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Abstract.
     7Ke intraVXEVSecific variationV of tKe aGXOt aVtraJaOar anG caOcaneaO Vi]eV of OivinJ -aSaneVe raccoon 
GoJ� Nyctereutes procyonoides viverrinus �0aPPaOia� Carnivora� CaniGae�� Zere e[aPineG to PaNe 
EaVic Gata in conViGerinJ tKe variationV of foVViO PaPPaOian EoneV� 7Ke VSeciPenV conViVt of �� aGXOt 
inGiviGXaOV ��� PaOeV anG �� fePaOeV�� 7Ke Gata conViVt of �� PeaVXrePentV for EotK tKe aVtraJaOXV anG 
caOcaneXP ZitK a EoG\ PaVV anG firVt anG VeconG PoOar Vi]eV� 7Kere iV no ViJnificant Ve[XaO GiPorSKiVP 
in aOO tKe PeaVXrePentV� 7Ke coefficientV of variation �C9� of tKe aVtraJaOar anG caOcaneaO Vi]eV ranJe 
froP ��� to ��� anG froP ��� to ���� reVSectiveO\� iPSO\inJ tKat tKe Vi]e variationV of tKeVe tZo EoneV are 
reOativeO\ OoZ� 7KeVe C9V of tKe tZo EoneV are aV OoZ aV tKoVe of tKe firVt anG VeconG PoOarV ����±����� 
7Ke correOation coefficient EetZeen tKe EoG\ PaVV anG eacK aVtraJaOar anG caOcaneaO PeaVXrePent 
ranJeV froP ����� to ����� iPSO\inJ tKat tKe correOation EetZeen tKe EoG\ PaVV anG tKe aVtraJaOar anG 
caOcaneaO Vi]eV ZitKin N. procyonoides viverrinus iV OoZ or aOPoVt aEVent�
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Introduction

T su b amoto ( 2 0 1 9 a )  investigated intraspecific 
( intrasub specific )  variations of t h e astragalar and 
calcaneal sizes in living Japanese monk ey ,  Macaca 
fuscata fuscata ( G ray ,  1 8 7 0 )  ( M ammalia,  P rimates,  
C ercopith ecidae) ,  to mak e b asic data in considering th e 
variations of fossil mammalian b ones.  H ere,  in addition,  
I  investigate intrasub specific variations of th e adult 
astragalar and calcaneal sizes in living Japanese racoon 
dog,  Nyctereutes procyonoides viverrinus ( T emminck ,  
1 8 3 8 )  ( M ammalia,  C arnivora,  C anidae) .  A lth ough  th e 
craniodental specimens of N. procyonoides viverrinus 
h ave b een w ell  investigated ( Y amamoto ,  1 9 8 3 ;  
Y osh imura,  1 9 8 3 ;  M ach ida and Saito,  1 9 8 6 ;  H arada et 
al . ,  1 9 8 9 ,  1 9 9 2 ;  K auh ala et al . ,  1 9 9 8 ;  A sah ara,  2 0 1 3 ,  
2 0 1 4 a,  2 0 1 4 b ;  T sub amoto,  2 0 1 5 ;  A sah ara and T ak ai,  
2 0 1 7 ) ,  its postcranial b ones h ave b een rarely  studied.  
T h e sizes of th e limb  b ones including th e astragalus and 
calcaneum are usually  more related to th e b ody  size of 

animals th an th e sizes of th e craniodental specimens,  so 
th at th e sizes and th eir variations of th e limb  b ones are 
more useful for th e paleoecological analy ses using b ody  
size th an th ose of th e craniodental specimens.

Material and methods

A ll sk eletal specimens of N. procyonoides viverrinus 
ex amined h ere are h oused in P rimate R esearch  I nstitute,  
K y oto U niversit y ,  I nuy ama,  Japan.  T h e specimens 
consist of 6 3  adult individuals ( 3 5  males and 2 8  females)  
( A ppendix  T ab le A 1 ) .  T h e specimens h aving erupted 
th ird molars and/ or fused epiph y ses of th e long limb  
b ones w ere identified as of adult individuals.  T h e 
measurement positions of th e astragalus and calcaneum 
( 1 2  measurements for each  b one)  are indicated in F igure 
1 .  F or comparison,  th e b ody  masses of th e individuals 
w ere tak en from th e data b ase of th e institute,  and th e 
length  and w idth  of th e first and second molars of th e 
individuals w ere also measured.  T h e units of th e linear 
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Figure 1.  M easurement positions of th e astragalus and calcaneum of Nyctereutes procyonoides viverrinus ( M ammalia,  
C arnivora,  C anidae)  ( after T sub amoto,  2 0 1 4 ,  2 0 1 9 a,  2 0 1 9 b ;  T sub amoto et al. ,  2 0 1 6 ) .  A ,  left astragalus:  A 1 – A 2 ,  dorsal ( anterior)  
view ;  A 3 ,  distal view ;  A 4 ,  lateral view ;  A 5 ,  medial view .  Linear measurements. — A S1 ,  medio- lateral w idth  of th e tib ial troch lea;  
A S2 ,  prox imo- distal length  of th e lateral troch lear ridge of th e tib ial troch lea;  A S3 ,  prox imo- distal length  of th e medial 
troch lear ridge of th e tib ial troch lea;  A S4 ,  medio- lateral w idth  of th e astragalus;  A S5 ,  prox imo- distal length  of th e astragalus;  
A S6 ,  prox imo- distal length  of th e central part of th e tib ial troch lea;  A S7 ,  medio- lateral w idth  b etw een th e medial and lateral 
troch lear ridges of th e tib ial troch lea;  A S8 ,  dorso- ventral th ick ness of th e lateral part of th e astragalus;  A S9 ,  dorso- ventral 
th ick ness of th e medial part of th e astragalus;  A S1 0 ,  neck - h ead length ;  A S1 1 ,  w idth  of th e h ead;  A S1 2 ,  th ick ness of th e h ead.  
B,  left calcaneum:  B 1 ,  dorsal ( anterior)  view ;  B 2 ,  lateral view ;  B 3 ,  distal view .  Linear measurements. — C A 1 ,  calcaneal length ;  
C A 2 ,  calcaneal w idth  at th e astragalar articular surfaces;  C A 3 ,  w idth  of th e posterior astragalar articular surface;  C A 4 ,  w idth  
of th e posterior calcaneal b ody ;  C A 5 ,  w idth  of th e tub erosity ;  C A 6 ,  length  of th e posterior calcaneal b ody ;  C A 7 ,  length  of th e 
posterior astragalar articular surface;  C A 8 ,  w idth  of th e articular surface for th e cub oid;  C A 9 ,  h eigh t of th e articular surface 
for th e cub oid;  C A 1 0 ,  h eigh t at th e posterior astragalar articular surface;  C A 1 1 ,  h eigh t at th e posterior calcaneal b ody ;  C A 1 2 ,  
h eigh t at th e tub erosity .
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measurements and b ody  mass are millimeter ( mm)  and 
gram ( g) ,  respectively .  T h e linear measurements w ere 
tak en to th e nearest of 0 . 0 1  mm using digital calipers 
and w ere tak en mostly  on th e left side w h en availab le.  
T h e analy ses w ere carried out mostl y  using E x cel 
( M icrosoft)  and JM P  ( SA S I nstitute I nc. ) ,  w ith  V I SU A L -
S I L V E R M A N  ( K usuh ash i and O k amoto,  2 0 1 5 )  for 
Silverman’ s test ( Silverman,  1 9 8 1 ,  1 9 8 3 ) .

Abbreviations . — A S1 – A S1 2 ,  measurement positions 
of th e astragalus sh ow n in F igure 1 A ;  C A 1 – C A 1 2 ,  
measurement positions of t h e calcaneum sh ow n in 
Figure 1B; CV, coefficient of variation (unbiased); M1–
M2/m1–m2, upper/lower first/second molars.

Results and remarks

T h e b asic statistics and distri b utions of all t h e 
measurements of th e specimens are sh ow n in T ab les 1 – 4 ,  
F igures 2 – 5 ,  and A ppendix  F igures A 1 – A 2 .

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

th ere is no significant difference b etw een males and 
females ( sex ual dimorph isms)  in all measurements 
of th e b ody  mass,  astragalus,  calcaneum,  and molars 
( A ppendix  F igures A 1 – A 2 ) .  E ach  size distrib ution of 
th e adult measurements including th e b ody  mass and 
M 1 – M 2 / m1 – m2  is superficially  unimodal generally  
( F igures 2 – 5 ) .  T h e tests of th e normality  for th e linear 
measurements and log- normality  for th e b ody  mass ( 5 %  
significance level)  w ere applied to th e measurements.  
M ost of th e measurements could not rej ect th e null 
h y poth esis,  b ut some measurements rej ected it ( T ab le 
5 ) .  T o test th e multimodality  of each  adult measurement,  

Silverman’ s test ( 5 %  significance level)  ( Silverman,  
1 9 8 1 ,  1 9 8 3 )  w as applied.  A ll th e measurements ex cept 
th e b ody  mass could not rej ect th e unimodal h y poth esis,  
and th e b ody  mass rej ected th e unimodal h y poth esis and 
could not rej ect th e b imodal h y poth esis.  T h e distrib ution 
of the body mass can be identified as bimodal according 
to Silverman’ s test and also th e h istogram ( F igure 2 ) :  
th e main peak  at 3 , 0 0 0 – 3 , 2 5 0  g and th e second peak  
at 4 , 5 0 0 – 4 , 7 5 0  g.  T h is is not caused b y  t h e sex ual 
dimorph ism ( F igure 2 ;  T ab le 1 ) .  T h e reason for th is 
b imodality  is unclear.

Coefficient of variation
T o see and compare th e degree of variation,  C V  is 

calculated.  C V s of th e astragalar and calcaneal sizes 
range from 3 . 7  to 5 . 9  and from 3 . 8  to 7 . 1 ,  respectively  
( T ab les 2 – 4 ) ,  imply ing th at th e size variations of th ese 
tw o b ones are relatively  low  and are low er th an th ose 
of Japanese monk e y  ( C V s :  6 . 5 – 9 . 1  and 6 . 9 – 1 0 . 8 ,  
respectively ;  T sub amoto,  2 0 1 9 a) .  T h ese C V s of th e tw o 
b one sizes are as low  as th ose of th e first and second 
molar sizes ( 3 . 4 – 5 . 8 ) .  I f w e calculate C V  separating 
t h e specimens into males and females,  C V s of t h e 
adult astragalar and calcaneal sizes range as follow s:  
astragalus ( male) ,  3 . 9 – 6 . 1 ;  astragalus ( female) ,  3 . 4 – 6 . 2 ;  
calcaneum ( male) ,  3 . 3 – 7 . 2 ;  calcaneum ( female) ,  3 . 8 – 7 . 5 .  
T h ese C V s of th e tw o b ones ( separating males and 
females)  are as low  as th ose of th e sub species ( uniting 
males and females) .

Table 1.  B asic statistics of th e b ody  mass ( in gram) .  SD ,  
standard deviation ( unb iased) ;  V ,  variance ( unb iased) ;  M ax ,  
max imum value;  M in,  minimum value;  N ,  sample size;  SE ,  
standard error ( unb iased) .

Figure 2.  H istogram and b ox  plot of th e b ody  mass ( B M ) .  
T h e b ox  plot sh ow s q uartiles w ith  arith metic mean ( diamond)  
and w h isk ers from minimum to max imum w ith  2 . 5 th ,  1 0 th ,  
90th, and 97.5th percentiles. Green line indicates the fitting 
for log- normal distrib ution.  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 th e astragalus sh ow n in F igure 1 A .  O th er ab b reviations are indicated in T ab le 1 .
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Figure 3.  H istograms and b ox  plots of th e astragalar measurements.  R ed line indicates th e fitting for th e normal 
distrib ution.  T h e ex planations of th e b ox  plots are sh ow n in F igure 2 .  A b b reviations are sh ow n in F igures 1 – 2 .
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Table 3.  B asic statistics of th e calcaneal measurements ( in mm) .  C A 1 – C A 1 2 ,  measurement points of th e calcaneum 
sh ow n in F igure 1 B .  O th er ab b reviations are indicated in T ab les 1 – 2 .
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Figure 4.  H istograms and b ox  plots of th e calcaneal measurements.  T h e ex planations of th e b ox  plots are sh ow n in F igure 
2 .  A b b reviations are sh ow n in F igures 1 – 2 .
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Table 4.  B asic statistics of th e molar measurements ( in mm) .  M 1 – M 2 / m1 – m2 ,  upper/ low er molars;  L ,  max imum length ;  W ,  
max imum w idth .  O th er ab b reviations are indicated in T ab les 1 – 2 .
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Figure 5.  H istogram and b ox  plot of th e measurements of M 1 – M 2 / m1 – m2 .  T h e ex planations of th e b ox  plots are sh ow n 
in F igure 2 .  L ,  max imum length ;  W ,  max imum w idth .  O th er ab b reviations are sh ow n in F igures 2 – 3 .

Correlation with body mass
The correlation coefficients between the body mass 

and th e astragalar and calcaneal measurements are 
generally  h igh er th an th ose b etw een th e b ody  mass and 
th e molar measurements ( T ab le 6 ;  A ppendix  F igure 
A3). The correlation coefficient between the body mass 
and each  astragalar measurement ranges from 0 . 0 1  to 
0 . 4 2 ;  th at b etw een th e b ody  mass and each  calcaneal 
measurement ranges from - 0 . 0 5  to 0 . 4 7 ;  and t h at 
b etw een th e b ody  mass and each  molar measurement 
ranges from - 0 . 0 4  to 0 . 1 7  ( T ab le 6 ) .  T h ese results imply  
th at th e correlation b etw een th e b ody  mass and th e adult 

astragalar and calcaneal sizes w ith in th e sub species N. 
procyonoides viverrinus is low  or almost ab sent.  

Concluding remarks
H ere,  I  investigated intrasub specific variations of 

th e various astragalar and calcaneal sizes in th e adult 
specimens of living N. procyonoides viverrinus .  T h e 
sizes of th e tw o b ones of th is sub species did not sh ow  
any  sex ual dimorph ism.  T h e results w ill b e additional 
b asic data in interpreting th e variations of mammalian 
astragali and calcanea discovered in paleontological and 
arch aezoological sites.
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Table 5.  G oodness- of- fit tests of th e fittings for th e 
normal and log- normal distrib utions.  T h e normal test is for 
th e linear measurements,  and th e log- normal test is for th e 
b ody  mass.  T h e Sh apiro- W ilk  and K olmogorov- Smirnov 
tests w ere used for th e tests of normality  and log- normality ,  
respectively .  * ,  p - value <  0 . 0 5 .  A b b reviations are sh ow n in 
F igures 1 – 2  and T ab les 1 – 4 .
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A ppendix  ( T ab le A 1  and F igures A 1 – A 3 )  is availab le 
from h ttp: / / w w w . sci. eh ime- u. ac. j p/ w p/ research / b ulletin/ .




