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Locality difference in the frequency of asymmetric shell marking type of
the Manila clam Ruditapes philippinarum

SEINEN CHOW,1* TOSHIHIRO YAMAMOTO,! KazuTosul WATANABE,! YuicHIRO FUJINAMI,?
MASAEI KANEMATSU,? NATSUKI HASEGAWA ¢ HIroSHI OKAMURA 5 Koj1t MIZUTA,$
DAI MIYAWAKI,” YASUFUMI HADA,8 IzuMmr SAKURAILS# NoBORU IKUSHIMA,? SHUICHI KITADA,®
NAOFUMI TANIMOTO,! KAzUHIRO HANYU,2 YUTAKA KOBAYASHI* AND MITSUHARU TOBA®

I National Research Institute of Aquaculture, Yokosuka, Kanagawa 238-0316, 2Tohoku National Fisheries
Research Institute, Miyako, Iwate 027-0052, 3National Research Institute of Fishevies and Environment of
Inland Sea, Onomichi, Hiroshima 722-0061, *Hokkaido National Fisheries Research Institute, Kushiro, Hok-
kaido 085-0802, 5 National Research Institute of Fisheries Science, Yokohama, Kanagawa 236-8648, $Tsushi-
ma Branch of Nagasaki Prefectural Office, Tsushima, Nagasaki 817-8520, "Aichi Prefectural Fisheries Ex-
perimental Station, Chita, Aichi 470-3412, 8Hokkaido Research Organization, Yoichi, Hokkaido 046-8555,
YTamana Regional Promotion Bureau of Kumamoto-ken, Tamana, Kumamoto 865-0016, 0 Tokyo University of
Mavrine Science and Technology, Minato, Tokyo 108-8477, 11 Kyoto Prefectural Agriculture, Forestry and Fish-
eries Technology Center, Miyazu, Kyoto 626—-0052, 2Mie Prefecture Fisheries Research Institute, Suzuka, Mie
510-0423, 3Chiba Prefectural Fisheries Experimental Station, Futtsu, Chiba 293-0042, Japan

Asymmetric shell marking (type A) in the Manila clam Ruditapes philippinarum is known to be a heritable
dominant characteristic. We collected local samples from a wide range of the Japanese Archipelago and China,
and found that the frequency of type A was heterogeneous among the samples. The frequency was significantly
higher (14.5-28.1%) in samples collected in Hokkaido and the Kanto area (Tokyo Bay, Sagami Bay and
Numazu) than those (0-9.9%) in the other samples collected in Tohoku and west of Hamana Lake including Chi-
na. Non-native clam individuals had been released in the Banzu area of Tokyo Bay for nearly two decades, ceasing
in 2007. The clam samples collected at Banzu in 2005 were subdivided into small (<20 mm in shell length) and
large (=25 mm) size groups, and a significantly higher frequency of type A was observed in the small group (22
9%) than in the large group (0%). On the other hand, clam samples collected at the same area in 2011-2012
presented a high frequency of type A (17.2-20.3%) regardless of the size. Samples collected from other areas of
Tokyo Bay where no exogenous individuals had been released were observed to have maintained a high frequency
of type A (17.9-26.4%) . This simple phenotypic marker indicates that the Manila clam population in Japan is ge-
netically structured and exogenous individuals introduced to Tokyo Bay may have had little effect on diminishing
the frequency of type A.

* Tel : 81-46-856-9408. Fax : 81-46-857-3075. Email : chow@affrc.go.jp
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Fig. 1 Collection sites of the Manila clam Ruditapes philippinarum in Japan and China. See Table 1 for details.
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Table 1 Collection information and size of the Manila clam Ruditapes philippinarum used in this study
. Locality Sample Shell length (mm)
Area Locality code™t code Date 7 average SD
Hokkaido Saroma Lake SL SL Sep 2012 194 10.0 2.3
Furen Lake FL FL Jun 2012 34 14.8 3.6
AXkkeshi Lake AL AL Aug 2012 353 7.3 4.2
Iwate Miyako Bay MY MYA Jun—-Aug 2012 199 29.0 2.3 (65)*2
MY] Jul-Aug 2012 247 14.4 3.6
Yamada Bay YB YBA Jun—-Aug 2012 207 34.4 4.2
YBJ Jul-Aug 2012 222 8.6 3.0
Chiba Sanbanse SB SB1 Nov 2001 82 20.1 9.7
SB2 Oct-Nov 2003 378 25.0 3.9
SB3 Dec 2011 119 30.0 7.8
Banzu BZ BZ1 Sep 2005-Mar 2006 380 12.4 7.2
BZ2 May—Jun 2011 128 —
BZ3 Jan—Feb 2012 345 35.8 3.8
BZ4 Jut 2012 120 35.9 3.4
Futtsu FT FT Jun 2012 60 31.2 2.4
Kanagawa Sea Side Park SP SP1 Apr 2004 89 16.1 2.3
SP2 Jan—Nov 2005 623 —
SP3 Jan—May 2006 262 9.1 0.7 (60)
SP4 May 2007 144 12.2 15 (20)
SP5 Sep—Nov 2010 1147 29.3 1.9 (300)
Spé6 Feb-Dec 2011 1729 26.6 3.1 (500)
SP7 Jul 2012 369 22.8 7.2
Arasaki AR AR1 May—-Sep 2010 101 30.6 2.9 (61)
AR2 Jan—Feb 2011 101 31.6 3.9 (80)
AR3 Feb 2012 166 —
Chojagasaki CS CS Jun 2012 57 16.3 4.2
Shizuoka Numazu NM NM1 Jun 2012 97 16.4 3.2
NM2 Aug 2012 81 18.7 3.7
NMN Aug 2012 71 10.8 2.5
Hamana Lake HL HL1 Jul-Dec 2005 90 —
HL2 Feb 2006 32 —
HL3 May 2011 323 —
HL4 Jun 2012 150 33.4 2.8
Aichi Mikawa Bay MB MB1 Jun 2004 153 26.3 1.9 @7
MB2 Jul-Dec 2005 90 22.3 4.6
MB3 Feb-Sep 2006 64 11.2 1.1
MB4 Jun 2007 76 15.3 1.6 (36)
MB5 Apr 2012 124 34.3 4.3 (20)
MB6 Jun 2012 195 32.2 3.5 (30)
Mie not determined ME ME1 Apr 2004 223 314 7.2
not determined ME2 Jun 2004 244 27.2 2.4 (44)
Imaishiki MEI Aug 2012 81 31.4 4.3
Kyoto Asokai AS ASA Jul 2012 497 42.9 4.3 (35)
AS] Jul 2012 150 15.7 2.2
Hiroshima Onomichi oM OM May-Sep 2011 119 33.0 6.7
Kochi Urado Bay UB UB Jun 2012 342 34.2 2.8 (20)
Oita Nakatsu NT NT1 May-Dec 2005 90 —
NT2 Feb-Sep 2006 122 10.7 1.1
NT3 Jun 2007 140 10.7 1.6 (69)
Fukuoka Yanagawa YG YG Apr 2004 184 26.6 3.2
Kumamoto Shirakawa SH SH Jun 2007 136 14.3 1.4 (61)
Ariake KM KM Jul 2005-Mar 2006 90 19.1 7.1
Nagasaki Konagai KN KN1 Jul-Dec 2007 225 19.5 7.3
KN2 Feb 2012 108 30.8 1.9
China Dalian DL DL Feb 2008 50 —
Rushan RS RS Feb 2008 49 —
*1 See Fig. 1.

*2 Figures in parentheses indicate number of individuals used for shell length measurement.
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EHEL7-HEE (White type) da~d &E 250, a
BRI EBIZRONDERETH Y, BEFEPEROEN
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DTRBLPBEIND, ZOM, RICEREDSHF A
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B L CoETES, £, AW CIIEREMNT
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BIEFICM & 47 () HIEAHE (AR) IKFDHT,

Fig. 2 Several asymmetric shell marking types observed
in the Manila clam Ruditapes philippinarum. a—f were
determined to be heritable asymmetric shell marking

types.
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Table 2 Number of asymmetric (A) and symmetric (S)
shell marking individuals

Locality Sample

n

*1 pram ) *3

Area Locality code code A S pA
Hokkaido  Saroma Lake SL SL 40 154 0.206
(0.251) Furen Lake FL FL 6 28 0.176
Akkeshi Lake AL AL 92 261 0.261
Iwate Miyako Bay MY MYA 5 194 0.025
(0.091) (0.046) MYJ 17 230 0.069
Yamada Bay YB YBA 7 200 0.034
n YBJ 8 214 0.036
Chiba Sanbanse SB SB1 19 63 0.232
(0.593) (0.876) SB2 91 287 0.241
SB3 31 88 0.261
Banzu BZ BZ1 76 304 0.200
(0.890) BZ2 22 106 0.172
BZ3 70 275 0.203
BZ4 24 96 0.200
Futtsu FT FT 12 48 0.200
Kanagawa  Sea Side Park SP SP1 20 69 0.225
(0.195) (0.324) SP2 112 511 0.180
SP3 47 215 0.179
SP4 38 106 0.264
SP5 221 926 0.193
SP6 349 1380 0.202
SP7 78 291 0.211
Arasaki AR AR1 17 84 0.168
(0.224) AR2 23 78 0.228
AR3 24 142 0.145
Chojagasaki CS CS 16 41 0.281
Shizuoka Numazu NM NM1 19 78 0.196
(<0.001) (0.980) NM2 17 64 0.210
NMN 14 57 0.197
Hamana Lake HL HL1 3 87 0.033
(0.812) HL2 2 30 0.063
HL3 19 304 0.059
HL4 8 142 0.053
Aichi Mikawa Bay MB MB1 10 143 0.065
(0.796) MB2 4 86 0.044
MB3 2 62 0.031
MB4 5 71 0.066
MB5 9 115 0.073
MB6 15 180 0.077
Mie n.a. ME ME1 22 201 0.099
(0.603) n.a. ME2 22 222 0.090
Imaishiki MEI 5 76 0.062
Kyoto Asokai AS ASA 6 491 0.012
(0.006) AS]J 8 142 0.053
Hiroshima  Onomichi oM OM 4 115 0.034
Kochi Urado Bay UB UB 11 331 0.032
Oita Nakatsu NT NT1 3 87 0.033
(0.721) NT2 7 115 0.057
NT3 8 132 0.057
Fukuoka Yanagawa YG YG 12 172 0.065
Kumamoto Ariake KM KM 3 87 0.033
(1)  Shirakawa SH SH 5 131 0.037
Nagasaki Konagai KN KN1 12 213 0.053
(0.591) KN2 4 104 0.037
China Rushan RS RS 2 47 0.041
(0.248) Dalian DL DL 0 50 0.000

*1 Figures in parentheses indicate p value of chi-square analysis be-
tween samples within area.
*2 Figures in parentheses indicate p value of chi-square analysis be-
tween samples within locality.
*3 Frequency of asymmetric shell marking individuals.

Table 3 Comparison of number of asymmetric (A) and
symmetric (S) shell marking individuals between
small (<20 mm) and large (=25 mm) size groups

S " Shell length
. Sample ize %2 (mm)
Locality code*! group pA
S average SD
Sanbanse SB2 <20mm 10 33 0.233 18.0 2.1
(1) >25mm 47 147 0.242 28.0 2.1
Banzu BZ1 <20mm 70 246 0.222 9.9 5.0

(<0.001) =>25mm 0 42 0.000 28.6 3.0

Sea Side SP7 <20mm 36 133 0213 153 2.3
Park (1) >25mm 42 158 0.210 29.2 1.8

*1 Pigures in parentheses indicate p value of chi-square analysis be-
tween small and large size groups.
*2 Rrequency of asymmetric shell marking individuals.

Percent of asymmetric shell marking individuals
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Fig. 3 Frequency of asymmetric shell marking individ-
uals in 15 areas of Japan and China. The samples from
Numazu and Hamana Lake in Shizuoka Prefecture are
separated.
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Table 4 Pairwise Fst values among sixteen samples of the Manila clam
Samples 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1. Hokkaido
2. Iwate 0.0888
3. Chiba -0.0001 0.0579
4. Kanagawa 0.0022 0.0399 0.0006
5. Numazu 0.0005 0.0880 -0.0007 -0.0010
6. Hamana Lake 0.0674 0.0000 0.0462 0.0331 0.0624
7. Alchi 0.0605 0.0020 0.0410 0.0286 0.0519 -0.0002
8. Mie 0.0394 0.0093 0.0272 0.0185 0.0287 0.0042 0.0014
9. Kyoto 0.1028 0.0026 0.0680 0.0492 0.1168 0.0063 0.0103 0.0221
10. Horoshima 0.0575 -0.0019 0.0466 0.0380 0.0516 -0.0005 0.0019 0.0081 -0.0010
11. Kochi 0.0787 -0.0004 0.0537 0.0414 0.0750 0.0015 0.0041 0.0119 0.0000 -0.0028
12. Oita 0.0601 -0.0006 0.0437 0.0329 0.0555 -0.0011 -0.0002 0.0044 0.0058 -0.0011 0.0008
13. Fukuoka 0.0443 0.0013 0.0340 0.0260 0.0362 -0.0012 -0.0017 0.0003 0.0136 0.0014 0.0043 -0.0012
14. Nagasaki 0.0614 -0.0008 0.0449 0.0341 0.0574 -0.0010 0.0002 0.0053 0.0046 -0.0017 0.0001 -0.0014 -0.0007
15. Kumamoto 0.0641 -0.0011 0.0491 0.0388 0.0615 0.0003 0.0026 0.0092 0.0004 -0.0032 -0.0018 -0.0004 0.0022 -0.0009
16. China 0.0633 0.0003 0.0524 0.0437 0.0581 0.0029 0.0059 0.0132 -0.0029 -0.0030 -0.0020 0.0023 0.0066 0.0015 -0.0017

Fst values significantly different from 0 (»<0.05) after Bonferroni correction are shown in bold.
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