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Study on Echology of Fulvia mutica and its Resorce Management in the sea
off Northern Ohshima District in Yamaguchi Prefecture- I
Philological Study on Echology of Fulvia mutica

Setsuhisa Hivama
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Studies on Echology of Fulvia mutica and its Resource Management in
the Coastal waters off Northern Ohsima District in Yamaguchi Prefecture- II
Change of Population size by Recruitment and Mortality

Hiroshi KiMURA and Setsuhisa Hivama

Every year in April, the end of fishing season of cockle, Fulvia mutica, by dredge net, fishermen
find a large number of the shells which are too small in size for the market in the coastal waters off
Hirai northern Ohsima district in Yamaguchi prefecture. But they can scarcely catch the shells in
the following winter when the fishing season of dredge net begins again. In responce to the request
of fishermen, present study was carried out in order to clarify the cause why the shells disappeare
from the area.

To research the population size and growth of the shell, collections by the dredge net were carried
out 22 times during July 29th in 1998 to October 25th in 1999. Shells more than 1,800 were collected
and 1,725 out of them were mesured at several parts of their body. According to the distribution
frequency of the shell length, they were divided into four populations, autumn-born in 1997 and 1998,
spring-born in 1998 and 1999. The size of spring-born population, which appeared in September and
dissapeared by Decemebr was very small. The autumn-born population appeared in January 1999 at
23 mm in average shell lenght and dessapeared by October 1999 at 73 mm in average shell length.

Ratio of meat weight to calculated meat weight (RCW) obtained by relational expression of shell
length and meat weight is thought to be more suitabe for compearing the fatness of the shell than
the standard formula (body weight/length’). Autumn-born population became very thin (09-0.7 in
RCW) and died one after another during next August to September. It is suspected that some
factors, which arise in June and last until November at earliest, or January at latest are responsible
to reduction in RCW and dying of the shell.

Key words : Fulvia mutica ; resorce management ; RCW ; Suohnada
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Fig.l. Collecting field of Fulvia mutica in southern AKki-
nada in Seto Inland Sea. Arrows indicate the
trawling direction of dredge net for 5 minutes at 3
knots.

mesh size 9.4mm
(extra net)

mesh size 60mm

Fig.2. Schematic drawing of the dredge net used for the
collection of Fulvia mutica.
If it seemed that Fulvia mutica was too small for the
dredge net of 60mm mesh size, extra net of 94mm
mesh size was attached overe the codend (as this
figure).
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Table 1. Number and size of Fulvia mutica collected
from 1998 to 1999
Autumn-born population Spring-born population
Sampling No. of F. muti No. of F. "
Date Mean shell No. ot . mutica | Mean shell No. ol ¥, mutica
length mm — Jive  dead*' | length mm live
Jul29 1998 7548 146 62
Aug20 76.00 94 160
Sep.3 7467 12 160 2367 3
Sep.24 123 27.00 1
Oct.26 79 2502 4
Nov.24 62 3800 1
Dec25 69
Jan28 1999 2287 52 57
Febd 2520 65 64
Feb25 3251 45 -
Mar24 3804 117 49
Apr.30 4603 239 41
May.27 54.14 136 75
Jun15 59.42 118 61
Jun.25 62.78 106 36
Jul12 6548 74 -
Jul27 68.37 123 -
Aug9 69.51 13 -
Aug24 72.96 189 14
Sep.9 7319 76 70
Sep.28 7263 10 177
Oct21 177 | approx.30*? 1

*1: Two flesh valves were counted as an individual
*?: Presumed due to shell broken

1 N 1 i L N T I L s
c.Jan. Feb.Mac. Apr.May Jun.Jul. Aug.Spt.Oct.

shell length mm

[ S T 1
Jul.Aug.Sep.0ct. Nov.De

1998 1999

Fig.3. Change in number and relative frequency of shell
length of Fulvia mutica collected from July in 1998
to October in 1999,
Thick lines indicate mean shell length and broken
lines indicate number, respectively.
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1999%E 1 A% 5 OFBMABEIZDWTIE, 19994 1
H28H DREBRETHIAL TH S, 10H21HDRER
ETHREERTLHIT, 87 AM, 14 0REREE
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Table 2. Daily grouth of shell length of Fulvia mutica
born in autumn 1998 collected from January 28 to
September 28 in 1999.

Period No. of days Gr([)n‘[)nvth Gr;;v/tga;ate
Jan28 - Febd 11 233 0211
Feb8 - Feb25 17 731 0430
Feb25 — Mar.24 27 553 0.205
Mar.24 — Apr.30 37 799 0.216
Apr30 — May.27 27 811 0.300
May.27 — Jun.l5 19 528 0.278
Junl5 - Jun2s 10 3.36 0.336
Jun25 - Jull? 17 270 0.159
Jull? - Jul28 16 2.89 0.181
Jul28 - Aug9 12 114 0.095
Aug9 - Aug24 15 345 0.230
Aug24 ~ Sep9 16 0.23 0.014
Sep9 - Sep.28 19 ~0.56 =0.029

*Growth = mean SL. on the sampling date —mean SL. on
the last sampling date

5
£ 4
=
P
3 -— - - - e e
] .
w2 S s s
Ei y =-9.521 +3.019x
g 1 —_— e — - — - = ._' . — e e
c 5 (shell length <36mm) y = -8.174 + 2.622x
g : (shell length>=36mm)
-1 |— —
+ > .
B L - T o e R —
2
-3
g 2 25 3 35 4 45 5

shell length (mm in natural logarithm)

Fig.4. Relationship between shell length and meat
weight of Fulvia mutica collected during July in
1998 to October in 1999.
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BETREXINSZ M)A AL OBEET L IZRCW IR
EHEL, ZOMMBELHSIIRL. 72, #AE
BER B DR A E LI & PR ZEZ RIUR LT
RCW HE i B2 3912 19994E 1 A28H A5 5 H27H %
TOMIZ2 A8 HNLO02E BT, 1 %10%8 kL
B %51.128~1.320D F\WMEZ R LTWw7z45, 6 H15H
1209832 T LTH 5130.776 ~1.064 DK\l & 72 o
7oo F72, 6 A15H LK, RCWIBHEEE 1 Riti 0 fE4K
OBEE DRI L T L EmIAA SNz, 1998
L 1999E D BT, 19994 D 5 ASRCW R E
KTRH PECEBAAONT, LA 2HDO NI F
A 3 EA36mm AR DO MAES L O T, 3 AU b
VA A LIEZRCWIEHEFHRA R > T2 D%
Motze ThAH 2 A28H ORCW HE i BE A3 LB IR »
FEHRTHLH, HETOOXRAZERLT, 6 HI5H &
DRECHRE XN DY A4 RCWHLGEEE & DLFRIZERE
ENz b )AL ORCWRBEIZOWTERHEDOED

tREZIT-E 25, ARENALN (t = 8138
>t (20,0001) =3.291),

FYU T A BBREE L T LM ORCWIR R IX
19984 130.933, 19994E120.919CTH 0, Hdk3 2 HEai
DRCW R BEVE, 1998%E130.763, 19994120776 & \»
ThbEwlEzRL 7,

1998 RKICHBR L - RIEHFLE T BEORCWIE B

PHEIZOWTALE, SASHICRESR-D DR
0.486 (3 f4K), 9 H24RBiCREZ -3 D120.846

(1K), 10H26HICIRE SN2 D D1F0.601 (316
%), MH24BICREZI N/ HDI120692 (1 EHKk) T
BHolze THHORCWHEHEIZ1999% 1 ALZI12IZF
UR CTHB LB RA TN B ORCWIEEE 1y
HL128L LR TCE LK BB DO TH -7

Table 3. Ratio of meat weight to calculated meat
weight of Fulvia mutica collected July in 1998 to
September in 1999.

. 3 Autumn-born population Spring-born population
Q()%(;Ctémg Mean  Standard Numb Mean  Standard Numb
| _RCM*_ deviation UMDEr | RCM*  deviation  UMmPer
Jul.29 19938 1.120 0.358 62
Aug.20 0933 0.290 41
Sep.3 0.763 0.289 15 0.486 0.236 3
Sep.24 0.846 1
Oct.26 0.601 0.067 3
Nov.24 0.692 1
Dec.25
Jan28 1999 | 1127 0.264 16
Feb.8 1.002 0.173 24
Feb.25 1.168 0.162 14
Mar.24 1210 0.248 30
Apr.30 1.291 0.242 20
May.27 1319 0.240 10
Jun.15 0.983 0.251 10
Jun2s 1.050 0.156 30
Jul12 1.043 0.161 30
Jul27 0.969 0.138 28
Aug9 0.895 0.176 30
Aug24 1064 0.120 30
Sep.9 0919 0.147 29
Sep.28 0.776 0.171 10

*RCW(Ratio of meat weight to Calcutated meat Weight) = meat
weight/cal.meat weight

cal. meat weight = 7.325% 107* S.L3* for F.mutica S.L.<36mm

cal. meat weight = 2820 % 10~ S.L2 for F.mutica S.L.236mm
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Fig.5. Change in relative frequency of RCW of Fulvia
mutica during July in 1998 to September in 1999.
RCW (Ratio of meat weight to Calcurated meat
Weight)
=meat weight/cal.meat weight
cal. meat weight=7.325 % 10-°SL*"* for F. mutica SL<36mm
cal. meat weight=2.820 % 10-'SL** for F. mutica SL=236mm
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Fig.6. The figure which shows that the condition factor
changes with the lenght as the power number (b)
deviate from 3 when the condition factor and weight
are defined by the equations as follows.
condition factor=weight/leng,rth3
weight=a % lengthh
Condition factors are adjusted to become 1 at length
50mm in this figure.
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Study on Echology of Fulvia mutica and its Resorce Management in the Sea off
Northern Ohsima District in Yamaguchi Prefecture- 1l
Growth and Survival Rate of Fulvia mutica under the Condition of Culture
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Study on Echology of Fulvia mutica and its Resorce Management in the Sea off
Northern Ohsima District in Yamaguchi Prefecture-IV
Development of Gonad of Fulvia mutica

Hiroshi KiMura

Key words : Fulvia mutica ; gonad ; spawning ; maturation
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Table 1. Number of Fulvia mutica which gonad were made up preparation for histological observation.

Sampling derived from Sampling derived from
date Hirai Suoh-nada  cultured date Hirai Suoh-nada  cultured
29— Jul. — 1998 10 30— Apr. 6
19— Aug. 14 16 —May 13
3—Sep. 15 20— May 5
24— Sep. 1 27 —May 6
26— Oct. 4 8—Jun. 5
24— Nov. 1 9—Jun. 1
13— Dec. 3 15— Jun. 6
20 - Dec. 4 18 - Jun. 5
4—Jan.— 1999 2 25— Jun. 6 5
26 — Jan. 1 8—Jul 4
28— Jan. 8 12 - Jul. 6
31-Jan. 2 22~ Jul. 5
8—Feb. 3 2 28 — Jul. 6
19—-Feb. 1 5—-Aug. 5
24— Feb. 2 9-Aug. 6
25—Feb. 4 17— Aug. 4
1—Mar. 1 24— Aug. 6 5
18 — Mar. 2 9—Sep. 7 5
24— Mar. 6 1 17 — Sep. 6
28 —Mar. 1 28 — Sep. 6
5—Apr. 3
14— Apr. 3 Total 127 26 70

Hirai means the shells were collected by the dredge net off Hirai
Suoh-nada means the shells were collected in the Suoh-nada
Cultured means the shells were cultured by suspending receptacles in Kasado Bay
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Fig.1.
. folicle stage
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Fig.2. Shell length of Fulvia mutica and developmental
stage of the oocyte in gonad.
Small circles mean the folicle stage, medeum circles
mean the prophase growth stage, large circles means
latter growth stage and crosses mean the post
spawning stage respectively.
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Table 2. The shell length, meat weight and RCW of
Fulvia mutica whith oocyte which seemed to be
in later-grouth stage and post-spowning stage

sampling SLmm meat w.g RCW stage derivation
26—0ct.—1998 | 24 06 0.594 ps. Hirai
26— Oct. 32 14 0538 Lg. Hirai
26— Oct. 11 not measured Lg. Hirai
24~ Nov. 38 31 0.765 Lg. Hirai
13— Dec. 83 294 0.970 Lg. Suoh-nada
13— Dec. 81 287 1.009 lLg. Suoh-nada
20— Dec. 34 55.3 1.768 Lg. Suoh-nada
30— Apr.—1999| 55 10.6 1.027 Lg. Hirai
30— Apr. 33 33 1179 Lg. Hirai
16 — May 46 40 0.620 Lg. cultured
27 —May. 39 40 0.956 Lg. Hirai
8—Jun. 59 83 0670 ps. cultured
26— Jun. 58 193 1.629 lLg. cultured
26— Jun. 49 118 1.550 Lg.  cultured
22— Jul. 65 271 1.697 lLg. cultured
5-Aug. 58 16.0 1.351 Lg. cultured
9-Sep. 48 90 1.248 Lg. cultured
17 — Sep. 61 249 1.842 Lg. cultured
17— Sep. 55 144 1.397 Lg.  cultured
17 — Sep. 61 234 1731 Lg. cultured

RCW: rario of meat weight to calculatd meat weight
p.s.: post spawning stage Lg.: later growth stage
Derivations are the same with table 1
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Fig.3. Ratio of meat weight to calcurated meat
weight(RCW) of Fulvia mutica and developmental
stage of the oocyte in gonad.

Simbols are the same with fig.2.

RCW=meat weight/calcurated meat weight.

The calcurated meat weight was obtained according
to relation expression of meat weight with shell
length.
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Tolerance of Cockle, Fulvia mutica (REEVE),
against High Water Temperature and Low Dissolved Oxygen

Susumu MATsuNO and Hiroshi KiMURA

As a part of the studies on the fisheries biology of the cockle, Fulvia mutica (REEVE), in the coast
of northern Yashiro island, Yamaguchi Prefecture, tolerance tests of the animal against high water
temperature and low dissolved oxygen were made to clarify the cause of the mortality in the
summer season. When food phytoplanktons and dissolved oxygen in the ambient water were
sufficient, the animal survived until the water temperature reached 29C. The first death of the
animal was observed about 28 hours after the dissolved oxygen concentration was lowered at about
2mt/ ¢ . Starved or parasitized animals tended to decrease the tolerance against low dissolved

oxygen.
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Fig.l. Schedule of temperature rearing water for a
tolerance test of Fulvia mutica against high water
temperature.
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Fig.3. Rearing tank for a tolerance test of Fulvia mutica
against high water temperature.
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Fig.2. Control of rearing water temperature and feeding system for a tolerance test of Fulvia mutica against high water

temperature.
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Table 1.
for 5 days just before the beginning of the test.
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05 umBEHABIFEAKZZ25() 2 AN, HBEHEEZS
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Fig.4. Control of dissolved oxygen concentration in the
rearing water for a tolerance test of Fulvia mutica
against low oxygen.

B4 EFMRETREBRE

Test Fulvia mutica used in the low dissolved oxygen tolerance test : They were fed these four phytoplanktons

#1 EEERHRBRCHALZ ML BIUPHATCRELAERST 2 v
Test Fulvia mutica Fed phytoplanktons
I;I}?:S Mean Fed quantity Consumed quantity
Group Number length Weight ngl/g Weight/5 days Cells/g Weight/5 days
. . Pl. Tsp. Cg. N.sp.

(mm) @ Chlorophyll-a Pheo pigments % 105 % 10 X 10 % 105

A 3 52 43 9.26 1.12 15.45 16.46 5.05 7.38

B 2 56 50 4.63 0.56 7.72 8.23 2.52 3.38

C 2 56 49 2.32 0.28 3.86 4.12 1.26 2.02

D 2 55 49 1.16 0.14 1.93 2.06 0.63 1.09

E 2 56 54 0 0 0 0 0 0

P.l.:Paviova lutheri; T'sp.:Tetraselmis sp.; C.g.:Chaetoceros gracile; N.sp.:Nannochloropsis sp.
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Table 2. Results of the tolerance test of Fulvia mutica against high water temperature.
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% 1 The dead cockle was exchanged for live one. %2 Minimun-maximum in 1

rearing tanks.
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Fig.5. Changes of rearing water temperature and
outbreaks of mortality(arrows with numbers of dead
animals) in a tolerance test of Fulvia mutica against
high water temperature.
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Fig.6. Changes of dissolved oxygen concentration and outbreaks of mortality (arrows with individual number) in a

tolerance test of Fulvia mutica against low oxygen.
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Table 3 Results of the tolerance test of Fulvia mutica against low dissolved oxygen.

3 DU A OEERR R R

Group Individual Fed chlorophyll-a Shell Flesh Coefficient Condition Parasite
number and pheo - pigments  length weight of fatness*!
(n1g/g Weight/5 days) (mm) (g

1 10.38 64 27.07 1.033 Dead
A 2 10.38 49 11.42 0971 Active

3 10.38 43 8.41 1.058 Weak Pinnotheres spp. *2
B 1 5.19 61 24.07 1.060 Weak

2 5.19 51 11.43 0.862 Active
C 1 2.60 60 20.82 0.964 Weak

2 2.60 52 11.17 0.794 Dead Pinnotheresspp. *3
D 1 1.30 58 18.33 0.939 Weak

2 1.30 52 13.26 0.943 Dead Cercaria in the gonad
E 1 0 56 15.61 0.889 Dead

2 0 57 16.15 0.872 Dead

*1 Coefficient of fatness=flesh weight g/shell length mm3 X 104
*2 Carapace length 11.7mm
*3 Carapace length 9.6mm
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Fig.7. Annual changes of dissolved inorganic nitrogen
(DIN) in the coastal waters of Yamaguchi Prefecture
in Suo-nada from 1976 to 2001 (Data in May).
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Study on Echology of Fulvia mutica and its Resorce Management in the sea off
Northern Ohshima District in Yamaguchi Prefecture-VI
Enviromental features of the habitat

Toshinori BaBa, Hiroshi Kimura, Takeshi TATEISHI
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Fig.1. Map showing the sampling stations in the
northern Yashiro shima.
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Fig.2. Seasonal change in DIN at 0.5m depth (check
bar), 5m depth (open bar) and 1m above the bottom
(oblique bar) layer at Stn.4 from June 1998 to
October 1999.
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Fig.3. Seasonal change in POsP at 0.5m depth (check
bar), 5m depth (open bar) and 1m above the bottom
(oblique bar) layer at Stn.4 from June 1998 to
October 1999.
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at/ L dHY, REMEEIRBOZRL ) ED> -7,

DIN & PO+POERFEALIZIZIZR UK TH - 7247,
KR EERB TR OPIRBOH P ENMEZ R L7
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KGO Tchl-a®i3059~5.82 ug/ ¢ DEHT, KFIC
BOLWMULTS ug/ { AL B nlce ZOR, &7
runa7 4 VOChl-aRid 0 ~4.66 ug/ ¢ DFEH T,
199944 AT E 9 A L Z R EIIZFENE S,
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Fig.4. Seasonal changes in chlorophyll-a (stripe bar) and
pheo-pigment (open bar) at the upper (A) and the
bottom layer (B) at Stn4 from June 1998 to October
1999.
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Fig.5. Seasonal changes in flagellates (A) and diatoms
(B) cell number at 0.5m depth (check bar), 5m depth
(open bar) and 1m above the bottom (oblique bar)
layer at Stn.4 from June 1998 to October 1999.
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Ti&, MW T ZE3RFIIEADON, HEHEIIOV
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CHBELTWAZEIZE S, @i, Chaetoceros spp.
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Chl-a L HBEFOHBE L OMIZIEZH 2 REOHBE
BHhrohi, Lal, ®DXHiCChl-aRiCHA TS
YIPUYOBMBLDEINTI VI P rORESRM
R4 DFBEEPRKELEDLoTWDHI L 2RRT 55
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Chattonella marina?30.33cells/mé, Gymnodinium

mikimotoins19cells/mTdHh - T, PV H 4 OAERI
Lo THBEORWEWEETH - 7,
JERAKDODOM L KR TSIHEOBREIEIR 6 1ITRL
720 EEBAKODOMHEIZ48~89ppmT, 1 A»H4 0 F
TOAZR I8 7Tppmll LE B, TRATA»SH IHE
TOEZII5.0ppmU F KL o lzo KEHKLYE
(1995) " THRRTW 2 NBHEBOTFEMICH T 2 I8
EEPOEROT-ORERERLEZThEE O LV
REBEEDOISppMIUTIZWRERTH o T ihdh o7,
X D TSHI30.228~0.414mg/ g¥z 8 T, 19984 9
HA24H L 19994 9 A28H 2k < L #40.30~0.36mg/g
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Fig.6. Seasonal changes in the mean dissolved oxygen
(square) at 1m above the bottom layer and the mean
total sulfide (diamond) in bottom materials of 4
stations from July 1998 to October 1999.
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Fig.7. Seasonal changes in the mean chemical oxygen
demand (square) and the mean ignition loss
(diamond) in bottom materials of 4 stations from July
1998 to October 1999 .
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Fig.8. Vertical profiles of water temperature at Stn.l
from July 1998 to October 1999. (a broken line ; 1998,
a solid line ; 1999)
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Fig.9. Vertical profiles of salinity at Stn.1 from July 1998
to October 1999. (a broken line ; 1998, a solid line ;
1999)
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Fig.10. Records of dissolved oxygen (a big line) and
water temperature (a small line) at 1m above the
bottom layer at Stn.A from July 31,1998 to
September 10,1998 obtained by memory type DO-
thermister.
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Table 1-1 All plankotns at st.4 from 25 Jun. to 10 Sep. 1998. (cells ml™")
11 FEEEACBIT51998FE6 A2 HHIHI0RETOT T v 7 b YK (cells ml™)

te
species name depth(m),

25-Jun

9-Jul

29-Jul

12-Aug

27-Aug

10-Sep

05

Bottom-1)

05

S

Bottom-1

05

[

Bottom-1

05

5 Bottom-1

05 ]

Bottom-1

0.5

5

Bottom-1

Heterosigma akashiwo
Chattonella antiqua
Chattonella marina
Chattonella sp.{type globosity)
Gymnodinium mikimotoi
Gymnodinium breve
Gyrodinium spp.
Katodinium sp.
Heterocapsa sp.
Prorocentrum triestinum
Prorocentrum dentaturm
Prorocentrum sigmoides
Prorocentrum micans
Ceratium furca
Ceratium fusus
Ceratium sp
Scrippsciella sp.
Peridinium sp
Protoperidinum sp.
Gonyaulax sp.

Noctiluca scintillans
Eutreptiella sp.
Dictyocha sp.

Ebria sp.

Total flagellates

Skeletonema costatum
Thalassiosira mala
Thalassiosira diporocychus
Thalassiosira spp.
Detonula pumila
Leptocylindrus danicus
Minidiscus trioculatus
Stephanopyxis sp.
Coscinodiscus spp.
Asteromphalus sp.
Actinoptychus sp.
Rhizosolenia spp.
Guinardia flaccida
Eucampia zodiacus
Hemiaulus sp.
Chaetoceros sociale
Chaetoceros sp.
Ditylum sp
Thalassionema sp.
Nitzschia spp.
Cylindrotheca closterium
Navicula sp.
Pleurosigma spp.

Total diatoms

Mesodinium rubrum
Ciliata spp.

Other zooplankton
Smalt flageil:

133
033

2

1
3

48

830

30

883

S
0.33

36.66

190

203

RR

50

35/

101

RR|

033

2433

130

90

38

600

30

948

0.33

13.33

120

80

80

30

880

o~

15.33

30

80

10

4

-

121

1
48

96

[SYS

179

25

22

27

99

29

32

116

1020

64

1232

1020

48

1140

RR

260

64

770

846

160

960

1134

260

RR

150

2n

16
50

o

2
132

Table 1-2 All plankotns at st.4 from 24 Sep.1998 to 8 Feb. 1999. (cells ml™")

F#12 AEEHACHBT 51998924 H A2 H1999E2H8A FTOT I v 7 b+ VMK (cells ml-")

24-Sep

26-Oct

24-Nov

25-Dec

28-Jan

8-Feb

W
|species name depth(m)

05

5

Bottom-1

a5

5

Bottom- 1|

0.5

5

05

5

Bottom-1

Q5

5

Bottom-1,

05

5

Bottom—1

Heterosigma akashiwo
Chattonella antiqua
Chattonelfa marina
Chattonella sp.{type globosity)
Gymnodinjum mikimotoi
Gymnodinium breve
Gyrodinium spp.
Katodinum sp.
Heterocapsa sp.
Prorocentrum triestinum
Prorocentrum dentatum
Prorocentrum sigmoides
Prorocentrum micans
Ceratium furca
Ceratium fusus
Ceratium sp.
Scrippsciella sp.
Pecidinium sp.
Protoperidinum sp.
Gonyaulax sp.

Noctiluca scintillans
Eutreptiella sp.
Dictyocha sp.

Ebria sp

Total flagellates

Skeletonema costatum
Thalassiosira mala
Thalassiosira diporocycius
Thalassiosira spp.
Detoruds pumila
Leptocylindrus danicus
Minidiscus trioculatus
Stephanopyxis sp.
Coscinodiscus spp.
Asteromphalus sp
Actinoptychus sp
Rhizosolenia spp
Guinardia flaccida
Eucampia zodiacus
Hemiaulus sp.
Chaetoceros sociale
Chaetoceros sp.
Ditylum sp.
Thalassionema sp.
Nitzschia spp.
Cylindrotheca closterium
Navicula sp.
Pleurosigma spp.

Total diatoms

Mesodinium rubrum
Ciliata spp.

Other zooplankton
Small flagellates

90

40

8
157

NN

40

12
118!

420

880
1530

2842

180
1790

2037

40

448

491

20

48

12

Bottom-1
2

297

96

22

768

9197

48
371

36

36

158.1

80
327

32

03

21
120

150.3

30

108
20




Table 1-3 All plankotns at st4 from 25 Feb. to 12 Jul. 1999. (cells ml~")
13 RELSLIBITH19942A258 2 57TA12BETO S5 27 + VR (cells mlY)

25-Feb 30-Apr 27-May 15-Jun 25-Jun 12-Jut
05 S Bottom-! 05 ] Bottom~{ 0.5 5, Bottom-1 05 5 Bottom-1 05 § Bottom-1 G5 5 Bottom-1
1 3 1 2

Heterosigma akashiwo
Chattonella antiqua 1
Chattoneilla marina
Chattonella sp.(type globosity) { 1 3 1
Gymnodinium mikimotoi 1

Gymnodinium breve
Gyrodinium spp. 1 4 4
Katodinium sp. 12 6 4 2 1 2 2
Heterocapsa sp.
Prorocentrum triestinum 30 2 1 3 3 3
Prorocentrum dentatum 3 1 1 2 18
Prorocentrum sigmoides 1
Prorocentrum micans
Ceratiumn furca 1 1 2 1
Ceratium fusus 1 2
Ceratium sp.
Scrippsciella sp. 1 1 4 t 2 4
Peridinium sp. 1 6
Protoperidinum sp. 1 1
Gonyaulax sp. 1
Nectiluca scintillans 1 1 1
Eutreptiella sp. 4 1

Dictyocha sp. 1 3 2 8 3 1 3
Ebria sp.
Total flagellates 1 0 0 16 15 12 " 1 7 22 18 7 53 18 7 24 26 28

~
S
-
IS
IS
o
o
w
~

~a
P
w

N

_-_—

Skeletonema costatum 64 12 1110 210 2 120 18 24
Thalassiosira mala
Thalassiosira diporocyclus
Thalassiosira spp. t 1 2 1 5 1
Detonula pumila
Leptocylindrus danicus 144 204 154 24 48 24 940 96 80 4
Minidiscus trioculatus 2 1
Stephanopyxis sp. 1
Coscinodiscus spp. 26 2
Asteromphalus sp. 2
Actinoptychus se. 1 1
Rhizosolenia spp. 1 4 22 20 88 78 56 520 30 8 4 2 2 20 8 18]
Guinardia flaccida 2

Eucampia zodiacus 105 75 36 3
Hemiaulus sp.
Chaetoceros sociale
Chaetoceros sp. 90 68 76 44 64 160| 390 70 62 4 5 190 150
Ditylum sp
Thalassionerma sp.
Nitzschia spp. 2 i 8 18 12 24 64 12 20 2 2 i 6
Cylindrotheca closterium 2 64 48 32
Navicula sp 4
Pleurosigma spp. 5 1

Total diatoms 259 160 146 196 292 kL) 132 139 106 302¢ 421 291 6 8 18 394 224 78

Mesodinsum rubrum 1 2
Ciliata spp. 1 t t 1 2 2 1 1
Other zooplankton t 1 2 1
Small Ragell: L} 4 24 12 10 2 2 2 38 6 4 10 1 3 28 8 4

Table 14 All plankotns at st.4 from 28 Jul. to 21 Oct. 1999. (cells ml™")
14 REEFACBIZ1999FE7TA8HA H10H21BETHO S5 » 7 b YHHK (cells mi)

late 28-Jul 9-Aug. 24-Aug 9-Sep 28-Sep 21-Oct

ecies namé depth(m) 0.5 5  Bottom-l] 05 5 Bottom-1 05 5 _ Bottom-1] 05 5 Bottom-t 05 5 Bottom-1 05 5 Bottom-1]
Heterosigma akashiwo 06 1
Chattonella antiqua 03 2 0.33
Chattoneila marina
Chattoneliz sp.(type globosity)] 1 2 1
Gymnodinium mikimotoi 1 1 033
Gymnodinium breve 1
Gyrodinium spp. 7 3 2 1 1 2 1 1 1 1 2 18 1 3 1 5
Katodinium sp. 1
Heteracapsa sp. 1 3
Prorocentrum triestinum 5 2 4
Prorocentrum dentatum 8 28 2 1 1
Prorocentrum sigmoides 3 12
Prorocentrum micans 1
Ceratium furca 2 1
Ceratium fusus 1 4 2 1 3
Ceratium sp.
Senippsciella sp. t 1 1 2 2
Peridinium sp. 1 1 1
Protoperidinum sp.
Gonyaulax sp. 2 1 1 1 1 1
Nogtiluca scintilans 1
Eutreptreliz sp.
Dictyocha sp. 2 2
Ebria sp.
Total flageliates 229 51 2 5 833 433 3 8 1 5 5 3 36 39 5 2 5 o

oG
e =
~

Skeletonema costatum 340 140 120 80 [ 6 40 12
Thalassiosira mala 200 10 [}
Thalassiosira diporocyclus
Thalassiosica spp. 1 i 1 2 4 4 1 2 2
Detonuila purmila
Leptocylindrus danicus 210 90 8
Minidiscus trioculatus
Stephariopyxis sp.
Coscinediscus spp 1 1 1
Asteromphalus sp.
Actinoptychus sp.
Rhizosolenia spp. 18 18 22 8 1 4 4 1 8 6 8
Guinardia flaccida
Eucampia zodizcus
Hemiaulus sp. 4 4
Chaetoceros sociale
Chaetoceros sp. 120 85 130 86 28 960 640 548 18 24 84 16 24 21 8 34
Ditylum sp.
Thalassionema sp. 8 6 6
Nitzschia spp 186 8 2 12 6 4 12 16 10 2 5 24 16 18
Cyiindrotheca closterium
Navicula sp.

Pleurosigma spp. 1 1 1 1
Total diatoms 764 32t 24, 263 182 41 990 666 774 30 32 102 92 58 48 1 38 8
Mesodinium rubrum 1 1 6 1 1 2 5 1
Ciliata spp. 1 1 1 3 6 § 2

Other zooplankton 1 1 2 34 1 1
|Small flagel: 18 8 2 2 9 3 2 4 3 3 48 28 2 2 4
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Sutdies on Echology of Fulvia mutica and its Resource Management in
the Coastal waters off Northern Ohsima District in Yamaguchi Prefecture-VI
On Cause in Which Fulvia mutica Dies and Resorce Management of the Shell

Hiroshi KiMmurA, Setsuhisa Hivama, Susumu MaTsuno, Toshinori BaBa,
Tohyoh Takami and Takeshi TATEISHI

Resorce of Fulvia mutica which consisted of autumn-born population perished by next October in
the sea off Hirai which locates northern Ohshima district in Yamaguchi prefecture. A seriese of
studies on change in population, cultivation in suspending receptacle, observation of gonadal
maturation, chemical analysis of sea water and mud, tollelance against several conditions were
carried out to clarify the reason in which the shells die. Authors discussed with result of the studies
and came to a hypothesis on the mechanism in which the shells die, and propose the methods for
management of the resorce.

The factors which seemed to cause dying of the shell, such as high water temperature, low
dissolved oxygen concentration, blooming of harmful phytoplankton, existence of parasite were not
observed. In comparison using ratio of meat weight to calculated meat weight by relational
experssion of shell length with meat weight (RCW) , the shells collected off Hirai were thin with the
shells collected from several coastal areas in Japan where the shells survived till the next rising
season. And also the shells were thin in comparison with the shells collected from the coastal areas in
Yamaguch prefecture in the years when the anual catch of the shell was abundant. The
concentration of chloropyl-a and pheo-pigment showed possibility that the supply of the foods for the
shell was insufficient in the sea off Hirai.

Authors considered that the shell died by starvation in case of food suppy being insufficient,
because gonad of the shell usese energy or nutriment prior to basal metabolism for reproduction in
spawning season after one year old.

As the methods for managing the resorce, 1. thorough catch of the shell in May, 2. cultivation of
collected shells within two months, 3. removing starfishes, were proposed.

Authors indicate that productivity of the Suoh-nada (a western part of the Seto Inland Sea) is going
down passing the best time till 1987.

Key words : Fulvia mutica ; resorce ; productivity ; Suohnada
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Fig.1. Division of the coastal waters along eastern
Yamaguchi prefecture in the Seto Inland Sea for
evaluation of the resources of Fulvia mutica.

Broken lines show the area research for resources
were carried out.
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Fig.2. Water temperature (—) and dissolved oxygen

concentration (---) at bottom layer, and number
() of Fulvia mutica collected by dredge net off
Hirai.
Broken lines of 25C and 2.86ppm show the tolerable
limit against high water temperature and low
dissolved oxygen concentration for the shell,
respectively.
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Fig.3. Change in RCW of Fulvia mutica collected at
different locations in Japan.
RCW : Ratio of meat weight to Calculated meat
Weight.
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Fig.4. Change in RCW of Fulvia mutica collected in

southern Aki-nada.

Table 1. Number of Fulvia mutica, starfishes (Asterias
amurensis, Luidia quinaria, Astropecten
scoparius) and Echinocardium cordatum
collected by five minutes trawling of dredge net

off Hirai and predatory intensity.

sampling starfishes predatory
date Emutica | A. amurensis L. quinaria A. scoparius | E.cordatum |intensity*
29-Jul.-98 36.50 21.25 47.00 450 1547 55.50
20-Aug. 2350 23.75 12450 450 11331 134.00
3-Sep. 3.75 42.00 74.00 425 8073 90.80
24-Sep. 0.25 35.00 63.50 1.50 3391 7150
26-Oct. 1.00 18.25 39.50 3.50 1469 46.80
24-Nov. 0.25 33.50 285.50 200 406 | 29880
25-Dec. 0.00 7.50 177.00 5.00 524 180.00
28-Jan.~99 13.00 400 194.00 9.00 329 195.60
8-Feb. 16.25 5.25 153.50 850 2281 15560
25-Feb. 11.26 4.50 144.00 450 568 | 14580
24-Mar. 29.25 8.25 144.75 450 76 148.05
30-Apr. 59.75 6.25 17475 5.00 3741 17725
27-May 34.00 1.25 329.25 8.25 394 | 32975
15-dun. 2950 200 191.00 725 1116 191.80
25-Jun. 35.26 4.25 383.75 9.25 527 | 38545
12-Jul. 18.50 250 421.75 5.25 57 422.75
23-dul. 30.75 075 441.50 6.25 21 44180
9-Aug. 28.25 0.25 344.50 5.25 12| 34460
24-Aug, 47.25 0.00 302.75 5.50 12| 30275
9-Sep. 19.00 0.00 185.25 450 1 185.25
28-Sep. 2.50 0.00 98.50 3.50 [} 98.50
21-Qct. 025 0.00 74.00 10.00 2 74.00

* predatory intensity™ = 0.4 X No. of A. amurensis + 1.0 xNo. of L. quinaria
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Fig.5. Change in relative frequency of arm length of
Luidia quinaria collected with Fulvia mutica by
dredge net off Hirai.
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Fig.6. Monthly changes in predatory intensity of
starfish and number of Fulvia mutica collected by
five minutes trawling of dredge net.
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Fig.7. Change in number of Fulvia mutica(@) and
starfish(*) collected by 10 minutes hauling of
dredge net in southern Aki-nada.

The last two years data were obtained off Hirai.
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Table 2. Number of Fulvia mutica collected by the
dredge net and total time in minute used for
collection for evaluation of the resources just
befor the fishing season of the shell.

Location
Year Hirai southern Aki—nada | western lyo-nada | sastern Such-nada
Nos. Time min.| Nos. Time min.| MNos. Time min.| Nos. _Time min.
16 30 60 170 380 725 302 361
1970 16 30 65 290 48 444 13 351
80 30 91 80 1311 760 724 560
5 10 34 90 305 760 851 550
1975
1390 710
574 40 2982 1010 4569 770 517 280
1980) 433 20 9163 440 14525 550 1734 660
1896 700 1697 670
42 20 1696 420 151 580 710 700
69 30 1927 440 4740 590 814 730
19 40 502 420 257 560 391 620
1985 0 30 3 400 50 330 6 560
44 30 572 340 1728 530 736 520
24 40 68 380 36 490 136 580
2 10 131 360 179 560 172 490
5 10 39 360 216 600 44 460
1990 1 20 46 350 119 580 52 420
9 40 57 400 1315 310 4 400
1 40 28 350 12 420 10 380
1 20 47 390 29 460 46 290
26 20 88 330 9 480 3 370
1995 0 10 1205 320 1208 310 213 340
1 20 124 340 30 420 0 320
3 10 127 310 28 420 15 320
0 10 25 320 104 280 4 320
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Fig.8. Transition in annual catch of Fulvia mutica and
number of the shell collected by a minute trawling of
the dredge net in the coastal waters from eastern
Suoh-nada to southern Aki-nada for the research on
the resources just before the fishing season of the
shell.

Table 3. Coefficient of product-moment correlation of
Fulvia mutica number collected by a minute
trawling of the dredge net between two locations
in the Seto Inland Sea off Yamaguchi prefecture

HIRAI s, Aki~nada__ w, Iyo—nada e, Suoh-nada
HIRAI 0.858s%4k 0.876%xk 0.780%%*
southern Aki-nada 0.960%x 0.726%k%
western lyo-nada 0.7 18%%k

eastern Suoh-nadaj

(in case of deviation from 3-class moving mea )

HIRAI s, Aki-nada___ w, lyo—nada__e, Suoh-nada
HIRAI 0.780%x* 0.8323%% 0.600%x
southern Aki-nada 0.950404% 0.657#«
western Iyo-nada 0.702%*
eastern Suoh—na_dak

(in_case of Spearmans coefficient of carrelation)

HIRAI s, Aki-nada __w, Iyo—nada e, Suoh-nada
HIRAI 0.766%%x 0.580%x 0.656%x
southern Aki—nada 0.6373%x* 0.760%%k

western lyo-nada 0.700%0%%
eastern Suoh—nada|

significant level : k1% *¥x:0.1%
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Fig.9. Schematic diagram

explaining the hypothesis on

the mechanism in which Fulvia mutica of autumn-
born population dies in the spawning season off

Hirai.
A Surplus energy is
basal metabolism.

used for growth other than

B : Energy for spawning is less than surplus energy.

C : Energy is primary used for spawning. When food
supply is sufficient, surplus energy can be ensured

for basal metabolism.

D : After spawning energy is too little for basal
metabolism, when food supply is not sufficient. F.

mutica dies.
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Mass-marking of Circum-esophageal Ossicle in Juvenile Sea Cucumber,
Apostichopus japonicus , with Tetracycline

Susumu MATSUNO

Mass-marking method of juvenile sea cucumber, Apostichopus japonicus*', by tetracycline (TC)-
marking of circum-esophageal ossicles was developed. Bright fluorescence derived from the ossicles
were observed under epifluorescence microscope with blue excitation, when the animals were fed
10% TC mixed diet for 2 weeks, or were dipped in 100ppm TC sea water for 16 hours a day for 4
days. Fluorescence was distinguishable 161 days after the TC-marked juveniles were liberated in the
coastal waters, indicating the available period about two times longer than that of the branding
method whitch is now generally accepted to be the best marking of sea cucumber. About a half year
after TC-marking, fluorescence could not be distinguished due to the newly produced bone around
the ossicles. Active tetracycline against bacteria was not detected from the TC-marked animals

collected 161 days after liberating.
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Apostichopus japonicus has been divided into three of "red", "green

nwon "
’

"black" by the body color. Though

there are ecological differences to them, in the current, it has been made to be one species. In this report,
by describing body color in the parenthesis, it has been distinguished.
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Table 1. Rating of intensity of fluorescence derived from circum-esophageal ossicles of juvenile Apostichopus japonicus

marked with tetracycline by blue excitation.

#1 BRERFOIEEBREE O STE

Point Intensity of tetracycline fluorescence
0 No fluorescence
1 Slight fluorescence from less than half of the specimen
2 Slight fluorescence from more than half of the specimen
3 Moderate fluorescence from whole of the specimen
4 Partial bright fluorescence in moderate fluorescence from the specimen
5 Bright fluorescence from whole of the specimen




Fig.l. Epifluorescence microscopical photographs of circum-esophageal ossicles from juvenile Apostichopus japonicus
(green type) marked with tetracycline by oral route (TC © RIVIC @ Seawater=10 : 100 © 220, 13days).

A and C were observed under halogen lamp illumination, and B and D were observed under blue excitation,
showing 4 points intensity in Table 1. A and B, and C and D were the same specimen, respectively. In each picture,
left specimen was from tetracycline marked animal, but right was not marked. Ossicles in the left specimen in A and
B were artificially forced to turn inside out.

1 HEET~OTCE®RE (v+~a (74))
A, CEnar>7 7T, B, DREWMER -WEEHELTNV—7 1 V& —hRTHIRE. EHERTIZLED

FHRTCERIITEY, AOFREREA TV,

Fig.4. Fluorescence derived from circum-esophageal ossicles from Apostichopus japonicus collected 161 days (A, green

type) and 110 days (B, red type) after being liberated with tetracycline marking.
Note the newly produced bone in the peripheral part of the ossicles shows no fluorescence.
B4 iEICTCERMME L TI6IHEO< <2 (74) FHiEEROTCER (i 1M, A) BIUL0HED=
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Fig.2. Relationship between body length and inside
caliber of circum-esophageal ossicle of Apostichopus
Japonicus (green type).
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Fig.3 Relationship between body length and inside
caliber of circum-esophageal ossicle of juvenile
Apostichopus japonicus (red type).
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Table 2. Detection of fluorescence derived from circum-esophageal ossicles of juvenile Apostichopus japonicus (green

type) marked with tetracycline by oral route.*!

F2 BOE5ICXATCEBRBRORER

Contents of the diet Detection of tetracycline specific fluorescence
wet weight No. positive / No. examined ( mean intensity*? )
TC RIVIC*®  Seawater 2days 4 7 13 20
20 100 240 05 0.0 55 (2.6) 55 3.0) 55 (3.2) 10710 @7
10 100 220 05 00 4/4 2.5) 56 (26) 55 (3.2) 1010 3.1)
5 100 210 05 00 4/5 24) 45 (1.6) 56 (2.4) 10710 29)
2 100 204 05 00 455 (1.2) 4/5 (1.6) 56 22 10/10 (1.8)
0 100 200 o5 0.0 - — — 010 0.0)
*1: Tetracycline mixed diet was fed every day.
*2: See Table 1

*3: Sea algae powder, Riken, Inc.

Table 3. Detection of fluorescence derived from circum-esophageal ossicles of juvenile Apostichopus japonicus (green

type) marked with tetracycline by water born route.*!

F#3 BIEHRSICEATCEBABOREE

Concentration Detection of tetracycline specific fluorescence
of tetracicline No. positive / No. examined { mean intensity*? )
ppm 2days 4 7 13 20
500 Juveniles shrank and stopped movement soon after treatment
200 35 14 455 (2.0) 35 1.0 35 (1.6) 718 28)
100 55 (2.6) 56 (4.2) 565 (4.2) 565 (6.0) 107110 5.0)
0 — — — - 010 (0)

*1: Juveniles were dipped in tetracycline dissolved sea water for 16 hours every day.

*2; See Table 1



Table 4. Detection of tetracycline specific fluorescence in Apostichopus japonicus collected from the liberating site.

F4 BRER>ORE LT < 2OTCEROB AL
Liberating Collecting
. . Days afte . Detection ratio
Date Location Bodycolor Number Size Date hzgfaﬁng Number Size of TC-marking
mm mm %(size mm)
May 6, 1997 161 36 849+264 61(751+176)
. Sep.18, 1997 296
+ el
Nov.26, 1996 Aio green 21,930 10036 Sep.29, 1997 307 5 1258+16.2 ?
Oct.6, 1997 314
Sep.25,1997  Misumi red 8055 83+22  Janl31998 110 52 251140 85(27.7+139)

Table 5. Analysis of tetracycline in Apostichopus japonicus collected from the liberating site in Aio, on May 6, 1997.

#5 TCREDHMR

Tetracycline Number Me}aean body Mear} l;lotdy Detection of
marking E weig tetracyclines
Yes*! 22 751176 3429 No
No 14 100.4£30.2 122+9.2 No
*L Tetracycline marked juveniles 10.0mm in mean body length were liberated on
Sep. 26, 1996.
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Oncorhynchus masou ishikawae Jordan et McGregor ®
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Experimental release of the sea run form amago, the Japanese native salmon,
Oncorhynchus masou ishikawae Jordan et McGregor, at the Abu river
in Yamaguchi prefecture.

Yutaka OnnasHi, Toshihiro Hatama, Haruo FujiMUrA and Atsushi YASUNARI
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Loss of Genetic Diversity in the Banded Purple Shell Breeds
of the Japanese Littleneck Clam, Ruditapes philippinarum,
Selected for Several Generations

. *1 *1 .. *1 . . *1
Harumi Sakar , Yoko Docawa , Kuniaki IpEr , Hitoshi Kito
Masanobu KisHioka, Susumu MATSUNO, Takeshi TATEISHI,

) . *2
and Hiroshi IDEO

Loss of genetic diversity in the banded-purple shell breeds of the Japanese littleneck clam,
Ruditapes philippinarum, selected for 6 generations was analyzed in terms of allozyme indices.
Heterozygosity decreased and the inbreeding coefficient increased substantially from generation to
generation. The calculated mean effective population size was far less than the mean actual number

of parental clams.
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Effective Population Size Estimation from Reduced Allozyme Allelic Diversity
in Seedlings of the Japanese Littleneck Clam,
Ruditapes philippinarum

. *1 . 4. *1 . *1 . . *1
Harumi Sakar , Jun-ichi Hicucar , Tomohisa WATANABE , Hitoshi Kito ,
. *2
Susumu MAaTsuNO, Masanobu KisHioka, Yoshihisa NAKANO
*3
and Toyo TakaMmI

Effective population size was calculated in several lots of seedlings of the Japanese littleneck clam,

Ruditapes philippinarum, whose actual number of parents was fixed beforehand into four classes.

The variance in allozyme allelic frequency in the seedlings compared with the frequency of the wild
clams was utilized to calculate the effective size. The calculated sizes were similar to the actual
parental sizes. The result suggests the usefulness of the allelic frequency variance to estimate the

effective population size also in the practical seedlings for various sea-farming programs.
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Pathogenicity of Penaeid Rod-shaped DNA Virus (PRDV)
to Juveniles of Six Crustacean Species
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