PEEKENTR 14 (9—24) 1992

AURRPES 4 7 X 12B¥ B Hf5E— VI
— B EOIANC & B IEDME & 2 D5 —

HHOFEE

Studies on Pen-Shells in the Ariake Sea-VI
Differences of Form Distinguished by Texture of Shell, and Its Distribution

Hideaki Koca

Abstract

In the Ariake sea, external shell form of Pen-Shells, Atrina (Servatrina) pectinata have some
variations which are mainly distinguished by the development of spines. Then, Pen-Shells were
collected from 1986 to 1989 and classified to following four groupes, the first was “Ken” which had
spine rows not less than three, the second was “Chukan” which meaned intermidiate and had one or
two spine rows, the third was “Zube” which had no spine row and its shell’s surface was quite smooth,
the last was “Shin” which meaned new and had many spine rows in the middle to the anterior part
of the shell. The differences of forms among four groupes and their distribution were examined.

As a result, SL/SH (shell length/shell height) was distinctly different, “Zube” and “Shin” showed
nearly same (2.11 to 2.14) and were smaller than “Ken” which showed 2.27 with significance at 1 %
level. In other words, the shell of “Zube” and “Shin” had broad shape comparing with “Ken”. But,
comparing with the Pen-Shells in the Seto Inland Sea, every groupes evidently had a slender shell. It
became clear that there were no differences in the ratio of posterior adductor muscle weight to total
weight except for “Shin” which evidently had a larger posterior adductor muscle. Concerning the
relationship between their distribution and the sediment type of bottom, “Ken” and “Shin” mainly
lived in sandy, “Chukan” and “Zube” mainly in muddy. And, in the case of scatterning shell sand
in muddy fishing ground, the relative abundance of four groupes changed, “Ken” increased and
“7ube” decreased. Furthermore, the value of SL/SH was smaller than in the control ground in
every groupes. On the other hand, every young in the scattering ground had spine rows, “Zube”
could not be recognized at all.

From above mentioned, the more the sand content of bottom sediment increased, the more SL/
SH increased, the spine rows developed, and the weight of posterior adductor muscle became large.
Namely, the external shell form and the soft anatomy were so subject to change by the environmental

factors such as the bottom sediment.
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Table 1. FZcHLA
Stations of investigation.

St. 1986 1987 1988 1989
Apr. Sep.-Oct. Sept. Aug.-Sep.
1 — - - O
2 — O - O
3 — — — O
4 — O — O
5- 6 — — - O
7- 10 — O — O
11 — — — O
12- 20 O O - O
21- 24 O O O O
25- 26 O O — O
27- 30 O O O O
31 — — - O
32- 34 O O O O
35 O O — O
36- 37 O O O O
51- 52 — — - O
55- 65 — — - O
101-103 — — — O
104-105 O O — O
106-110 O O O O
112-115 O O O O
Num.of St. 36 42 22 64
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Table 2. %4 7 ¥ OEFPEFHE
Mean values of measured items in each year.
B R ® o= E B DEHEE HEEE & Hik BiESE
F Shell Shell Total Flesh  Adductor Ratio*  Ratio**
n SL/SH

Year Length  Height  weight  weight muscle of FFW. of ALM.
(mm) (mm) (g) (g) (g) (%) (%)
86 Apr. 433 169.2 76.7 103.3 38.8 7.22 2.23 37.8 7.19
87 Sep. 200 164.0 73.7 99.6 32.2 4.27 2.27 31.5 4.28
88 Sep. 82 169.7 76.4 105.1 32.6 5.43 2.25 31.8 5.52
89 Aug. 463 168.2 78.3 103.7 34.4 5.72 2.16 32.5 5.53
Sub total 745 167.2 76.9 103.0 33.6 5.30 2.20 32.2 5.19
Total 1,178 167.9 76.8 103.1 35.5 6.00 2.21 34.2 5.92

% . (Flesh weight/Total weight) X100

* % I (Weight of adductor muscle Total weight) X 100
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Table 3. &7 NV—FOEFIFEE
Mean values of measured items in each group.
B R B s E B DXHEE HEE=R U%%ﬁt Eﬁ_ﬂ}%’
Gow S Ll R Ao g Raie s

(mm) * (mm) (8) (g) (g) (%) (%)
[Ken (73>)]
86 Apr. 197 163.0 72.1 81.3 31.5 5.72 2.27 38.1 7.07
87 Sep. 94 143.1 62.0 62.0 19.9 2.77 2.35 31.4 4.74
‘88  Sep. 41 154.5 65.9 69.7 23.3 4.15 2.36 33.3 5.91
‘89 Aug. 140 162.1 74.1 93.3 30.2 4.98 2.20 31.0 5.21
Sub total 275 154.4 68.7 79.1 25.6 4.10 2.27 31.5 5.15
Total 472 158.0 70.1 80.3 28.1 4.77 2.27 34.2 5.94
[Chukan ()]
86  Apr. 51 163.4 73.4 84.0 31.0 5.83 2.24 37.2 7.23
‘87  Sep. 73 177.2 80.6 114.1 37.5 4.18 2.23 31.8 3.74
88 Sep. 18 173.4 79.1 117.7 41.0 6.50 2.21 34.5 6.16
89 Aug. 24 167.3 77.6 98.6 32.1 5.49 2.17 32.7 5.62
Sub total 15 171.2 78.8 105.4 34.7 5.13 2.19 32.5 5.03
Total 366 168.0 76.5 96.6 33.2 5.42 2.21 34.5 5.93
[Zube (XN)]
‘86 Apr. 85 193.8 93.4 187.1 69.9 13.20 2.10 38.2 7.40
87  Sep. 29 197.3 93.4 176.9 53.7 8.45 2.12 30.6 4.08
88 Sep. 23 193.8 92.9 158.4 42.8 6.87 2.09 26.9 4.32
89 Aug. 107 186.6 88.6 149.5 49.6 7.83 2.12 31.9 5.19
Sub total 159 189.6 90.0 157.0 49.3 7.80 2.12 31.0 4.86
Total 244 191.0 91.2 167.5 56.4 9.67 2.11 33.5 5.74
[Shin ()]
87 Sep. 4 172.3 82.3 157.4 67.8 10.98 2.15 34.4 4.86
89 Aug. 91 157.3 73.8 73.4 26.4 4.71 2.14 35.3 6.32
Total 95 157.9 74.1 76.9 28.1 4.97 2.14 35.3 6.26

* I (Flesh weight,/Total weight) X100
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Table 4. FEHEDZDOKRE (t{E)
Test statistics (t0) from the test for

equality between two means.

[SL/SH ('86-89)]
Ken  Chukan Zube Shin

v i R~ v
Ken - 5.31**  13.19**  7.59**
Chukan - 7.79*%  (4.42)**
Zube - 1.69
Shin —

[Ratio of S. W]
Ken  Chukan Zube Shin

Ken - 1.27 0.10 -
Chukan  1.63 - 1.27 -
Zube 0.74 2.16* - -
Shin 4.60%*  3.46%* 4.79%* -

[Ratio of A.M]
Ken  Chukan Zube Shin

Ken - (0.71) (0.96) -
Chukan  (0.88) - (0.47) -
Zube (1.88) 0.94 - —
Shin 6.45**  6.04** 6.67%* -

Upper : Spring, Lower : Autumn
* % I 1% significant level,
* . 5% significant level.
() . Variances of two populations are different.
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Table 5. BRIC X 3 HESEEOLEL

Change of ratio of adductor muscle weight by shell length.

S.L 150 175 200 250 (mm)
Ken 6.89-4.97 6.88-5.03 6.86-5.08 6.83-5.16
Chukan 7.12-4.84 6.71-4.75 6.36-4.67 5.82-4.54
Zube 6.79-4.55 6.78-4.56 6.78-4.58 6.77-4.61
Shin -5.89 -6.51 -7.10 -8.22

Left : Spring, Right : Early autumn
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ATR, WEHERYRAEL, ZOmEA—8H7Tik
Md¢7 Bt OREHBIBSHL T 3®, 74
7 ¥E, —MACTERE &k Lk B
B WEVE, WREOEEIZ Y Tk {, REEE
WHGHT 2000 2 2T, BEMEOEE %15
HYOWBENK LY, WE#EYSSHB 1,
B2ighir [HE], Z0Mbo B Bk
B, WREHEBRYOSAT 2 AfEEE [RE] & 3
RizAKHIL, Table6. iz % DEBEEMC X 2%
V=T DGARE (4 F5) BRI,

9, EEEIC & 2 FE SO AR L,

BB T8.25(//100m?, ROYRE T8.73E/100ns, VB
HT5.97M/100m* &, (UF&YMBRTB LS
WRIENKE R BIEE LD %L T 2RI
Hole,

wiz, EEERNC L 3 0mEE 2WE, DiRE,
REDEICAS &, 7> TI50.8, 43.8, 29.2%
ERASWBE L BB LT ELI R, —F, X
ARUZDWTIF12.4, 18.8, 28.6% &4 < MOEMA
BRLUZ, R ARE, Yoy s EERERE
FERL, WTY S, SRRy iznEs T
BEFIzEbN, BETRFNEEENRT, vb
WBEANHERDELTWB, BT N—7 D5
MHEIGVEE LBEES D 2 hEPICOVT,
Table 6. IZDWT P REOETo IR, »* =
94.83 (1 %DOEBRETER) Lol s,
BTN =T ORHRER L > TRELERESH
52 HEEWRRZESTH B,

2) EEBICL 2ENIEE

Table 7. 10 & 7 )V — 7 Hidk DR EERIE D
TEMERR LTz, 72721, SL/SH i& 4 4, &
SERHN, BEASERIZISTELED 3 E45 @)

Table 6. EBERDIC L 2& 7 V— 7 O5FRE
Distribution of each group by sediment type.

Sand  Sandy mud  Mud Total
Ken 201(50.8) 126(43.8) 144(29.2) 471
Chukan 92(23.2)  88(30.6) 186(37.8) 366
Zube 49(12.4) 54(18.8) 141(28.6) 244
Shin 54(13.6) 20( 6.9) 21( 4.3) 95
Total 396( 100) 288( 100) 492( 100) 1,176
Mean num. 8.25 8.73 5.97 7.17
(ind./100n?)

() : Percentage.
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) &L,

SL/SH i34 >~ 0Oi5&, BWET2.31, WiRET
2.26, WBET2.24 LW 5% 2 51F RN
LCRENNS 25,220, fiRVEREE-
Fo. O TN —FIZ DOV TE—EDHEAIEAH 5N
Bino iz,

HEHEELE, SROCPETRLEL, B
BB TEWERICS > 72,

BESEER, WFhO/V—7—ZBWTH,
WETRLEWEEZRL, RVT, BRE, BE
DIETH > 7z,

5. BXIZL > TEEAEIL L -HE DR,
SREDZEAL

0T, BRE L X3 REREOEA D
WTEHR U228, REOWS (B, CHs: Mde =
7.0, JB5E=92.6%) Mz FHRIEL. 2mD B %
BLLIZEICEST, IATFCEDLIRE
B onl-Pic o2 TUTRRRS, AEF
19904E11 B 24TV, SR IRE LB OEG & U7z,
BES DR vz, BIEFROEEYTHD Z
DRI b T > TR LI 4 7 X bat.
1) Z—THBEOZELL

Table 8. & Tk L WBRIc BT 2K TN~
HoEEr 1 FEUE E BFHIASTRLI.

1FEURICDOWTAD E, SR TIEAN
S4ER LR b % 2ROTB%E LD, RWT,
FRIOI0MEAE (13.9%), 7> 0 7{EE (9.7%),
v 1 Ek (1.4%) TH-oiz, —H, B
BT, ANGBAGKLRDZ P72 DD,

Table 7. EERS & 2 HEOMHE
Difference of form by sediment type.

[SL/SH] Sand Sandy mud Mud
Ken 2.31 2.26 2.24
Chukan 2.22 2.14 2.22
Zube 2.10 2.10 2.12
Shin 2.14 2.18 2.10
[Ratio of F. W]

Ken 32.71 29.64 32.07
Chukan 35.07 30.25 32.79
Zube 30.79 27.35 32.38
Shin 35.77 33.26 36.06
[Ratio of A.M]

Ken 5.84 4.98 4.46
Chukan 6.01 5.22 4.54
Zube 5.82 5.06 4.56
Shin 6.62 6.16 5.44

SL/SH : Four years’ data.
Others : Three years’ data except for spring.

ARz 5D BEE1342.5% & RBIC R D T
Dz <, ey oS3tk (31.9%) DT
ot BIN—FOMBEEBE LI EET
EEDPIIZDOVT, PREORIToIER, =
20.25T1 % OERETHERE Lk o7z,
LFEwOWTE, MEE, FLEuThy s
VSIFIE80% % STz DEH L, AN, Ykl
EE N e ONSp (RAS Lo Al
2) BRI IN—TDHEE
Table9. k7' NV—7F (1FH) w&AEEHE
OFEEEMRE, FrEucsURLE &k,
v DT RERES D R nTc ORI L T2,

Table 8. &35 & SHREIC B 2 L OHEE
Difference of distribution between scattered and natural ground.

[Over 1 age] Ken Chukan Zube Shin Total
Scattered gr. % 36(31.9) 24(21.2) 48(42.5) 5(4.4) 113
Natural gr. L7209 10039 54(75.0)  1(1.4) 7
[Under 1 age]

Scattered gr. 65(77.4) 19(22.6) 000.0) 000.0) 84
Natural gr. 4(80.0) 1(20.0) 0(0.0) 0(0.0) 5

() : Percentage.
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Table . EIWE L FUORRKIBIZB T 287N — FEOELHE
Mean values of measured items in scattered and natural ground.

B R e E B DEpEE BELEE gt BESY
Group Shell Sh»eH Tc?tal Fl.esh Adductor Ratio*  Ratio**
Gr. n Length  Height  weight weight muscle SL/SH of F.W. of A.M.
(mm) (mm) (g) (g) (g) (%) (%)
Ken Sc. 36 182.9 80.4 122.6 46.0 8.20 2.28 37.6 6.99
Nt. 7 209.6 94.3 180.4 75.0 10.02 2.24 39.5 5.48
Chukan Sc. 24 186.4 81.8 129.8 49.8 5.79 2.29 37.8 6.96
Nt. 10 202.1 95.6 164.7 79.5 9.20 2.11 39.5 4.68
Zube Sc. 48 196.3 88.5 171.0 72.3 15.15 2.23 41.1 8.66
Nt. 54 218.4 102.6 208.1 98.8 16.88 2.14 45.5 7.68

* . (Flesh weight,/Total weight) X100

* % I (Weight of adductor muscle,” Total weight) X100

Sc. ! Scattered ground. Nt.: Natural ground.

FREROWTRO I N — 71 BT bR
DFH200mm %8 2, &FLBO190mATEIC ok
Eholedd, HBHICBW TR, BHEBUENC
FRELIEERENEZEEN T A b EEbIS,
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TWHBL T, SL/SH BELETEL, b E5E

%

1. # RE
1) SL/SH
BREICHLBEODRESREVAREY Y, 20
BTRLMRG T >, WEOFHENREL & 25
X, MEHACZznFhEL 572 SL/SH -
TS ZEPHEehERT, L LS, 2
DFHEEF2.11~2.27 K& REEFA >R
mo Tz,
7D, Table7. WRLEL S, EED
PR S, Thbh, BONEL k2L
SL/SH#KREW, 2 VHIEWEREZ2, 2h
WDOWTFEDEDRERIToIER, 1%0
FERETEEEZDED iz, HFlE, Z~eo
W, 20L& REREAO L 572, Ly
L7Z&hs, Table9. WRLIz& S, EHiTo
SL/SH 1, AN &0 TRERE Th 5 IHHEsE,

BHBELHTEFES Ro iz b hhb s T,
BSEESELBTREWEERLTVWSE Ik
PREHTH 2, BEREPSSAEREIY,
IR DSFIEDZEDMGE 21T - 1o fEHR, BiESE
FTWRERBLZO o7z b DD, SL/SH it
1%, DEFEREIII5 BOBRBTEEEIT
Bohdz.

=

EERBAS piz R &<, BT 7> D SL/
SH tZLBOARDEN L ZIFLAEE DS
WEERLTED, ARNPFHTHERICL-T
SL/SH BEAT 5 Z 53 mwhib i, B
BzBwTh, EERENNRWIECRENA
WIZEPRESNTE Y, ¥4 50 SL/SH
B—ERbDTiRARL, BEOREIC L > ThrE
DT ELDEEZTCREEDITH S,
FINEE? L BT 5 &, ¥ T I8 E200mn
DB, BEIZL TR H100mPl T & 7% 2 0wxt
L, FNERETIH110~120mniRE L BRI A S\,
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BEO»»EREZ oY, /NEEHERE X
LBBREOEGC L 3 EEREZ DY THE
HROMHEIKET L2, WEROS 4 7 ¥ H»H
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REGELOEIMNRED S, DS IZTOBEH»
SREIN-TREMNTH I L RIEL A TR
ThHs,

oD%, FERO2BHIZ, KET IO
RISHEDE e D AR 2 2 AEBEET LI &
ERBLTLS, BB, A_0EE, R UEO%
FroRgEMEE CEWERESZ LI Eh S, BE
U Te BEUBCES R REROEES S S ie %
2bDEEZBND,

UEDZ s, ¥4 5 FOAIRERIE, SL/
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SHELTVWS Z L OBBICE AT THY, ZD
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3) ]k %

BRCHT2OEEER, AFEEREREFCI
ANPELEPO OO0, FRKICEY v EEL
3N—TRICRIEL A LTERRRBD S N5

fo. 7o, LEHFEEMN, HESERCOLTY,
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AU BRI o hzd o Tz,

BE oG owTE, bEEERLRER
LO—EOBRBASNEoTeb DD, BiEdH
FRIF, WTFRO I N —TRBWT b EEDRIE
P BB EEBWEETRT CEPHLpER S
2. 2D kL, BWEROFT 2EESRLE
vy OERSEERMO 3 7 — TR S
WEWEERRLEZEE—HT S, 272, ¥y
WD THEEAHT 2EENET Vi D0nTH,
PR Ak IR AR IR A S o T, ZO
HEE LT, BEESEELSRLEVRECHET
ZEESHRE, AREFNIEEEDLS BP0 T2Z
ERbHiTFons,

F/, BRERBEZORAUTORRESEERR
Table9. KRLIzL I, WFhDI7V—7HB
WTHFETRETLIOFOEERLE,

Moz ens, BHBEREIINV-T2/Hb
FTEEONESH R 2 IZEEWEERT. DF
0, IIFoYdERTE LI, AILEEDSY A Z
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DI L, FLCLBY AT FEWBERE, 7
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2. BIOWTH—EE

¥4 T FO¥LKIE, Atrina (Servatrina)
pectinata (Linnaeus, 1758) £ &N T 319, £f
YL T, TZTE S ¥ >~ % Piuna lischkeana
Clessin'® % 72 & Atrina  pectinata  lischkeana
CLESSIN U ¥ 7 & 4 Z F'19, X X% P. japonica
Reeve'®, % 7z 1% Atrina pectinata japonica
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ENENEITH B,
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#£3. 160, ®£FH, KK, MOLLUSCA, 1(4) ,175-226.

18) JoSEPH ROSEWATER 1961: THE FAMILY PIN- 19) BEREE 1974 . FrAKREWRE (F). 5 K
NIDAE IN THE INDO-PACIFIC. INDO-PACIFIC EoibketE, B,

Plate 1. BB OFRE
(Ehory, XA, vv)
External shell form.
(Left to right, Ken, Zube and Shin.)
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