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Akihisa SHINJO : Comparison of body size of water
buffaloes in Okinawa islands and correlations among traits
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Table 1. Management system and period of investigation in Okinawa islands

Island Management system Period of investigated

Yonaguni Tether grazing August 1975

Ishigaki Tether grazing and tether under August 1974
tree

Eastern Iriomote Tether grazing October 1975

Western Iriomote Tether grazing October 1975

Kohama Tether grazing October 1975

Okinawa Tether grazing, tether under tree July 1974
and housing

Minami-Daito Tether under tree August 1975

Kita-Daito Tether under tree and tether August 1975
grazing
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Table 2. Comparison of body measurements of female water buffaloes in Okinawa islands (cm, mean + standard error)
( ): height ratio
on o Isiand Weighted
. Yonaguni Ishigaki Eastern Western Kohama Okinawa mean
Iriomote Iriomote
No. of animals 10 18 24 13 8 21 94
Withers height 125.9 ¢ 0.93 1232+ 0.76 123.3 £ 0.59 124.6 £ 0.87 1220 £ 1.27 125.0 + 0.87 124.0
(100) (100) (100) (100) (100) (100) (100)
Hip height 125.5 ¢ 0.62 1222 £ 0.80 123.3 £ 0.52 124.0 £ 0.84 123.1 £ 1.00 123.5 £ 0.78 123.4
(99.6£0.70)ab  (99.1 £ 0.37)ab (100.2+0.27)b (99.4 + 0.48)ab (1008 £0.57)bY  (98.7 £ 0.36)2 (99.6)
Body length 1463+ 2.89¢ 1436+ 1.71bc 1425+ 1443d 1472+ 165¢ 139.2+2.373d 1390+ 1.382 142.7
(obliquity) (116.1£2300b  (1165+1.61) (11552 1.13)> 1181+ 1.5  (114.1£1.69)8d (111.2+ 1.09)a (115.1)
Chest girth 199.141.59b 198.5+ 2,08 b 1933+ 1.27b 199.1+1.72b 1942+3.008>  1882+2.712 194.6
(158.0+ 1.54)b  (161.0+ 1.67)® (1567 0.87)b (159.7+0.80)> (159.2+231)b  (150.5 + 1.74)a (156.8)
Chest depth 7374 053¢ 7432061 ¢ 71.1+0.362 73.0+0.57 b 713+ 1.07 ab 713120692 72.3
(585%046)®  (60.3£040)¢  (57.6:023)ab  (585+032)d  (584+066)> (57010503 (58.3)
Chest width 4833 1.52% 493+0.770b 485+ 045b 50.2+0.86 b 488+ 1320 454+ 1.008 48.2
(3831 1.34)8d (3991 0.65b  (393:034)b  (40.2+062)b  (399:099)b  (363+0.71)a (38.9)
Rump length 47.310.62 47.0% 0.79 46.0 £ 0.31 46.1 + 0.54 46.5 £ 0.65 45.0 £ 0.65 46.1
(375£03NP (3812061 (3721029  (369:037)8d  (38.0:0.53)ab (359 + 0.40)2 37.2)
Hip width 54.110.66b 520+ 0.54b 50.5+0.38a 52310670 50610924 5142 062ab 51.6
) 429+ 048)%  (42.1:033)b  409+027)a 4191 046)3b (4142 051)3b (4111 0.35)ab (41.6)
Thurl width 47.0+0.58 ¢ 47.1+057¢ 439+ 0542 45.9 £ 0.66 bc 4461 032ab 44.9 + 0.55 ab 45.4
372+ 055  (382+043)b  (355+042)2 (36.8 £ 0.59)8b  (36.5+ 0.44)ad (358 +0.32)a (36.6)
Pin bone width 30.2 £ 0.44 30.8  0.40 29.9 + 0.34 29.9 + 0.34 30.5 1 0.63 29.7 £ 049 30.1
(23.9+020)8d  (25.0+030)¢  (24.2+028)8bc  (239+0.29)ab (2491 041)bc (2321 059)a (24.3)
Cannon circum 214 £ 0.52 208+ 0.25 20,6 +0.22 21.010.22 20.5 + 0.32 20.3£0.28 20.7
(16.9 £ 0.34) (16.9 £ 0.18) (16.6 £ 0.17) (16.8 £ 0.20) (16.8 £ 0.36) (16.2 £ 0.19) a16.m
Head length 50.4 £ 0.85 49.2+0.37 49.2 + 0.34 49.6 + 047 49.0+ 053 50.0 £ 0.50 49.5
(40.0 £ 0.80) (39.8 £ 0.35) (39.9+0.27) (39.8 £ 0.48) (40.1 + 0.41) (39.740.27) (39.9)
Horn length 51.8%3.37ab 51.5+1.743 59.1+183¢ 604 +245¢ 59.31229b¢ 53.9 + 2.70 abe 55.9
(41.11276)a (41.741.35)a (4781 1.46)b (4841 195)c (4851 1.58)d 426+ 191)a (44.9)
Means with different superscripts in the same row are significantly different at P < .01 ~ 05.
Table 3. Comparison of body measurements of male water buffaloes in Okinawa islands (cm, mean + standard error)
( ): height ratio
on Island Weighted
Yonaguni Ishigaki Western Okinawa Minami-Daito Kita-Daito mean
Iriomoto
No. of animals 4 3 4 3 10 14 39
Withers height 1295+ 1.92b 1324+ 2.08b 122341272 132841960 129.2+ 0980 1297+ 0920 129.2
(100) (100) (100) (100) (100) (100) (100)
Hip height 130.6 £ 2.11 129.4 £ 2.08 124.5 ¢ 2.04 129.0 + 1.50 1289+ 0.77 129.4 £ 0.87 128.8
(110.7 £ 0.84) 97.7%1.32) (101.7 £ 1.32) 97.74243) (99.7 £ 0.43) (99.6 £ 0.34) (99.6)
Body length 148.0 £ 3.62 152.3 & 7.66 149.0 £ 3.76 151.01 3.78 150.0 + 2.21 151.0 £ 2.63 150.3
(obliquity) (114.2 £ 2.90) (1149 £ 4.50) (121.8 £ 3.52) (113.8 £ 4.55) (116.0 £ 1.95) (116.6 £ 1.57) (116.3)
Chest girth 197.0 + 3.58 202.0 £ 4.04 205.0 £ 6.12 200.0 + 2.08 198.5 + 2.54 204.7 £ 191 201.7
(1520 £ 2.05)b  (1526+4.79)b (16744 3.55)a (1506 +345)b (153.5¢ 1.89)d (1576 + 1.19) (156.0)
Chest depth 722+ 1.57 77.8+0.35 744 % 1.12 756+ 1.13 74.9 £ 0.49 76.0 + 0.88 75.2
(55.7 £ 0.66)2 (58.7+085)b¢  (60.8+1.12)¢ (569 1.31)ab (5794 0.35)ab (589 + 0.68) b (58.3)
Chest width 49.8 + 0.37 5234107 54.1%2.18 504 & 3.19 4821 145 50.5£0.77 50.3
' (384 £ 0.58) (39.4 £ 0.83) 2 (44.11142)b  (3791250)8  (37.21£1.02)2  (38.9+0.68)2 (38.9)
Rump length 46.7 + 0.25 47.6 £ 0.60 472+ 1.10 45.5 1+ 0.50 46.5 £ 0.40 48.0 £ 0.85 47.1
(36.0+035)3b  (36.0% 0.96)8b (386 095)b (342+0.63)2 (35.7+ 046)ad (369 +0.58)b (36.3)
Hip width 51.0+ 2642 556+088b 52.2 1 0.64 ab 583+033b 55.2+091b 55.04085b 54.6
(39.21 1.56) 2 420+ 1.23)adb (4281 0.46)b (43.9 + 0.45 )b (43.0+ 047)b 423+051)b (42.3)
Thurl width 4601+ 1912 49310880 457+ 0472 50.6+0.88b 46.9 + 0.56 ab 48.7 4+ 0.64 3b 47.6
(354 1 1.04) (37.2% 1.13) (374 £ 0.22) (38.1£0.17) (36.2£ 0.47) (37.11 0.45) (36.8)
Pin bone width 29.7 2 0.62 31.0% 1.73 30.7+0.75 313+ 1.33 29.5 1 0.71 29.6 £ 0.43 29.9
(22.9 £ 0.76) 2341167 (25.11047) (23.510.72) (22.8 £ 0.63) (22.7+£0.29) 3.1)
Cannon circum 235+ 1.0438bc  2234+0.333b 220+ 0912 226+033abc 236+ 040bc 24.0+0.28¢ 23.3
(18.1£0.62)ab  (16.8+0.11)a (179+067)ab  (17.0+0.36)ab  (18.2+0.32)b (18.5+0.20) b (18.06)
Head length 535+ 0640 526+088b 500+ 0002 550+ 0000 538+ 0480 5§3.5+03540 §3.2
41.2+ 0.67) (39.7 £ 0.59) (40.8 £ 0.42) (414 £ 0.63) 41.6 0.52) 41.2 £ 043) 411
Horn length 4272172 52313843 52.2+2522 580+ 1.152 61.0+3.28b 58.5+223b 56.3
(3291 143)a (394+262)8d (427+230)d (4361 1.28)b  (47.1+£263)b  @5.0%167)b (43.4)

Means with different superscripts in the same row are significantly different at P < .01 ~ .05.
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Table 4. Comparison of body measurements of castrated male water buffaloes in Okinawa islands
(cm, mean + standard error)

( ): height ratio

Island
Character Weighted
Ishigaki Western Okinawa
Iriomote mean
No. of animals 8 3 5 17
Withers height 1329+ 1.20b 128.6 + 1.20 ab 126.2+ 0.57 2 130.0
(100) (100) (100) (100)
Hip height 133.0+ 0.64 b 130.0+ 0.57b 126.7+0.96 2 1304
(100.0 + 0.82) (101.0 £ 0.92) (100.3 + 0.39) (100.2)
Body length 149.5 + 2.23 146.6 + 3.75 139.0 + 4.30 145.6
(obliquity) (112.4 + 2.01) (114.0 + 3.94) (110.1 £ 3.57) (111.9)
Chest girth 211.0+ 2.66b 210.6 + 7.44 1 191.0+ 2.882 204.6
(158.7+ 2.75) (163.7 + 6.68) (151.3 + 2.71) (157.3)
Chest depth 79.3+1.57b 742+ 0.52 ab 70.2+0.50 2 75.5
(59.6 £ 1.18)b (57.6+0.82)ab  (55.6+0.45)2 (57.9)
Chest width 522+ 1.35b 53.2+269b 46.1+ 1462 50.4
(39.2 + 1.24) (41.3 + 2.45) (36.5 + 1.30) (38.7)
Rump length 51.5+1.21b 49.3+0.88b 436+ 0.672 48.6
(38.7+0.98) b (384+1.01)b (34.5+0.63)2 (37.3)
Hip width 57.7+1.03b 55.6+1.20b 51.0+0.632 55.2
(43.4+0.78) b (43.2+1.200ab  (40.3+0.34)2 42.3)
Thurl width 50.3 + 0.96 50.0 + 0.57 47.5+ 0.50 49.3
(37.8+ 0.86) (38.8 0.32) (37.6 + 0.44) (37.9)
Pin bone width 32.1+0.52b 31.3+ 1.20ab 279+ 1.322 30.6
(24.2 + 0.46) (24.3 + 1.14) (22.0+ 1.04) (23.5)
Cannon circum 23.5+ 0260 23.0 + 0.00 ab 224+ 0242 23.0 .
(17.6 + 0.25) (17.8+ 0.17) (17.7+0.13) (17.6)
Head length 545+ 141 540+ 1.15 49.8 + 2.05 52.9
(40.9 + 1.07) (41.9 + 0.88) (39.4 + 1.64) (40.6)
Horn length 54.0% 2.52 50.3+ 240 - 52.9
40.5+ 1.71) (39.0 + 2.06) - (40.0)

Means with different superscripts in the same row are significantly different at P < .01 ~ .0S.
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Table 5. Correlation coefficients between every pair of characters of water buffaloes.
(female above the diagonal and male under the diagonal)

Character ) ) X1 X2 X3 X4 XS X6 X7 X8 X9 X10 X 11 X 12

Withers height X1 7183 211 428 498 .180 326 618 313 341 341 305

Hip height X2 734 253 445 .365 .268 348 551 .243 217 an .348
91+

Body length (X3) 312 229 an 314 317 242 311 285 272 267 232

(obliquity) 383 313

Chest girth (X4 245 140 .088 680 729 633 529 394 487 436 328
350 .298 486

Chest depth (X 5) 509 293 321 533 .365 331 521 400 486 332 303
119 553 608 740

Chest width X 6) 023 .007 001 658 294 547 230 .228 295 234 .201
687 .290 .503 758 606

Rump length X7 221 228 .184 538 441 .260 443 347 420 459 .110
532 637 379 655 736 .748

Hip width (X 8) 613 459 225 403 524 .094 361 456 .392 .341 237
715 697 449 669 822 666 825

Thurt width X9 506 .396 076 204 .326 033 285 598 459, 257 196
.202 294 .328 457 349 567 .690 444

Pin bone width (X 10) .084 .021 .093 249 3713 110 334 .083 .248 291 257
459 574 237 715 609 553 688 708 399

Cannon circum (X11) 335 481 069 .303 .158 15 185 A7 .163 .206 305
560 715 503 459 599 426 518 644 395 529

Head length (X12) 466 281 .201 019 156 181 .021 227 026 067 .306

316 274 .500 619 122 626 566 572 456 .362 491

* Lower figure indicate coefficients for castrated male.
Correlation coefficients for statistical significance at 5% and 1% ievel of probability are 205, .267 in female (n = 94), .325, 418 in male (n = 39) and
465,.575 in castrated male (n = 19).
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Summary

This paper is concerned the comparison of measurements of body size of water buffaloes
(swamp type) in Okinawa islands and correlation among traits of body parts. Thirteen characters
of the animals over three years old were measured and compared among islands. The numbers of
buffaloes examined were 97 females, 39 males and 19 castrated males. These animals were from
Yonaguni, Ishigaki, Kohama, Iriomote, Okinawa, Minami-Daito and Kita-Daito islands.

The average body measurements, which were weighted for number of buffaloes in each island,
of females, males and castrated males for withers hight, oblique body length, chest girth, chest
depth and hip width were 124, 129, 130; 143, 150, 146; 195, 202, 205; 72, 75, 76; and 52, 55,
55cm, respectively. The differences in body measurements among islands were significant in these
three groups. Especially, body size of females in Okinawa island was smaller than those in other
islands.

All correlation coefficients obtained among possible pairs of 12 characters in females, males
and castrated males, except horn length, were positive. Castrated males showed the highest coef-
ficients, while females and males presented intermediate and the lowest values. It was found that

the correlation coefficients among traits in buffalo were lower than those in cattle.



