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Intrasubspecific variations of the adult astragalar and calcaneal sizes
in living Japanese raccoon dog (Nyctereutes procyonoides viverrinus)
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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,
| 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 Al). 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: A,—A,, dorsal (anterior)
view; A, distal view; A,, lateral view; A, 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: B,, dorsal (anterior) view; B,, lateral view; B3, distal view. Linear measurements.—CA1, calcaneal length;
CAZ2, 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; CAB, 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 14,
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,

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).

All Male Female
SD 573 580 564
Vv 328,530 335,849 317,855
Mean 3,719 3,651 3,805
Median 3,600 3,400 3,700
Max 5,100 5,100 5,000
Min 2,800 2,800 3,000
N 63 35 28
SE 72 98 107
Skewness 0.76 0.86 0.75
Kurtosis -0.40 -0.10 -0.57
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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).
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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.

All AS1 AS2 AS3 AS4 ASS AS6 AS7 AS8 AS9 AS10  AS11  ASI12
CcvV 4.49 4.80 5.37 5.04 3.69 5.90 5.14 5.64 5.49 5.08 522 5.54
SD 0.39 0.48 0.53 0.56 0.58 0.40 0.32 0.43 0.45 0.40 0.40 0.32
\% 0.15 0.23 0.28 0.31 0.34 0.16 0.10 0.18 0.20 0.16 0.16 0.10
Mean 8.73 9.93 990 11.10 1577 6.73 6.21 7.57 8.16 7.88 7.69 5.78
Median 8.70 9.89 982 11.07 1580 6.70 6.20 7.57 8.14 791 7.61 5.75
Max 970 1140 11.79 1253  17.05 7.85 6.94 8.53 9.33 8.69 8.88 6.60
Min 7.717 9.11 8.76 9.65 1449 6.01 5.55 6.45 73 6.95 6.81 5.24
N 63 63 63 63 63 63 63 63 63 63 63 63
SE 0.05 0.06 0.07 0.07 0.07 0.05 0.04 0.05 0.06 0.05 0.05 0.04
Skewness 0.19 0.81 0.89 0.12 0.04 0.62 0.22 0.06 0.37 -0.48 0.65 0.53
Kurtosis 0.14 0.72 1.86 0.90 -0.38 0.12 -0.34 0.09 -0.14 -0.05 0.80 0.09

Male AS1 AS2 AS3 AS4 AS5 AS6 AS7 AS8 AS9 AS10  AS11  ASI2
cv 4.84 4.91 5.82 5.06 3.94 5.79 5.27 5.82 4.96 4.74 5.18 6.11
SD 0.42 0.49 0.58 0.56 0.62 0.39 0.33 0.44 0.40 0.37 0.40 0.36
\% 0.18 0.24 0.33 0.31 0.38 0.15 0.11 0.19 0.16 0.14 0.16 0.13
Mean 8.74 9.94 9.91 11.08 1574 6.71 6.21 7.57 8.16 7.85 7.67 5.84
Median 8.73 9.92 9.81 11.08  15.71 6.62 6.24 7.57 8.16 7.89 7.61 5.76
Max 970 1140 11.79 1253 17.05 7.85 6.94 8.53 9.05 8.40 8.88 6.60
Min 7.94 9.11 8.76 9.65 1449 6.01 5.55 6.81 7.45 6.95 6.81 5.24
N 35 35 35 35 35 35 35 35 35 35 35 35
SE 0.07 0.08 0.10 0.09 0.10 0.07 0.06 0.07 0.07 0.06 0.07 0.06
Skewness 0.34 0.89 1.11 0.23 0.28 0.72 0.06 0.53 0.26 -0.86 1.00 0.47
Kurtosis -0.26 1.29 2.60 1.55 -0.26 0.84 -0.40 -0.21 -0.40 0.28 2.84 -0.38

Female AS1 AS2 AS3 AS4 ASS AS6 AS7 AS8 AS9 AS10  AS11  ASI12

cv 4.09 4.74 4.85 5.10 3.40 6.11 5.08 5.52 6.19 5.51 533 4.45
SD 0.36 0.47 0.48 0.57 0.54 0.41 0.32 0.42 0.50 0.44 0.41 0.25
\% 0.13 0.22 0.23 0.32 0.29 0.17 0.10 0.18 0.25 0.19 0.17 0.06
Mean 8.72 9.90 9.89 I11.12 158l 6.76 6.20 7.58 8.15 7.92 7.72 5.70
Median 8.70 9.86 986 11.04 1582 6.72 6.16 7.67 8.11 7.99 7.62 5.72
Max 950 11.01 10.99 1231 16.71 7.66 6.92 8.33 9.33 8.69 8.50 6.16
Min 7.77 9.23 9.02 9.71 14.68 6.08 5.64 6.45 7.30 7.03 6.98 5.24
N 28 28 28 28 28 28 28 28 28 28 28 28
SE 0.07 0.09 0.09 0.11 0.10 0.08 0.06 0.08 0.10 0.08 0.08 0.05
Skewness -0.16 0.74 0.40 -0.02 -0.32 0.53 0.46 -0.64 0.47 -0.29 0.28 -0.07
Kurtosis 1.13 0.20 -0.03 0.56 -0.35 -0.38 -0.05 0.90 -0.05 -0.34 -0.92 -0.60
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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.

All CAl CA2 CA3 CA4 CAS CAb6 CA7 CA8 CA9  CALI0 CAIll CAl2
CcvV 3.78 4.39 6.57 6.73 5.44 6.69 5.12 5.70 7.11 3.85 5.01 6.27
SD 0.90 0.46 0.28 0.28 0.35 0.66 043 0.40 0.41 0.38 0.37 0.56
\% 0.81 0.21 0.08 0.08 0.12 0.44 0.18 0.16 0.17 0.14 0.14 0.31
Mean 23.87  10.39 4.24 4.22 6.41 9.87 8.34 6.99 5.75 9.85 7.36 8.92
Median 23.90 1041 4.22 4.19 6.35 9.90 8.34 6.98 5.74 9.84 7.38 8.97
Max 2555 1145 5.12 5.03 721 11.29 9.22 7.89 6.51 10.82 8.09 10.10
Min 20.85 9.07 3.58 3.80 5.72 7.59 7.44 6.11 4.88 9.07 6.43 7.35
N 63 63 63 63 63 63 63 63 63 63 63 63
SE 0.11 0.06 0.04 0.04 0.04 0.08 0.05 0.05 0.05 0.05 0.05 0.07
Skewness -0.55 0.01 0.35 0.57 0.25 -0.53 -0.22 0.18 -0.28 0.41 -0.08 -0.46
Kurtosis 0.72 0.39 0.66 -0.07 -0.22 0.97 -0.55 -0.34 -0.70 0.27 -0.45 0.24

Male CAl CA2 CA3 CA4 CAS CA6 CA7 CAS8 CA9  CA10 CAll CAIl12
cv 3.25 4.88 6.29 7.19 4.87 6.08 5.04 5.55 6.92 3.83 4.52 5.26
SD 0.78 0.51 0.27 0.30 0.31 0.60 042 0.39 0.39 0.38 0.33 0.48
\% 0.60 0.26 0.07 0.09 0.10 0.36 0.17 0.15 0.16 0.14 0.11 0.23
Mean 2394 1038 4.28 4.23 6.45 9.93 8.31 6.96 5.70 9.90 7.36 9.04
Median 23.88  10.30 4.26 4.20 6.37  10.06 8.31 6.98 5.74 9.89 7.39 9.08
Max 2555 1145 5.12 5.03 721 11.29 9.04 7.82 6.51 10.82 7.95 10.10
Min 22.46 9.07 3.84 3.82 5.73 8.98 7.44 6.11 4.95 9.24 6.74 7.84
N 35 35 35 35 35 35 35 35 35 35 35 35
SE 0.13 0.09 0.05 0.05 0.05 0.10 0.07 0.07 0.07 0.06 0.06 0.08
Skewness 0.25 0.23 0.80 0.76 0.50 0.10 -0.25 0.14 -0.17 0.82 -0.10 -0.20
Kurtosis -0.65 0.57 1.39 0.28 0.55 -0.60 -0.45 0.13 -0.48 0.75 -0.81 0.45

Female CAl CA2 CA3 CA4 CAS CAb6 CA7 CA8 CA9  CAI0  CAll  CAI2

cv 4.39 3.76 6.87 6.21 6.09 7.45 5.28 5.94 7.31 3.87 5.65 7.14
SD 1.04 0.39 0.29 0.26 0.39 0.73 0.44 0.42 0.43 0.38 0.42 0.63
\% 1.09 0.15 0.08 0.07 0.15 0.53 0.20 0.17 0.18 0.14 0.17 0.39
Mean 23.77  10.39 4.20 421 6.35 9.80 8.38 7.02 5.81 9.80 7.35 8.77
Median 2395 1049 421 4.18 6.32 9.86 8.43 7.00 5.89 9.79 7.37 8.74
Max 2542 10.88 4.79 4.65 7.07  10.85 922 7.89 644  10.54 8.09 9.72
Min 20.85 9.52 3.58 3.80 5.72 7.59 7.47 6.31 4.88 9.07 6.43 7.35
N 28 28 28 28 28 28 28 28 28 28 28 28
SE 0.20 0.07 0.05 0.05 0.07 0.14 0.08 0.08 0.08 0.07 0.08 0.12
Skewness -0.86 -0.61 -0.02 0.17 0.24 -0.91 -0.22 0.20 -0.48 -0.07 -0.07 -0.34
Kurtosis 0.70 -0.74 -0.21 -1.03 -0.77 1.62 -0.56 -0.70 -0.68 -0.64 -0.36 -0.30
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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.

All MIL MIwW M2L M2W mlL mlW m2L m2W
cv 3.95 3.87 4.98 5.79 3.83 3.39 4.38 4.59
SD 0.34 0.35 0.28 0.35 0.46 0.17 0.30 0.20
\% 0.12 0.12 0.08 0.12 0.21 0.03 0.09 0.04
Mean 8.63 8.97 5.62 6.08  12.09 5.01 6.77 4.28
Median 8.60 8.97 5.61 6.03 1212 5.01 6.77 4.28
Max 9.58 9.69 6.32 6.87 13.26 5.47 7.67 4.98
Min 7.98 8.14 5.07 519  10.75 4.59 6.15 3.79
N 62 63 63 63 63 62 63 63
SE 0.04 0.04 0.04 0.04 0.06 0.02 0.04 0.02
Skewness 0.31 0.06 0.16 0.30 -0.08 0.24 0.25 0.56
Kurtosis -0.17 -0.49 -0.50 0.02 0.34 0.95 0.42 1.84

Male MIL MIwW M2L M2W mlL mlW m2L m2W
Ccv 4.05 3.85 5.04 4.92 4.05 3.63 4.01 3.67
SD 0.35 0.35 0.28 0.30 0.49 0.18 0.27 0.16
\Y 0.12 0.12 0.08 0.09 0.24 0.03 0.07 0.02
Mean 8.56 8.98 5.59 6.04 12.14 5.02 6.78 4.31
Median 8.52 8.97 5.55 6.00 1222 5.01 6.78 4.28
Max 9.58 9.69 6.12 6.78 13.14 5.47 7.36 4.65
Min 7.98 8.41 5.07 545 1075 4.65 6.33 4.04
N 35 35 35 35 35 34 35 35
SE 0.06 0.06 0.05 0.05 0.08 0.03 0.05 0.03
Skewness 0.74 0.30 -0.04 0.36 -0.58 0.34 0.14 0.49
Kurtosis 0.77 -0.73 -1.01 -0.11 0.54 0.74 -0.43 -0.45

Female MIL MIW M2L M2W mlL mlW m2L m2W

Cv 3.69 3.95 4.88 6.69 3.55 3.12 4.89 5.54
SD 0.32 0.35 0.28 0.41 0.43 0.16 0.33 0.24
\% 0.10 0.12 0.08 0.17 0.18 0.02 0.11 0.06
Mean 8.71 8.95 5.67 6.13 1204 5.00 6.75 4.25
Median 8.75 8.98 5.63 6.11 12.02 5.01 6.77 4.25
Max 9.32 9.55 6.32 6.87 13.26 5.36 7.67 4.98
Min 8.00 8.14 5.20 519  11.34 4.59 6.15 3.79
N 27 28 28 28 28 28 28 28
SE 0.06 0.07 0.05 0.08 0.08 0.03 0.06 0.04
Skewness -0.20 -0.21 0.48 0.10 0.76 -0.04 0.38 0.81
Kurtosis -0.40 -0.18 -0.07 -0.18 1.07 1.51 1.02 2.39
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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, | 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.

Normality Lognormality
(p -value) (p -value)
BM — 0.0407*
ASl1 0.9327 —
AS2 0.0110%* —
AS3 0.0318* —
AS4 0.2639 —
ASS 09133 —
AS6 0.1112 —
AS7 0.6688 —
AS8 0.7443 —
AS9 0.4186 —
AS10 0.1071 —
ASI11 0.0708 —
AS12 0.0813 —
CAl 0.2151 —
CA2 0.6173 —
CA3 0.7980 —
CA4 0.0551 —
CA5 0.2477 —
CA6 0.1174 —
CA7 0.5758 —
CA8 0.8976 —
CA9 0.2384 —
CA10 0.3825 —
CAll 0.7214 —
CAl12 0.4109 —
MIL 0.5828 —
M1 W 0.6853 —
M2 L 0.6674 —
M2 W 0.2900 —
ml L 0.7718 —
ml W 0.2047 —
m2 L 0.6815 —
m2 W 0.1342 —

Table 6. Pearson’s correlation coefficient between the
body mass and each measurement. Abbreviations are shown
in Figure 1 and Tables 1-4.

AS1 0.20 M1 L -0.03
AS2 0.25 M1 W -0.04
AS3 0.29 M2 L 0.17
AS4 0.33 M2 W 0.03
ASS 0.23 ml L -0.04
AS6 0.34 ml W 0.02
AS7 0.01 m2 L 0.01
AS8 0.01 m2 W 0.02
AS9 0.18
AS10 0.12
AS11 0.42
AS12 0.37
CA1l 0.30
CA2 0.17
CA3 -0.05
CA4 0.37
CAS 0.25
CA6 0.37
CA7 0.47
CAS8 0.27
CA9 0.41
CA10 0.35
CAll 0.23
CA12 0.08
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