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Geographical Variations of the Skull in the Red Fox
Vulpes vulpes on the Japanese Islands:
An Exception to Bergmann’s rule
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'Department of Natural History Sciences, Graduate School of Science, Hokkaido University,
Sapporo 060-0810, Japan
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In order to clarify the morphological differences between two subspecies of the red fox (Vulpes
vulpes) on the Japanese Islands and test the validity of Bergmann’s rule, we examined geographical
variations in 25 cranial and 24 dental characters in V. v. schrencki from Hokkaido and V. v. japonica
from the other main islands of Japan (Honshu, Shikoku, and Kyushu). Many skull measurements,
including the male greatest length, condylobasal length, and the length of upper and lower tooth
rows, were significantly larger for V. v. japonica than for V. v. schrencki, whereas most tooth mea-
surements, especially the length of molars and premolars, in V. v. schrencki were larger than those
in V. v. japonica. Although the two subspecies were morphologically well-differentiated from each
other, the results did not support that they have evolved following Bergmann’s rule of adaptation
to cold climates. Based on consideration of the relatively large differences of their tooth sizes,
which are not easily influenced by food abundance, and previous genetic research on the different
migration histories of the two subspecies, the morphological differences detected in the present
study may have resulted not only from the present ecological differences between the two subspe-
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cies, but also from the difference of migration history and evolutionary constraints.

Key words: Bergmann’s rule, Blakiston’s line, morphology, red fox, skull, Vulpes vulpes

INTRODUCTION

The fauna of Hokkaido Island, the northernmost of the
Japanese Islands, is separated from the other main islands
of Japan (Honshu, Shikoku, and Kyushu) by Blakiston’s line
(referring to the Tsugaru strait) (Fig. 1; Blakiston and Pryer,
1880). This demarcation is thought to have played an impor-
tant role in forming the unique faunal composition of the
Japanese Islands (Dobson, 1994). Many species occurring
in Hokkaido, such as the brown bear (Ursus arctos), the sika
deer (Cervus nippon), and the Eurasian red squirrel (Sciurus
vulgaris), are not considered to be endemic (Abe et al.,
2005), whereas there are many endemic mammalian spe-
cies on the other main islands of Japan located southward
of Blakiston’s line. These endemic species account for about
40% of all the Japanese mammalian fauna (Abe et al.,
2005). On some species that are distributed across Blak-
iston’s line, genetic divergences between Hokkaido and the
other three main islands have been reported. For example,
the subspecies of the red fox (Vulpes vulpes) are genetically
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Fig. 1. Location of the Japanese Islands and sampling localities on
Honshu Island.
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differentiated across Blakiston’s line (Inoue et al., 2007).
Vulpes vulpes is widely distributed through almost entire
northern hemisphere including even desert and tundra
zones (Lariviere and Pasitschniak-Arts, 1996; Macdonald
and Reynolds, 2004). Although 44 subspecies of this spe-
cies were recognized by Lariviere and Pasitschniak-Arts
(1996), their taxonomic status still requires reconsideration
(Macdonald and Reynolds, 2004). In Japan, V. vuipes is dis-
tributed on all four main islands, and thus across Blakiston’s
line (Abe et al., 2005; Uraguchi, 2009). The Hokkaido pop-
ulation is classified as one subspecies V. v. schrencki,
whereas those of in the other three main islands are classi-
fied a different subspecies, V. v. japonica. Based on a few
samples, Imaizumi (1960) reported that V. v. schrencki had
larger body sizes than V. v. japonica and that the coat colors
were different between the two subspecies. In contrast, a
comparison of body measurements of V. vulpes populations
from several regions in Japan showed no clear differences
between the two subspecies (Tsukada, 1997; Uraguchi,
2009). Although skulls of the subspecies were also mea-
sured in a relatively large numbers of samples, cranial val-
ues of the Japanese subspecies of V. vulpes often varied in
different researches (Sasakawa, 1984; Takeuchi, 1995).
Therefore, it is difficult to simply compare the results of
these measurements. To our knowledge,
there have been no reports on direct com- A
parisons of the skulls between the two sub- <

GL

T. Qishi et al.

Table 1. Numbers and localities of samples examined in the pres-
ent study.
Localities Numbers
Subspecies Sex
Island Prefecture Male Female Total
unknown

V. v. schrencki Hokkaido 44 41 4 89
V. v. japonica Honshu 17 19 25 61
Miyagi 0 0 1 1

Tochigi 12 12 1 25

Gunma 0 1 1 2

Ibaraki 1 1 0 2

Tokyo 0 2 0 2

Yamanashi 1 0 0 1

Nagano 2 2 5 9

Gifu 0 0 9 9

Hyogo 0 0 1 1

Okayama 0 0 7 7

Yamaguchi 1 1 0 2

Shikoku 1 2 0 3

Kyushu 4 2 1 7

Subtotal 22 23 26 71

Total 66 64 30 160

species with large sample numbers to date. NL

<
€

Bergmann’s rule states that the body

>
P

Y.

size of a northern race is generally larger / % 4

than that of a southern one, the result of 3“ — e b E s B

adaptation to the colder climate (Bergmann, & = FErn D

1847). Because the Japanese Islands cover w3

a wide expanse of latitude, morphological RL v CL (

variations of many mammals in Japan fol-
low Bergmann’s rule. For example, Haba et
al. (2008) reported that the raccoon dog
(Nyctereutes procyonoides) in Japan fol-
lows the rule, with larger skulls in the north-
ern subspecies N. p. albus in Hokkaido
than those of N. p. viverrinus in the other
main islands.

In the present study, to investigate
effects of geographical isolation by Blak-
iston’s line and clarify the morphological dif-
ferences between the two subspecies of V.
vulpes in Japan, especially from the view of

CH

testing Bergmann'’s rule, geographical vari-
ations in skull and tooth morphology were
examined. We further discuss possible fac-
tors causing the differentiation, from eco-
logical and natura! historical viewpoints.

MATERIALS AND METHODS

Sample collection
A total of 89 skull specimens of V. v.

A

schrencki (44 males; 41 females; and 4 sex
unknown) and 71 of V. v. japonica (22 males; 23
females; and 26 sex unknown) were examined
(Table 1). The specimens of subspecies

schrencki were collected widely from Hokkaido  abbreviations.

CBL

Y

Fig. 2. Skull and tooth measurements of the red fox (Vulpes vuipes) used in the present
study. (A) dorsal view of cranium, (B) lateral view of skull, (C) ventral view of cranium, (D)
lateral view of maxilla, and (E) ventral view of maxilla. See text and Tables 2 and 4 for the
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by the Hokkaido prefectural government. Most V. v. schrencki spec-
imens were caught during December of 2005 through February of
2006. The skulls of V. v. japonica were preserved in Ibaraki Nature
Museum, Kyoto University Museum, Wildlife Community Center,
Kitakyushu Museum of Natural History and Human History, Shikoku
Institute of Natural History, Tochigi Prefectural Museum, and
National Museum of Nature and Science, Tokyo. In both subspe-
cies, individuals that were considered younger than one year old
were eliminated from analysis after estimating their ages by the
presence of crests, the closure of cranial structures, dentition, and
the date of collection, as this species gives birth usually from March
to May (Maekawa et al., 1980) and stops growing at 11 months old
(Sasakawa, 1984).

Measurement points in skulls

Following the definitions of Saito (1963), Sasakawa (1984) and
Haba et al. (2007), we measured 25 cranial and mandible variables
(Fig. 2): rostrum length (RL), greatest length (GL), nasal length
(NL), rostrum width {RW), interorbital constriction (IC), postorbital
width (PW), postorbital constriction (PC), zygomatic width (ZW),
sphenion width (SphW), cranial width (W), skull height (SH), condy-
lobasa! length {(CBL), length of upper tooth row (UT), palatal length
(PL), distance between the first upper molars (MD), mastoid width
(MtW), occipital condyle width (OCW), mandible length (ML), length
of lower tooth row (LT), mandibular height (MH), from angular pro-
cess to coronoid process (ACP), jaw thickness (JT), distance
between the alveoli of the canine and the p1 (c-p1), length of p1-

p4 (p1-p4) and length of m1-m3 (m1-m3). A total of 24 dental vari-
ables were measured (Fig. 2): length of upper canine (CL), width of
upper canine (CW), height of upper canine (CH), length of upper
premolar (P1L, P2L, P3L and P4L), width of upper fourth premolar
(P4W), length of upper molar (M1L and M2L), width of upper molar
(M1W and M2W), length of lower canine (cL}), width of lower canine
(cW), height of lower canine (cH), length of lower premolar (piL,
p2L, p3L and p4L), width of lower fourth premolar (p4W), length of
lower molar (m1L and m2L) and width of lower molar (m1W and
m2W). All measurements were obtained to the nearest 0.01 mm by
a digital caliper.

Sexual dimorphisms in skull dimensions have been reported in
this species (Sasakawa, 1984}, so we examined the differences of
each measurement between the sexes of both subspecies with
Aspin-Welch's t-test. Specimens without information on sex were
not included to this test. Except for P1L, P2L, M2L, M2W, ¢W, piL,
m2L and m2W, there were significant sexual differences in V. v.
schrencki, V. v. japonica, or both. For measurements without sig-
nificant sexual differences, Aspin-Welch'’s t-test was used to com-
pare differences between subspecies without sexual distinctions.
For all other measurements, the differences were compared by
Aspin-Welch's t-test for each sex. Principal component analysis
(PCA) and stepwise discriminate analysis were used to clarify the
intersubspecific variations for skull and tooth measurements for
each sex. All analyses for Aspin-Welch’s t-test were performed with
Microsoft Excel X and the other statistical analyses were done with
STATISTICA version 06J (StatSoft Japan).

Table 2. Skull measurements of the two Japanese subspecies of Vulpes vulpes, results of Aspin-Welch's t-test (P) and discriminant coeffi-
cient from stepwise discriminant analysis. “*”, “**” and “NS” indicate P < 0.05, P < 0.01 and P > 0.05, respectively. The bold letters in the rows
of mean values indicate that they were significantly larger than the same measurement point in the other subspecies. Hyphens show variables

not selected for the stepwise discriminant analysis.

Abbreviations Full names Mean (SD) P value Discriminant coefficient?
of the of the V. v. schrencki V. v. japonica
measurement measurement Fomalo Male Female Male Female Male Female Male
RL Rostrum length 60.4 (2.6) 63.0 (3.3) 61.3 (2.7) 65.8 (3.0) NS ** - -1.057
GL Gratest length 136.8 (5.3) 142.7 (6.3) 138.7 (4.7) 147.3 (59) NS  * - -
NL Nasal length 53.2 (2.9) 56.4 (3.3) 55.0 (2.6) 58.2 (3.6) * NS -0.650 -
RW Rostrum width 223 (1.0) 23.7 (1.3) 23.2(1.1) 24.6 (1.5 bl * -0.388 -
IC Interorbital constriction 258 (1.5) 276 (1.7) 254 (1.4) 27.0 (1.5) NS NS 1.468 -1.025
PW Postorbital width 319 (2.6) 34.5(29) 33.0(2.0) 35.0(2.6) NS NS - -
PC Postorbital constriction 212 (1.1) 218 (1.4) 214 (1.0) 219 (1.2) NS NS -1.285 1.326
ZW Zygomatic width 71.3 (2.6) 749 (2.9) 73.9 (2.3) 78.5 (3.6) xe xe -1.075 1.235
Sphw Sphenion width 357 (1.1) 367(12) 357 (1.4) 362(13) NS NS - -1.203
W Cranial width 453 (1.1) 46.7 (1.3) 453 (1.1) 46.9 (1.1) NS NS 0.545 -
SH Skull height 479 (14) 496 (1.2) 475 (1.0) 494 (1.6) NS NS 0.416 -1.092
CBL Condylobasal length 133.6 (4.8) 138.8 (5.7) 135.7 (4.3) 143.8 (5.3) NS x> - 2.628
ut Upper tooth row fength 61.4 (2.1) 63.4(3.0) 60.8(1.7) 642(24) NS NS -0.654 -1.068
PL Palatal length 70.4 (2.7) 73.1 (3.5) 729 (27) 752 (7.4) » NS - -
MD Distance bitween upper M1s 171 (1.1) 175 (1.3) 17.8 (0.7) 19.1 (1.2) " i -0.128 -
MW Mastoid width 443 (15) 452 (15) 439 (1.1) 460(1.6) NS NS 1.425 -
oCcwW Occipital condyle width 249 (09) 254 (1.2) 25.7 (1.0) 26.5 (0.7) > b -0.476 0.360
ML Mandible length 102.9 (3.9) 107.6 (4.6) 105.2 (3.5) 112.3 (4.7) * ** -1.148 1.964
LT Lower tooth row length 68.7 (3.2) 71.5(34) 687 (1.9) 72.6 (2.9) NS NS - -
MH Mandibular height 145 (1.0) 152 (1.2) 148 (0.9) 16.1 (1.2) NS ** - -
ACP angular - coronoid process 36.2 (1.8) 37.7 (22) 363 (1.6) 388 (2.3) NS NS 0.933 -1.424
JT Jaw thickness 261 (1.6) 27.3(1.8) 268 (1.0) 278 (24) NS NS -0.445 —0.473
c—p1 Distance between canine and p1 3.6 (1.1) 3.8 (0.9) 4.3 (0.6) 4.8 (0.8) - = - -
p1-p4 Length of lower premolars 329 (14) 339(1.8) 322(1.3) 345(1.4) * NS 0.986 -
m1i-m3 Length of lower molars 24.8 (0.9) 25.7 (1.3) 24.0 (1.2) 24.7 (1.1) o ** 0.664 -0.650
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RESULTS
Skull measurements

T. Oishi et al.

Table 3. Factor loading values for each measurement, eigenvalues, and contri-
bution rates in principal component analyses.

According to the Aspin-Welch’s t-test Skl Tooth
between the two subspecies, two skull measure- ~ Measurement Female Male Measurement __Female Male
ments from female specimens (NL and PL), four ~ Po™ PCi PC2 PC1 PC2 Point PC1 _PC2 PC1 PC2
from male (RL, GL, CBL and MH), and six from  RL 085 —0.39 089 034 CL 057 056 0.64 0.19
both sexes (RW, ZW, MD, OCW, ML and c-p1)  GL 0.90 030 093 -029 CW 0.60 050 074 027
were significantly larger for japonica than N- 072 028 079 -0.28 CH 029 044 072 0.21
schrencki (P < 0.05). In contrast, the length of :ZB g'gg g'ii g‘Z? g‘gg E;t g'gj :gg: g';: 'g'ig
lower premolars (p1-pd) in fem,"’"es and the ., 060 053 042 071 P3L 0.84 -0.26 0.88 -0.18
length of lower molars (m1-m3} in both sexes oo 033 065 007 071 PAL 065 —022 0.80 —0.21
were significantly larger in schrencki than g 077 041 083 033 P4W2 054 041 082 032
japonica (Table 2). In addition, most average val-  sphw 041 039 022 036 MIL 053 -0.10 081 005
ues for all other measurements, which were not w 052 032 059 0.14 MW 078 -0.12  0.85 -0.03
significantly different between subspecies, were  SH 056 010 069 019 M2L -017 002 047 051
larger in japonica than schrencki (Table 2). CBL 090 -0.24 0.95 -0.23 M2W 056 -0.20 062 025
In PCA using skull measurements, the first YT 0.79 041  0.88 —0.26 «cL 022 072 055 040
(PC1) and second (PC2) principal component Pt 0.86 -0.22 0.90 —0.24 W 053 062 082 029
axes respectively explained 43.6% and 13.0% of :‘:RN g'gg g'gi g'gg gig °'1"L g'gi _g'gz g'g 0.40
the total variations in females, as well as 52.3% ' ’ ’ e P ’ ) 64 032
; : 0GB 047 025 066 0.09 p2L 0.83 -0.35 0.81 -0.48
and 12.0% in males (Table 3). PC1 is loaded 089 -0.28 095 —0.21 paL 079 —0.28 0.87 —0.37
mainly on the length of skull in females, and the |t 081 —0.36 090 —0.27 piL 085 029  0.85 —0.38
length and width of skull in males. PC2 expresses  mH 061 017 072 012 paw 043 067 075 020
width positively, and length negatively in both  acp 073 -0.25 078 —0.11 miL 073 —0.20 0.93 -0.15
sexes (Table 3). Fig. 3 shows the individual JT 058 0.28 064 038 miw 072 030 0.86 —0.07
scores for the axes and the separation between  c-p1 062 039 068 0.16 m2aL 0.37 -0.04 062 024
the two subspecies. p1-p4 046 061 074 —0.36 m2W 063 005 075 017
In stepwise discriminant analysis of vixens, =~ M™1-m3 0.17 0.32 048 -0.1%
sixteen measurement points were selected in the Ef;:‘;'::n e 12‘22 gfg 1§'22 g'?z g;g 2‘?? 1‘2‘22 i;ﬁ
following order: I1C, MW, PC, ML, ZW, p1-p4, Cummurative : : ’ :
ACP, m1-m3, UT, NL, W, OCW, JT, SH, RW, contribution rate 0.44 056 052 0.64 0.36 0.51 0.58 067
and MD (Table 2). These variables correctly clas-
sified 100% of female skulls by subspecies. Thirteen vari-
ables were selected for distinguishing subspecies of males A Female
in the following order: CBL, ML, ACP, PC, ZW, SphW, SH, 6
UT, RL, IC, m1-m3, JT and OCW (Table 2). These variables
also correctly classified 100% of male skulls between sub- e "':,'.é:;;“l -------
species. ~ P A oo «® 7P e
201 d _©°mge0 8 L
Tooth measurements \O 88, e o
M1L of females, m1W of males and ten tooth measure- N %0 - -2
ments of both sexes (P2L, P3L, P4L, M1W, M2W, piL, p2L, N T
p3L, p4L and miL) were significantly larger for V. v. -6 o .
schrencki than V. v. japonica (P < 0.05, Table 4). in con- -10 -5 0 5 10
trast, cH and p4W of vixens and M2L and cL of both sexes PCl
were significantly larger for V. v. japonica than V. v. B Male
schrencki (P < 0.05, Table 4). 5. -
In PCA using tooth measurements, the first and second //-"’ N
principal component axes respectively explained of the total e - ’\'\o'\
variation 36.5% and 14.9% in females, 58.2% and 8.9% in 7 , o 0° ce B,
males (Table 3). PC1 is loaded mainly on the length of Solel § 6o 90 o 8 PN
molars and premolars in both sexes, and PC2 of both sexes A o eo o 0 é’ R
expresses sizes of canine positively, and length of molars > \0“9 “o. 0}./ _’ .
and premolars negatively (Table 3). These principle compo- | 7~ g -7
nents adequately distinguished between the two subspecies 5 . ) ) ,
in both sexes (Fig. 4). .10 5 0 5 10
In stepwise discriminant analysis of vixens, nine vari- PC1

ables were selected in the following order: P2L, p4W, p4L,
P4W, m1W, cL, P3L, CH and M2W (Table 4). These vari-
ables correctly classified 100% of female specimens

Fig. 3. Principal component analysis plots of female skulls (A) and
male skulls (B) of V. v. schrencki (open circles) and V. v. japonica
(closed circles).
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Table 4. The tooth measurements of the two Japanese subspecies of Vulpes vulpes, resuits of Aspin-Welch’s t-test (P), and discriminant
coefficient from stepwise discriminant analysis. “*”, “**” and “NS” indicate P < 0.05, P < 0.01 and P > 0.05, respectively. The bold letters in the
rows of mean values indicate that the significantly larger than the same measurement point of another subspecies. P1L, P2L, M2L, M2W, cW,
piL, m2L, and m2W were not separated into sexes because these measurements show no significant differences between sexes. 2Hyphens
show the variables not selected for the stepwise discriminant analysis.

Abbreviations Full names Mean (SD) P value Discriminant coefficient®
of the of the V. v. schrencki V. v. japonica
measument measurement Femalo Male Fomale NMalo Female Male Female Male
CL Upper canine length  6.21 (0.35) 6.73 (0.39) 6.29 (0.42) 6.76 (0.49) NS NS - -
CW Upper canine width  4.04 (0.19) 4.39 (0.29) 4.05 (0.18) 4.50 (0.83) NS NS - 0.745
CH Upper canine height 17.09 (1.23) 18.65 (1.19) 17.19 {0.94) 17.42 (3.33) NS NS 0.305 -
P1L Upper P1 length 4.63 (0.38) 470 (1.77) NS - -
PaL Upper P2 length 8.77 (0.53) 7.94 (0.59) b ~1.110 -
P3L Upper P3 length 9.44 (0.47) 9.63 (0.62) 8.83 (0.39) 9.25 (0.43) - - 0.360 -
P4L Upper P4 length 14.58 (0.51) 15.10 (0.76) 13.80 (0.70) 14.17 (1.37) b - - 0.842
P4W Upper P4 width 6.67 (0.39) 6.99 (0.65) 6.88 (0.49) 7.01 (0.55) NS NS 0.698 -
MI1L Upper M1 length 9.31 (0.38) 9.53 (0.54) 9.04 (0.40) 9.31 (0.69) ** NS - —0.772
M1W Upper M1 width 12.41 (0.57) 12.86 (0.73) 11.81 (0.72) 12.10 (0.93) > > - 0.485
M2L Upper M2 length 5.20 (0.41) 5.63 (0.94) = - —-0.707
Maw Upper M2 width 8.48 (0.50) 8.19 (0.66) ** 0.208 0.604
cL Lower canine length  6.42 (0.48) 6.95 (0.48) 6.90 (0.61) 7.37 (0.74) ** * 0.444 ~0.690
cW Lower canine width 4.26 (0.31) 4.35 (0.38) NS - -
cH Lower canine height 15.67 (0.87) 16.84 (0.98) 16.50 (1.38) 16.82 (1.33) * NS - -0.667
piL Lower P1 length 3.99 (0.33) 3.81 (0.24) > - -
p2L Lower P2 length 8.49 (0.39) 8.72 (0.67) 7.62 (0.52) 7.97 (0.43) * > - 0.767
paL Lower P3 length 8.87 (0.35) 9.19 (0.54) 8.32 (0.40) 8.63 (0.50) b b - -
p4L Lower P4 length 9.75 (0.38) 10.16 (0.55) 9.15 (0.37) 9.51 (0.45) ** ** -0.978 -
pawW Lower P4 width 3.74 (0.19) 4.00 (0.26) 3.93 (0.23) 4.06 (0.29) b NS 1.016 -1.062
miL Lower M1 length 15.00 (0.47) 15.48 (0.85) 14.46 (0.55) 14.74 (0.73) w* - - -
miw Lower M1 width 5.33 (0.25) 6.61 (0.35) 5.24 (0.23) 5.37 (0.30) NS ** -0.583 0.490
m2L Lower M2 length 7.00 (0.39) 6.97 (0.45) NS - -
m2w Lower M2 width 5.00 (0.35) 4.96 (0.32) NS - -
between subspecies. In contrast, eleven variables were
A Female selected for distinguishing subspecies of males in the follow-
5r ing order: p4W, P4L, M1L, p2L, CW, M2L, cL, cH, M2w,
Lo o miW and M1W (Table 4). These male dental variables also
’,o' o® : ’..h _____ —o correctly classified 100% of the two subspecies.
8o T A L & o /,/’ DISCUSSION
Yy 098 j,.xa' Morphological differences between the two subspecies
4 00 Sog” of V. vulpes
o.{',.- e The present study demonstrated that two Japanese sub-
5 . . , species of V. vulpes are morphologically differentiated from
-10 -5 0 5 10 each other. The skull measurements, which were chosen by
PCI the discriminant analyses in both sexes with significant dif-
B Male ferences between subspecies by t-test, were rostrum width
4 (RW), zygomatic width (ZW), the distance between the first
PR e upper molars (MD), occipital condyle width (OCW), mandi-
-~ ° .;'e-~ ble length (ML), distance between the alveoli of the canine
‘ ’.,0.,»@0""'55;' °, Q-\ and the p1 (c-p1), and length of lower molars (m1-m3).
o @{,,L-"" T8 o A Many tooth measurements, except for those of upper
A [ & 4 )a canines and lower molars, were significantly smaller in V. v.
\"\0\ @ 5o Q‘?,O‘e' japonica. Discriminant analyses also identified such mea-
R surements as useful in distinguishing the two subspecies.
4 . . ) , ‘ The differences between the two subspecies are summa-
-15 .10 5 0 5 10 rized as follows: V. v. schrencki from Hokkaido has a nar-
PC1 rower cranium and shorter mandible, with long molars and

Fig. 4. Principal component analysis plots of female teeth (A) and
male teeth (B) of V. v. schrencki (open circles) and V. v. japonica
{closed circles).

premolars, whereas V. v. japonica, of the other main islands
of Japan, is characterized by a wider skull and smaller
molars and premolars. In addition, no significant differences
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were indicated on the sizes related to braincases such as
sphenion width (SphW), cranial width (W), and skull height
(SH).

Vulpes vulpes on the Japanese islands, an exception to
Bergmann’s rule

Many skull measurements, including male greatest and
condylobasal length (GL and CBL, respectively), were sig-
nificantly larger for V. v. japonica than V. v. schrencki, and
the average values of the other skull measurements were
also relatively larger in japonica (Table 2). The results show
that V. vulpes in Japan does not follow Bergmann’s rule.
According to Ashton et al. (2000), 78 out of 110 mammalian
species show positive correlations between sizes and lati-
tudes, indicating that Bergmann’s rule is certainly a valid
generalization for mammals. Meiri and Dayan (2003)
reported that 57.4% (skull length) and 63.3% (dental length)
of mammalian measurements comply with Bergmann’s rule,
and that 82.1% of mammals follow the rule in their body
weight. Significant positive correlations between skull
lengths and latitudes were found in 50% of carnivore spe-
cies, while significant negative correlation was found in only
11% of species (Meiri et al.,, 2004). The previous studies
show that V. vulpes also followed Bergmann’s rule (see Meiri
et al., 2004). Meanwhile, some exceptions of Bergmann’s
rule have been also reported on the Japanese mammals
(e.g. Yoneda and Abe, 1976; Kaneko, 1988), including V.
vulpes. Takeuchi (1995) compared the skull measurements
of japonica from Tochigi Prefecture, central Honshu, with
those from other regions, and showed that their skulls
increase in size with decreasing latitudes. In addition,
Uraguchi (2009) reported that the total body length of V. v.
schrencki is slightly larger than that of V. v. japonica, but
that the average body weight of males was not different
between subspecies, and relatively smaller in female V. v.
schrencki. The present study agrees with the above previ-
ous studies of Takeuchi (1995) and Uraguchi (2009) on the
point of negative correlation.

Why does V. vuipes in Japan not follow the Bergmann’s
rule?

Bergmann’s rule is an empirical generalization, and
exceptions may occur (Mayr, 1956). Species that do not fol-
low Bergmann’s rule may be affected more by the following
elements than by latitude. Mayr (1963) and King (1989) sug-
gested that burrowing mammals often fail to follow
Bergmann’s rule as the microhabitat of a burrow protects
them from cold. Nearctic populations of Mustela species in
the family Mustelidae also deviate from the rule, due to the
negative correlation between latitude and size in Microtus,
the main prey of Mustela species (Ralls and Harvey, 1985).
Ashton et al. (2000) considered that, in Mustela, relation-
ships with prey may override other selective factors in deter-
mining body size. One of the key factors that determines
body size is likely to be food availability, and the spatial
distribution of key resources within the species range con-
stitutes a significant predictor of carnivore body size (see
Meiri et al., 2007). Factors influencing food availability may
also affect V. vulpes. However, because this species is
omnivorous and its diet habit varies extremely by season
and region (Tsukada, 1997), it is difficuit to simply compare

food availability and quality between the subspecies.

Moreover, the present study showed that most tooth
measurements, especially the length of molars and premo-
lars, were larger in V. v. schrencki than V. v. japonica,
whereas the average length of upper and lower tooth rows
(UT and LT, respectively) were not significantly different
between the two subspecies (Tables 2 and 4). In the rac-
coon dogs in Japan, molars and premolars are {arger in the
Honshu population, which is more omnivorous than the
Hokkaido population (Haba et al., 2008). In the present
study, however, the molars and premolars were developed
more in V. v. schrencki (Table 3), despite the fact that
fibrous foods are more frequently found in feces of V. v.
japonica than V. v. schrencki (Tsukada, 1997).

Morphological differences may have resulted from both
ecological differences and evolutionary processes (e.g.
Futuyma, 1998; Newton, 2003). It may however be more
plausible that the morphological differences between the two
Japanese subspecies of V. vulpes are related to differences
in their migration histories. Two sets of evidence support this
idea. First, a previous study using the analysis of mtDNA
variation revealed that the Japanese subspecies of V.
vulpes were genetically isolated by Blakiston’s line (Inoue et
al., 2007). In addition, Inoue et al. (2007) reported that there
were two clusters in Japan: one cluster was composed of V.
v. japonica and partial populations of V. v. schrenki, and the
other consisted of other populations of V. v. schrencki. The
mean sequence divergence between the two clusters for the
entire cytochrome b gene was about 3%, and V. v.
schrencki was considered to have a different genetic back-
ground from V. v. japonica (Inoue et al., 2007). The second
reason is the difference of tooth sizes between the two
subspecies. Dental measurements separated the two sub-
species in the PCA more accurately than did skull measure-
ments (Figs. 3 and 4). Nutrition abundance easily affects the
growth of many skull parts in V. vulpes, whereas tooth sizes
are not strongly influenced by food abundance (Englund,
2006). It is difficult to view this difference as solely the result
of environmental factors, and it may be caused by genetic
differences between the subspecies. By considering both of
these factors, we can conclude that the morphological fea-
tures detected in the present study are not only influenced
by present ecological differences of the locality, but also
affected by evolutionary processes, such as migration his-
tory.
This is the first study revealing detailed skull differences
between the two subspecies of V. vuipes in Japan. The find-
ings provide an opposing insight to those of a previous study
using a limited sample number, which suggested that this
species in Japan follows Bergmann’s rule (Imaizumi, 1960).
In order to clarify the certain reason why they do not obey
Bergmann’s rule, however, an examination of the differ-
ences of food abundance between the subspecies and phy-
logeographical analysis of paternally and biparentally inher-
ited genes through a wide habitat range, in addition to the
previous genetic study, will be necessary.
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Taeniid cestodes ( Eucestoda . Cyclophyllidea :
Taeniidae) are the source of economy loses all over
the world, due to condemnation of meat and offal
of livestock animals and the cause of severe illness
in humans, such as cystic and alveolar hydatid
diseases (by Echinococcus granulosus and E
multilocularis, respectively).

Canids, such as dogs, foxes, wolves and jackals pl
ay the main role on transmission harboring the
adult stage of the most hazardous species of taeniids.
These canids contaminate extensive areas through
the deposition of feces. Adding to the fact that
taeniid eggs are morphologically indistinguishable,
the canids can harbor several species of the two
genera ( Echinococcus spp. and Taenia spp.)
simultaneously. Therefore, it is necessary to develop
a test which can differentiate taeniid egg to a species
level. Nowadays, molecular techniques represent
promise in achieving an accurate diagnosis. An
oligonucleotide probe (ONP) is a short single-stranded
DNA designed to bind to a region of target DNA,
hence, be used for detection of pathogens specifically.
In this study, we evaluated ONPs targeting the
mitochondrial NADH dehydrogenase subunit 1 (ND
1) gene for specific detection of common canine
taeniid cestodes.

DNA was extracted from adults and larvae of
different cestodes species. Common primers for
cestode ND 1 gene sequence were designed from
conserved regions using ten Echinococcus taxa and
eighth Taenia taxa registered on GenBank. Fragmen
ts of about 500 bp were amplified using ND1T-F 1
forward primer 5’ -GGKTATTCTCARTTTCGTAA
GGG-3’ and ND1T-R7 reverse primer 5’-ATCA
AATGGAGTACGATTAGTCTCAC- 3’ (designed in
this study). Sequences of ND1 gene were obtained
by PCR followed by direct sequencing and from
GenBank. After alignment of the sequences, species-
specific ONPs (S-SONPs) were designed manually
in the regions where the greatest inter-species but
no intra-species polymorphisms were observed.
Specificity and sensitivity of each ONP were evaluated
by Dot blot assay using PCR-amplified ND 1 gene
of taeniid cestodes DNA. As a result, we successfully

designed of S-SONPs for T. crassiceps, T. hydatigena,
T. taeniaeformis, E. granulosus G1, E. multilocularis
and E. vogeli (Fig.). This work is a preliminary
experiment for the reverse line blot (RLB). These
results encourage us to develop RLB assay.

A E. multiloculeris probe B T. hydatigena probe
0. csninum M. conni oow 0. caninum M, cortl oow
& granviesus G1 E. granulosus G1  E. equinus G§ €. grenuiosus G1 £. granuiosus G1  E. aquinue G8
. . ® © ® o
wian b oittonain st e e e
. vogell oow £. multitecularis & vogeli oow
® G ® ¢ © O
n T T. Tra , vty T onyitangen
r. T T. craesicons
T. ersesiceps T. muitieeps T. muiiceps T " T
T. ovis ». Awa 1 . Tos T. avis Tp. Awa 1 Tp. Tos

Figure Results of dot
blot assay. A and B
membranes corresponded to E. multilocularis probe
and 7. hydatigena probe respectively. In red are
indicated the species-specific bindings. No cross
reaction was observed with any of the probes.
Key words . Echinococcus spp., Taenia spp., species-
specific oligonucleotide probes.
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T AEHEFERE

R R N T A A A N N S e S

B =

FH O BMAE (gnathostomiasis),

Hz =

FAORBORBEIHARK- 75T, §-_2E-§
BB FET BBEFETH S, £ MIFEBEEBEE
T, ShRHEMEITIE PRBH THER K MER %
FESEBITRPETH 5,

Bz =

SO M (Gnathostoma spp.) ZAEAR « 7% 2 KEE
LU, BRIZBE, A8 BERCFELETE, 7 8
(E®FOR, FolLxFPOs, BXRFEOR, EEE
OH, “EEOR) 2t bt TYRBTELAT &
I3, ERTE, ARECS, FolxEO4,
HAFOH, MHFEOENEETH S, AKBREREZE
KHgkBoERLBEL, HRENIC, BEABLUHERE
TVT, —HOBENKRET 7Y AITEOTABRKLES
HEHFEELTHBEEL > T 3Y, b MIghdhhmRE
T5LE, KMRATEPRBE CEEHORNER%E S
FRILLY, ThTha0, B PEHE M T
B (GAE), EMBLEICOFETEIE0b B,

EMIBOTEULHEBITRELSFIEE.THR
EUT, REBRBHGBRY A TXHHD, ZhidFick
INAADERICE DBRES B,

4 EIsELE S

HORBERRRE, |MORBIIET A2HEHT, i&H
DERIZ 1 ~3 cmiZET, KL, ZEOHD H 5 HEK
EETS (B1)Y REIShTEY (R1)- Y,
ERTR4E EREOSR FoLxEOohR, BEXH

. e B s S £ooSEe S8 sde B aEy TE GBS A2 o vim. saw

O, FigRTECOSR) SREEL 5, 72720, BMED
HIERPE BBLOSBASOhI FY s v BEET,
EATCEFRBEINTOARTIEE L,
FOHoSIE, BRI 10N a5 ER -
FREAL, KEIEF 1 ~4 cm T, EKBIIKL, #E
BERTEDODNLTA I EMnS, £/, HIFLRRD
J2ROBBHBENS, BHIMOBRLEXFTE
%, YT, BNTHELDS, 4Bico>0Tii~3,
NS 4BOKBDOABE, B1OL) ICKEOK
BOSHH L ZORBICLVEFTET, £ MoFLE

)

B1 &EREOHARE Q6
A BRHROR B : MMIMOR, C: FOLW|OR
D : BAXsEOR
RORKRIZBVODIHRREBIT DAVBRTH D, #&K
ORONHETDHRDSEBIBETE D, BIMB—HEL
<BERECILESHTHDEHTHETH S,
(k4 &Y)
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I ABSGEFERIE

%1 BEORORBINY, BEICHIIBEBUSLUHRNSE
Gnathostoma BOWS (08) |  BBE  FEBM b AOBR RO

| G. spinigerum (BMBOR) 2OW, (X8| BE . O | PYP ARPIP. PHUH PIUN
i G. doloresi (KFOL 280OR) 79, 4 /vy B8 | O PIP, AP
" G. hispidum (RIFREOR) 79, 4y BE | o PYP, ALTZP. 3-0YIN, PIUnH
| G. nipponicum (BFW/OR) 19F e ‘ o} 8%, 88 ¢8

G. malayisiae (Y L — P8OR) | R A=E =] * RE7IT

G. vietnamicum ("N~ L480R) | hDDY P OBEE | REPI7

G turgidum (ARYHLBOR) | ARvHL | BE PXUH

G. procyonis (P51 TVEOR) | PSAT2 = | Tk

G. miyazakii (SBROR) Hhoov BB | Jek

G. binucleatum (Z@OR) 208, /38| B8 ; 0 X%y, @k
| G. lamothei (F0B7L) PSAT2 seE X*F3 3
| G. americanum (7 XY HEOR) | R I# Be2 [5RS

O : ZHOABEFTRNSNTND,.

* : Nomura 5% I2& 2T, 9L —Y78EORE 3BMNRTREONDABEATBEESNTULD,

THEIEPHHICOWTHHEKRBOFIE (3 ~ 4
), BB LUERE o, RELAGTOME, S
biEMME s SRSV OBEE L LILERITE 3
(&2)"

B zososizs

BOROPTRARFENROEFERB L (HxGH
T3, ERHENRIMEROEFEREAL, LI
BE—PEEE (rrivryal), EohEEE (E
HOKE, BAR, FEEE(NE, XX, 4/ ¥
v, BENE) BLULEE (38 -1 I8 M5
T 5,

BREBEFOFICHFET S8HED S Pl & n /o BB
KETREL Q7°C, T~10 HME), %2 Hghd (&
E#9 0.3 mm) SEHLL, KFITERT 2, COHRI
E—hBETHEIr VIV OICANRONBEE,
viIvvakBETE RIS H (FREK 0.5 mm) ITF
TRETSZ (Q0~14H), ZOF VIV aANRLE
BKEPHERLZ CoE_PHBEECHAESO, €0
FACHEBATE 3 BBHREREN3~4 mm) &L
DEBRICE LB, FREEGEIC, AR ©BE
FZX3, 4/ vy, ARKORBEN L) IBEPME
FEMAT S LBREL, EZENUEREET, b
LS RBARET BH, IFhiCLTHEI®RRAHE

458

(BEIER)

£2 4BOTORE I HMHROBMAR | B4

12 Y DEOK

& 3 1 BRSE YO
 EMEOR o~7mwmﬂ§uw
| KOL 2802 O~ 281 BLY) |
NEES ul: | 0~ 3Tm2BABLY |
 BREOR 0~ 4O BASW |

ZNn5 4 BORORDRORBEES 2B
T, 1 BMRME Y ORKOEED SEBORIL
e TH D

(BB

ELTHAPZOoEET TRIBERFT 5,
RETCBI2EABTEEELTE, BILERT
BegE L 7% 3 RIS R HHLEED SBAK, T
LESCHELRER, BE MR BEELBHL,
BEMICEEDSREANRAL, BiiEREZERL
BENTRAT %, BEOHBETICNS NIRGLRE
BE LT, BOFBoREKOBEIC LS bosE
T, FFREEORE, Hil, AFER BRERSE
BHoN?, BNOR IOHKRARICELT, RIS
hiz 69 RIEDOKRIMIPAL L, BEEH 48 Bk, € DI 21
BEGIEAETFR) TH -7, D IBOFOHOE
PBITEBIBHMIC Do > TR, BT
BELRWEITHD, FARDE 4 PHROFREIC
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Lol

3. HODE

BEHN)

50

100 500 1,000 2,000
o1 asasl

wl sassl ]

119

5 1971~'75
% 1976~80

F .

18

] 1,647
543

H2 bHBEICHETSAERAOREOREFRNDEEHDHRE
1946 ~ 1965 FloE— D HY, EFETEEE 10HILTTH S,

WTHRHELEHRINTOANDS, Hasegawa 57 i,
FHO BB Spiroxys BEBEDOE 3 SRSB4
MBI R S TEEMMIRRICES I EEFRLTH
%,
EFPRBEANR, EoPMBEE (Eickkd, &\
£ PHBEE (nNE, xX3, 1/ vy, BEA
E) BANBIERIVERT S, &oi, ETFH
BECLHBBEOREL &, B3 &AGHIKPIC
BiiEh, CokEREG LIk BT S RENR
P, BET VIV aEAUKERATRES 5058
HbhHoh BHOTENEEL OGNS, Fill, HKKE
BENARFEOHOE 3 BHy s KRB IS E
IA, BRNTHEIhZORERL, SESHFRE
FLBBILEERENTVSY,

BEAICET 5 AGEOREDHES
(B2)

b HE T 2004 4F F T 3,227 B D AKAE Bl 5 B
ENTHDY, FICEPE®R (1946 ~ 1965 ) I2E—

459

GZEE 10 & W)

THY, ChEEBRBORICLEHDTH-1'Y
EFIBIEZ DO%ED U, 1985 ELIRILERIZIZ 10 H
UTFER T B, 1980 FERIFAIBREO R & 5458
BITEMSET, £0#%I3, FolLXFEOH, HEHEO
wHET, BANBEOBAG GZHBREZIN TS,

Hssnacont

BB (KEM:15~33cm, H:1.2~3.0cm) i,
1 ZRBLUR B BEERMICKE LEEEEK
LT, ZONBICES - CTHET S, BE | >OEE
ZETAHEN, FhiC22o0Z LbdHb, RENFET
AEEONMEINLTEOARRII BN -TED, &
iR ChZ@ - THILERASElt S h 5, BP0
BHYI3~4AHT EEPITEDONE LIS,
HEF (W T0um) B—WIKH oAEETH, BRL
fexa2id, FhicEOFAERIL, RTTHI&EH
HEHHM BEIWERTS B, 1950 FROBEH - £E
DF A5 EOHRAMETIZ27.5%, 1 X TIL 6438
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I ARILETFERE

FA%OBHERBEEINTOEN, ZOMDHAET
B—RICA X - 2 TOFWHBORECEMI LN T,
FEFEIZBOTIRA X - RIDBEFIRESNTES
T, BEOEANODA X - 2 I0BPREIAHTH
5

E—dlBEEEyr LIV yaTh B, E_FHEEE
ELT, BenRgkfabmoh T3, BERNTH,
FEAOHEKEBOEE(HILLVF—, S1EA), F<
Z, Kvam, Rva, vrF, ~EsF, 748
DoRAREEIN TS, 1950 ~ 1960 FERiIC BT
BHMOBEKBORAETIE, HLLF—(Ef)DEY
EMBOBLLLET, Fick&E 50 cm UL EORAICE T B
FEFERERIZ 0L EEOBREGH S, 20%, F
BMEOREOHTRIBEE D, 1985 FOFERDAET
BBRFIEISCEKFESRHEENTLEDATSH
%9,

EhTi, BEHEOHEEERMERNIZILA LT,
FORBOFTHFEMMIIFICEL, L2ELULEGE
ROBOETZ DD B, £ SRS REFITEL
HEBRBRGERAONLN, KEVWHDOTH 12mm
BET, BFETILABTPOMETHZ, O
BITEEIC 0TI, KTA21HETI cm®{ 2 &
HEREIhTH 3,

ENTRE_KIERAE ST L CRERORBERO
Efricfe, BEERPHAELEPLICEREANTE
COANDBRBE LI, 2%, 1970 E5HF T TICRE
BEAEXONELRD, (X« 22525886171
(e 70 BFEOEND AKEHDE  3igH TR
RLl:EZEZohad, EBATERERLILEEAOND
EFDFEMM 2000 FEETTREIN TR I En b,
ARFEORSBAECENTEEE > TO 5 AERES

£33, 74, IA, FVav, ZoofRE At
ZTIhMY, A7 VR EBEDNTHS, T7YAT
BFrETHEEEIN TS,

FIRMGREEAOBREERTIE, ERICAV
H=, FUH=, PkEE HIN, FriavoL,
A, ANE, ¥YEY, =Y, ¥F Ty b, EN
Ey b, DHF HN, 45F, TIRETRTOH

MICBRRE LI EBBEINTEDY, 825, 13L&
AEDH= - FYH=, YkEE GEE TChE
BE, WABIBET 0oL LN,

F7z, A IR - XaBRLAORWAT TS, §i
BUIEIICHICRELR WD, OEKREE TRET
B LEBHISNTUL B,

(2) koL xgEO=]

R (EM:1.9~30cm, H#:13~21cm) it
4y 7 YDBESRICHFEL, REBABOEEI
SETHAL, MAORTH D, BEEMEHC, L
CiE2~3BENEE > TOHRBEEICHFEAEEST,
KEIREL RS EASETHFET B, 75 TREREEN
2~4 nBATCHINEHET A XS 1D, BIF(F160
pm) XERICRREEEET 5, RBET VT TR7T S
DOFEFMEB Y, ERTIRIFEAENS ) ¥ 2 OEEH
T, FMPWUBEMNFETHTH S, BADA /0D
FERIEC, 1950 EROHFRICB O THFEROF
BRTIRINBEBL T/, AEOHAE (2005 ~
2006 ) THEVBRERSBESIh TS Y, 77
B AERABITICOWTORMIIAETH 5,

E—PEEXRT 100 aTHB, URiroEs
Moy avvireArhoBiIhTOR
M, BOIXHKEDTLV—FILhobBESI NI, B
KEEBARIE _PHEET, SSIKHEEREEANY
DEREELNE, rrivrvahb oD ISR
BHEEN2mm T, NENSOHE 3 HBLHEIEIF3.2
mm Th b, H3 &R, 1, 12, 9 b,
ENEy MEECHERINCBEL, 5 v b TOHRA
BITREOBETIFMIATLLBABLAEZVLELST
H5,

E P TREERITEE ENICBAEEFIEREIL
RMREATREIZ 3 /7 B UUPICIERT B, 1988 E T A S
BN AREFABAON B LD, REZTIO
FULtmoh T3, BNOE F~OBEHEIE, Y
A, TI—=FII, F<TX, TOOHKE, <LVE
ETH 5,

B (hE#E:29~34cm, #:20~23cm, B
33 7 FORE, FICEMD S 2 em 13 & LD
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3 BXROROEHR (BEH)

FRBRIREBIC (BT DY), FEBIEAL. FEBRIFDERICE
MIFHY, RISTHT 32U, LS. EORBPIZHK T, 22
BRI ISR DEIIFES 3T D,

(EBARZ, /NS BREK VR
(775 —E# 49 F)

5 BFREABROHRP
RIPOREEH 70um T, —RIC@AI<L5
H1THD,
(AEBXRZE, /MUB BERIVREED)
(77— 7% 49 H)

FicBE - THEL, HkAMoERRREET, B
mICEENEN L, RENEEIREERESERTS
(B4) BRI IV, 7zl y MCbEET 5,
B% 2 ~3 ATz oA EHET 2RI (W
TOum) 2EHLE LD (B5), Fid | FBETH
5, BRNTHEHFEILSAME TR 26T 5, BKEE
oA 7 FOBREEIL, 1950 FROFBET 1 ~67%
Efke ThHb, MBEORBELFAETI 4% (2,869/
6,565) L 18 > T A, 1996 EDOBFFOAETH 40%
LHEINTHEY, 19 FENIZBI5HEOBT

461

3. BORE

R4 A9FOREECFETHALFAOS
AR (RERE)
FBOMBERERDEBBICBAL, #¥
FREBARICREY S,
(IEEAR%, MUB EERKVRH)
(5 —K% 49 )

6 TUIVVIKRICHEETSEFED
55 3 IR R
TYUEIYIORFRECE IR (BR
# 05 mm) HEFET 3,
(EBXZE, /LS BERLVRED)
(715 — K% 50 B)

BBRICOOLTIEHAETH 205, SBixE LHRAM»D
ARREH, FRIZEREEED SO TR,
E—PEEERYr IV aTHB(E6), B3
Bigs (kK 19~23mm) HEADOFYaw, ¥
A, UTA, YeAAY, YeAELEhoKREIEN
T3 (ET). Bk, HIT), X ITE_DHE
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I ABILEFERE

B7 BEXREOROE 3 ERBMHR
ARBSEIHSRBENESE IRBOR (F
&&92 mm),
(deEX%, UB BEK WRE)
(#5—43 50 B)

FEip, EoTHTN, RXT,
FLi 3,

AEFITIE, ERRITESEERT, 3 7AMUNIK
HRT 5, 1985 FLLK, I8 EHREINT L5, &
Bo% 3 #HsE (KK 2 mm) OEKIZ, 35O
FIHT 5 (fho 3T 450, FEEEO< Y X®
S5y b THFBIRBERLEVEITHS, ENOE b
~NORBPFE LTI, TIv IR, FYaw, F=%
Z, a4, EATR, YIUARENHON TS,

Rl (hEHE: 23 ~27cm, #:15~20cm) i
A7 IDBERICHFEL, HERCFELS
fi->T, RIERAEA S THFET 5, HIBRI 66 um)
B—HicRRBEEE T3, 7U7, 3—ov/ L
CAHETHH, BRBLTE 7 S ZEETERERLYE
2mL, £% 100 BY ETREBETRE TSIV,
BREFICBY 2FALAABITRBEILAATSH S, B
HOBEME L CEEH S IRFHBEOREE BREN
T,

1979 LI, FE, B, oWASNI NV av %
BRGeiR &3 5 A& 100 BILL Eicoiz b, 1980 F4
DRI avORETIE29~10BDBREETH - /<

NE, BRHFEE

462

75,191 EFORETHFE 1B EL > T B, AWk
OERIZAFFOREFHETH 5, BAIL, PEHED
KoawbhoBRBEORZY TR AXRBEORDY
BEVETHLEBREEINATINE, FYavitBT
i1, BIFEOROREIFB I TE Y, B3 aTHUL
F06mmETT, ZhidTy MIANIES L, §
3B (FE 31 mm) $TRET L, BIGHLE
o7 7 ~EEL, HINPREY 5 CTOMMbEMR
e Ty PADORRRERTIZ, SHUIHEE &
¥, BRTHESIN, SEULEFT S, Uk, BAN
TOEREREIRL LY, BATOHRETIRY v 3
vryahoO®E 3 NSRS, EEEEECERET S
TEBRESNTN S, IhHBEETHNL, BIERE
ORICIE_FEBEMRLNEEULE, THDDB,
AT, RXILFTEL NV a7 b TXTRHEREE
ERIZEINS,

B smossons

BKEEic s 2RBBREOZNIZ, EERETHI
ERETHIEICEDITI. LI, HKRICKhE
kERE L, BEOEBHRE, TabbL, HEKOH
BIUBEOHOEREEFHREL, SEHNT S,

b b OSRERLED LTI, BMIITAE ©¥EE T
B, IFEEERME L CoERM SHERIL, & 510, #K
BOERR EORBEIIOVTOMB & LELH % £
T5, £ FOEORFEDMFBEZH & L TiE, dot-blot
ELISA % Western blot #fThh T 3, Z¥AHE
LLTRERBEEEIHMHEBA o, B3 EEY
BT 24 kDa, BRHETI 40 kDa OEEMER LTS
B, AREOEFIIHEETH B 0, SRS RHE
HEANEAR, BEEROM»SRIET S, REYHFO
Ba BERoEE, Zo¥MERELLTHET
5Y,

i, 4O DNAEREELTE, S haFYT
D COL*®, /) LDITS2 BXT Y £ —=7/L RNA
DRI AL LICEHTES I EBBETINTY
359,
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