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Abstract.
     The intrasubspecific variations of the adult astragalar and calcaneal sizes of living Japanese raccoon 
dog, Nyctereutes procyonoides viverrinus (Mammalia, Carnivora, Canidae), were examined to make 
basic data in considering the variations of fossil mammalian bones. The specimens consist of 63 adult 
individuals (35 males and 28 females). The data consist of 12 measurements for both the astragalus and 
calcaneum with a body mass and first and second molar sizes. There is no significant sexual dimorphism 
in all the measurements. The coefficients of variation (CV) of the astragalar and calcaneal sizes range 
from 3.7 to 5.9 and from 3.8 to 7.1, respectively, implying that the size variations of these two bones are 
relatively low. These CVs of the two bones are as low as those of the first and second molars (3.4–5.8). 
The correlation coefficient between the body mass and each astragalar and calcaneal measurement 
ranges from -0.05 to 0.47, implying that the correlation between the body mass and the astragalar and 
calcaneal sizes within N. procyonoides viverrinus is low or almost absent.
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Introduction

Tsubamoto (2019a) investigated intraspecific 
(intrasubspecific) variations of the astragalar and 
calcaneal sizes in living Japanese monkey, Macaca 
fuscata fuscata (Gray, 1870) (Mammalia, Primates, 
Cercopithecidae), to make basic data in considering the 
variations of fossil mammalian bones. Here, in addition, 
I investigate intrasubspecific variations of the adult 
astragalar and calcaneal sizes in living Japanese racoon 
dog, Nyctereutes procyonoides viverrinus (Temminck, 
1838) (Mammalia, Carnivora, Canidae). Although the 
craniodental specimens of N. procyonoides viverrinus 
have been well investigated (Yamamoto, 1983; 
Yoshimura, 1983; Machida and Saito, 1986; Harada et 
al., 1989, 1992; Kauhala et al., 1998; Asahara, 2013, 
2014a, 2014b; Tsubamoto, 2015; Asahara and Takai, 
2017), its postcranial bones have been rarely studied. 
The sizes of the limb bones including the astragalus and 
calcaneum are usually more related to the body size of 

animals than the sizes of the craniodental specimens, so 
that the sizes and their variations of the limb bones are 
more useful for the paleoecological analyses using body 
size than those of the craniodental specimens.

Material and methods

All skeletal specimens of N. procyonoides viverrinus 
examined here are housed in Primate Research Institute, 
Kyoto University, Inuyama, Japan. The specimens 
consist of 63 adult individuals (35 males and 28 females) 
(Appendix Table A1). The specimens having erupted 
third molars and/or fused epiphyses of the long limb 
bones were identified as of adult individuals. The 
measurement positions of the astragalus and calcaneum 
(12 measurements for each bone) are indicated in Figure 
1. For comparison, the body masses of the individuals 
were taken from the data base of the institute, and the 
length and width of the first and second molars of the 
individuals were also measured. The units of the linear 
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Figure 1.  Measurement positions of the astragalus and calcaneum of Nyctereutes procyonoides viverrinus (Mammalia, 
Carnivora, Canidae) (after Tsubamoto, 2014, 2019a, 2019b; Tsubamoto et al., 2016). A, left astragalus: A1–A2, dorsal (anterior) 
view; A3, distal view; A4, lateral view; A5, medial view. Linear measurements.—AS1, medio-lateral width of the tibial trochlea; 
AS2, proximo-distal length of the lateral trochlear ridge of the tibial trochlea; AS3, proximo-distal length of the medial 
trochlear ridge of the tibial trochlea; AS4, medio-lateral width of the astragalus; AS5, proximo-distal length of the astragalus; 
AS6, proximo-distal length of the central part of the tibial trochlea; AS7, medio-lateral width between the medial and lateral 
trochlear ridges of the tibial trochlea; AS8, dorso-ventral thickness of the lateral part of the astragalus; AS9, dorso-ventral 
thickness of the medial part of the astragalus; AS10, neck-head length; AS11, width of the head; AS12, thickness of the head. 
B, left calcaneum: B1, dorsal (anterior) view; B2, lateral view; B3, distal view. Linear measurements.—CA1, calcaneal length; 
CA2, calcaneal width at the astragalar articular surfaces; CA3, width of the posterior astragalar articular surface; CA4, width 
of the posterior calcaneal body; CA5, width of the tuberosity; CA6, length of the posterior calcaneal body; CA7, length of the 
posterior astragalar articular surface; CA8, width of the articular surface for the cuboid; CA9, height of the articular surface 
for the cuboid; CA10, height at the posterior astragalar articular surface; CA11, height at the posterior calcaneal body; CA12, 
height at the tuberosity.
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measurements and body mass are millimeter (mm) and 
gram (g), respectively. The linear measurements were 
taken to the nearest of 0.01 mm using digital calipers 
and were taken mostly on the left side when available. 
The analyses were carried out mostly using Excel 
(Microsoft) and JMP (SAS Institute Inc.), with VISUAL-
SILVERMAN (Kusuhashi and Okamoto, 2015) for 
Silverman’s test (Silverman, 1981, 1983).

Abbreviations.—AS1–AS12, measurement positions 
of the astragalus shown in Figure 1A; CA1–CA12, 
measurement positions of the calcaneum shown in 
Figure 1B; CV, coefficient of variation (unbiased); M1–
M2/m1–m2, upper/lower first/second molars.

Results and remarks

The basic statistics and distributions of all the 
measurements of the specimens are shown in Tables 1–4, 
Figures 2–5, and Appendix Figures A1–A2.

Size distribution and sexual dimorphism
According to Welch’s t test (5% significance level), 

there is no significant difference between males and 
females (sexual dimorphisms) in all measurements 
of the body mass, astragalus, calcaneum, and molars 
(Appendix Figures A1–A2). Each size distribution of 
the adult measurements including the body mass and 
M1–M2/m1–m2 is superficially unimodal generally 
(Figures 2–5). The tests of the normality for the linear 
measurements and log-normality for the body mass (5% 
significance level) were applied to the measurements. 
Most of the measurements could not reject the null 
hypothesis, but some measurements rejected it (Table 
5). To test the multimodality of each adult measurement, 

Silverman’s test (5% significance level) (Silverman, 
1981, 1983) was applied. All the measurements except 
the body mass could not reject the unimodal hypothesis, 
and the body mass rejected the unimodal hypothesis and 
could not reject the bimodal hypothesis. The distribution 
of the body mass can be identified as bimodal according 
to Silverman’s test and also the histogram (Figure 2): 
the main peak at 3,000–3,250 g and the second peak 
at 4,500–4,750 g. This is not caused by the sexual 
dimorphism (Figure 2; Table 1). The reason for this 
bimodality is unclear.

Coefficient of variation
To see and compare the degree of variation, CV is 

calculated. CVs of the astragalar and calcaneal sizes 
range from 3.7 to 5.9 and from 3.8 to 7.1, respectively 
(Tables 2–4), implying that the size variations of these 
two bones are relatively low and are lower than those 
of Japanese monkey (CVs: 6.5–9.1 and 6.9–10.8, 
respectively; Tsubamoto, 2019a). These CVs of the two 
bone sizes are as low as those of the first and second 
molar sizes (3.4–5.8). If we calculate CV separating 
the specimens into males and females, CVs of the 
adult astragalar and calcaneal sizes range as follows: 
astragalus (male), 3.9–6.1; astragalus (female), 3.4–6.2; 
calcaneum (male), 3.3–7.2; calcaneum (female), 3.8–7.5. 
These CVs of the two bones (separating males and 
females) are as low as those of the subspecies (uniting 
males and females).

Table 1.  Basic statistics of the body mass (in gram). SD, 
standard deviation (unbiased); V, variance (unbiased); Max, 
maximum value; Min, minimum value; N, sample size; SE, 
standard error (unbiased).

Figure 2.  Histogram and box plot of the body mass (BM). 
The box plot shows quartiles with arithmetic mean (diamond) 
and whiskers from minimum to maximum with 2.5th, 10th, 
90th, and 97.5th percentiles. Green line indicates the fitting 
for log-normal distribution. F, female; M, male.
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Table 2.  Basic statistics of the astragalar measurements (in mm). CV, coefficient of variation (unbiased); AS1–AS12, 
measurement points of the astragalus shown in Figure 1A. Other abbreviations are indicated in Table 1.
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Figure 3.  Histograms and box plots of the astragalar measurements. Red line indicates the fitting for the normal 
distribution. The explanations of the box plots are shown in Figure 2. Abbreviations are shown in Figures 1–2.
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Table 3.  Basic statistics of the calcaneal measurements (in mm). CA1–CA12, measurement points of the calcaneum 
shown in Figure 1B. Other abbreviations are indicated in Tables 1–2.



Size variations of astragalus and calcaneum in Japanese raccoon dog　ホンドタヌキの距骨と踵骨のサイズ変異

- 7 -

Figure 4.  Histograms and box plots of the calcaneal measurements. The explanations of the box plots are shown in Figure 
2. Abbreviations are shown in Figures 1–2.
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Table 4.  Basic statistics of the molar measurements (in mm). M1–M2/m1–m2, upper/lower molars; L, maximum length; W, 
maximum width. Other abbreviations are indicated in Tables 1–2.
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Figure 5.  Histogram and box plot of the measurements of M1–M2/m1–m2. The explanations of the box plots are shown 
in Figure 2. L, maximum length; W, maximum width. Other abbreviations are shown in Figures 2–3.

Correlation with body mass
The correlation coefficients between the body mass 

and the astragalar and calcaneal measurements are 
generally higher than those between the body mass and 
the molar measurements (Table 6; Appendix Figure 
A3). The correlation coefficient between the body mass 
and each astragalar measurement ranges from 0.01 to 
0.42; that between the body mass and each calcaneal 
measurement ranges from -0.05 to 0.47; and that 
between the body mass and each molar measurement 
ranges from -0.04 to 0.17 (Table 6). These results imply 
that the correlation between the body mass and the adult 

astragalar and calcaneal sizes within the subspecies N. 
procyonoides viverrinus is low or almost absent. 

Concluding remarks
Here, I investigated intrasubspecific variations of 

the various astragalar and calcaneal sizes in the adult 
specimens of living N. procyonoides viverrinus. The 
sizes of the two bones of this subspecies did not show 
any sexual dimorphism. The results will be additional 
basic data in interpreting the variations of mammalian 
astragali and calcanea discovered in paleontological and 
archaezoological sites.
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Table 5.  Goodness-of-fit tests of the fittings for the 
normal and log-normal distributions. The normal test is for 
the linear measurements, and the log-normal test is for the 
body mass. The Shapiro-Wilk and Kolmogorov-Smirnov 
tests were used for the tests of normality and log-normality, 
respectively. *, p-value < 0.05. Abbreviations are shown in 
Figures 1–2 and Tables 1–4.
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