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Hideki Endo, Yoshihiro Hayashi, Kyomi Yamazaki, Masaharu Motokawa, Jai-Chyi Kurtis Pei, Liang-Kong
Lin, Cheng-Han Chou and Tatsuo Oshida (2002) Geographical variation of mandible size and shape in the
wild pig (Sus scrofa) from Taiwan and Japan. Zoological Studies 41(4): 452-460. We examined osteometrical
characters in the mandibles of the wild pigs (Sus scrofa) from Taiwan, and compared them with those from the
Japanese mainland and Iriomote Island (Okinawa Prefecture). Mandibles from Iriomote Island were smaller in
size than those from the other localities. Specimens from the Taiwanese population significantly differed from
the Mie or Tanba (Honshu) samples in some important measurements such as length of the mandible, although
the Mie samples were similar to the Taiwanese ones in many measurements especially in males, while the prin-
cipal component charts showed that the Taiwanese population is separated from the Oita and Miyazaki
(Kyushu) populations for older age classes. Therefore, we concluded that the morphology of the wild pig from
Taiwan relatively resembles that of the Japanese wild pig from the Honshu area (Mie and Hyogo (Tanba)
Prefectures). The osteological characters in the mandibles of the Taiwanese population have been affected
and determined by the following 3 geographical and climatic factors in the habitat: 1) being from 22° to 25°
north latitude, 2) being from about 2000 m in elevation, and 3) having experienced the isolation effect on an
island of 36 000 km2. We suggest that these factors make the mandibles from Taiwan similar to those from the
Japanese mainland such as those from Mie. http://www.sinica.edu.tw/zool/zoolstud/41.4/452.pdf
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The wild pig (Sus scrofa) is distributed from
Tohoku and Hokuriku Districts to the Nansei
Islands, the southwesternmost part in Japan. The
osteometrical characters of both the Japanese
mainland and Nansei Island populations have been
examined by many authors (Hayashida 1960,
Senba 1960 1964, Imaizumi 1973, Hayashi 1975,
Hayashi et al. 1983, Endo et al. 1994 1998a,b
2000). Some reports have pointed out that the pop-
ulation on Iriomote Island is obviously smaller than

that of the Japanese mainland in skull size
(Imaizumi 1973, Endo et al. 1994 1998a,b). So,
the population on the Nansei Islands including
Iriomote Island has been considered to be an
independent subspecies, the Ryukyu wild pig (Sus
scrofa riukiuanus), and is distinguished from the
Japanese mainland population (Sus scrofa leu-
comystax) (Kuroda 1940, Ellerman and Morrison-
Scott 1951, Haltenorth and Trense 1956, Miura
1997). We suggested that the island-isolation
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effect and Bergmann’s rule would result in
dwarfism of Sus scrofa riukiuanus (Endo et al.
1994 1998a,b). Although the Island of Taiwan is
close to Iriomote Island (200 km) and has a large
population of wild pig (Sus scrofa taivanus), osteo-
metrical data have not been detailed in this popu-
lation except for a preliminary report (Yang and
Chen 1962). In this study, we examined mandible
specimens from 2 Taiwanese populations to con-
firm the morphological similarities or differences
among the populations of Taiwan, Iriomote Island,
and the Japanese mainland. Our aim was also to
clarify whether island-isolation dwarfism and
Bergmann’s rule can be established for the
Taiwanese and Iriomote populations.

MATERIALS AND METHODS

Measurements (Table 1; Fig. 1), and sex, and
age determinations were based on methods of
previous reports (Duerst 1926, Hayashi 1975,
Driesch 1976, Hayashi et al. 1977). For the
Japanese mainland and Iriomote populations, we
used specimens examined in some previous

Table 1. List of the measurements and their
abbreviations

Length from the angle LA
to anterior-most point of symphysis

Length from the condyle LC
to anterior-most point of symphysis

Aboral height of the vertical ramus AHR

Oral height of the vertical ramus OHR

Middle height of the vertical ramus MHR

Height of the mandible at M, HM1

Height of the mandible at Gnathion HG

Length of symphysis LS

Length of the ramus between the angle and M, LR

Length of canine alveolus LCA

Breadth at caudal point of |, BI

Breadth at canine alveori BC

Least breadth of the mandible LBM

Breadth of 2 halves between BLP
the most lateral points of the 2 angles

Breadth of 2 halves between BCP
the condylar processes

Breadth between medial and lateral points BML
of the condylar process

Thickness between rostral and caudal points TC
of the condylar process

Breadth of the mandible at M, BM

Thickness of the mandible at middle point of M, ™

reports (Hayashi 1975, Hayashi et al. 1977 1983,
Endo et al. 1994 1998a,b 2000). The collection
from the Japanese mainland is stored by Dr.
Yoshihiro Hayashi in the Faculty of Agriculture of
the Univ. of Tokyo (Hayashi 1975). The mandibles
from Iriomote Island are kept in the Department of
Zoology, National Science Museum, Tokyo (Endo
et al. 1994 1998a,b, Endo 1998). The specimens
from Taiwan are stored at the National Pingtung
Univ. of Science and Technology, and the National
Museum of Natural Science (Taichung, Taiwan).
We examined a total of 219 mandibles of the age
groups Il and IV-V from various populations (Table
2; Fig. 2).

Nineteen characters of the mandible (Table 1;
Fig. 1) were measured with a vernier caliper. To
clarify the geographical tendency in size among
the populations of Mie, Tanba, Oita, Iriomote Is-
land, and Taiwan, statistical differences among
mean values for each character were examined by
Student’s t-test. For males of age group IV-V, data
from the Miyazaki population were used instead of
the Oita population, since we could obtain only 1
mandible from the latter locality in that age class.
We distinguished the mandibles of Wutai from

Fig. 1. Measurements of the mandible. Upper: lateral aspect.
Lower: dorsal aspect. Abbreviations are explained in table 1.
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those of Taroko National Park in Taiwan in this
study. However, Student’s t-test was applied to
the 2 populations together, since only a few speci-
men numbers were available from both localities.
The principal component analysis was applied to
measure data from all populations examined to

<
3

Fig. 2. Map showing specimen localities. F: Fukushima, I:
Ibaraki, Y: Yamanashi, S: Shizuoka, N: Nagano, G: Gifu, M:
Mie, T: Hyogo (Tanba), A: Tottori, O: Oita, Z: Miyazaki, R:
Iriomote, %: Wutai (Taiwan), vr: Taroko National Park (Taiwan).
Large arrow indicates the Honshu area, and intermediate arrow
shows Kyushu Island in Japanese mainland. Small arrows
point to the area of the Nansei Islands.

elucidate factors affecting the size and shape. A
package software for multivariate analysis (Shakai-
Joho Service, Tokyo) added to Microsoft Excel 98
was used for this analysis.

RESULTS

Mean values and standard errors of the 19
measurements are given in table 3. Statistical dif-
ferences in these measurements between all com-
binations of populations are shown in table 4. We
visually present the mean values and standard
deviations of LA, AHR, LCA, and BLP in figures 3-
6 to compare these values between specimens
from Taiwan and those from some localities in
Japan. The principal component charts between
the 1st and 2nd transformed variables from 19
measurements in each sex and age group are
shown in figures 7-10.

Many mean values of the Iriomote population
were significantly smaller than those of both the
Taiwanese and Japanese mainland populations
(Tables 3, 4; Figs. 3-6). We could not confirm a
significant difference in the Iriomote population
from the other populations in the following 4 mea-
surements: Bl from the Miyazaki population in
male age group IV-V, TC from the Oita population
in female age groups lll and IV-V, and LS from the
Taiwanese population in female age group Il
(Table 4). Mandibles of the Iriomote population
were significantly smaller than those of the

Table 2. Locality, Age group, and sex composition of mandible specimens

Locality Age group I Age group V-V
Male Female Male Female

Fukushima (lwaki) 3 1 2 1
Ibaraki 0 0 0 1
Nagano (Shimo-Ina) 1 2 0 0
Yamanashi 0 0 0 1
Shizuoka (Izu) 0 0 1 2
Gifu 1 0 0 0
Mie 4 7 10 30
Hyogo (Tanba) 7 5 9 10
Tottori 0 0 0 1
Oita 4 26 1 35
Miyazaki (northern district) 0 2 5 2
Iriomote Island 4 6 7 9
Wutai, Pingtung Co. (Taiwan) 8 6 1 2
Taroko National Park (Taiwan) 0 0 1 1
Total 32 55 37 95
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Taiwanese population in many measurements,
except for LS in female age group Il and TM in
female age groups Ill and IV-V (Table 4).

In contrast, many characters of the mandibles
of the Taiwanese populations did not significantly
differ from those of the Japanese mainland popula-
tions. The Taiwanese populations differed from
the Tanba population in LA in age groups Ill and
IV-V of males and age group lll of females. The
Taiwanese populations also differed from age
group V-V males of the Mie population in LA, and
from age group IV-V males of the Tanba population
and from females of the Oita population in LC
(Table 4). This shows that the important measure-
ments of the mandible, such as LA and LC, from
Taiwan were significantly smaller than those from
Mie and Tanba, but larger than those from Oita for
these genders and ages (Tables 3, 4). However,

300

Fig. 3. Mean values (mm) and standard deviations of LA.
Numbers on the horizontal axis represent the following: 1-6.
Males of age group IV-V. 1. Mie; 2. Hyogo (Tanba); 3.
Miyazaki; 4. Iriomote; 5. Wutai (Taiwan); 6. Taroko (Taiwan). 8-
12. Males of age group lll. 8. Mie; 9. Hyogo (Tanba); 10. Oita;
11. Iriomote; 12. Wutai (Taiwan). 14-20. Females of age group
IV-V. 14. Mie; 15. Hyogo (Tanba); 16. Oita; 17. Miyazaki; 18.
Iriomote; 19. Wutai (Taiwan); 20. Taroko (Taiwan). 22-27.
Females of age group lll. 22. Mie; 23. Hyogo (Tanba); 24. Oita;
25. Miyazaki; 26. Iriomote; 27. Wutai (Taiwan). The dotted bars
indicate mean values for Taiwanese specimens (5, 6, 12, 19,
20, and 27).
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Fig. 4. Mean values (mm) and standard deviations of AHR.
Numbers on the horizontal axis are described in the legend of
figure 3.

the number of measurements for which significant
differences were demonstrated suggests that male
specimens of the Mie population may be morpho-
logically similar with those of the Taiwanese popu-
lations (Table 4). We could confirm only 4-6 mea-
surements which showed significant differences
among the Taiwanese, Mie, and Tanba popula-
tions.

The characters which largely contribute to the
1st principal component are described in the leg-
ends of figures 7-10. The 1st principal component
was affected by the size factors LC and LA, where-
as the 2nd principal component was mainly affect-
ed by BLP, HM1, and TC which represent propor-
tional factors.

The series of principal component charts
(Figs. 7-10) show that the cluster of the 1st and
2nd axes of the Taiwanese populations overlaps
with that for the Mie population in the charts of age
group V-V, but is separated from the plots or clus-
ter of the Oita and Miyazaki populations (Figs. 7,
9). We can show that the size and shape of the
Taiwanese mandibles were not similar to those of
the Kyushu (Oita and Miyazaki) populations, but
were similar to those of the Honshu populations
(including Mie, Hyogo (Tanba), Fukushima,

Fig. 5. Mean values (mm) and standard deviations of LCA.
Numbers on the horizontal axis are described in the legend of
figure 3.
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Fig. 6. Mean values (mm) and standard deviations of BLP.
Numbers on the horizontal axis are described in the legend of
figure 3.
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Nagano, Gifu, Ibaraki, and Yamanashi Prefectures) in
the age group IV-V (Figs. 7, 9). Many plots from the
Taiwanese populations were divided by the 1st axis
from plots of the Japanese mainland populations in
female age group Il (Figs. 8, 10). The Iriomote pop-
ulation was obviously distinguished from all other
localities by the 1st principal component except for
age IV-V females of the Oita population.

Zoological Studies 41(4): 452-460 (2002)

DISCUSSION

The LA size is correlated with the head and
body length in the wild pig (Abe 1989). Thus, we
suggest that Taiwanese wild pigs might not be
same as those of the Mie, Tanbe, and Oita popula-
tions in external body size, although external mea-
surements have not been obtained for the

Table 3. Mean values (mm) and standard deviations of measurements of mandibles from various localities

Locality LA LC AHR OHR MHR  HM1 HG LS LR LCA Bl BC LBM BLP BCP BML TC BM ™
1. Male
Age IV-V Fukushima 2525 2715 1155 1185 104.0 43.0 46.0 80.0 80.5 23.0 41.5 63.0 520 1275 1235 320 27.0 645 250
3.54 9.19 3.54 0.71 0.00 1.41 1.41 8.49 4.95 1.41 0.71 4.24 283 212 4.95 4.24 2.83 212 566
Shizuoka 2570 2580 1180 1250 1100 420 42.0 80.0 75.0 19.0 35.0 53.0 37.0 1100 1120 250 26.0 510 210
Mie 2410 2493 1121 1165 1013 440 44.0 69.5 76.3 19.1 357 53.0 351 1207 1149 275 253 549 249
519 7.01 6.79 3.81 3.77 358 4.32 7.34 4.72 1.73 3.62 6.6 9.23 7.54 7.68 1.78 2.63 233 277
Tanba 2537 2620 1202 1246 1082  46.1 452 796 780 211 38.1 586 407 1232 1201 283 276 537 254
9.80 943  7.98 682  6.91 276 249 615 400 162 267 328 132 777 546 1.58 194 224 151
Oita 2450 2540 1040 109.0 940 360 380 720 710 190 380 570 380 1170 1120 240 230 510 210
Miyazaki 2360 2430 1098 1102 975 412 407 740 725 180 332 532 362 1145 1118 268 238 500 243
837 11.03 5.23 7.03 5.50 3.43 2.58 5.55 7.01 1.90 1.72 3.66 1.47 6.89 6.18 1.47 2.48 245 250
Iriomote 1902 2073 86.6 89.5 781 347 352 59.6 58.5 15.7 32.2 445 36.1 95.3 95.1 19.8 19.0 459 194
7.74 9.37 413 3.49 4.21 1.91 1.81 4.75 215 1.19 1.48 2.45 1.78 5.98 4.56 1.13 1.83 2.01 112
Wutai 2350 2490 1185 121.0 1075 48.5 51.0 71.0 70.0 185 39.0 53.0 42.0 1315 1190 33.0 235 565 215
Taroko 2320 2485 1165 1150 1035 415 45.0 66.5 76.0 195 38.5 53.3 43.0 1220 1105 28.0 22.0 57.0 245
Age lll  Fukushima 234.0 2557 1137 118.0 1037 423 437 68.7 72.0 17.7 37.0 54.3 460 1173 116.0 27.3 253 580 217
557 252 1.15 2.00 1.53 153 1.53 3.21 2.65 4.04 1.00 2.52 0.00 7.57 6.56 115 2.31 3.61 0.58
Nagana 228.0 2450 1070 106.0 97.0 38.0 38.0 68.0 66.0 17.0 35.0 49.0 420 106.0 105.0 23.0 23.0 560 210
Gifu 2400 2580 1200 118.0 105.0 42.0 46.0 71.0 76.0 17.0 37.0 52.0 420 1200 111.0 24.0 26.0 580 200
Mie 2235 2330 107.0 1125 983 398 388 603 695 158 350 503 365 1135 1088 263 235 525 220
526 6.38 548 557 457 126 350 465 507 320 283 574 173 874 538 208 129 370 183
Tanba 2374 2459 1123 1144 1007 40.6 426 71.4 719 18.7 357 54.6 39.0 1153 109.3 261 234 541 231
13.43 1409 616 730 652 387 489 588 406 309 125 461 245 943 588 177 251 406 344
Qita 2263 2343 1060 1088 953 385 39.8 65.0 66.5 17.8 373 53.8 375 1145 1103 26.0 1.3 508 218
4.03 4.57 6.93 2.36 222 1.00 0.96 4.32 1.91 1.71 1.71 1.89 1.00 7.05 591 0.82 2.50 263 126
Iriomote 1761 1895 78.9 84.9 71.8 30.9 32.0 50.6 52.6 12.6 28.9 385 31.9 88.3 89.8 18.6 16.8 435 173
4.73 6.56 3.92 3.88 3.20 1.49 1.91 4.55 2.25 0.25 1.03 1.08 0.85 3.52 4.43 1.93 0.85 1.35 050
Wutai 2207 2368 106.0 108.0 95.3 39.6 42.9 58.9 67.4 16.3 37.4 49.2 413 1112 1103 25.1 23.4 558 223
1344 1458 6.96 573 541 2.99 3.81 4.4 3.81 2.03 3.28 3.68 276 9.23 6.71 1.85 1.38 262 220
2. Female
Age IV-V Fukushima 228.0 2460 118.0 107.0 97.0 38.0 40.0 67.0 65.0 13.0 36.0 45.0 400 1160 113.0 26.0 24.0 56.0 18.0
Ibaraki 2230 2280 116.0 109.0 100.0 44.0 45.0 66.0 72.0 1.0 32.0 48.0 36.0 131.0 1230 26.0 27.0 540 240
Yamanashi 240.0 264.0 113.0 113.0 103.0 42.0 42.0 62.0 79.0 13.0 37.0 46.0 440 1200 113.0 28.0 27.0 600 210
Shizuoka 2125 2180 990 1025 905 375 380 595 625 130 325 455 350 1055 1065 250 215 505 200
778 8.49 1.4 0.71 0.71 212 2.83 212 3.54 1.41 0.71 212 1.41 212 0.71 0.00 0.7 0.71 0.00
Mie 2207 2272 1048 1053 94.4 38.2 36.4 61.0 67.6 123 321 446 347 1093 1075 263 232 510 199
8.43 8.45 4.92 4.07 3.55 2186 2.24 4.50 4.73 1.09 2.32 2.24 1.98 6.85 5.58 9.20 2.04 208 151
Tanba 2204 2362 1077 1099 980 396 3741 636 679 131 326 456 367 1066 1084 243 225 521 203
1189 1162 7.5 654 668 324 314 633 509 074 212 227 241 7.21 497 095 1.58 328 1.89
Tottori 2340 2580 1150 118.0 1050 440 420 850 740 130 370 520 460 1120 1220 280 280 620 220
Oita 2136 2235 98.4 98.2 87.8 33.9 33.8 59.4 63.7 1.7 33.0 43.3 343 1045 1043 225 16.5 482 181
9.88 1044 5.23 5.16 4.50 2.29 292 4.68 3.86 1.01 2.60 3.30 2.32 6.03 5.92 1.68 5.56 233 158
Miyazaki 2125 2200 985.0 96.0 86.5 36.0 34.0 56.5 64.0 12.0 30.0 46.0 345 1060 1035 23.0 20.5 490 170
0.71 0.00 4.24 4.24 3.54 1.41 1.41 0.71 1.41 0.00 0.00 1.41 0.71 5.66 0.71 1.41 0.71 0.00 141
Iriomote 1770 1922 81.1 84.7 74.0 32.0 30.8 50.0 54.6 8.6 27.7 34.6 30.9 90.4 91.2 18.8 16.3 467 174
6.59 6.64 3.74 3.76 3.28 2.49 2.35 3.54 4.37 0.58 1.56 1.91 1.52 4.01 3.77 1.12 1.70 1.89 082
Wutai 2200 2353 1108 1123 100.0 41.8 415 55.8 68.3 123 34.0 42.3 393 1140 1100 26.3 245 558 17.0
3.54 8.13 8.84 530 6.36 3.18 0.71 1.06 0.35 1.77 0.71 2.47 247 9.90 7.78 3.89 07 1.06 1.41
Taroko 2185 2370 1045 1005 94.0 41.0 385 55.5 715 11.0 345 425 395 1165 1085 235 240 56.0 185
Age lll Fukushima 227.0 237.0 1080 111.0 98.0 36.0 38.0 62.0 67.0 12.0 38.0 46.0 420 1140 1130 230 210 540 180
Nagano 2150 2330 1050 1030 945 340 355 550 680 125 320 385 35 1050 101.0 250 2156 550 175
11.31 1414 990 11.31 6.36 4.24 354 8.49 283 071 1.41 0.71 07 9.90 7.07 283 071 1.41 4.95
Mie 21563 2229 1040 1039 923 371 350 579 641 124 317 434 340 1067 1050 244 209 519 196
10.78 919 465 736 479 3.08 306 546 324 098 189 697 327 577 635 264 1.21 363 199
Tanba 2236 2326 1080 1088 97.0 37.4 37.0 61.6 68.2 12.8 34.2 44.0 36.2 108.0 1058 23.8 216 516 200
518 3.44 3.16 4.82 3.39 2.07 274 4.88 2.86 0.84 0.84 0.71 1.10 5.92 4.87 1.30 0.55 167 1.00
Oita 2097 2195 96.3 96.9 86.2 323 32.9 58.6 61.0 122 33.0 413 333 1031 101.8 223 16.0 481 18.0
1029 11.06 5.48 4.94 4.37 2.25 270 4.59 3.40 112 2.27 2.77 2.04 7.36 6.84 1.77 5.92 1.81 1.73
Miyazaki 2100 2165 955 98.0 85.0 345 355 61.0 60.0 12.0 335 415 34.0 100.0 96.0 21.0 18.5 50.0 18.0
2.83 495 10861 7.07 9.90 0.71 212 1.41 0.00 0.00 4.95 212 2.83 1.41 2.83 1.41 0.71 283 0.00
Iriomote 1718 1862 79.7 83.3 72.9 29.5 29.3 47.8 52.1 7.8 27.8 33.3 306 86.0 87.8 18.3 15.1 443 165
5.09 3.52 2.60 3.46 2.35 1.41 2.1 1.81 215 0.41 0.52 0.94 0.49 4.22 3.86 1.21 1.16 117  0.63
Wutai 2106 2253 1055 1038 94.8 36.4 39.0 50.8 65.3 12.0 34.2 40.3 378 1056 106.2 24.1 21.7 558 187
1229 1214 8.64 8.91 8.55 3.01 3.07 6.78 5.70 1.00 2.56 2.96 2.86 8.68 6.00 254 1.63 275 301

Mean values are shown in the upper rows, and standard deviations in the lower rows.
which includes only one specimen.

Only mean values are shown for localities
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Taiwanese populations.

The small LA size of the Mie population was
reported previously (Hayashi 1975, Endo et al.
2000). As Mie Prefecture is situated in the south-
ern part of the elongated Kii Peninsula of Honshu,
dwarfism by Bergmann’s rule might be observed in
this population. Between the Mie and Taiwanese
populations, a significant difference in LA was
detected only in age group IV-V males. In this
respect, we should point out that the ecological
and behavioral factors related to age or sex such
as the mating system in each population might
influence the determination of body size in each
locality.

Morphological differences between the
Taiwanese and Iriomote populations are noteworthy.
Both islands are situated within 22° to 25° north lati-

Table 4. Results of Student’s t-test between localities

457

tude, and the distance between them is only about
200 km. However, Taiwan has an area of 36 000
km2, whereas that of Iriomote is only 320 km?
(Hatsushima and Nakajima 1979). Since Taiwan is
as large as Kyushu Island including Oita and
Miyazaki Prefectures on the Japanese mainland,
the island-isolation effect on body size might not
significantly differ between the Taiwanese and
Japanese mainland populations. So, we suggest
that the Iriomote population has been much more
heavily affected by island-isolation than has the
Taiwanese one. Dwarfism as confirmed in
mandibles from Iriomote Island may be strongly
related to the small area of this Island (Imaizumi
1973, Endo et al. 1998a,b), in addition to higher
annual average temperature.

The effect of Bergmann’s rule depends on the

Locality LA LC AHR OHR MHR HP1 HG LS LR LCA BI BC LBM BLP BCP BML TC BM TM NMS®

1. Male

Age IV-V Mie x Tanba 012 019 141 025 068 839 2336 0.25 2057 091 601 1.79 458 2415 551 1490 2.52 12.83 3037 10
Mie x Miyazaki 2.52 3.39 1439 051 224 659 3.17 2919 620 579 2.90 3289 3489 507 12.93 17.27 831 0.31 4240 7
Mie x Iriomote 000 000 0.00 0.00 000 000 0.01 038 000 0.03 158 029 3947 000 0.0 000 000 000 001 18
Mie x Wutai+Taroko 3.99 45.85 1528 31.31 8.62 36.70 12.94 44.66 19.16 46.97 13.94 48.80 15.05 16.00 49.00 4.24 10.99 1530 19.33 2
Tanbe x Miyazaki 016 017 076 008 036 043 0.23 493 367 023 008 053 0.00 223 086 437 031 051 1499 18
Tanba x Iriomote 000 000 0.00 000 000 000 000 000 000 000 001 000 0.00 000 000 0.0 0.00 000 000 19
Tanba x Wutai+Taroko 1.06 446 32.76 11.74 3047 3277 1135 218 734 569 3764 262 489 2852 1231 893 047 473 403 8
Miyazaki x Iriomote 0.00 0.00 0.00 0.00 000 008 006 002 002 128 1621 0.02 4616 0.01 0.01 0.00 0.12 040 003 17
Miyazaki x Wutai+Taroko 35.21 25.52 4.94 9.94 531 1273 1.10 13.25 4647 2558 0.25 49.77 0.07 3.57 29.13 3.15 29.31 0.51 26.44 7
Iriomote x Wutai+Taroko  0.01 004 000 000 0.01 010 002 260 0.01 061 005 016 015 003 010 0.01 207 001 067 19

Age Il Miex Tanba 7.42 42,99 29.99 47.46 4931 47.47 2564 240 2928 9.97 4242 10.75 17.08 44.35 29.12 4430 20.71 28.33 11.11 2
Mie x Oita 21.92 38.04 41.42 13.06 1412 8.54 30.07 9.25 1552 1563 11.11 1453 17.80 43.22 36.01 41.45 0.01 23.49 4145 1
Mie x Iriomote 000 000 0.01 001 000 000 074 127 004 498 033 035 015 009 0.08 008 000 019 012 19
Mie x Wutai 35.04 31.71 40.41 11.25 18.30 4542 4.80 31.37 21.52 35.74 11.75 35.09 0.52 34.33 34.80 17.99 44.16 4.99 40.63 2
Tanba x Oita 730 755 765 863 7.30 1650 14.67 4.53 1.85 29.22 594 37.30 14.00 44.44 39.99 4421 0.00 8.59 23.14 3
Tanba x Iriomote 0.00 0.00 0.00 000 000 0.05 014 001 000 020 000 0.00 002 002 001 001 003 0.04 044 19
Tanba x Wutai 1.58 12.25 4.44 3.92 497 2894 4366 0.02 230 4.75 10.73 130 562 20.56 37.97 14.89 47.96 17.73 29.08 8
Oita x Iriomote 000 000 0.02 000 000 001 0.02 019 000 0.05 001 000 0.01 003 0.07 002 027 014 003 19
Oita x Wutai 22.32 37.19 50.00 40.51 50.00 25.69 6.92 2.29 33.95 12.73 4590 225 1.28 27.26 49.39 19.76 0.00 0.51 3253 5
Iriomote x Wutai 000 001 0.00 000 000 002 0.02 064 000 027 003 001 0.00 004 0.01 001 000 000 006 19

2. Female

Age V-V Mie x Tanba 129 1.16 1524 149 377 634 2561 809 4625 0.80 3024 7.03 0.96 12.70 28.58 27.58 25.73 16.63 41.08 5
Mie x Qita 0.03 216 0.00 000 000 000 0.00 766 001 315 854 633 2796 010 170 135 0.00 0.00 000 15
Mie x Iriomote 0.00 0.00 0.00 0.00 000 0.00 000 0.00 0.00 0.00 000 0.00 000 000 000 1.26 000 0.00 000 19
Mie x Wutai+Tarcko 3471 6.89 1641 19.08 9.67 0.86 0.28 258 2851 3120 760 692 0.03 10.59 25.66 44.65 13.16 0.04 0.31 6
Tanba x Oita 000 0.05 0.00 000 0.00 000 013 1.03 025 0.01 3238 179 488 1689 2.01 007 0.14 0.00 002 17
Tanba x Iriomote 000 000 0.0 000 000 000 0.01 000 000 0.00 000 000 0.00 000 0.00 000 000 002 003 19
Tanba x Wutai+Taroko 9.59 47.99 42.06 36.60 50.00 1850 536 2.97 3251 2.88 1219 222 550 552 3743 1743 4.06 420 1.88 6
Oita x Iriomote 0.00 0.00 0.00 000 000 1.8 033 0.00 000 000 0.00 000 100 0.00 0.00 0.00 4757 3.21 1082 17
Oita x Wutai+Taroko 1372 178 0.07 0.09 002 0.00 001 7.82 0.61 40.34 2151 29.72 250 028 637 047 148 0.00 2733 12
Iriomote x Wutai+Taroko  0.00 0.00 0.00 0.00 0.00 001 0.00 117 0.01 0.01 000 001 000 000 000 001 0.00 000 4316 18

Age Il Miex Tanba 723 247 643 11.04 448 4375 13.56 1250 245 2537 1.06 43.03 913 35.71 40.93 31.82 11.73 44.33 3348 3
Mie x Oita 10.62 23.64 0.10 0.28 0.15 0.00 4.41 3557 1.70 27.98 9.66 10.83 24.48 11.83 13.76 0.92 1.97 0.02 211 10
Mie x Iriomote 000 000 0.00 001 000 002 030 015 000 0.00 006 047 1.78 000 0.01 002 000 006 034 19
Mie x Wutai 23.87 34.18 34.89 49.79 2562 3383 1.93 3.13 3228 2258 3.63 1677 2.58 39.20 37.06 40.76 16.38 2.53 26.48 5
Tanba x Oita 033 075 0.00 0.00 0.00 000 022 985 0.01 1164 1219 207 023 854 11.28 4.60 224 002 086 14
Tanba x Iriomote 000 000 0.00 000 000 000 0.07 002 000 0.00 000 000 0.00 001 0.00 000 000 000 001 19
Tanba x Wutai 2.79 11.53 27.88 14.75 30.48 27.64 1440 0.80 16.79 9.48 4893 1.25 14.26 30.56 45.76 41.36 46.64 0.75 18.58 4
Oita x Iriomote 000 000 0.00 000 000 034 045 000 000 0.00 000 000 019 000 0.00 000 3758 0.00 294 18
Oita x Wutai 42.43 1322 012 064 0.06 0.03 0.00 0.09 0.93 37.99 13.05 2242 0.01 2359 8.08 272 139 0.00 2215 11
Iriomote x Wutai 0.00 0.00 0.00 003 001 0.04 0.01 1816 003 000 0.02 003 002 0.06 0.01 0.03 0.00 0.00 680 17

Each value indicates the limit percentage in which significant differences are confirmed.

Values less than 5% are underlined.

aNMS indicates the number of measurements in which significant differences are demonstrated.
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Fig. 7. Principal component chart for male age group VI-V
mandibles between the 1st and 2nd transformed variables from
19 measured items. Horizontal axis: the 1st principal compo-
nent (PC1). Vertical axis: the 2nd principal component (PC2).
F: Fukushima, S: Shizuoka, M: Mie, T: Tanba, O: Oita, Z:
Miyazaki, R: Iriomote, %: Wutai (Taiwan), v<: Taroko National
Park (Taiwan). Plots of the Mie, Tanba, Oita and Miyazaki
(Kyushu) populations are each enclosed by a polygon. The
percentage of variation explained by PC1 is 88.4%, and by
PC2 is 3.3%. Characters which largely contribute to the 1st
principal component are LC, LA, and AHR, and to the 2nd prin-
cipal component are BLP, HM1, and HG.
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Fig. 9. Principal component chart for female age group IV-V
mandibles. Horizontal axis: the 1st principal component (PC1).
Vertical axis: the 2nd principal component (PC2). F:
Fukushima, I: Ibaraki, Y: Yamanashi, S: Shizuoka, M: Mie, T:
Tanba, A: Tottori, O: Oita, Z: Miyazaki, R: Iriomote, %: Wutai
(Taiwan), v<: Taroko National Park (Taiwan). Plots of the Mie,
Tanba, Oita, and Miyazaki (Kyushu) populations are each
enclosed by a polygon. The percentage of variation explained
by PC1 is 80.7%, and by PC2 is 5.1%. Characters which
largely contribute to the 1st principal component are LA, LC,
and AHR, and to the 2nd principal component are TC, HM1,
and BLP.
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Fig. 8. Principal component chart for male age group Il
mandibles. Horizontal axis: the 1st principal component (PC1).
Vertical axis: the 2nd principal component (PC2). F:
Fukushima, N: Nagano, M: Mie, T: Tanba, O: Oita, R: Iriomote,
% : Wutai (Taiwan). Plots of the Mie, Tanba, and Oita popula-
tions are each enclosed by a polygon. The percentage of vari-
ation explained by PC1 is 89.3%, and by PC2 is 2.7%.
Characters which largely contribute to the 1st principal compo-
nent are LA, LC, and MHR, and to the 2nd principal component
are BCP, BLP, and LBM.
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Fig. 10. Principal component chart for female age group Il
mandibles. Horizontal axis: the 1st principal component (PC1).
Vertical axis: the 2nd principal component (PC2). F:
Fukushima, N: Nagano, M: Mie, T: Tanba, O: Oita, Z: Miyazaki,
R: Iriomote, %: Wutai (Taiwan). Plots of the Mie, Tanba, Oita,
and Miyazaki (Kyushu) populations are each enclosed by a
polygon. The percentage of variation explained by PC1 is
84.8%, and by PC2 is 4.8%. Characters which largely con-
tribute to the 1st principal component are LC, LA, and OHR,
and to the 2nd principal component are BM, HM1, and TC.
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annual average temperature at each locality.
Since detailed locality data and elevations of hunt-
ing sites are not recorded for each specimen, we
refer to the climatic conditions of lowland towns
near the sites in table 5. The towns of Owase,
Kobe, Hualien and Kaohsiung are all located at
less than 200 m in elevation, however, each town
is not so far from the sites of Mie, Tanba, Taroko,
and Wutai, respectively.

The highest point on Iriomote Island is 470 m,
whereas Taiwan has mountains which reach about
4000 m. The districts of Wutai and Taroko are situ-
ated at 500-2000 m in elevation, and the annual
average temperature is obviously lower in Wutai and
Taroko than on Iriomote Island. We think that all
hunting sites in Mie, Tanba, Oita, and Miyazaki are
located below 1500 m in elevation. Although the
average temperature does not obviously differ
between the hunting sites at Mie, Tanba, Oita, and
Miyazaki and those of Wutai and Taroko National
Park, it is impossible to exactly compare the tem-
perature effect between the Honshu and Kyushu
localities in Japan and localities in Taiwan.

Osteometrical characters of the mandible in
Taiwan have been affected by the following 3 geo-
graphical and climatic factors of the habitat: 1)
being from 22° to 25° north latitude, 2) being from
about 2000 m in elevation, and 3) having experi-
enced the isolation effect of the island with an area
of 36 000 km2. Latitude fundamentally determines
the average temperature at each elevation. In
addition, we suggest that the elevation and the
island-isolation effect mainly affect skull size and
shape. As a result, some mandible measurements
from the Taiwanese populations have become sim-
ilar to those from the Mie, Oita, and Miyazaki pop-
ulations in each sex and age group (Tables 3, 4).

Table 5. Climatic conditions in lowland towns near
the collection sites

Localities? Annual average Annual
temperature (°C) precipitation (mm)
Mie (Owase)P 15.6 4002
Hyogo (Kobe)P 15.6 1316
Oita 15.7 1638
Miyazaki 17.0 2435
Iriomote 23.3 2343
Taiwan (Hualien)? 23.5 2326
Taiwan (Kaohsiung)P 25.2 1911

aData were obtained at elevation below 200 m.
bSince data for these collection sites have not been recorded,
data from nearby lowland towns are used.

We especially suggest that mandibles of the Tanba
population do not greatly differ from those of the
Taiwanese populations in males. The present prin-
cipal component analysis also supports these sug-
gestions concerning the morphological characters
of the Taiwanese specimens at least in age group
IV-V (Figs. 7, 9).
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