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Variations of water temperature during the recent 30 years in the Suo-Nada region
off Yamaguchi Prefecture in the western Seto Inland Sea

Akihito WANISHI

The variations of water temperature in the Suo-Nada region were analyzed using the monthly data
which were obtained at 20 stations from 1972 to 2003. Twelve months running means of water
temperature showed the periodic variations, and increased gradually as a whole. Increases of water
temperature for the recent 30 years were estimated 0.71C (0.024C /year)at the surface layer and
0.69C (0.023°C /year) at the bottom layer. The periods of variations longer than 1 year were estimated
about 2, 4 and 14 years by the spectroscopic analysis(Maximun Entropy Method).

The air temperature around the Suo-Nada region also showed the synchronous variations with the
water temperature in that area, suggesting that each phenomenon correlated closely.

Key words : variations of water temperature ; spectroscopic analysis ; Suo-Nada
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Larval Recruitment of the Small Penaeid Shrimp Species in the Osima Strait,
in Yamaguchi Prefecture

Setsuhisa Hivama, Hiroshi KiMmurA and Yuzuru ABE
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2 ¥+ HThunnus tonggol & 7 1@< 7 1 Thunnus thynnus @
PEPZB TSR AER

/NFREIT

Morphological differences between Thunnus tonggol and
Thunnus thynnus on their young stage

Tomokichi KoBAYASHI

On their young stage, identification of Thunnus tonggol and Thunnus thynnus is difficult for
bearing a close resemblance between the two. Accordingly, the author made an attempt on
determination of species on each young tuna from Sea of Japan, Yamaguchi Prefecture. The range of
fork length of Thunnus tonggol and Thunnus thynnus as specimen was 17 —30cm and 17 —27cm
respectively. Key of determination of species is indicated follow.

Al. Tip of pectoral fin dose not exceed the 11th spine of first dorsal fin «------- Bl

A2. Tip of pectoral fin is at the 11th spine of first dorsal fin or reaches to the posterior of the 11th

spine of first dorsal fin-+-------- B2

B1. Ratio of pectoral fin length to head length is 48 —56%

Number of gill rakers were 31-37-----

-+ Thunnus thynnus

B2. Ratio of pectoral fin length to head length is 67 —95%

Number of gill rakers were 20—25------

-+ *Thunnus tonggol

Key words : Thunnus tonggol ; Thunnus thynnus ; identification of species
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Yamaguchi Pref

Fig.1. Collecting location of the young tuna

W . set net . , purse seine

FL

Fig.2. Measured part of specimens
FL, fork length, HL, head length,
PL, length of pectoral fin.
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Fig.3. Frequency distribution of fork length of T.
tonggol and T. thynnus
7 tonggol/,n =52, MT. thynnus, n=35
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TR H AR 7 0 < 7 1 Thunnus thynnus O
Didymocystis wedli DZFFHEIRN

/NFRAIT

Parasitism of Didymocystis wedli to the blue fin tuna,
Thunnus thynnus from the Sea of Japan, Yamaguchi Prefecture

Tomokichi KoBAYASHI

Lots of cysts of trematode, Didymocystis wedli were found often on the gill lamellae of young blue

fin tuna

(322-760cmFL), Thunnus thynnus from the Sea of Japan, Yamaguchi Prefecture. The

parasitic ratio of the trematode to young blue fin tuna from the same area was over 75%. The
parasitic ratio of the trematode to each gill arch was highest on the 15t gill-arch and was lowest to
the 4th gill-arch. D. wedli was not found on the juveniles (17.6—27.1cmFL) of bule fin tuna.
Therefore, blue fin tuna may be infected with D. wedli when the fishes have grown up about 30cmFL.
D. wedli was not found on the gills of the several scombridae fishes, Auxis rochei, Euthynnus affinis
and Thunnus tonggol , therefore, this trematode may be parasitic to blue fin tuna specifically.

Key words : trematode ; Didymocystis wedli ; parasite ; blue fin tuna
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Fig.l. Frequency distribution of fork length of blue fin
tuna, Thunnus thynnus
M parasitized fish, [ | normal fish

i
Fig.2. Didymocystis wedli on the gill of young blue fin
tuna, Thunnus thynnus

Fig.3. Didymocystis wedli on the gill lamellae of young
blue fin tuna, Thunnus thynnus
A, Adults B, larvae
note : phot by Dr. Kazuo Momoyama
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Table 1. Parasitism of Didymocystis wedli to
scombridae fishes

Species Date of catch No. of Range of No. of
specimen _fork length (cm) parasitized fish

Auxis rochei 27, Dec.. 1999 35 27.3- 340 0

Euthynnus affinis 27, Dec., 1999 34 38.8 ~ 44.6 0
Thunnus tonggol July ~ Sept., 2000 56 424 - 56.0 0
Thunnus thynnus ( juveniles ) Sept. — Oct., 2001 35 17.6 - 27.1 [\
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H A {ig pg PU VIR 4+ 3 Y ¥ 4 Nemipterus virgatus O
INRREN R

Sex ratio of the threadfin breams, Nemipterus virgatus
from the south western region of Sea of Japan

Tomokichi KoBAYASHI

The threadfin breams, Nemipterus virgatus from the south western region of Sea of Japan were
investigated to obtain the information about the rerationship of fork length to standard length and
the sex ratio. These specimens were caught by small trawl and angling from October, 1993 to
August, 1997. The formula of correlation between fork length (X, smFL) and standard length (Y, mm
SL) of female and male was as follow respectively.

£35Y=0910X — 2479 (90< Y <357, r = 0.999)
d3Y=0916 X — 4315 (110<€ Y <394, r = 0.999)

On the sex ratio, the appearance rate of female was down according as increase of standard length.
The formula of correlation between standard length (X, mm) and appearance rate of female (Y, %)
was as follow.

Y = 37199 — 62.88LogeX (90<X<360, r = —0.96 , P<0.001)

Standard length calculated by substitution the appearance rate of female from the South China Sea
for this formula was transformed into fork length by above FL-SL formula. In the south western
region of Sea of Japan, females at 52% in appearance rate of female were smaller 49 — 69mmFL, but at
10%, were larger 80mnFL than female from the South China Sea. As the result, in the south western
region of Sea of Japan, the appearance time of male was earlier and females were bigger than fishes
from the South China Sea. Annual appearance rate of female became large in accordance with high
north latitudes.

Key words : Nemipterus virgatus ; sex ratio
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Fig.1. Frequency distribution of standard length of threadfin breams, N. virgatus
Table 1. Rate of female on each class of standard length of threadfin breams, N. virgatus
Standard length (mm) 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240
Number of female 6 22 59 127 130 140 166 152 108 155 153 117 95 89 51 51
Number of male 0 5 29 68 110 99 105 160 183 160 102 116 166 140 133 90
Total 6 27 88 195 240 239 271 312 291 315 255 233 261 229 184 141

No.of female / total (%)

100 81 67 65 54 59

61 49 37 49 60 50 36 39 28 36

Standard length (mm) 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 Total
Number of female 45 23 11 7 7 1 3 3 1 1 1 o] 0 0 0 2225
Number of male 61 52 53 62 61 68 41 54 38 28 19 11 6 3 11,723
Total 106 75 64 69 68 69 44 57 39 29 20 11 6 3 1 3,948
No.of female / total (%) 42 31 17 10 10 1 7 5 3 3 5 0 0 0 0 56




Table 2. Comparison of fork length of female threadfin
breams, N. virgatus from the South China Sea and
the south western region of Sea of Japan

Fork !ength‘) Rate of female‘) Fork length of M. virgatus from the south
{mmFL) (%) western region of Sea of Japan” (mmFL)

230—-250 52 181

250—270 28 264

270< 10 350

*; Standard length was calculated with rate of female‘)by formula of this paper, and fork
length was calculated by FL-SL formula of female of this paper.

Y =371.99 - 62.88LogeX
(90< X<360, r=-096, P<0.001)
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Fig.l. Study area in the Sea of Japan. SW !
southwestern region, MW [ middle western region,
ME : middle eastern region and NE : northeastern
region. Star marks show the locations of set net
fishery where monthly catch records were collected.




(Fig.2), 19924F 7 H14 H I LIRSV g K pE s ER R
EMBEHHL 1498+ V) 2HOWMPLARMNELT
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BT 5 7=, 1986~19904ED 4% 6 A EANCINORHY
RO KMEEM2 »# (Fig2) THEIhZZMY
AR, KUT1989, 19904E D& 9 ARG AR
(Fig.2) THEMICAPITZ ST SR TOMTREL
ZPEUHEHIIOWT, HOHEZ{To72%#, 2hbd
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%B, REBRBRSESH (1959 25EL LT,
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Fig.2. Transect lines for sighting observations of flying
fish in the Sea of Japan, 1986-1990 (bottom). Broken
and solid lines show the transect lines in June and in
September, respectively. Line A (top) indicates the
sighting observation line for diel movement of
flying fish, July 14, 1992. Observation data were
collected by the sections Al-A4. Star marks show
the locations of set net fishery where specimens for
the species composition were collected. The spoon
net samplings of young flying fish were made in the
shaded area, September, 1989 and 1990.
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Fig.3. Catch trend of flying fish by regions (see Fig.1).
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Fig.4. Monthly set net catches of flying fish for various
localities (see Fig.l).
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Fig.5. Frequency distributions of flying individuals by
school sizes, based on sighting observation in the Sea
of Japan, June and September, 1986. Shaded bar
shows the frequency of schools with more than 10
individuals.

6 H PO DR RICE T 5 EBEOwEY &
BEEICE L, RV PEYHB0%L L% 5D, &
DDI0%UTFAY 23 bEY F+Tho7 (Table 1)
WS FAY P ETFORXEIZ189~2220m, Y 2~
¥ MET T ORI EKIZ247~296mm T, WL b AR
RECFEFELLRMA (EIRBA) Thol,

6 HiZ3T 2 B0 22472 ) O RBBEERD
S #Figbllmnd. MEMBOSEMEZEBLT, b
EY A HORMIIEEL-EUEO B ABRH G ERE
b LTHROR, BEFBUROMER E LH38HEE L
oM ERTIIT SR RO dh o7, RMEAD
HMBURIE, 19864 ICIERBILL, BBEEBMTICET
EL Tz, —F, 1989 ICITHBBIIR LKL, B
R LAPE TH - 720 1986~19904E 12 351F 5 2B &
MTO20M R L7 ) O FHRMWMWALIE (Figs),
19865F 12088k L D% {, TOHBRBIIWALT
19894 1T 1X0.05k & 72 7243, 19904 IRTE L b
R L Co22Mtk & % 5 720

I RICIIOEBFEBR TR TRELL-VEYEE
X, AV MU FEYZYPETFIMAT, 6 I
WALZd» -7k Y74 Yy d Hirundichthys
oxycephalus THEINTEY, Sy T4+ I I H
ERDT0%LL L% T W7z (Table 2) REL- B
EyrHORX KL, &Y MYVt 568~136mm, ¥
7Y bPET FAB7~161mm, FY T F b YT FH66~

Table 1. Species composition in weight (%) of flying
fish caught by set net fishery in coastal waters off
Yamaguchi Prefecture (see Fig.2), early June,

1986-1990.
. Year
Species
1986 1987 1988 1989 1990
Cypselurus hiraii 98.4 98.3 98.0 98.8 93.6
C. heterurus doederleini 1.6 L7 20 1.2 6.4
Total catch (kg) 6126 6368 1956 1042 330

Table 2. Species composition (%) of flying fish
collected by spoon net in coastal waters off
Yamaguchi Prefecture (see Fig.2), September,
1989 and 1990.

Species Year

1989 1990
Cypselurus hiraii 15.6 0.4
C. heterurus doederleini 13.0 8.3
Hirundichthys oxycephalus 7.4 91.3
Total catch in number 11 2101
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Fig.6. Distribution of the number of flying individuals observed per 20 n. miles (a-e) and yearly changes of the average
number of individuals per 20 n. miles (f) in the Sea of Japan, June, 1986-1990. Dotted lines denote nighttime.
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Fig.7. Distribution of the number of flying times observed per 20 n. miles (a-e) and yearly changes of the average
number of flying times per 20 n. miles (f) in the Sea of Japan, September, 1986-1990. Dotted lines denote nighttime.
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Fig.8. Diel change in the number of flying individuals
by sighting observation on the line A, July 14, 1992.

See Fig.2 for sections Al-A4.
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Fig.9. Sampling staions for exocoetid larvae in the
southwestern Sea of Japan.
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fipsZo bz (Table 3)o
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Table 3. Monthly changes in the number of exocoetid
larvae collected in the southwestern Sea of Japan
(see Fig9), 1986 and 1987.

Konth
May June July Aug Sept. Oct. Total
1986 Cypselurus hiraii 0 0 2 13 1 0 39

Year Species

C. heterurus doederleini 0 0 2z 1 1 0 4
Hirundichthys oxycephalus 0 0 4 32 3 0 39
1987 C hiraii 0 4 5 15 0 0 74
C. heterurus doederleini 0 1 5 2 0 90 8
H. oxycephalus 0 0 0 108 0 0 108
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Fig.10. Distribution of exocoetid larvae (number of individuals) in the southwestern Sea of Japan, 1986 and 1987.
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Fig.11. Distribution of exocoetid larvae (number of individuals) by sizes, 1986.
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Fig.12. Distribution of exocoetid larvae (number of individuals) by sizes, 1987.
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9 HORBRA T, RALHIBERD22~27C O
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BRREFDD2C U LOBRKRICE Sz, 5 TIERR
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B340 LR TIIRABAERIIEILATHEAL R
ol (Figl)o T &) CRBEAKAICKHRE
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KIZ, AAHEERITROKIR L #X 5 04
LOMBREARDL L (Figl7), BA#BILERX (r=0565,
P<001) RO HA#EPFEK (r=0.358, P<0.05) Tid
EEZEORBIED Shd, ThUBOEX Tk
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Fig.13. Distribution of the number of flying individuals observed per 20 n. miles relative to the sea surface temperature in
the Sea of Japan, June, 1986-1990.




Fig.14. Distribution of the number of flying individuals observed per 20 n. miles relative to the sea surface salinity in the

Sea of Japan, June, 1986-1990.




Fig.15. Distribution of the number of flying times observed per 20 n. miles relative to the sea surface temperature in the
Sea of Japan, September, 1986-1990.




Fig.16. Distribution of the number of flying times observed per 20 n. miles relative to the sea surface salinity in the Sea of
Japan, September, 1986-1990.
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Fig.17. Relationship between average water temperature
at 50m depth in western coastal region in the Sea of
Japan, May-July and the relative catch of flying fish
by regions (see Fig.1), 1954-1991. The relative catch
of flying fish was presented by ratio of catch of
flying fish by regions to total catch of flying fish in

the Sea of Japan.
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Fig.18. Relationship between average water temperature
at 50m depth in eastern coastal region in the Sea of
Japan, May-July and the relative catch of flying fish
by regions (see Fig.1), 1954-1991. See Fig. 17 for the
term of the relative catch.
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Fig.19. Frequency distribution of exocoetid larvae by water temperature and salinity in the southwestern Sea of Japan

(see Fig9).
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Fig.20. Distribution of exocoetid larvae (number of individuals) relative to the 100m depth contour and water
temperatures at 100m depth, July and August, 1986 and 1987. The strong current regions of the Tsushima Current
are indicated by the 100m depth contour and a bunch of the contour of water temperature at 100m depth (Katoh,

1994b).
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H A BRI RO KR & D b H AR IRG RO K
BEDOBTEVWI EFHLNIR -T2,

(2) e OKIR - BB

HRE A O MBUR O Hg R K IR R Oy D8R, &V
b ¥+ TiE19~28C, 320~345, Y2 ¥ bEYF
TI1320~27C, 325~345, AV 74 FETF T
~28C, 320~343T, HMETERIILALEDS
hizdro?: (Figl9). LaL, HEBEEORE VKR
ROHESO®EMICERT 5L (Figl9), sV bEY

F ROV 7Y b FTid19~23C O#EMHISHT0% D
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X D EiRD25~28C DHEHIZHI0%DREAIFHEREL
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Y7 4 1333.8~34.50 E IR ITH50% DA HB L
7205, AVTAPEYFRZEO L) HREERICIXIEL
ACHRALED -

P ABHREA DG L 100mB R E KT
100mEKIRS A & OBt %E A5 & (Fig20), #FR
BT A e R, 1986, 19874EE B ITIE
IZ100mSER I - THAH LTz, WMEHTIHE,
19864 7, 8 AITIZ100miE D SR AE R IR E10C
DERBOEDIZME L, SBIE & ORI o
eSS0 ~ 36T DIERICRE S h, fFHEAIE




DERRFEBMAIICHB L 72, 19874 7 AiZi310C
PTFOHAKDOBETAELL, ZFRICHECFRMERT
D AILREISEM T Tl F L, PR BILE
M SR EOMEBICIEE > HBL & A
5720 F4E 8 HICIZ10C LT o ARG ILORL o4k
RES6REMHE IR &, AFHEAUET B AL M & TR Je i
DAKEIGEER LI S MBLL 72

% =

6 H OB KIS 25 HAKIRI8~20C O iR TAHR
ML (Figl3). R (1958a) ¥ HKAATH AR
i Uik 5 D3 KIRH17~20C T, RDBEOEZ VD
1319~20C OKRIRDOBEHTH L L HEL TWEHDT,
18~20C BHRADHHOBKRLEZEZ O b, HBRD
EBY, ZoORYHARBEERER KT SR
EBRTHLIEDD, ZOXKRBEHIENFEOEE
FES A B D KIRHPE & A o

H A SR iR oK & X OHESHE L OB
BRERRFER, KELEBELEBURDOWEX OHMEE
HLOMTRAERELZEOMBFED LNzA, £hlL
BOBXOWEERS L OMTIIHEIEZELLHEY,
MBERREAEOEAZR L (Figl?), ¥7:, WET
BEB LB DI O B AHE TR B RO AR BRI -
T, ThENRMBAO MBURAE KK OH/AL T
HIEBMRLE, SRODERMS, BEEEURD
R TIXAEBROKICHECBEETABILKRT S
A5, BEEEUROER TIIAROILHE~NDIEH D X
AiDEEZBRL R, KBHw ARk LR
PHENMT2EE2ZbN5,

9 H ORI A ORI MM AE22~27C OBEAKIRT
Rohs (Figls). 72, AR CTRABOHIZIEE
VT7A MY AL RY)EORETETA TV L
FEEN7z (Table 2)o KV 74 T FIZAREBLMET
PEIRL (BE, 1978), &YV Y HICHERBICH
BysMTHhsIehn (B 1985), READOME
NDORMDIED N, FHEBEFERKOGMAIT L - TH
CHEBIshHLEZDOND, EBRICI8TIEICIZ2T D
SRR IMBOFICHRTr RV BEFVICMEL, 2
FUCHHE L TR RS ) 022C Bl E OB ABRIC
HB L7 #-T, 2CoOSRBIT FE Y THREM
OSHHEEE B2 DDBBIL LB LEZOND,

FYMEYFROY 2 Y FOFREMIZHAR
BEART, KiR21~26T OERIZHBLAEZ VA,
VT F MY O HERIIMBGE M T25C PLE D

B MBI LI hTwd (B, 1985),
AFETIE, xY PEYFROYZ ¥ PETFDOHB
A% hro 72 KIRIZ19~23C T, B (1985) OFARE R
IV RRBERTH o725, FYTF FEYFTEHM
(1985) & EBRIC25C UL LD ERIR THBNE 2 72,
HABH AR T2BC U LokREZRTDIZ8AT
H5 UMIEA, 1982) DT, xVT7F METFDIF
BAOMBENIZAY FEYF RV 7T PEYE K
VENSAIZEBDTHAYH (Table 3).
AAEWRICBT B P Y EITRAO BB, X
EBREOBRIIROBEL ART I LATE 5100mF
TR (B 198 L100mROFRMERSE B2
) C#oTwiZ e (Fig20), RUOFHAOBRE
HEWZER S OMBBAITIFRAFANEYR 5722 &
5 (Figll, 12), FEYFFMTHAZCOWMEREY
WD BIRWE 1 A4 & 5 2 580U & o TN Bk
JABOEREH» SEITh, SE20mBi#ICRELL
WEEN D, 19874E 7 HIZIZIOC LT OB KDOE F A8
BE T, TIPSR LD S T35 A
EFTHETL, FlAZEOMOH L BZ ) EILER
A O AEICEMN E DM EBITIT T -7 S HBLL A
572 (Fig20)o SOOI e 6, H20BOME RS
KOMBRIICE > THHEVEBHL, DX Lk
Ny — v DEBIFRAOMBIRICHEL RITT L%
Zbhb,

28 fHIRME

AW CIIHREONREEMATLIILZHBE L
T, BFHRY PEYTOHLENEY RN, REE
RS DSEAY OB 2 B 52 Lz GATEE, 1995b)
R H AR PRI ORI 513 2 A Y O F i
HE%2mL (Hirakawa et al., 1995), BIZfiEHO
S A 3B OV AT RE S & IR AR O SR AH AR R % R L 72 GAT'EF,
1995b) .

BHtEH*®
SEAEHOMBEEZHONIZT H2DIHVFY P E
7 HiE, 1986~19934E 2T TEE L CINIIEM TR
H# L7942l TH 5 (Table 4, Fig2l). BADONA
AU, 5~9 HITEEM, WL, SRR
THRE LA 614M4k, 9 HICEEN, R#ERY
b MICX D REL KRR AN136MEK, 6 ~9 HIC
AHEAR Y FCRELFHAII2HETH 5, B
1%, A OVTIRalE, ERBARUEA



Table 4. List of Cypselurus hiraii samples used for the study of food environment.

Developmental  Sampling No. of Range of fish Sampling  Sampling
stage date specimens length(mm)*' ared’ gear
Adults May 28, 1986 30 203-225 A Set net
June 10 50 192-221 B Drift gill net
July 8 30 193-212 A Set net
Aug. 11 20 190-230 E Stick held dip net
Sept. 5 30 194-216 E Stick held dip net
June 2, 1992 30 198-222 A Drift gill net
June 18 50 202-232 B Drift gill net
July 3 30 202-231 B Drift gill net
June 11, 1993 76 200-227 A Drift gill net
June 26 268 199-228 A B Drift gill net
Subtotal 614
Young Sept. 11, 1986 29 91-156 B Spoon net
Sept. 6, 1992 5 128-142 B Spoon net
Sept. 21, 1993 18 127-143 B Purse sein
Sept. 22 84 106-147 F Set net
Subtotal 136
Larvae & July 1-5, 1986 22 8. 6-36. 4 D Larva net
Juveniles Aug. 4-6 7 12.2-61.5 D Larva net
Sept. 2 1 30. 0 D Larva net
June 16, 1987 3 10. 2-24. 3 D Larva net
July 1-3 35 11.0-43.6 D Larva net
Aug.  3-6 15 8.7-34.0 D Larva net
June 6, 1988 1 13.9 C larva net
July  5-7 43 9.0-37.9 C Larva net
Aug. 2-4 4 12.1-19. 2 C Larva net
July 13, 1989 2 21.6-32.5 E Larva net
Aug. 7 5 18.0-28.5 E Larva net
June 28-29, 1993 20 10.5-30.0 C Larva net
July 15-16 B} 9.3-48.0 C Larva net
Subtotal 192
Total 942

%1: Fish length of adults and young are expressed in fork length; larvae and juveniles in

total length

%2: See Fig. 21.




WZOWTIRIY L2 LB 210% K V=) ¥ TRIE
Lo ChHEOBEADH B, 19934 6 A26HIC 4 FH
BEIRELZRA, RU1986~1993FENDEIZEEIC
blo TRELLFRAZHY, Th s 0EBEHIC
B HEEOEEELRR. ZOB, HLENIZ
fMohOEEREEL TV b0 2 BAMEKE LTk
ol AHOBHLENED IO THRTLI SN
BEh ozl e, HBEBEEETHEWHEERLZRL
=o FAEWAITIZRERE TR > TV 2bDID2WT
X, ZoEREZMEL
HEWMTHLIEW TS V27 VOEHNHERETHS
MZT B 72012, 1992404 A LAIIlORBERO
1 €4 (Fig21®Stn.3, A#E128m) T/ ARy 7 %
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Fig.21. Sampling locations for Cypselurus hiraii used for
the food environmental study. Adults were sampled
in areas A, B and E, young in areas B and F, and
larvae and juveniles in areas C, D and E. Dot marks
show the sampling stations for larvae and plankton,
July, 1986 and 1987. Stn. 3 shows the sampling
station for plankton, January-December, 1992 to
examine seasonal changes in abundance and
composition of plankton. Star mark shows the
sampling station for plankton to examine diel vertical
movement of plankton, September 15-16, 1992.
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v Mk 2FfEAORELBET, /Ny T Xy b
DOKEIS0MD 5 DEEF] & 2T VAR 72, B
W7o by OSRESAOHRENREZRARNL 2D
2, 19924E 9 A15~16 HICIWWORPERO 1 X
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(1) fHAY ORI

BILEABYOME 2 AR, A, #EA, X
RAKRUCRAHZELT, B TS7 7 P HFY b
Yot OEELHEETHBHI EIbA -7 (Table 5),
L2»L, REBRBICX-CHAEME 28T V7
b OHBRIZROEBY VLT ORE - Tz R
BAMBERNEZECHELTBY, BT
Paracalanus (83.9%) OHBBEIRD 2 - 72,
MDD RBEREZ F L LTHAEL TV, FAIC
K% & Paracalanus (69.0%) O HBFEEHRR LK
{, Corycaeus (310%) Oncaea (31.0%) Otk
OBEREOMBBEIFR L) B o7z RRAIIEE
BT, wWELEERE LT, 8, bT
PTixdH5HEARSE (Hymenoptera) ##HAEL T
Wiz BATIRFEARKRRAIZHEED DS R
AEAroh, FHPBRESE, BRE, ARERUHFA
(BF2F49Y) EHREHBL LTV

FYMEYFOLEFCICRIELHOoEREEDHE
BEADL L (Fig22), mY PEYFTRERIEVK
oA IHETLIIEBHLN k-T2 Thb
H, 2R50mUTORY PEYFiE4£KE0.2~2.7mm,
B E100~150mmTi30.4~12.0mm, EIZE X K190mm
LLETI1202~225mmE & h KEOHAHZHEREL T
oo HAEPOMBE AL L, FREABNICIZEE LT
RENEZ, RRANICIZ2R3.0~12.00n0 %M,
THPRES A, BARRE, HICRAMZIIZERS
KA T2 R180~225mD % ¥ 72 F4 7 fFfa il
"ALTWi,

(2) SHEWOEHHHEE

AV PEOFRIRFRETEL BT I 7+
FEEZMEL LTI ENHSIICES72DT,
CCTRINORBEBRTEW T 7 >~ 7 v OFHHY
B2 W7-¥R%RT (Table 6),



Table 5. Gut content composition (%)~ of Cypserulus hiraii.

Developmental stage Larvae  Juveniles Young Adults
No. of specimens examined(A) 143 49 136 614
No. of specimens with empty guts(B) 87 20 ol 497
Empty guts %(100xB,7A) 60. 8 40. 8 31.5 80.9
Gut contents
CRUSTACEA
Cladocera Podon - 6.9 - -
Evadne 3.6 - - -
Penilia - 3.4 - -
Copepoda  Calanus 3.6 17.2 - 0.9
Paracalanus 83.9 69. 0 1.2 9.4
Clausocalanus 5.4 20. 7 - 1.7
Acrocalanus - 3.4 - -
Labidocera - 6.9 - -
Centropages 1.8 - - 51
Candacia - - - 1.2
Ctenocalanus 1.8 6.9 4.7 2.6
Corycaeus 16.1 3.0 - 2.6
0i thona 1.8 3.4 - 0.9
Oncaea 14.3 31.0 1.2 0.9
Microsetella 5.4 - - -
Cirripedia Balanidae cypris 1.8 10.3 - 0.9
Amphipoda Gammaridae - - - 2.6
Hyperiidea - - 2.4 -
Caprellidae - - 4.7 5.1
Decapoda Decapoda larvae - 13.7 4.7 25. 6
Unidetified Crustacea 1.8 - 4.7 9.4
HYDROZOA  Hydroida - - 3.5 -
POLYCAETA Polycaeta larvae - - - 1.7
GASTROPODA Gastropoda larvae 1.8 - - -
BIVALVIA  Bivalvia larvae 1.8 - - -
[nvertebrate eggs 3.6 10.3 - -
PISCES Fish larvae - - - 1.7
Fish eggs 1.8 - 3.5 12. 8
INSECTA Hymenoptera - - 2.4 8.5
Unidentifiable (digested matters) 33.9 20. 7 68. 2 21.4

% Percentage occurrence of food items.
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Table 6. Annual average percentages (number of
individuals/m®) of the nine zooplankton groups at
stn.3 off Yamaguchi Prefecture (see Fig.21),
January-December, 1992.

Percentage

Zooplankton group
Average Range

Copepoda 58.2 18.6-77.5
Cladocera 143 1.4-60.4
Cheatognatha 34 0.1-7.8
Hydrozoa 2.1 0.4- 7.7
Thaliacea .3 0.1-81
Euphausiacea 2.4 0.0-18.3
Appendicularia 52  0.3-13.1
Decapoda (larvae) .3 0.1-4.4
Others 11.8  4.2-39.0
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Fig.23.Seasonal change in the composition of
zooplankton community at stn. 3 off Yamaguchi
Prefecture (see Fig.21), January-December 1992.

KRN, 2 AOBIERTRD K& S (TTHRE/m),
KWT8HOBNKEN 72, S0 LEWEOME
Bix2 HioEEAR LA (G4fEfk/m?) #%, 3 AR
KERLZ (456Mfk/m*). ZO®RMAEBITS AITH
2oIERR L7, 8 A TRA L. RIZIZEME
FudxgEcHEmL, NAE3IOILEBE L2, B
B BRRERLAZ6 BT, BHREI ) AR
(iZ & A &b Penilia avirostlis ThH» Hl) 2558
LTwids, BNEEBY Y7 > 7 + v offkBoF
HEHZRETIROERLZGEHTDH S,

Fig 242 BB E SO A M BEAER L R, B
WEoOMGROMBEY (3H, 5SHRUCNA) B
DAELEEOMKEASL L, 3ACREFEED
Calanus sinicus, Paracalanus parvus B O
Ctenocalanus vanus ® 3FFESLH L, Th o TRE
BEDORB%H O bl MRS, 11RITIZRME
BRBDI0% L2 5D 5IIE LA LR, BT0%7H
Paracalanus aculeatus, Euchaeta plana, Oithona
plumifera, Euchaeta flava® DR — WA T
Wkshr, 5 Ak, 3ACHALLZRFEED
Calanus sinicus, Ctenocalanus vanus % E£4KIZ118
WCIBUZEF - ERFHEESRELTHALL. b
A BFRAOMBRHO 7 Ak (1#F2H),
AL RARICFEORPER L THIRT L & idah
272, FEZLMBMIZClenocalanus vanus, Oithona
plumifera, Oncaea venusta, Clausocalanus
arcuicornis, Euchaeta flava, Calanus sinicus T&

Of:o



1992

nnnnnnnnn

200

Calanus sinicus 100

Paracalanus parvus | {

Ctenocalanus vanus

100

[0 e
Oithona plumifera [ \
__AA_
Eucalanus subtenuis
[ S —
[0 'c
Mesocalanus tenuicornis 25 =
et [0

Oncaea venusta
S ————. [0 £
Clausocalanus arcuicornis

25

o 5
Euchaeta flava - 25 .

0 o
Paracalanus aculeatus [50 =

_— U 0
Euchaeta plana 50
- -
Calanus minor [50
_—-—A-._ 0

Clausocalanus furcatus i [%5

Undinula vulgaris

Fig.24. Seasonal change in the number of individuals for
14 dominant copepod species at stn. 3 off
Yamaguchi Prefecture (see Fig.21), January-
December, 1992.
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Fig.25. Distribution of zooplankton in wet Welght
(g/1000m?®) and larvae of Cypselurus hiraii
(number of individuals), July, 1986 and 1987. The
contour and circles show the wet weight of
zooplankton and the number of larvae, respectively.
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zooplankton in coastal waters off Yamaguchi
Prefecture, September 15-16, 1992 (see Fig.21,
station denoted by star mark).
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Fig.28. Diel change in the percentage occurrence of

larval Cypselurus hiraii that have the
consumed prey.
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HBABL LRI THLEFHEIITE - 7
(Fig23)o COXHIICEMICEBW TS » 7 b VR
TAHILR, NEREBOKEVHEBHTEDORTVWS
(GCH - B3, 1958), 72, FADEME L 12
ParacalanusiE IR HYEIR O K128 m O 37 £ 5,
(Fig.21) TREMICATLOEREE LTRZD SR
iro7z% (Fig2d), REBLHNBE TIIENICHEB
LTHETLZEPHLNTYS (EWiEh, 1980 ;
FIEEA, 1984), bz &6, KENEHICH
FY ORI HREF ) OWBR~BE L TEHNT LI L
& CRE, 1969a; 13 ; 4E28), SAERHII L
RIS, SIAMOS VIR CTERT22212E D, &
CFBRDOEREEDDL I LICOLNLEREFOLE
AbNb, o T, INORBRBRIZBVWTEHY S ~
7 MY OBEESMBYAER SN, ThEFHaD5H
AMEPHBHE L -H LT EiE (Fig2s),
HHRBAD IS L LTI TR MB0EEEE LT
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EEZOND, FHERTIZ16~24RF 120 ) TR A
DHBAREIEE >0k (Fig28), ¥ hirSHEHAED
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R ERICEEEZT) CLAMONTYSE (REHA
P RE, 1984)

38 Bk

AV PEYFOERBEE LTHEM (1958b) X H
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THILRZLDABTHRESRTVWEI LS B
2, WEAIES, 1985 Tsukamoto and Kajihara,
1987 ; Kif, 1990), ARIZOWTHHAICHERD
FETL2WEEDGH S, —F, BRERBHIOEZREEY
BXEMEEZWAL,IILTEL 2L, REFTEZH
Y 57:DICIZEETHS, LL, HABIIBTS
FHEADEREMERTRRAORIEAMBICOVT
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1990), F2BMICOWTDH, MHENERNORIE
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», ARGOFNIC X > THEBOMBIREZH L2
L7z RICRFEBINOERRVRIEMBIIIED
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BB THRE LA OHA H AR ZEHI L <
BREZHHLZ G, 1995¢).

j=¢ 2 P>

FYMEOFFAOHEFRICBII 2 AEBOFHE LR
BT A0, 19934 6 A 1 BICIUOREES (Fig.29)
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BT (Fig29) AMEAR v MCX ) fFHEA Q4MEK)
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Fig.29. Sampling area for the growth study of
Cypselurus hiraii. Spawners were sampled, June 1
(dotted region), and larvae and juveniles, June 28,
1993 (shaded region).




Table 7. Number of age rings in the otolith of 5 days
old larval Cypselurus hiraii.

Total length Radius

No. of rings

(mm) Cpm)

6.1 59.4 ]
6.2 67. 6 ]
7.2 65.5 4
T2 6l.4 4
5 79.8 3}
6. 8 61.4 5
7 6l.4 6
6.5 67.6 5
6.9 67. 6 4
6. 6 61.4 5
6.9 6.4 5
6.5 65. 5 5
7.4 61.4 5
7.3 65. 5 5
6.8 69.6 5
6.5 63.5 5
7.2 67.6 6
6.5 65.5 5
7.1 ik, 4

Average 6.9 Average 65.5 Average 4.9
S.D 0.5 S.D. 4.8 SD 0.6

Fig.30. A : otolith of newly hatched larva of Cypselurus

hiraii. B © otolith of 5 days old larva of Cypselurus
hiraii.

&
(1) SALfFfo H £

HMEIZZHRIZHHEO 6 HIBH A 5% 572, S
EHEOFAOLREIZAT~62mTdH - 7=,

MUEBOFAOHRIIRLROAFAEIET, T
FpElz454um (n=18, S.D.=3.7um) THh-i:
(Fig.30) o H A 2B 2 RHULRED & e o 1295,
ML D425% (8 k) 121 ~ 2 KOAHE L
WG A% bz,

L% 5 HHOF A (£K61~7.7Tm) OHADF
¥ ER12655 um (n=19, SD=48um) T, W
DFEHIEA9 (n=19, S.D.=0.6) TH-7z (Table 7,
Fig30). SO LHS, HAORBIEHEEE A%
TIENTED,

R

(2) HAWED SRR

WL B CHRIE L 2z 14 R o fFfEfL (2R 13.0
~28.7mm) DHAD ) LA EETE 72D 100 (K
T, D o4k (286%) 12550912 Lo WAt
HCTExLh o7 (Table 8)o

WAl (RN) 2R (TL, mm) LOMICBAEL
IEOMEAH Y, W OMRIERO &5 D bR
Trahie,

TL=6.562+0651RN (r=0919, P<0.001, n=10)

WAl H e & A% L Clastl & 5EH 2 L
Fodig, SHEHIZS5 H24H~6 A14H EHEE X /e
(Table 8) .

Table 8. Estimated birth dates of larval Cypselurus
hiraii collected in coastal waters off Yamaguchi
Prefecture (see Fig.29), June 28, 1993.

Total length Radius . . .
() G No. of rings Estimated birth date
16.3 114
17.0 130
18.3 150 = =
26. 2 285 33 May 26
28.7 285 3l May 28
27.3 297 27 June 1
17.4 154 18 June 10
26.3 37 35 May 24
17.3 224 17 June |1
20.3 195 = d
17.3 163 17 June 11
26.0 224 27 June |
13.0 122 14 June 14
19.8 195 17 Jupe 11




Z %=

SMEBEHEDOFY ¥y O H A IR AL
PRDODOLNT, SME#ES AHOHFAOHHIIZEY
L9KDBMABBO S22 L Hh 5 (Table 7), HA
DEAITSMEE I HIATEXLHEREA LTI LA
T&, 7, IMORBERTREL-FHRADHEA
P, WREZHABE L CHLOZHELHE, 5
LHIX5 H24H~ 6 H14H L € 7z (Table 8),
H AR P 0 S UL PR I kT A R Y
FEYTOERBIZIS~7THThb0T (B,
19625 4 E 28, #EShAMLHGERE X<
—HLTWwE, U LOHENS, FHAOELALH
ARzHRALD, MEHRPOBREZHEET LI LI
TMRETHILEEZ DN,

2 EREUCRXEMBEA O A7BR

AMTEIREEFERBHINOERIUVBIRMRORAZE
LR EAL 2 W, AMORESEZHEL L
7o BRIZHANT D W CIEEHE D R B 0 B R B 0
FREALZ L, KN OBR & EEREIZOWT
bRRE L7

BHEH*E
MRELTHWZZAY PEY FIE, 1986~19884ED
6 ~8 Ho&H LACIIORMTHLEAR v P &2V
RE L 7P RIS, 1986~19884ED 8 ~10H @
R B R o € B TR S h 7 R 784
itk (Fig.31, Table 9), BKU1986~19934 M 5~ 7
A D& RN~ BHRIE YR8 N2 1986, 19874F
D5~7HOFR BB~ LERBRRRCEBRIC
S DI N- A8 136k TH S (Fig3l, Table
10), AAEOWEIL, RARTERATIRIEL
OWTC, A TIRERIZOWTIT 572

= R

(1) FHAOEEMRETRRAEDOR L EMK
1986~19884E M 6 ~ 8 H D4 H EANIZ IR TR
BLIFHAOERER OB BALZ AR
(Fig.32), HFHEADOERHEPIL 6 HTiX10~15m, 7
HIZiX 5 ~50mm, 8 AiCix 5 ~65mm& HEICK & W
IR 272, E— FIZBIEZ&EL T10~15mmTH - 720
KIS, 1986~19884E 7 8 ~10 H T SR L YA Tif
BEh2ABRAORLEMBROBAZLEZAS L
(Fig.33), 19864 XKk 8 H THIZ1295~140mn

TE— FE115mTH - 7% Z0H#H 9 A4 R T10H
FHICBRXREIARE Y, @WMA115~150m, €—
F125mm& 72 - 720 19874EPR A EIZ 8 H TARU 9
H EAIZIZ100~145mmC, € — Fi3125m & 115mmTd
o2 FOHIATHANSI0H LW TRRER
REIIKREL %Y, 9 H FHICIIHP120~145m, +
— F130mm, 107 FAJICIZ#PH125~165mm, €— F135
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Fig.31. Fishing ground (dotted region) of Cypselurus
hiraii and sampling area for their larvae (shaded
region) in the southwestern Sea of Japan.

Table 9. Samples of young Cypselurus hiraii caught by
set net fishery in coastal waters off Hyogo
Prefecture and samples of larval C. hiraii
collected by larva net in offshore waters of
Yamaguchi Prefecture (see Fig.31).

Developmental stage —Sampling date No. of specimens
Year  Month
Young 1986 Late  Aug. 92
Middle Sept. 66
Early Oct. 50
1987 Late  Aug. 100
Early Sept. 100
Late Sept. 108
Early Oct. 83
1988 Early Sept. 100
Middie Sept. 56
Late Sept. 29
Total 84
Larvae & 1986 Early July 25
Juveniles Early Aug. 13
1987 Early June 4
Barly July 55
Early Aug. 15
1988 Early June 1
Early July 42
Early Aug 3
Total 158




Table 10. List of samples of adult Cypselurus hiraii
caught by set net fishery in the southwestern Sea

of Japan.
Sampling date Sampling No. of specimens
Year Month area’ Males Females Total
1986 Late May Tottori-lyogo region 63 127 190
Late May Yamaguchi-Shimane region 36 14 50

Early June Tottori-Hyogo region 152 181 333
Early June Yamaguchi-Shimane region 43 57 100
Niddle June Tottori-Hyogo region 196 106 302
Middle June Yamaguchi-Shimane region 61 39 100
Late June Tottori-llyogo region 145 5 220
Early July Tottori-Hyogo region 134 91 225
Eary July Yamaguchi-Shimane region 139 63 202
Middle July Tottori-Hyogo region 155 45 200
Niddle July Yamaguchi-Shimane region 163 37 200
Late July Tottori-Hyogo region 237 88 325

Late July Yamaguchi-Shimane region 74 23 97
1987 Late May Tottori-Hyogo region 80 109 189
Late May Yamaguchi-Shimane region 79 21 100
Early June Tottori-Hyogo region 113 189 302

Early June Yamaguchi-Shimane region 117 73 190
Middle June Tottori-Hyogo region 147 153 300

Middle June Yamaguchi-Shimane region 113 87 200
Late June Tottori-Hyogo region 116 87 203
Late June Yamaguchi-Shimane region 137 110 247
Early July Tottori-Hyogo region 116 108 224
Early July Yamaguchi-Shimane region 120 160 280
Middle July Tottori-Hyogo region 116 46 162
Middle July Yamaguchi-Shimane region 71 29 100
Late July Tottori-Hyogo region 49 102 151
late July Yamaguchi-Shimane region 147 101 248
1988 May Yamaguchi-Shimane region 69 31 100
June Yamaguchi-Shimane region 360 239 599
July Yamaguchi-Shimane region 171 168 339
1989 May Yamaguchi-Shimane region 84 16 100
June Yamaguchi-Shimane region 206 94 300
July Yamaguchi-Shimane region 204 56 260
1990 May Yamaguchi-Shimane region 80 18 98
June Yamaguchi-Shimane region 94 106 200
July Yamaguchi-Shimane region §7 24 111
1991 June Yamaguchi-Shimane region 123 27 150
July Yamaguchi-Shimane region 38 12 50
1992 July Yamaguchi-Shimane region 129 60 189
1993 May Yamaguchi-Shimane region 80 18 98
July Yamaguchi-Shimane region 96 6 102
Total 4940 3196 8136
* See Fig 3l.
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Fig.32. Monthly changes in the total length of larval
Cypselurus hiraii collected by larva net in
offshore waters of Yamaguchi Prefecture (see
Fig.31), June-August, 1986-1988.
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Fig.33. Monthly changes in the fork length of young
Cypselurus hiraii caught by set net fishery in

coastal waters off Hyogo Prefecture (see Fig.31),
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Fig.34. Monthly changes in the fork length of adult Cypselurus hiraii caught by set net fishery in the southwestern Sea
of Japan, 1986. Open and solid bars show the length frequencies in Yamaguchi-Shimane region and those in Tottori-
Hyogo region, respectively (see Fig.31).
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Fig.35. Monthly changes in the fork length of adult Cypselurus hiraii caught by set net fishery in the southwestern Sea
of Japan, 1987. Open and solid bars show the length frequencies in Yamaguchi-Shimane region and those in Tottori-
Hyogo region, respectively (see Fig.31).
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Fig.37. Estimated growth curve of Cypselurus hiraii.
Each mark and vertical bar shows the mode and
range of the fork length, respectively. Fish less than

65mm in fork length were measured by total length.
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Fig.38. Map showing sampling area of Cypselurus hiraii
for the spawning study in coastal waters off
Yamaguchi Prefecture, 1991-1993. Star marks and
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intervals, June 26, 1933.
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Fig.39. Micrographs of oocytes in various developmental
stages in Cypselurus hiraii. A:chromatin nucleolus
stage (CN) and early peripheral nucleolus stage
(PN). Bar=20 um. B : peripheral nucleolus stage.
Bar=20um. C ! yolk vesicle stage. Arrow indicates
entangling threads. Bar=200u m. D : early vyolk
globule stage. Bar=200u m. E ! yolk globule stage.
Bar=200 g m. F ! early migratory nucleus stage.
Bar=200 ¢ m. G : late migratory nucleus stage with a
nucleus (N) and a large yolk mass (M). Bar=500 u
m. H > maturation stage. Bar=500 z m. | : ovulated
egg (0) and postovulatory follicle (F). Arrows
indicate the cross sections of entangling threads.

Bar=200 u m.
Table 11. Developmental stages of oocytes in
Cypselurus hiraii.

Developeental stage Diameter  Characteristics

Chrosatin nucleolus stage (0. 0lam The cocyte has a relatively large nucleus and
homogeneous  cytoplasm  stained faintly with
Hematoxylin

Peripheral nucleolus stage (. 01-0. Imm The cocyte has cytoplasm stained deeply with
llematoxylin and & large nucleus with several
nucleoli attached 1o the nuclear membranc.

Yolk vesicle stage 0 1-0.3mm The cytoplasm is stained faintly with
Hamatoxylin.  Yolk vesicles appear and spread
over the eytoplasm

Yolk globule stage (L3-0.5mm Ssall volk globules appear around the nucleus
and then all over the cytoplass with
increasing their size, while the yolk vesicles
located in the periphery of the cocyte

Nigratory nucleus stage 0.5-1 lma  The yolk globules begin to fuse, forming a

large yolk mass at the center of the oocyte.
The nucleus migrates to the periphery of the
oocyle as the yolk mass grows larger.

Io1-22m  The nucleus becomes invisible and the oocyte
is filled with the honogeneous yolk mass.

Maturation stage
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(Table 12, Figd0, 41).
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Table 12, Maturity phases of ovaries in Cypselurus
hiraii.

Maturity phase Oocyte group® Histological characteristics

Partly spent phase I, I There are oocytes only before the yolk globule
stages and many postovulatory follicles.

Developing phase I, O, I Oocytes in the migratory nucleus stage or mat-
uration stage appear and increase the size
until the ovulation occurs.

Running phase 1, 0, o The ovarian cavity is filled with ovulated
eggs.

* See Fig 40.
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Oocyte diameter (mm)
Fig40. Frequency distribution of ovarian oocyte diameter
for different maturity phases of ovaries in Cypselurus
hiraii (left). A, G: partly spent phase. B-E:
developing phase. F : running phase. 1 : small oocyte
group (¢ <0.1mm) indicated by the dotted lines. T :
middle-sized oocyte group (¢ =0.1-0.8mm). I : large
oocyte group (¢ >0.7mm mode). Composition of the
oocytes in the developmental stages including
postovulatory follicles, which was determined by
histological observation (right). POF : postovulatory
follicle. M : maturation stage. MN ! migratory nucleus
stage. YG : yolk globule stage. YV : yolk vesicle stage.
PN ! peripheral nucleolus stage.

NI RIS G- T
Fig.41. Micrographs of ovaries in Cypselurus hiraii in
different maturity phases. Bar=1mm. A : partly spent
phase. B : developing phase. C : running phase. D :
partly spent phase with small fraction of ovulated
eggs remaining in the ovarian cavity.
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Fig.42. The process of degeneration of postovulatory
follicles. Bar=50 g m. A : postovulatory follicle just

after the ovulation. B : postovulatory follicle in the
partly spent ovary. C  postovulatory follicle in the
developing ovary. D : old postovulatory follicle
before the next ovulation.
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Fig.44. Relationship between the number of mature eggs
and fork length in Cypselurus hiraii.
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Table 13. Collection record of Cypselurus hiraii used to
study the seasonal changes in the maturity
condition and sex ratio in coastal waters off
Yamaguchi Prefecture in the early morning (from
4:00 to 6:00) or daytime (from 10:00 to 15:00).

Sampling Fishing Fishing Fishing No. of No. of
date gear ground” time specimens females
June 17,1991  Set net Fukawa Bay Early morning 50 10
June 15,1991  Set net Fukawa Bay Early morning 50 4
June 29,1991  Set net Fukawa Bay Early morning 50 13
July 11,199] Set net Fukawa Bay Early morning 50 12
June 2,1992 Drift gill net Inshore waters Early morning 99 7
June 8,1992 Drift gill net Inshore waters Early morning 100 28
June 18,1992 Drift gill net Offshore waters Daytime 100 83
July 83,1992 Drift gill net Offshore waters Daytime 100 73
July 6,1992 Set net Fukawa Bay Early morning 60 24
July 15,1992  Set net Fukawa Bay Early morning 131 37
Nay 26,1993 Drift gill net Offshore waters Daytime 86 54
May 28,1993 Set net Fukawa Bay Early morning 98 17
June [,1993 Drift gill net Offshore waters Daytime 30 19
June 4,1993 Drift gill net Inshore waters Early morning 102 8
June 11,1993 Drift gill net Inshore waters Early morning 100 1
June 16,1993 Drift gill net Offshore waters Daytime 99 %
July 17,1993 Set net Fukawa Bay Early morning 102 6
Aug  9,1993 Set net Fukawa Bay Early morning 99 7
Aug 25,1993 Set net Fukawa Bay Early morning 12 0
Total 1518 478
* See Fig 38.
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Fig.45. Seasonal changes of the average gonadosomatic
index (GSI) in Cypselurus hiraii collected in coastal
waters off Yamaguchi Prefecturure (see Fig.38),
1991-1993. Open and solid circles and squares show
samples by drift gill net fishery inshore and offshore
waters, and by set net fishery, respectively. Vertical
bars show standard deviations.
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Fig.46. Seasonal changes of the percentage occurrence of
females (top) and maturity of ovaries (middle and
bottom) of Cypselurus hiraii collected in coastal
waters off Yamaguchi Prefecture (see Fig.38), 1991-
1993. Open and solid circles, and squares show
samples by drift gill net fishery inshore and offshore
waters, and by set net fishery, respectively.
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Fig.47. Diel changes of the percentage occurrence of
females (top) and the number of Cypselurus hiraii
(middle and bottom) caught by drift gill net fishery
in coastal waters off Yamaguchi prefecture (see
Fig.38), June 26, 1993. Open and solid circles show
inshore and offshore waters, respectively. Solid and
open bars show the number of females and males,
respectively.
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Fig.48. Diel changes of the gonadosomatic index (GSI,
top) and the maturity of gonads of Cypselurus
hiraii (middle and bottom) caught by drift gill net
fishery in coastal waters off Yamaguchi Prefecture
(see Fig.38), June 26, 1993. Open and solid circles
show the average GSI in inshore and offshore
waters, respectively. Vertical bars show standard
deviations. In female, open, striped and solid bars
show developing, running and partly spent phases,
respectively. In male, open and striped bars show
mature and running phases, respectively.
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Fig.49. A schematic representation of the life cycle for
Cypselurus hiraii in the Sea of Japan. Adults
migrate into the Sea of Japan (striped region), May-
July and spawn mainly in coastal waters of the
southwestern Sea of Japan (solid triangls). Adults
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2| FATbh, 1 E472 ) OHEEIIEIE3,000~
15000 T %, AFOFHIEH 14T, HEOBM
WXEESE - B LB CT 5, SMEIZZMHEIZAH
(kiE188~219C) 25T Y, SMEEHROZRIZIAT
~62mTh b, FHEMA (&K 5 ~65mm) DOHBLIL6
~9HICRsh, BWHROY—27137 HTh b, FHEM
DAL RIAKR19~28C, H5r32.0~34.5D HEH
T, FHAOFABRIEH IEBREOWE N5 —IlL o
TEHT 5, FHEANS? SERAMIHT TORERR
AT, 8 A THWICT CITRIEI~145mD AR M
AHBIL, 10 LR L RIZ115~165milE T %o
RO S A BIZ IO E A SRS LB UROMEE
AL, MAENOGAEDILY Y 1ZKIER22C Y LD
HEBBRAERKOSAICHEBIND, KREAIZI~10/
WCHABEETIRECHERERE T L, UMEERRERZ
BTHYFHEABYHT 5720, 11~4 AICIZHABET
BRSO kb, ARZSHMEESRD O REEE L E
CCHEICKET, 87507 v 2HET %,

28 BFEFH

AHTIE, BEHEE RV CRITRNCEER 2 TR
T 5P, RURMEARO HRBSEGICEIER
GEELEETSHFECOVTRE L, 72, &
AR A R ORI T & BRI O 22D DM
WCEDSWT, BREEHEO-ODOPECOVTRAMWIC
ERLT

(1) PPN

WRoLBY) PEYFHOBEROKES 2 ED 5
FY PEYFEERTHLLEESNDLIEDD, K
FOWER (Ci) HAROERLT L, BED
HER (Civ1) BTOROBELALRTILDTE
o 0T, HEEE R) FAXTERES,

R=Ci+1/Ci

SHOFLTH S HAREREXIZH T 51952~1991
EO MY A EHOWERKE (15 18H) ZHV, B4
EER (R) 2K, ThlMEoMER (Ci) Lol
BREHRARD L, WEHEOMIITRRO LB Y HHBEARER
A SNz (Figs0)o

Log R=3.269-0421Log Ci
(r=—-0418, P<001, n=39)



COMBRRE R, BEOWMREY S HAERE G
HYazlicdy, BEOBBIZOWMERZ FHT
BT ENRICHDEEZ LR S,

(2) Sk 8 D FPfll
FHRORMFELZ AL, RABAKO BB
T2, R EEED 202 BHE LT,
KAWL Y RBEBEOFMATETH 5,

P=A-B ' -C D 'x10°

i,
DA R (AR km?)
T AR RN O AR B
 BRREATHAELZ-HE (m)
DRUEHIC R X ZHIE (el LT
AT H N FE IS 2 B8, m)

D @ FHRF

B, ClZowTiEd, P HEORBLMOT
HErLREXAEZE, RURELLHMOWED6~7Tm
THHILND, TITRIOME Lz, 72, BREXK
1 E LTI o720

Y EoF 3% 1986~19904E K 4E 0 6 H F o H L8]
SZEA (1F1H) IEAL, BB LR AR
KBULHEO6 H EWOMMBEZHET S L
(Fig51), At # BE 12 19864F 12133.8)8/km> T - 7275,

-
—

O w e Yoy

3 r
L
(a4
g2
t .
c .
2 ¢ ®e
H .
1 . o
-§ . .’.. ¢ b . *
51} .o .
(5] % o
(>4 0®q o
[ ]
o, .o .°°. .
0 N . )
0 2 4 6

Catch (x10° tons)

Fig.50. Relationship between the annual catches and the
reproduction rates (R) of flying fish in the
southwestern Sea of Japan (see Fig.l, SW region).
R=Ci+1/Ci. Ci : catch in i-year.

ZOHBBIZHA L, 1989 ICIZ02R /km? & % - 7=,
19904 1M BE LR HML, 1.0R/km2& #E
SNz,

—77, BEEEUEOLOR~A)IRIZET 51986
~1990%E F4E D b U A EHER (SRR A e
AHER @ BAOKELAMETERE) 2FV YA 1R
L OFPHEER120gs L CHERBICHBEL, #
DRAEELZE A D L, 1986513000 R TH - 7=
S, ZOHBIELBAL, 19894 K UF19904E 12 1302100
TiRE %o (Fighl)o

HEShIHNBELBEERKEZHELTAHS
L, NBAORELEH LBZORELEH L I1hD XL
L Tw5 (r=0951, P<0.05),

AAEFEBEINL 6 LWIIHABTENE Y A
OB L2, HEShi-Mx S L iR
ORFEEH IR IEL T2 ehnd, 2o
RHICHRAREZ T VREBEOFM 2T, 20
EOWRMFMCHATELLEZOND,

(3) &HIRFA

P A EIIHAE CRAERDELBHIRE WV E
WEEMAS ~7 HEEWD, FPEYFRRICE S
TRABIDVPARAREL 2D, SO0, BHEREOFE
i PROZDOMALFBEEL S TS, AR5
X0, HAWEBK CIELSEOMWMBREHAEERLD
MR OREOBB L EOWMR LTI 52 L 250

(inds. /km?)
N

Relative abundance

Catch
(x10° inds.)

ol " : L )
1986 ' 87 '88 ' 89 90

Fig.51. Yearly changes of the relative abundance (top)
and catches (bottom) of flying fish in coastal waters
of the Sea of Japan west of Noto Peninsula. The
relative abundance of flying fish was presented by
the number of flying individuals per unit area.




BElC o7 ORED). HIC, HWHADITRBMARO
HEBIZ2ITV, BB E L2 S, Bl o
WREIVHEIO L PHTE2ILHNTELTHASY
(ARH) o BB B U O RO O LRE1E,
KBOEBLZIIHI bl b (281
i), OB TIRAREHRERFIICHHTE S,
IhOOMEMNE#HE LTRSS h, BRLMIES
DOFTHER L EEICR L TEFNTH S,

EI OGS S, AMEEEAEPOE LTEIL,
SN M OB IR 2 E AW ST
72 (AEE2H). TOK)RENH) EOHTED
&, EpICRBSh, RRRR) OBE THE
ENdOTRENFEL, EFERESI-ELTHE
EIREESZ VOIIHN L, BEMBED OWMRTHRES
N7 0TIE, SEIBEPORNEL D72 (4F2
) CDXS REPAREBERRL OMENIL, B
BEAMEAREDE I, BT D WG ORI Z IR
THIED, EPOBAOREILLLZERTHFEL
LTHMTHEEEZZ NS, BEMNE ) OO
EZHBLALYE, PERFIORSETITDI L ER
WERLAWOBREIRBENERM TR T T 57729,
B My AHUAERHRE LABEEZITI LI
L0, BERAOBRDECIENTELTHS ),

HHRBISICE OIS BEOHEX, 7V FHTEN S
DBFEAEATVSD (Doi, 1970 5 13, 1971a;
1971b ; HIli - /M, 1972), PEYAETRIAET
BEAEMBEIN TR0 2. AIFFETIEAHBIE
ER MY A BOREREDOFHMO 2D (CK) 7247
TR, 54 - BBOBBOZDICH AR FETH
LHIERHOMILA (1HIH)., 2L CHHBIE
BEERVAIEIZLY, 9HICIIHAEOLHHICE
BEEICRBADBIHTHILEWLMIL (151
). BHTIZREMAIZ “HHZ" ® “BxdI7
LTI SR, EACRRIEREVIDERSTH
D (BTFE, 1968), &EEMOMIZHEMTDHREMA
PEACHEBEIN TS GELE - HiE, 1981 5 24,
1992). LA L, HBA#ETIEEEMUIMIKREMZ
HLLWEILRL, EBEMIIIZRRAOHERD
BOTHHw (1ELH). SOXHICHRBHER
ORBABRIIHFICAHAINTVE LIV E RV,
HoT, AV FEYFPSO Y FEHEROBERIL
UL, M RRADRE;BARICE X ZHE
ERE LAAS, AARETH RRAREREOAEDAMZ
BoTw 2 eERAHLOBREE LS9,

i i

ARE T EDHIIHLY, BELLIHHFLER
B D% % 1B - 72 WM R ZH BB B LIE S B
MLETFS, $72, AW eWREVZZSERLE
BY S & 15 - 72 U KR 3 v B 3 1 R O R B #d
Bl s IR R#H T 5.

RS LB L THZ SHHBEEHERT VL
PR T TE A K AR AT T T, SR XOKERE
ZE T B 2 1 K O ¥ X K RE R S8 BT A 3 SR BT R
WO S EET 5o IWERS iKY R
RBGTHENE GLUDEREREAEBEEH),
VA RATEERE (BLUDRAEKERBREREL
Z2RE), RUOKHLBARERNRICIEIAPEDOEITIC
HEZLHZEE V0B LTBILBL RiF5,

AWFFE121986~ 19904 12 Ll IR IS K E BT, 5
R A B R B J O S B K B SR BRY & SR W] T M L

CRPEYAEMEERBIETEDILHLZDDOTH

Bo HFEAMFELZBELTE L OHMERBELGZ TR
o 72 B KRE RER Y R PRI, BRI ARHT Sk
tr 7 —FBE L, BIURTILHERHK, SRR
KERBE T IR —IK, WIFAEK, FHEEKE
HET AR AEHEE I, RO R KRE B
BAAMBEICRHET 5. HAMWXAKEMZET AR
BREREINMEELICEBW TS v 7 b v O&E
FHEZOWTHERW2E, F-REHEMAZEER
FHATH L RORBARK CoEEMEE) TidH
RO EH 2424 L Tz unik, WHESEK
EABSHERERERALORMBOEKICIE, B
EToRETEREB 2 VAAEE, FALORTK
PER S AR HCER BB KT wI oo
ERICZHIPORIUZB I B Wizi2ni, HEBE
T, HEBKEREE Y5 -, IWBRAKE RS,
FriB KR RBSE (BUFNE B AR ZERT), =il
LK RER, RIFIRKERBS, ORIRHEEKES
BB R, BHEKERBRYORER R ORE
mEHB OB D 2 W w, ThHDF AL
BILHL EIF 5,

X Ak

1) Abe O, M. Kawano and K. Teshima (1993) Ovarian
maturation and spawning of flying fish, Cypselurus
hiraii, in the southwest Japan Sea. Bull. Seikai Natl.
Fish. Res. Inst,, (71), 67 —81.

2) ZHEZH - HARHE— (1984) 1O - BREMIIBIT S



3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)

19)

Y45 PEYAHEOREORY. HAE7 v 7R
Btseskek, (3), 39-52.

ZEZH (1992) W - BREMICBISY 45 - b
Yot ORBRER L EBFREE. KERERE, 56,
173 -181.

FIERE - B (1972) BRBIEC X 5 UM
BAONBNY VoRREROREE. TEARIR,
(42), 1-11.

WRFCHE - MR - B K (1982) AERY RS
DRGEIZHT 2K, (1) YT orTIZIHRE
AEARER. MIRISSEEE I AN KRR, 79-80
RETCH - HhR®E & A (1983) bEwA2F]
AL7vFo FEE[/OBERR. BIAS64EEILT
SRS MY, 82-83.

B B (1985) JLPEAKFHICKITS YT R
DYREIE R, REKARMPAFHERL, 360pp.
B gk (1978) & B FASERAT 2R
(=), AILHEREFANBRBEL. AEEKERER
FrakBR s, (30), 301-307.

Doi T. (1970) Re-evaluation of population studies by
sighting observation of whale. Bull. Tokai Reg. Fish.
Res. Lab, (63),1-9.

TRz (1971a) < v IVHEOBEBE . Filik
E#H, (66), 89—143.

TIRZ (1971b) HOEBRBEHBZORERM. Figk
B, (68), 1 —15.

WIFFE (1988) HABAMIDREBICIBIT S FEYF
FOAEWPKE. BABERGRICERTSIEY
TRCHY AN EREE, (1), 31-64
BHAE (1989) FEYFEREOEMFIIIOWT.
BIUKEME, (30), 85-95.

5 b AR R K 2 AR  (1987) BEFNS9~614E BE S Rij i
BREXEEAFEC AR RAERERRBEH.
122pp.

WG — - KN B - BEHA (1980) MBI B
28W7 7 vy b rosmkeE. EARRIEER, (G4),
45-57.

HEEW - 3F A - S45K (1990) Y+ of]
AmIRR. BA63FEEBRKARFERYE, 124
129.

Hirakawa K., M. Kawano, S. Nishihama and S. Ueno

(1995) Seasonal variability in abundance and

composition of zooplankton in the vicinity of the
Tsushima Straits, southwestern Japan Sea. Bull.
Japan Sea Natl. Fish. Res. Inst,, (45), 25— 38.
KRB RERBE (1988) MY w4 LRE B
FI61ERE LM H I K E BB P B B WM E,
144 —155.

B R H K ESH BT (1989) FYYAMLAE-1,
RS X B AFEHRAL. IRFN624F BE 5L AE B oK B8 SRR P

20)

21)

22)

23)

24)

25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

AERPF S EH L, 90-93

GHHEE (1952) PE YA EOMED, HAR
Prognichthys BO P F L Z0HH. BREKAKS
KEFRLE, 2, 141-148

SHEE (1954a) PEYAEOBEL, HARE
Hirundichthys BD N+ L 2O0M. BREXY
KEEHLE, 3, 62-72

SHHEE (1954b) BERBRTE L RUHE HiERIZBEA
R OB, WNEBRBARAAER, BRBKRK
P, (1), 67—-71

SHHEE (19552) HIGBEIBROMAAR, BT
BO ey AH SERERBATMERE, AT,
(2), 23-54.

SHEE (1955b) PEYAEOBIEN, vF ¥ Y
%7 %} Cypselurus naresii GUNTHER & Zo%it]. W
REBRFKEFRLE, 4, 97-104

SIHEE (1956) HAE T BB ERE, 1.
RAOKE, 1L #ANORE. BRBRFEKEFR
AE, 5, 91-102

4 HE (1959) HAGTHE b ¥y 4 ¥AFE RO
-1, BREREKELRLE, 7, 1-85.
SIHEE (1960) HAE#E b Yo 4 BARL O
-10. BREBRFKEFHLE, 8, 8-45
FEEE - BEE= - BRRBE (1986) Ao HRET
BrEBEM. HKE#E, 52, 55-60.

FI A - GEAKRE - AEER (1988) AABARINE
HRAOMHABRE, HEARPORERIOEL
(BHAM61FE). MACIFHEBRAKRF XY,
102 —-125.

HE A BERTH -
PR BAR T 72,
fili (BRFI624EKE) .
#, 98-133.

R A EARAER -
BT FI H BT R,
i (BFAG63HERE).
&, 92-117

FW A - BEEH - SARK (1990) PEY A DR
BiticowT, BASEEBRAREEZRY,
118—-123.

Isobe A, S. Tawara, A. Kaneko and M. Kawano
(1994) Seasonal variability in the Tsushima Warm

HE:0 (1989) AAEARE
WA B WO KRR O
HHMO62EEBERAKRAEEH

BEEEW (1990) AFARIR
o S K B B R O S S O FEF
WIFI63 5 B B BUK R

Current, Tsushima-Korea Strait. Continental Shelf
Research, 14, 23 - 35.

PHleREA (1960) ILIOWALEIC BT 2 R R A0S
AN O AERBIZOWT, SRR, 3, 1-14

Katoh O. (1994a) Short-term fluctuations of the
Tsushima Current in waters northwest of
Yamaguchi Prefecture. Journal of Oceanography,
50, 51 — 64.




36)

37)

38)

39)

40

=

41)

42

~—

43)

44

~

45

g

46)

47)

48)

49)

50)

51)

52)

Katoh O. (1994b) Structure of the Tsushima
Current in the southwestern Japan Sea. Journal of
Oceanography, 50, 317 — 338.

Kawabe M. (1982a) Branching of the Tsushima
Current in the Japan Sea, Part I, data analysis.
Journal of the Oceanographical Society of Japan, 38,
95—107.

Kawabe M. (1982b) Branching of the Tsushima
Current in the Japan Sea, PartIl, numerical
experiment. Journal of the Oceanographical Society
of Japan, 38, 183 —192.

NIAAB (1953) ZEBCERRERES3IM, Y
7+ B (Cypselurus SWAISON) IZBEWT Q74
WEHER). FAh»w, (8), FmMEAR, 30-38.
NAAB (1956) ERBEEBRTHES NS Y YA
B (A7TLA7T) 20T AT, (22), &
BAR, 3-7.

WEFEA (1988) INERICKET S MY HE
(RYME, 27T PEYR) O E EYFEKETE
KHWT 52, 30AR. BRETT v 2 REMR
&, (12), 39-51

FEEA (1993) N EEBIZE T 2 HdE & U
MERAEE). KEBEME, 57, 219-230

WA (1995a) HABHEEIRICBIT S Py 4
R oG, IOsHEKRTR, 25, 1 - 6.
WEFEA (1995b) &V FEY o, wOstEk
HAFE, 25, 7 -12

WEEA (1995¢) &V P HFHAIICBTLEH
BRoOHRBEOREY. WwOsEkRF®, 25 13-
15.

WEEA - BE 8- EPR - FEMZ (1995a)
HHEBZ2IZE S HABICBIL Vo HOSA L
BB, KEMERZE, 59, 123-129.

WA - ME % - FRMZ - WILMA (1995b)
HABEEHRICBIT 25 PEY T ORNAER. KE
wERTZE, 59, 257263

FisdE (1960) HMBRAARICET HH% (1)
—PHRBORE— BREKR, 10, 15-29.
RE®RT (1961) ABOWHKERICETAHE-1,
METFORBEHIZOWT, HAKEE, 27, 313-
317.

REB®RT (19692) &V bE Y F DM E EIPLEIC
M3 a8 % - I, ESRICHE L-AROTEICOWT,
H7K#E, 35, 284-288.

RE®F (1969b) > + Yo L EpARICET
HEFFE - M, EWBFICBIZ2ABOTEHICONT, H
K&k, 33, 1055-1059

RE®F (1969c) HEEIZBIFA MY EORE
RIZOWT, KEBEFNASH, THEELSS,
287 —289.

53) REEFE (1971) &Y FEOmEEE EPARBIZET S
Wge - V. EIRICEIT 2054k, HAKRE, 37,
284288,

54) EHE T - EHEH (1981) ABYIBPEEANBEI
KETH P AFOABLYUE, AEOEY—E
B - G & O H— BWRAWES, 225-235,

55) HTF#HEM (1968) & dZ, EbZ. KELELR
B, SRHkEEL, Ex, 301-303.

56) REME - BRER - HAEE (1982) FEIMAFIEIR
DBREBE NV avhVF, V4 FDHIRE DR
KEMRENFESEK, (40), 3 - 8.

57) WMHERM— (1988a) HAHEHEBHEBICBIT L Y

AROWEER., HERBEBHRICERTSL FEYF

BTy o ERERESE, (1), 1-18

WHE— (1988b) HAEHEMITREBICHE TS LY

FERFDB LOCRBAOHBRIRIZOVT, HABH

HBERICERTZ VYA FHICHT 2 XM E#R

#E, (1), 65-101

HEE— - KERE - EAEHR (1990) HERRERS

L UOMERICBIT 5 b Y BTG OHBEREIZO

W, REOKEBFHER, (27), 1 -16.

WH K- REEHE - BH O£ (1980) PETFOR

FIIEZIRMEBIUBET ) o RERER. BH534E

BILTISM AR R, 63-66.

61) AT (1992) RGEIEFHRERICBIZ Y F
RKBAOWHREBEN. HAE 58 1049 -1055.
62) #lifat - REBF (1982) MBFHBRICEIIH
#NEmMIEER 7 2 ORHK - EIER. HKEE, 48,

1573 - 1582.

KE & (1966) HEAWETS V27 VHE, 7, &

Bp - ML EEEAL, R, 74pp.

FOBE - ABEBR (1989 MEUAIMTRE-W,

SRR B OFRE.  BEAI634E BE JT R IFL {0 B Ak o 5

B AR RS ERE, 90-91

FBEF (1988) HAWmWEIBFREBICBITE FEvt

HOWRRES. HABEFHRICERTS MYy HH

I 5 R EAT S, (1), 19-29

JUH X - REIER (1955) AXBOE Yo

., BHEAEMAEAEMARE I, BRERERS,

48 - 50.

JTH X - REER (1958) 7527 Y ICHT 56

%, B1ERSM, 2 BMRIA. NEBHERRA

HHRETE2H, 121-125

I EFER - RAEEN (1949) REFBICHNT 5 EEA

YWORBFEHMHEL. P FICHETIHEHEICHR

W, HBkak 15, 109-113.

RS - HRET (1993) HA#ICH T 5 KM - 50

m - 100m - 200m ZEEARD H P R4E (1961~19904F)

PR E 2 OBMERE, HAR 70 v 2 REHIREE,

(26), 117pp.

58)

59)

60)

63)

64)

65)

66)

67)

68)

69)



70)

71)

72)

73)

74)

75)

76)

77)

78)

79)

80)

81)

82)

83)

84)

85)

Nakai Z. (1962) Studies relevant to mechanisms
underlying the fluctuation in the catch of the
Japanese sardine, Sardinops melanosticta
(Temminck and Schiegel). Japan J. Ichthyol, 9, 1—
115.

HA PR s 57 4 RS - & (1986) R
HEIKERGFEABNBRREM RSB E .
124pp.

Frr B - SED RN - INEFRR (1985) ¥ <HAD
H RS bR R B . BALARERESR, (47), 33-
35.

ANFEE (1968) REBRKEOHR L WIRES. K
RS, (13), 158-166

AMIEE (1981) HAMEREIRFEKIRO RN L 2
DWEAYFEE. IWOSKANTH, 18, 96pp.
ANEE - IAEHRE - 2 AR - HEE¥ (1982) H
ABETERREARICBIT2 “Tudh” BSOERE
. KPEFEFERE, 41, 1 -10.

P ke (1958a) {BERERT D & & 7 H ASHE BE ALK
DAEE - 1, HEBERRERAKORFEOHEE. HK
R, (4), 1-13.

Mk FIckE (1958b) HAEE b ¥ A EHOBBINE
HERE. HABHER, (4), 15-24.

KEFH (1990) HABGHIC X 57 44X O HIMAE.
H7kik, 56, 1053-1057

FHEE (1964) ¥ HARICBIT L4590 - ffoym
fi OWFFE. W39 B 1L ACGARR R &5, 80pp.
FTHEZ (1992) VA4 - THY—HHE—TETD60
FrppiEk (M ENREORER). W LAY,
14, 266 —269.

W W O(1962) #YRICBIT H/MITIREREL TOR
B~ 1. &0 BRMKEE HKEE 28, 574-578.
Shiokawa T. (1967) Study of the swimming habits
of flying fish in the spawning season. Conference on
fish behaviour in relation to fishing techniques and
tactics, Nagasaki Pref. Fish. Lab,, 1—-12.

JERB¥E— - BAREXE (1964) WNEICHT 5H0% -
WIS B - 0. BA33EEOHBEGHITIC
BIFTH#A. HKE, 30, 248-254.

ABEARHE (1935) MRADHRKRE BFICRT. HKEE,
4, 37-44.

KPEFF - PEHEXOKEMEZERT - LA g K o SRR 3% -
WP ARERBERN Y ¥ — HBERREBKERR L
vy — - RGEKERGS - BARKEMNEL Y
y— - BRBRKERRS (1993) W70y 7
B ARE. 202pp.

86)

87)

88)

89)

90)

91)

92)

93)

94)

95)

96)

97)

98)

99)

MR - Tl — - KAt - wWEBEA (1991) H
AHBHBBRFRICBT S YA HORBERLE IS
WT, 19904 K A R RBRASHEHE R,
22-23.

MR- & BBA - ®REAHE (1984) Yy iEE
s OPREME. BIRISSME BE I T AMEA R E ]S, 100.
BUUR KRS (1987) Motk o T BE % YR AT 4
WA EHERESE (Y7 A%). 27pp.

R KERBME (1984) N~ MY BTG R
AL E. 59pp.

B - R - MR O (1957a) REWCBY
5 MY A EHOMIE, %4 WMCypselurus B 3BD4
BB AN (2). UKBS3EEE, 16, 303-31L
BE OW-EN A MR OE (1957h) KEICHT
A M TFOWTE, %3 HCypselurus B 3IFDAE
- AEE (1), LWKBAERE, 16, 287-302
Tsukamoto K. and T. Kajihara (1987) Age
determination of ayu with otolith. Nippon Suisan
Gakkaishi, 53, 1985 - 1997.

PWHBEKRRS - Bl Ed (1958) *HERHKBOFEEIC
Bih sl - . WRRERAEAERESE, B
28 (P - M- 75 V2 P URD). KER, 3 -65.
WHERRS - 53 EZE - KPP 8- BERE - L¥PHE
IE - EE¥— - THEE - BFIER - EEER (1958)
HAEABORMBOMTE, B18. AUKRREHRKE
8T ¥, 89pp, 86pls.

KX (1983) EREBRICBITHTEHAR<AL 7
YEROREHBICH T L%, K, (62),
1 -138.

FEER - ZEREZ - SI5IEE - SEER (1984) #
BRI 51983 EEF~KFOBW ST > 7
FriZowT, FEREEE Y ¥ B, (8), 23-
30.

e - mEE - KR (1990) WESEEIHEEL
FHRRRERE R ERREEE. 504pp.
IR A o AR - BMRIR K RB0R - BIURK
PERBE - EIREEKES B (1986) HAUENE
BRICERTD “Yalth” (Fr¥FA4Hh - TFY
AH) BT ARFEREE. (2), 186pp.

WS (1991) JRRAUREGEG IR F R R AR E K
EHIX~ ¥ {4 —. 47pp.




kY F¥ Yk (Cypselurus hiraii Abe) DEIRAWFEHINIE
% #J

FY FEYFRERIEBRERICOHE TS FPEARORTEELROEELARTH S, TOHED
KEME HABRERTHIF SN, BICEIIRET 2 ERR i g BRI EFONFHR L
LTEETH D, AMIZOVTIE, BESHOLDOEHEAYFHHIE R EFRBOMICHE T 55
ROKENBLEITNTVDE AR TIRHARBIZBIT S5V PEY T ORBERBEIIB 5 0M 2R,
Srdi & BRUERRE L OBIR, RESFHRORR - EREN L L OBRE FRBFELHI L, T4,
BEREOFMO-D0H L FEOHEHZ AT

18T, RN OBERKE, RMMEAEO B EBBZRELRURAS Yy N OREWE v, BHERE
WO E BB DO WTHRE L7z ARIZFEIBE L LT 5~ 7 ACMILER RS S B AMISREL,
A OHE B AR R EIRTH o 720 FEIREO—HIZ MR S L BR TR E T 1
~2 5 AT E L7z, ERBOBEESMMIRITERSE L HFRIH Y, BEFEVE S ITIKT S 850
R U770 RBOENRE TRAELIFHAIIZ 6 ~ 9 AICHREBRZT TR MEBIC AL, Kk
i (R E65~165mm) (X OEM 2 SREBLRBUROMER T TLEHIC AT H5, 9~10HICH
AFETEMEBERTL, MANEEREREZBE TR FBENBET L EE oM R TIT - 2R
BEABROREERBRIC L 5L, ERRCIOENN2ER—BROBE RO Shiz,

2ETIE, WEBHEN, HILBRAEWRU TS Y7 b VREBRHICEDSWT, FABICB T 5K
- W RO R & ORI oW TREBRRNICKET Lz, BEINE O BEES RIS BRERD
Ki18~20C, H/r34.0~35.00HBMICER ENiz. BRBICBII 2RAORBERD ) LEELEE
VRO #ERAE D % H4 L HAREE RO T AR E OBIIZIEOMBENED S, Kb Ev &R
Bode ERaE8nL 72, RRADEGARIZKIR22~27C, #55320~34.0D 3 BRI T, KM
DIWENDHA DR Y I BBRRRKDOHHIZE > THIEBEINL I EHRALIITHR -T2, fFHER
D43 Ai AT B BRI 0 SRR % & L AkiR19~28C, 35532.0~345D MM SN, FHER O 5 1
ERROFHB Y — v EERTLIEPHLPE Loz, AMOEE LAY, FREATIZ/EER
B, REATIERFELCERHERECTH -7 RATIHEEDOLZRILSA LN, THFREDE, BR
H, ARRUCTAPFELRMAER L o7 SRODEAYIEIMEME D HIEBICE L, BREBIRE
B E LTRITRL, MHOEFHLELTCHEETHLEERZ LN,

3ETE, FFEBRUVEAOHARICE SO THEL T OFHAICEZMEREEZMPEL, HIC
REBRBNOEREURXEMRZ A TIFHA» SRAICEIRERZ#EE L2, SHMLixZH#&I12HE
POMEE -7 (Kilk188~219C). MLEHDHFADERIFAT~62mTH -7z, HTEBOMED AT
HAOHACHESN2GHIEHARTHL2 I EXEL,ICRY, HAGZAVWINKEZHET LS
EDTE, REBBIOERRVRIEMROEHHEEICII L, HMUFAIZ6~8 AICHEL, 8
B2 5 moFAd»5RIARI4GSmOERA T TOLXEBOMBENRIA L, /2, 10HICIZERR
Ri3115~165mmi2 7% v, F4ED 5 ~ 7 FIZIZHET190~235mm, M TI95~240mmiZ3E L7z — 5, PFESREE
DRI BHBOHERS ZHET U7AR, BRI ARAEROBILAT L, RPO#T L & HICAkIvh
BML§ 52 Ldbh iz, BERBOTFHREIRICIELHIF DD N, 1986~1993EDE TIZBEI R
B2 R L2186 FISTFRRXENRD /D EP -7



A BT, FMROMBER, MK, WEECEEDOFNERCESHYT, REAHE R OER
ABAHOLMI LTz, AHOERNIZS ~7 HT, ZOBHFTOREIZIZ/NIOFEE (JP££0.1mmL
T) EHEOEE (JIE0.1~0.8mm) A5BH SNz, RIFIZIPERBILGT O, #HIIIPEE» 5P
KRB OB TR I Tz, THOIBELSE 51259 1 DORBE G, BEL, RAPIBRE
h, BREL8~22m THEIIR S h/ze 147 ) ORI EIE3,000~15,0000 TH - 720 WA % RE S
HTVLIRITIIE S PSR RERASERLEL, AFIDR LD 2HEERZITI T EPHLMIE
ol MZERMET ) OWBTIHELRESE, FTEILBEFYOERE~BB L. Yo -2
X19~2008 T, EIROVY — 7 1320~23RTH o 720 EWERZMTMENEDDS, BIBHEERD 2P
TTHERGICE T 5 LHE SNz, EIFSOKRIIOMMET, KERIWETH 72,

SETIE, 1~4HTHLNZ-ERAYFWEELREMWICREL, FEOAEFEREHL,IIL,
72, BRERBOFEFEICOOTRI Lz, AMEERRL LCEMICHABREL, EICHAR
MERRBRCENT 5, B2 MU EiTbh, B - BBEBRARIECT 5. EWNYTRAE LIFA
BRRBRANEBHICEEL, TOBRBRTHEBNIHEIET 5. FRA L RKRABOTHBIIKE - Bo
RELBERBREA T 5. RRARKICHARBLEETL, Y HE~BE TS, —F, ERREBOF
flilconTid, RMEAKOHRBRICI Y REEFEOHREHTRTHL I L, FREBE, FAR
RECKRBESBROFRICHHATEL L ZWLMIC Lz T2, EIRRHENIC S BEBE
HZEDEREEYSAT, BRNE)OBREOBRELHRTZ I L2, ERBAOREIZ L 2ERER
FELELTEMTHLEEZT




Fisheries biology of flying fish (Cypselurus hiraii Abe)
Summary

The flying fish, Cypselurus hiraii, is the most commercially important species among flying fishes
in the coastal waters of Japan. Most of the stock of this species is found in the Sea of Japan in
summer, to form target species of the fisheries such as set net and gill net fishery. It is required for
this species to refine knowledge of the biological characteristics and evaluation of the stock status
for management purposes. This study is concerned with biological characteristics of the flying fish
population by developmental stages of fish in the sea of Japan : geographical and seasonal
distribution, distribution-environment relationships, growth, maturation and reproduction ; and also
provides practical methods for evaluation of stock status.

In chapter 1, distribution and migration of flying fish by developmental stages were examined
based on the catch statistics by areas, sighting observation data of flying individuals and larval
sampling. The fish migrated into the Sea of Japan from coastal waters off northwestern Kyushu as
spawning population from May to July. Their main distribution area was in coastal waters of the
southwestern Sea of Japan. A part of spawning population moved to coastal waters east of Noto
Peninsula in one or two months. The extent of main distribution area was related with the
abundance of population, expanding as the abundance increased. The larvae hatched in coastal
spawning area occurred not only in coastal waters but in offshore waters from June to September.
The young (65-165mm in fork lengths) were distributed widely in the Sea of Japan from waters off
Yamaguchi Prefecture to offshore waters east of Noto Peninsula. In September and October, they
moved southward probably from offshore waters of the Sea of Japan to the East China Sea by way of
coastal waters off northwestern Kyushu. Iterative sighting observation in coastal waters revealed a
diel inshore-offshore movement of spawners.

In chapter 2, environmental temperature, salinity and food organisms were examined by
developmental stages, based on hydrographic observation data, gut contents and plankton survey
data. The highly concentrated area of spawners was formed in the Tsushima Current waters at
water temperature 18-20C and salinity 34.0-35.0. Positive correlation between ratio of the catch in
waters east of Noto Peninsula to the total catch in the Sea of Japan and average water temperature
in coastal fishing ground of the western Sea of Japan indicated that northward expanse of the
distribution area occurred when the water temperature was relatively high. The main distribution
area of young was in waters at water temperature 22-27C and salinity 32.0-34.0. The expanse of
distribution of the young depended on the distribution of the Tsushima Current waters toward
offshore. The distribution areas of larvae and juveniles were in waters at water temperature 19-28C
and salinity 32.0-34.5 including strong current regions of the Tsushima Current. The distribution
areas of them were related with pattern of the paths of the Tsushima Current. The major prey
species were microcopepods for fish at larval and juvenile stages, and copepods and amphipods for
fish at young stage. The prey species of adult fish were diversified and larvae of decapods, copepods,
fish eggs and fish larvae became major prey. These prey organisms were more abundant in coastal
waters than in offshore waters, indicating that coastal waters was important as nursery ground as
well as spawning ground.

In chapter 3, the early growth of the larval fish was studied by rearing experiment and
examination of daily rings of otolith. The growth from juvenile to adult stages was estimated from
monthly changes of the body size compositions. Hatch occurred from 12th day after fertilization at
water temperature 18.8-21.9C. The hatchlings were 4.7-6.2mmn in total length. Daily rings were found in
the larval otoliths and early growth could be estimated by reading the rings. The growth of the fish
was estimated by tracing the body size compositions by developmental stages. Larvae occurred from
June to August. The body size reached 5-145mm in August and 115-165mm in October. The fish grew
190-235mm in males and 195-240mm in females during May to July of the next year. Monthly changes of




fork length compositions of spawners indicated that larger size groups immigrated in earlier time of
spawning season and the smaller size groups became more abundant with time. The average fork
length of spawners varied by years, being the smallest in 1986 when the abundance was highest
during the years 1986 to 1993.

In chapter 4, the process of ovarian maturation and spawning habitat were investigated by
histological observation of the gonads, frequency distributions of the oocyte diameters, the number of
oocytes and the catch data. The spawning period was from May to July. Every ovary had a small-
sized (less than 0.lmm in oocyte diameter) and a middle-sized (0.1-0.8mm in oocyte diameter) oocyte
group. The former was composed of oocytes younger than the yolk vesicle stage and the latter
consisted of oocytes from the yolk vesicle stage to the yolk globule stage. Maturing oocyte group was
separated from the middle-sized oocyte group and developed until becoming the next spawning
batch. The mature eggs were ovulated at 1.8-22mm in diameter. The estimated batch fecundity was
3,000-15,000. Ovaries in which the oocytes were maturing had many postovulatory follicles. The
observations indicated that the fish spawned at least twice. Females developed ovaries in offshore
waters during daytime and moved toward inshore spawning ground during the afternoon. Most
active ovulating time was 19 : 00-20 : 00 and active spawning time was 20 : 00-23 : 00. It was
estimated that females moved to offshore after spawning, while males remained in spawning ground
until early morning after ejaculation. Spawning ground was formed in waters shallower than 50m
deep having sandy bottom.

Chapter 5 was concerned with the life cycle of the fish and evaluation- of stock status by
synthesizing the biological knowledge shown in chapters 1 to 4. The fish migrate into the Sea of
Japan as spawning population during summer and spawn mainly in coastal waters of the
southwestern Sea of Japan. They spawn more than twice and die after spawning. Larvae hatched in
spawning ground grow rapidly and expand their distribution area. Distribution of juveniles and
young are immediately affected by environmental water temperature and salinity. Young migrate
southward in the Sea of Japan to the East China Sea in autumn. As regards evaluating stock status,
the sighting observation technique can be usefully applied to estimate stock abundance in terms of
the relative abundance, and the relative abundance, reproduction rate and environmental water
temperature are applicable to predicting changes in abundance. Research data on the spawning
behaviour such as spawning time, inshore-offshore movement to spawn show that a limitation of the
daytime fishing operation in the offshore fishing ground will be effective as a management procedure
in protecting functional spawners.
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Characteristic Changes in Fishery Biology and Fishing Situation of Photololigo edulis
in Coastal Waters off Yamaguchi Prefecture,
Southwestern Sea of Japan in Recent Years

Mitsuhisa Kawano and Hideo SArTon

We analyzed yearly variations in the fishery situation and the fishery biology of Photololigo edulis
in coastal waters off Yamaguchi Prefecture, southwestern Sea of Japan in recent years. Obtained

results were summarized as follows :
1.
then decreased at 1203 tons in 2001.

Catch of the squid by Yamaguchi Prefectural squid angling peaked in 1988 (2700 tons) and

2. Because more effective squid angling with a buoy spreaded from 1988 in Yamaguchi Prefecture,
it was considered that fishing pressure to the squid would become strong. Fishing pressure by
other prefectural squid angling would also become strong from 1994 based on the catch trend.

3. Spawning grounds and fishing grounds of the squid were formed in shallower waters than 50m
depth in spring, in 1980's. But in 2002 they were not formed in shallow waters.

4. The squid matured at smaller sizes in early summer in 2002 than those in 1980's.

5. Environmental conditions (water temperature, preys and predators) in the coastal fishing

grounds were not bad in recent years.

Based on these results, we concluded that decrease of the catch would strongly affected by

increase of the fishing pressure.
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Table 1. Yearly change in maturity rate (%) of Photololigo edulis by size by sex.

Dorsal mantle length(cm)

Sex Month Year

10-14 15-19 20-24 25-29 30-34 35-39
June 1980-1982 21(95) 59(118) 33.3(33) 96.7( 30) 100.0( 46) 100.0( 33)
& 2000-2002  13.0( 23) 12.9(31) 37.5(16) 54.5(11) 100.0( 1) 100.0( 4)
July 1980-1982  0.0(139) 0.6(167) 19.5(82) 89.3(28) 100.0( 7) 100.0( 7)
2000-2002 _ 50.0( 2) 10.8(37) 52.9(17) 100.0( 12) 100.0( 2)
June 1980-1982 00(78) 7.7(26) 96.1(51) 94.1(34)
Q 2000-2002  13.9( 36) 28.6( 14) 100.0 (12) 100.0( 2)
July 1980-1982  0.0(112) 9.8(61) 500( 8)
2000-2002 43(23) 229(48) 875( 8)

* Numbers in parentheses show the number of specimens.
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Fig.13. Monthly mean catch of Photololigo edulis by
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deviations.
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Distribution of Fish Schools in Coastal Waters off Yamaguchi Prefecture
in the Sea of Japan in 1998-2002

Mitsuhisa KAwaNO, Toshiteru WATANABE and Yuji SHIGENAGA

Fish school surveys with a quantitative echo sounder were conducted in waters off Yamaguchi
Prefecture in the Sea of Japan during 1998-2002. Fish schools increased during the period June to
September and they were abundant in surface layer above thermocline in offshore waters. In April
and September, fish schools decreased in cold water temperature years. Fish schools were
distributed relatively stable in coastal waters off the northwest of Yamaguchi Prefecture. On the
other hand, distribution area and abundance of fish schools in offshore waters changed remarkably
year by year, this suggests that fish schools would not remain longer in offshore waters than in
coastal waters, because reefs are scarce in offshore waters.
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Fig.1. Map showing the locations of acoustic survey line
(solid line) and hydrographic observation stations

(solid circles) in coastal waters off Yamaguchi
Prefecture.
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Table 2, Control setting of quantitative echo sounder
and integrator (Furuno FQ-70) during acoustic

surveys.

Frequency 200kHz
Pulse duration 0.6ms
Equivalent beam width 0.0245
Absorption coefficient 56.8dB/km
Gain constant 50.8

TVG 20 logR
Threshold -85dB
Sound velocity 1500m/s
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Table 1. Periods of quantitative echo-sounder surveys conducted in coastal waters off Yamaguchi Prefecture.
Year April May June July August September  October
1998 14-15 6-7 24-25 12-13
1999 15-16 13-14 13-14

2000 12-13 25-26 18-19 16-17
2001 23-24 22-23
2002 23-25 19-20
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Fig.2. Distributions of fish schools (surface area back-scattering strength, SA) relative to the water temperature in
April in 1998-2002. A : SA at total layers relative to the water temperature at 50m depth, B ! SA at 10-20m layer

relative to the water temperature at 10m depth, C . SA at 40-60m layer relative to the water temperature at 50m
depth.
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Fig.3. Distributions of fish schools (surface area back-scattering strength, SA) relative to the water temperature in
May in 1999, June in 2000, July in 2000 and August in 1998. A : SA at total layers relative to the water temperature
at 50m depth, B : SA at 10-20m layer relative to the water temperature at 10m depth, C © SA at 40-60m layer relative
to the water temperature at 50m depth.
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Fig.4. Distributions of fish schools (surface area back-scattering strength, SA) relative to the water temperature in
September in 1998-2002. A : SA at total layers relative to the water temperature at 50m depth, B : SA at 10-20m

layer relative to the water temperature at 10m depth, C : SA at 40-60m layer relative to the water temperature at
50m depth.
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Fig.5. Distributions of fish schools (surface area back-scattering strength, SA) relative to the water temperature in
October in 1998-2002. A : SA at total layers relative to the water temperature at 50m depth, B . SA at 10-20m layer
relative to the water temperature at 10m depth, C : SA at 40-60m layer relative to the water temperature at 50m
depth.
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Fig.6. Vertical distributions of water temperature in costal waters off Yamaguchi Prefecture in July,2000 and August,

1999. Stations A,B are shown in Fig.1.
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Floating Seaweeds and its Accompanying Fish Juveniles in Coastal Waters
off Yamaguchi Prefecture, Southwestern Japan Sea in Spring

Mitsuhisa Kawano and Hideo Sarton

Species compositions of floating seaweeds and its accompanying fish juveniles were studied in
coastal waters off Yamaguchi Prefecture, southwestern Japan Sea. We searched for floating seaweeds
by R.V. No.2 Kuroshio and collected floating seaweeds with a dip net in May, 2002. Floating seaweeds
were found in siome. Main Species of the floating seaweeds was Sargassum horneri. Seven species of
fish juveniles were collected accompanying the floatting seaweeds. The number of individuals of
Sebastes thompsoni, Seriola quinqueradiata and Ocycrius japonicus were abundant among them.
Juveniles of Seriola quinqueradiata were distributed in waters warmer than 18.7C and the number
of them increased rapidly from the period when sea surface water temperature became higher than

19.0C.
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Fig.1. Maps showing the survey area in May, 2002.
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Table 1. Species composition of seaweeds collected in
coastal waters off Yamaguchi Prefecture,
southwestern Japan Sea in May, 2002.

Date Species composition Weight(g)
May 13-14  Sargassum myagroides, S. patens, S. serratifolium 6 026
8. horneri, S. patens, S. serratifolium 4827

S. horneri, S. patens 17 372

8. hormeri 3862

S. myagroides 3085

May 20-21 S homeri 4 373
S. horneri 2 608

8. horneri 7161

S. horneri 9 401

S. horneri, S. yendor 9 887

S. homeri 19 411

S._homeri 16 914

May 27-28 S serratifolium 2 489
8. hornert 1259

S. horneri, S. serratifolium 5207

S. horneri 4037

S. horneri 6 742

8. horneri 3914

S. horneri, S. yendor 8 700
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Fig.2. Distribution of siome and floating seaweeds in May, 2002.



Table 2. Fish juveniles accompanied with floating
seaweeds collected in coastal waters off
Yamaguchi Prefecture, southwestern Japan Sea in

May, 2002.

Date Species No. of inds. Total length(mm)
May 13-14 Ocyerius japonicus 8 56-145
Sebastes thompsons 23 40- 52

May 20-21 Seriola quinqueradiata 22 42-126
Agrammus agrammus 3 79-147

Girella punctata 3 33- 39

Ocyecrius japonicus 37 82-190

Sebastes thompsoni 120 29— 46

May 27-28 Seriola quinqueradiata 100 37-159
Oplegnathus fasciatus 2 42- 71

Agrammus agrammus 2 84- 86

Sebastes thompsoni 27 28— 42

Ocyerius japonicus 2 133-192
Stephanolepis cirrhifer 1 48
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Fig.3. Distribution of juveniles of Seriola quinqueradiata and sea surface temperature in May, 2002. Dotted lines show

the 100m depth contour.




Table 3. Relationship between species composition of seaweeds and fish species accompanied with them in coastal
waters off Yamaguchi Prefecture, southwestern Japan Sea in May, 2002.

Fish species*

Species composition of seaweeds accompanied with the fish

Sargassum horneriS. horneri and others S. myagroides S. myagroides and others S. serratifolium

Ocyerius japonicus 42 1 2 2

Sebastes thompsoni 133 17 19 1

Seriola quinqueradiata 95 25 4
Agrammus agrammus 4 1

Oplegnathus fasciatus 2

Stephanolepis cirrhifer 1

Girella punctata 3

* Numerals show the number of fish collected.
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Maturation of Kuruma Prawn, Penaeus japonicus,
Reared in Indoor Tanks with Artificial Feed
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HCEREIEITL, CBRETH- DI L 2EDR
BEWE T THRIR Lz, &4t LTXREORARIIM
2R 2R (8%) T, RAKIIBERE 3R (17%)
Thotzo ABPBIFICIERICL VHERTE LWEMAE
Bdhote 72, FABBUR, ERIBEST L EAD
BHoLHNMTZ,

7HI78 : 6 A27TH UK, HiCKBRZRA LM
RZ4RTH o720 RBAEIBEETH - kDS

—o— KiRC

—o— i R AR FERR M

N

40

——ZERRAEY
- A~ RIRE (RREBRR) %
— R TR 7 B R B 1

30

20

10

41 5/1 5/31 6/30 7/30 8/29

10/28 11721 12/27 1/26 2/25 3721

B5 19984 R OBERICTBI 5 RARREFEOHR
(20004E 4 B ~20014E 3 B)
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H 1 RBPCERICBITL, CBREThH- kD b
3SROBERT TRALL, 4L LTXEROES
IR 6 B (24%) T, RAEIIBERES R
(20%) TH o7z,

8HIH  EEMSHEL-MEI MU0, oh
O DREEBANVBRTREL otz £ E LTXKERD
RAERIIH20R T 5B (25%) T, REEIIBBRRED
3R (15%) Tholo RBRRFICIIEHICL R
TELRWAEYD - 72,

8 H30H : &kt L TREROBRARIIM2RT SR
(36%) T, RAREIIBERE 3R (14%) Thol.

20005 TR

BIERRER2IIRT,

1 RPEEFER 2000426 H8H»H59H1HETO
86 H M, REH20m7A560mnE TEHE L7,

2RPEEKR 9H 1 BAH 52001461017 £ TO
412HH, HFE66mmA HHE165mm, HE152mm3F THE L
725

BB 20014E10H 1782548 L 72 2 # 0 20024F
2 H4HOMDOY A X, Y LIFRIAEEED L%
REOBEFIR2DEBY THoTo REBINAS
EAEVWEFEVHICHRT, b Ensdh
o7, RBROBAFIMY LIFRIINEEEDN
2452 /mT38%, 5RB/mT8I%Tdh W INHEEEIK
EVHTRBROBAEIT» -7,

HOPEBR 4 A10HLU\ME, ZRRRBROKRIEL X URHK
BREEIR3IOEBICHEB LA, 2 140 KX
B, 4A26HFETICH7TR (95%) HAEEEY, 20
I H11B (19%) PBREIC L Y RR#RE X -7, 2,
4 A10HA*5 4 A26H ¥ THRAEREIE D & vk
BEh o7z (10%) H5, T ORITHRRIEAZRE
(9%) RBIFLMEHk (15%), 724 HITHDOBR#
BeREDHI IR ET L2@k (6 %) bBIZShi,
20014 E DK TRBIOBE OR T2 T, Kik
10C T, 20024 DK LA OB OBSEE 2 H T4,
KiR13C TH o720

573 ¥ (Ki&202C), HEFS6ORLED
B E MR L7, EIRBUZ17840M8 T, PRFRIE3176+
74um (N=20) Tholzo SHA4BIZHILL) —
7Y 7 Z1311,200f8 4 THLHRIZ63% TH > 720 SML
AEIZ500 £ R A —F A — bARKHEEZHEHLTEER
SVEHELS. 6H25HICHAREIS2£29m (N=30) @
ML TPRDVIZOWTOPCRRA % M L 7= £,

BEHTHo7
fEARHFEFT6DR I ZBRI0BIEZERN L2V T,
HRNBIEBIR S h, FARBECRBEE L, BEE
FADOB T I RPRABICHELL11RBD S HHE—,
2 H14B 45 4 A26HIZH T COREORMAA S h
72 (£3),

Z =

19984EE @ 1 IR T EI3HEFIC13C & S 2 Fik
L, I&IC10CATHEZRTLAESY, 2RIYR
HUCHTHREZMHBL, UCATHEZRTLTEY,
20004 D 1 T CIZ10C ThEZKTL, BHI
1107 HICI3CCTHREZRBE L. COZEhoH
ZOBREORBKRIER T 2 3E0F 4 JIClb S
FT13~U4CHETH S ), MELOBRERTKERIZFER
FLREROVA Lo TRED ZEHEEI N,
19984 D 2 R Y Tl B BARIE5 ATWE 6 A
THRZODOE—2sHALNA, 7HTHURIZBE
BARTTH2ECHV R —2@AaON Dol
Oz, BREREBLTHS 2 EE T CIIBREXRE
FLTwEZOh,

19984E 1 2 IR T ¥ D 4 f TH OBEER IR R T50%
BThoRRRIEAERIIS A LU TR AL d 5
72h%, Fhge H R TETL, 10%8LTF &
o72e 6 HPIZI0%UT Th - 245 8 AR,
T30%EETEA LA, BEBBUICRERREZRA
LTk BHENLDOBRER TN TKRRZ 3
H)DIFLALWRS ATHZE -2 LT 5RANOBE
WCE D RBREEET LI LRI DDA £, 6 A
THZY—2L 35 2EHOREE»SHE, KET
HT LhHEBEINI,

19984E 2 T ¥ ® 4 A TH OBBERRR A TIIR
BEBBREORAENI0%TH - 7275 5 H LW
0%BIWCERAL, PHICERREDO38% LR o7, £DHK
BETL, 8 ARICIZI0%EBETH o7 ZDHDI0A
KEFCT-BEM BT THRELAT - 7228, BMASHET
HEMIEASNT, BARIIREIET LR
7z,

19984 2 M C OB M, KERRERAR, WKk
ROWEBHIOWETIE, RAPEATH 2L LT
bAKIR AR % BRG L 7R IR RS 50
BEVE ARSI T L, KiAS B3 UBRE B E L
WKonhT, L FHENRLELWREMIIMK &5
LBENL, ZOLY, RBRELHFRET T
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X3 RRELEZHBATIUBICOERBRORMAEOHER (2002 2 H14H~ 4 A26H)

2H 148 48108 48178 48260 47268~ RIPAB
BAEE BL mm_ BW g RE RREABRRE R BB ZTER RREM BL mn BV gERIIKEEE
1 176 63 + B + B + B 177 63.4 D
2 160 52 + B + B + B
3 160 54 IEWRHEEIET
4 163 58 + B + B + B
5 179 77 + D + B + B 185 74.1 B
6 168 71 + D + C + C
7 163 63 EHIBE E IR T
8 164 64 + B + B + B
9 159 59 + B + B + B
10 152 52 + D + D - D
11 156 52 + B + B + B 159 50.8 E
12 158 52 + D + D - c
13 156 54 + c + B + c
14 160 58 + D + D - D
15 162 60 IEMMA LT
16 175 76 + B + B + B
17 161 55 EEBMEEIAET
18 165 60 + c + B + B
19 162 66 + B + B + D
20 169 65 + D + D - C
21 166 60 + B + B + B 163 55.8 D
22 157 54 + D + D + D
23 169 68 + C + C + c
24 163 61 + B + B + C
25 154 50 + B + B + B
26 176 78 + B + B + B
27 157 56 + B + B + B
28 162 54 + c + C + C
29 155 58 + c + D - D
30 173 71 + B + B + B 177 66.7 c
31 178 74 + D + D - D
32 162 62 + B + B + B
33 163 56 + B + B + B
34 169 70 + B + B + B
35 161 56 + B + B + B
36 175 71 + B + B + B
37 178 78 + D - D - D
38 157 55 + B + D - D
39 163 56 + B + B + B
40 181 77 + B + C - D
41 162 64 + B + B + B
42 164 65 R + B + B 167 61.9 E
43 177 75 + B + B - D
44 179 77 + B + B + B 180 72.6 B
45 168 65 + B + B + B
46 172 59 + B + B + B 172 64.2 A
47 162 55 + B + B + C
48 166 63 + B + B + C
49 141 38 + D + D + D
50 168 67 + B + B + B 171 64.1 A
51 165 61 + c + D + C
52 156 50 + ) + C + D
53 157 49 + c + C + c
54 151 47 + B + B + B
55 152 48 1EEME T AT
56 167 62 + B + B + B
57 172 70 + D + C + c
58 172 70 + B + B + B 176  65.3 c
59 168 67 + B + B + B 171 61.8 F
60 176 70 1ERNYE S IS T
+ D + B + B
2A14R5H4810B O/l + D + C - D
ERABLIE Lk + B - D )
((sENE)) + D + D
+ B

(F) RBREFERK 3 DHMEEIL L 5,
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BEVWEZEZ SR,

CNOLDIENH2000FEEOBBERTIX, TR
DPLDRERTROZREREFONEZERL T
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RERRERNREL b o2y, KRITHICE - THEIER
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RRBRICB L7:11B D ) HE—, RIVABHTHICHK
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DIET), REWRBEF) PEPCAKEHEB LI LN
#EgIN, ERRE LD -72b00, BEKET
ATHEP»O -HEL TEAFBEEGHCTER LB
IEDOENRPZDON, LY TRERLAZZ LD,
COFBHETRMNSTRETH S 2 LAGEHE T,
72, KRTROBLE TR M S AR EA B OB
KBRS T COKRERIC L 2B OMENEIE
DO¥ME EREON LOFBEEHLEZ DMl 5,
A L FRGEE LG T CRAKRRFECERLEN
5720121, 1 RONLOBERTREORRROR
ARERY, ZRREZRET AT L ENHAFT LT,
AFIBRE L 2 VEEOKRE RS 4295 B 2R
THULENDLLEZ DN,

# ¥

AMEOREREICBVT, BV VR GE
BIURINFEEIIOWTITER W20 -6 H A%
BEERS, ARFERHOBTERMBAMNE (%) 1
E’HCZLET, 7, HEPBRTYICHT2HEHE
THRAPE > 72 730 720l TR SR WA 04k 0 4% 1 S
%tH, ¥/, #8E, WEEESERTHLLY) THIW
722z NEMABOBRBOERICERHFOEZRL
KR
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1) Inouye, K., K. Yamano, N. Ikeda, T. Kimura, H.
Nakano, K. Momoyama, J. Kobayashi and S.
Miyajima (1996) : The penaeid rod-shaped DNA
virus (PRDV), which causes penaeid acute viremia
(PAV). Fish Pathol., 31, 39— 45.

2) BEEEM - A F (1996) : ALERZ VY %
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ORI IR TRESNLAAT T T /Y

22, 3OWIRE =M

HBEE

Wl

AR

s A

Porphyra tenuipedalis (Bangiales, Bangiaceae) collectedat the estuary of
Fusinogawa River in Yamaguchi Prefecture . a few characteristics and cultivation trials

Tomihiro Mivaco™ and Jun YASUNARI®

OB oY% Eh 5 BT BWT, &
BOBNTI /) VFREADNDLERIMITCHERICL
DEHELTRESRTYS, HEFHL B®RL+5
ZHh, BHICHRETENEIEMOXNREL LTo
HEEREZ SN,

YRR 9 EEDN S IMEEICHBAEE T, EBRE
RPEAROERE T A REORROBIZ, FLZEANT
FIREEEZ T RIS, ARSI T </
" Porphyra tenuipedalis TH 2 L I L7z,

HAHFIT=7VISHRBTORBAELS, FEHFEN
ORERRV-OBEDOT 7Y BBMFETIIEMIZ
TERV. XoT, COMOFEZIED LIk 8k
REWZ AL T BEEOEMABRET-720T, Thb
DRERIZOVTHET 5,

I hA4HST/ VEBHORBEETRR
1 A&k
R 9 SEA H 134D 5 ER, BEIIFBABMLE
FUMCAEBBORRZRLEETRRORAEZIT, -8
hERFLREYRESLITo
2 B3
AEOERR, FWOROBA O mFETE CHERS
h, Z"¥BREOHBEIAEL T 2EATEEL
THEY, MOEHIHEL T EHRRIBETE M,
oke ¥, ERMABEEFLCOARTHYVERZRED
BORBLAKER, BEICKEOBMADER (1 mbl
T BK23,310/cnl) DAEBIHATE 2. £
AR ~2 A5 R BRAERTAm D FARI R

WMTE2%, 1, AFLOIBHTH- 7
AR OFRIE 2 A%E»r OBEATE, Ehomwmk
HWIER IR TS, COERDBERKTH -2
A, HEMMIRELORESR T 23 REEORR &
o h, BRIASERICEAKEZHY, HSRITREK
BWO, SRR OBBIBITRKIEH
P BAOEEH, S 2/3 T THHEVICH 5nn
VECHEMREOERSAOhE®REZREL T
W3, REMREOBERIFTHETDH S,
¥ 72, KEREAYREL > TV RVERTIIERD
FICBRICERL TS 3D RN,
HEBE © A SR 155mDEEICHEE ENR TV
A, BWEBICEERLD 1/4ih HHRE
AT CTEAFNICHRRICIEL 5§ 5. HEBE
ORMICRET AL bD 5.
BERFORKEE (LY 4 24 um SH A XH12 um
(M A4 X & dRIREITRFL)
REEFOREE 1 #H6 um
SERI3ME 1 H24B ORERICHRKRZIT, Eozll
olze WKMEIZ, EROEEFREDRIHERTES
B ThH b HAKRIIRTENZ (@62 -30cm) Th
0, EEPSOTKIHLNDRRTH 7225, HEH
F17 TARBEEAKDOHS0% TRELRKICER> TS
ol

« RLOE$ERE#E A (Yamaguchi Prefectural Sea Farming Public Corporation)
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I RRFERS LOEGREF
1 Fik

SERI04E 3 H FAICRE LA BAZ v TR T
J 7 =R R 24T o 720 SRR IR &
BBk D F BT - 726
2 #®R
(DRBTFAHT

RTF-DZEAKIZ1.25% (4008 /coi— 5 M8/ /cf) & 7E K
BXydhhELro EFIMRTHY, SR
DEFRCBINIIERBEE RELEZG RO d o
720 S HICIZ2 - Amn/FETHMRICAET Lz, BA
ORBETAAR LIRS, POBIIH . Thid,
ZABRRETITIZRHERICERZRBAEL, HECHE
o THRIRBTHA L BRER L T <, FRIZIEHL
S AL CEBRICHMET 22, Mo > D
KB THRIEDBMOEROBRE (L HAR) BRS
h, BRELSESICHEBERCHELTYWS, I
DOHREITHEVEIEIRE L T 2012, FREKOR»
BAOBABCHERLTHLEMCH L0 TH S,
(2)7 ) —%RHKk

B34 F BRI L FRRICRANED - 7225, 4F
PRRETIBBREIBO SRR 52, 300m =7
I A ADBRAFEETIIRK4HM (460 um) DRIF
AR ENT, 1HBOKE E1310%18umTH -
720 RBBESSTST VP Ly PRICREMEL TS
DHDOHNEND -7,

7Y =R REZHO TR FRICBEN T Z2T- 7
b, REO1RICERFLEKRL LS, ZOTE
i, BEIFBAREOERCBCTREOREIER
R LEOHLHHCEM LAY L I & (ES
TEHT L, FRMOEHISEHRICHRIWDHE
2, WSOWEENDH L EERBL TV,

T2V KA ECROFEICONTIE, RREKIIRFERE
RICHARTHFAPFEE DL, 1HERTHIHRER
OHNEN 720, BEROKREVWHDIEFEFEIS W
I DH - 726
(3 Fhds X UHL T I HY

BANRE L B E LT, HiHE 2 A v Cf HERL
B (L-9hr, D-15hr, WT 18C) 247\, HLARIR
HWERB L PR RER O ED o7,

8, 9, 10H\CEH&EMEAN (L-12h, D-12h, WT
20C) THHRABRZT -2, BIFOBRBER LT
HEBOPOHEBERFLTOIDEHATHIENTE
72

1 HOBR%
(HB) (M ORMRN)) WWOMBEEAMOBRKNER) | (KUOH X
E3 BIFE. MMK. SBHE [SEHELSERAKELS A
RhoxEE B SR ORI TIE 38x7em | MHEHY  37.5x10.7em O
B
X3 BOORELKELIS K| XK TRECOERS L, [¢]
H$5,
X FIMN ; 30-40 1 m HXE : 40502 m O
% B3 O RORE B K IR0 (B D LR O
R R %L =L QO
EBROY LBR ., B, BHE. RER|RE O
Bt PER AER O
[T [T L] LTTER o
B BEAROHMR<. BEE EROREEBRORVLEL A

BREL<M2S KR, BEL MDD, BEXE LHDITHK
TLEDMITH-TTED |RINBH. BEIBIFIC
RARTOERDBAS ., #HH
HMRICBET D EEN S
5.

BREOSB ? 16(4x2x2) KB —
BHRBOSR 64 2 128(axdx16) KM —
EWRE ok O O

L EX 3 FHRET AL om FHE TEWNEA O
HERR BT ICRE B (78U, h¥) £LTH o]

EERT D
EHEN A~F 1ATa~3A O
I EORE
FEICOWT, AELLTIIRERRELSEIH

O)mﬁ % ﬁ -7

[(BSEORMBE ] CERShTVIEHALE
1OEBYRBLIEE, HTOREVRPHAOLENE
PHHLEBEH LD, FREFEFTLTCOLHB»S
EERET 2LV BROBEAALN, T35 )Y
B, 935 UHICBTEHIANS T/ )VTHEL
FEL o

V EESRBRETOEFTER

A HTT7=7ViE, HEAFBREOEMIKRE VRS
BEhOCAERLTWAEY, BESPEBERIZED
IR BEER B RALDIKESBETOR
%?ﬁt@%ﬁo 770

1 Hk

WHrBER, R 8K BRAIKEHNT, R
BPORFLTOIRNESR (—FIEK I RK]1 -2
mm, “F350.5mm) &7V —%R@EI7, 14, 21, 27,
3312, 727U —%REPLORFEFRIXT, 10, 13,
16, 201CAEL 72,

ReRB% L 100m=fA7 5 A2

2 #BE

ZMEE SESBEI3- UM T THENHAh, 5H
H2SAREKIZA 7 IBROLN, KEVERIZILE
PFRONZ, MBHTIRERICESR LD, 20H
BTR, fikk, BALIERPRBOMPVIREBIZR
5 TWizo FBABETIIH 2 » ABHTHAERFICK
ELRPBRAOhRVERE LT,
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FHETIT - 72
OE T Hik

H RN AE ABATH O — 780 5 KRNI H
RkD@ELET L7
@OFEBERY Hik

FB LK FICRR M ZR D 2O H Fk
REZHTOTFTREL 2,

OTEHEdAAT

A EBRARECHLOMNEDOHA HFIT< /D
EFREHPOIC ERBECTHRRO 3B, 733
DRz TRBICHFHEE LD/ D&hkD 1/2 -
2/3BREHRDAAY, EFERIEFN ORI RED
TR S WP HOPREIZH Y, M OmILT
DB TRICRSAAFT I T/ YIBHRTER LT
5THbo

FABRX Tl A FBBE100, 50, 2580/ mOERET
RBET 572,

2 #®R
OET

EEIS-30miEE I TOERNR LN, HICE
TLAGTRERIEIEELBDLILEHEILZL A
bh, BAEICERIIZERTLASHKBICERL
NFBIITEOBENELELREEL P T,
QOTEBERY FHik:

FEECEELZH FBICIBIRIUE L TiHR
RED 727200, BEOAEFTFFIILTEED LY
BOWARENREL, TEED FES TRATIOmP
TS5 mfEETH - 720
OT B bAAR ) B

HEX L DHBMERICAER LD, AFRTOER
Mhd B TH -2 BRIEZSEKICKRICHRTEY
Mol $7-HMOAABERIZL L E IR bW d o7,
Bkt Z LI L o TRIKD —FRITTRHITHBR L 22
KB 52%, L COIRPORREOGRHIZR
HThy, AHELTOEOMFBEREINT, RBHOKIRK
IS RBRI M & R & DAET S 2 & RER
DERAERL, FLMPBEARORFELTOLDOHHE
Sh, BPTHLAEEBTETHL I LERL,

B, FRIZEIZHI2HISHEDRAA L H F k504K
EHERBXA S, FRIEL1H24HE 2 5 IHICHED
1o 7o A RS L BOH MR CIRAEE, SO
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1 FH&k
AT BRI IZB VT, 2 AI4HIZT% T ¥

—VIZX->TREAZ L TITo 7

2 ®B%
HAHSGTRIVIZEITNTWLE 5T I )

BR7I=VSTNIIVEOIT) VST ANGF

VBTHHED, ERBHT /) LREETLEYYY

YHBRL, TIZUNEVEVIERIC R (£
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2 HWATFT/VZEINIERTI /B

BAHST ) IEK HAHASTI /) 0% AYERRK
R & (mg/100g) | B (%) |R(mp/100g) | WA (%) (B (mg100g) | #& (%)

KRR EY > 1214 05 14.52 03 65.93 19
sy 439.05 17.1 64538 131 142983 | 415
IF/-NTI ULE 4.63 02 0.00 00 0.00 0.0
FARIE R 91.64 36 274.03 55 284.49 83
-t RKoFr17oly> 0.00 0.0 0.00 0.0 0.00 0.0
FbA=> 15.62 0.6 26.86 05 735 2.1
£y 0.00 0.0 49.45 1.0 13.37 04
2R 471275 184 103279 | 209 348.17 83
HhaT 0.00 0.0 0.00 00 0.00 0.0
TI)TIEIR 58.12 23 18.96 04 7191 23
7oy 3.1 0.1 15.80 03 14.65 04
L es 1231 05 22.08 04 15.28 0.4
Iy 144881 | 565 2,71961 [ 565 302 | 224
RNy Y 0.00 0.0 5.15 01 93.61 27
o-7 3 ) WM 0.00 0.0 202 00 23.62 0.7
AU 0.00 0.0 1034 02 47.69 14
YAFA 0.00 0.0 0.00 0.0 0.00 0.0
AFA= 0.00 0.0 0.00 00 0.00 0.0
1vuafs 0.00 0.0 6.43 0.1 13.35 0.4
YREFY 0.00 0.0 4.36 0.1 0.00 0.0
BA 0.00 0.0 257 0.1 46.73 14
Foy 5.94 0.2 5.33 0.1 13.82 0.4
ZxZNT S5 0.00 0.0 6.48 0.1 420 0.1
B-75=> 0.00 0.0 0.87 0.0 2947 0.9
B-73I/1VRE 0.00 0.0 0.00 0.0 0.00 0.0
T-T3/Rm 0.00 00 0.00 0.0 15.74 0.5
EyFIs 0.00 0.0 152 0.0 15.79 05
IAFNELFT S 0.00 0.0 0.00 0.0 0.00 0.0
LAFIESFI 0.00 0.0 0.00 00 0.00 0.0
AN T 0.00 0.0 0.00 00 0.00 0.0
7okl 0.00 0.0 0.00 00 0.00 00
Erofs sy 0.00 0.0 0.00 0.0 0.00 0.0
FN=F 0.00 0.0 130 00 673 02
Uy 0.00 0.0 4.30 0.1 40.92 12
FNEZY 0.00 0.0 0.00 00 0.00 0.0
EL 256478 | 1000 494116 | 1000 3,447.08 [ 1000

% =

REFENRBIC BV CHTEROMTABE &h
TWABT< /) VROBEEN, W4 57U ThHs
CEMNHB L. BUTETIILED LK EORAH
WOR P E RBIBIC & » TEREBEShTw
505 AEIZoOVTRELEBRIL TRV, Mk
B CH T o3 EBOREEE ko TV A
P, B> TREHCHHETERIEIEORDAEFH
ERSNAIBERAPLEREL2O»ILFHTD
5o

FRTAT AR REEREZ T o220, BEMT
RIS T2 ARME ALY 2 O AR D ED
Tl Hofze LAL, RIREORENRFTHY BT
BOOLORKDOERENRL, HFBEICHABERBICR
2EBEORFEEB L. 72, RPICEDAAIZRR

EAa L) ROCHMBAFL TCWH08ER I, 2
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Prevention of vertical transmission of PAV in juvenile production of the kuruma shrimp,

Penaeus japonicus, by disinfection of spawned eggs with povidone-iodine

. *
Kazuo MomoyaMA and Toshikatu TANIMURA

Penaeid rod-shaped DNA virus (PRDYV, the causative virus of penaeid acute viremia ; PAV,
equivalent to white spot syndrome ; WSS) was inactivated by contact with povidone-iodine of 5 or
2.5 ppm for 0.2 min, 1 ppm for 2 min, respectively. When fertilized eggs of Penaeus japonicus were
contacted with 5 ppm povidone-iodine for 25 min at 22.1C, 20-30% decreased in hatching rate
compared to no-treated eggs. Consumption rates of povidone-iodine in the sea water containing 5 g of
eggs/L at 1, 25 and 5 ppm for 5 min were about 100, 60 and 20%, respectively. From these results,
disinfection of spawned eggs with 5 ppm povidone-iodine for 5 min was proposed for prevention of
vertical transmission of PRDV in juvenile production of P. japonicus. Outbreak of PAV at Yamaguchi
Naikai Sea Farming Center occurred in 6 out of 101 juvenile production tanks used from 1994 to
1999, when spawned eggs were washed with only UV-irradiated sea water for preventing PAV.
While the disease did not occur in 52 tanks used from 1999 to 2003, when the above proposed
countermeasure was practiced after washing eggs, indicating the effectiveness of disinfection of
spawned eggs with povidone-iodine for preventing PAV.

Key words : shrimp virus, PAV, PRDV, WSS, prevention, povidone-iodine, Penaeus japonicus

19934 7 V= LU RHBAME L L DICHARICH LA
Ih7" " s vz eHoAEY 4V AIE (PAV ;
penaeid acute viremia) X7 V< T EEMICH K2 #
EEEZTORENY)TEL, 7NV COMEEE
RPHHERBBICBVTD LI LIERAEL, BigmE
WEOKREZREE 25TWwa", FIZHADST
1ZWSS” (white spot syndrome) &I THYH, H
ETRIMRDIZEA LD FTERBEEICHA, =
CRMAOR D FRRHEE %o T02

IV T CERAEBOPAVRAEICH LTI, &
FRCHVSNA BT S DEEEBO ML
LEZOLNTHEY, BHBEOPCRIREIC L 2PAVO
BB 4V APRDV” (penaeid rod-shaped DNA
virus) 7V —RIEOENL, ZHWOERI v E
5ppm, 55 EOMEIC L5 FHEIRESh T,
ZLOPREREL Y ¥ —FTHRLEBBEShTWELY,

PCRIZL APRDV7 ) —B T ¥ ORI BEN 2 FFh
FELRZEZOND{0D, EXLRBEHY LR
RET 5 212, EIAICIXPRDVIEA R T 2"
LREBNOBEIEIEVEREVTNRT, LTLY
PAVORENZLZHIETE TV bIFTREW,
ERF1,000~2000BO KA Vv BT E L
THEAL T SINHRAEEEREL Y ¥ —IlBWnT
I¥PCRIC & APRDV 7 J —HL ¥ ORI E MR E C
Hole T, AT TFES5ppm, 55 THOPRDV
AEAERRIC OV TIIERLEZARL R TVR,

Lo” WK™ ¥ T ¥ OB ZRIEIZO VT, in-situ
hybridization & TEM % JH\WW TWSSVORH 2 KA T
Voo SOWEFITLIUE, B TIIWSSVIZES &%
IS SNSRI ED ShE, 7, B
TIRARAZIVMRICIEED S iz b ORI
CRBO O Lol v, BRAIIHIELIZWSSV A

* AR NEREREY ¥ — (Yamaguchi Naikai Sea Farming Center)
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BOONL Do RBRIZOWTIE, WSSVORRSELZ X

D RAI BB TER 72D THA S LHEIML, WSSV
DD LI Z AL TOREZFOTRERICH L TIRE
ERRBERL TS, 72, —F, WSSVIZEI]
CH o8 EKPNRH SN, BREDOLERZ
DIANAZERETHUREIZZOSNL0T, W
797V ARREOBEEZRS LT H7-DICE
BBKCTHREHETHILEEZTTOTVE, L, HEOHD
FERAE LV ET 2% 51, KEFHIEEPMHIER <
% T RAURMICBT HPESROBIKICOVT, (B
WHFRKE E B R REM, PR 741 A30H) 2%
WCERL T2 HIARICHERN A TETEILS
BEMIThHrEEZLND,

WHEACEI DI NI ICOSHEWRTIZ/ v 7YY
ADHFEEAT I 72 DICIEPRDVZARIELT 2 DICHE
HHBAORES L OCRHSCh S cHE 2 RIZE %
W EDPBADENLTH L. HERNORELES &
DRI 2B owT), Zheh, s
BIUKI OGN DD, /7)o XEHEAC
i U CHEBUE D TRV DS, SISOV TIRED
SHEHITHBH L LTI—-FABIUERAGITA
D2HNDHTFohsb, BaeiL, AEEIHENEL,
VR ADIHND FHIZIAS ERftEhTwda—F
AZDOWT, WIZHEMLPRDVAIEICIREE & 0¥, >
NI LY ZREIER L EHRIBEL OMREL WL
LB, ERoARBGOBALTEBEANSh
LAERPBONOTHET 5,

e E TGk
KE K> 3— FOPROVAE(L R

TEERESE ERERINVIIEDREI F—
MR (VA4 VARE, 109LDso/g KE, —80°C #ifE
PRIF) 210 HML, 25C DRELNE T Ol CRE
DIA—FH UV TY, BHITR1%EE) HE
RRITERI 2, LEBROF RS MUY A8\ Enz
THHLIEH 2L s &7z,

B, TANVABPRCEThLARWIC X A2 A% 3
TEROBBERE, YA VAEBRZIOCHFRTLZ L
KXo T5%UTICERT 5T LA3TE 7z (Table 1)o

NELCDROHESE THREO7gOREEL 7V
RIYE 7T ROBHHAEICAELAEE L2y 4 VA
%005 mL/RIEH L, 25C OMHEEE T3 ~4 HHME
L7z RBETROERRBMKICOWT, 38K
B R AL & LRSS L 1 X
DA N ARPEIBETE 2D o - BE 2 RIELRD
by LHEL,
RERI—FOINTIESBBICHT 354

EBFAE SppmOERIIEEZERTAHIHEKIL
CRERMO I Ve U %Z, ThZh, 1, 5¢g
WELT, BJEBELEH5221C T255 MIEH,
oy MCHE L TERBKTHE L 72

BMHTESE  ZHIP100R O 1 HOR L % 1 iR
LB L7,

T IESERORE NI FEEEOFEHIY
RORE

HBAK2LEANE—F—IZHRERBO I Ve
ZHBEZRZN, 0, 2, 10gEL, AHIVE
%1, 25 SppmiZAAbEHIREFVYI—-FEFR
g, o AMTEBEL 20 ERMEICRK
O—WEHEML CIYRWEEL VAR I TEOR

e S IR 17 TR E AT

Table 1. Consumption of povidone-iodine in the sea water by organic substances in the virus suspension*l at 24.8C.

Elapsed time (min)

Dilution*® 0.1 5 10
of the virus - - - - - -
suspension lodine Consumption lodine Consumption lodine Consumption
(ppm) (%) (ppm) (%) (ppm) (%)
107 3.30 21.2 2.36 42.6
107 4.04 3.6 3.93 4.4 3.68 1.3
Blank 4.19 4.11 3.73

*] Filtered homogenate of experimentally infected P. japonicus with PRDV was used as the virus suspension
(10°'LDsy/g BW).

*2 The virus suspension was diluted with sea water.

*3 Active iodine was analyzed by iodometric titration.
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L2V IVSRHIORE Fra—FickbHEHER M
FTOFEZLVERBL TS (Fig. Do T, HWE
ik 3 — FIEABICED TBWHER BERaIvE
BE S5ppm) WL CHET S & &b ITHBEHEICHE
BWEHEDL, KT, HEVSWumD EHF v +T
BEOMKTIZREL, BAV1006m®D 5K BT
v MCHEELZHINZUVRAGK TE  EiRk,
SR ZEIE v b E LD IHBHIIRET S, BED
23— FEAED SZRHIPEIE v F IS 20 H5H
FHWIH IR D X5 ITHBEREZN0L SOk
TS5 MERMT %, AW EUVIEKTHRE LHFK
HIZET 5,

9— FEKME, THEE, SRIRRENE v FROER)
I EORBRN LRSI Y REECHEICI VAR
72

- NHBEREOFEEPAVELERR

IWOBRANEHRERE LY ¥ — 2BV TIRPAVEH
X & L CT1994~19994F £ T3 2RIV O UV B il 8
WA X BEE T, 1999 DHED SIIZTHEIPO
BRI RE F g —F5ppm 5 S EOHEEZMA
TWwb, ¥7, 7T EH4EIZPRDVICENETD
720w, BMEOHMMICEL CIIHHEHORZ + 5
—NHWICPRDVIRAOFEEZPCRIZE VRSB T &

M-

Stock solution 500L
(Sppm povidone—iodine)

=y

f  Synthetic fiber net for

gathering spawned eggs

i
i}
i1

1
A

WL T rrrrrr L)

Disinfecting tank 100L
(Sppm povidone~ iodine)

Fig.1. Procedure of disinfecting spawned eggs of
Penaeus japonicus with 5 ppm povidone-iodine for 5
minutes practiced at Yamaguchi Naikai Sea Farming
Center.
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ELTwa,
1994~20034E F COM ¥ v ¥ — I BT 5 EIRH I,
B L=, PAVEBAERREZHFTHERICL YA,

=3 *
RE K> 3— KOPRDVAELHE
PRDVIZAER T 7 FiBEH25ppmh EOBHFITIX
025 VIHIZ, 1.0ppmPBHEITIE 2 B EhZh,
gk S hiz (Table 2).

RERCI—FOILTIESEBICHTIEH
HHERILPICRAELLZ VS EZHBEN1 B
LFU5gDBBED YT 7 ANOREEITI — FA
LEMIE Lo RHERELT, Fh€h, 353
239%F L, 221C, 2557 MM TIXa — FHO
FEDED SN2 (Table 3)o WHESHBRID
HFRSMEEOETARE Do ZBAICOVWTIE, BT
DEBRKETHOLI R LI A IV EOERID R
{, #-T, HHERPOERT 7 RBENR R
Nl tEZoOh5,

I IEZBMORE K3 — KEBEOFHIY
ROEE

AZI T RITHINEEERRFIKRE L, £/,
PELEZZHEBOBFZVWEFIRLH»CHBEINS
(Fig. 2)o ZHWEN 1 g/LOYE, AMBRENS B
X U25ppmTIR205 B IZE VT HRERIZS0% T
Tho722% 1 ppmTII205H1213100% DBFEER L
Tole —FH, THRIBENSg/LOKE, NHERI
Y FIBEEASE L U25ppm TII205 B ORERIIF R
Zh, #1405 XT100%TH Y, 1ppmTIX 55
13100% & % - 72,

REF> I~ FNEFEOABEHEEANDEH
HBHROFEDIAVRREOEI

BESRR DA I YA v PO R $20.392/L
Tho2HFH I ICBVTIE, HERBERICESIY
FREIZ291ppm T TR T L7248, HBROIL/FD
WML D ZOBELICHML, HHERTRO S 545
¥ T 3ppmBl EZ MR L 7> (Table 4), IWORAE
WXL Y5 — 2B 5 FHERE L ZIZREDZH
BB oh, ERA Y PHOZHEIRED487g/LTH
STHFHI TR, HEBREMBEZEAIO2HEUEE
L22Cd 25 6d, AHIavRBEI2HH%ET
BLEFTE. LAL, 2ppmBlFIETT 22 &1
Lotz



Table 2. Inactivation of PRDV by povidone-iodine.

Exposure time (min)

Active
iodine 0.2 0.5 1 2 5 10
(ppm) Number of shrimp infected*? / number examined
5.0 0/5 0/5 0/5 0/5 0/5
2.5 0/5 0/5 0/5 0/5 0/5
1.0 5/5 4/4 4/5 0/5 0/5 0/5
0 4/4

*1 Virus suspension (diluted to 10 with sea water, 105'1LD50/ g BW) was
contacted with povidone-iodine at 25°C.

*2 Three to four days post—inoculation, challenged juvenile P. japonicus was
diagnosed by dark-field microscopy according to Momoyama et a/ 19,

Table 3. Toxicity*l of povidone-iodine to fertilized eggs of P. japonicus.

Fertilized Number of hatched—out nauplii

Active iodine eggs™ Number of Decreased
o,
(ppm) (&/L sea water) eggs 1 9 3 Mean rates (%)
5 1 100 70 56 50 58.7 35.3
5 5 100 77 68 62 69.0 23.9
0O(control) 5 100 88 98 86 90.7 0.0

x1 Fertilized eggs were contacted with povidone—iodine for 25 minutes at 22.1°C.
*2 One gram of fetilized egg contained about 53,000 eggs.

6 - FEBRBOEMREPAVRERR
—O—ogps Op/L ==O= oggs 13/l ==@== oggs 5¢/L. IO NS HREY ~ 7 — 1B W TPAV TR
BLLTZEWNOUVEREEAKICL2HEOALIT-
o TW721994~19994E O], BHHEBEEFORED 4
IV I CHFVREREINTICHAY A XL THES
NEEY Y 7 RIZERIOETH Y, HHEEN, T
721k, MEHRPEERBICBWTPAVERELZD
DD HEFFIIOR NIRRT REYE v ¥ —TBEIC
IV ZEHEFPPRDVICERL CWtEZ LoD
HEY VI BOEGEHI6OHTH o720 —TF, KE Y
0 - FIZ X AZHIWOMBTEAT > TV H1999E K F-2
! 52003EDM, M AT THATFSREERESY V7
| HIE~S2ET, ThH DA TIEPAVORAIZR
0 Hohhhol,. FEEFEEOFHHMEER, FY
°© 2 4 8 B 0w Mo R kua— FHEBNST, ThEN, 530~676% 509
Fig.2. Decrease of povidone-iodine in the sea water ~57.7%TH Y, FEFra— FEBEEHEETET

containing different quantities of spawned eggs. L7

E 3

Active iodine (ppm)
w
i

o9
(0]
b
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Table 4. Changes of povidone-iodine during the disinfection of spawned eggs in large scale production of juvenile
P. japonicus practiced at Yamaguchi Naikai Sea Farming Center.

Spawned Disinfecting Elapsed time (min)
p solution W.T. ) Lk
Case eggs | C) Sampling point 0 0.1 0.5 2.5 5
(g/L) Supply —
g (L/min) Active iodine (ppm)
Stock solution 4.56 4.56
I 0.39 13 23.6 Disinfecting tank 3.45 3.27
Egg gathering net 2.91 3.15 3.60 3.65
Stock solution 4.54 3.81
n 4.87 28 26.8 Disinfecting tank 3.88 2.33
Ejg_g gathering net 3.17 2.13 2.08 2.28
* Shown in Fig. 1.
% = Tk, WA Y FRERTENCHEREE RS 0

PRDVit 3 — FANCIES AV & <, 25ppmTid
0277 UINIZ, 1.0ppm T 2 5 UNICRIEILE -,
=k, IV YZERIAERI VESppm 255°T
W S N . BIDY L SEOERIC B
HZME DO HKERIZEREFN, 538 % 0890.7% CTHIE
WCRP%Y)DENRH LA, JPEOENIZL ST — FA
OHHOBENF IR ZNIFERELERILZVEEZ D
Nl 7N~ ¥ZHIL5ppm 1053 Tl SHEED
KT x2S HhRwDdS, 5ppm 204, 10ppm 54T
REFAZD SN T, WHHOMBE % i
THHE, SREWIIRIZTTEEITE LI PAEL,
P2, NRBMEERERFELT DK S L BEI Y H
EHPIHEFINTHWLIEBLETHL, REF Y
- FRALZERICARETHAFICE T h 568y,
HXHFICX DO E E & D ICHBI#ER R
§ho SEOEBTIXHEA I LIS g2 % 1L
BLIHA S 5%, WA Z S v FiIBES 1 ppm
Tid 0ppmlZ, 25ppmTik 1 ppmBL FIZET L 72,
7N TSR 1 gid 53R OIIZH YT 2, 1)
R NEREREYE v 7 — 2B 51994~20035E D %
EINEOFHERBITIE X £700~150058Th Y,
19955E D 1 61 (5730050) ZBRiFiE, BA#3,6005
MLLFTdh o7z (Table 5) FMFTHEAL TV
BB A v P OAEESBW0LTHZ I 05, BYE,
#EAK 1LY 7 ) OZREIPNAFRITR2.2~4.7g, BK
13gtHfEE SN b, MBAERLICE W TIREIE
v PDZKEIB R K TGS B8, EIBICRET
DHBMHBESIE0 2y FOHET VAR S
ERLIELIERERLTEY, EILR v OSBRI
BEERABRYSOSHBRIERNEICHYEDD 2
CLEVRBIND, BIZIHBR 2 EBRICTRINT 512
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Table 5. Results of large scale production of juvenile P. japonicus at Yamaguchi Naikai Sea Farming Center from 1994

to 2003.
Broodstocks Spawned eggs Outbreak of PAV Number
Total aximum an Yes No of shipped
Year _Times” of Total Treatment'?> number I\:lmurrllrger nll\JA;ber h:f(?}?irrl]g Number of juverf)ill)es
introduction number (x10%  (x10% (Xx10% rate (%) rearing tanks (x10°)
1994 19 1,893  sea water 171.5 26.1 9.03 53.0 0 21 31.2
1995 14 2,865 sea water 184.5 57.3 13.18 61.4 3 16 279
1996 17 1,820 sea water 116.2 11.6 6.84 61.0 0 19 32.7
1997 13 1,800 sea water 132.3 23.1 10.18 59.8 1 14 28.3
1998 11 1,155 sea water 162.3 27.2 14.75 67.6 0 17 28.0
1999 11 1,500 sea water 134.6 35.8 12.24 58.9 2 14 24.3
1 150 iodine 12.6 12.6 12.60 50.9 0 1 1.0
2000 8 1,172 iodine 75.9 16.1 9.49 51.4 0 10 21.2
2001 9 1,300 iodine 79.5 17.1 8.83 56.7 0 14 23.7
2002 8 1,140 iodine 108.6 26.0 13.58 51.5 0 13 23.3
2003 7 750 iodine 86.0 28.8 12.29 57.7 0 14 21.7

*] Some broodstock groups were used for spawning 2 or 3 times.
*2 Spawned eggs were washed with UV-irradiated sand-filtered sea water or disinfected with 5 ppm povidone-iodine

for 5 minutes.

WXLy -TELERShTVS, FRIAFEERA
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EhaBs PERETRIBESh TS, BAOESEH
EWNHFBEICOVWTIRZ VL 2 R E KRREKRD
PRDVEEARRIZIZE A EARL A TWRVA, Zh
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Didymozoid parasites found in the blue fin tuna, Thunnus thynnus,
caught in the coastal waters along Yamaguchi Prefecture in the Japan Sea

Kazuo MomMmoyama and Tomokichi KoBAYASHI

Young blue fin tuna, Thunnus thynnus, caught with trolling lines in the coastal waters along
Yamaguchi Prefecture in the Japan Sea was examined for didymozoid parasites in gills and digestive
organs. Six species of didymozoid parasite, Didymocystis wedli from gill filaments, D. semiglobularis
from epidermis of gill arch, D. soleiformis from bone tissue of gill arch, Kollikeria (Wedlia)
reniformis from gill rakers, Coeliotrema thynni from pyloric coeca and Wedlia orientalis from

stomach, were found. Host fish did not exhibit lower growth or lower coefficient of fatness due to the
infection. D. wedli and W. orientalis may be better indicator species in speculating on the stocks and
migration of the host fish by parasite prevalence, because of the high infection rates and easy

demonstration of the parasites.

Key words : didymozoid parasite, blue fin tuna, Thunns thynnus, indicator species

BABUORWcEBE IS 7 < Y 0 Thunnus
thynnus ZKEFH0 ~ 1 % (10kgkil) OHW
“rIh” BEUL ~2' & (10~20kg) DM “O
> 37 THEA, 100kgh DN ‘KT 57 b
RI0BBEARBITENSE, “L2b” BIV ‘0o &
T OBREMZI10~12 TEICREIMAH YT, K
CH” OFWMM1 ~3AT—AH/ Y TCHEINS,
1990~20024F DR 1321 ~371 b Y OHBETEHH L
TWwhb,

EFOLRAHORE - ABAEO-RELT, Ak
ZHEL, HILENEYEZRARTWLBET, £
BATRLHLRE CRBEDOT 1 74 EV—VH
Didymozooidael A E S N3 ¥ H B VKA IROF
HRERR L7, T4 71— HoFtdiz—o
DYRAFORIZHEERE T - ZRBO—wt o BAENRA
SDTWAILZRHMEL, ChIETIZEAHE, »Y
% Katsuwonus pelamis, 7') Seriola quinqueradiata

FTHLAPOLRAINTVEY, RIBTORIDHE

WEPNIR L 52,

RABEODH HHMOFENTIX, ZOEBBHHHD
DHEOKBICRONTVEbDXHY, B - 4R
BRI L > T2 08D b, BIZIE, A R7
Oncorhynchus tschawytscha ORI FET D
W F B Myxobolus arctis "o
Oncorhynchus masou masoull A3 % ¥R 7l
M. arctis ¥ M. neurobius *, JLH##A & — 7 #EiA
D= # U A Pleuronectes herzensteinei OEIZEFAY
% $ S Haemobaphes diceraus * %, ZO&EEM%
WD I, AORERERREOHEI T
NTWab, ¥4 74— VIZ20ThH, BAFEHE
BOY ¥+ HThunnus alalunga TiX, BREIZE-T
FAERRICEADIELTVDE I 25, BAIREH
E#S 2 LA RS h T3,

A, F£FSZINORAARREES a7 (84 :
kZh) OF 474 V- UREEROFERRICD
WTHRRZZOTH LN MR ZMET 5,
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MR BLVFHE
BEEEX

1999411 A ~20004E 2 A2 H A L B3 BB
W THE S N2 P2 REA86cm, XK E20kgD
FZhb8RICo>WTHBEL -,
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BEITHILFICOWTHBL OB L B9 5 00
ROBRD Y A+ OFEERBRICER L. WO
BATIE, LR (Bo5hFEmE Type-GFL 2
T ULTHA), 885 L (Type-GAE), #1858 5&
(Type-GAB), #3J8 (Type-GR), WM (Type-PC)
BIUHE (TypeS) ®6 »vFiHhs 6 HEDF 174
BV —VDOVAMBE LN, BT R b HIEESE
CHURZEUM L, 5 SRIMER R A Y ims 2 A v Tk
EHROMRBEBETLLLLICKEEEZMEL. O
AR LIRS OMER I >V Tk E A5 4 K75 R
KD AN—T SR eBEERMLTBELL, £h?
NOMIIOVTTELLETKRBMOY X b2 VWL 3
2R, B L2 8BRS X511 L728, b
WKV A TFORBDLRLLTEDEL ) LRIV TE LD
57 b B o7 AFBREICOVTIHEL 2d o7
RIEH &

rhehoifkicow CBgE L 7-5H #Ishi’ $X
UYamaguchi” " ORRE BT H LI L VLR
EL7

= E 3

Type-GF (Table 1, Figs.1-5)

VAMRRRERSNHEZLTBY, H—E5
AN EOFREICRD BEECHRESh . 8,
FAEBMLTIE YR MIBE~ B HREEIRRER L
Tw5 (Fig. Do KLY R MM EREHICR
ZBD, MBI AMIKE E20-25mT, W
HEWRB§ 285 RML T a0Ic ke LTH
B2 235 (Fig 2)o EHLHEED Y R F ISR
FRT, EEWHASRRONHEZ B 2MEE2 4
THE POFIIPLRD 2 RO ETHE FIC
REEH)ELHITA-TWS (Fig. 3). HIRERRMHIE D
HHERMIBDTHE L, VIDORKREBL TV,
v FOEHROEBEERAEMD LRSI SH LT - 85
PHEREMLTEY, bTF2HL (Fig 3). kK
OREBTZ EDBHEBOMCE (Fig. 4) 1ZUP4E, op
HRE R FET, EROPZAEL TS, JEE
LEREE TS (Fig 5). ARBEEOHM, FAEI
L, REOFEED S, Didymocystis wedli \ZIHE
ENiz &8, PHOBEELF—L I T»HORE
RWHF DK % X HiIshii” 5 & OFYamaguchi® D itsk
WCHBLT2~3fFIlhoT0na, ZhidBLHE
BREARERICAN -7 7 ATHRIEMSNTIKRES
NzCEIlEdEEZOHNS,

Table 1. Comparison of characteristics of didymozoid parasites between Type-GF and Didymocystis wedli.

. Didvmocystis Didymocystis
Characterist -GF*!
aracteristics Type-GF wedli™® wedi™
Host Thunnus Thunnus Thynnus
thynnus orientalis etc thynnus _etc
Habitat epidermis of gill filament epidermis of gill lamellae gill
Cyst Structure ___ elongated oval .. elongated oval e
Size (mm) 1.0-2.5%0.5-2.0 2.0-3.0%0.5-1.0
Worm Noin a cyst two: applied closely against each other two: two commas forming a vortex two: applied closely against each
with opposite extremities other
Sex hermaphroditic hermaphroditic hermaphroditic
Forebody ~ Structure  elephantnose elongate thread ... slender e
Size um) | LE*0.3 e 0. T16%0.088-0.095 e
Oral sucker  gpherical elliptical pear-shaped
G $60780 3BIAZRZB et 2TA5%2134 e
Pharynx spherical spherical globular
(pm) 100 $28-38 24-36%24-33

Hindbody Structure mammalian stomach, curved ventrad,

bilobed at anterior end
Size (mm) 2.5

mammalian stomach, two-lobed
anterior end

mammalian stomach, curved ventrad,
bilobed at anterior end

2.07-2.62%0.557

- 0.795(anterior)

Egg Structure
Size (um) 20%12.5

broad bean bean

17-19%11-12

18.4%10.5

*1: See Figs. 1-5.
*2: Ishii”
*3: Yamaguchim
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Table 2. Comparison of characteristics of didymozoid
parasites between Type-GAE and Didymocystis

semigbobularis.
. Did) Z
Characteristics Type-GAE*! 4 }‘/mocystl.'s‘ «©
semiglobularis
Host Thunnus Thynnus
thynnus orientalis etc
Habitat epidermis of gill gill
arch
Cyst  Structure globular s globular ...
Size (mm) 3.5-4.0 5.0

Worm No in a cyst two: contact two: contact with
with each other each other by the
by the flattened flattened side

----------------- A L L L L L R R R T R ——
Sex hermaphroditic hermaphroditic
elongate thread, elongate thread,
slight swelling  slight swelling at
at anterjor anterior

1.11-1.27%0.098
- ~0.218(anterior)

....................................................

Oral sucker elliptical elliptical
(pm) 100%70-80 61-75%42-47
Pharynx  elliptical spherical
(um) 100%70-80 ¢ 47-52
Hindbody Structure _semiglobular  semiglobular
Size (mm) 2.0-2.2 2.18-3.66
*1.83-2.86
Egeg Structure  kidney bean  broadbean
Size (um) 17.5%12.5 16-19%9-12
*]: See Figs. 6&7.
*2: Ishii®

Type-GAE (Table 2, Figs. 6&7)
VAMIBEOREIEFICHCE S AL LTHIEX
h5 (Fig. 6)o ¥ 2 PAEBICIZMEHERI T D — 3 o 23R
KoMK (Fig. 7) »Em#BscaHL, ke LTHR
BLldbEH)lAoTWD, HiMIBIRR A
O b RO IR BRI O LK B » o4
MLTWw5 (Fig. 7)o S5O SAMBUIED.
semiglobularlis \ZRIE &Nz, 72721, SMHEMAIL
7 RS WS O K & S i3 Ishii” DREFOY 2 5
5%, CHUIATHI AR AR ER ICER S W THES
AWARE 5 Y (W38
Type-GAB (Table 3, Figs. 8&9)
ARRESOFHBRANIFELTEY, Y MIA
WP DTFPCHREROREE LTHESLS
(Fig. 8). MEHEFRI O 2 RO H4kIZ Type-GF & #sd T
LTV BA (Fig 9), AMIZH A XHBRRhs 0
Z &, Type-GFTIZORBLIHEOKE SAUTIIFAL
RESTHHOIIHMLTAETEIOREDITS 2L
MICKREWTE, BLY, FERAFESEHETD
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Table 3. Comparison of characteristics of didymozoid
parasites between Type-GAB and Didymocystis

soleiformis.
.. Didymocystis
Characteristics Type-GAB™ ” . ” . %2
soleiformis
Host Thunnus Thunnus
thynnus orientalis etc
Habitat bone tissue of  born tissue of
gill arch gill arch and
mouth cavity
Cyst Structure  flattened oval discoidal
Size (mm) 1.2-1.5 1.0-2.0%0.3-0.5
Worm No in a cyst two: applied two
closely against
each other with
opposite
extremities
Sex 1 hermaphroditic  hermaphroditic

elephant nose elongate thread

Size (mm) 015 . 0.88+0.064

Oral sucker elliptical elliptical

(um) 110%90 28-52%24-38

Pharynx  elliptical globular

(um) 80*60 $24-33
Hindbody Structure  mammalian horse-shoe

stomach, curved or thick~U
ventrad, bilobed
at anterior end

...................................................

Size (mm) 1.3-1.4 1.59-2.23
*0.48-0.64
Egg Structure  kidney bean broad bean
Size (um)  17.5%¢10.0  14x9 7
*1: See Figs. 8&9.
*2: Ishii®

%2 LA blshii’ (2B TD. soleiformis WIAE L7z,
FI0EA% & WSO K % 2 3 Ishii’ DEEROH 2 15 Th -
72, FREH 2HEAKORKEICE 2L 22 5hb,
Type-GR (Table 4, Figs. 10— 12)

VA MREEOEEBFIZHBCIEOBE LA L L
THEINS (Fig 10). ¥ A ORI HEHERIE
T, HEEHECHAIE D AN S Vv, BEO B I
BBOMRESCH S AR CWBELSRTVE =D
2, HEWEBORE L ARSI SV 2 Kok
TIROKREABEMCEHBLTVWBIHNCRZS
(Fig. 11)o HERRIFBOHIRIZE L, KMoB S AICIE
RELHBREOREED 525, WEEZKRL (Fig 12).
BEBIAOCEROEZ LTWE, MOKHEIZHED
ENEYRRKRE, RSB EHRTHIRDKE
Ve TROOHEMAS S AMIXIshiil KHE o T
Kollikeria (Wedlia) reniformis\CRIE S h =,



Table 4. Comparison of characteristics of didymozoid
parasites between Type-GR and Kéllikeria

Table 5. Comparison of characteristics of didymozoid
parasites between Type-PC and Coeliotrema

(Wedlia) reniformis. thynni.
Kdllikeria Characteristi ' Coeliotrema
Characteristics Type-GR"! (Wedlia) aracteristics Type-PC thynni™
reniformis ™ Host Thunnus Thynnus
Host Thunnus Thunnus thynnus thynnus
thynnus orfentalis etc Habitat pyloric coeca serosa of digestive
Habitat epidermis of gill periosteum of gill tract
raker raker Cyst Structure  ricegrain
Cyst .S.tf.Ll.(iElLl{?....q‘./?.l ______________ oval Size (mm) 6-7%2-2.5
Size (mm) ¢ 2 2-4%9-3 Worm No in a cyst tho t?\/o
Worm Noin a two two size: & > @ size: 3 >J" .
st sner®3»@ see®3@ ] :lodgedin § ' enclosedin 2
F:lodgedin & & lodged in 9 Sex gonochoristic gonochoristic
Sex T g- 6;1'00'}‘]0}.151‘6 """" éO}].OCh;I:l;ilé """ d"Forebody Structure thread, .shallow slender .neck,
S Torebody Struct T o oloval scoop-like scoop-like
e ructure thread, shallow  elongate clavate =~ sseeecmreecemeesicemeceociasceeeisceesoiaseecoziemeaons
orebody cture thread_,]_ihallow _ clongate clavate Size (mm) 2 1.3-2.1%0.36
SR, SCOOPIXE ANLeTIOf o eeeeeeeenes -0.53(anterior)
Size (mm) 1.4%0.08 2.08%0.48 T A W Rt S
-0.45 (anterior) -0.89 ral sucker spaerica
e eeemaceeenseeeeassnecesecne Cmmenemevasnaannns (um) ¢ 67-98
Oral sucker spherical spherical Pharynx T elliptical
m) . o210 ....e188210 (um) 58-92+45-60
Fha;'y nx  absent absent Jd*Hindbody Structure  reniform reniform
, -t : : Size (mm) 1.5 1.4-2.8%0.4-1.2
o*Hindbody Structure  reniform | reniform Q Forebody Structure  thread, shallow  slender neck,
Size (mm) 0.62%0.45 0.51%0.99 scoop-like scoop-like
? Forebody Structure thread, shallow  elongate clavate Size (mm) T 0-2.5%0.36-0.56
______________ scoop-like anterior Oral 'sucker elliptical ~ spherical
Size (mm)  1.25%0.10 2.63%0.48 () 150%130 0787120 ...
................. ~0.65 (anterior) | -0.89anterior) Pharynx " spherical barrel
Oral sucker spherical circular (um) ¢ 70-100 80-130+58-90
(y{x}} _________ $400-420 = ¢280-480 £ Hindbody Structure  two—-folded cushion quadrangular plate
'Pharynx absent i (when unfolded?
2 Hindbody Structure reniform reniform Size (mm)  6-T*2-2.5 4.3-7.1%3.3-5.9
Size (mm) 2.0 5 0.5 0%2.0-3.0 (\T/hen folded) (when unfolded)
Egg Structure kidney bean broad bean Egg .S.f.r.‘ic.t.‘.‘f? ..... kidney bean _  bean
Size (um)  27.5%15.0 27-30+15-18 _Size bm) _20+12.5 17212910
*1: See Figs. 10-12. :; \S{ee Flgs.hﬂ?;—lfi.
*2: Ishii® - Yamagucht

Type-PC (Table 5, Figs. 13—16)
HEVERRNROMEWVWY A b (SEESh 6D
A TRIKEV) BHMMEOEOHICHE > TV
£HWCRZ% (Fig 13)o & ¥ A PHICIERE AN
1 KOWMESEBL TS (Fig. 14). YA FHD
HKIIHERERIE C, BiRAR, HEHECH SN
MNEV, HEORBBIIRHIZOBAREZ 2 2123 ) i
F2 k9 %HE LT, ZORMFIERSH o REHE
DRBIEASZEEH L TWwa (Fig. 15). HEOEEHEH
HOARBHD IFACNEFESRTNT, BOEKEHEO
ALPRZBEVIEDE W, HEHEE b ARHRIZIZIZE
e, HEBEMEL, ZWBTRIEOLATRN LD
LHROEE LTS (Fig. 16), Th O OBHA LA
HiXCoeliotrema thynnus W€ I h iz,

Type-S (Table 6, Figs. 17—19)

AR THRICHFELTED, YXMIAD
WA S VR E LTHgEshS (Fig 17),
HAHERE T, ROKBEHIE, ZIZREBL LM
KBEHO IZANESNTEY, 208506 M
EIZFER OKFT AR ZM L Tw 5 (Fig. 18),
RO FERITME S, MBI L+ b LRICEL
{MPCESATYS (Fig 19, ChHORE, L
At Wedlia orientalis \ZFE S M7z,
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b,
‘ﬁ )

B ) a 4 q
Fig.1-5. Type-GF (Didymocystis wedli ). 1

worms liberated from a cyst. 4 © A crushed worm showing more or less coiled slender tubes of ovary, vitelline gland
and uterus, oceupying major part of the hindbody. 5 : Kidney bean-shaped eggs.

e

5

: Cysts on the gill filament. 2 Close-up of a cyst. 3. Two hermaphroditic

Fig.6&7. Type-GAE (Didymocystis semiglobularis ). 6 . Cysts in the epidermis of gill arch. Cysts of Type-GI and Type-
GR are also seen in the picture. 7 . Two hermaphroditic worms from a cyst, protruding a slender forebody.

Fig.8&9. Type-GAB (Didymocystis soleiformis ) 8 . Cysts in the bone tissue of gill arch. 9 . Two hermaphroditic worms
from a cyst, resembling to those from Type-GF.
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Fig.10-12.Type-GR (Kdllikeria (Wedlia) reniformis ). 10 : Cysts on the gill rakers. 11 : Two forebodies of a male and a
female are protruding from a hollow of a reniform hindbody of a female. 12 : A male with a short clavate forebody
and a reniform hindbody.

Fig.13-16.Type-PC (Coeliotrema thynni ). 13 Cysts in the pyloric coeca. 14 : A rice grain-like cyst encloses a pyloric
coecum along the long axis. 15 . Unfolded inside of a female hindbody, showing the protruded two forebodies of a
male and a female. 16 : A male with a long clavate forebody and a reniform hindbody.

Fig.17-19.Type-S (Wedlia orientalis ). 17 : Three sites, outside, inside and cross, of fragmentary stomach showing cysts.
18 © A large globular female protruding two forebodies of a male and a female. 19 1 A male with a long clavate
forebody and a reniform hindbody.

Abbreviations used in the figures.
A : anterior, C  cyst, CR : cross, FB : forebody, GR : gill raker, HB: hindbody, IS * inside, OS ! outside, P © posterior,
PC : pyloric coecum (a)




Table 6. Comparison of characteristics of didymozoid
parasites between Type-S and Wedlia orientalis.

Characteristics Type-S*! Wedlia 2
orientalls
Host Thunnus Thynnus
thynnus thynnus
Habitat stomach stomach, gill, anus
Cyst Structure | globular .
Size (mm) 1.5-2.8 =1.0-2.0

Worm No in a cyst two two

size: $ > size: § >

o:lodgedin &  I: lodged in &

Sex gonochoristic gonochoristic
*Forebody Structure thread, shallow broadened anterior,
scoop-like attenuated
Size (mm)  1.5% 1 %011 T
-0.55(anterior) ~0.38(anterior)
Oral sucker spherical  elliptical
(um) ¢ 130-140 24-100%18-88
Pharynx s spherical  spherical
(um) 670 - ¢ 60
"Hindbody Structure reniform bean

Size (mm) 1.3%0.5
? Forebody Structure thread, shallow

broadened anterior,

scoop-like attenuated
Size mm) 2.0« ] 1.1%0.18 7T
-0.45(anterior)

Oral sucker spherical  elliptical
(um) ¢ 110 34-110+28-110
Pharynx spherical  spherical
(um) ¢ 60 ¢ 60

?Hindbody Structure __ globular __  reniform
Size (mm)  1.5-2.5 1.6%1.1 ’

Egg Structure | kidney bean ...
Size (um)  17.5%¢12.5  15-174#9-11

*]: See Fig. 17-19.

*2: Yamaguchi‘”

% =

Ishii’ IX18HDF 1 7 1 &V — Y RO B % idsk
LTwah (4fiz8E» 58 1), ZhboFtsii
FHEIM R, ¥R MRUAOHIBBRSERFLZE
NOBEICERICEATOTRERENTH S, 50
OBETIE, —BRWIIBERFHOSEOBEE L F—L &
NTOLAHBEICOVWTIRBELE»-727% BR
SN MBI ESICHE2RET LI ENTE
720 72721, D. wedli &D. soleiformis \ZFNF
E L72Type-GF & Type-GABIZDWTIZ, 4R As
TNENBRLMSEFTH LI L 2BRITIZHEADOBRE
ERME DS Do 720

4% 5 X Ishii’ 5 & OFYamaguchi’ ®@gkTid R
GolzRiOWELINEOKE ST, MickoTid2
~3BEFHSOFHENIZ ) NKE D 5T FOER
LT, BIEBAES RV EICX 23HEOHE
i, BOEHETFICL2HMOBOETELELELOA
HH, FEMNCBIZL LS E L 0EKRRERED H

— 75 AOBEOERIC & 2 RS IBOWKAE D K
EhozlBbh, RBEHOKE SOWEICEEL TIE
BETHLEND D,

RKAAEFOFERIIBEICEMENEZE 2 VI LR
%\, SEORETHE L OMETHEED T 1+ 74
EV— Y ORIBELEIED b, Type-GF (D. wedli)
2Type-S (W. orientalis ) TIXHFEXK, FAEME
(1EELYOFERE) LD PRV ELo7. Lh
L, 474 E/—VOHFEREL L THOERRIE
WEHFICHE IR, FERFCBRIEFOHEDK
IREELSRBDOONEVIELD, FATA4EYS—VD
FEMEECGZALADEEIILALZVHDLE
Abhd, i, RAREEZHW 707 0D&M
b, B, ARREOBICID. wedli WHH S
h<rzu~7unC L OBBEAMEICIREZ LA
H5HA, FEBEFZFNEIEBERZR LV LM LR
LRE I,

FHEMEKERE - ARBHOBEL L THWEY
B, FEROBEBIUHFERBHNRHEAFORS
SPEELEETHS 5, FHBOLNZ6HOFT 1 7
4BV = VAL o THEERG R D I EHRTE
Zoh, 11~ 2 HOREDRMICHEE I NIZEERD T
—ZEFTHRT A LICIIMED H 5%, A B
DD. wedli B L UBOW. orientalis 1IHF4E, F4
MREEE DILEME S, RMBESL THH I LA oiE
HELCTHEYTHIEZONI,

E | ¥
FAF 4 —VICHT B oMt S L K EE O I
FEE AR KRP NI ERERIR#H 2L 9,

51 A X &
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Study on Effect of Wooden Reefs in Coastal Waters off Yamaguchi Prefecture,
Southwestern Japan Sea- I
Effect and Life Span of Wooden Reefs in Waters off Utago, Yamaguchi Prefecture

Mitsuhisa Kawano, Toshiteru WATANABE,
Sadanori YosHIOKA and Yuji SHIGENAGA

Wooden Reefs were firstly set in waters off Utago, Yamaguchi Prefecture in April 1996. We

conducted ROV observations and angling surveys during the period of 1996-2002 in order to

elucidate effect and life span of the reefs. Marine burrowers (Teredo navalis, Limnoria sp. and

Chelura sp.) burrowed and damaged the reefs and some of the reefs disappeared in July 2002. So

the life span of the reefs were estimated at 5-6 years. The number of gathering fish species increased

year by year and became 22 species in 2001. Angling surveys showed that catch per unit effort of

the wooden reefs was not smaller than that of adjacent concrete reefs.
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Fig.1. Map showing the site of reefs and observation
stations for chlorophyll-a in waters off Utago,
Yamaguchi Prefecture.

K : wooden reefs, F ! concrete reefs, A and B :
observation stations for chlorophyll-a.
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Fig.2. Schematic diagram of the wooden reef set in
waters off Utago, Yamaguchi Prefecture.
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Fig.3. Seasonal changes in water temperature (upper
panel) and salinity (lower panel) in waters off
Utago, Yamaguchi Prefecture in 2001.
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EHZBLTHAREEORVWAMEEZ, 7Y
(536%), =% (393%), 7V AL (286%), ¥
T (286%), ¥4 (250%), THN% (250%),
IIYINFE (210%), €I X (179%), IV FH
(143%), 4 3V ¥4 (107%) TdH -7z (Table 3),

K7 VECHRBIN AR L HETHRIES I

Table 1. Concentrations of chlorophyll-a (mg/n’) in
waters above the wooden reefs (K shown in Fig.1)
and in the adjacent waters (A and B shown in

Fig.1).
Location
Date A B
July 2-3,2002 51.71 64.58 73.16
Sept. 3,2002 34.54 27.85 4453
Oct. 1,2002 54.54 4412 47.19
Nov. 12,2002 56.75 53.09 55.40

Table 2. Marine animals attached to a test piece
(0.34m") of a wooden reef in waters off Utago.

Animal species No.of inds. _ wet weight(g)
Annelida Phyllodocidacea sp. 16 0.21
Perineresis cultrifera 3 0.12

Nereididae sp. 13 0.16

Mollusca Bivalvia Trichomusculus cupreus 1 +
Adipicola crypta 41 072

Teredo navalis 238 80.28

Arthropoda Isopoda Cirolanidae sp. 6 0.04
Limnoria sp. 12422 6.7

Amphipoda Ericthonius pugnax 4 +

Pontogeneia rostrata 179 0.03

Chelura sp. 6939 1.88

Decapoda _Pianes sp. 10 1.94

Total 19872 92.08

+ very small amount
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Fig.d. Yearly change in configuration of the wooden reefs set in waters off Utago, Yamaguchi Prefecture in April 1996,
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Table 3. Fish gathering around the wooden reefs in waters off Utago, Yamaguchi Prefecture during the period of 1996-

2001.

1996 1997 1998|1899

2001

Fish species

ec5 |Appepred

28 Aug 31 |Set6 {Sept8 [Sopt1) 9 | Juivg

Aug23

11 |Dec.14 [Feb2 |Juned |Aug? Sept.6

awoars

inig borycoides

trilineatum

Nemig vgatys

Sebastes tartius

Navadon modesty; Qe

[o] ]

Sebasticus marmoratu
By s

Taius cmifrons

Sebstes schiegels

Thunnus thynnus orientalis

Caranx.

Evynnis japonica.

Garanx equuls 9|

Labridas spp.

Trachurys japonicus

.
B o Lo oo | | oo b | oo [0 I foo | (o o |

Saurida

maior

se| o
4
= for Jeo

o] ]

[o] ]

Gobidae sp.

olivaceus.

Soriola ko] ]

| Apogon lineatus

oo

Sebstes inermis

Thunous tonggol

 Auxis

muroadsi

Coryphaena hippuru 9,

De maryadsi

Sphyraens japonica.

O T N O N O N PN O O . =
I

Seriol qui 40]

s
Q:Under water video system observation.
@:Angling survey.

*Frequency(%)=appeared times/survey times X 100.

Table 4. Comparison of catches around wooden reefs (WR) with those around concrete reefs (CR) off Utago by

angling.

Fish species July24,2002 July29,2002 Oct.17,2002 0¢t.30,2002 Average

WR CR WR CR WR CR WR CR WR CR
Sebasticus marmoratus 428(2) 138( 1) 142( 0.8) 0(0.0)
Navadon modestus 202(1) 6546(27) 1990(6) 200(1) 1737( 7.3) 498(1.5)
Evynnis japonica 38(1) 224( 6) 30(1) 26(1) 72( 2.0) 8(0.3)
Taius tumifrons 44(1) 150(3) 300(1) 11(03) 113(1.0)
Nemipterus virgatus 270( 1) 220(1) 553(2) 123(05) 138(0.5)
Pseudolabrus japonicus 312( 2) 78( 0.5)
Branchiostegus japonicus 480(1) 120(0.3)
Saurida undosquamis 104(1) 205(1) 608(3) 190(1)  150(1) 99(0.5) 216(1.3)
Total 668(4)  0(0) 7490(37) 2604(9) 449(3) 758(6) 436(3) 1003(4) 2261(11.8) 1091(4.8)
CPUE™ 269 0 3577 798 234 275 227 364 1077 359

* Numerals show catch in weight (g) and numerals in parentheses show catch in number.

*xCPUE = catch in weight (g)/person/hr./100m’reefs .
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Study on Effect of Wooden Reefs in Coastal Waters off Yamaguchi Prefecture,
Southwestern Japan Sea- II
Fish Gathering Effect and Life Span of Wooden Reefs in Waters Off Nobase,
Yamaguchi Prefecture

Mitsuhisa Kawano and Toshiteru WATANABE

Wooden reefs were set in waters off Nobase, Yamaguchi Prefecture in 1999, 2001 and 2002.

In order to elucidate fish gathering effect and life span of the reefs, we conducted observations by

under water video system and divers. The reefs set in October, 1999 were burrowed by burrower

animals (Teredo navalis, Limnoria sp. and Chelura sp.) and the lumber became thin in November,

2002. So we estimated that the reefs would erode in four years after set. Twenty-eight fish species

were caught with angling in waters around the reefs. The diversity of gathering fish around the

reefs is not inferior to that around the wooden reefs in waters off Utago.
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Fig.1. A map showing the location of wooden reefs
(star mark) in waters off Nobase, Yamaguchi
Prefecture.
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Fig.2. Yearly change in configuration of the wooden reefs in waters off Nobase, Yamaguchi Prefecture on September 17,

2001 (left) and November 13, 2002 (right).

A T reefs set in October 22, 1999, B [ reefs set in March 29-30, 2001, C : reefs set in October 22, 1999, D | reefs set in

March 29-30, 2001, E : reefls set in February 22, 2002.
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Table 1. Marine animals burrowed into the wooden

reefs in waters off Nobase.
Animal species No.of inds./0.16m’ wet weight(g)/OJsz

Mollusca  Bivalvia Teredo navalis 28 16.8
Arthropoda Isopoda Limnoria sp. 47351 3147

Amphipoda Chelura sp. 29490 19.65
Total 76869 67.92
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435, Ny, FHI)ARSH, AHENT L FLLIC A
YTV T AOENR (2008 RE) BHEIR
(Table 2),

20015E 9 HI7TH OB AKHRETIE, THARX, X7
VPMBED L OERPIBIL, HINF, FrFvr ¥
A, FHINRG, BAANRT, F19¥rHPAEN
i, 4A9F ) PZAERL RIS, 19, U=
VGNE, R TIFTAL, ANVHRAENEEE BRI
#igt s 7z (Table 2),

COWARECTHAS N AMOER L EAIES

Table 2. Fish gathering around the wooden reefs off Nobase, Yamaguchi Prefecture in 2001 and 2002.

Fish species July 23,2001 Sept. 17,2001 Nov. 13,2002

Parapristipoma trillineatum

Choerodon _jordan/ O
Navadon modestus O
Sphyraena _japonica

Stephanolepis cirrhifer O
Halichoeres poeulopterus
Chaetodontoplus septentrionalis
Pseudolabrus sp.

Apogon senilineatus

Trachurus japonicus

Coris picta

Sebastes inermis

Epinephelus septemfasciatus
Oplegnathus fasciatus
Oplegnathus punctatus
Ostracion cubicus
Acanthopagrus schiegeli

0J@)

OO

QO :Observation by divers.
@ : Observation by under water video system.
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DA EERHEEFAMLEFTVEROTHE LRE,
BlEfaoRERI1314.68kg (Table 3) T, BB LM
BORIZINEN THoDT, b/ THET
% L0.15kgk & o 720

20024E11 H13H O#F KRAETIX, BREONERIZ 2N
N, £ YHFFTA, IRIINF, hINF, L V¥
A, 7u¥4, 2y TIFTAH, BHEOLEFIIT Y,
AR BICNT T, =~ NF RSN (Table 2)o

Table 3. Fish amount gathering around the wooden
reefs in waters off Nobase, Yamaguchi Prefecture
based on observation by divers on September 17,

2001.
Fish species TL(cm) No. of inds. Estimated weight(kg)
Trachurus japonicus 10 60 0.39
Sphyaena japonica 115 50 052
Parapristipoma triffineatum 55 300 1.00
Sebastes inermis 6.5 60 0.33
Sebastes inermis 125 20 0.78
Sebastes inermis 25 8 249
Stephanolepis cirrhifer 125 30 0.44
Navadon modestus 175 60 2.66
Choerodon jordani 115 15 1.60
Choerodon jordani 30 4 215
Chaetodontoplus septentrionalis 10 3 0.06
Halichoeres poecilopterus 17.5 6 0.49
Pseudolabrus sp. 125 3 0.09
Coris picta 9 3 0.03
Apogon_senilineatus 6.5 300 1.64
Total 922 14.68

£90 FIFEC20004E & 2001 4B IS S Wz fsiE, =
FA, 9VIGNE, TV, AN, ALK 1
VL, ruay4, YaXR, h%d, Yaygang s,
Lg 2, asvu, X7, °IF, A¥ 4, NFH,
TAI, PN, AXF, TAFA, F=Fta¥, &
FIFATY, hINK, T¥L, FINY, T,
A YNF, vy, VKO8, EEEFT A
A, RTAD2HTH o7 (Table 4).

0 bWjELE L THEN LI N BED S H
ST, ¥4, IRYINF, vT Y, AN,
AVARTHoFo A=FaE, A5 7F4771
20000 EDH, TAF A, HINF, T¥L, FINn5,
T, AV F, ey, TV, THY A H1F2001
EORFENRER S N,

% &=
K25 m OEF M T, MM BRI IR A &
9 r HZE#BT 5 & ARLMED SBAA RS hiRD
2o EHITWENS 148y ARIZIMED LI 5
MAREMY, 341 7 HET 5 LA L <

Table 4. Fish species caught with angling in waters around decks for angling which were set in the vicinity of wooden

reefs off Nobase.

) . Month in 2000 Month in 2001
Fish species TWem) " FIMIAME D Ao NP NIFMAME T JAE 0N
Chrysophrys major 10-45 |A A AJAIATA OO A A IO A A IO |@ (O |A [O @ O |A
Navadon modestus 15-25 |O AlAOIA IO A 1@ (@ (@ (A OjlalolCc e e e le |
Trachurus japonicus 10-20 A |A Ole @ e @@ A A Cl®/®®|® e @0
Sebastes inermis 10-25 |A |@ |O [A A |A O i®0J0 |@® [0 A A A
Pleuronectidae sp. 25-40 A A O A A A [A A A A O 1A [A
Oplegnathus fasciatus 10-34 |A A A A A |A A A |A A A A
Acanthopagrus schlegeli | 20-50 |@ |O |@ |[A A 1@ (@ |@ O (@ (@ |O (0] A
Sillago japonica 15-20 A A @A (A A A A A A
Sebasticus marmoratus | 15-25 A A |A A A A A A
Lagocephalus wheeleri 20-35 A A A A lA A A A
Paralichthys olivaceus 30-52 A A A A A A A A
Clupanodon punctatus 15-20 A A O |A O |0
| Mugil cephalus 40-50 [A |A A A A A
Platycephulus sp. 40-55 |A A A A A A
Sparus sarba 20-25 |A [A A A
Labridae spp. 10-20 A O A A
Siganus fuscesceus 20-30 A A
Pnematophorus japonicusg 20-25 A A
Lateolabrax japonicus 35-80 A A A A A
Hexagrammos otakii 20-30 A A
Inimicus japonicus 20-25 A
| Engraulis japonica 10-13 |A |A A
Stephanolepis cirrhifer 10-20 A A A A A A
Calotomus japonicus 20-30 A
Epinephelus akaara 20-30 A
Seriola quinqueradiata 3040 A lA A
Seriola dumerili 30-40 A
Epinephelus akaara 20 A
Synodontidae sp. 20-30 A
Sepioteuthis lessoniana | 20-30 A
Octopus vulgaris 3040 A A A A A (A A A A |A

Symbols show number of days each fish was caught.
A :1-4days
O :5-9days
®:9< days
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A, BEHOHKGHFBENTEIHIh -7 (Fig. 2).
SHISH L, KE7TOmOTHEM T BRAM AR R
B1E2 » AT, BESDP LA TV B RET,
KRB 3IE2 » AT ) R RO ZHLE LTHAR
o7 EAME SR TR MR B 28
BhOMEITIRIRD O Z 2T, Bk L0 BEHagED
BAERZTEBPOZRE ) 2EREIEV & HEE
Shb, FHREREOMEMAEIIOVWTE, HEE
TOMEABFHBICIHER S hTORVS, s
5341y ARGBL-AETHRGABEH T 2 REICHE
fAEA TV (Fig. 2) S&35, kB 4FEHIC
BAEDO LR, SBIEFE L EATV DL FH
Xhb,

PP S IS BT AN EEE Yo MBEKEE 5
M Dzh e ikt s L, HREBETEF s A
AYRO 1 HH47351Hk/0.16n, 274 EFFEO
1 fiA329490M84K/0.16m, 75 7 4 2 3 5328M84k/0.16
mHELZ20H L, THBPTCEIF 2L VEBD1
A 12422M84k/034nd, F27 4 E FFED 1 HiH%6,939
/034, 7F 2 4 » VRO 1 FH238M/0.34nd
L, WREHED LB 7T 24 4 VEBO 1 BB L
RO, FILLAVBOIEBRUCXFIAEFREDL
BIXEBMIIZ V. 2OZENS, BHEBEOL D
MM AEO B AR L DI, T OKBO RIS
ZEFI7ALVEBOIEBREPF 7/ EFFRO 1N
%L, ChooRAEPKREIZEL TR LERESN
%

TR O B M A TIZ35M & v 9 2Rk U A
BET 2 EAHILMCSATYS A, Bk
CBWTH20MM L 2HOFUREAH ) HETHES
NTW3IE%h, HARERVCKSTF L ERECTI7THED
AEOBEEIHER SN TBY (Table 4), FHBIMI
bEVEOLTEGABS B AEIIEET S L
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L Y/ A A SO Al

Bk R D E A DOMK (Tables 2, 4) LFH
i OREROME FRET 5 L, WEHICIGEL
THHELAMEE, 19 F, I YI5NnF, h4d,
AINFE, RoH¥, 7Y, TVHEH, <H¥N, w51,
INY, AN, THARR, TV THo7z, F,
HEEHETOAMBL AL, 2 TV54, 7
¥4, ya¥x, a/,vu, ¥7, 7449, 74+
A, F=Fa¥, 74 A, ¥ AEORE - WB
HoOXEHTH -7z THEBHTOAMBL-AME,
rawrsa, avyry, <MV, Y7, &I
<¥, $USEQOEELDIEIPIC, TATIIA, T
HAY, 4 bFITAL, FFL, ATRTEORLW
BUHATHRAETH - 12

BkoZ &hs, B o MR AR H
MIFHBHOAEL VIZEVEEEIhL DD,
R - NEROAEZ ERICEREAREZEESES
MREEALTCVEEEZ S,

| 3
AL BHE LTz 72w - R A s R A
B ZE A 50 T AT STl 1 1120 & B39 %,

X [

1) WEFIEN - SR - & W - #okeEl (2004) 10
DR H AR R S R Ao By
TAHAZE - T, INERFESMICIER S h: BER A
BEORRE L WAL, ILNBKENEL Y ¥ -
Wi, 2, 133-138.

2) BAEE  ROME - Axil - Frimx - R
T2 PHER - KN KE— (2000) SEAEDH
REFE. KLEHE, 22, 1-14.
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I TTB B ARy RIS TR R S 7z MM ko
MR BS S5 —1I
IR TERR S N7z AR AR O SO SR R0 R B OV I 4 2
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Study on Effect of Wooden Reefs in Coastal Waters off Yamaguchi Prefecture,
Southwestern Japan Sea-IlI
Fish Gathering Effect and Life Span of Wooden Reefs
in Waters off Kogushi, Yamaguchi Prefecture

Mitsuhisa KawaNo, Toshiteru WATANABE and Kenya YAMAMOTO

In order to elucidate fish gathering effect and life span of wooden reefs which were set in waters
off Kogushi, Yamaguchi Prefecture in 2000, we conducted angling surveys and observations by under
water video system and divers in 2001-2003. Observations by divers showed that the reefs were
burrowed by marine burrowers such as Teredo navalis and collapsed in three years. Thirty-one fish
species which lived in shallow waters were found around the reefs. Catch per unit effort of the reefs
was not smaller than that of adjacent concrete reefs.

L ETR BT N i, BT A AR S o
T20004F A & BRI L L TV B, B E
F 5 R AEO TR, BP9 TI S B I R OB
WSROV T 3 4 RO DT MATH Y, SHER
MEBEOLRE S 5ICHEL Tw L 720101, &
BB RBEON R L HAR RIS NI L TH LR
5B %o

ARZETIE, RIS S N7 BIRH AHE % 5
& LT, 20014E B U20024E IS KRER P ERESZ
v, BMEEOR MRS AFIBERRE 52T 5
Y, TR ROBRERLG OREEEL
WA L7,

=12

[~ 08’

MERUVFE
BURAHA AL R S R HEARIE, BRI NER I, A : . |
EBMOBE DR TH B (Fig. D, Fig.1. Map showing the site of wooden reef's (close.d
) square) and concrete reefs (closed circle) in
B ERAF M 1, BRI G & FRRIC 1.5 m o B waters off Kogushi, Yamaguchi Prefecture.
(#) ZHMBICHATPRICEGZ AN, 4BiIct

* BE D INDRAKE SR

34° 06'N
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BEfHI72b 0T, 20004E11H 12353, 20014E10H 12
328, 20024E11 B 31 & ik shz, 2o b,
20004E 11 HICiRR S -2 SR & & L7,

2001410 H24 0, 20024E11H20H K Uf20034E11H 17
HiZid, KL D AEOBAREZ /AL 72

BAEIZ BT 2 W EAOMRIL, 20014E10 H ~20024F
A TIHORBERERBE 2 A LBEMA
L, K7L ¥ (HLEMHBRSERT 4 R-N),
—AKgY, BROBKIZL DTS2,

A FURE I 423 5 AURIDSIIAR AT IS A - FaLd
BIFIALY, X748V EORNEEDY 29
BLT0EZE) »HERET 720, 200245 A10H &
C12H 3 BIZiT o 7B AMARNE THE S -8
DHENEY = Rz,

20024F 8 A26H K& UF12H 3 HiZid 1B i A it
B2 ALBIZE Y MM AMELON (34%n) L
(Fig. 1 BHE, KE38m) ©oa>r ) — MagEl £
(251%¢nd, 20004E11H&E) BV T Atk D
HERB L TV, WHEM RO 2T 72 89ARK
LVIERRIIE, WHE D 3 AT60~80& L, 1A
1 BR1002E i 47 ) ogyE R (CPUE) TR
Re L7

KRR O KR - HOSOFMELE B/DL D12,
2001410423 H, 12H19H, 20024E 2 H25H, 4 A 3
H, 6 H3H, 8 H26HIZ, WINIEMMERAEME 2 <
ALBOSTD (7 Vv 7 &ETASTI000) & YK,
Wzl

# R

K - \EHRE AAERoOKEREE (Fig 2), 2001
E10HI1321.7~21.9C TH - 288, ZOHKTL,
12H121316.5~16.6C, 20024 2 AICIZER TRED
133~136C L e o720 4 AVKAKRITAEICERAL,
4 Hi2i3145~147C, 6 HI12ix197 (K@) ~21.6C
(F£8), 8 HIT3216 (K@) ~243C (FME) L%
v, FHTEREZRLI

Hri (Fig. 2), 2001410 A DBERAMICEL 20,
10H121333.6, 12A121334.2, 20024 2 AICIZ4EMT
BRHED345~34.6% R Lize ZOBEMIKBIHKT
L, 4 Bi2id342, 6 Hi2i3339 (£8) ~340 (K@),
8 HITId338 () ~341 (K@) %R L7

BHEOBEMRUHEEDHORRE 20014E108 248
GLEH 5115 B#) B ARREEIC T Y Ao R

MEMELLEE (Fig. 3 A, B), 70~80% DMz A5
FAh, BESFABNZAIE B THE2 ~ 8
mD/NE R RKPBNT Wz, MORMICIE2r AV
R VVREIMME LTz, SO DEYDOFED
LHROMOROTREGHPRICHEZTE 22,
20024E11H208 GL#» 5 2 4E#8) oW ARETIZ
(Fig. 3 C, D), 90%U LOBEAHANT Iz, #
WK EEPOTEHETIF 74 00ICE5ERONS
AREOEERZRIE S, MizAOzdle LT
LEMY, - HOM TREEAOHKH BN L TV,
Dz, RKODOEBRIZIFEALHETHILIZTE
Ripolze 727210, BEAPL Yo TV LM Tk
OBIRIZIFEAEED-TBELT, BROFEEIILY
AMEBEEHWCILZ2EEL LB TVEIICASH
72
20034E11H17H (R~ o 34EH) OB ARETIX
(Fig. 3 E, F), AEOEHEL TV IEHr LA LE
NIZGRATIC BB S h - falkid, S e ot 25k
LIZEAEHERL TV, —F, BHELAREITHM
THNCRESNARICES, HOBMINENDL D
D, fAHEO LEIZHBELHEEL T,

AEOIBERRT #AEXPMZEL CHE ERSH
AR OB BII31TH - 72 (Table 1),
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Fig.2. Seasonal changes in water temperature (upper
panel) and salinity (lower panel) in waters off
Kogushi, Yamaguchi Prefecture .
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Fig.3. Configurations of the wooden reefs on October 24, 2001 (A, B), on November 20, 2002 (C, D) and on November
17, 2003 (E, F) that were set in waters off Kogushi, Yamaguchi Prefecture in October, 2000,
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Table 1. Number of individuals of fish gathering around the wooden reefs off Kogushi, Yamaguchi Prefecture in 2001

and 2002.
. . 2001 -~ 12002

Fish species THem) 10t 23]0ct 24 [Decb [Dec20[May10 [May10 [Aug 26 ]Aug 26]Nov20]Decd | O
Trachurus japonicus 10-17 300 1 1 120 422
Saurida undosquamis 21-40 1 3 4
Lutjanus vitta 10 3 3
Sebastes inermis 6-12 38 20 58
Chrysophrys major 10-15 1 70 140 211
Oplegnathus fasciatus 22-40 3 1 30 50 84
Plectorhynchus cinctus 20-25 4 1 5
Plectorhynchus pictus 35 1 1
Epinephelus septemfasciatus 21-31 3 13 2 2 1 5 26
Stephanolepis cirrhifer 12-26 4 45 2 5 2 2 50 3 113
Navadon modestus 22-33 3 35 1 1 5 1 46
Takifugu niphobles 10 8 8
Choerodon azurio 17-30 12 1 13
Chaetodontoplus septentrionalis 10 19 19
Halichoeres poecilepterus 15-17 9 1 15 25
Pseudolabrus japonicus 12-21 1 4 4 3 12
Sillago japonica 17 23 23
Upeneus bensasi 10 9 9
Sebasticus marmoratus 16-20 10 3 13
Pterois lunulata 17-20 4 1 5
Cirrhitichthys aureus 9 1 1
Takifugu poecilonotus 11-17 4 4
Apogon fukuii 10 1 1
Callionymus flagris 10 1 1
Apogon semilineatus 4-10 45 300 345
Parapristipoma trilineatum 10 1 1
Parapercis multifasciata 15 1 1
Dentex tumifrons 15-30 7 7
Chromis notata 10 1 1
Oplegnathus punctatus 25 1 1
Unknown 10-25 5 5
Total 14 649 11 4 3 40 14 8 714 11] 1468
Observation method* A D A A A U A U D U

* A:angling, D:divers, U:under water video system

D) LHRBRYMD S oz L 10, <7 Y
(422RR), 27w ¥4 (B45R), =¥ 4 (211R8),
AINE (113R), £ ¥4 (848), A3 (58R),
TV INE (46R), T (26R), Frvky
(2512), Yu¥xz (23RB) Th-o7.

IBEAOEMBBEHRFENCRS &, BKRET
247, SYERATIE, Kh7FLERETSHETH D,
EARECHR L 2HEEENRDIE D o 72

20014E10 24 H O AR E TR SN IZABOER
EEAY 1300 AR E RHEERBEE 7 & o
& LA E, BISAORERIZ2380kgT (Table 2),
B L -AER118ZE M Th o720 T, Bty
BHET 5 E020kgTH - 720

BEADBARY 200245 H10HICSEL 724 ¥
¥4 1R, <% 2R, vy~YI5¥1/R, 12H3H
B LR Y INF LR, AIUNF3IR, YT
3R, YH /RS 3B, AFFIFRA1ROBHNE

Table 2. Fish amount gathering around the wooden
reefs in waters off Kogushi, Yamaguchi Prefecture
based on observation by divers on October 24,

2001.

Fish species TiL(cm) _No. of inds. Estimated weight(kg)

Trachurus japonicus 10 300 1.95
Saurida undosquamis 40 3 212
Lutjanus vitta 10 3 0.06
Sebastes inermis 6-12 38 0.65
Chrysophrys major 7-12 70 1.65
Oplegnathus fasciatus 25 3 0.94
Plectorhynchus cinctus 20 4 0.64
Plectorhynchus pictus 35 1 0.86
Epinephelus septemfasciatus 25 13 405
Stephanolepis cirrhifer 12 45 0.66
Navadon modestus 22 35 3.55
Takifugu niphobles 10 8 0.06
Choerodon azurio 17-30 12 2.58
Chaetodontopl P jonalis 10 19 0.38
Halichoeres poecilepterus 17 9 0.74
Pseudolabrus japonicus 20 4 0.50
Sillago japonica 17 23 1.89
Upeneus bensasi 10 9 0.13
Pterois lunulata 17 4 0.33
Callionymus fagris 10 1 0.01
Apogon semilineatus 4 45 0.06
Total 649 23.80
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Table 3. Gut contents of fish caught by angling in waters around the wooden reefs off Kogushi, Yamaguchi Prefecture

in 2002.
Date Fish speces No. of specimens TL(cm) Gut contents
May 10 Oplegnathus fasciatus 1 17 Fish bones, Crustaceans

Epinephelus septemfasciatus
Navadon modestus

22-29 Fishbones, Bivalvia, Bryozoa
23 _Copepoda, Bivalvia, Gastropoda

Dec. 3 Navadon modestus
Stephanolepis cirrhifer
Sebasticus marmoratus
Pseudolabrus japonicus
Parapercis multifasciata

- W W =N

26 Amphipoda, Gastropoda, Ostracoda
17-18 Amphipoda, Bivalvia, Bryozoa, Invertebrate eggs
14-20 Crustaceans, Copepoda, Digested matters
11-16 Gastropoda, Bivalvia, Crustaceans, Fish scales
14 Digested matters

Table 4. Comparison of catches* around wooden reefs
(WR) with those around concrete reefs (CR) off
Kogushi by angling in 2002.

Fish species Aug.26 Dec.3
TL{cm) WR CR WR CR

Stephanolepis cirrhifer 17-23 394(2) 196(1) 323(3)

Trachurus japonicus 15 122(1) 154(2)

Pseudolabrus japonicus 12-15 191(4) 128(3)
Halichoeres poecilepterus 16 48(1)

Takifugu poecilonotus 11-17 216(4)

Apogon fukuii 10 15(1)

Cirrhitichthys aureus 9 18(1)

Lagocephalus wheeleri 14-16 138(2)

Saurida undosquamis 17-28 359(2)

Navadon modestus 26 259(1)

Sebasticus marmoratus 13-20 226(3) 274(3)
Parapercis multifasciata 14 42(1)

Dentex tumifrons 14 87(1)
Synodus macrops 17 38(1)
Total 1009(14) 847(7) 878(11) 379(5)
CPUE™ 743 84 958 50

* Numerals show catch in weight(g) and numerals in parentheses show catch in number.
** CPUE=catch in weight (g)/person/hr./100m’ reefs.
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Movements and Typifying of the Prices of Fish and shellfish Landed
from the Seto Inland Sea off Yamaguchi Prefecture

Hiroshi Kimura

Since 1997 prices of many kinds of fish and shellfish have fallen sharply at the landing port facing
the Seto Inland Sea in Yamaguchi prefecture. Comparing these prices in 2002 to those in 1985, 63 out
of 80 kinds of fish and shellfish have fallen in terms of monetary amount in 2002. The prices of many
kinds of fish have fallen sharply, but those of more than half crustaceans have risen. The prices of
mollusk have not fallen so sharply compared to those of fish.

Braking the movements of fish and shellfish prices during 1985 to 2002 down into several types is
necessary to analyse the consumer needs. At first, the cluster analysis was employed for the
movements of 50 kinds of fish and shellfish prices, and 43 of them were classified into eight types.
For the cluster analysis standardized prices were used. Secondly, three years running means of
standardized price were calculated for each of eight types. For remaining seven and 30 kinds of fish
and shellfish prices, three years running means of standardized price were also calculated. At last,
similarities between three years running mean of remaining 37 fish and shellfish prices and that of
each of eight types were calculated to decide the type to which they should belong. And each price
movement of 80 kinds fish and shellfish was able to be classified into one of eight types.

Key words : fish price ; typifyication ; typology ; cluster analysis
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Freshwater and temperature transports through the Tsushima-Korea Straits
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Atsuhiko IsoBe™', Mitsuru ANpo™', Toshiteru WATANABE ™,
Tomoharu SENjYU™, Shigehiko Suctnara™, and Atsuyoshi ManDpA ™’

BIEEET, KB KT, ELBRET, TREET, BEEET, THEET

J. Geophys. Res. (2002), 107, 1—20

Using acoustic Doppler current profiler (ADCP) and conductivity-temperature-depth (CTD) data
sets obtained from 1991 to 1993, volume, freshwater, and temperature transports through the
Tsushima-Korea straits are estimated. To remove tidal currents contained in raw ADCP data, tidal
currents are calculated using harmonic constants obtained by ADCP surveys from 1998 to 1999. The
annual mean and range of the volume transport through the straits are 24 Sv (1Sv = 10°ni/s) and
0.8 Sv, respectively. These values are consistent with those of previous studies. The annually
averaged freshwater transport is 33 X 10°%kg/s, which is the same as the total river discharge around
the Yellow and East China Seas. This suggests that the total river discharge and freshwater
transport through the Tsushima-Korea Straits are the prominent two components in the freshwater
budget, averaged annually in the Yellow and East China Seas. The annually averaged temperature
transport through the Tsushima-Korea Straits is 0.17 PW.
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