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abstract. We evaluated the environment types of raccoon dog latrine sites in the hilly areas of 
north-eastern Japan. We conducted a route census in the spring and autumn of 2020 to record the 
latrine sites and analysed the relationship between the presence or absence of latrine sites and envi-
ronmental factors, namely, topographic position index (TPI), slope, normalised difference vegetation 
index (NDVI), and vegetation type for each season. To investigate the space use of raccoon dogs, 
we also conducted camera trapping from July to November 2020 along the spring survey route. We 
analysed the relationship between the occurrence frequency of raccoon dogs and TPI, slope angle, 
NDVI, and vegetation type. The analysis showed that latrine sites tended to be located at sites with 
a high TPI (topography closer to the ridge) in both seasons. However, the occurrence of latrine sites 
in broadleaf forests was significantly higher in autumn. The frequency of raccoon dogs, based on 
camera-trap footage, was significantly higher at sites with gentle slopes; although the environment 
and space used by raccoon dogs at these sites differed. Raccoon dogs possibly select visually and 
olfactorily conspicuous sites on the ridge as latrine sites to facilitate odour dispersal. In addition, 
broadleaf forests in autumn are considered important feeding grounds for raccoon dogs, suggesting 
that the latrine sites were formed near foraging sites.

introdUction

A latrine site is a specific place where animals repeatedly 
defecate; many carnivores form such sites (Buesching and 
Jordan 2019). The site is not just a place for excretion but 
has several functions. Buesching and Jordan (2019) noted 
that hypotheses about the function of latrine sites fall into 
five categories: defence and claiming of resources, provi-
sion of information about individuals such as reproductive 
status and social affiliation, landmarks for topographic 
information, avoidance of parasites by using places not 
preferred by parasites as defecation sites, and predator-
prey interactions such as assistance in avoidance of preda-
tors, and finding prey species. Due to these functions, 
latrine site location is critical. For example, the relatively 
large latrine site of the golden jackal (Canis aureus) is se-
lected at the boundaries of territories to defend and claim 
resources (Macdonald 1979). For North American river 
otters (Lontra canadensis), the latrine site is located at a 
slightly elevated position that is visually and olfactorily 
conspicuous in order to facilitate communication with 
other individuals (Depue and David 2010; Swimley et 
al. 1998). Thus, the spatially biased distribution of latrine 
sites is evidently related to their function. Conversely, this 
spatial bias may provide clues for inferring the function 
of the latrine sites.
The raccoon dog (Nyctereutes procyonoides) is a 
medium-sized canid of the order Carnivora, which is 
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widely distributed in various environments of Japan 
(Saeki 2015; Saito and Koike 2013, 2015). Raccoon 
dogs, like many other carnivorous orders, are known 
to form latrine sites (Ikeda 1984). They can identify 
and memorise the odour of other individuals through 
their faeces (Yamamoto 1984; Yoshida and Saito 
2021). Therefore, the latrine sites of raccoon dogs are 
used to discriminate between individuals from within 
and outside their social group (Ikeda 1984; Yamamoto 
1984). It has also been pointed out that raccoon dogs 
may mark important sites by forming latrine sites near 
their foraging areas (Ikeda 1984). For raccoon dogs, 
which primarily exhibit nocturnal activity patterns 
(Watabe and Saito 2021a,b; Saeki 2015), the latrine site 
is an important tool for communication at night when 
visibility is poor. Studies have reported that latrine sites 
of raccoon dogs are often located on ridges, loose sad-
dles, and gently sloping microtopographies (Kishimoto 
2000; Miyata et al. 1989; Yashiki 1987; Ikeda 1984). 
It has been found that raccoon dog latrine sites are 
often located in broadleaf forests, places with sparse 
understory vegetation, and open grasslands (Kishimoto 
2000; Sekiya 1998; Yashiki 1987). However, the loca-
tions of raccoon dog latrine sites are generally based on 
observation reports, and no studies have quantitatively 
evaluated the selectivity of these locations.
Previous studies have shown that some carnivores select 
visually and olfactorily conspicuous sites (e.g., Depue 
and David 2010; Espírito-Santo et al. 2007; Swimley et 
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al. 1998; Macdonald 1979). It is possible that ridges and 
rocky tops are chosen because they may be easier to spot 
by other individuals and spread scent readily (Swimley 
et al. 1998). Furthermore, raccoon dogs are opportunistic 
omnivores (Saeki 2015) and primarily feed on fruits, 
invertebrates including insects, and small vertebrates 
(Akihito et al. 2016; Hirasawa et al. 2006; Sasaki and 
Kawabata 1994). Plant matter is eaten throughout the 
year, whereas animal matter, such as insects, is eaten 
from summer to autumn (Saeki 2015). If latrine sites 
function as markers for foraging sites (Ikeda 1984), their 
location can be related to vegetation that provides food 
resources such as fruits and insects for raccoon dogs. 
Therefore, it is important to evaluate both topography 
and vegetation to understand latrine site location selec-
tion of raccoon dogs.
In this study, we aimed to quantitatively evaluate the 
type of environment in which the latrine sites of raccoon 
dogs were selected in hilly areas with multiple topogra-
phies and vegetation types. We hypothesised that latrine 
sites are 1) selectively formed at visually and olfactorily 
conspicuous sites such as ridges and 2) formed near 
vegetation that provides important food resources, such 
as fruits, for raccoon dogs. To verify these hypotheses, 
we used a route census to analyse the environment in 
which latrine sites were formed. However, we realised 
that it would not be possible to determine whether rac-
coon dogs actively select such environments to form 
latrine sites or if they form latrine sites in areas that are 
frequently used. Therefore, we analysed whether the en-
vironment determined to be conducive to the formation 
of latrine sites matches the space use patterns of raccoon 
dogs as assessed by camera traps. If the environment in 
which the latrine site is located differs from the space 
use of raccoon dogs, we can assume that raccoon dogs 
selectively created the latrine sites in environments in 
which they can perform odour communication function 
better. The environmental characteristics of the latrine 
sites of raccoon dogs will provide useful information 
on the function of latrine sites.

Methods

Study area
We conducted a field survey around Mt. Takadate in 
Tsuruoka City, north-eastern Japan (38°45′N, 139°44′E; 
Figure 1a). The study area was approximately 5 km2. 
The study area was hilly, with elevations ranging from 
10 to 273 m, and it included ridges and valleys. The 
region belongs to the cool temperate zone, with an 
average annual temperature of 12.5°C and annual pre-
cipitation of 2097.5 mm (Japan Meteorological Agency 
2021). There were two large ponds in the study area, 
and much of the land was covered by forest. The forest 

consisted of approximately 70% broadleaf trees such 
as Fagus crenata, Quercus crispula, and Zelkova ser-
rata, and approximately 30% coniferous trees such as 
Cryptomeria japonica and Pinus densiflora. There were 
footpaths through the forest.

Field survey
We searched for latrine sites along a survey route in the 
study area. To account for seasonal differences in the ap-
pearance of latrine sites, we conducted surveys in spring 
(10 March – 24 April 2020) and autumn (25 October – 
26 November 2020). We set the survey route to include 
multiple topographies and vegetation types. We recorded 
the positional information using a GPS device (eTrex20x, 
Garmin International, Inc., Kansas, USA) when we found 
a latrine site on the survey route. We defined a latrine 
site as a site where two or more pieces of relatively new 
faeces were recorded (Palomares 1993).
To investigate the space use patterns of raccoon dogs, 
we conducted a camera trap survey from 20 July to 25 
November 2020. We randomly created ten sites along 
the survey route used in the spring survey using the 
“Create Random Points” tool in ArcMap 10.7 (Esri 
Inc., California, USA) and set up an infrared sensor 
camera (STC-G42NG, STEALTH CAM, Texas, USA) 
for 15 to 23 days. We conducted this seven times and 
surveyed 70 camera traps. The camera was installed 
approximately 1 m above the ground. We took three 
photographs with one detection with a shooting interval 
of 1 min. Individuals photographed within 30 min were 
treated as a single event (O’Brien et al. 2003).

Environmental factors
We used the topographic position index (TPI) and slope 
angle (°) as topographic factors. The TPI is defined as the 
difference between the elevation value in a cell and the 
average elevation value of the circle around the cell. A 
negative TPI value indicates a topography closer to a val-
ley, whereas a positive value indicates a topography closer 
to a ridge. A TPI of approximately zero indicates a flat or 
sloped area (not a ridge or valley). In this study, we calcu-
lated the TPI with a radius of 50 m. The elevation values 
for calculating the TPI and slope angle were obtained from 
a numerical elevation model with a spatial resolution (cell 
size) of 5 m based on an aerial laser survey published by the 
Geospatial Information Authority of Japan (2020). Because 
this elevation data had some missing values, we used the 
inverse distance weighting method with the “IDW” tool 
in ArcMap 10.7 to interpolate the values.
We used the normalised difference vegetation index 
(NDVI) and forest type to describe vegetation in the 
study area. For the calculation of NDVI, we used 
LANDSAT8 satellite images, with cloud cover less than 



81Latrine site selection of raccoon dogs in a hilly area in north-eastern Japan

Figure 1. Location of the study area in north-eastern Japan (a), the survey route and latrine sites found by survey (▲) in spring 
(b) and autumn (c) around Mt. Takadate, and camera trapping sites (■) in the spring survey route (d).

10%, obtained from LandBrowser (National Institute of 
Advanced Industrial Science and Technology 2021). For 
the environmental assessment of the latrine site, we used 
satellite images taken on 4 April 2020 for spring and on 
16 October 2015 for autumn. In the analysis of space 
use, we used satellite images from 27 September 2014. 
For the forest type, we used broadleaf forests based on 
a previous study (Sekiya 1998). We used a 1:25,000 
scale vegetation map from the sixth and seventh national 
surveys of the natural environment published by the 
Ministry of the Environment (2020) to identify forest 
types in the study area. We divided the study sites into 

broadleaf forests (1) and other vegetation (0) based on 
the vegetation map.

Data analysis
We constructed the “bagging GLM” (Osawa et al. 
2000), a statistical analysis method that combines a 
generalised linear model (GLM) and bootstrap aggre-
gation to explain the presence or absence of the latrine 
site based on the environmental factors, for the spring 
and autumn data. In this study, we used the latrine site 
found in the route survey as the presence and 2000 
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randomly generated points on the route as the absence. 
The environmental factors used as explanatory vari-
ables were TPI, slope angle, NDVI, and broadleaf forest 
category. The presence or absence of a latrine site was 
assumed to follow a binomial distribution, and logit 
was used as the link function. To check for multicol-
linearity in the model for each season, we calculated 
the Pearson product-moment correlation coefficient 
r and compared it across all variables. The results of 
this analysis indicated that the correlation coefficients 
between all variables in each model were low (|r|<0.7), 
and thus we assumed that multicollinearity was not an 
issue (Dormann et al. 2013). The iteration number for the 
bagging GLM was set to 5000, and the mean and 95% 
confidence interval of the regression coefficient were 
calculated from the values obtained in each iteration. 
The relative importance of the variables was compared 
using the absolute values of the standardised regression 
coefficients. The statistical significance of the variables 
was tested by checking whether the 95% confidence 
interval crossed zero. If the confidence interval did not 
cross zero, then the variable was significant.
We also constructed a GLM to analyse the spatial use 
patterns of raccoon dogs in the study area. We used the 
same explanatory variables as in the latrine site model 
described earlier. The occurrence frequency of raccoon 
dogs was assumed to follow a negative binomial distri-
bution, and the log was used as the link function. We 
used the logarithm of the camera days in the offset term 
because of the different durations of each camera trap. 
Correlation coefficients between variables were checked 
in the same way as in the model for the latrine site, and 
we confirmed that multicollinearity was not an issue. 
The relative importance of the variables was compared 
using the absolute values of the standardised regression 
coefficients. The statistical significance of the variables 
was tested using the Wald test.
To conduct all analyses, we used the cor and glmfunc-
tions in the stats package and the glm.nb function in the 
MASS package in R 4.0.2 (R Core Team 2020).

resULts

Latrine sites
Overall, the distance covered in our survey route was 
40.8 km in spring and 35.9 km in autumn, during which 
36 and 22 latrine sites were recorded, respectively 
(Figure 1b, c).
In the bagging GLM model output for spring, the TPI 
had a significantly positive effect (Table 1), indicating 
that the occurrence probability of latrine sites in spring 
was higher at sites with a higher TPI. No significant 
differences were detected in slope angle, NDVI, and 

broadleaf forest (Table 1). In the bagging GLM model 
output for autumn, significant differences were detected 
for the TPI and broadleaf forests, and the regression 
coefficients were both positive (Table 1). This indicated 
that the occurrence probability of latrine sites in autumn 
was high in sites with a high TPI and broadleaf forests. 
The relative importance of these two variables based 
on standardised regression coefficients was almost the 
same (Table 1). No significant differences were detected 
in slope angle and NDVI (Table 1).

Table 1. Parameter estimates of bagging generalised linear 
models (Bagging GLMs) for the presence or absence of 
raccoon dog latrines in spring and autumn. TPI is the topo-
graphic position index and NDVI is the normalised difference 
vegetation index.

Variable
Standardised 
regression 
coefficient

95% confidence interval

Lower Upper
Spring

Intercept –0.73 –0.98 –0.50
TPI 1.33 0.73 2.05
Slope –0.45 –0.96 0.05
NDVI –0.16 –0.61 0.19
Broadleaf forest 0.03 –0.42 0.43

Autumn
Intercept –0.98 –1.37 –0.58
TPI 1.11 0.54 1.80
Slope –0.59 –1.48 0.24
NDVI 0.54 –0.26 1.43
Broadleaf forest 1.10 0.19 1.88

Space use patterns
We used 67 of the 70 sites for our analysis, exclud-
ing three sites with inadequate installation methods 
(Figure 1d). Of the 67 sites, raccoon dogs were photo-
graphed at 18 sites, and the total number of occurrences 
of raccoon dogs was 49. The total number of camera 
days was 1,214.
The results of the GLM indicated that the slope angle 
was a significant variable (p < 0.05), and the regression 
coefficient was negative (Table 2). This indicated that 
the occurrence frequency of raccoon dogs was higher 
on gentle slopes. No significant differences were de-
tected for TPI, NDVI, and broadleaf forest categories 
(Table 2).

discUssion

The bagging GLM model results revealed that raccoon 
dogs tended to select their latrine sites in environments 
with a higher TPI, indicating preference for topography 
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that is closer to the ridge, in both spring and autumn 
seasons (Table 1). The results of the autumn route survey 
also showed that the occurrence probability of latrine 
sites was high in broadleaf forests, in addition to ridges 
(Table 1). Both topographic and vegetation factors were 
related to the distribution of latrine sites, although there 
were seasonal differences. The results of camera traps 
and GLM analysis showed that raccoon dogs avoided 
steep slopes but showed no particular preference for other 
environments (Table 2). Our results suggest that the en-
vironment in which the latrine sites were located and the 
space use of raccoon dogs differed and that raccoon dogs 
selected ridges and broadleaf forests to form latrine sites. 
In summary, the hypotheses of this study were supported 
by the data. The characteristics of the environment in 
which the latrine sites were formed supported the findings 
of observation reports (Kishimoto 2000; Sekiya 1998; 
Miyata et al. 1989; Yashiki 1987; Ikeda 1984).
In terms of topographical factors, the latrine sites of rac-
coon dogs were more often found on the ridge (Table 1). 
In some other carnivores, latrine sites occur at visually 
and olfactorily conspicuous sites where other individuals 
are likely to notice them in order to facilitate commu-
nication (e.g., golden jackals, Macdonald 1979; North 
American otters, Depue and David 2010; Swimley et al. 
1998; common genets Genetta genetta, Espírito-santo 
et al. 2007). Slightly elevated areas such as ridges and 
rocky tops may be more easily detectable (Swimley et 
al. 1998). Since raccoon dogs use latrine sites for olfac-
tory communication (Ikeda 1984; Yamamoto 1984), it is 
possible that raccoon dogs select visually and olfactorily 
conspicuous sites on the ridge to form latrine sites to 
facilitate odour dispersal.
The relationship between latrine sites and vegetation 
type showed that latrine sites tend to appear in broad-
leaf forests in autumn (Table 1). Previous studies have 
indicated that raccoon dogs primarily eat fruits in au-
tumn as they accumulate fat for overwintering (Saeki 
2008; Hirasawa et al 2006). In a previous study around 
Mt. Takadate, the same area as this study, it was reported 
that the occurrence frequency of fruit seeds in raccoon 
dog faeces was higher in autumn than in other seasons 
(Kato et al. 2000). Since broadleaf forests in the study 
area are important sites for raccoon dogs, which feed 

on a relatively higher quantity of fruits in autumn, it 
is possible that the raccoon dogs formed latrine sites 
near feeding sites (i.e., broadleaf forests) (Ikeda 1984). 
However, the results of the camera traps did not detect 
any effect of forest type on space use by raccoon dogs. 
This suggests that although raccoon dogs use broad-
leaf forests as feeding sites, the frequency of visits to 
broadleaf forests is not necessarily high. Raccoon dogs 
are opportunistic omnivores, have few constraints on 
food, and are not dependent on specific food resources 
(Hirasawa et al. 2006; Kaneko 2002; Sasaki and Kawa-
bata 1994). In addition, the nightly movement range of 
raccoon dogs was16.7 ha on average (Saeki et al. 2007). 
Given the ecology of raccoon dogs, it is possible that 
the raccoon dogs in the study area did not use the same 
feeding sites intensively; therefore, the frequency of 
visits to broadleaf forests was not significantly higher. 
Another possibility is that the camera traps were set 
across summer and autumn, and the data were influenced 
by differences in the space use of raccoon dogs between 
seasons (e.g., Saeki et al. 2007). Although it was difficult 
to separate the effect of seasons in this study due to the 
inconsistent frequency of photographs, the effects of 
vegetation types will become clearer as more surveys 
are accumulated.
In this study, we clarified the characteristics of latrine 
sites in raccoon dogs, which had not been evaluated 
quantitatively previously. Based on a comparison of the 
environmental selection of latrine sites and space use by 
raccoon dogs, we suggest that raccoon dogs selectively 
form latrine sites in convenient locations for communi-
cation and feeding. This result supports the importance 
of latrine sites to raccoon dogs. However, the number 
of occurrence locations and the occurrence frequency 
of raccoon dogs in our camera trapping might be in-
sufficient for analysing the space use of raccoon dogs. 
Because the small number of occurrence data might 
be due to the fact that the survey sites were selected 
from a variety of environments in the survey area, the 
number of camera trap sites and/or the survey period 
for conducting similar surveys should be increased in 
the future. Furthermore, this study focused only on en-
vironmental factors at relatively large resolutions, and 
raccoon dog selectivity in microenvironments, such as 
ease of excretion and maintenance of the latrine sites, 

Table 2. Parameter estimates of a generalised linear model (GLM) for the occurrence frequency of raccoon dogs determined 
by camera traps. TPI is the topographic position index and NDVI is the normalised difference vegetation index.

Variable Standardised regression coefficient Standard error
95% confidence interval p-value
Lower Upper

Intercept –3.54 0.32 –4.16 –2.91 <0.01
TPI 0.47 0.31 –0.14 1.09 0.13
Slope –0.86 0.34 –1.53 –0.19 0.01
NDVI –0.40 0.31 –1.00 0.21 0.20
Broadleaf forest –0.33 0.30 –0.91 0.26 0.28
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is unknown. By conducting surveys focusing on such 
microenvironments in the future, it will be possible to 
further understand the characteristics of the environ-
ments in which raccoon dogs form latrine sites.
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