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Takehiro Sato and Yoshiaki Matsushima:

Habitat and Shell Breakage of Fossil Saxidomus purpurata (Bivalvia: Veneridae)

and Their Paleobiological Implications

Summary: Fossil specimens of Saxidomus purpurata (Bivalvia: Veneridae) collected from Holocene marine

deposits at Yokosuka and Tateyama, Central Japan were analyzed to investigate shell breakage and effectiveness

of boring. They were divided into four test groups by locality and habitat. A valve was partitioned into five

sections; anterior, dorsal, center, ventral and posterior section. The positions and the number of shell breakages

are counted and the frequencies of breakages are compared among 1) five shell sections, and 2) four test groups.

As the result of the observation, it is suggested that most of the shell breakages significantly occurred in ventral

and posterior sections. In contrast, no significant difference is determined among the test groups.

It is concluded

that boring into base rock is little effective against physical agents and/or predations if the clam bores not more

than its shell length.
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Fig. 1. Fossil Saxidomus purpurata showing in situ boring life
mode and orientation. Natsushima-cho, Yokosuka, Central

Japan. Photographed by Y. Matsushima.
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Fig. 2. Section partitions for left valve of Saxidomus purpurata.

Vertical lines are at one-fourth and three-fourths of the shell

g

length respectively. Horizontal lines are at one-fourth and
three-fourths of the shell height respectively. Sections are
defined as follows; A = anterior section; D = dorsal section;
C = central section; V = ventral section; P = posterior section.
Sections are designed for right valve as the mirror image of
these.
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Fig. 3. Saxidomus purpurata shell dimensions: L = shell
length; H = shell height; B = shell breadth of right valve; T =
shell margin thickness; LL = ligament length; SL = pallial
sinus length; AM =

axis of anterior muscle; PM =

major axis of anterior muscle; am = minor
major axis of posterior muscle;
pm = minor axis of posterior muscle. L, H and B are measured
perpendicularly to the others. AM and am, PM and pm are

measured perpendicularly each other.
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Table 1. Occurrence of shell breakage of Saxidomus purpurata compiled by respective test grops and each section
of shell. Results of chi-square test to evaluate the sameness of breakage frequency are shown in the table.
result of chi-
Group N Nb Breakage square test
A D C \Y% P | total
0.19| 0.13] 0.32 0.16] 0.20
YS 36 Z 1 1 1 7 7 17 P<0.01
YB 34 13 2 2 4 6 11 25 0.01<P<0.05

B 79 24 8 1 1 15 18/ 43 P<0.01

TO 30 11 4 1 2 9 7] 23 P<0.01

total 179 55 15 5 8/ 37| 43| 108 P<0.01
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Fig. 4. Mean area-ratio of partitioned sections of Saxidomus

(Saxidomus purpurata) OFERA

purpurata shell. Each ratio is shown in parentheses.
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Appendix. Mode of occurrence, measured shell variables and position of shell breakage of fossil Saxidomus purpurata. LR =

articulated valves; L. = detached left valve; R = detached right valve. Variable abbreviations follow Fig. 3 and section

abbreviations follow Fig. 2.

Locarity Habitat Sample No. Valve Measured Value Shell Breakage
LR L H B T LL SL AM am PM pm ADCVP
Yokosuka Sand and Gravel NN0009276 LR 108.0 79.28 29.49 3.01 52.30 57.58 30.72 22.19 28.34 24.11
NN0009277 LR 99.19 7250 2473 2.41 44.89 52.33 2652 19.32 2591 21.77
NN0009278 LR 93.26 72.60 23.34 2.85 4507 51.01 2556 18.14 23.19 10.12
NN0009279 LR 9285 67.83 2279 2.70 4346 48.85 2585 17.70 24.83 1855
NN0009280 LR 89.12 65.94 21.98 2.57 42.79 47.78 2416 16.32 2259 19.25
NN0009281 LR 84.67 63.80 2040 2.80 39.05 46.94 2361 1432 21.53 19.20
NN0009282 LR 84.92 66.91 2219 2.63 39.13 42.70 23.83 16.37 23.67 18.72 Cc
NN0003283 L R 85.30 62.96 2157 1.88 36.55 49.14 2358 17.01 2240 18.75
NN0009284 LR 83.16 62.80 22.16 2.08 36.44 4795 2213 1553 21.52 19.26 VP
NN0009285 L R 79.22 5643 19.13 2.29 32.15 40.78 20.86 14.65 18.63 15.42
NN0009286 LR 84.75 60.89 19.29 2.38 34.27 4640 2234 1740 21.78 16.87
NN0009287 LR 80.14 56.96 18.72 2.12 32.03 44.36 2127 14.84 20.32 15.85 P
NN0009288 LR 79.62 57.81 20.06 2.06 32.13 4642 2120 1498 19.39 17.49
NN0009289 LR 7926 5853 2148 2.25 32.09 43.13 2451 14.02 19.77 15.85
NN0009290 L R V P
NN0009291 LR 78.04 55.69 20.07 1.86 31.05 40.92 2044 1520 20.37 17.51 P
NN0009292 LR P
NN0009293 LR 68.31 49.16 16.98 1.71 28.68 38.82 17.32 11.35 16.86 13.24
NN0009294 LR 63.36 44.61 13.38 1.31 2423 3537 1599 11.36 15.81 13.89 Vv
NN0009295 LR VP
NN0009296 R 9124 66.92 23.86 2.54 4145 47.13 26.00 1849 24.59 21.19
NN0009297 R 89.94 65.72 21.24 2.40 40.60 4756 24.07 1512 21.72 18.68
NN0009298 R 83.46 60.86 20.07 2.19 34.34 4425 23.38 14.38 21.53 15.65 \
NN0009299 L
NNOC0S300 R 83.72 63.09 20.38 2.43 36.44 43.88 22.08 13.10 20.76 16.07
NNO000g9301 R 90.48 63.80 21.61 2.68 40.04 50.81 23.02 18.11 2357 21.74 A \
NN0009302 L
NNO0009303 L D
NNO0009304 R 79.61 5797 1811 1.99 29.93 42.60 22.02 13.91 19.85 17.67
NN0009305 L
NN0009306 R 61.27 49.32 17.29 252 27.65 2960 1648 11.14 1591 1261
NN0009307 R 62.53 49.40 1723 1.73 28.57 34.29 18.58 13.28 16.19 13.96
NN0009308 R 63.37 47.36 1541 1.68 27.02 33.62 16.90 10.57 15.75 12.36 VP
"NN0003309 L R 62.54 47.58 1575 1.48 25.90 34.83 16.73 12.38 15.33 12.96
NN0009310 L R 4624 3485 13.06 1.80 19.23 25.06 13.08 7.45 11.44 10.35
NN0009311 L
Yokosuka Boring NNO0003312 LR 85.85 68.80 23.00 2.10 43.30 43.95 25.10 16.60 23.70 19.45
NN0009313 LR 82.15 64.40 22.00 2.50 41.35 4540 23.60 14.60 18.80 21.45
NN0009314 L R 83.50 69.15 2345 2.00 44.60 44.90 26.35 19.20 25.20 23.25
NNQ0008315 LR 7495 65.65 21.95 2.70 44.50 40.65 24.85 16.00 20.90 19.95
NN0009316 LR 79.70 6235 20.75 1.90 4045 4245 23.50 17.00 22.70 20.85
NN0009317 LR 79.50 57.10 19.50 1.30 37.05 42.20 2245 1550 21.95 17.30
NN0009318 LR 78.55 65.00 22.35 1.65 38.90 43.35 24.80 15.90 22.80 19.25
NN0009319 LR 71.30 5555 19.00 1.60 39.25 36.50 20.15 14.10 20.65 16.95 P
NN0009320 LR 8425 6540 2360 1.90 45.30 4345 23.75 16.00 23.20 18.95 C P
NN0009321 L R 75.90 6575 2190 255 41.25 39.90 23.30 15.15 2295 19.80
NN0009322 LR 73.70 57.20 18.70 1.85 35.65 40.40 20.30 13.70 17.60 14.85 VP
NNO0008323 LR vV P
NN0009324 LR CVP
NN0009325 LR 69.05 55.80 16.85 1.90 34.95 38.20 18.90 13.05 16.90 15.10 DC
NN0009326 L ‘R 68.85 52.55 1840 1.50 34.75 3740 18.80 1265 19.15 16.25
NN0009327 LR 67.15 5355 1725 1.60 35.90 36.80 18.10 12.35 18.90 15.00 D P
NN0009328 LR 61.85 48.70 1745 140 2770 34.30 19.90 11.85 17.80 12.90
NN0009329 LR 62.75 49.95 1830 175 29.26 3520 1810 12.10 17.70 15.06
NN0009330 LR 64.25 46.85 16.35 1.70 2845 36.75 17.75 12,10 17.30 14.75
NN0009331 LR 63.55 5345 18.60 2.15 34.70 3440 17.30 13.10 17.20 15.35
NN0009332 LR 58.50 48.30 16.10 1.65 31.30 30.75 16.65 11.30 15.25 13.65
NN0009333 LR 68.20 52.65 17.30 145 35.15 37.00 18.15 12.35 17.75 14.95 A
NN0009334 L R 59.00 47.00 17.20 1.70 29.75 31.65 16.80 12.05 16.95 14.45 P
NN0009335 LR A cvpe
NN0009336 LR 60.10 48.80 1565 1.45 28.90 31.10 16.20 10.80 16.10 12.70
NN0008337 LR 52.95 4220 14.35 1.60 2650 2925 1540 9.65 14.30 11.60 P
NN0009338 LR 51.70 38.15 13.20 1.40 21.75 2765 1325 9.05 12.75 11.05 vV P
NN0009339 L R 4055 33.65 13.30 1.35 21.90 19.45 11.30 6.70 11.10 8.05
NN0009340 LR 3415 2410 8.10 0.65 1425 1915 7.90 5.35 7.35 6.70 P
NN0009341 L
NN0009342 L
NN0009343 R 7445 5925 2245 '2.85 39.65 38.20 2155 13.10 2040 18.55
NN0009344 LR 58.80 44,90 16.00 0.85 31.00 30.15 16.15 10.10 15.45 12.80 Vv
NN0009345 LR 5955 4645 16.25 1.65 28.75 3145 17.05 10.85 15.30 13.05
Tateyama Boring NN0009346 L R 81.30 64.43 2323 223 3993 4446 2353 17.04 2297 20.30 P
NN0009347 L R 77.08 66.11 2352 2.38 40.03 43.80 25.04 16.76 23.18 21.80
NN0009348 LR 98.01 7421 2512 251 47.72 50.03 27.40 17.36 27.37 23.71 )
NN0009349 L R 80.63 69.34 2432 248 40.82 42.84 28.16 16.90 22.13 20.16
NN0009350 LR 88.41 7015 2528 2.48 46.91 5074 26.41 17.71 23.74 2168 Vv
NN0009351 LR 88.12 6826 24.48 241 4249 46.85 26.16 17.84 2468 2145
NN0009352 kB 86.66 72.92 2553 2.32 44.86 46.80 26.03 19.24 2551 2248 P
NN0009353 LR 86.77 7148 2448 321 44.34 4547 2749 18.76 2590 21.94
NN0009354 LR 8371 70.66 24.05 2.56 43.45 4540 2520 19.20 27.25 22.71
NN0009355 LR 8722 60.05 2383 273 43.98 48.11 2451 17.84 2461 20.15
NN0009356 LR 8289 6591 2376 293 42.35 4522 2491 18.41 2549 21.72
NNO0009357 LR 8626 72.01 26.44 296 43.20 47.91 26.76 19.64 24.77 24.33
NN0009358 LR 8620 69.05 25.02 2.53 3840 46.71 25.35 19.09 24.40 2347
NN0009359 LR 8331 67.92 25.80 2.86 41.07 4865 24.18 18.05 23.35 20.54




Locarity  Habitat Sample No. __Valve i Measured Value Shell Breakage

LR L H B T IL SL AM am PM pm ADCVP
Tateyama Boring NN0009360 LR 77.94 70.38 2619 252 42.81 4434 2592 17.99 24.35 20.91
(continued) NN0009361 LR 8241 69.01 2395 220 44.81 4352 2362 17.71 23.05 21.62
NN0009362 LR 8555 64.12 2399 246 4044 4504 2372 1572 24.32 19.30
NN0009363 LR 8481 66.34 22.36 206 37.76 4508 2383 18.93 22.80 19.73 A v
NN0009364 LR DCVP
NN0009365 LR 80.26 66.39 23.23 2.49 37.87 42.72 2575 17.57 22.86 2152
NN0009366 LR 8361 67.00 22.71 255 36.86 4502 2487 1653 24.24 20.60
NN0009367 LR 7956 66.23 23.19 2.14 40.86 43.44 24.42 16.64 23.30 20.74
NN0009368 LR 80.74 63.04 24.35 263 3892 44.45 23.89 13.77 2344 19.95
NN0009369 LR 7468 5811 2081 208 32.66 3958 2210 1518 20.39 17.47 P
NN0009370 LR 7500 59.36 22.17 2.01 37.21 41.09 2312 15.32 2020 19.08 Vv
NN0009371 LR 7121 56.06 19.65 1.65 30.75 41.17 2052 13.08 19.93 17.89
NN0009372 LR 69.80 53.14 19.19 1.88 32.52 38.31 20.12 14.62 18.41 16.63
NN0009373 LR P
NN0009374 LR A VP
NN0009375 R 86.86 7426 27.54 253 46.50 48.98 26.02 19.96 2492 24.04
NN0009376 L
NN0009377 L
NNO0009378 L v
NN0009379 R 7981 63.79 21.85 202 37.43 43.75 2384 16.33 2352 19.93
NN0009380 R 76.74 6427 22.77 2.03 40.28 4168 23.12 1526 22.46 19.03
NN0009381 L v
NN0009382 R 7783 61.98 23.08 255 37.45 40.67 2519 1665 22.86 19.82 P
NN0009383 L
NN0009384 L P
NN0009385 @ v
NN0009386 L A
NN0009387 R 3750 2894 9.60 1.20 16.80 21.42 1027 545 10.11  8.44 A
NN0009388 L P
NN0009389 L VP
NN0009390 R P
NN0009391 LR 9299 78.48 29.25 3.42 4555 4922 2835 19.78 28.40 2453 A
NN0009392 LR 8527 71.84 0545 278 42.19 4630 26.05 18.15 26.98 22.64
NN0009393 LR 91.73 72.83 2491 273 4259 49.87 27.16 _18.62 2593 24.53
NN0009394 LR 86.71 67.70 23.18 2.82 41.97 4558 2595 17.21 24.46 20.85
NN0009395 LR 8020 68.32 27.30 294 3804 4373 2560 18.29 25.02 21.59
NN0009396 LR 80.64 68.18 2326 254 39.01 42.88 26.66 18.47 25.04 23.05 v
NN0009397 LR 7972 65.83 2329 2.10 4158 44.67 2336 16.76 2524 2048
NN0009398 LR 8056 6753 24.36 2.67 3640 40.65 2649 17.09 2423 20.93
NN0009399 LR 8260 6694 23.13 259 41.72 4581 2547 16.35 24.05 22.09
NN0009400 LR 73.75 56.40 19.01 2.05 33.06 89.61 21.99 13.80 20.66 17.06
NN0009401 LR 7514 60.97 21.63 1.74 34.88 4010 23.02 15.74 21.33 18.18
NN0009402 LR 7194 58.38 19.74 2.15 52.00 39.87 21.63 13.71 21.34 18.19 A P
NN0009403 LR 7017 57.71 18.72 1.71 32.04 37.39 2021 13.77 20.38 15.88
NN0009404 LR 6650 54.35 20.31 1.73 31.30 36.44 20.28 1357 19.60 16.35
NN0009405 LR 68.49 53.16 18.88 1.75 31.81 38.81 19.36 12.82 1855 16.84 P
NNO0009406 LR 61.00 47.92 1693 1.72 27.16 34.72 16.85 11.08 16.89 13.31 VP
NN0009407 LR 55023 4282 1519 152 23.73 31.60 15.36 10.21 15.72 13.85
NN0009408 LR 5396 4158 14.37 1.37 23.26 30.30 15.35 10.07 14.90 11.86 P
NNO0009409 LR . 5240 4147 1391 1.33 2199 2819 1519 941 1456 12.36 vV P
NN0009410 LR 8354 70.18 25.60 2.4 41.12 4400 2547 18.77 2441 2249
NN0009411 LR 7958 69.81 24.00 2.18 41.27 43.86 27.36 17.89 26.58 21.52 A
NN0009412 LR 7656 62.44 2023 1.95 3358 4325 21.96 1541 2245 20.03
NN0009413 LR 7334 60.68 20.73 1.72 32.88 39.92 23.07 14.63 2295 18.29
NN0009414 LR 7719 60.63 2232 2.30 37.22 43.14 2218 14.83 21.77 19.14
NN0009415 LR 8141 64.85 2235 1.87 37.98 4523 23.43 1587 2259 19.53
NN0009416 LR 5698 4523 14.99 1.37 23.91 8220 1539 8.71 1588 14.14
NN0009417 LR 55.85 4596 1565 1.53 24.93 30.71 1647 1040 16.17 12.92
NN0009418 LR 3726 29.19 9.88_0.89 1581 20.60 9.89 6.73 9.14 8.09 VP
NN0009419 L
NN0009420 LR 78.73 62.00 20.82 2.04 33.81 40.88 2374 1690 21.88 19.83
NN0009421 LR 81.89 64.17 23.06 1.80 37.88 4427 2523 15.17 24.20 21.20
NN0009422 LR A v
NN0009423 LR 52.76 37.93 1242 1.9 21.73 2939 13.83 6.66 1325 11.96
NN0009424 LR P
Tateyama Oyster Reef NN0009425 LR 1060 7620 26.69 2.09 46.80 5593 29.36 20.36 28.07 25.77
NNO0009426 LR 9801 7352 27.02 2026 48.87 5227 27.61 19.16 27.30 22.24
NN0009427 LR 96.94 75.39 25.63 2.33 42.16 52.12 28.98 20.54 27.62 23.60 P
NN0009428 LR 90.83 69.41 25.19 2.54 4824 5154 2655 1681 2420 21.71
NN0009429 LR 9166 67.17 2347 2.01 39.94 5200 25.13 18.03 2459 21.74
NN0009430 L 90.36 65.32 20.89 1.86 37.22 48.35 24.94 14.07 2335 19.29
NN0009431 LR 7881 59.61 21.31 1.53 34.67 47.45 2249 13.94 2229 18.17 P
NN0009432 LR 8146 61.13 2020 1.80 3547 46.84 23.77 14.01 21.03 18.37 A
NN0009433 LR 7458 55.34 17.86 1.74 31.96 4270 19.30 13.10 18.85 16.46
NN0009434 LR 7442 5454 18.75 1.65 31.82 41.38 19.83 12.71 17.92 16.37
NN0009435 LR 6250 4925 16.81 1.56 30.66 34.72 1647 964 1585 13.98
NN0009436 LR 96.47 7424 2474 229 4659 54.97 2698 19.20 26.95 23.13
NN0009437 LR 8474 67.49 2360 2.36 41.36 4540 2528 17.16 2449 21.98 AD VP
NN0009438 LR A VP
NN0009439 LR 6112 4957 16.75 1.64 26.71 33.37 1757 11.88 17.06 14.82
NN0009440 LR 61.64 48.14 1541 1.37 28.79 33.72 17.26 10.75 1651 13.17 C
NN0009441 R 8306 63.80 21.03 2.12 40.00 45.33 23.07 16.04 2237 19.72
NN0009442 LR 9199 72.42 26.09 1.90 44.48 48.65 27.79 18.89 25.77 22.32 vV P
NN0009443 LR 8646 70.77 2372 1.84 42.65 49.32 2669 17.13 2571 22.48
NN0009444 LR 68.03 50.63 16.98 1.90 3321 38.10 17.12 11.89 17.48 1521 v
NN0009445 LR 7121 56.08 18.80 1.36 31.12 41.61 20.37 12.93 1824 13.91 A CV
NN0009446 LR 8361 6321 22.02 2.13 39.34 47.60 24.35 16.83 21.73 21.6
NN0009447 LR 6483 51.05 16.72_ 1.43 30.41 37.86 1B.10 11.21 17.12 14.71 v
NN0009448 LR 7384 56.79 18.82 1.51 34.08 40.46 2052 11.19 19.69 17.73
NN0009449 LR vV P
NN0009450 LR 6391 4853 1590 1.34 3154 87.09 16.74 9.78 16.84 13.70
NNO0009451 LR 57.05 4455 14.81 1.3 26.31 33.00 1654 1062 1547 13.08
NN0009452 LR 58.06 43.03 13.39 1.16 24.48 3354 1578 10.14 14.87 12.60 v P
NN0009453 R 52.07 39.75 1222 1.09 25.36 30.16 14.98 8.16 13.16 11.88
NN0009454 L v




