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Abstract 

Background: In Japan, invasive raccoons cause severe ecological and social problems by transmitting pathogens to 

humans, livestock, and native species, causing substantial crop damage, and competing with native species. Possible 

competition between invasive raccoons and native raccoon dogs is of concern in Japan because Japanese raccoon 

dogs have a limited distribution and are native only to Japan and the two species have similar characteristics. We 

assessed potential competition between raccoons and raccoon dogs by comparing feeding habits and habitat use.

Results: Both species were captured in Hokkaido, Japan from 2004 to 2017. More raccoons were captured close to 

agricultural land at the forest periphery (70.1%, 358/511); conversely, more raccoon dogs were captured in the forest 

core (74.9%, 253/338). Feeding habits were then examined by fecal analysis and stable isotope analyses. Fecal analysis 

revealed both species to be opportunistic omnivores that consumed easily found food items. However, raccoon feces 

contained more crops, whereas raccoon dog feces contained more insects, reflecting the different locations in which 

the species were trapped. Moreover, stable isotope ratios were significantly higher in raccoons than raccoon dogs 

(Corn has the highest carbon stable isotope (δ13C) value, and amphibians and reptiles are high in nitrogen stable 

isotope (δ15N); forest resources such as insects and wild fruits are low in δ13C and δ15N).

Conclusions: We conclude that both species ate similar food types, but their food preferences appeared to differ. 

Raccoon and raccoon dog habitat use also differed, possibly because the two species inhabited areas where they 

could easily obtain their preferred foods. Therefore, the current feeding habits and habitat use of raccoons do not 

appear to overlap sufficiently with those of raccoon dogs to impact the latter. The results of this study, particularly 

the stable isotope data, may provide a useful precedent for future studies of competition in medium-sized mammals, 

particularly canids.
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Background
Raccoons (Procyon lotor) are medium-sized omnivores 

native to North America [1]. Because of the influence of 

the cartoon ‘‘Rascal Raccoon’’ on television in 1977, rac-

coons became popular pets in Japan, which encouraged 

substantial importation from North America [2]. 

Through intentional release/abandonment or escape, 

many non-native raccoons became naturalized in Japan 

[2]. Raccoons have now been confirmed in all Japanese 

prefectures, and they cause severe ecological and social 

problems [3], which include: (1) impacts on native eco-

systems, such as competition with and predation on 

native species; (2) transmission of pathogens to humans, 

livestock, and native species; and 3) substantial crop 

damage [2]. Although research on raccoon infectious 

diseases has been carried out [4, 5], little research has 
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evaluated the impact of raccoons on native ecosystems 

in Japan [6], because it is difficult to collect data on the 

effects of raccoons on native species [7].

Competition occurs when two or more species occu-

pying the same habitat at the same time are using some 

environmental resource [8]. As noted by Kuzman [9], 

“if competition occurs, one or more of the competing 

species will suffer reduced fitness as a result of (1) less 

resources being available, and (2) energy used up in direct 

contest or interference with other competitors.” Conse-

quently, native species become extinct or decline in pop-

ulation size and are replaced by the invasive species. A 

system for classifying alien taxa based on the magnitude 

of environmental impacts was developed by Blackburn 

et  al. [10]. This classification system uses five semi-

quantitative scenarios that describe the different levels 

of impact of a species—ranging from massive to mini-

mal—with assignment corresponding to the highest level 

of associated deleterious impacts. Massive competition 

results in replacement or local extinction of one or sev-

eral native species, and changes in community composi-

tion are irreversible. Major competition results in local or 

population extinction of at least one native species, which 

leads to changes in community composition, but changes 

are reversible when the alien species is removed. Mod-

erate competition results in a decline of population size 

of at least one native species, but no changes in commu-

nity composition. Minor competition affects fitness (e.g., 

growth, reproduction, defense, and immunocompetence) 

of native individuals without decline of their populations. 

Finally, minimal competition represents a negligible level 

of competition with native species, in which reduction of 

fitness of native individuals is not detectable [10]. To our 

knowledge, raccoons have not been classified in Japan 

according to competition risk.

Raccoon dogs (Nyctereutes procyonoides) are native 

to Japan and may be most at risk of direct competition 

with non-native raccoons [3] because both species are 

nocturnal, medium-sized, omnivorous forest inhabitants. 

Raccoon dogs are widely distributed throughout Japan, 

excluding Okinawa Prefecture. Of the two subspecies, N. 

procyonoides viverrinus occurs in Honshu, Kyushu, and 

Shikoku, and N. procyonoides albus occurs in Hokkaido 

[11]. Although raccoon dogs are common in Japan, little 

research has been performed on ecological characteris-

tics of N. procyonoides albus. Despite Japanese raccoon 

dogs being considered a subspecies of the continental 

population, recent research has shown that Japanese 

raccoon dogs actually have morphological and molecu-

lar characteristics that differ compared with the conti-

nental population [12, 13]. Japanese raccoon dogs are 

indigenous to and only inhabit Japan. In particular, the 

N. procyonoides albus distribution is narrower and more 

limited than that of N. procyonoides viverrinus. Conse-

quently, an ecological survey of N. procyonoides albus is 

needed, including an investigation of the influence of rac-

coons on raccoon dogs.

In the study area, Nopporo Natural Forest Park, we 

have been investigating raccoon dog and raccoon biology 

since 2004, when only nine raccoon dogs were captured. 

Mange may have been one cause of the low capture rate 

because mange was prevalent (Sashika M., personal 

observation). However, raccoon dog populations may 

have also decreased as a result of the influence of rac-

coon introduction. Understanding the potential impact 

of raccoons can help conservation practitioners make 

informed decisions to protect native wildlife. In this 

study, we examined the potential impact of raccoons on 

raccoon dogs by comparing their habitat use and feeding 

habits. To compare habitat use, we surveyed the capture 

sites of both species to assess whether their habitats over-

lapped (Fig. 1).

We used both fecal analysis and stable isotope analysis 

to determine the food items that each species ate. Fecal 

analysis allowed us to directly observe the food items 

each species had eaten. This method is noninvasive and 

has little influence on the behavior and ecology of the 

sampled animals [14], although it may be biased by the 

digestion rates of different food items. For example, fecal 

analysis may miss soft-bodied prey, such as amphibians, 

that were digested before analysis was performed [15]. 

For short study periods, fecal analysis may not adequately 

describe the long-term feeding habits of a species [15].

In contrast, stable isotope analysis of animal tissue may 

better characterize long-term feeding habits. Carbon 

(δ13C) and nitrogen (δ15N) stable isotope signatures in 

animal tissues provide information about diet, because 

the stable isotopes in the consumer’s tissues are related 

to those of its diet [16, 17]. The δ15N isotope signatures 

of species that are higher in the food chain have higher 

values than those of species lower in the food chain [17, 

18]. Consequently, the δ15N isotope signature of a species 

may be used to estimate the trophic level within which a 

species exists. The turnover of stable isotopes in a par-

ticular tissue is related to the metabolic activity of that 

tissue [19]. Therefore, the isotopic signatures of different 

tissues from the same consumer can provide short- and 

long-term dietary information [20, 21]. We used hair 

from captured raccoons and raccoon dogs to analyze iso-

tope signatures. Hair is particularly useful for this pur-

pose, especially compared with tissues such as blood (red 

blood cells and plasma) and muscle. This is because hair 

archives temporal (seasonal) fluctuations in diet isotope 

composition, can be obtained in a noninvasive manner, 

and preserves diet information over time (although not 

during quiescent phases) [15].
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The purpose of this study was to clarify whether habitat 

and food resources of raccoons and raccoon dogs overlap 

to help discover whether there might be resource com-

petition between these species. We hypothesized that 

the habitat and food resources of raccoons and raccoon 

dogs would overlap. Our study provides novel informa-

tion regarding the potential competition between an 

invasive species (raccoons) and a native species (raccoon 

dogs) in an isolated forest. Because invasive species have 

been increasingly problematic worldwide, the informa-

tion in our study could be helpful for informing future 

research on the impact of invasive species on other can-

ids worldwide.

Results
Numbers and locations of raccoons and raccoon dogs 

captured

The numbers of captured raccoons and raccoon dogs 

are shown in Table  1 (excluding juveniles). Between 

2004 and 2017, the number of captured raccoons varied 

between 20 and 50 every year. The number of captured 

raccoon dogs was fewer than 17 from 2004 to 2013. The 

raccoon dog population has gradually recovered since 

2014. The capture sites of both species are shown in 

Fig. 2. The capture sites of raccoons did not change much 

by year, and raccoons were often captured at the forest 

periphery. Most raccoon dogs were captured in the for-

est core by 2013, when the number of captured raccoon 

dogs was still low. Subsequently, as the number of cap-

tured raccoon dogs increased, the number captured at 

the forest periphery also gradually increased. In total, 

70.1% (358/511) of raccoons were captured at the forest 

periphery, which is close to agricultural land, and 74.9% 

(253/338) of raccoon dogs were captured in the forest 

core (Fig. 2; Table 1). A Chi squared test showed that the 

number of raccoons captured at the forest periphery was 

significantly higher than that of raccoon dogs (P < 0.05). 

Conversely, the number of raccoon dogs captured in the 

forest core was significantly higher than that of raccoons 

(P < 0.05). There were three trapping points (A, B, and C) 

at the forest periphery near the urban area, and 12 rac-

coons and 14 raccoon dogs were captured between 2016 

and 2017 (Fig. 2).

Fig. 1 Sampling locations at Nopporo Natural Forest Park. a Map of Nopporo Natural Forest Park, central Hokkaido, Japan. b Map showing the 

trapping points in Nopporo Natural Forest Park. Open circles show the forest periphery (41 points) and closed circles show the forest core (59 

points). This figure was developed using data from National Land Numerical Information (Administrative Zones, Natural Park) and edited by us 

(Publication of the figure under a CC BY license was permitted by the National Spatial Planning and Regional Policy Bureau, MLIT of Japan, copyright 

1974–2018)
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Fecal analysis

Fecal samples were collected and analyzed from 87 rac-

coons and 84 raccoon dogs from May to July in 2016 and 

2017.

Frequencies of food item occurrence

For both raccoons and raccoon dogs, the top four food 

categories, in descending order, were: plants (herbaceous 

plants and woody forbs), insects, gastropods, and wild 

berries (Fig.  3). Plants were detected in all raccoon and 

raccoon dog feces (100%). Fisher’s exact test showed that 

the occurrence of insects was significantly higher in rac-

coon dog feces (P < 0.004); they were detected in all rac-

coon dog feces (100%). The occurrence of crops, mainly 

corn, was significantly higher in raccoon feces (11.5%, 

P < 0.004). Crops were not detected in raccoon dog feces 

(0%). Although gastropods (Ezohelix gainesi and Succinea 

lauta) and wild berries, which were all mulberry except 

for one sample (Prunus sargentii), occurred at higher fre-

quencies in raccoon dog feces (gastropods, 72.7%; wild 

Table 1 Number of raccoons and raccoon dogs captured in Nopporo Natural Forest Park

The capture site 2004–2007 2008–2011 2012–2015 2016–2017 Total

Raccoon Forest core 57 (30.8%) 26 (28.0%) 37 (27.2%) 33 (34.0%) 153 (29.9%)

Forest periphery 128 (69.2%) 67 (72.0%) 99 (72.8%) 64 (66.0%) 358 (70.1%)

Total 185 93 136 97 511

Raccoon dog Forest core 16 (76.2%) 35 (81.4%) 92 (80.0%) 110 (69.2%) 253(74.9%)

Forest periphery 5 (23.8%) 8 (18.6%) 23 (20.0%) 49 (30.8%) 85 (25.1%)

Total 21 43 115 159 338

 2008-2011 

2016-2017 

2004-2007 

2012-2015 

a b

c d

Fig. 2 Capture sites of raccoons (left map) and raccoon dogs (right map) from 2004 to 2017. Open circles show the forest periphery; closed circles 

show the forest core. Circle size is proportional to number of raccoons and raccoon dogs captured. A, B, and C of the forest periphery indicate sites 

where many raccoons and raccoon dogs were captured. a 2004–2007, b 2008–2011, c 2012–2015, d 2016–2017. This figure was developed using 

data from National Land Numerical Information (Administrative Zones, Natural Park) and edited by us (Publication of the figure under a CC BY 

license was permitted by the National Spatial Planning and Regional Policy Bureau, MLIT of Japan, copyright 1974–2018)
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berries, 44.2%), there was no significant difference com-

pared with raccoon feces (gastropods, P = 0.05; wild ber-

ries, P = 0.02). Other food categories were detected in the 

feces of both species at frequencies of occurrence less 

than 12%, with no significant differences between spe-

cies (isopods, P = 1; mammals excluding wild rodents, 

P = 1; wild rodents, P = 0.789; birds, P = 0.731; reptiles, 

P = 0.077; amphibians, P = 1; and fish, P = 0.442).

Food items consumed by percent volume

For raccoons, the top four food categories, in descend-

ing order, were: plants, crops, insects, and wild berries 

(Fig.  4). For raccoon dogs, the top four food categories, 

in descending order, were: plants, insects, wild berries, 

and gastropods. A Mann–Whitney U test revealed that 

the percent volume of crops was significantly higher in 

raccoon feces (9.3%) than raccoon dog feces (P < 0.004), 

whereas the percent volume of insects was significantly 

higher (21.9%) in raccoon dog feces (P < 0.004). As with 

the frequency of occurrence, only insects and crops sig-

nificantly differed. The percent volume of vertebrates, 

such as amphibians, was less than 2% in the feces of both 

species. The Shannon–Wiener diversity index for rac-

coons (0.43 ± 0.33, average ± SD) was significantly lower 

than that for raccoon dogs (0.69 ± 0.26) (Mann–Whit-

ney U test, P < 0.05); the overlap index was 0.48 and sig-

nificant (simulated overlap index with null model: 0.17, 

P < 0.05).

We identified insects, which are considered to be an 

important food resource for raccoon dogs, as much as 

possible in the feces of both raccoons and raccoon dogs, 

and calculated the frequencies of occurrence and the 

percent volume (Table 2). Terrestrial coleopterans, such 

as Carabidae species, were present at high levels in the 

feces of both species (frequencies of occurrence: rac-

coons, 69.0%; raccoon dogs, 100%). In particular, the fre-

quency of occurrence of Damaster blaptoides rugipennis 

was high (raccoons, 34.5%; raccoon dogs, 60.6%). The 

next highest frequency of occurrence was Terpnosia nig-

ricosta in the feces of both species (raccoons, 27.6%; rac-

coon dogs, 18.2%). Vespula spp. and Bombus spp. were 

found in raccoon feces (13.8% and 10.3%, respectively) 

but not in raccoon dog feces (0%).

Stable isotope analysis

We collected hair samples from 93 raccoons and 86 

raccoon dogs between 2016 and 2017.  Stable iso-

tope results of hair and potential prey items of 

both species are shown in Figs.  5, 6, Tables  3, 4 and 

Additional file  1. The δ13C and δ15N values for rac-

coons were − 20.82‰ ± 2.76‰ (average ± SD) and 

4.85‰ ± 1.97‰, respectively; those for raccoon dogs 

were −23.27‰ ± 0.48‰ and 2.72‰ ± 0.78‰, respec-

tively. Standard deviations of the isotope analysis were 

within 0.2‰ for both δ13C and δ15N. Both δ13C and 

δ15N values were high and had greater ranges in rac-

coons than raccoon dogs. Both δ13C and δ15N values of 

raccoons varied widely, whereas those of raccoon dogs 

were low, and individual differences were also small 

(Fig. 5).   

A three-way ANOVA revealed significant interaction 

effects between species and capture sites for both δ13C 

and δ15N (δ13C: F [1, 167] = 3.883, MSe = 3.824, P < 0.05; 

δ15N: F [1, 167] = 8.863, MSe = 1.896, P < 0.05). No sig-

nificant main effects were found for hair type (summer 

Fig. 3 Frequency of occurrence (%) of each food category in raccoon 

and raccoon dog feces. *P < 0.004

Fig. 4 Percent volume (%) of each food category in raccoon and 

raccoon dog feces. *P < 0.004
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and winter coats) (δ13C: F [1, 167] = 0.039, MSe = 3.824, 

P = 0.844; δ15N: F [1, 167] = 0.618, MSe = 1.896, 

P = 0.433), and interaction effects between each factor 

for both δ13C and δ15N (δ13C: hair type × species, F [1, 

167] = 0.268, MSe = 3.824, P = 0.606; hair type × cap-

ture sites, F [1, 167] = 0.00, MSe = 3.824, P = 0.995; 

hair type × species × capture sites, F [1, 167] = 0.024, 

MSe = 3.824, P = 0.877; δ15N: hair type × species, F [1, 

167] = 2.196, MSe = 1.896, P = 0.140; hair type × cap-

ture sites, F [1, 167] = 1.344, MSe = 1.896, P = 0.248; 

and hair type × species × capture sites, F [1, 167] = 0.56, 

MSe = 1.896, P = 0.455). Bonferroni analysis showed 

that, for capture sites, δ13C and δ15N in both the forest 

periphery and the forest core were significantly higher 

in raccoons than raccoon dogs (forest core: δ13C and 

δ15N, P < 0.01; forest periphery: δ13C and δ15N, P < 0.01) 

(Fig.  7). Additionally, δ13C and δ15N in raccoon hair 

were significantly higher in the forest periphery than 

the forest core (δ13C and δ15N: P < 0.01).

We found that 31.2% (29/93) of raccoons had stable 

isotope ratios similar to those of raccoon dogs (the sim-

ilarities are indicated within the dotted line in Fig.  5). 

Age assessment of these 29 raccoons using their skulls 

revealed that 15 were juvenile raccoons, 11 were year-

lings, and three were over 2  years old (Table  5). Thus, 

89.7% (26/29) of the raccoons were less than 2  years 

old, and 75.9% (22/29) were captured in the forest core 

and the forest periphery near the urban area (A, B, C), 

which was inhabited by many raccoon dogs. Although 

the amount of farmland was not large, there were many 

wild fruits and insects at points A, B, and C.

Discussion
Fecal analysis is commonly used to investigate the feeding 

habits of wildlife. In Japan, most feeding habit analyses of 

medium-sized mammals use fecal or stomach contents 

Table 2 Frequency of occurrence (%) and percent volume of insects in raccoon and raccoon dog feces

Order Family Scientific name Frequencies of occurrence(%) Percent volume(%)

Raccoon Raccoon dog Raccoon Raccoon dog

Coleoptera Carabidae Damaster blaptoides rugipennis 34.5 60.6 20.0 25.2

Damaster gehinii gehinii 6.9 10.6 3.1 1.0

Carabus granulatus yezoensis 3.5 18.2 0.0 1.6

Leptocarabus arboreus ishikarinus 6.9 37.9 3.5 7.0

Leptocarabus opaculus opaculus 6.9 12.1 0.0 0.6

Harpalidae sp. 13.8 42.4 2.4 5.2

Silphidae Silpha paerforata venatoria 0.0 80.3 0.0 19.6

Dendroxena sexcarinata 6.9 19.7 3.5 0.5

Nicrophorus quadripunctatus 0.0 4.6 0.0 0.1

Nicrophorus maculifrons 0.0 4.6 0.0 0.4

Lucanidae Macrodorcas striatipennis 6.9 28.8 2.3 2.3

Lucanus maculifemoratus 0.0 19.7 0.0 5.7

Nipponodorcus rubrofemoratus 0.0 1.5 0.0 0.5

Geotrupidae Geotrupes laevistriatus 3.5 40.9 2.3 6.8

Scarabaeidae Copris ochus 3.5 3.0 2.8 0.2

Onthophagus sp. 0.0 1.5 0.0 0.2

Heptaphylla picea Motschulsky 3.5 12.1 3.5 0.6

Eucetonia spp. 3.5 4.6 0.0 0.6

Erotylidae 0.0 3.0 0.0 0.0

Curculionidae 0.0 4.6 0.0 0.2

Dytiscidea 13.8 1.5 5.0 0.1

Hemiptera Cicadidae Terpnosia nigricosta 27.6 18.2 13.5 3.6

Orthoptera Gryllotalpidae Gryllotalpa fossor 6.9 4.6 1.2 0.1

Diptera Calliphoridae 6.9 1.5 4.0 0.0

Hymenoptera Formicidae 10.3 13.6 2.1 0.1

Vespidae Vespula spp. 13.8 0.0 5.6 0.0

Apidae Bombus spp. 10.3 0.0 4.0 0.0

Unidentified insects 21.4 18.0
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of wildlife that were captured by nuisance control. How-

ever, because wildlife are captured near human houses, 

fecal or stomach contents often include human garbage 

[22]. Therefore, it is difficult to accurately determine the 

feeding habits of these animals. Because capture sites 

often differ among animals captured by nuisance con-

trol, it is challenging to conduct accurate comparisons of 

invasive and native species [23]. In the current study, we 

investigated raccoon and raccoon dog feeding habits and 

habitat use in an isolated forest to more accurately infer 

feeding habits and habitat use.

Fecal analysis revealed that raccoons and raccoon dogs 

are opportunistic omnivores; they consume easily found 

food items, such as plants, insects, gastropods, and wild 

berries, all of which occurred in high levels in their feces. 

However, the occurrence of crops, mainly corn, was sig-

nificantly higher in raccoon feces, whereas the occur-

rence of insects was significantly higher in raccoon dog 

feces.

The Shannon–Wiener diversity index for raccoons 

was significantly lower than that for raccoon dogs. A 

higher Shannon–Wiener diversity index indicates that 

food diversity is higher and that the proportion of food 

consumed from each food category is nearly equal [24]. 

Raccoons are more selective in what they consume than 

raccoon dogs, which may have resulted in bias of food 

items chosen by raccoons. We suggest that raccoons 

tend to be most attracted to highly palatable foods and 

might be more prone to moving into human-inhab-

ited areas to eat crops, even though there are abundant 

food resources in the forest. This finding is consistent 

with the results of previous research in North America, 

which found that raccoons prefer corn to naturally avail-

able foods because they find it highly palatable [25–27]. 

Fig. 5 Stable isotope ratios of δ13C and δ15N in hair samples of raccoons and raccoon dogs. Values for raccoons are indicated by closed triangles, 

whereas those of raccoon dogs are indicated by open circles. The dotted line indicates stable isotope ratios that were similar between raccoons and 

raccoon dogs

Fig. 6 Stable isotope ratios of δ13C and δ15N for potential prey items 

of both species. Prey items were collected in Nopporo Natural Forest 

Park between 2016 and 2017. Symbols indicate mean ± SE
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Table 3 Stable isotope results of raccoon hair

No. δ13C δ15N No. δ13C δ15N

1 − 23.4 2.82 51 − 24.1 4.34

2 − 23.5 2.57 52 − 18.3 8.92

3 − 23.1 2.43 53 − 17.5 6.08

4 − 23.2 2.53 54 − 22.4 8.55

5 − 20.2 4.23 55 − 20.5 8.22

6 − 26.1 4.16 56 − 18.5 4.71

7 − 23.4 2.12 57 − 16.9 6.47

8 − 23.1 4.01 58 − 17.5 5.48

9 − 21.9 4.99 59 − 23.4 2.70

10 − 23.7 2.09 60 − 22.7 2.69

11 − 23.0 2.74 61 − 20.1 2.58

12 − 19.7 4.87 62 − 18.2 4.79

13 − 23.5 2.74 63 − 19.7 6.20

14 − 25.1 4.67 64 − 23.0 2.89

15 − 23.5 4.57 65 − 17.8 5.29

16 − 24.5 7.28 66 − 22.6 2.60

17 − 24.7 7.61 67 − 18.3 6.86

18 − 20.6 3.86 68 − 23.3 2.48

19 − 20.8 5.30 69 − 24.4 7.05

20 − 17.7 5.10 70 − 23.2 2.31

21 − 20.4 5.74 71 − 16.4 5.96

22 − 15.6 7.54 72 − 18.8 3.43

23 − 18.0 7.10 73 − 23.3 2.86

24 − 17.2 7.80 74 − 19.2 2.95

25 − 23.9 3.49 75 − 22.8 2.64

26 − 16.7 8.56 76 − 16.0 5.76

27 − 21.8 8.03 77 − 20.3 3.22

28 − 23.3 3.10 78 − 24.1 7.03

29 − 17.9 7.43 79 − 17.4 5.83

30 − 24.6 5.82 80 − 20.3 4.08

31 − 23.5 2.51 81 − 15.2 5.31

32 − 23.5 3.55 82 − 21.5 7.27

33 − 19.2 5.92 83 − 15.0 4.91

34 − 20.5 7.15 84 − 22.7 1.76

35 − 18.2 6.83 85 − 22.7 2.88

36 − 19.7 6.71 86 − 23.4 2.10

37 − 17.0 6.98 87 − 23.0 1.27

38 − 20.7 5.21 88 − 20.8 3.07

39 − 21.4 5.19 89 − 20.3 4.54

40 − 18.1 6.44 90 − 19.4 4.65

41 − 17.5 5.51 91 − 22.7 3.37

42 − 18.2 5.84 92 − 16.3 7.62

43 − 20.0 4.29 93 − 17.4 8.47

44 − 20.0 3.98

45 − 19.1 5.24

46 − 23.2 2.14

47 − 19.4 7.17

48 − 23.1 2.57

49 − 22.7 6.31

50 − 25.7 3.73

Average − 20.82 4.85

SD 2.76 1.97

Table 4 Stable isotope results of raccoon dog hair

No. δ13C δ15N No. δ13C δ15N

1 − 23.5 3.01 51 − 23.6 2.38

2 − 23.8 3.33 52 − 22.8 1.81

3 − 23.6 4.12 53 − 23.4 2.40

4 − 23.7 2.89 54 − 23.2 2.26

5 − 23.0 2.37 55 − 22.9 2.22

6 − 23.5 2.74 56 − 23.3 2.86

7 − 23.2 3.54 57 − 22.8 2.72

8 − 23.2 2.25 58 − 22.9 2.33

9 − 23.9 3.75 59 − 22.9 2.45

10 − 23.7 1.83 60 − 21.7 2.56

11 − 23.1 2.98 61 − 23.4 1.80

12 − 23.8 1.87 62 − 23.1 2.71

13 − 22.0 3.54 63 − 23.1 1.96

14 − 23.5 3.73 64 − 23.5 4.86

15 − 23.4 2.31 65 − 23.0 2.35

16 − 23.6 3.12 66 − 23.1 3.31

17 − 23.7 1.79 67 − 23.0 2.26

18 − 24.1 3.53 68 − 23.2 2.95

19 − 23.2 2.70 69 − 23.6 2.76

20 − 23.8 3.31 70 -22.8 2.31

21 − 23.2 2.55 71 − 22.8 2.16

22 − 23.8 2.93 72 − 23.1 2.13

23 − 23.9 2.96 73 − 23.1 2.48

24 − 23.7 2.70 74 − 23.0 2.41

25 − 23.5 3.61 75 − 23.3 2.32

26 − 23.9 3.43 76 − 22.3 4.64

27 − 23.6 1.68 77 − 22.7 2.42

28 − 23.3 3.82 78 − 23.1 2.66

29 − 23.4 1.63 79 − 23.0 2.53

30 − 23.7 2.73 80 -23.1 2.55

31 − 23.9 2.86 81 − 22.9 2.91

32 − 23.8 3.11 82 − 22.9 2.68

33 − 23.4 2.71 83 − 22.9 2.12

34 − 23.7 3.68 84 − 22.8 2.65

35 − 23.5 3.25 85 − 23.1 1.44

36 − 21.9 3.55 86 − 22.7 1.90

37 − 24.0 3.74

38 − 23.7 2.20

39 − 23.9 1.97

40 − 23.8 2.56

41 − 23.8 3.48

42 − 23.6 1.95

43 − 23.0 2.47

44 − 23.6 2.48

45 − 23.6 6.16

46 − 23.4 1.71

47 − 22.5 1.95

48 − 23.0 2.06

49 − 23.1 2.44

50 − 22.7 1.79

Average − 23.27 2.72

SD 0.48 0.78
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Conversely, raccoon dogs appear not to be as driven 

by food palatability as raccoons, and raccoon dogs 

appeared to prefer to eat foods available in the forest. 

However, raccoon dogs also consume food items of rela-

tively high palatability, such as insects. Sako et al. (2008) 

reported the frequency of occurrence of insects and wild 

fruits, including wild berries, in raccoon dog feces to be 

approximately 90% [28]. Although our results regarding 

insects  (100% occurrence) are similar, the frequency of 

occurrence we found for wild berries (44.2%) was lower 

(Fig. 3), probably because wild berries did not bear fruit 

in our study area during the study period—the wild ber-

ries that did occur in feces were Aino mulberry (Morus 

australis), which bears fruit in July. Moreover, wild fruits 

like hardy kiwi (Actinidia arguta) and crimson glory 

vine (Vitis coignetiae) occurred at high levels in rac-

coon dog latrines during autumn (Sashika M., personal 

Fig. 7 Comparison of δ13C and δ15N stable isotope ratios in hair samples from both species. Left side, the forest core; right side, forest periphery. 

*P < 0.01

Table 5 Age structure of raccoons with stable isotope ratios similar to those of raccoon dogs

We conducted an age assessment of these 29 raccoons using their skulls

Capture site Forest core Point A, B, C Forest periphery

Age 0 1 ≥ 2 0 1 ≥ 2 Total 0 1 ≥ 2 Total

Male 6 3 0 0 2 0 11 1 0 0 1

Female 4 1 1 1 3 1 11 3 2 1 6

Total 10 4 1 1 5 1 22 4 2 1 7
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observation). Therefore, raccoon dogs likely eat wild 

fruits that are highly palatable.

A palatability test is needed to adequately determine 

food palatability; however, this is difficult to perform in 

the wild because other non-target wildlife often eat pre-

pared food. Moreover, research conducted using captive 

animals in zoo environments is confounded by the pref-

erence shown by animals to eat food to which they have 

become accustomed (data not shown). Therefore, it is 

very difficult to determine wildlife food palatability. How-

ever, it appears that raccoons had a greater preference for 

corn than raccoon dogs. It was difficult to capture rac-

coons—even when traps were placed around cornfields—

when the corn bore fruit, because raccoons did not enter 

the traps but instead damaged the cornfield. Corn was 

not detected in the feces of raccoon dogs caught near a 

cornfield.

The overlap index showed that the food resources of 

raccoons and raccoon dogs overlapped (overlap index: 

0.48, simulated overlap index with null model: 0.17, 

P < 0.05). However, the relative contributions of these 

categories to total diet differed between species. This 

result indicates that raccoons and raccoon dogs ate the 

same food categories, but the food items consumed dif-

fered. Additionally, highly digestible foods were probably 

underestimated and needed to be analyzed based on sta-

ble isotope results.

The differences in food items consumed between these 

species are likely related to habitat selection. There is a 

close relationship between feeding behavior and habi-

tat selection. Wildlife select habitats where they can 

more easily find necessary food resources [29]. When 

we started this research in 2004, the number of captured 

raccoons and raccoon dogs was less than half of those 

captured at the time of writing. At that time, there was 

enough space for both species in the forest. So, we can 

surmise that if raccoon dogs preferred the forest periph-

ery, they would have moved to forest periphery; and 

if raccoons preferred the forest core, they would have 

inhabited the forest core. However, most raccoons were 

captured at the forest periphery close to agricultural 

land (70.1%), where they can more easily access agricul-

tural land and there are greater opportunities to consume 

crops. These results are similar to those of Abe (2006) [6]. 

Conversely, most raccoon dogs were captured in the for-

est core (74.9%), which is where there are more oppor-

tunities to eat insects and wild fruits. Since the raccoon 

dog population began recovering in 2014, the number of 

captured raccoon dogs at the forest periphery (especially 

trapping points A, B, and C, where there were many wild 

fruits and insects) has gradually increased. It is possible 

that the raccoon dogs moved to the forest periphery in 

search of food resources because space in the forest core 

decreased as the raccoon dog population recovered. 

Therefore, they might have moved to areas where they 

could easily obtain preferred food items.

Although we did not analyze trophic discrimination 

factors because of animal welfare concerns, we observed 

differences between raccoons and raccoon dogs. The 

δ13C and δ15N ratios in raccoon hair were significantly 

higher than those in raccoon dog hair. Both the δ13C and 

δ15N values for raccoons were also larger. We speculate 

that raccoons had a high range of δ13C values because 

they consumed corn and livestock-forage crops, which 

had the highest δ13C values of potential food items in our 

study area because they include C4 plants. When large 

amounts of crops and human garbage are consumed 

by wildlife, the δ13C values are over − 21‰ [30]. In this 

study, the percentage of raccoons with δ13C above − 21‰ 

was 50.5% (47/93). Furthermore, δ13C values for raccoon 

hair were significantly higher for raccoons captured at 

the forest periphery than for raccoons captured in the 

forest core. These results indicate that many raccoons 

frequently visited the farmland outside Nopporo Natu-

ral Forest Park, which is consistent with reports of corn 

damage by farmers neighboring our study area (Sashika 

M., personal observation).

Reptiles, amphibians, and corn showed high δ15N val-

ues, which indicated that raccoons may be more likely to 

eat them than raccoon dogs. However, the incidence of 

amphibian and reptile remains in raccoon feces was low. 

Additionally, although raccoons may prey on Hokkaido 

salamanders (Hynobius retardatus), of which the local 

population in Hokkaido is threatened, as suggested by 

leftover remains of Hokkaido salamanders (Abe G., per-

sonal observation), we are unaware of any report of sala-

manders found in raccoon stomach contents or feces. We 

speculate that these highly digestible foods were under-

estimated in our fecal analysis. Detection rate varies 

depending on digestibility; for example, plant matter with 

low digestibility is more likely to be found in feces and 

result in underestimation of animal matter consumption 

[31]. Moreover, the δ15N values from raccoon hair were 

significantly higher for raccoons captured at the forest 

periphery than for raccoons captured in the forest core. 

Salamanders, frogs, and snakes, which all have high δ15N 

values, are mainly located in the forest. However, some 

salamanders, frogs, and snakes also occur in rice fields 

and agricultural ponds near the forest. Therefore, their 

distribution is nearly the same in the forest periphery and 

the forest core. Consequently, the most likely causes of 

high δ15N values are corn, human leftovers, and garbage.

Results of our fecal and stable isotope analyses demon-

strated that raccoons depend on corn as a food resource, 

although the highest δ15N value, 8.92, was reported for a 

raccoon, which indicates that high δ15N values were not 
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entirely from corn. The δ15N value of human hair in Japan 

exceeds 10.0‰, which indicates that leftover human food 

also has similarly high δ15N values [31]. Raccoons cap-

tured in the forest periphery may have been eating corn 

and highly digestible garbage from the private houses 

that surround the forest.

Both δ13C and δ15N values were low in raccoon dog 

hair, and individual differences were also small. The δ13C 

and δ15N values of raccoon dog hair are similar to values 

for common forest resources such as insects [32], wild 

fruits, and earthworms, on which raccoon dogs probably 

feed. This result is consistent with results from our fecal 

analysis. Because no differences in δ13C and δ15N values 

were found between raccoon dogs captured in different 

locations, it is possible that raccoon dogs rarely leave the 

forest to feed, which is a finding that is consistent with 

previous research on the home ranges of raccoon dogs at 

Nopporo Natural Forest Park [6].

It is possible that raccoons and raccoon dogs with over-

lapping stable isotope ratios had similar feeding habits, 

because fecal analysis revealed that raccoons also ate 

insects and wild fruits. Of the insects observed, terres-

trial coleopterans and T. nigricosta were present at high 

levels in the feces of both species. The percent volume of 

T. nigricosta was low relative to coleopterans. This could 

be because the exoskeleton of T. nigricosta is light. Dur-

ing the hatching period, T. nigricosta is easy to eat. T. 

nigricosta is also considered an important food resource 

for raccoons and raccoon dogs. Raccoons with ratios that 

overlapped with those of raccoon dogs were captured in 

the same locations where many raccoon dogs had been 

captured. Insects are widely distributed in the forest, as 

are many plant species that produce wild fruits (such as 

Aino mulberry and hardy kiwi). Although our findings 

provide indirect evidence of dietary preference, it was 

still apparent that the feeding habits and habitat use of 

these raccoons overlapped with those of raccoon dogs. 

Most (about 90%) of the raccoons with stable isotope 

ratios that overlapped with those of raccoon dogs were 

younger than 2  years old, and they were the minority 

(31.2%) of raccoons captured.

We then evaluated whether the habitat and food 

resources of raccoons and raccoon dogs overlapped. It 

is possible that if there were enough forest space, habi-

tat and food resources would not overlap. After the rac-

coon dog population recovered, there was probably not 

sufficient space in the forest, and raccoon dogs likely 

moved to the forest periphery. If raccoons had not been 

imported into Japan, raccoon dogs would likely remain 

in their preferred habitat. However, now that there are 

raccoons in the forest, the habitat and food resources of 

raccoon dogs appear to overlap with those of raccoons. 

The raccoon population in the study area is maintained 

at a low density by the feral raccoon control program. 

This may be limiting overlapping habitat use and feeding 

habits between the two species. However, if the popula-

tion density of raccoons increases, their feeding habits 

and habitat use may begin to overlap more with those of 

raccoon dogs. Because the feral raccoon control program 

limits the density of raccoons within the forest, the cur-

rent feeding habits and habitat use of raccoons do not 

appear to overlap sufficiently with those of raccoon dogs 

to impact them. Thus, if raccoon numbers remain low, 

the impact on raccoon dogs will be limited. However, 

even at observed low population sizes, the feeding hab-

its and habitat use of some raccoons did overlap some-

what with those of raccoon dogs. Should the density of 

raccoons increase, raccoons could negatively affect the 

native raccoon dog population. Our results suggest that 

the feral raccoon control program is likely protecting 

native raccoon dogs. Therefore, we advocate continuing 

this program.

Our study provides relatively accurate data on raccoon 

and raccoon dog, which is otherwise difficult to obtain, 

because it was conducted in an isolated forest. In addi-

tion, although Japanese raccoon dogs are endemic to 

Japan, they are canids, so our research can also be applied 

to future research on other canids worldwide, such as red 

foxes. Additionally, raccoon dogs from the Eastern Asia 

continental population have been introduced into Euro-

pean countries [33]; therefore, our results may be useful 

in identifying potential competition between raccoon 

dogs and native canids in such environments. Moreover, 

stable isotope analysis of medium-sized mammals has 

not progressed greatly [34]. Therefore, we believe this 

research will help inform future studies on medium-sized 

mammals, particularly canids.

Conclusions
We demonstrated that raccoons and raccoon dogs are 

typical opportunistic omnivores that consume easily 

found food items. Although we provided indirect evi-

dence of food preference, both species clearly consumed 

different food resources, probably because of differences 

in food preference. The preferred habitats of each species 

also differed, with each species tending to be found in 

areas in which it could easily obtain its preferred foods. 

If raccoon density remains low, the feeding habits and 

habitat use of these two species will likely not sufficiently 

overlap to negatively impact the native raccoon dog pop-

ulation. However, because some overlap between feeding 

habits and habitat use occurs, it is important to continue 

the raccoon control program so that the impact of rac-

coons does not increase.
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Methods
Study area and period

This study was conducted in Nopporo Natural Forest 

Park, 11–15 km east of Sapporo City, central Hokkaido, 

Japan (43° 25′ N, 141° 32′ E) (Fig.  1). Nopporo Natu-

ral Forest Park is a semi-isolated forest with an area of 

2053  ha and an altitude of 20–100  m above sea level, 

and it is surrounded by residential areas and farmland. 

The subarctic climate has a mean temperature of 7.4  °C 

(− 21.7 °C in January to 32.7 °C in July) and mean annual 

precipitation of 1064 mm (data from the Japan Meteoro-

logical Agency). The forest is mixed conifer–hardwood 

and dominated by Sakhalin fir (Abies sachalinensis), 

painted maple (Acer pictum subsp. Mono), water oak 

(Quercus mongolica var. grosseserratus), and Manchurian 

ash (Fraxinus mandshurica var. japonica) [35]. Despite 

being located near Sapporo City, rich and diverse envi-

ronments remain in Nopporo Natural Forest Park; 21 

mammal (including raccoon dogs, red foxes, and mar-

tens), 150 bird, and 1300 insect species are known to 

inhabit this area. Raccoons were first confirmed in this 

park in 1992 [36].

Because of agricultural damage caused by raccoons, the 

Hokkaido Government initiated a feral raccoon control 

program in Nopporo Natural Forest Park in 1999. Since 

then, the raccoon population has been maintained at low 

densities [7]. Because this forest provides an environment 

preferred by raccoons, when population densities are low, 

new raccoons invade the forest from surrounding areas 

[7]. The forest’s raccoon population has decreased to less 

than 2 individuals/km2 since 2014 (Hokkaido Prefecture, 

unpublished data).

Raccoons and raccoon dogs have been captured in 

Nopporo Natural Forest Park since 2004. Surveys were 

conducted from May to July; when food resources for 

raccoons and raccoon dogs increase in autumn, there is 

less scarcity and they do not need to eat the food in the 

traps; therefore, they are less likely to enter the traps [7].

Sample and data collection for habitat use and feeding 

habit analyses

Raccoons and raccoon dogs were captured in box traps 

(Havahart Large Collapsible Pro Cage Model 1089, 

Woodstream Corp., Lititz, PA, USA) baited with dog 

food, corn snacks, and doughnuts. Traps were placed 

at 80 to 100 sites. Because of natural disasters, such as 

typhoons, places where we could place traps differed 

from year to year. The traps were placed in a square 

grid at 500-m intervals. The interval size between the 

traps was based on the raccoon minimum home range 

reported in Hokkaido (25.5 ha) and should have covered 

at least a part of the home range of all raccoons inhabit-

ing the survey area [37]. Trapping points within 250 m of 

the forest boundary line were defined as forest periphery 

sites (41 points), and other points in the forest were con-

sidered the forest core (59 points), as described by Abe 

(2008) [7]. A Chi squared test was performed to compare 

the number of raccoons and raccoon dogs captured at the 

two regions (forest periphery vs. the forest core). Differ-

ences were considered statistically significant at P< 0.05.

Captured raccoon dogs were anesthetized with butor-

phanol tartrate (Vetorphale 5 mg, 1.2 mg/kg; Meiji Seika, 

Tokyo, Japan), hydrochloric acid medetomidine (Dol-

bene, 40 µg/kg; Kyoritsu, Tokyo, Japan), and midazolam 

(Dormicum injection 10 mg, 0.2 mg/kg; Astellas, Tokyo, 

Japan) by intramuscular injection before handling. 

Microchips were subdermally inserted into their backs 

to aid identification of individual animals. Body size and 

sex of each raccoon dog were recorded, and hair samples 

were collected from the back of each individual along 

with fecal samples found within traps. Hair samples were 

wrapped in paper and stored in plastic bags. After sam-

pling and measurement, we administered the antagonists 

naloxone (Naloxone hydrochloride intravenous injec-

tion, 0.02 mg/kg; DAIICHI SANKYO, Tokyo, Japan), ati-

pamezole hydrochloride (Atipame, 0.2  mg/kg; Kyoritsu, 

Tokyo, Japan), and flumazenil (Flumazenil  intravenous 

injection  0.5  mg, 0.02  mg/kg; Sawai, Osaka, Japan). The 

raccoon dogs were released at the capture site after they 

fully recovered from the anesthesia. For any raccoon dog 

recaptured within the same month, we merely scanned 

their microchips and released them. For individuals 

recaptured in different months, fecal and hair samples 

from individuals were collected and considered separate 

samples.

Captured raccoons were first anesthetized similar to 

raccoon dogs and then euthanized by injection with 

potassium chloride into the heart. Carcasses were col-

lected as part of the feral raccoon control program. Rac-

coon body size and sex were recorded, hair samples from 

their back and fecal samples from their rectum were col-

lected, and their skulls were taken to estimate age. Hair 

samples from raccoons captured for nuisance control and 

a raccoon dog carcass found in Nopporo Natural Forest 

Park were also collected. Potential food items (such as 

plants, wild fruits, and insects using pitfall traps) were 

collected in the forest (Table 6). Samples were stored at 

− 20 °C until assays were performed.

Fecal analysis

For fecal analysis, we examined the samples collected 

between 2016 and 2017. We used the point-frame method 

to quantitatively evaluate the composition of food eaten 

by individual animals. The amount of each food type 

within feces was quantified by surface area. The point-

frame method is a straightforward way to calculate the 
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frequency of food in feces, and has been used for various 

animal species, such as ungulates and carnivores [38]. In 

this study, fecal samples were sterilized overnight at 70 °C 

to kill Echinococcus multilocularis and then washed with 

tap water over a 0.5-mm mesh sieve; then, the material 

that remained on the sieve was spread onto a laboratory 

dish (10-cm diameter). The bottom of the dish was marked 

with a 5 × 5-mm grid, and the intersection points of the 

grid lines were the point frames. We identified each food 

item that touched an intersection point and counted the 

number of points each item touched. Samples that touched 

more than 200 points were saved to analyze frequency of 

occurrence (%), percent volume, and overlap index of each 

food category [38]. Food items were placed into 12 catego-

ries: wild berries and seeds, plants (herbaceous plants and 

woody forbs), crops, insects, gastropods, isopods, mam-

mals (except wild rodents), wild rodents, birds, reptiles, 

amphibians, and fish. We collected potential food items 

(such as wild fruits, plants, and insects) in this forest, and 

we received corn and livestock-forage crops from farmers 

near the forest. When we conducted fecal analysis, we com-

pared features of the food items detected from the feces of 

raccoons and raccoon dogs with collected food samples. 

Then, we classified the food items into the 12 categories. 

Plants, wild fruits, and crops tend to have low digestibility, 

and their epidermis and seeds often remain visible in rac-

coon and raccoon dog feces. Therefore, it was possible to 

distinguish plants, wild fruits, and crops. Groomed hair, 

artificial materials, stones, and gravel were excluded from 

analysis because they had likely been unintentionally eaten. 

Individual food items were identified and recorded. We cal-

culated the frequency of occurrence (%) and percent vol-

ume of each food category. Fisher’s exact test was used to 

compare the frequency of occurrence, and a Mann–Whit-

ney U test was used to compare the percent volume of each 

category between species. Both tests were corrected by the 

Bonferroni method. Differences were considered statisti-

cally significant at P < 0.004.

Based on the proportion of food items, we calculated the 

diversity of food items and overlap of food items consumed 

by raccoons and raccoon dogs. Food diversity was evalu-

ated using the Shannon–Wiener diversity index formula 

[24]:

 where Pi is the proportion of food item i in the total diet. 

A higher Hi value indicated greater food diversity.

The overlap of foods between the two species was cal-

culated with the Pianka index  (ajk) formula [39]:

where Pij and Pik are the proportions of food item i in 

the total diet of species j and k, respectively. When the 

overlap index value  ajk is equal to zero, food items con-

sumed by the two species, j and k, do not overlap at all; 

when  ajk is 1, consumed food items overlap completely. 

Accordingly, 0 ≤ ajk ≤ 1. Pianka’s index was used to test 

significance using the RA3 algorithm in EcoSim 7.72 to 

compare the observed overlap values and the distribu-

tion of expected overlap values based on a null model 

that was generated by 1000 repetitions [40, 41]. If the 

observed values were higher or lower than 95% of the 

simulated indices, they were considered statistically dif-

ferent from the null distribution values. A significantly 

lower observed value indicates differences in diet or 

food resource partitioning, whereas a significantly higher 

Hi = −

∑
(Pi) ln (Pi)

ajk =

∑

(

Pij
)

(Pik)/

[

(

∑

Pij

)2(∑

Pik

)2
]1/2

Table 6 Potential prey items

Prey item Taxon

Plant material

 Herbaceous plants Sasa spp.

Quercus spp.

Acer spp.

 Wild fruits Morus bombycis

Actinidia arguta

Vitis coignetiae

Castanea crenata

 Crops Zea mays

 Other Livestock-forage crops

Animal materials

 Insects Damaster blaptoides rugipennis

Carabus granulatus yezoensis

Leptocarabus arboreus ishikarinus

Anisodactylus

Silpha paerforata venatoria

Eusilpha japonica

Plesiophthalmus nigrocyaneus nigrocyaneus

Vespula austriaca

Terpnosia nigricosta

 Gastropoda Ezohelix gainesi

 Order Isopoda Oligochaeta spp.

 Amphibia Hynobius retardatus

Rana pirica

Hyla japonica

Glandirana rugosa

Pelophylax nigromaculatus

 Reptilia Elaphe climacophora

 Aves Hypsipetes amaurotis

 Mammalia Apodemus speciosus ainu

Apodemus argenteus
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observed value indicates similar diets or strong resource 

competition [40, 41].

A Mann–Whitney U test was performed to compare 

the Shannon–Wiener diversity index between the two 

species, and differences were considered statistically sig-

nificant at P < 0.05.

Stable isotope analysis

Samples of potential prey items were dried at 60  °C for 

over 24  h, and then ground with a mortar and pestle. 

Potential prey items and hair samples were rinsed with 

a 2:1 chloroform:methanol solution to remove lipids 

and then dried at 60  °C for at least another 24  h [31]. 

Hair from each captured animal was analyzed to gener-

ate average hair values for both species. Samples were 

enclosed in a tin cup and combusted in an elemental 

analyzer (vario MICRO cube, Elementar Gmbh, Langer-

sell Bolt, Germany) interfaced with an isotope ratio mass 

spectrometer (IsoPrime100, Elementar Gmbh, Langersell 

Bolt, Germany).

We determined the carbon (δ13C) and nitrogen iso-

tope (δ15N) ratios for each sample. Results are reported 

as parts per thousand of the isotope relative to a stand-

ard. We used the Pee Dee Belemnite standard for car-

bon, and atmospheric nitrogen as the standard for 

nitrogen [31]. The assessment of feeding ecology of the 

two species from stable isotope ratios was based on 

the trophic discrimination factors described by previ-

ous studies (δ15N: 3.4 ‰, δ13C: 2.6 ‰) [16–18, 42]. We 

also considered that both raccoons and raccoon dogs 

are omnivorous and that this analysis reveals average 

values for hair. We did not conduct experiments on 

the trophic discrimination factors of both species in 

this study because we thought that continuing to give 

only one kind of food to omnivorous species for several 

months is contrary to animal welfare.

We performed three-way ANOVAs to examine inter-

actions between three independent variables, species 

(raccoon vs. raccoon dog), hair type (summer coat vs. 

winter coat), and capture site (forest periphery vs. the 

forest core), on the stable isotope ratio dependent vari-

ables (δ13C and δ15N). After we examined interactions 

among three independent variables (species, capture site, 

and hair type), a Mann–Whitney U test was conducted 

to compare the between independent variables. Then, the 

tests were corrected by the Bonferroni method. Differ-

ences were considered statistically significant at P < 0.01.

GraphPad Prism6 (GraphPad Software, San Diego, 

CA, USA) and SPSS Statistics 20.0 (IBM, Tokyo, Japan) 

were used for all statistical analyses.

Information on the process of hair growth is included 

in Additional file 2.
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