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Environmental Characteristics of Fishery Grounds for the Short
Necked Clam, Ruditapes philippinarum (Adams et Reeve)

Hiroko Ishioka™', Masami Hamaguchi*l, Hironori Usuki*!, Takeshi Tateishi*?,
Midori Yamamoto™®*, Hiroshi Ideo™*, and Tetsuji Iwamoto™”

Abstract The environmental characteristics of fishery grounds were surveyed 4 times a year from
1992 to 1994 during the ebb tide in Hiroshima Bay and in the Inland Sea area of Yamaguchi Prefec-
ture, to evaluate the productivity of the clam, Ruditapes philippinarum.

Temperature, salinity, dissolved oxygen content and pH of exuded water, particle size distribu-
tion of the substrata, total sulphide content, ignition loss, chlorophyll-a content and pheo-pigment
content of the soil were determined. Artificially produced and marked clams of about 10 mm size
in shell length were released in each fisheries ground simultaneously in 1993 and in 1994. The
growth and survival rates of the released clams were estimated to evaluate clam productivity in each
fishery ground. Also the faunal composition of the benthos at each station where the clams were
released was examined visually using animals retained on 5 mm mesh filter.

The survival and growth of released clams were comparatively high in the fisheries grounds
where the substratum was not disturbed by wave and wind action and maintained an equilibrium
between influx and outflux of materials of primary production, although, judging from environmen-
tal characteristics, they are basically eutrophicated tidal flats. On the other hand clams disappeared
by several months after release in the other fisheries grounds, although growth was not significantly
reduced compared to the populations in the former fisheries grounds. Reasons for this include that
the current frequently disturbed the bottom substratum and repeated renovations of substratum
surface resulted the relative increase of chlorophyll-a content.

We speculate that the optimal manner of management of clam resources will depend on the
environmental characteristics of each fisheries ground. Management should be focussed on the
environmental conditions of the fishery grounds in the eutrophicated and more stagnant fields, and
stock management would be most useful in sandy beach type fishery grounds.

Key words: short necked clam, environmental characteristics, clam fisheries ground, tidal flat

19994F 2 26 %3 (Accepted on February 26, 1999)

W XKD g A % 2 5 (Contribution No. A 2 from National Research Institute of Fisheries and Environment of Inland Sea)

* oEmEETF - EOBE - ¥ B WEPNERKEMZER  T739-0452 K EBEEAERER AA2-17-5 (H. Ishioka, M. Hamaguchi, and
H. Usuki: National Research Institute of Fisheries and Environment of Inland Sea, 2-17-5 Maruishi, Ohno, Saeki, Hiroshima 739-0452,
Japan)

*2 TR A WDENEKEREY  T754-0893 IWORIIOWEKEEZB437-77 (K. Tateishi: Yamaguchi Prefectural Naikai Fisheries
Experimental Station 437-77 Futashima, Aio, Yamaguchi, Yamaguchi 754-0893, Japan)

oA B NORSSREAR T754-1101 MOBSEKEHKRENRES179 (M. Yamamoto: Yamaguchi Prefectural Sea Farming Public
Corporation,5179 Higashi, Aio, Yoshiki, Yamaguchi 754-1101, Japan)

M ORFRE OB EAERREY  T759-4106 WMOEEPTIEL#H2861-3 (H. Ideo: Yamaguchi Prefectural Gaikai Fisheries
Experimental Station, 2861-3 Yamagami, Senzaki, Nagato, Yamaguchi 759-4106, Japan)

OBk IR R v ¥ —  T759-4107 IWOREMHEESE (T. Iwamoto: Yamaguchi Prefectural Gaikai Sea Farming
Center, Kurose, Kayoi, Nagato, Yamaguchi 759-4107, Japan)



16 A B-E O-&-% G-l A-HFR-E K

SEO T ) WEERE T, 1960F R REM107
PR EDEESDITFONDL I ICERD, 19834213
165 F D=2 IZF L7z DB OMEmICHEE L7
23, BEIC198TAEDBEDWAEE L <, 1992451 i3 Bakhs
DYIZT%IC, F7z, 19964 ICIIR2THREE THEBLAA
TWbo 2k, LT, 2EEEOHN 23 2EDT
W H AR COEREROETICL 2 D TH S,
FAVER T b SR EERIBI L TR S 00 KR
BIZEOREIAECRRY, IOR, HWEE, K58
DL TEREFERDE Do 1B TORPHTE L,

WHBRDICBOLERLE 2 58, BIHLBEL
OBBREFMEICT A, THIOEEREERETS
DEHD ), IR L ARG % XA U CEHE L
RFUER B v AT EICEERBEHDAEET O
THYENRT, BRICHT 2RSBEOBELHOH
CFBZEEFBME L, 22 CHEEBRLIORD T Y
) RIS OB BEO BRI 2T L, B
EEBHERE L 7 BRI R AR, S0
BAEE 7H) ORE - AR EONBEREZER L

ROE A E

1. RETEA

TS E L TERICH A S T2 5 NIEEER
D5 FREFICROMEERERE L. £D) BT
&, IR g 152 M, W R RIS i
6 2R, IWORFHES 6 €R, JABRXEHERYg
5%, EEMEAR/AENEEI0ERTH S (Fig.
Do MBROZERITIIMEI BAR, REEERE
EEMDOB L TIT - 720

Fig. 1. Location of the sampling sites and schematic drawings
of the fisheries grounds in the western Seto Inland Sea.
(@: Station, % Station where clams were released.)
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Fig. 2. Outline of the parameters investigated for the evalua-
tion of fishery ground for short necked clam.
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Fig. 3. Physical and chemical characteristics of the exuded
water at each station (solid circles: average values,
horizontal bars: maximum and minimum values for all
seasons from Aug. 1992 to Oct. 1994)
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Fig. 4. Particle size distribution of the substrata at each fishery
ground (average values for all stations at each fishery
ground in March 1993).
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Fig. 5. Levels of organic matter in the sediment at each station.

Symbols are the same as in Fig. 3.
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Fig. 7. Recovered clams with paint marks at about 4 months
after release.

Table 1. The number of released clams sampled from a quarter of the area where artificially produced clams

had been released at each station.
at each quarter of each station

The initial number of clams was 375 in 1993 and 275 in 1994

Days after 1993 1994
releasing 0 31 134 218 356 0 30 60 105 164
Ohmi ST. 1| 375 179 0 0 0| 275 79 17 2 0
2| 375 17 0 0 0 | 275 77 3 1 0
4| 375 220 0 0 0| 275 — 166 8 0
8 | 375 29 1 1 0| 275 1 0 0 0
11| 375 235 5 9 2 | 275 55 62 3 0
13 | 375 2 0 0 0 | 275 0 0 0 0
15| 375 230 0 0 0| 275 1 0 0 0
TOTAL | 2625 912 6 10 2 1925 213 248 14 0
Higashi  ST. 2| 375 108 0 0 0 | 275 123 94 6 0
Kiwa 4| 375 213 0 0 0| 275 175 60 19 9
TOTAL | 750 321 0 0 0 | 550 298 154 25 9
Heta ST. 2| 375 146 78 134 10 | 275 148 41 57 47

TOTAL 750 319 161

Maehama ST. 1 375 164 48

Yahata ST. 2 375
-gawa 4 375 318 —

TOTAL | 1125

0 0 275 81 70 60 73
0 0 275 135 103 62 79
24 31 275 52 29 9 3
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Table 2. Growth of released clams at each station (average shell Iength in mm)

Days after 1993 1994
releasing 0 31 134 218 356 0 30 60 105 164
Ohmi ST 1] 107 i128 - - ~ 125 f143* 169 219 -
2 11691 - - - (152 17 256 -
4 1137 1 - - - Po- 1169 (208 -
8 P14 127 22.7 - 0 NP R -
11 1135 1219 246 252 1152 1183% i 228 -
13 1123 - - - e -
15 1132 - - - P32 - - -
TOTAL | 107 134 228 244 252 |125 148 173 217 -
Higashi ~ST. 2 flazel - - - t138 1149 (159 | 23
Kiwa 4 £ 12.9 - - - C14.4% 163% 194% 1
TOTAL 13.4 - - 125 141 155 186 23
Heta  ST. 2 f12.9% § 24.7% | 20,6 | 32.5% 147 §213% i 28.9% | 31.9%
5 114 212 i270 (278 144 182 212 {252
TOTAL | 107 121 229 289 311 |125 146 195 257 31
" Mae ST. 1 P13 | 253+ 28.8% | 307 146 167 | 254% } 305+
-hama 2 124 P22 24 248 147 172 i23 26
4 {123 222 125 (266 143 172 229 i253
TOTAL | 107 125 225 248 258 |125 145 171 236 263
Yahata ~ ST. 2 Pzl - - - 141 168 235+ 201
-gawa 4 P1L7r - - - 14 174 §255 {293
9 f13.2 - 283 281 142 174 246 281
TOTAL | 107 125 - 283 281 |125 14 172 245 292

# Significantly different in each fisheries ground at each sampling time.
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at each fishery ground.
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Table 3. The number of benthic animal specimens collected at each station

Fishery Station 1993 1994
Ground May Aug. Nov. Mar. May Jun. Aug. Oct.
Ohmi 1 980 74 414 431 113 375 221
2 485 4120 1348 1697 388 107 17
4 386 - 30 - - 234 83 183
8 277 - 2 7 10 2 - 3
11 233 - 50 167 349 217 155 18
13 9 - - 169 52 16 140 -
15 305 - 162 39 168 140 66 -
Higashikiwa 2 517 - 71 382 340 222 75 42
4 157 20 179 144 386 240 139 270
Heta 2 260 333 471 83 211 67 490 1921
5 63 211 256 142 199 147 398 133
Maehama 1 305 - 1721 936 1095 226 258 311
2 392 - 695 629 780 356 521 249
4 139 - 312 328 439 126 196 56
Yahatagawa 2 17 - - - 122 42 395 2625
4 106 - 27 13 154 24 186 161
9 361 - 61 90 312 48 64 127
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Fig. 10. The number of wild specimens considered to be com-
petitive with released clams at each station.
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collected at selected stations for each fishery ground.
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Table 4. Results of principal component analysis based on the environmental charateristics at each station of the

fishery grounds
Analysis Item Coefficient Parameter First Second
Comp. Comp.
Extent of Fluctuations of Physical Eigen Vector Temp. 0.5459 —0.4363
and Chemical Characteristics on D.O. —0.5375 0.3555
Exuded Sea Water pH 0.3918 0.7933
Salinity 0.5095 - 0.2325
Eigen Value 2.1892 0.8676
Ratio of 54.73 21.67
Contribution (%) :

Particle Size Distribution Eigen Vector Rate of Sand (>1 mm) 0.5058 —0.8046
Rate of Max. Size —0.6423 —0.1106
Rate of Silt 0.5758 0.5834
Eigen Value 2.1602 0.6649
Ratio of 72.01 22.16

Contribution (%)
Nourishment of Substrata Eigen Vector Sulphide 0.5836 0.5149
Ignition Loss 0.5450 —0.8216
Eutrophic Bacteria 0.6020 0.2446
Eigen Value 2.0254 0.5736
Ratio of 67.51 19.12

Contribution (%)
Food Material Eigen Vector Chlorophyll-a 0.7071 0.7071
Pheo-pigment —0.7071 0.7071
Eigen Value 1.0280 0.9720
Ratio of 51.40 48.60

Contribution (%)
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Fig. 12. Results of principal component analysis based on the
physical and chemical characteristics of exuded water
at each station.

DL holze ThBHEEZGLEL L, E—EHOR
R 2 BEBEEFORE S, SoFRS IS TERET
BECEHRS LEZELTRVDR LAk, ZRSHEM
THDE, WK 6 B ERNRD 4 % RIFE—ERD
CELT (+) & (=) k& {Hdh, BTREKE
BICELCEBIch BB EEZOND, EERD
WL TRABINESOBMIZIZEALY (+) &4&D,
MOPOESE TH TR TREESORENRENE
EZbNb,
EEORNERBRICEL T, BEERICELTERS
NZEFZETHHY, TENBAPSORMEIZRONS
A, BHRERFNIZEZ L v, NEMBEOFTTHY
DERICES B EEZONRTELZERIZRS (0.074
mm P TFORT) OHEETH 5, EHITBWTIERS7E
CEEEFER IS EhvHhL, Mk LTo
HIGAHEE 2 %o WEHM (1992) I1ZFFIAAFEAVN S v
0.062 mm OFEEF TR T7TH Y ONCEIEL 2T L,
VN EBREBSEIEARE TR, 2% ETEANNET
HZEFRBNICHLNMI L, EEOTHYEEIICE
AR AT LHOBAITIE, KA 0.25 mm L
Lo EELTHEIEDERINTWS (EH - IIF



AR E 1ok 3 27

1997), %72, EIEM (1989) 79 DAERHA L E
TBORE (Bf% 0.063 mm Bl EOMEER) 40% L oK
Bkl —&Is2zH;ELTE, 85I, &
M B OB RIEE RO - EBRTIE WE 1992, #
fit 1997) 75 EHIMERITHAZ | mm OBEE2IFHZ &8
HOLMPIZENT W5,

AEFAE L7428 BONBERMBEY S, 7YY OERIK
B HEBTLLEZONIERTMBT S LT,
BEEONEMAEDS, ©1lmm U EOKRBONLE, @
BEREOEE, @ 0.063 mm DT ORSOEE %A
TERGGM &7 07 Table 4 IZHRER L. 86
2 EWS T TTUBY EOFERE o720 B—FRD
FRAEL | mm M EORBEN (+) T, REHEE
LEOHN (=) BRL, ZOEESOHATHERENDT2Y%
PHPTE S, TOHE—FRSE, BERNEOSHEE
TR E LTEZLL I LMk L, BTERSITRS
KO/ (+) T, 1 mmUEORERSIIKEL ()
iy, RENESHED (—) OEZRTOT, TOHK
FRELLPEV) ERSWEEFMERLTHD EER
BT ENHES, Fig. 13 KKEHFERDOE— -
FRSCHTAAAT R LT, E—ERGND, KiE
o RIS O & MO R E O — At E
DTN, FH, B, /NEIEGO&ERIINEDY
—PAMER L, REOBXISHTIREENBV DO LE
ZoNIz, HEOERAICHE L TR B 5 EGITHHER
BT, EERAOMED (—) ZRLTBY, BEIEEF
PBEG L Etrdb s ez bhil, 7, ABI
BBEEZERSCELTEWA i EZRLTEY,
I EREo 3 EEIE (—) BRL, BEEETHLIL
RLLRER TV, Z0XHIE, FREOWHEERIIE
BHEOSHML, FRESOHEIETICHP SN,

TH) BED LT TFRKROERERER, H<
2 OBAREOBICIE STz, KEOEIREZ

Score

®
L4

-1 2 -

-2 &

Principal Component 1
*

3 o

-4

-3 -2 -1 0 1 2
Principal Component 2

Fig. 13. Results of principal component analysis based on par-
ticle size distributions at each station. Symbols in the
figure are as in Fig. 12.
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Fig. 14. Results of principal component analysis based on total
sulphide levels, ignition loss, and the number of
eutrophic bacteria in the sediment at each station.
Symbols in the figure are as in Fig. 12.




28 A meE O-#8-x g0 K-HFR-E K

ARUEIILVEIICH 545, HZERSITT L TR
HEL, HEOBEREMIIE>TRELERoT
%o RUFHEWY & BN Cl& R OESERIRIC
L, ERBOERYES R, SHBEEILELOED
HBHIEIRENTWSE, LPL, ZOWMBEITIE—,
B FRAIR L CIB TR R A EBERICH D, ik
NES AR RS » & AR Z 05 HETR
AR DR ERDE WY, RIBERE AR S
B, FRSRERERESL 2T A ERD
E AR b DAV WP N s 8

74 ORI ARG EREEPEYEROT MY F
AETHBHEINTE (BAEfh 1988, /il 1992,
B 1993), 2070, SEOFAETIE, WHEOERY
BAOI LT ) OEE - ERICKECHESTLERED
ruuz4Vvai, 72tBEROWEETRo7 €
ORER%E Fig. 5SIORLTH B, TD2BHCHT 5%
W, SERNORBEEETA4-DICZO2HEIZLS
ERGHE TR, HEE Table 4 IR L7, F£—F
Warikruea s vailk (+), 7=FaFET (&)
THEHHEIL51.4%, E_EESET7 A BEE (+), 7
uuv4am (—) THESFB.6%LRY, F—FIK
FREELTEREEY TS v P v ORBEEE, £
ZERSMIREN TS ot EE R T IO LE
ZoNb, TN 2EACEARELOEBEETRHRLL
D, Fig. 15 TH 5%, ZORICIREEEO 741 OfF
BREORASBLIRINTVS, H—-FERFITHLT
SFERIY 72 D TR PRI & BRI CTH 5. Wi IEE
DE VYR OBFER IS WIS, SRS A PR
FOWRI DL VRIGETH 0 LT, BHIEISHER
BROBRGPBOTEL, 2FHEIZVRBLEEILLN
%o BIZIIHBEORPLEIERBEOELDENAE
, FICHEVERATORPD R AENICH 5, KIEHE
WHII—WOERERE, REWEHEEZDRWEET
HBHLEZONDD, EEINBVORRIE—-FHIT
(+) ofEZERL, ESEOMGIHNIICIZS W

Score

4
A
o 3
= °
£ 2
g PR
£ 1
=) ©
S . o "0 [ JPY
=) AN I o *
g -1
- B
Tt
&2 % k*

-3

2 1 0 1 2 3

Principal Component 2

Fig. 15. Principal component analysis based on the chloro-
phyll-a and pheo-pigment levels in the sediment at
each station. Symbols in the figure are as in Fig. 12.
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of circles indicates the relative importance of each
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