lynn 1991, Patterson
1998); scarcity driving perceived value. We
reiterate that, because almost nothing is known
about hog badger ecology, our conclusions must
be considered against an almost blank context.

Having taken this initial step to elucidate hog
badger socio-biology, individual tracking seems
warranted to advance understanding further.
While we are entirely open to the possibility that
future data may refute, or modify our interpre-
tation, we think this paradigm will prove

resilient, and generalizable, based on knowledge
of other similar species. Our future studies will
aim to link current findings with marginal value
theorem and Oaten’s stochastic model of optimal
foraging (Green 1980), by matching foraging
preferences directly to food availability.
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Forest as a case study. Springer, Berlin, Germany.

Johnson, D. D. P., W. Jetz, and D. W. Macdonald. 2002.
Environmental correlates of badger social spacing
across Europe. Journal of Biogeography 29:411–
425.

Jordan, N. R., M. I. Cherry, and M. B. Manser. 2007.
Latrine distribution and patterns of use by wild
meerkats: implications for territory and mate
defence. Animal Behaviour 73:613–622.

Kilshaw, K., C. Newman, C. Buesching, J. Bunyan, and
D. Macdonald. 2009. Coordinated latrine use by
European badgers, Meles Meles: potential conse-
quences for territory defense. Journal of Mammal-
ogy 90:1188–1198.

Kruuk, H. 1992. Scent marking by otters (Lutra lutra):
signaling the use of resources. Behavioral Ecology
3:133–140.

Kruuk, H., and T. Parish. 1981. Feeding specialization
of the European badger Meles meles in Scotland.
Journal of Animal Ecology 50:773–788.

Li, F., Z. Luo, C. Li, C. Li, and Z. Jiang. 2013.
Biogeographical patterns of the diet of Palearctic
badger: Is badger an earthworm specialist preda-
tor? Chinese Science Bulletin 58:2255–2261.

Lynn, M. 1991. Scarcity effects on value: A quantitative
review of the commodity theory literature. Psy-
chology & Marketing 8:43–57.

Macdonald, D. W. 1983. The ecology of carnivore social
behaviour. Nature 301:379–384.

v www.esajournals.org 10 January 2015 v Volume 6(1) v Article 19

ZHOU ET AL.



Macdonald, D. W. 1985. The carnivores: order Carniv-
ora. Pages 619–722 in R. Brown and D. W.
Macdonald, editors. Social odours in mammals.
Clarendon Press, Oxford, UK.

Martin, R., A. Rodriguez, and M. Delibes. 1995. Local
feeding specialization by badgers (Meles meles) in a
Mediterranean environment. Oecologia 101:45–50.

Mertl-Millhollen, A. S. 2006. Scent marking as resource
defense by female Lemur catta. American Journal of
Primatology 68:605–621.

Moya-Laraño, J., and D. H. Wise. 2007. Two simple
strategies of analysis to increase the power of
experiments with multiple response variables.
Basic and Applied Ecology 8:398–410.

Murdoch, J. D., and S. Buyandelger. 2010. An account
of badger diet in an arid steppe region of Mongolia.
Journal of Arid Environments 74:1348–1350.

O’Farrill, G., M. Galetti, and A. Campos-Arceiz. 2013.
Frugivory and seed dispersal by tapirs: an insight
on their ecological role. Integrative Zoology 8:4–17.

Page, L. K., R. K. Swihart, and K. R. Kazacos. 1999.
Implications of raccoon latrines in the epizootiolo-
gy of Baylisascariasis. Journal of Wildlife Diseases
35:474–480.

Patterson, M. 1998. Commensuration and theories of
value in ecological economics. Ecological Econom-
ics 25:105–125.

Pigozzi, G. 1990. Latrine use and the function of
territoriality in the European badger,Meles meles, in
a Mediterranean coastal habitat. Animal Behaviour
39:1000–1002.

Prentice, J. C., G. Marion, P. C. L. White, R. S.
Davidson, and M. R. Hutchings. 2014. Demograph-
ic processes drive increases in wildlife disease
following population reduction. PLoS ONE
9:e86563.

Raw, F. 1959. Estimating earthworm populations by
using formalin. Nature 184:1661–1662.

R Development Core Team. 2013. R: a language and
environment for statistical computing. R Founda-
tion for Statistical Computing, Vienna, Austria.

Remonti, L., A. Balestrieri, G. Smiroldo, and C.
Prigioni. 2011. Scent marking of key food sources
in the Eurasian otter. Annales Zoologici Fennici
48:287–294.

Revilla, E., and F. Palomares. 2002. Does local feeding
specialization exist in Eurasian badgers? Canadian
Journal of Zoology 80:83–93.

Riordan, P., R. J. Delahay, C. Cheeseman, P. J. Johnson,
and D. W. Macdonald. 2011. Culling-induced
changes in badger (Meles meles) behaviour, social
organisation and the epidemiology of bovine
tuberculosis. PLoS ONE 6:e28904.

Roper, T. J., L. Conradt, J. Butler, S. Christian, J. Ostler,
and T. Schmid. 1993. Territorial marking with
faeces in badgers (Meles meles): a comparison of
boundary and hinterland latrine use. Behaviour

127:289–307.
Roper, T. J., D. J. Shepherdson, and J. M. Davies. 1986.

Scent marking with feces and anal secretion in the
European badger (Meles meles): Seasonal and
spatial characteristics of latrine use in relation to
territoriality. Behaviour 97:94–117.

Rosalino, L. M., D. W. Macdonald, and M. Santos-Reis.
2005. Resource dispersion and badger population
density in Mediterranean woodlands: Is food,
water or geology the limiting factor? Oikos
110:441–452.

Schielzeth, H., and W. Forstmeier. 2009. Conclusions
beyond support: overconfident estimates in mixed
models. Behavioral Ecology 20:416–420.

Stewart, P. D., C. Anderson, and D. W. Macdonald.
1997. A mechanism for passive range exclusion:
Evidence from the European badger (Meles meles).
Journal of Theoretical Biology 184:279–289.

Stewart, P. D., D. W. Macdonald, C. Newman, and
C. L. Cheeseman. 2001. Boundary faeces and
matched advertisement in the European badger
(Meles meles): a potential role in range exclusion.
Journal of Zoology 255:191–198.

Thom, M. D., D. D. Johnson, and D. W. Macdonald.
2004. The evolution and maintenance of delayed
implantation in the Mustelidae (Mammalia: Car-
nivora). Evolution 58:175–183.

Tuyttens, F. A. M., R. J. Delahay, D. W. MacDonald,
C. L. Cheeseman, B. Long, and C. A. Donnelly.
2000. Spatial perturbation caused by a badger
(Meles meles) culling operation: implications for
the function of territoriality and the control of
bovine tuberculosis (Mycobacterium bovis). Journal
of Animal Ecology 69:815–828.

Valavanis-Vail, S. 1954. Leontief’s scarce factor para-
dox. Journal of Political Economy 62:523–528.

Weiner, J. 1992. Physiological limits to sustainable
energy budgets in birds and mammals: ecological
implications. Trends in Ecology & Evolution 7:384–
388.

White, P. C., J. A. Brown, and S. Harris. 1993. Badgers
(Meles meles), cattle and bovine tuberculosis (My-
cobacterium bovis): a hypothesis to explain the
influence of habitat on the risk of disease trans-
mission in southwest England. Proceedings of the
Royal Society B 253:277–284.

Zhang, L., Y. P. Wang, Y. B. Zhou, C. Newman, Y.
Kaneko, D. W. Macdonald, P. P. Jiang, and P. Ding.
2010. Ranging and activity patterns of the group-
living ferret badger Melogale moschata in central
China. Journal of Mammalogy 91:101–108.

Zhang, L., Y. B. Zhou, C. Newman, Y. Kaneko, D. W.
Macdonald, P. P. Jiang, and P. Ding. 2009. Niche
overlap and sett-site resource partitioning for two
sympatric species of badger. Ethology Ecology &
Evolution 21:89–100.

Zheng, S., G. Li, S. Song, Y. Han, and Z. Ma. 1988.

v www.esajournals.org 11 January 2015 v Volume 6(1) v Article 19

ZHOU ET AL.



Study on the ecology of sand badger. Acta
Theriologica Sinica 8:65–72.

Zhou, Y., C. Newman, C. Jin, Z. Xie, and D. W.
Macdonald. 2013a. Anomalous, extreme weather
disrupts obligate seed dispersal mutualism: Snow
in a subtropical forest ecosystem. Global Change
Biology 19:2867–2877.

Zhou, Y., C. Newman, Z. Xie, and D. W. Macdonald.
2013b. Peduncles elicit large-mammal endozoo-
chory in a dry-fruited plant. Annals of Botany
112:85–93.

Zhou, Y., C. D. Buesching, C. Newman, Y. Kaneko, Z.
Xie, and D. W. Macdonald. 2013c. Balancing the
benefits of ecotourism and development: The
effects of visitor trail-use on mammals in a
Protected Area in rapidly developing China.
Biological Conservation 165:18–24.

Zhou, Y., W. Chen, Y. Kaneko, C. Newman, Z. Liao, X.

Zhu, C. D. Buesching, Z. Xie, and D. W. Macdon-

ald. In press. Seasonal dietary shifts and food

resource exploitation by the hog badger (Arctonyx

collaris) in a Chinese subtropical forest. European

Journal of Wildlife Research. doi: 10.1007/

s10344-014-0881-5

Zhou, Y., J. Zhang, E. Slade, L. Zhang, F. Palomares, J.

Chen, X. Wang, and S. Zhang. 2008a. Dietary shifts

in relation to fruit availability among masked palm

civets (Paguma larvata) in central China. Journal of

Mammalogy 89:435–447.

Zhou, Y., L. Zhang, Y. Kaneko, C. Newman, and X.

Wang. 2008b. Frugivory and seed dispersal by a

small carnivore, the Chinese ferret-badger, Melogale

moschata, in a fragmented subtropical forest of

central China. Forest Ecology and Management

255:1595–1603.

v www.esajournals.org 12 January 2015 v Volume 6(1) v Article 19

ZHOU ET AL.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00083
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


