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Abstract

Penaeid shrimps are mainly distributed in shallow and inshore tropical and
subtropical waters. Worldwide, they support fisheries of significant importance and are
important for the small-scale trawl fishery of southwestern Japan. The annual catch of
penaeid shrimps in Japanese waters has decreased with the decrease in the number of small-
scale trawlers in recent years. The decline in coastal fisheries such as the small-scale trawler
is not desirable for the maintenance of regional industries and the diversity of food for the
nation. For the sustainable running of small-scale trawlers, management of resources of
penaeid shrimps is important, aithough there have been few studies on the life history of
penaeid shrimps in the Japanese waters especially on small-sized species. In this study, the
penaeid fauna, the vertical distribution of the penaeid shrimp assemblage on the continental
shelf and the life histories of the major four species on the continental shelf are described and
discussed for the sea areas around Tosa Bay (33°N, 133°E), Pacific coast of Japan, an area
influenced ‘by the warm Kuroshio stream. Further, the management of penaeid shrimp
resources for the small-scale trawler in Tosa Bay is discussed.

Many specimens were collected from 1994 to 1999 using bottom trawls of small-
scale trawlers (< 5 GT) from the 0-80 m in depth in nighttime operations and of the R/V
Kotaka-maru III (49 GT) and IV (59 GT) from\ the 50 to 1,000 m in depths in daytime
operations in Tosa Bay, or using a push net from a small boat with an outboard motor in the
river-mouth estuary area in Urado Bay, which is semi-enclosed and connected to Tosa Bay.

A total of 35 species of penaeid shrimps were collected from Urado Bay and from O -
400 m in depth in Tosa Bay. No penaeid shrimps were collected from the waters deeper than
400 m in depth. The distribution patterns after settlement of the penaeid shrimps around Tosa
Bay were classified into the following fivetypés. (1) Estuary type (one species); juveniles and
adults are distributed only in Urado Bay; Metapenaeus moyebi. (2) Estuary — upper
continental shelf type (six species); juveniles are distributed in estuaries and semi-enclosed
areas and migrate to the upper continental shelf (< 80 m depth) of Tosa Bay with growth;
Marsupenaeus japonicus, Melicertus latisulcatus, Metapenaeus ensis, Penaeus monodon, P.

semisulcatus, and maybe Metapenaeus intermedius. (3) Continental shelf type (twenty-three



species); juveniles and adults are distributed on the continental shelf (< 140 m depth) of Tosa
Bay; Atypopenaeus stenodactylus, Melicertus marginatus, Metapenaeopsis acclivis, M.
barbata, M. aegyptia, M. dalei, M. dura, M. gallensis, M. lamellata, M. mogiensis mogiensis,
M. palmensis, M. sinica, M. toloensis, Parapenaeopsis cornuta, P. tenella, Parapenaeus
fissuroides, P. lanceolatus, P. longipes, Trachypenaeopsis richtersii, Trachysalambria
albicoma, T. curvirostris, T. longipes, T. sp. (4) Continental shelf — continental slope type
(three species); juveniles and adults are distributed on the continental shelf and the
continental slope (= 140 m depth and < 400 m depth) of Tosa Bay, mainly on the continental
slope; Metapenaeopsis lata, M. provocatria owstoni and Parapenaeus sextuberculatus. (5)
Continental slope type (two species); juveniles and adults are distributed on the continental
slope of Tosa Bay; Parapenaeus fissurus and Penaeopsis eduardoi. The penaeid fauna in Tosa
Bay is the richest compared to other reported Japanese waters. The warm environment in
winter (> 15°C) due to the effects of the Kuroshio are important for thé rich penaeid fauna in
Tosa Bay in addition to the varied habitats from estuary to continental slope in this area.

The density of all penaeid shrimps in each depth class on the upper continental shell was
largest in 45 m in depth and smallest in 5 m and 75 m in depths, the distribution pattern
looked like a normal or binomial distribution. The species composition of penaeid shrimps
changed successively in relation to depth. Each distribution pattern of the main nine species
also looked like a normal or binomial distribution each with a different mode and range,
although some of the distributions partially overlapped one another. The depth range of the
distribution of each species had seasonal stability, although the density of each species
changed seasonally. On the other hand, on the grain size composition of the bottom, fine
classes dominated in the deeper area and the change of the penaeid species composition by
depth corresponded to the change of the grain size composition of the bottom by depth.
Successive changes of the species compositioh is important for the richness of the number of
penaeid species on the upper continental shelf of Tosa Bay.

Ovaries were observed histologically to make clear the maturing processes and the
spawning seasons of the main four species on the upper continental shelf of Tosa Bay; namely
Metapenaeopsis aegyptia, M. barbata, M. dalei and M. sinica. Seven stages were

distinguished in the oocyte development. The cortical crypts, which have been generally



reported to occur in the pre-maturation stage of oocytes in penaeid shrimps, did not occur
even in the ovulated oocytes. Since ovulated or the late phase of the pre-maturation stage
oocytes co-occurred with earlier stage oocytes in the same section of the ovary, each species
was concluded to be a multiple spawner which have short spawning intervals. Monthly
changes of the occurrence of each developmental stage indicated that the spawning season
was throughout the year in M. dalei and in early summer to autumn in the other three species.
Such a long spawning season confirmed in M. dalei has not been recorded in other penaeid
shrimps in temperate waters including Japanese waters.

Seasonal changes in the carapace length (CL) composition and gonad somatic index
(GSI) were observed to clarify the structure of the populations of the above four
Metapenaeopsis species.

In M. dalei, there were several generations a year, a large body (maximum size CL
17 mm) and long life (about six month) generation from winter to spring and a small body
(maximum size CL 14 mm) and short life generations (of several months) from summer to
autumn. Links of the spawning season of each generation made the spawning season of the
population long. One generation a year with a short spawning season in summer in M. dalei is
reported from other waters coldér than Tosa Bay in winter and spring. It seems that the
smaller maturation size and prolonged spawning season in the warm environment leads to
shortened generation periods and an increase in the number of generations a year in M. dalei.

In the other three species, there was one generation a year, a generation spawned in
the current year api)eared in autumn, grew even in winter and lived to the preceding autumn.
On the other hand, their body sizes were different from each other, M. barbta is the largest
(maximum size CL 26 mm), M. sinica is next in size (maximum size CL 22 mm) and M.
aegyptia is the smallest (maximum size CL 18 mm). Spawning was made mainly by the
generation spawned in the preceding year, but it was confirmed histologically that some part
of the generation spawned in the current year matured at a small size and spawned in autumn
after they had just recruited. In M. barbata, it is reported that the generation period is two
years with a stagnation of growth in winter and spring, when the water temperature falls lower
than 15°C in the inshore waters in Japan such as in the Inland Sea. It seems that the

generation period is shortened by the rapid attainment to the maximum body size by the



continuous growth throughéut the year in warm waters such as in Tosa Bay. Based on this, the
generation period of the Metapenaeopsis species is concluded to be changeable with the
effects of the ambient water temperature.

Two patterns of the life history of Metapenaeopsis were observed, one was observed
in M. dalei and the other was observed in the other three species. In tropical waters these two
life history patterns are potentially interchangeable, if almost all the individuals spawn within
the first year and the generation period is shortened. On the other hand, such
interchangeablity of the two life history patterns may not occur, if each life history pattern is
specific to each species group, which is classified by the presence or absence of the
stridulating organ on the carapace. The stridulating organ is absent in M. dalei but present in
the other three species suggesting that the life history pattern may be inheritably different. In
order to clarify the life history patterns of Metapenaeopsis, more species in different
environmental conditions require examination.

For the diagnosis of the stock of penaeid shrimps on the upper continental shelf of Tosa
Bay, data of catch of shrimps and fishing effort (number of boat day) of the beam trawlers in
Mimase Fisheries Cooperative Association from 1970 to 2000 were analyzed.

Fishing period was from April to December. Monthly CPUE (catch number per unit effort)
increased from April to May and decreased from May to September in most of the years.
Monthly Z (total mortality coefficient) and gN, in each year were estimated by the regression
banalysis to the following formula; In (CPUE) = In (gN,) — Z(i+1/2); then, g is a catchability
coefficient, N, is an initial stock number in May and i is a whole number which increases
monthly from May to September. M (natural mortality coefficient) was estimated to be 0.208
by Tanaka’s low (2.5 / life span, (which was twelve months in the shrimps) and 0.270, which
was the same value of the smallest Z estimated above and was a too large estimation, was also
used. Z was estimated to be between 0.270 and 0.749. N, after 1980 were smaller than those of
the 1970°s. The rate of exploitation from May to September was gradually increasing from
1970’s, each value in 1998 and 1999 showed almost 0.7 - 0.8. The present stock level of
penseid shrimps in Tosa Bay is estimated to be low comparing the past thirty years.

The relationships of biomass of parent and abundance of progeny tended to go near the

origin with the passage of time, although those after 1974, when the biomass of parent were



less than 400 ton, were not significant. Judging from such relationships after 1974, it is not
expected that the biomass of parent make sure the abundance of progeny in penaeid shrimps
of Tosa Bay. Then, it is important to make YPR (yield per recruitment) largest, together with
maintaining the biomass of parent.

Here, delay of the starting of the fishing period was discussed, because the shrimps grew
up until autumn. For Z in April, 0.1, 0O, —6.2, -0.4 and -1.0, which were included in the range
observed from 1970 to 2000, and for Z from May to September, 0.725, 0.575 and 0.412, which
were the largest, the average and the smallest values in the 1990’s, were used. For M, 0.208
and 0.270 were used as described above. In the result, it was expected that closing the fishing
period in April made the total catch weight in the fishing period to increase, maximum 1.1
times larger. Biomass of the parent was estimated to be 1.07 — 1.47 times larger. It was
estimated that closing the fishing period in April and May did not necessarily made the total
catch weight to increase. In conclusion, it is necessary to close the fishing period of small
beam trawlers in April for increasing total catch weight and maintaining parent biomass of

penaeid shrimps in Tosa Bay.
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Fig. 1-1. Annual catches (ton) of Kuruma prawn, Spiny lobster and Other natantia around the Japanese waters
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Fig. 1-2. Annual catches of "other natantia”, which denote all natantia except Kuruma prawn and Spiny lobster, in each
fishing area around the Japanese waters in 2000.



ZENEN 1 T4EMNL2F6FIARETHALE 0Lz, I<2FEXVY
L TZDMDZTEI OEFORERIIBAVEMIZH D Fig. 1-1). ZOLI7% <3
FAXAV] & 120X O] OBREBEORAIE, 1980 ERUBO/NREVE HEEE
DEFEBE OB IZH>TE I » T 5 (Fig. 1-3).

TOXIRINEREOEERREZ, NMIXMELZEDLHEEEORBEOBANOIFT
LWZ ETiRw., ¥, FEEFESN TV IREBOREHEEEHEEDREEZR D L
TbH, —va@?’u\fifﬁ‘a%%ff’Eﬁ‘é‘é:k&iﬂxg’f“&aék%i%ﬂé. DD, RER
ETHERBFEOEBLINICIAREOLRERRDONTEY, HE RO NEE
VEHEBEIBVW TR AN YR vERIEEGSEBTHIED, FOBREYE
HREETHD.

BREIZBT A7V PRI CEOMNEIR, FTEMEARLE BRERESERE
REOMRLERO-TWVWEHIINEIZERLTEY, HHREE RRCLDZEREFO
L, B EENREICETIE ORI T T& % (2 iE Hudinaga, 1942).
¥, POTUBECXBREDEENEE Cho 27 F 4 =L Fenneropenaeus
chinensis TIi%, AWM HRRICETI2EENLMESLEREHER LOMERTTL
Nl (P12, 1967). FHEEEE, REX, RAEREOFZTERARWVWINED 7 L
TIERTZERICOVWTE, Tho2ERRENRLETHNBEVEEABEOEAR
BEHARAONEEZFLELT, ROLIICEBERWERITOLNTE .

S (1956, 1958), REA (1957) SMEFAMEICEST 5 EBEOHHREL &
EEEBAONTL, YV ¥ Trachysalambria curvirostris 72 I I REBEICHARE
EToTRCTI2EMERE, REUECLBEERZT - TRCT2EHAMREL D L
Lz, DNREVCEHEBECLIACHREERFIZZVEE T, LD RABAKER
BRFIZL - T, I = U Metapenaeus ensis, > /3T E M. joyneri, &= ¥ M. moyebi,
7 71 = ¥ Metapenaeopsis barbata, » T =Y M. acclivis, ¥ VT ER EDHHEHESE
ERIZOWT—EOHERTONTE 2 VW - 2938, 1951 ; &I - A8, 1953 ; M\
- B, 1954 ; J\HIfh, 1955 ; J\®I - BIJI, 1957a; 1957b ; F&'E, 1959 ; #i/ll,
1961 ; fL - Ak, 1991). Z0Mizdh, EBRFREBIZBTINE IV E/REERD
SAMBEHCEFELICET A EITE Y (AR, 1967 ; A, 1974 ; EHE, 1987 ; 1990 ;
BRH - SEME, 1990 ; [RHifh, 1992 ; LM, 1992 ; f6M, 1994 ; kM, 1996). & B
TiE, Mk (1963) 28 16 MO N~z v HEHOSFABLIUOREZHALIZLTWS.
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Fig. 1-3. Number of small scale bottom trawlers in Japan.
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T O, N (% - %, 1988), WMAEE (IME - TR, 1981), HEE GBI - 4K,
1982), FoEKWIRASE (BRA - 4k, 1977) 72 &2 bEER LR P REE S h
TWa. 2L, ThoORICE, IRECKEIIEI > THRESEFMTRRIEENR
RENTVZHOLHY, REAMEORBRA T LT ARL.

ROAERAQIZERET /N~ ER o VEIZET AR, MEVESHEBEEOR
ABRBEFREBRUMNORNBRICEFT L TITbh TE., LaL, HRARMICREZI V<
TERORMEIBAFERBERCRLRD Y, EHREKESN 15°C%TIEI§7J<1‘§ZT“&¢$§%£
BRIBIZHEA T 5 Dall, ef al., 1990). L7zB-> T, LFITB T BKEDN 10CUTITK
TI3HP/EOABHRIIZINZ R CEOSFEORKIIZEL, FOEMEMROER
TORODAEFBREIDMOFLTHLIEREEBRLIIRARZ LEZOND. Zhizx L,
BHOREBLZRMFT TS EBOXREM LTI, EEKIEKER I5SCE2TEZZ LI
\E & A S, A TIE, Hayashi and Toriyama (1980)i2 & » T T H 4L = E %
e LU TREIN, Bl - (1982) I2XoT 26 EOBERREINDI LY, &R
EORNBEBIZHAREBERZ . Z20L51C, ERFRNERLICENS L, LEBORE
837/1(<7:EE‘ﬂ@fi%&k%E%Eﬁi&i%@ﬁa‘?ﬁ@*»bf*%5%&%7kiﬁ&:ifjb\. LaL, #fF
ROIDEZENEFRNEREICHARD L, TEBIIZBIZ 7V vROSABEECET
EDEERICETAIMEIIBRLNLTNS.

BB _72E5, BRPEIEAFHOI/N R EOHEETHY 2R
b, TORKRBEEHIIGTI2HRRZITHEEZLHIRETEARZY. RKFR TR, BRE
FOABETHEBRNEBRRHEB L ZOAZCBVT, ZArvm R EEOEMAR
EREWLEOFEROHESABLIOETHERALNMILE. £z, FOXIR4EY
FRMREZFALZERERIZOVWT, BRLEEZTo .
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28 FTHZERDIBIIA3VIIIIECHBYHEFOBESLUESE

TEEZ, RERBEEFHRORIZH > T, KFELCMP> TRELHANTNE LD,
HMEETRNADLIEHBOREBLRIZITE. To—F7T, CENSEIE I EORIIIK
RPEFALLORNBARILAORNOTEEEZR T TRY, BEROBKIBELZEAT
EThdeEZLNTWVWS (EAM, 1985). T HEBREROEE LT OB
@$ﬁ ﬁ$2%mqum%1Mmﬁgiﬁ@m@ﬁ%#tk@mﬁ%ﬁw,%@
I BRAEE D EMKEAEZ & TKE 800~1,000m O HEHEBRIZORNE. £z, E
BRI RhERZROVTEBEAR 2L AV N TH D (WE - A, 1985). WFABIXL
EBFREOBMHICH HEILKN 6km OVL I ABORNBTHY, BEH 140m O
WHEBE T HEBICER T S (HE, 1958). HAEBRRBIZEISATREZRNLD 7 20
FIAFEAL, WAMIZIZNIRTFRELTEGRALND.

IDEIRBEEAETAITELBELTIE, THLETIZ 26 BO AV~ BHEH
DBEINTERY (GBI - A&, 1982), MAIERIHABENZNLLEZHBREL TS,
THEBEFRECRETZNHEEVCEEBRMOFAELRIL, 2000 F1 A 1 HRETHE
AW 8 ERIVEATRE 17 E08F 55 ETHD. BMAEEIT 4 PrElBob
DREL, BBHNEZ 15 BHTHD. BIEEFE—2ZAVTHEOZEATIFRY
Fo2RENBEVEPEETHD. BEKBILEBFREOKE 80m BEE TOKRE
WMEThs. BEIIZ 4~12 ATHY, BEFBIIEBER--TWS. NIV BE
BHRETHITICEBWTHEHES LM, MIAEBE LTLRAENATND

EoET, TEBRARICEAERETA I Ao PR vEORBBER oM ER LM
L, FBEROIA TR 2TH LT, MARLERLTEORBEERZ L.
T, IV R CEEFBREL WA/ EEREMBEOEERZHALNICILE

HHEEHE
AMETHWEERZ, 1993 £ 5 1999 ElC HEB R RE|IZB T AN EECEH
B PR AERENFAROREM PRI LIEVEEAESB LI FAEIIRT

HATIMABMIZI LI AN FHERAETCEEINLEZ LD THS.
AFBIE R MEEL (StRFE) L 3HEE, SamHo LEE R REOKE 0~80m
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DREIZ IV TIT - 72 (Fig. 2-1). ZORBABEFIPEEVCEBBRBIZCEEND. BE

g%

KA K 10m Z LI 5m - 15m + 25m - 35m * 45m + 55m - 65m - 75m D 8 > D KIE

W, 1994 F 4 A5 12 BITiE 5-55m I2BW\T, 1995 4 4 AHH 1996 £ 3 A
BELU1998 4 3 A & 2000 4F 3 BITiX 15-65m 1238V T, 1996 4 4 A b 1997 4F 3
A 35-75m 2B WT, ZNEFNA 1 BOBMBETo7. Eiz, 19988 AL 9 A
TiE 15-65m IZBWTAH 2 EIORMBEITo7. TFNEFNOKEFIZRBITLEAORHE
B 0-5 EIThHY, AEFRMBEIEIT 215 Bl T o 7 (Table 2-1). BV EE D4
X, ~y Fe—7Kk 136m, /77 Fe—7& 11.2m, MBEOES (HERONE) 18.0
mm, RHFMBOES 163 mm, FMDOES 103 mm, =y NV FEHE 5 mm 0T
M, MOME 5 mOE—AL ba—Tho(Fig. 2-2). RAELIT-=RERTILAERE
DIFIE 19 BEhn 22 RFOKRMT, REEEZ 2/ v Mo, REREEIT 15 SBEL
7.

lll

Ef Z 7R I (49GT) BLVZ i IV (59GT) L 2@EIZ, LEBESR
B DKIEE 50~1,000m D KIKIZI VD THT > 7= (Fig. 2-3). 1993 F 4 A5 1996 & 3 A1
KR 55~250m OED 14 OABEBHFIZEBNT, TP UL BLOIEZNA IV IZE-
THE 356 BIOBHEEIT > 7=(Table 2-2). F7z, 1996 £ 4 A% 1999 £ 3 Az, XK
R 100~1,000m DFD 13 DAKEHIZBWT, ZhahrR IVIZE-> THE 225 BORMBE
#4T o 7= (Table 2-3). AWEHEEOLHFERIRO/INBENEHEBERIZLZIFAETAHL
THbDERUTHEH, 2y Fz UV FHZHE 2 mm OEVEE LTy F—bo—
NTH o7 (Fig. 2-2). REZIT-RBHEIL 10 K16 15 KOBMET, BHEEEIT2
Jy bET#, BEREIXISoEE L. AFy vl ERAVWTRHELELLE Z A,
ORI RMAEE S~Tm TEEL T\,

FFBHEITIE, 1998 & 4 Ahbd 11 AUXFHEICLIRELZTT-o. XFHLI
FVIERADEEREDEDOR LET, BRLF=— VL BEEBEZKEIIEES Y,
NEIDRABBTH LELRIET, BE (RESORE) 20 mm OEFHOEHZ AL
7 (Fig. 2-4). REKBIT, RATAZHNALIEZNBIOTRIIOHAET, 27~
& Zostera japonica WEIX HIZ45H L CW iz (Fig. 2-5). AERFOKIEIX 0.5-1m BET
Do, KEOTHEZRTERIBH LD o7, BEZT-LBREFIAREOD
19D S 21 BORMT, AEMEE0HBEL L.

INLORETHRELZERIWRZLELRY, BORE, BEBEOHEULEER
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Fig. 2-1. Research area of the beam-trawl sampling conducted from April 1994 to March 1999.
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Table 2-1. Number of hauls of the shrimp beam trawl research in each depth in each month from 1994 to
2000 in Tosa Bay, Pacific coast of southern Japan

Depth (m) Jan. Feb. Mar. Apr. May June July Aug. Sep. Oct. Nov. Dec. total
5 0 0 0 1 1 1 1 1 1 1 1 1 9
15 0 1 3 2 2 2 2 4 4 2 2 2 26
25 0 1 3 2 2 2 2 4 4 2 2 2 26
35 1 2 3 3 3 3 3 5 5 3 3 3 37
45 1 2 4 3 3 3 3 5 5 3 3 3 38
55 1 2 4 3 3 3 3 5 5 3 3 3 38
65 1 2 4 2 2 2 2 4 4 2 2 2 29
75 1 1 1 1 1 1 1 1 1 1 1 1 12
Total 5 11 22 17 17 17 17 29 29 17 17 17 215
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Fig. 2-3. Research area of the otter-trawl sampling conducted by the R/V Kotaka-maru I1I and IV from April
1993 to March 1999.
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Table 2-2. Number of hauls of the R/V Kotaka-maru III and IV otter-trawl research in each depth in
each month from April 1993 to March 1996 in Tosa Bay, Pacific coast of southern Japan

Depth m) Jan. Feb. Mar. Apr. May Jupe July Aug. Sep. Oct. Nov. Dec. total

55 1 0 0 1 1 1 1 1 1 1 0 1 9
65 2 1 0 1 1 1 2 2 2 2 2 2 18
75 2 1 0 1 1 2 2 2 2 2 2 2 19
85 3 1 1 2 2 3 3 3 3 3 3 3 30
95 3 1 1 2 2 3 3 3 3 3 3 3 30
105 3 1 2 2 2 3 3 2 3 3 3 3 30
115 3 1 i 2 2 3 3 3 3 3 3 3 30
125 3 1 2 2 2 3 3 3 2 3 3 3 30
135 3 2 2 2 2 3 3 3 3 3 3 3 32
145 3 2 2 2 2 3 3 3 3 3 3 3 32
165 3 2 2 2 2 2 3 3 3 3 3 3 31
185 2 2 2 2 2 2 3 3 2 3 3 3 28
200 1 1 1 1 1 1 2 2 2 2 2 2 18
250 1 1 1 1 1 1 2 2 2 2 2 2 18
Total 33 17 17 23 23 31 36 35 34 36 35 36 356
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Table 2-3. Number of hauls of the R/V Kotaka-maru IV otter-trawl research in each depth in each
month from April 1996 to March 1999 in Tosa Bay, Pacific coast of southern Japan

Depth (m) Jan. Feb. Mar. Apr. May June July Aung. Sep. Oct. Nov. Dec. total
100 2 2 2 2 2 3 2 1 3 2 2 3 26
125 2 2 2 2 2 3 2 2 3 2 2 3 27
150 2 2 2 2 2 3002 2 3 2 2 3 27
175 2 2 2 2 2 3 1 2 3 2 2 3 26
200 2 2 2 2 2 3 2 2 3 2 2 3 27
250 2 2 3 2 2 3 2 2 3 2 2 3 28
300 2 2 2 2 2 3 1 1 3 2 2 3 25
350 1 1 1 1 1 1 1 1 1 1 1 1 12
400 1 0 0 1 1 2 1 1 2 1 0 1 11
500 0 0 1 1 0 0 0 0 0 0 0 1 3
600 0 0 1 0 0 1 0 0 1 0 0 1 4
800 0 0 1 1 0 2 0 0 1 1 0 2 8

1,000 0 0 0 1 0 0 0 0 0 0 0 0 1
Total 16 15 19 19 16 27 14 14 26 17 15 27 225
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boat

stern

outboard motor

Fig. 2-4. Push net "Sade-ami" used for the research at Urado Bay.
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E 4 Urado Bay

............. #5777 Tosa Bay

Fig. 2-5. Research area (shaded part) at Urado Bay in 1998.
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- DREZETo. RFRETIE, AEKEROZ Vv B CEO A KIS ZFFE,
R LE (KE 0~80m), KEHM THHEB0~140m), KERE (140m PUE) 247
TRl VA XDORTIZE, ERNFICRBIABREERE L ETHZIEE TOHEN
FECLmm)% A,

TEEFRBCTHRETINABECEHEAROZ BB T 2HEBEAB TIX, 7~
TV Penaeus semisulcatus £ 7 V< Tt % [KBEZXV], 3vy=v% (&2, 7
71 = ¥'J& Metapenaeopsis S° 3 /v = ' J& Trachysalambria 732 ¥ D/ <z ER % T/
2V L LTABTFZEF LTS, 2000 EOHBERBIZB T 2EFOBREES
LFUOKRBTEEOEEGE R, £, VNV OBREMHEREZFAB2D, 1997 £
4~12 Rz, HEEEHIZAGTINE Uhx] #8A 1 B, 5~10 kg Z2HE L,
EOHB, BERLEEQOHET T,

L

1. TEZERBDICETS5 LT EHEYHE

AETIE, PEECESHEBRAEZI > TEEBOREM EHE» S 31 &, #AE
FRZTEPR I BIPIV OREBIZL > THEBOREM EEH» S 6 F, KEWTHH»
b8 fE, KREMELL 5, HABWNARICKTO2XFEREAETIE 6 &, 47 358
DNV ERICEIRESINTE. ThoOEOHENORE/BEHLEERE, B
DREKFELEMFREE% Table 2-4 2R L7z, AEEKE 1,000m [ T - 7228,
KREA400m LV BV AKBETIE IV bR v BRI E o< RESN BN -T2,

EEALEDEBRKEM LN ORE SN, I~vET I =¥ Metapenaeopsis aegyptia,

TALY, V2 ¥, VT T IZYE M. sinica, 5 ¥ %NV ¥ Trachysalambria albicoma,
FUEAYNTE T nansei OREBERRE P72, BILT I EOREREKLE
ENEL, REMEBIIRBTILI2RELSETh-o. ZhDLOREIZR W TE, MNEOR
BENORBEOFREETCREEINEL. T F 47 NV~ Melicertus marginatus, ¥ 7T
HEY, YNXY =¥ Parapenaeus fissuroides fissuroides, b 7/ = ¥ P lanceolatus
EREMTHIZBERE LTV,

1 X ¥ Metapenaeopsis lata & XTI u :“— Y M. provocatria owstoni 38 X T A YN

Y7 = ¥ Parapenaeus sextuberculatus [T REEM TEHE L OREREICOM L. ¥,
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Table 2-4, Total number and weight of penaeid shrimps used in this study from Tosa Bay and Urado Bay, with depth range of the distribution and

carapace length range

Tosa Bay
Species beam trawlers RV Kotaka-maru I1], IV Carapace
(Japanese pame) upper continental shelf®  upper continental shelf*  Jower continental shel{* contincntal slope* Dcpl(hmlaange jength range
Number  Weight (g) Weight (g) Number Weight (g) Number Weight (g) Number  Weight (g) (mm)
(%) (%) (%) (%) (%) (%) (%) (%) (%)
1 Atypopenaeus stenodactylus 4 0.90 4 0.90 45.55 6.6-8.0
..{Maimai-ebi) (0.00) 0.00) 0.00) 0.00)
2 Marsupenaeus japonicus 26 1,133.83 301 1340 0.5-75 47-63.7
£0.01) ©32) (0.05) 0.12)
11 378.80 20 38 gsas 12.6-50.4
{0.00) ©.10 (0.00) ©.09)
18 3290 2 114.00 20 147 5115 79.61.8
{0.01) 0.01) 0.00) (0.05) (0.00) 00N
S Metapenaeopsis acclivis 151 346.65 151 347 3565 13.0-20.5
(Tora-ebi) 0.06) 0.10) 0.03) 0.03)
6 M. aegyptia 23336 36,640.80 23336 36641 4505 31182
e Mimase-aka-ebi) (8.15) (10.33) 4.25) 334
7 M. barbata 62,502 128,853.49 2,089.70 63,047 130,943 5.75 33263
ka-chi) 26.12) (36.34) (64.66) (11.49) (11.94)
8 M. dalei 47470 49,618.12 18.50 3 4.30 47,482 49,641 5100 30-172
) (19.84) (14.00) ©.57) ©.00) 0.00) (8.65) 4.53)
9 M. dura 8917 1077092 8917 10771 555 52235
(B.13) (3.09) (1.62) {0.98)
10 AL gallensis 71 39.20 71 39 15-55 47-11.4
(Gin-yo ebi) (0.03) (0.01) 0.01) (0.00)
11 A lamellata 1 270 1 3 15 11.8
(Hokkoku-ebi) 0.00) (0.00) 0.00) 0.00)
12 M. lata 1 0.20 2,128 2,094.70 5316 922070 7445 11316 ¢sa5n 86243
{0.00) 0.00) (3.07) (0.86) (2.25) (1.88) (1.36) {1.03)
M. lata and 147 43.70 606.25 66,859 23930940 230371 47947507 297,882 719434 45300 _
M. provocatria owstini** (0.06) (0.01) (18.76) (96.30) (98.69) (97.30) (97.56) (54.28) (65.59)
i and Minami-shiro-ebi)
694 621.54 694 622 535 56203
(Mogi 0.29) 0.18) ©.13) 0.06)
14 M. palmensis 341 830.79 341 831 15-55 50-21.3
©0.14) ©23) (0.06) 0.08)
15 M. provocarria owstoni 1,185 1,153.73 114 155.00 879 1,017.00 2,178 2326 45300 47.23.5
......Minami-shiro-ebi) (0.50) ©33) (0.16) 0.06) ©37) 021 ©4) 020
16 M. sinica 34797 57,783.12 144.20 158 412.00 35,004 58339 45015 20914
. -¢bi) (14.54) (16.30) (446) ©23) W Q1D (638) (532
17 M. toloensis 2412 425172 2412 4,252 15-75 33.202
(Mizo-tora-ebi) .01 (1.20) 044) 039
18 Metapenaeus ensis 9 174.60 1,489 4,490 0.5-55 3.534.7
(Y oshi-ebi) 0.00) 0.05) 027 041
19 A intermedius 7 181.30 7 181 1545 25.5.38.7
(Tosa-ebi) (0.00) (0.05) (0.00), 0.02)
20 M. moyebi 352 542 05 6.5-22.5
0.06) 0.03)
1,830 1,857.00 1,890 1,857 5.5 49.30.8
0.79) (0.52) 034 ©.17)
7 220 7 2 15 6688
(0.00) 0.00) (0.,00) (0.00)
8s 147.52 368.50 21 109.70 174 626 ¢si00 15.1-30.8
0.04) 0.04) (11.40) 0.03) (0.05) 0.03) (0.06)
i3 11510 13 H5 45050 143329
0.01) 0.02) 0.00) 001
25 P. lanceolawus 1 2.20 141 293.60 142 296 65-105 97.212
(Toge-sake-chi) (0.00) 0.00) ©.20) ©.12) 0.03) ©.03)
26 P. longipes 1 0.50 1.80 3 2 5575 82138
.......... {Ashi bi) 200 0:00) Q00 0.00) Q.00
27 P. sextuberculatus 1 3.00 2 14.40 3 17 135900 103-258
e Mutsuha-sake-chi) 0.00) (0.00) (0.00) €0.00) (0.00) ©.00)
28 Penaeopsis eduardoi 177 1,625.50 177 1626 350400 10.7-33.9
44444 .. (Benigara-ebi) ©07) 033) (0.03) ©.19)
29 Penaeus monodon 6 38 05 9.7-17.4
. 0.00) (0.00)
30 P. semisulcans 17 132410 3 1330 0.5-75 9.8-19.7
.. (Kuma-ebi) {0.01) {037) (0.00) ©.12)
31 Trachypenaeopsis richtersii 2 1.00 2 1 5 6.3-53
e S20:8E OGN 00).......... 00 (0.00) 090
32 Trachysalambria albicoma d 30,224 32,096.98 30,224 32,097 5.55 5.1.26.7
_______ (Shiraga-saru-ebi) (12.63) 9.03) (5:51) 2:23)
33 T. curvirostris 9300 1321673 9,300 13,217 5.75 45279
(Saru-cbi) (3.89) (3.13) (1.62) (1.:20)
34 7. longipes 3436 4,546.05 290 3439 4,549 35.75 16316
(144 (1.28) 0.09) 0.63) ©.41)
35T . sp. 12223 848132 12223 8481 9595 54223
(Nansei-saru-ebi) (5.11) (239 (2.23) (0.77)
Total 239,285 354.534.60 3232 69427 242496 236.758 491,468 548779 109684632
Total number of species 31 8 3

* Upper continental shelf, lower continental shelf and continental slope denote 0-80 m, 80-140 m 140-1,000 m depth, respectively. . . .
** Many specimens of Melapenaeopsis laia and M. provocatria owisioni arc still unidentified due to the complexity of identification for similarity of petasma of the two species.
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Yo el IFT I us VoREEARIIERSIZEL, MEORBRBE L KA
DRARBEGHEETCHRRESNE. ZThO 2BO— RN BARHELARIIBELULTRY,
RO 72 DICITATEROFHROBENRNLETH S, thelycum X LZMEORBHBIRIES
THDHN, HTIE petasma ZHEH L THAHETLELZRETOILENH Y, REFENH
HIZHEETHD., AR THAERBE S > TRKEZBEEINEZZ LD, 2L OER
WOWTRRAEELR->TWSB., &= E P fissurus & N=JH 7 T ¥ Penaeopsis eduardoi
EREREOZIER LE.

HEERATE IV, IVxl, T EREMhof. TV L U YT E Penaeus
monodon \IH FEB USRI ARERI R0 12,

KREEH EERDKIEE 50~80m D3 DDOKEFTHE, MEREIHEAMKZILIIRHD
E—A b=V EeREMZIEPIICEIZBROA Yy F— a2 —VO@EFEITY, TH
TE, VIV, vuxriIFITaxy, PFFHIIVE, YALFHFZZE, T
F A4 =¥ Parapenaeus longipes, 7 % %N T ¥ Trachysalambria longipes 73363 L
THREINEZ. ZRO0—BELZVOREEEHEIE, 7THhx2E, Fvxzv, vux
ElIFIvaxy, YFTHIE, AXPATCRBNTHEOREDOF NS,
RBIZ7 1oy, v, v 7Hhae, XV TEOEIE Lo 72 (Table 2-5).

BEOKBERSPLOREINTEZE TR, KERZJIZL>TEIA ANRERLZ B
& o7z (Table 2-4). 7 M~ VTR, HEFBEN OB TREI N 275 BEHER CL 4.7~21.2
mm, KEHEHCRESNRZ 26 EHEE CL 25.1~63.7 mm Thok., 7 hIV =t
Tid, BMPAAW DS CRESNL 9 BHER CL 12.6~13.6 mm, K L& CHRE S
iz 11 EEiE CL 16.5~504 mm Thott. I ETHE, BB OKTRESH
7z 1,480 {E{A A3 CL 3.5~28.9 mm, KEM EHTHEI N 9 EEIXCL 26.6~34.7 mm
Thote. 7T ETHE, HIABRNLOE»bBRESNT 6 LR CL 9.8~12.6 mm,
Al LA bEE S 17 HEE CL 292~49.7 mm Tho7. ZDL3IZ, Zhb
@ﬁfﬁﬁﬁ%ﬁﬂ@?ﬁ%éﬂt%@;Uﬁ@%i%fﬁ%éht%@@ﬁﬁk%
Mol ¥, 79470~ Ti, KR EBTHFEINLE BEEFEOEY A AR CL 7.9
~33.6 mm, REHTHRCHRESNZ 2EAERTIEICL 499 mmB LV 61.8 mm TH Y,
KEMERTRESNEZLOL YV KREMTHCTRESNLLDODOFRRE 1o 7.

NEOREEELIRBOREOLORE L LE->kBbhok. FHxE

Metapenaeus intermedius 13X RKEEM EE8C CL 25.5~38.7 mm @ 7 EEDORERFEE XN
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Table 2-5. Number per hawl of the species which were caught by the shrimp beam-trawl
research and the R/V Koraka-maru research from the depth range of 50-80 m

. Shrimp beam-trawl RIV Kotaka-mam
Species otter-trawl
Nighttime Daytime

Metapenaeopsis barbata 199.4 11.8
M. dalei 36.9 0.2
M. lata and M. provocatria owstoni 19.8 11.0
M. sinica 396.5 1.1
Parapenaeus fissuroides 13 1.1
P. longipes 0.0 0.0
Trachysalambria longipes 35.7 0.1
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‘tﬁ,¢ﬂ@$ﬁ¢ﬁg@%ﬁmﬁf%ﬁ%éhﬁ#ok.?Vlfﬁﬁﬁ%ﬁﬂﬁ
ICRBWT CL 9.7~17.4 mm © 6 EEDORBEDPELE SN, KREOREL L DK
PhobBEEIN Lo, YAXY =, ¥/ t, NFYH e TR, £ESFU
ADHRERIZEDZREZEFEICHELLS, LAEFOTHRL T RWNEDOREEIIREE
o TN3S.

A AT Y Atypopenaeus stenodactylus, 7% v 37 =¥ Metapenaeopsis lamellata,
AN R Y Parapenaeopsis tenella, V= € KX Trachypenaeopsis richtersii 72 £,

RAEHBZEBC TOTrRERESIRESNEETOELH o7,

2. THEOMDEREIREAETRESNSIVILIIEHIERE

2000 EILBITA2HEBBABONHUEVCEHEBEORKBITEIL 185 ~r, KRBT
&8I 6563 FATH-7z. ZTNIZEDDHEEHDE AL, MUV TEED23.5%
BIUEED 387%, [K2F2V] TEED 15%BLICEED 18.7%, & XV
TEED 04%BLIVEED 28% Th > (Fig. 2-6). ZZTRLE ZFof) %, &
FRA, ERXY, FHEAL, HAVY, RAvRE, ITHVIEREDEEHDAER
aVATETHoTZ.

TRV OBEREEALLIS, THIEHNEE - EAEKELEKRT, KVT
BEETIRYIHIA=Y, YV Y Y T HTY Metapenaeopsis dura, ¥ 7 H=¥, #F
FHALE, YL E, FTVEDIET, BEHTEY ) VYV TIZY, YIAYN
TP, ¥VTV, YFITHATE, PAZE, FXFFALEDOIETRKE Mo (Fig. 2-7).
F Oz, F 7 2= ¥ Parapenaeopsis cornuta, I <7 HTE, IFIT IV
Metapenaeopsis palmensis, 8 7 =&, ANV T E, EX T Y M mogiensis mogiensis,

SV NT T E M toloensis, AT EL LT MNIEENTVWE,
EZx
1. T#ERDICBTS9 LT IERT E}ﬁﬂ)ﬁﬁﬂ)ﬁﬁtfﬂ*ﬁ&@&?ﬁ
W o- Ak (1982) 1%, HEEMD 26 RO A EREREL TN, FORR

T, ST X I U Metapenaeopsis gallensis TIXEPERLZIZEIT D

DEDRREREINTIB LT (F, 1992 ; Sakaji and Hayashi, 1997), Y XH v, &
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Fig. 2-6. Portions of penaeid shrimps in catch weight and money in 2000 in beam trawlers (Mimase Fisheries Cooprative Association)
operating at Tosa Bay. "Kuruma-ebi" includes Marsupenaeus japonicus and Penaeus semisulcatus ; "Ki-ebi" includes mainly
Metapenaeus ensis ; "Ko-ebi" includes Merapenaeopsis and Trachysalambria species; and fishes are included in others.
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WM. barbata
gaM. dura

BT. albicoma

B M. dalei

B M. sinica

& 7T. curvirostris
T. longipes
DOothers

Weight Number

Fig. 2-7. Species composition in weight and numberof "Ko-ebi" shrimps taken from Mimase fish market in 1997.
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FTTHATE, ST HIE, FriEA AT ELRITETETH o - (Crosnier, 1985;
' Liuand Zhong, 1988; Galil and Golani, 1990; Sakaji and Hayashi, submitted). AHF%E Ti3,
THEBZBWNWTING 6 L, Fyazay, EX¥xY, YAZEERFXFOAE 9 &
R ICHER L.

TEETHZICERINLL 9 B, WIThbA U F-BXFERORE - AR K
1% % F 0T IE K 4y i % (Crosnier, 1985; 1991; #k, 1992 ; Crosnier, 1994; Sakaji and
Hayashi, submitted). EX¥ =t 3 4 EREIZH N, BRPERZOLON | BEEZERT
% (Crosnier, 1991). ¥ =t % 3 HEIZ PN, BAEEOLON | EEEZERT S
CEBHALNIIN, TOBEERY Sz ERAYANAY Sz EE LIELITRREINTE
7z (Crosnier, 1985). ¥Vt XX, +EEBUAORBERECTHEEMNELFEX
EPLOBREINTVBEDARTHY (Kubo, 1949; #, 1992), AMHETH 2 EEIERE
SNERTOBRETHE. Z0LHiz, TEBICBITA2 7~ R UHIT 35 &
Y, TNETOHREL Y RE B IMLE.

ABIETIL, K 50~80m IZBIT AT A=V, FVE, VITHIE, X%
NIEDO—HEHZYBREBEERIZ, Ay F—ta—NEYVE—-APr—AVTHEEILE
Dol LIHL, Ay F—te—ATRE—-Abaz—AEYVay F2U FEERMN
<, MOERBbLE»P>72Z b, thOFHEPRA L TONIEI=CEOREB/EHITS
v E— bR —NDOEREL RBLIICBEbNDE. —F, AR OZERTHE
ThYy, BRICIEERIZED (K, 1995). HEBHFREFIZBVW T EhRIC L
S TRMIZfThbAzE—Abu—nNbF o ¥ —ba—VOREMHERE R LR
T, =“vHEOFREEAELEIT 100m SUETRHELL AR, AEICREREI LD
ST (BB - @i, 1984). AMETHE, v F— e —ARBEREITbAZOITXL,
E—A br— AR REITbE., 20X RAEEFEBOEVDE, KE 50~80m 2k
WTE—A M2V TOREBEENRZVEVIBERELZEVE LD LEEZ N,

KEM EWMIZBNWT, 7HZERLFL o2 0L OFETE, CL 3.0~5.0 mm &
EORBRENPOBB L RBUERECRAFHICRESLE. MBI OIFRA T —
ROEY A XIFT H = LT CL 0.838 mm (Ronquillo and Saisho, 1997), ¥ = E T CL
- 1.03~1.51 mm (Choi and Hong, 2001) ¢ BEINTWVWAZ & hb, ZTNALOEITIEFEU
BOAEROIE LAY ERLALKEMERTBESTEE2 0L, A, va=
EEIF IV R REMNTHAL KERE T, =V EEREBHET, T
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EIREFBEANT, ThENEEUZRZBITLEL LN,

JNV<=xTt, 7 kI VY Melicertus latisulcatus, 3T ¥, 7T T, HE
BN OE T/ ORBEER, KEMECKEORERRESINLZ D, REICE
LbRIBFENPOAE~OBEREZEL LN, BBPEAZO IV CRFRIZEE
L, RELEDEANBRBH TAIZLBXMbN TS (FH, 1973). EZEFEIO
JNTTETCHLRBOBENEEINTL. VIV ECTRBEER IR oL D
DO, RIFYVRABEOBEEIT) ¢ E2bNTZ. IVIETHLRERBOBERE L L NN,
HFBEABTITONIRBREOBETRER AT NI Z ind, RkkERoit
BOLHFEBRNICES >, tEBLHEFBEEERTIIEELLNL.

AW CIE, KEMHEFIRI32 7 vzt av ot oRERERII S RN
», TEBHRMOKEMHRECRETINEECEMBEMITIENLETNERK b 2K
BFLTWD (BRRAKERRSE, 1999). TEBOREHICEIFRERIL20VWED,
HABRNOREEEBRADOI/I N ERIVEERLEDOEETRLE L THELEET
HHEEZONE.

N ERIVIELERAMBE, Jv U THHDEEIEBRBEMRLEIZIIEREL
TWRWEEZ N, HRBROBRIIBTA 7T EORER I I V=L
IV EICHARFERFIZD RN o720, i%?’%fﬁé%’ié/J\?éﬁ!&?ﬁ%%ﬁ?ﬁaﬂm:J:5$
BOBEEIIZNG 3 BETHERTHD (BARKERARE, 199). LER-T,
I EHIEOEEREFTRIH BN ORORAEAREUNCHY, R L LB
TEBCBE T EE2 0. Bl (1981) X, AHEOREKEITEVE . NE
D7 A Y8 TFig. 2-1), FEOEABOH-Y (AR 5~60 mm) ZHELTWS. H
JABIZIEERRATARIINENZ b (FR - KK, 1985), WIIKkOREEZ
M ZITAHFBLENPRVER-TEREEZETHLEEADLDND. 7o UHIED
AERIT, B ORBOIIRWINAOEEBOLZVHEBRO2L LRV, BFNE
Th, CL5~20mm OEERARBOT v EHTREI L TWD U\ - /I, 1956a).

PP T, KEMERCBWTRESNEENEFOEY A X2 CL 255 mm
TholZ &hb, RREITRELBHNOEFIZHATI EBLNLDN, BREEKE
DHRIDTDFHFEMIAATHS.

DY ETR, BRAENAN CXFBICL > TRESNZEEIIRBEETH > 228,
ARELFHCHEFBIZBONTRILBIZEL - T 6 EEOKEEARCL 41.2~57.1 mm)
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PEREEINTVWD (R#t, REXREE). 2, TEETHRET I IHEVE ERMH
kY, REEERTHCABTSATOVS (BRRKAERRE, 199). Likio
T, IV LRREABIHFELZAEETRL L, AR THLEFBLIEBEOME
BETLHLEZONE. REL, HFBERARIBITAHIEORER RV RN o2 Z
Eh, 7w ARIZAETRIIHFBRARISNORNBE THLAREELDH S.

TIFINTTHE, RELEDICRERERHOREMTHICBESHTSEEL200
oo KFEZ, RPEBETELEE (GBI - 4K, 1982) Ofh, FHmEHKubo, 1949)
RMBILBEERT (RA - 3, 1977) Vo EEHOFEORVAENLHEE SN T
W5, @il (1991) i3, EEPOEFWEHO BB AREZICBNTTI I Prx
v NOREBREICL T CL 2.0~9.6 mm DRBAELZRE LT Lind, KEOEE
HITERICELS, AFELTEREBICIB T LE. LER-T, XEOHT 1L
ZRBEICDBLEZBICABICELAREHEBIZEEL, REL L LICEFMNIZED
U, FREKIIKRER 100m i O KREMTHICAE TS B2 oM.

UED X312, AEKBRNOBERELZVEORRIZAEI BENG, HEBIZE
ET27V=o B vEOMLHUEOSAIL, RO 5 447 I2ELDLND
(Table 2-6).

(1) FBREstwary) B : WFEOL I R¥AHNLNBTHCUEOEELE L)
L, RELZ2oTHABIIHRY, T ERZORIZET D,

(2) F¥- L#8 K (Estuary - Upper continental shel)E! : N2 M DAEBR L L,
BELEHBIZABIZHTOL. JrvzlE, 7 IVTE, IVYTE, vz, 7
I ERZORICBEL, ABTIEORBENEESINRP oL ML ZORET
HAFREEREV. VI LY VI ERRBEERoRBIIABIZIES b OLH S,
(3) KE2#fi(Continental shelf)Z! : FEEZNPLET T HETREMLEIHHT S, v A
v ATY, T4 I, FOY, ST A=Y, THZE, b, VIV
U7 =Y, ¥ravxzt, fyzf/xt, ¥y, IFI7Hhxt, VFTF7H=
B, IVIIE, FrI2E, ARZARZY, YAFV Iy, NPy r=y, 7
FAY Y, YA ERP, VI ALE, PAZE, XY, FU
AP NALZED 23 EBRZOHIZETS. 205, YFT7ATEEIYAXY oy
FIREEM LE E FEOmHICEEL, MNPy kBB THICERTS. 754
IN I I KEN EMICERT AR, REL LD RBHTHRIBH TS L

31



Table 2-6. Distribution type of penaeid shrimps in Tosa Bay

Distribution type after settiement species
Bstwary ___________________Meapenaens ___ moyebi
o Marsupenaeus japonic_u; --------
Melicertus latisulcatus
Estuary - Upper continental shelf Metapenaeus ensis
M. intermedius*
Penaeus monodon
T I semisulcatus
Atfypopenaeus stenodacty_l-us —————
Melicertus mar ginatus
Metapenaeopsis acclivis
M. aegyptia
M. barbata
M. dalei
M. dura
M. gallensis
M. lamellata
M. mogiensis mogiensis
Continental shelf M. palmensis
M. sinica
M. toloensis
Parapenacopsis cornuta
P. tenella
Parapenaeus Jissuroides
P. lanceolatus
P. longipes
Trachypenaeopsis richtersii
Trachysalambria albicoma
T. CUTVIrOSITiS
T. longipes
__________________________ TSP ______.
Continetal shelf - Continental slope Metapenaeopsis lata
(mainly continental slope) M. provocatria owstoni
e Forapenaens || sextuberculams _ _ _ _
Continetal slope T P. Jissurus
Penaeopsis eduardoi

* The arrangement of the species to this type remains in a query for juveniles were not

collected.
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Zzbhle, REEIHI YL RoBRbBESBEITI> 2 &0 (LM, 1991),
MOBERBLEFBREINVEZEZLNDN, RMETEEEHERVFE > TR VE
HDREMBIZED. BV O 19FEIIRE, RERELLREMLTFORITEETS.

(4) K [PE#i-K M4 HE (Continental shelf - Continental slope)®! : FEN LT F TR
MBLOREBEHEIZSHAT S, Yaexl, IFIvaxt, A YA Fr R’ Z0i
WETH0, WTFLbREREIZSMOFLRHEEELZLND.

(5) XAl (Continental slope)®! : EENLE L X TREMTIZHNATE. o=
EERZHFTZENRZIOBIIBT D, R=TIFTEOZHKERRBENEEZEZLN
B, KREE 400m XV EBTICIESA LRV,

WL - AR (1982) 1%, TEBREBT A2 vEORESAEKEBIZE>T A~F © 6
DD IN—F T, ThED Db, JAwTEREEERNF (KIE 600~1000m)
ZFR< &, A (0~40m) - B (20~80m) TN ENNBEIFILICLIT S FRE - FiB- £
REEMET - REEMIZI DO %S, C (40~100m) P AMEME DFEE, D (80~250m) 2K
Reil-KkEANEMOEL, E (250~500m) P RKEMEHOEELZATNDS. Z0OTNV
— 7T, KR 0~250m £TH A~D BAREEREEL TR, ELLORS
BOSLBRTHD., £, BFBEOLIBRABLBTAHABZERIN TR,

Dall er al. (1990) 7 NV~ VR = ERDOEERENRE -V 2R D 4 DIZ71T 72 Type
1, WABT—E£%2BI7 ; Type 2, HAKBTHZCHEZBI L THRREL L HIZAHE
ZH D ; Type 3, UBHNESOFEVAB THIEHEZBILTARE L L bITEILE
B9 5 ; Type 4, FEERBRIINETEIT. AHRICBITH2H0MF— & ZhICHT
SEBE, Typel ETFEBEIELL, Type 2, 3 X THE-EHMXEREIZEEIL, Type 4
EORREARA, KEEM-KEMER, KBREHRZEL. 2FY, AFROFH S —
i3 Dall, et al. (1990)D Type 2,3 % 1 DIZE &, Type 4 Z 3 DAL TWVWBZ L
iz 5.

AFRIZBITEEREY Dall, ef al. (190)DAEFERNNF —VZHmES®RE, 74~
TE Type 2 LB THAILEBALNLTHEIN, REBEHKO V2V Z FIV=E, b
PIE, UVIE, v EOEREFTRIALLTERL2720T, ZOEFERN
H—2% Type 2 £33 CThHARLMETERW. £, IV VLYV EEABEL
RoBObNBLABOERETS> EEXLNBZ b, Dall, ef al. (1990)D4ATE
HREZ = OWTFhIZbEENRW. ZOL5R2Z D, KFRETIE Type 2, 3 %
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—DIIELHTTFE-EWMREME & Ui, F7, KEMSEE & XEAER O ST
E<ERLRVI LD, Dall, ef al. (1990)D Type 4 ILEENDHEEZKFI L. &
LIz, REM-KREMEEROSHABIT KMy REAEREIZEENLDN, REHLECZD
DT HIERIREREVEEZ, ZOUbEBI L. ZOX5IE, KFRIZBIT B
VWD EHROZHREZIZ, ZAETOLDOLIVSAOREEELSRL TR EEXDL
ni.

BRERZOMARIIBTZ 7 v v R CHEOERIE, SAE 1 & (%H,
1958), FWKILRBRE 178 BRA - #, 1977), HEER®BE 13 (LA, 1992, 1996),
KIRTE 9 & (%, 1974), BE®E 5 & (@, 1983), MiAE 3 & (KR, 1972), A
R 15 & (%% - &, 1988), A MG 16 F& (Mf2, 1963), MAH 15 & (I - 7k
B, 1981), —b%‘?%“ 8 fE(Motoh, 1972), JtiEE 4 & (BIH#, 1992) THD. Zab
DARFEDL ITHRHEVAETHDOT, LBORDIZ LEDE Tk REM— KER
AHEBIUORBREREEZBRVEZEREHITLE, 30 e s, KRB TREEINT
W59 BMOMIZOEEN AT HRE (RIRFAR, ALUBEZELRE), ERICE
KBIZHHTERII DIV LEVELHESNBEIELZEEL TS, HEEOKREMHLL
BIART A N tBz CEOBEEIZIE b®H TEL\\(Table 2-7).

INLDKEDERKBEOEFEHEEH 2L, EFHEEAKEN 15CULLERZD
BEEBOREHORTHY, #hOKIETIE 10°CELT & 72 5 (Fig. 2-8). T/EE KM
PREBORELZBRZ IO, SERBREOCEANERCAE FAEITLEHNARA
BEThHY, RBIZRRBEOFETHABOLEE LRAL X 5 12/KIEN 10CH# : TK
T2, %ﬁﬁﬁ@ CE LR ZITAMEBEIOIERRRERECLD Y, FHZHEKERIZ
20CICERY, RIBEKEBIXITCRELRS.

INIZEROSFMOFLIIEEORBRIZHY, FHRIKAKED 15CUT &R
5K CIXEE I RIBIZEA § 5 (Dall, et al., 1990; Dall, 1991). FH23EE T O K EH
BMINZEROKESME, ZOHRIZL-TIHIEKHATAZENTES. T4b
L, TEBEIZOXREHEI N EROFESAKOIRIZELS, TTF 7=,
IwET A, VI)JYTAHEY, ¥ravgxot, =X, IFIT7ThHh=E, ¥
FTT A=Y, IV IFE, PYZE, FAZEERF, VIV AE, FFH
TV, FrEAFATEE, kB ISCUTORMBE, A bi< RAEEDLOALE

IIEETERVWBANEZVWEEZEZLNS.
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Table 2-7, The local faunas of penaeid shrimps in Japanese waters

+SPYPO

(T661 “Iv 42 Tewo)])
oprexioH

(TL61 “UOION)
Aeg oeueN

(1861 ‘monqeneyy pue eurloy)
Aeg eAnx

(€961 ‘nsyeuray])
©3g oyeny

(8861 ‘ny pue OS1H)
®vag omysnsyex

(TL61 ‘eyesoy])
Aeg repuog

(8861 ‘E1eNeN)
Aeg oAyoy,

(pL6T ‘rysedep])
Aeg eyesQ

(Z661 &1R])
*J91 BWIYSNYO],

(LL61 ‘Tyseker] pue ojoureyes)
‘Joid ewreAeye M

(8661 ‘epusex)
Aeg eyoesey

(yxodar yuasaid)
Keq esoy,

Localities
(Reference)

Species distributed in Japan

O [ Sy =
&,C..a, Sy Gt Ow 1
® [ ) [ ) ® <+
[ ] [ [ ] [ [ ® ® ® 0
[ J ® ® ® [ N N J [ J @ [ ] [ X J L ] [ ) ® w
® ® ® ® e [ ] [ [ X ] [ 32X I J L N J ® /10.
® [ [ J [ ] [ X J [ ] [ 3N 3 W J [ J [ X J ® s
° . ] N
° o o ° . "
° . e oo ° ° ° o
[ ] [ ® [ X ] [ 2N J L ] L ] [ ) [ X J [ ] 0
.............................................................................................................................. -
[ ] L J [ [ X J [ N J [ X J [ ] [ 2N J [ J ® o [ ] ® ”
[ J ® [ ] [ ] o [ N J ® [ ] ® [ ] pam
[ J [ J ® [ 2 BN BN B B BN BN BN BN BN BN BN 3 W J [ 3N BN B BN BN W W J “..“"‘%
S .
t
3 = 3
Wo W m 2} v I
2 @
.MS 3 S msm m m “maWS 3
nd el . ~3
©2h35%¢% 0 S g 28 853 2 3 3 6 2 3 ammW ml
Q aum = 1o ma SR J3 m = <R o o 3] - QO &5 N
SY8 28 8%8%228%. = §3¥8w b3 S . Zuwi S 8T E =
dnvm.lmdmumh QS R 3V v lmvce .le.lml.lSleye.l SClwn 5]
E Y HS TS ES 0 NS PEsES B8PS aesR 2823845
S5 PRESA2IQOIIZTIR I RE3I YLV S HEE" s SS0RAT
S AR I S 38 8 Q-3 = = U N X o = t
Ty SSFFEHo S ST eSS RRREEE AR T E iR YE s 2
] R S =
”u msnmmoms e.OJ.lmS ﬁﬁllms..w..wmw.r m
uM 5383838 & <} 2 “ L =R ..m Z,
$5 Sso°°7 78 3 g 3 = 8588
v N > S =3
s ) g @ “ 33
TS I S 0§ TN T
SR 58S 8 8 & & 33 §%
[ g = =4
i =~ s N~ =
5 SR 3 9 = S S
29 V =S = LW PR
<k TSI = = LA LR K&

* Alphabetic characters in “Others” of “Tocalities (Reference)” denote as follows; a, Suo-nada (Hara, ef al., 1969); b, Ariake
Sea (Nakajima, 1987); ¢, Hyuga-nada and Lake Hamana (Hayashi ef al., 1992); d, Okinawa (Kamezaki, et al.

1988); e,

s

Okinawa (Hayashi, 1992); f, Okinawa (Tamashiro, ef al., 1989); g, Kushikino (Hayashi, 1992); h, Maisaka (Kubo, 1949).
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—e—Tosa Bay (1996-1997)
30 - —-o---Inland Sea (1996-1997)
—-A—-Sendai Bay (1996-1997)
— -0 - Ariake Sea (1995-1996)
- - -0---Nanao Bay (1996-1997)
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Fig. 2-8. Seasonal changes of water temperatures in the five waters where the penaeid shrimp fauna were reported.
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TEBRADICBT2HE/RERIENThHovA A ZE, FFTZEBIVAN
ARZTEE, EFABXLERAE CRESEO 2L 2o TS (FHE, 1956 ; RZH,
1957 ; M, 1958 ; ik, 1963 ; LM, 1990 ; 1992 ; 1996 ; Bx#t, 1997). Zh b,
TEBOLSBRAFCELEZRELVEFRNEBOL ) R LHAHNARBEICELLET
hdLEZOLND.

TEBRER EFCESE O T I, ERERNEOL R EHAENREBE
KbE<HEET S (ZMi, 1957; LM, 1996 ; Rifk, 1992 ; [R#, 1997). 7 »
T e, SN, BERE, RERBUEOXRFEEM, tREBUEOBAREME Vo R
DEBADOIECAKBIZZALTEY (M, 1992), BENBLIOLHAHENRBEOR
FZBVWETHDLEELLNT.

e LY AEER, LM, BEAME, KEE, BRBLVWERAERTZOK
WARBIZA R L (B, 1992), 7~z L & bicflBE (IR, 1972, 1977, 1979)
RdbvEE (Bffh, 1992) L WVWIHI Ao ERHODNABROFT CHELEARABIZET
ERLTWAETHD. £, MRLLVEDENCEN, EBHEVERCLEDT
BILENTED (R, 1995). LER-T, ZALDEIEEVKBECEE~DHE
IRFIRETH D EEZDNT.

F 7 I ElE, AH¥E (Kubo, 1949; #L#d, 1963) ZBRWTHER L2 NWE ENT
Tl (AR, 1992). £EETE, AEBEITHLEICESEEOMH VAR 10m £ETOIHE
FICHROWAKBIZEL ML, ZOLIRREREEEFTAINETHEDD 2o
REDOD—>ThHBEEZ DT,

AFFECBITOIRERREDOEERS D TEBIZBITIBHOZIDRERLE>TWS.
MOBFRIZI T 2REABIIABOREM EROL T, KEBEHRTHECKEAEZEA
TWRVWLDOREN., LER->T, REMED S LREMTMICERET 5, KEH
SKREMER, KESEERARELTVIHEENE L.

BPERINPLBEEENTVE I A ER/DI L, KR THERENE L&
Tz IA4xY, £ Fx ¥ F indicus, 77 V7 V<= Y Heleropenaeus longimanus,
IFIs = Melficertus canaliculatus, M. longistylus, /S ¥, I F I ¥ /=t
Parapenaeus murrayi ® TR TH 5.

IYTATCRERLBEICOLNETEECTH Y G, 1992), FP#ESR MK
WIIRBITARFEIALEERARICLZ2 b0 THD (FEih, 1969; $5, 1987). 1z,
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DRI EOSMIFEABECEAB L Vo EBNAKOKRELRABIZEL, ABICH
LIEAKBIZIEAm LT RWE S THD (M, 1958 ; whin, 1963 ; IB% - 4, 1988,
A, 1992 ; f8H, 1994). ZThb 2 BRI EBOLI RBEBRREL ) KBEERTE
BREBDOREEZMBLLTVWE EEX LN, TEBIIBIZHHAEDEVHBTER
vy

—F, A =3B m#e &4 ¥ 0 5 (Hayashi, ef al., 1992), B 7 L7 <l
WA G (R, 1988 5, 1992), ST 32~ 3R, TS, RAMEN
b (#K, 1992), M. longistylus WXV BE L (EHifl, 1989), I F I ¥ = iitEHE
REBREER?S (B, 1992), TAFROTHIZHRESNTVE. ZNLOEDS
MREIEBFREBIVCLERBETCHAZ LD, SEROBBETCHEELLRVWEESNB
AEEIENEEZZLND.

DL, TEBZRTLZ IV EROBENREETTHLZLOERL LT,
BEHORETAFITHARE ISCUTIZET LA WIRE 2 KEMH R, TE»DKER
EETDERBREOFERHIT L2,

2. THZEONMNEERETRAXTHRESKZ VLI IEHIES
HEBRRBBONUEVCEWEEETIE, BEELKBTFEHEICEDE /X DF
ERRLEL, ROYEELRREVPEMA THAZ LB HLN R, £EBOI M~
TERBMBEERBRLT, [NMNAV] 2B T3EBEREr->20, RHLEERER
TATETHol., THZERNEEREBERBOBETHIREM LHIZEZ LR
L, /h2O) OFRTHIHBARELR2ETHD. Z0Od, BEHLLTEER
fEZ SO TWAHEEzbNE. Zhicxl, BLLICKEMERIZZ<ERETS
FUZEREYAINSEL, EEBONBEEREBRMBBAVIHEBEOB A TRA
BNy, E2E3BESNLTHEINCIIVEEINTLEY, KGTFHIZEENL
WweEZ LN,
BRERNBEHIZBTENEIN R CEOREDORBEMEREARD L, £ 0O
KETHALZERELEL, THZECOEDZEEIP 2y (H¥E - B, 1989). =
i, TNEFhOKBROBEBHEKERBELELOLEEZONDS. —F, YA XD/
RETHBX VIR, AFECHTETIIRBYTIES L TOER (B - R4,
1989), TEETHRARERZVWII LELLITRENIZEDDIEEGRI IRz, L
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TR T, REVOBBERITIEDKBIZAEARTI2EOMEKORR LT, HIKIZH T3
TEHOMAREZRBRT2EE4bHDLELLNT.
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EIE THEEREHLSICH TSI IENIEEDIREShtEE

B2ETHE, TEBIZBETA /AN R EEHOSAENNY - & 52051,
ZD5H, REWMER 23 BLELZEVWILRALNE Rk, EIETE, Z0X
YL OEBPEREL, MIEVEHEBREDORE LR > TWVWBKREWMERICKIT 7
N2 ER T CHEORESAEEIZ OV THERRS.

HEEFRNETIE, BEOEBIZL-TI/INIEREOBESERERZ I ERMLNT
W3 (FEE, 1959 ; 81J)I, 1961 ; RH# - B, 1990). LEB T, =EoEICE
S THAKENRRLRDZERRESNTEY (EIL - %, 1982), AEEHLAKRICL
STTEDREMRBERDZLERBRNIZH->TWS. LML, vt
DIEHNREERECOBREZH LM LERREZIRY. 20k 7wz R
EHROMESMBEDHAL, BREXERFOREEILIBEOBRRNBELRLOER
FEEFREBTTILTRARTS 5.

HHEHE

B2ETRAREZHRENI S, 1994 F 4 B~1997 £ 3 BT INEEVE Bk
WWEBAE—A b —NBERELERZAVE. AEHEZ 3 DORESEEIIHT, K
R5~55m # /AL 1994 4 4 And 12 AETE 1994 BEFEE, KB 15~65m %
A L7 19954 4 AX 5 1996 £ 3 A T% 1995 HEFE, KiE35~75m 2HEL
721996 £ 4 Biph 1997 £ 3 AE TR 1996 BEEE L L. 1 Hb Y ORMBEMIT
15~20 7T, GPS MIEEBILRGINEREKDLRBREKRDYVDMNEILORD LR
WEELIMOMBECM2ALREEELZEH L. KEFZLXEEEAEEARER
MO OAERBERYE (BAEH / 1,000m’) ZR.

REKBOEERERBRET DD, 1998 £ 6 AICHEMIZLAZRANTR
IRy X UEAA T —HRER (RBER 0.1n°) TLEBRETo. FABEFL
LREKBORE - FRE - BHO 3 TN THREEZTY, REBRNOEEDNDL
NE 40mm 27 H 75— FNTRET 50 mm ETERBRLE. BBRLELER
iE, NEEE~8 mm) - EEQ~4 mm) - ﬁi*ﬁ?@(kz mm) * HF0.5~1 mm) + FE(0.25

~0.5 mm) + ##(0.125~0.25 mm) + A (0.063~0.125 mm) + /b F(< 0.063 mm)D 8
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RGIZSBDNDT, TRAOOHEKERD . FRNENORERSIZOWTH UAEE
DI3HFAERBTZMEOFEHEEKRD, TORKBHEOELREMM & L.
REOSMERY GVEHRIZ s (Morishita, 1971)% A\ 7z, £/, 2 KE# (A, B)
M OREMHEK DOELEEEIZIE C, (Morishita, 1959)%, % O #1213 UPGMA (Sneath and
Sokal, 1973)% i\ 7z. C” , C, BYH Vv INI A XOEERZZ T VWEHETHE (U
K, 1995).

€'y =0, (1-5)(1-8,)5;

= SM,(M,-1)/[T(T 1]

iény(n —1)/EN( ; )

i=1 j=1 j—

.

C, =2ny ;nm /[()‘A +Ag )NANB]

4 = 3n,(n, - DIV, W, - 1]

= 2niB(niB _1)/[NE (NB _1)]

KBEEROFEEKRLS L ONEBREMRIZ oW T, Bray-Curits ordination (Bray and
Curtis, 19572 AW THREEMITZ21To7-. ZhiE, RLEENAKRE 5Sm & 75m DO
BEYEEFIOLDOFHOFBICES, BV OKROMBEEZ I OXH LI
TRHFETHD., TR, MEEEEKLE LT PD (PS; (Whittaker, 1952)DR%) %
AV230B8—FKHTHD (I, 1995).

PD =100~ PS,=503|n,, /N, —ny /Ny|

L: #i8 OKBEHE) &

S B

T: #{EEE

ny: i FED j HAI BT B EEE
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M;: i FE O E B
N;: j Hi 2 O F B L

=R

REHMIIEBT 27V B UEL2EROKENEHHEEL, KE 45m 2BV
TEREZFL, 45m DIETIRELZRDIFY, 45m DB TRHELRBIZEIEL, #E
ﬁm:,tﬁiéﬂr%ﬁ&f:of: (Fig. 3-1). ¥£72, FBHEARITAKEIZL > TEHENIZEI L (Fig.
3-2). IV EREEROEHEEDOR BEN >72KIE 5Sm Tk, F7IEH 59%
FEY, FTTE@QUETAZEASRDEES LE oM. KE 15m TiX, Fv =
E@E2%) s VI A AT EGBI%) - = 3(25%)75‘3275:07‘:. AKE 25m Tix, v =
EG0%) e VT I NTE@O%)NREL, FrIERRARBN R Ro7. KB 35m T
i, FNETOEVWKBETEHIEEIZORD 2T IZERELEZLBVET%), Ih
ZRWTEF I EQGBI%), YIFFAZEQ%) - Y ) IV THIET%) - I<ET D
TE(%)RENRosT. JNIIEREEOEHBENRRKTH o AKE 45m TiE, 7
HEEGB2%) - IvETIZEAS%) VT T I EU4%)NREML, = E(G%)E
I EOS%IETRESBALE. KIE 55m TiX, 7= EOEAQ28%) & v
FTHIZEOEMQR%BHALN, ZALIKKRWTIET I EQRINETVEAY
NTEAT%HE oz, KE 65m Tk, Y F7HIZER 2%%E LD, I~vET =
E(15%) « THAZEU2%) FTrEALA LT E@RITIEAS Lz, KE Sm 2R WTZ
ST EREFOEECRD o AKE 75m TR, THZ VR 0L1%LUTER-TIELA
FEREZML, YIFTHIZEGCR)EITETIZE@%BEA L, DHhoE (1§
A EDRREW —KRERER O IvEIE) OFEN 28%ICWINL 7Z.

FRNENDOKRKEFTESEOEP-EE 9 BOKEHNEHBEEL, HEbEWVK
BECTEEDE - F /I CERVWTIEIEEEEOSMERL, E— RixFr 2
TET Sm, YATET 15m, YIHFATEELFIIET 25m, VIV YT AL
T 35m, 7HxEELIE®TAHAZET 45m, oA PNV ET 55m, VY F 7t
T 65m Thol=(Fig. 3-3). ZO0XHIZ, TEEOLOAKBEIEWVWKZERIEN2RD
b, TNLONHOFLEHMERPSLTOTRTEY, KEOELE &b ICERLR
L.
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Fig. 3-1. Average density of penaeid shrimp in each depth in Tosa Bay from April 1994 to March 1997.
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B P. cornuta

B T. curvirostris
B T. albicoma
BM. dalei

BM. dura

E M. barbata
BM. aegyptia
arT. sp.

OM. sinica
DOothers

0 25 50 75 100
Frequency (%)

Fig. 3-2. Species compositions of penaeid shrimps in each depth in Tosa Bay from April 1994 to March 1997.
Abbreviations P ., T . and M . denote Parapenaeopsis , Trachysalambria and Metapenaeopsis, respectively.
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FE I FEOABABRMNOEEIZLD L, TNFNOEOEEISTHHNIZE/L LD
DO, SHAREOBIIZIARRFH L IBD bR o Fig. 3-4~12). £/, £
BOSHAKBEOER Y BEVEEC )X 022 5 063 OMEEEHTIHLOD, TOE
BLFHOBRIIARTIERP o7& (Fig. 3-13). S oI, KRR OEMEK DO HUUB K
VTG RAE BRI L o TAPICHRE L7z (Fig. 3-14~16). Zhizk s &, 1995 & 7
ARV 8 AERKIRTOFAEATHIEIAKRBITI SR —DERDOADBE
Enf. 19954 7 ARS8 AT 35m & 55m 28 45m 2N IFCHEFE LR, 7AT
X 35~65m 2%, 8 A TIL 35~55m RENEN—2DI FTARAF—L LTHEBIN, 45m
73‘34%533’97;@%5.52%%Lf:b&#“@&if;ﬁ>of:. ¥, ZAOKRENERRITENE
N 22D 7SRAEZ—RZEHSENDZHOD, AEHM 2B L -HEREL2EAROR Y
RREDLNELoT. ZOX5Z, tEBTRAOAEI N R UEHOEMAKD
KIBEAIZHE S B ELBERIT, FHIZILTEEL TV,

KRB EZPFEMEOEBREREZHLIRDZ D, KB Sm % 0, K& 75m % 100 &
L TCRKIREDOFEMBIZ OV THBEZM T 21T\, KEEOXIE % Rz (Fig. 3-17).
IRIZXBE, BEROBEELOBEIIKERRS BBIEEREL R ok, ZOE
ILBRBIT—EETIERL, 35m» D5 45m ~DE(LIEN 315 LHEBREL, 6Sm 25 75m
~DZEALTEIE 3.1 LHEFITIAE oK, ZO XS, EEAROE/MITAKEICHG LT
WBHDOD, ZOEXDEEIT—ETIERI 7.

MEAIRICE T B AEROETREMRO ST LD L, S~65m DAESE TS
B ARBDIZLER>THWRE OB EHP R EKoOEMPERLNIICAHA LN, 65m &
75m TIXKEMAIZIEE A YR L Tdh o 7 (Fig. 3-18). EEREMAIZ OV T HAKE 5Sm
0, KIE 75m % 100 & U CE&KEFOBEZEMIT 2TV, BHEKDOBERE & ORIT
% B2 (Fig. 3-19). Zhizck s, 5m b 15m ~OEIZB W TEMERIZESTEER
REMBTEENREP LI LEFRVT, EERNEMK L BEROELBERIELL
MU, i, EERERRDOIEEALLEMLRP27 65Sm 205 75m 0T T,
BB BIZLEALE LA, T, KRLEMEMRB LOEZNEHERK L BHERK
DEBEZDOEFREFNFNIZBVWTAE 35m »5 45m ~OFEBERZHEE T L, K
e OBERIIBITHAEEQ20)0L Y EEAEAR L OBRIZBTI2HEEAHOLT AN 1
AR, FAOELBRIC & RS LTVE.
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= =X= ~1994 (5-55m depth range)
——@&— 1995 (15-65m depth range)

—0O——1996 (35-75m depth range)

0.8 -

0.6 -

0.4 4

0.2 4

O L] L] L} L] L} L] L L4 L] L L] 1

Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar

Fig. 3-13. Seasonal change of distributional overlap indexes (Morishita's C* ; ) of penaeid shrimps on the
continental shelf of Tosa Bay from April 1994 to March 1997.
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Fig. 3-14. Dendrograms of similarity indexes of species composition (Morishita's C,) in each depth of Tosa
Bay in the 1994 research year.
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Fig. 3-15. Dendrograms of similarity indexes of species composition (Morishita's C,) in each depth of Tosa
Bay in the 1995 research year.
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Fig. 3-16. Dendrograms of similarity indexes of species composition (Morishita's C,) in each depth of Tosa
Bay in the 1996 research year.
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Polar ordination of the penaeid species composition

100 - 65m 75m e

30 4 55m o

45m o

60 -

e 35m
. 25m

201 15m

O Sm T ¥ 1 L]

0 20 40 60 80 100
Polar ordination of the depth

Fig. 3-17. Relationship of the polar ordinations of the depth and the penaeid species
composition in the depth from 5 to 75 m in Tosa Bay.
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g’ H very coarse sand
o M coarse sand
'*-z ® middle sand
5 @fine sand
- B very fine sand

I Osilt

l

100%

™
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Fig. 3-18. Grain size composotion of the bottom in each depth class of Tosa Bay. Grain size ranges are
as follows; small stone, 4-8 mm; fine stone, 2-4 mm; very coarse sand, 1-2 mm; coarse sand, 0.5-1 mm;

middle sand, 0.25-0.5 mm; fine sand, 0.125-0.25 mm; very fine sand, 0.063-0.125 mm; silt, < 0.063
mm.
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Fig. 3-19. Relationship of the polar ordinations of the bottom grain size composition and the
penaeid species composition in the depth from 5 to 75m in Tosa Bay .
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ER

TEEREYM LCEET 2 /7MW U BRo U ESEOKRNFEYFEEL, KE 45m
AE—RETHHBEOSAERLEZ., £, TEROKEIEHEEDL, FhFh
BRPE—FLEBERLE. TORER, KENOBEHERITERENIC

— O L > THHARRHER S ERI o2,

WEHE CTEBHVCLIZTHROEYZ VR L0BRBEHEERREVWED, £EHOLHMFAIC
BRERHRBEENRR LN 5 (Raffaclli and Hawkins, 1996). #l FT#H LY TOKKTIIER
REERHRAHEEEREFIRVE, ZITHEPRERAKEIZL> TV 20ITK
RENDIZELEPBESNLTVWS. BRPEFE TIE, Horikawa (1993)2 L1 @ KR
800m ETHOEEEFAEHESL, FEFR (1996) BEEBOKIE 220m ETHOE M FH
MEL, B (1996) BNEFKEESRBOKE 60m £ TOx UHEFEE %, Kogure and
meua%&ﬁﬁﬁﬁwwmﬁswmif@ﬁ&ﬁﬁ%%,%n%ﬂaix&—ﬁﬁ
WEV WS 2RSS LE., ZhOoDHRETIE, BERHSOERL L TKBEIZL B K
BOBVWEZEHL TS,

IV ERTYH, KEOBEVWEENFROEBEOSHAA2EXDLETEETHS. L
2L, HEBOREMETIE, £FCEIMRIZEL > TKE 100m BE X TOKERIZ
LALH—Ly, KRENOEMEEKEZIKEEMIZHLLEEELZTRS 2 (B
Hifth, 1987 ; Bk, 1990). ¥£72, EETHEVIEEEKIEERDZ DD, FE AL

DINTZERIEEOLAOFLIIRAEEEBIRICH B2 &b ([Dall, ef al, 1990;
Dall, 1991), TEERBEPIZBITL2EOEKERSAERRBRST S LIEBFB LI V. 2
DEIIT, LEBEBREMLELFOEBAKEREIL, KEELICHS BEROERHEL
AT AZLETERY.

RN CHAREDEBIL LTIV R CEOBSERNERDRE (FF
B, 1959 ; AJIl, 1961 ; BX# - R, 1990), J AN~ EBOSHAIIATIEZLZDE
EHEFI<HAONTVE., ZOERE LT, IV tR I EHOZINEEFICE

)ﬁ

e, 79 A

% {T8) % 7~ L(Egusa and Yamamoto, 1961; Fuss, 1964), T DEZBRELHWEEZE~D
BEWEADEIEIIL--TRRZZ EXH T 5 % Williams, 1958; [k#, 1995). K& D
BIRO B ABBENCEATVS LOTFRLAETHS. LivL, Fig. 3-4~12 107
LEEE 9 BENTNOSMAEEMEEIZIE CL 5 mm BEPOREE THHBELTSE
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D, BRBEAREIAALVEBEORWIERASNZ EEZ b, AEILLZEBET
b, Moz, LVXKEOTHIZER T I VHWVWEZICE CHEM T
THh ol (PRHi, 1995).

AHETYH, EEOREMREMRE 7V EREEROE/(LBRIZILISTIEL, EE
RLEMMBIZE A B LR oKE 65m & 75m TIFRBMEROEIR/NED -1
(Fig. 3-19). K 5m »5 15m ~OEMBROEMITEEREMEROE(HLETEREL R
PoleH, THITHWEBICERRERENPBLA TR Z LIZLEEEXLND (K
#, 1995). ZO X5, LEBICRBITZREHE v ERBEBEROKEE/LI
HOEBHEMOERE LT, EEHEMEROERNELLBHEFCEETHD LEX
bhiz.

INTZERIEETIEIHEEN DL TILDORBRBITHEREETHY, T0RE
DEWRNDICE L LEENES*FETIAKRICOAZEEAMETHS. EEREMARRY
—RBRARBETCEHABOERESLTLEY, TIRAEEFELREEIIFRBRINE S
bhd. Linl, LEBRKEM LM CIREEREMROERNICEMIZL > TEAR
HbEFRMICEML, ZLOBBPAERFELRoTWVWS. Z0XLOIL, LEEOREMY
EBTIE, B2ETHERLAEL O REBRREEZETH L LB, E’E%ﬂiﬁi&ﬁék
EHIZERNRELETAILICEs-T I/~ bREERLELLL, BEISEL R
2L BEeEILNE. ‘
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FA4E TEZXREHECERTLIEEL4ABORRBIE & EH

AYDOEREREZITOLT, BEYOLEELEMEAT A LRINEAETHSE. 20
—B|LLT, BAETRITEEREYP LB AESBEORMAELYHLNZTS.
CESETHLMNMILEL L, THZVRRLEBONAEREEBECRLEE
BRBRENTHD. BAETE, THIZTEPETRUEERRDEZhoF v Y, 7ThH
B, YFT7HTE, IvET AT CONBHEBORERBEZEBGENCEEL,
ETHLNTWEMO IV ERE OB ETok. £z, RRICES Ex DN
LI BMEOHADCEHEINL, BIUOEBEREEHRI(GS)EIIBMEOREER L
DAIGERPG, T 4FEOEINHEZHAL NI L.

NV R OIBMEOEZRRBIZBWT, KEEZK K (cortical crypt) D H T 23
IR DOEERIBEL 72 5 T 5 (Yano, 1988). REHERBIIENRICHEAE DK
JEIZ X > THZBS XY —RWE T 2855 CT(Clark, ef al. 1980), ZDHEITY
NI EROIBHROBERRBIZBVWT—RHRAZTHSE LE X LN TV S (Dal,
et al. 1990). L L, JNZERTHELBEDELELT I ERIZEWT, E
FMBOREZBRETEHE LLHRITRV.

HHEFE

BoEIR LML FETRESHEEAD > b, HEBICST 5TAEADHE
DHAAARKER+ IR ATZAEEE, ¥2bb* = E(Fig. 3-7), 7 X = E(Fig. 3-9),
I~ ET A= (Fig. 3-10)TiX 1995 WEFE, 77 = (Fig. 3-12)Tik 1996 HE
FEOERER WL, HOBEMFERECL, AEBW), LHEREEGWEZREEL, £
FER EEE B (GSI=100GW/BW)E K72, ZTHOHDERD I L, £AD GSI OEKE

EARTEARAEZEL 2~6 EROHEHBFNEEBIZHE L. £ ETIEICL 6.6~16.2

mm # £ O GSI 0.50~10.20 ? 32 {E{k, 7 % = £ TiF CL 12.8~26.3 mm 35 £ % GSI 0.43
~12.80 ® 31 A, ¥ FT7HTETIECL 7.1~20.7 mm 35 £ T’ GSI 0.58~8.25 D 31 {&
B, IvE7HZETIECL 7.5~17.5 mm 8 LU GSI 0.56~9.22 D 29 fHETH > 7=,

EREBOTMRREICMETSHY LML, EHRICHE>TT A3 —LBIK, T
T4 v, 37 b—AILBEY (6 yum), AT —DAT IFVY -2 FY
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YR ETo. INBMROREEEOERITIT Yano (1988)%BE |2 L. SIRM
MOBEZIZE, B—HMROERIFICBITIREREEEZ AV,

R

FUZUEONBHEORZEEREIZILUTOIIIZ T 20T bhi.

Stage I (Fig. 4-1A) : JARMRIIBV~~ b3V VREEEZRL, BEEH 10 um D
RKETHZ. MEZEIRDONZL.

Stage II (fig. 4-1B) : MIIZES 10~50 um TH Y, BHITERE 10~30 um TH 5.
A bFOY CREHEOMBENZEOEAVIZENS. ~v b XV ) VRAHDOR
WEHE DR, B 10~30 um O/NEOMKE TRENIC—BRIZELITE S, EHE 30
~50 um D KREL ORI TIIBA O BBIWIAET 5.

STAGE I (Fig. 4-1C) : AT E A 50~120 yum TH VY, EIIEZE 30~50 um ThH 3.
SEOCHEERNDOELHICAEBTS. B~y bV ) VRAESFRTES 2~3 um
DHERAFRII S IIHIE Z LD BT, MARED~~ FF U UPEMET Stage 1T L Y 58,

STAGE IV (Fig. 4-1D) : MR IXER 90~170 yum TH YV, ZHIIERE 30~80 um TH 5.
SHEOCRERNDOEATHIMETS. MIEEEZEO~< bEX U U BREaEIIHY. B
B eoum BEOCLZEOWMERIMBREFIZRENDS. MIEANIZRBTA2ZOMBIMERE S
X STAGE III &£ Y /h &,

STAGE V (Fig. 4-1E) : fEAIZER 150~210 um TH YV, HIIES 30~80 um Th
5. SEOCPENORIBICMET S, =4V REEOBVER 23 um OIE
RAMBBEFICRENS, ~v b3V ) U RaME, RERETRBOVS, INHERLHEE
ST T2 3.

STAGE VI (Fig. 4-1F) : #ifRIXER 170~300 ym T, =4V LAMHEOBVITER
Thishd., MEOEIHIEIH N~ M) VEELZRT. HIIEZ 7 um B
EIZR#MEL, MEOBIRIZBEL, ~~ b ) U ReadRnmdizd.

STAGE VII (Fig. 4-1G) : fIlEDERiT 210~280 um TH Y, HEEMABEORDLVIZY
4TV VIERBY ZEE2DFWT, Stage VI OFEELR L THB. Stage VII O IFEHM
BIRBE LT -k 2 AT 1 EADZ CRES L.

FUZUEOMBMETIE, EdD 7 o0REEREEZRE L TRERERERZRAN 2o
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Figs. 4-1. Oocyte development of Metapenaeopsis daleis, A, Stage 1; B, Stage II; C, Stage III; D, Stage
IV; E, Stage V; F, Stage VI; G, Stage VII. Bars represent 50 xm and abbreviations denote as follows; gv,

germinal vesicle; 0o, ooplasm; nu, nucleoli; fc, follicle cell; gl, globule; yg, yolk granule; ve, vitelline
envelope.

67



o, TAxTY, ¥YF7HxY, A7 A= UONBMIEOEIEE, Stage VII %R
TAILERTERDPoEZILERVTFVIEDRLDOLALTHY, Stage VI 2BV
THREBEREEIRENE o & (Fig. 4-2). £z, ¥ T E(CL 14.8 mm, GSI 7.42) Tl
Stage III, V, VII A%, 7 7=t (CL 15.6 mm, GSI 6.9) T/ Stage III, V, VI 28, ¥ F 77
= E(CL 18.3 mm, GSI 8.25) TiX Stage II, II[, V, VIZ®, S =& 7 # = £'(CL 14.6 mm, GSI
5.93)Tid Stage 11, III, VI OSIRMIRNS, ZHEFNEHFL TV (Fig 4-3). 2O L5
FVUIE, THZYE, YFT7HTE, I TF AT, BEOEAT Stage VI ¥
TeiE VII OSFRHMRL & biZ, WAWARRZEEREORKARINVEHIEAHEL .

DI OREEENCHAOTHE{LEZBE L. 2T, Stage I~IV X
AR, Stage Vi 6 A& 8 HEWR<EA, Stage VIiX 4, 6, 7, 8, 10, 11, 3 AT, Stage
VII X3 BRICOABEREINT (Table 4-1). 7 H = ETiX, Stage ViZ 5~10 AD&EA,
Stage VI (X 6, 8, 9, 10 AIZREFR &N 7-(Table 4-2). ¥ F 7 H=ETiX, Stage VIiI 5
~11 AD&EA, Stage VIIX5, 7, 8 BIZHER S L7 (Table 4-3). I~<ET7 H T ETIT,
Stage V i< 5~9 ADE A, Stage VI iX 5, 6, 7, 10 BIZHER I 7= (Table 4-4). T D
£ J1IZ, Stage V U EIZRZELZIIRBMRIE, ¥ ETIRAEAE, Tz, ¥ F7
ALY, IET I ETEPELLKICHEA LR,

GSI LOREBMIR DR ZERKE L OXRERFT 27201, GSI 7 5 ZAFZ Stage V B
SO VIVII 0iR#MlE A4 5EEOHAEEGE2 S, TV THE, GSIQ2 T 167
BELUL 0%, 2<GSI<4 T 28.6 BL T 0%, 4<GSI<6 T 62.5 B LW 12.5%, 6<GSI<® T
33.3 B L 66.7%, 8<GSI<I0 T 03 LT 100% Th - /= (Fig. 4-4). 7 7 = £ Tid, GSI<2
TELLH 0%, 2<GSI<4 TiI 50.0 B LN 40.0%, 4<GSI<6 TIi 66.7 B LU 33.3%,
6<GSI<8 TiL 333 BL W 66.7% THh » 7= (Fig. 4-5). ¥ T T I E T, GSI2 TLbH
5b 0%, 2<GSI<4 TiX 85.7 8 LU 14.3%, 4<GSI<6 Tid 83.3 B L 16.7%, 6<GSI<8
TIX 66.7 B L 33.3%, 8<GSI<I0 T 0 B X 100% T - /= (Fig. 4-6). I~<vETH
T B TiE, GSI<2 T25.0 B LT 0%, 2<GSI<4 Ti 50.0 B LU 0%, 4<GSI<6 TIi¥ 42.9
BILV 57.1%, 6<GSI<8 Ti 100 I3 LV 0%, 8<GSI<10 T 333 BILW 66.7% Th >
7= (Fig. 4-7).‘ ZINEHIZ, GSI DEWEMEITZE Stage V B LTV Stage VI-VII IZHEZEL
O EMEOHBERIELS, ¥FVTETIE GSI 4 Mt THZE, ¥YFT AL, I
v HT7HTETH GSI 2 L EDEED 50%8L S, SIEDOEEOEAT Stage V HUB
DINRMIEER LTV,
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Fig. 4-3. Sections of the ovary of the Metapenaeopsis shrimps including Stage VII (maturation stage) or
VI (late phase of the pre-maturation stage) oocytes: A, Metapenaeopsis dalei (CL 14.8 mm, GSI 7.42), bar
200 pm; B, M. aegyptia (CL 14.6 mm, GSI 5.93), bar 100um; C, M. barbata (CL 15.6 mm, GSI 6.9), bar
100um; D, M. sinica (CL 18.3 mm, GSI 8.25), bar 100um. Roman numerals denote the developmental
stages respectively.
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Table 4-1. Oocyte developmental stages occurred in the ovary of Metapenaeopsis dalei collected in Tosa

Bay from April 1995 to March 1996

1995 v 1996
Stage Apr. May June July Aug. Sep. Oct. Nov. Dec. Feb. Mar

I + + + + + + + + + + +
I + + + + + + + + + + +
1 + + + + + + + + + + +
IV + + + + + + + + + + +
v + + - + - + + + + + +
VI + - + + + - + + - - +
vl - - - - - - - - - Co- +
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- Table 4-2. Oocyte developmental stages occurred in the ovary of Metapenaeopsis

barbata collected in Tosa Bay from April to November in 1995

1995
Stage
Apr. May June July Aug. Sep. Oct. Nov.
I + + + + + + + +
I - + + + + + + +
I - + + + + + + +
v - + + - - | + - -
\" - + + + + + + -
VI - - + - + + + -
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Table 4-3. Oocyte developmental stages occurred inthe ovary of Metapenaeopsis sinica collected in Tosa Bay

from April 1996 to March 1997

1996 1997
Stage
Apr. May June Juy  Aug. Sep. Oct. Nov.  Dec. Jan.
I + + + + + + + + + +
IT + + + + + + + + + +
Ia - + + + + + + + + -
v - + - + + - + + - -
\% - + + + + + + + - -
V1 - + - + + - - - - -
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Table 4-4. Oocyte developmental stages occurred in the ovary of Metapenaeopsis aegyptia collected in Tosa Bay from

April 1995 to March 1996

1995 ' 1996
Stage
Apr. May June Juy  Aug. Sep. Oct. Nov. Dec. Feb. Mar.
I + + + + + + + + + + +
I + + + + + + + - - + -
1o + + + + + + + - - - -
v - + + + + - + + + - -
\' - + + + + + - - - - -
VI - + + + - - + - - - -
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Occurrence (%)

100 - n=6 n=7 n=8 n= n=4 n=1
75 -
W Stage VI-VII
504 B Stage V
O Stage I-IV
25 +
0 r T 1

<2 <4 <6
GSI

Fig. 4-4. Relationship between the GSI class and percentage occurrence of oocytes in Stage V (yolk granule stage
and early phase of pre-maturation stage) and Stage VI-VII (late phase of the pre-maturation stage after germinal
vesicle shrinking and migration to the margin of the oocyte, maturation stage) in Metapenaeopsis dalei in Tosa Bay.
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n=11 n=10

100 -

75 4

Occurrence (%)
N
(@)

25 -

<2

GSI

B Stage VI
® Stage V
O Stage I-IV

Fig. 4-5. Relationship between the GSI and percentage occurrence of oocytes in Stage V (yolk granule stage and
early phase of pre-maturation stage) and Stage VI (late phase of the pre-maturation stage after germinal vesicle

shrinking and migration to the margin of the oocyte) in Metapenaeopsis barbata in Tosa Bay.
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Occurrence (%)

n=11 n=7 n= n=3

100 -
75 4
50 4
25 4
0 r
<2 <4 <6 <8
GSI

W Stage VI
B Stage V
OStage I-IV

Fig. 4-6. Relationship between the GSI and percentage occurrence of oocytes in Stage V (yolk granule stage and
early phase of pre-maturation stage) and Stage VI (late phase of the pre-maturation stage after germinal vesicle

shrinking and migration to the margin of the oocyte) in Metapenaeopsis sinica in Tosa Bay.
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100 4

75 -

50 -

25 4

<2

<4

n=7

n=3
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<10

m Stage VI
B Stage V
OStage [-1V

Fig. 4-7. Relationship between the GSI and percentage occurrence of oocytes in Stage V (yolk granule stage
and early phase of pre-maturation stage) and Stage VI (late phase of the pre-maturation stage after germinal
vesicle shrinking and migration to the margin of the oocyte) in Metapenaeopsis aegyptia in Tosa Bay.
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ER

N EROINFMIEOREEREL, /Ao PRV THEBFNICHLLEE
S, 10 BRREICERI &N TV 3 (Yano, 1988). AMFEIZB T A X =L IIRMAED
BEREL, KOLIZINCZEDOLDICHRERDIENTES,

Stage I 13854 #i (synapsis stage) T3 ¥, Stage II iZ % a{=#i(chromatin nucleus stage)
& B BA-H 71 # (early perinucleolus stage)® &1¢. Stage III [IMBEMBEOHBIZL VA
L= H11% # (late perinucleolus stage)lZAHX 95 . Stage IV OHME FIZHERSHIE L
Ze&mb, HMEKHE (oil globule stage)l, II 38 L NEEIIE H (yolkless stage)E Eir & B2 6
o, Stage V ISHBEEFICBTIMEROHABIVEOM /N & AZE~ OB
(Germinal Vesicle Break Down, GVBD)D#5E ¥ 338 ® b, IIEHERH (yolk granule stage)
& B B (pre-maturation stage) DRIFEE e Ex bz, Lrl, JA<=EREB ‘
FERRBHOEEL L TEBRREBERKERD bARS . Stage VI ZEOH
MNERAF~DBEHNEI > TRY, FRAHOBRIICHYE LR, LTV REER
BIRO N2 o7, Stage VII ZHEMEAHELI L TWDZ &b HEINE O KLY
(maturation stage)IZHE ¥ T DL EXONE. ZOENNEMOERRBIZEWLWTHLREER
EEIRDONR otz

FKERIHE (cortical crypts, jelly-like substance, cortical specializations, rod-shaped
bodies,r peripheral bodies 72 P DL THEEN D) BRI ETCIZINBMERBEENL
TARTODINTZEREA TV ERTHESINTE Y (Hudinaga, 1942; King, 1948; #
A, 1963;0# - BH&, 1965 ; [, 1967 ; Tuma, 1967; Martosubroto, 1974; Anderson ef al.,
1984; Yano, 1988; Tan-Fermin and Pudadera, 1989; Medina et al., 1996; B T#E, 1997),
ETOHBRIIN=EROIBMITICE T DHRRHAOCEERER & SN TE L (Dall,
etal.,1990). UL, ¥V ¥, ThHhxE, 72, I~-ET7 I ETIX, GVBD
BEZ o TW5B Stage VI 1IZBWT Bi@%*—%ﬁﬁiéiﬂjfﬁﬁf, ¥V ETIRHEIRINE
Stage VII T X REBRRBZIHBALLZWVWI LR ERINTZ, ZITR-HTITERE
4 FEELIZEBEREBHA LR oI b, RERRENHHA LW 23T
HTERBE BN ARHETHIAEENRNLEEBEIONE., £k, ho= v OSEE
THIHRMRICRERBREERERVESEZEINEEE, AMETER LIV
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COIRBMEOBRZRRESPERATESLER B%pé.

KERREBIIIINENINLZBIZERKEORIFIZLE-THEEI> LY —RWE K
Hi L (Clark and Lynn, 1977; Pillai and Clark, 1987), & & L CTIIDOEFE LB 9 5 (Clark
etal., 1980). EERRAZEH -7 V2 T, RAHIIBMIEOERIT 224~288 um
(Yano, 1988), MH EINZIFDERIT 024 mm BIVRE1 /-7 v 2ADEERIE 0.30
~0.34 mm (/K& 27~29°C) T % (Hudinaga, 1942). ZHIZH L, REBREZFL
RNFTTUETE, AR TRENTERALIIEMIZOERIT 210~280 ym &7 V=
TELIRERCThH-7R, HMHENZHOER 035 mm BLUVEL /) —FVTRAD
BE& 0.35~0.41 mm (/K& 24.0~26.0C) T Y (Choi and Hong, 2001), Z L <w=t &
DREW., 2V EOIERE) —RPEPBREINRNDICEIINR ORTRBA R E
IHd, ZTDLd fi%%}: otbEZbhRE., LihL, FIVZEERLSERERER
BEFLERVWEBZONDAT I T, BREHSNZHOERE 215 pum BLUE 1/
—7 VU RADEERE 0296 mm (KB 27C) TH Y (Ronquillo and Saisho, 1997), 7 <
TERXFYTIELDAESN. LERST, At RIIBITIRBREREOFEIC
LIRSS HEDES A XOBLIIREFALNLFEZLRN. Z0kd, BFE
BRETo TKBIZEDIBRRLSMNEDE I A XDEIERLNITTHIERHLET
Ho.

Clark and Lynn (1977), Clark et al. (1980), Pillai and Clark (1987)231To72 & 5 72 8f &
BAREORIGOEENRBEIL, 7THZERTERETbATHARWY., ¥ —RYE
DREIIZTER IR IIOEA L OFEMEIZEZ 522 &5 (Clark and Lynn, 1977,
Pillai and Clark, 1987), B FOFELHB L Vo nZBORERE Y — KRB E DK F
ThdLEEbNDE. LERST, HBHRIIREEBREZHE O BLELRVWETIZ
BN L REE COBRMRR S WSS DY, AWENICRKRED

B—IRENIZRRAROEAT Stage VI £7213 VII OFMR & WA NVWAREERRE
DRBALZINFBRMEARLEFELLZIEND, TITHELR{To 4 BOT IR~
ENFICEEEOENE2T > ¢Ex b, A—ENFICBIT3EHEENL, BA
—Z2FFYTFDT7 FIV T E@Penn, 1980), F—A LTV TIHLOI—RZ U TED
Fenneropenaeus merguiensis (Crocos and Kerr, 1983), KIREOHF A= E(BTE, 1997)
REDHMDI N EHTHHESN TS,

BEABZOZ V< VT, EN®RPOHLRNERSOMBMBEIER SN DE
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TIZ 37 BRI A2 T\ 5 (Yano, 1984). — 5 T, BIRAIRAIZISV T GVBD DETT 5
R S~11 RETHY, BRBRHMUBONBAEAEN SRS TOMBIEEEIC
£\ (Yano, 1988). LN ->T, Fv=t, 7AhZY, VY7 HxE, I~v&T7H=
ElZB8W T, GVBD O¥ITL TW5D Stage VI, VII TIHXEINICES £ TORMIIHEE
ZEWEE X LN D, £, Stage V BETRBAHMHEE LI L0, TORE DN
BARICLENE CORMBE N bOBEET 5L ELAONE, LERST, Stage V
DHAEZEINDIE LT AHZ LN TE, Stage VI £724% VII & & HiZ Stage V DI
MRS FE—IRERNICERINEZIND 4 BOEREREINM2VEVWEZE2Z M. 4
%, EINHTOENERE IRSZY OERNBERLONITILERDHA .

GSI LEIOEELEZBbNT Stage V DHEAZFOXEND, ¥ = ETIiE GSI 4
UET, THZE, YFFHATE, IvETATETIE GSI 2 BUEBKRALTVS L
Zzbhi., ¥, THZYE, YFT7HTE, I<-ET7 I TIE Stage V BAEICE
BULIIEMAIT 5~10 B¥E7id 5~11 AICHBELTKY, ZOMICERBIITbI
TENRENT., —F, FLTETIE, Stage V U LR ELLZIBMABEER HER
LTBY, BREICLETEMBTOALTVWAZ ERRENT.

RAERANOBBHRICERT AN CROEINHIE, Z<ORIBVTELH
e L EAKBHTHBE EENTE 7~ (Hudinaga, 1942; £H, 1949, 1956 ; ®iJil + A
B, 1953, 1954, 1955, 1956a, 1956b, 1957a; 1957b ; #ikk, 1963 ; H ¥ - #EHE, 1970 ;
AR, 1977, 1979 ; BH, 1987, 1990 ; EA - AL, 1992 ; FRfl, 1992 ; ZEA,
1995; B F#5, 1997). 7 = E O EIVEITEF AW (8111 - J\BI, 1953 ; BR#ifh, 1992)
RSHEEE (M, 1963) THENLKTHILEHREINL TS, FYZEIZBNTYH,
ERGEE O\H - B, 1957a) RALEE (IR, 1977) TiX 7, 8 AICOHERA LM
BERPEINTVWDE., YFTPHATEL I 7 I CERERBPRREINL TV RD
> 7z,

RFRTIE, ¥V, ZHTE, YFT7H=E, ST I COIFMEE,
INETHLNTVWBEHOIZ AT ER T EEOLDOLEREARY, BEINE TORERE
DFRTEZBVWTREEREEZE LRI LERELNEL, ZOLORBHEEIT I
PRBIZ—MBHTHELEERLE., £k, Zhb 4 BEA—ENHNICELEEOCENNZ
Ao 2ONE. THEBREBYATIZY, Y7, I~vET I EOEN
HIZHE LK THY, TNETORPERLDEZLL O/ N PR EHIZONT
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DHELIZERLETHDZEVALNELR2TZ. —FT, VT EORAFILLEDE
I, RPERZOAROLTEFERDOI N ERIVETHD THERINE.
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FSE THEXEHELIZSTIFTZEIEORREBEARBEE

EHBRERZBTBA27IEBREONE I v bR v EOERFESR O, AH
EUCEMBREDOEARBFRNBEZPLZTLATERL., ZTALDOHFIZE, BIEESK
BIZL - THESEFMTERIBRIREINTVWI LD HY (ZH, 1956 ; \# -
g1, 1957a; &)L, 1961 ; Mk, 1963 ; /MK, 1977 ; &' - [, 1977 ; WR#ufh, 1992)
FRL TR LEEARY., ZZTE, tEBREHECIBTIZ N EREE 4 &
DEERDHEAO—RELT, B 4 ETHOLPZLAEENRALARBICETI AR, BXT
HEHFRCLEMRB LV CL B&EI0 GSI HEROFEHEM,LDL, REBLUCEEHD
ﬁﬁ%%%%%mu?a.it,mmﬁmﬁﬁéﬁ%kwmﬁ%ﬁi.

HH LT

F2EIZRLEMB L FETRREERXDOS L, HEBIIBTZ2ELETNOEDS
MARKBREZTHICRATLHAEEE, TRbLLF VY (Fig. 3-7), 7 =E (Fig. 3-9),
<% 7 HxT ¥ (Fig. 3-10)Tix 1995 A/EEE, T 7= EFig. 3-12)TiL 1996 AEE
EOBAREZRWE. £8, BEARBEINE TR TOKBEFIZBO THRES 50 @E,
BREBEENRE 50 HECHEZRZVESEI2AGOEMARCLEZRELRL. b
DEEDT N LHERES 20 EiE, REBEEENE 20 BERICHEZRZVWESIILBEDK
EBLLEEBWERIEL, HIZOWTHAEREEGWOREIZLVAEREE
FEH(GSI = 100 GW / BW)Z KD 7. —HiTiL, FA4ETBELEZEBEBROMBEZNE
BZOREABAVWE., ZZTHAVWEERZEELIETHAVWELD L ED,

HXR

1. ¥ X E Metapenaeopsis dalei

1995 REFEEICRBT AHHER O CL AROFHE(LB LMD CL B#kil o GSI &
DB A% Fig. 5-1 1R L.

CL &N D, 4~7 BOMB LT 4~8 A OB TEARE, 7~12 A TIRREEHE L b/
TARE, 2~3 ACHHHELLENLORHMNRERE R2ELRFBETE. £z,
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Female Male
1 02>GSl1 1 é
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20% A L o
- L
> B = Aug. 95 20% 4
& 0% | . — ne62 ] Jul.95
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g; 20% B i
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o ] 0ct.95
0% J_r n=158 . Oct.95
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20% 0% |
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0(7 n=203
(]
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Fig. 5-1. Monthly changes in the carapace length compositions of Metapenaeopsu dalei in Tosa Bay from April 1995 to March 1996

with indication of female GSI classes in each CL class.

Carapace length (mm)
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GSI 4 U LIZREZELLAREREZBETIMPRAFICDE > THR L., HORANLEE
| DEY A REIREFHETIECL 10~14 mm Tho72, 10~12 A D/EIE T CL 6~8
mm Th o 7z,

4~7, 8 ADOKAEFEIE, # CL 10~18 mm B8 X UHECL 8~15 mm OEHEIZH - /.
HHEFIZE-FBLO CL EPE~BB LEZLICLVRERERIN, RATH
CL 17.2 mm 8 X O'# CL 14.9 mm af.,éof:. 4~5 AT CL 10 mm A LB X6 BT
2 CL 13 mm ULOMTEHEROBENRR LN, F4ETRARNOIEZEL L GSI 4 L
roEERECHBRALE, ZoORBE LTI, 5 A t:ﬁéﬁizﬁa % CL 3~10 mm O/
HALTMZEMLEL., L, ZOBTREOAEROBZIR AT, 6 ALUEK
BT LHFEIHRTEARD» >, ‘

7~12 R OB TR, Y A A3 BEAREETHHE CL 13.5 mm 3 X O CL 10.8 mm
Thote., 7~12 AIZIEEIZ CL3~5 mm O/NEBEESHERA BT b, HHR
REBEOMABRFEILEI - TV ERTENTE. 8~9 ADMRB LT 7~9 A DH
T, 5~6mm OE— FOMIZHE 9~11 mm B LUK 8~9 mm IZHE— Rl d o 7278,

S 10 RICIIMEREL B 5~6 mm DE—RDH Lpof, 11 BT 5~6 mm BLVHE 6
~7mm 2, 12 BIZI3HE 6~7 mm B L O 7~8 mm IZE— NEFOHBEMEL o7z,
GSI 4 DL b&R4EEKIT, 7RI CL8 mm B ET, 8 BIZIXCLY mm MU LT, 94
\ZiE CL 12 mm L ETHBEShE. 10 AURBICIIEFEROREE LIAD D&Y A X2/
kL, GSI 4 YL E%/RIEMEIT 10, 11 AIZIE CL 6mm BAET, 12 AIZIE CL 7 mm
UELTBEShT.

2~3 Bizi, ##EH CL S mm UTFTOEERREIL R RoZBIV CL
HHEHLE—FOA~OBEHICLY, MAOHBERENRINEZ., ZIZXY, BIE
D 4~7, 8 ACBBINTZREBIC ORI IR REINT. 2 RITEEELLE
TR E R OMBEEOE S IIRELSEA LR, GSI 4 L EOEEN 1 BERES L.
3AIRIECLII mmU EObDOTABEBRORENALN, GSI4UEDLDOLH o,

BESNEZFVZUEROEY A X2 CL3.0~17.2 mm 3 L U CL3.3~14.9 mm
THY, CL & BL ORI T BL = 3.89CL + 2.66 (r=0.994, n=767), BT BL = 4.44CL
- 0.14 (r=0.991, n=808)Th -7z (r, FHEFRE ; n, WEBELR). BAOHEDOK Y1
REHDFRKEVBAREN T, TIC, IAETAT-RIAI 7D TEER
ExAVWTHABICHED CL HROBVWERELEEZA, 4, 5, 6, 2, 3 ADK
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BEERSLUV 9 AD/MEBIIBVWT 1%DERBRTHAEERR D N (Table 5-1).
¥0, 2~6 AORBBTRIMEOERY A XLV KREL25DIZHL, 9 BxKR< 7
~12 ADO/NBEBETRBECEY A XICEXRD LR 2.

2. 7 1 X E Metapenaeopsis barbata

1995 MEFEIZBITAT VT EOMRER O CL ks LMD CL k%] GSI MAL
DEEFEIL% Fig. 52127 L1,

RESNEERORNEY A AERIT 10~12 BIZBWTIEIE 4~5 mm TH o278,
2 BICHE 5~6 mm, 3 BICH 6~7 mm L R0 Ehb, THEEDMAR 10~2 A
EI>TWeeE2bh7. ZOH, CL OSFABIIES BHOE—FRHFELE
e, MAREEERIZSPNTHI s EELXLNEZ. 4~8 ATIEE—FLOH
BOE~DBEZL o THBRZEESBD b, HEATHECL 263 mm ¥ L UHECL 21.1

miIZETHRL. 12 AETIIZEERLEZ. F 4 ETHLMILEZ L) ICHEREIR
BIFLZ2T7HECOERPFZMNENPLHKTHADOT, ZDXH7% CL HEROEHELN
b, TEBIZBIAT7THITERBEEIETEOAEREEHKELTCWVE B2,

10 A2iF, YERERICORAOEZELRD GSI 2 PLEERyEEIHELEZ. £
D 5% CL 12.9 mm GSI 3.34 OfEAEIX Stage VI O EZE L TE Y (Fig. 5-3), ¥
FERABHIOLRRAICEIDORFET I EBERINEZ. LER-,T, 2EBILE
JET7T =TI, AIEREHEPTEDPOKICENEZT N, KIZIXEFREHED—
HHLEREZITI LHanTz.

12 Ab 3 AZBWVWTEA @%d\@ﬁ:ﬁij@é{t LTl eéhb, EEORENR
S, ThEERTB7HIT, 1995 EH/EEO CL MRIZ>WT 12 AL 2 B
BXW2 AL 3 Azaresdur7-AIN) JOEARERZAVTHELE. 20
R, ﬂtﬁmi%ﬂfc“hmﬁﬁs 1%LV S%T, HETIZ 12 AL 2 AOMICARE 1%

THEEZEMRD BN (Table 5-2), +HEZE BT 27 I CRALFTHLHRET S & HK
Shi.

BREINEZT I EEERDEY A X3 CL 4.1~26.3 mm ¥ L OHE CL 3.3~21.1 mm
T#HY, CL & BL DOBI{RIZMHE T BL = 3.86CL + 6.01 (r=0.99, n=720), # T BL = 4.31CL
+1.34 (r=0.99, n=403)Th o7z, EH OHHEDEKY 4 XIZMED F R K EVEE B E -
. FITC, aAsETaT-AIN) TOEAREFAVCHED CL EROEWE
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Table 5-1. Results of Kolmogorov-Smirmov test between the carapace length
compositions of female and male of Metapenaeopsis dalei in Tosa Bay from April 1995
to March 1996

. Number
Generation Date fomale — D
Apr.95 146 149 0.685 **
Large May.95 194 221 0.627 **
generation  Jun.95 221 234 0.684 **
Jul.95 21 37 0.320
Jul.95 57 65 0.163
Aug.95 62 76 0.142
Small g 95 82 97 0.255 **
generation
Oct.95 154 162 0.148
Nov.95 158 155 0.132
Dec.95 122 118 0.124 .
Large  Feb.96 153 103 0.263 **
generation Mar.96 332 203 0.237 **

D , maximum absolute value of differences between relative cumulative
frequencies; *, significant in 5% level; **, significant in 1% level.
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Fig. 5-2. Monthly changes in the carapace length compositions of Metapenaeopsis barbat in Tosa Bay from April 1995 to
March 1996 with indication of female GSI classes in each CL class.
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Fig. 5-3. Stage VI oocyte in the ovary of a female specimen (CL 12.9mm, GSI 3.34) of
Metapenaeopsis barbata, which was collected in October 1995 and estimated to be born
in 1995; fc, follicle cell; gv, germinal vesicle; yg, yolk granule; bar, 100um.
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Table 5-2. Results of Kolmogorov-Smimov test between the caraf)ace length compositions of 1995 year class of
December 1995 and February 1996 and between those of Februray and March 1996 in Metapenaeopsis barbata in
Tosa Bay

Number D
Dec.95 Feb.96 Mar.96 . Dec.95 - Feb.96 Feb. 96 - Mar. 96
female 122 109 110 0.308 ** 0.195 *
male 128 106 104 0.330 ** 0.148

D, maximum absolute value of differences between relative cumulative frequencies; *, significant in 5% level,
** significant in 1% level.
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ERBHINCRE L. TOREE, 199545, 6, 7, 8, 9, 10 A D 1994 £/ (FTE
AR TBVWT 1%DABRETHEEZEN, 1995 4F 4 AD 1994 ERE (AIERLER)
BELO1 B 1995 kit (YERAR) TS%NOERETHEREZNED b7/ (Table
53). LER->T, tEBRIBITA27IETE, BEENTHLEEDEE CIIMRE
DEY A ZZEZZRDONZVY, TNUBEHO TR REL R LEBLZLNE.

3. L+ 7 5 X E Metapenaeopsis sinica

1996 REEEICKIT D2V T T H=COMERN O CL Mk L UED CL Bk GSI
FEL D FEIE L% Fig 5412 L7,

RESNIEERDR/NEY A XL 9~3 ARV THEREL $121F CL 3~5 mm Th
DT, 4 A3 CL 6~7 mm BELOHECL 7~8 mm L Ro%Z &b, ¥YFT7h
TEDMAIL 9~3 AIZ8Z »TnwieeEx b7, CL 5 mm UTOEEDOEEIT 10
Rizd7p<720 11 AZBUEMLEZZ &b, MAN 10 ARRIC—FKERE 2o
ZLERLE2~8ATHEHE-RLAMODA~DBBICL > THRRZEERZED HN,
RATHECL21.8mm BLIUHECL 186 mmIZETHEL. 12 AETIZIZEHRLE.
FAETHLNRZ LELIIZ, 2EBRZBIZ VT T I COERPRIZHENLKT
HBHDT, ZOX57% CL MBROFHEMND, LEBIZBITIZV T T I YOAER
R 1EThILEEIZLLE.

10 BiZiE, CL 4~9 mm DYERERICH GSI 2 U EERTEERERLEZ. 20
5%, CL 829 mm GSI 5.46 DEEIIZOHEANNEI YV 2 oH 5 Stage V OIIFMIEE
HLTEYFig. 5-5), Y¥EREBIZLRRIZEILOREET DI ERERINL.
UEho, +EBIZBTDIZVTFT I TR, MEREHIDNEDPLOKIZENEZTTD
B, RICIHEREMO - OENZT D LHBT STz, 1996 FITB W T, HEH
AHOBRBRBRONE 10~11 RICEATERERNILALRZHELTRY, EINY
DEPCEIIFHOMRARZRL TSI Z EEFRL TN,

1 Anb 3 AIZBWVWT CL D E—FRRELLTWEZ LD, £FOHEEN
YV, TNEERTIHIEDIZ, 1996 FMEED CL HEIZO>WT 1 A& 2 A8
YU 2 AL 3 ARaredav.AIN) TOSEARELROTHELE., TOR
B, TEZTNFLERE 1%T, BETRINFNERE 1%9BLV 5% THAEERR
W Hivfz(Table 5-4). Lzl o T, 2EBIZLBIFT AT A=, TAxE LRk

91



Table 5-3. Results of Kolmogorov-Smirnov test between the carapace length compositions of
female and male of Metapenaeopsis barbata in Tosa Bay from April 1995 to March 1996

Number

Generation Date fomale — D

Apr.95 205 202 0.151 *
May.95 206 208  0.165 **
Jun.95 203 201 0.283 **

1994 year class Jul.95 96 133 0472 **
Aug.95 150 131 0.702 **
Sep.95 81 79 0702 **
Oct.95 20 17  0.791 **
Oct.95 89 89 0.180
Nov.95 109 104 0.204 *

1995 year class Dec.95 122 128 0.089
Feb.96 110 106  0.116
Mar.96 110 104  0.145

D , maximum absolute value of differences between relative cumulative
frequencies; *, significant in 5% level; **, significant in 1% level.
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Fig. 5-4. Monthly changes in the carapace length compositions of Metapenaeopsis sinica in Tosa Bay from April 1996
to March 1997 with indication of female GSI classes in each CL class.

93



Fig. 5-5. Stage V oocyte with shrinking its germinal vesicle in the ovary
of a female specimen (CL 8.29mm, GSI 5.46) of Metapenaeopsis sinica,
which was collected in October 1996 and estimated to be born in 1996; fc
follicle cell; gv, germinal vesicle; yg, yolk granule; bar, 100um.
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Table 5-4. Results of Kolmogorov-Smimov test between the carapace length

compositions of 1996 year class of January and February 1997 and between those of
Februray and March 1997 in Metapenaeopsis sinica in Tosa Bay

Number D
Jan97 Feb.97 Mar97 Jan. 97 - Feb. 97 Feb. 97 - Mar. 97
female 200 139 168 0.641 ** 0.219 *x*
male 122 109 110 0.308 ** 0.195 *

D , maximum absolute value of differences between relative cumulative frequencies; *,
significant in 5% level; **, significant in 1% level.
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KAZETHERELTW R LY.

RESNEYTT I EEROEY A X ZHECL 42~21.4 mm B L OHECL 3.5~18.6
mm THY, CL & BL OBFRII#M T BL = 4.00CL + 3.74 (#=0.99, n=840), H T
BL=4.37CL+1.68 (¥=0.99, n=857)Th -7=. BAOMEOK Y 4 AxHOENKE W
ENEhofk. TI T, aATIaT7-RAIN) 7O EAREEZAVCHEHED CL
FOBNEERBENICKRE L. ZORE, 199 % 4, 5, 6, 7, 8, 9, 10 AD 1995
ERREE (BIERER) BRUU1996 F 10 A D 1996 FREF (YFEFKLEH) TBWVWT 1%
DIERET, 1997 # 3 A D 1996 FikEE (FIERLER) T 5%DERBTHEEEIH
W Hiz(Table 5-5). ZD L5, LEBIZBTBZVFTIZETHE, EEhTHhDH
BEOERETIHIMEOEY A XIZEZRVE, FNUBRBHOFNRELL Bolk.

4. =¥ TFHIE Metapenaeopsis aegyptia

1995 REEEIZBITEHIET AU OMRER O CLERB X CHED CL k5] GSI
M DOFHE{L % Fig 5-6 TR LK.

REINTEROR/MNEY A4 XL 10~2 BIZB W THEREL $12E CL 3~5 mm Th
o7, 3 ARiII#EE D CLS~6 mm tR-oZ tnh, ST AT EDOMAR
10~2 A Z »TWhEtEXONE. 4~9 BTRE-REHSHDODE~DOBEIZL-
THRZREPRDON, RRXTHCL 182 mm BLTHCL 16.1 mm IZETHEL.
12 AETITIREHRBRLE. B4 ETHOPRLEISREBICBITZI-ET7 =
EOENMRBENLKTHDBDOT, ZOLI7% CL HMROBEHE ML, HEBIZ
BID2I-ET VT EOAELIREIETHDI LEILDNE.

10 AiZiX, CL 7~10mm OXFERLEHIC L RADOEZFE LR D GSI 2 ULZRTEE
BHEBELZ., 2055, CL 8.45mm GSI9.22 DEKIIEOKE/INBEZ Y DD B Stage
V OJIRMEEE L TRY (Fig. 5-7), YEFXLEBIOBRALELILDORFETLHI L

DHERINT., UbErd, 2EBIZRBTZIET A= TR, AIEREHINEDL
DRICEINEIT )N, MICIITUFEREFO ML ENNZTI>LEADNL.

12 Airb 3 H&:z”o’b\'C%/J\ﬂE{Zliﬁi‘jt?é{bL'Cb\f::&zn%, KEORER D BB
bz, TNERERT IO, 1995 FHREO CLEKICPWTI2 AL 2 ABLV2
Bt 3 A%ar®Edu7-AIN/)VO_BEARELAVTHELE., TO/KRE, H#
TRHENENAERE 1% T, BT 12 AL 2 ALBVLWTERER 1% THEEENR
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Table 5-8. Results of Kolmogorov-Smimov test between the carapace length
compositions of female and male of Metapenaeopsis sinica in Tosa Bay from
April 1996 to March 1997

. Number

Generation Date female  toale D
Apr.96 185 153 0.271 **
May.96 180 186 0418 **
Jun.96 170 209 0.539 **

1995 year class  Jul.96 178 180 0.815 **
Aug.96 101 101 0.960 **
Sep.9%6 35 47 0.915 **
Oct.96 8 12 1.000 **
Sep.96 38 31 0.276
Oct.96 144 140 0314 **
Nov.96 150 149 0.113

1996 year class Dec.96 164 168 0.129
Jan.97 201 196 0.047
Feb.97 139 140 0.072
Mar.97 171 173 0.171 *

D , maximum absolute value of differences between relative cumulative
frequencies; *, significant in 5% level; **, significant in 1% level.
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Fig. 5-6. Monthly changes in the carapace length compositions of Metapenaeopsis aegyptia in Tosa Bay from April
1995 to March 1996 with indication of female GSI classes in each CL class.
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Fig. 5-7. Stage V oocyte with shrinking its germinal vesicle in the ovary of a
female specimen (CL 8.45mm, GSI 9.22) of Metapenaeopsis aegyptia, which
was collected in October 1995 and estimated to be born in 1995; fc, follicle cell;
gv, germinal vesicle; yg, yolk granule; bar, 100um.
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L7z (Table 5-6). L7 o T, tEBIZRBIBIIETIZER, THIoERLY 7T
AEZELRERIZZZTHHRE LTV LNz,

RESINEZEITET I CERDOEY A X3l CL 3.5~18.2 mm B LU CL 3.1~
161 mm ThH Y, CL & BL OBfRIZME T BL=4.06CL+2.72 (+=0.99, n=809), T
BL=4.67CL-0.79 (r=0.99, n=760)Th ~7=. A DOHMEDOEI A APTHMOEFRKEWVWE
EVEhol. FZT, aEIaT7-AIN) TO_ERAREZBTHRED CL &
ROBNEERBENCRE L., TOMEFE, 1995 £ 5, 6, 7, 8, 9, 10 AD 1994 4
MRBER LU0 1996 £ 3 A D 1995 M (AIFERER) LBV T 1%DERETHEEE
D3, 1995 £ 4 5 D 1994 iR EE (RIFERAR) C5%DRRETHEENED b L7z (Table
5:7). TDOEHIT, HEBZBIZIvETIETE, EERLTHroBEEOEET
THEREDE Y A ZILERZRD NV, FRUBEBHOFBRKEL 2ok,

TR

1. KRRICE TS ERDAENR

Wi (1993) I2k2E, TRICHWENRDIAKBTHOEEMERIIBEOHBEIZLD
A XEBR (HEER) LBREZFICLIZVAXIER (NAHWER) 2BTWS. #£AH
SNHZ3BEOBERABHFIZE LTI, TR CTEEERLETS. £,
BEZEIERIAAORERBEEPOIEICEBRTZZ 00, BREDOBEEENREL £
DEY A ZGEEPENGEIZE, DEEERNEBNINTRIELTRESNIEEGLE D
5. METRELEZERODEREROEHELPLAERZRITT 2846, T VHD
IO BREY A RAONEREDTRIDELI RRRROFBIFFIIREVWEZ LN
5.

BEFRBOX VI EOAFEZHR CAY - 81l (1957a) T3, MEETEHER
WOWEBME LUHABZLIRENNLERZRELTVS. ThZLOREHE
THRERLERY, EVEHEBEED»LEONEERDIRRE Y., ZOHEALL
T, ThEROBEOHEERREOEVVRBEZLNDN, BORXBEHDOENTHD
CHIBT LT, ¥£7, EVESHERBREYIZL2ERAOKRMHEIT, 4 AT 22~56 mm,
7 HTIX 46~64 mm Tho72, 7 AOHAMIZL 5T 32~56 mm DEEBRESH
TWhe, EUEEREDICLIZERICHT2BRMEN 4 AL 7 ATELLZVLOTS
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Table 5-6. Results of Kolmogorov-Smimov test between the carapace length compositions of
1995 year class of December 1995 and February 1996 and between those of Februray and
March 1996 in Metapenaeopsis aegyptia in Tosa Bay

Number D
Dec.95 Feb.96 Mar.96 Dec.95 - Feb.96 Feb. 96 - Mar. 96
female 138 161 127 0411 ** 0.195 **
male 134 188 135 0.680 ** 0.116

D , maximum absolute value of differences between relative cumulative frequencies; *,
significant in 5% level; **, significant in 1% level.
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Table 5-7. Resuits of Kolmogorov-Smirnov test between the carapace
" length compositions of female and male of Metapenaeopsis aegyptia
in Tosa Bay from April 1995 to March 1996

Number

Generation Date fomale  male D
Apr.95 201 203  0.150 *
May.95 201 202 0.209 **
Jun.95 o202 202 0272 **
1994 year class  Jul.95 159 170 0.551 **
Aug.95 130 143 0.752 **
Sep.95 87 86  0.826 **
Oct.95 19 27  0.700 **
Oct.95 77 74 0.100
: Nov.95 134 149  0.138
1995 year class  Dec.95 138 134 0.092
Feb.96 161 188  0.125
Mar.96 127 135  0.245 **

D , maximum absolute value of differences between relative
cumulative frequencies; *, significant in 5% level; **, significant
in 1% level.
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i, 7 A0EVEHBAEN TLHABE CHREINLZAEE 46 mm UTOEERFES
CRBBTTHBN, THTEALoR. LERST, 7 AEBNTEDE BREMC
EOERIIKHTHBRENEL, MEFEICLIDZAZNERYE, T EFBEOHEEE
RUEDR 4 ADLDEIXER-EFBERBLLNTE. TOLIRAEIL/LNLE
RHEROFHESIL, BEHOBELERICKBLTNE ERXEVEL.
BREAEOT 7 mCOEESER LR (1992) T, BVERED B AKX
&< (30 mm BLV 35 mm), REYHFICEEREEENLI &6, Tokai et al,
(1990) D E BIRE~R LI —T2HAVWTENEFNOEADBERIREEZRD, %
NERAWTEARD CL MREMELLZ. ZOBATHLREMBEES 0 THB CL ER
DEEEWETDZLIERTETHY, KAD CL BEiRiT 89mm Thot. LR
T, ZOMETHLNUBEORER R+ THY, REOEEIZ+H TIERW.
INHERAL, RIFERTIEHES 5 mm OEVEOERIZL > T CL 3~4 mm D/E
BEPLHEELTNEZD, TNETOFRICLHEEBROBETHBEHNNIINE
Zxbnd. £z, AMELELDETRTHEELLDOT, ABHERITZEFEEL RV,
EbiZ, B2 ETRLEIIEZ, TNENDOEOSHAKRKEILERAETRELTEY,
REAKBEUADKBIZEDIZRBEELINEOBBEREBERTZZ bRV EB LN
. ZTALOZEND, KFRICEBITS CL HEROSBEHE/IZ, HEBIIBIT3ZhH
TNDOROEEZPR)ERIZRKBLTHWAZ EBHFIND.

2. ¥¥xE

B4 ET, HEBIBIAXVZETHAEICbE o TENET > BEESHET S
TEEFLE. LML, TITHLMAICLE CL MROSHERICLEBE, EEAY
DERREMEIE T~12 BICHA Lz 2D, BEROREICASRENMILS -
ERESRNTWHEEZ LN, AET (KB 24~26C, 7 32.2%) BT 5%
VIEOREOBERIZLB L, EIFD CL 121 mm OFRR TG —NFET 15 BHEBE
THRET S Z &2 5(Choi and Hong, 2001), 7 AIZHA L7 CL 4~10mm O/NEIFET 4
~6 ADKREFHEOENNIIHETDIEEZLONT.

CL MEDFEFHEMICBITOIREBHEOHB L NEFHEOHBAILLY, 7~8 FITHAR
RRboeZ LIEALITHB. T, 8~9 ADOMB IV 7~9 ADHED CL MM
WIEMEZ RT 28, 10 A3/ B L CBIgEH Loz, 51T, 10~12 A TEE&
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BERIDMA LAY A AONBEERBDONLTE. Z0bhb, 9~12 ADHEIZ
XV CRAENTLLE , AURNIZENRZTY, ZOERICHETIEER KL
CHMATHZ2ick Y, EREOHRRRBTbATVE LHESNE,

UERn, tEBIZBITIAF VI EOEROAEEREBRDO L SICE & ® LN (Fig.
5-8A). ENOHKOBAKERIZIEMONEHIBEELNAZRIEYT. ZOMIK
AR A XICHREET R (BKREV A X CL 12 mm, O KEEY A X CL 5~8 mm).
ADKIBETRIZENPERFALRAZILEEoDITIREBEV A IBKREL LD HLORH
, THORREHLRY, BEOKBEOLERLLELIZHEUVENSERICRS. KA
TRHELIVMOFRKRELRY (FXEVA A CL 17 mm B LK CL 15 mm,
DREAEY A X CL 10 mm), $FEEEFELLR, EEFLR2IMEBLRIRTE. =
DEIIC, LEBOFLI TR IFECTEZOBRNRIMAL, HRBTHEY A X%
MZEHEER A O, ThbL, E»OHKOEKBHICTITERO /N R E
PRRL, AP bFEOEABHICITLEEIVEBETIRBMRE LS. & 4 EITFRL
TIFICEVWE S REHICOEIENHILE, TN oBROEROENHR BN Z
LIk mmInsdeEx LNk,

BAERATZOXFVZEIZEBNT, W 20 CHREITF ST T3, R
REDEEBEDD, A4 X% BL TRLTWAHEFIZB W TiX BL-CL BBEERAWT
BE L7 CL LR LT,

lUEETIE, 9-10 ACHBALEKRT 2 FAFTIREHREERL, 10 AITHRL 7
DRABETHRTIBHMBERNDD (K, 1977). Zhickd e, BEHEBLEREID
B K CiHff BL76 (CL18.9)Ymm (2T 3. £z, BMEAREH IR K THMH BL 29 (CL 6.8)
mm 3 X O BL 26 (CL 5.9) mm BETH ), £F0EARICH bAFICERZF2
BWEFEFECTLTLES. BANEEABETIE, 8 ALGBEFEDOTAETHEETDIRE
HREEFL IOAPLEEDS AETHETIBRMEREMN LY, ML b BL 63 (CL
15.5) mm 3 X OB BL 58 (CL 13.1) mm 2T 2 (J\HI « A1), 1957a; &i)Il, 1961).
FRWTIIEMILIET, BT CL14 mm IZET S (MK, 1963). ZhbDWEETIE
—EIZ 1 B ERNFaETFOERLBAZIALTWILO0, BEAELEETLH
RIZERM1ERTH 5.

INBIEXL, BEIKBIT A GREAROSHETLEBOARL IHUTHD (B
E [, 1977). bbb, 5-8 BIZIEH®ATBL 80 (CL 19.9) mm (ZE ¥ 5 KERER,
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7-3 A CIXHARKTBL 60 (CL 14.7) mm £ TO/NBBENEEL, 7~8 BIZ KA L /N H
MR L, £, MEBEO CLARYS 10 SIZEUNEL LEZ &b, ABBERN
BTHLHURORRB o EBRFERINE

IDLYE, XV EOEMBEARKIHBENEREZRL, UEE, EFRFRNE, AR
WTIHRTHIDIIH L, BESTEBTIIEHROERRZRT S.

T THBULZBEM TR, KERENKRESERDFig. 2-6). MABRENER
BB/ A~ CHOERRE LTHRLRARERTHS. EANMELFHEILA
BOPESLHENRRETHY, EFRLEEAKEBELERZIBODOLAFIIRBEORET
KB 10CHIBRIZIET T 2. BETIAERBROBEEDEZDALETIEIINL DKL
DIRET, ERAEAEL BCRETHS. BNOYBLR BT HELCTIIER
DEEAKER 15°CETHIZZEFHFT, INOLOKBROFTALAFTOXKEREZLEL.
LER>T, TV EOEMERRO#MBENERIAKEBERECERIZHGLTEY,
BERARCEMERENEMNTZEEx L.

BHELUBE TR VIERARATELIORECEVHE THE D (AW - &l
JII, 1957a; /N, 1977), ZDOENICHXTIEGDIZLA ERIRELFITIIRAT
7, FEOEMYPETHREEZR TS, $2bb, MERMARIIHALZY., Zhizw
L, 2B TREEARICLEs TRAFRZKEREIZDY, KEHICETRED
LBIKEVWKH TRATL/NEERE 2. BAREXI T E/NEHROFLEEMB/ED
BEIZKARL, BHEPBVEREND. BKEHICITENNERBL DL EbITHETA
AWMKREBEBALUTREERL 2. EPOHEORBEYBROEINICHRTEILDIEIED
FARBTFTTEWNNIHEREZD. Z0X31E, ¥V ETEREAEBET THRAGY A X
BT HZ L RBLVENFHNRIME TSI LICL»T, FRMBRKRESEBMTS &
Zzbhiz.

3. FHhIE-YF7hIE-S3w7HIE

THEBEBIAT I - 7 AT I-ETHEOEBOAEELER, RO
LI E LD BN (Fig. 5-8B). FENLOLKIIDT TRHIEREHENEINZITV, Y&
BEHL LU THPOHAALZNMATS. SEREHO —FHIZKICENRICNDS. £F0
EABILRERRD LN, BEBFORUBICIIEL VEOFTBRELARD. ¥
¥ TIEREKRT, 7= BT CL 26 mm 3 KO8 CL 21 mm, 77 4 = & Tl CL 22
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mmBIUCHECL 19mm, IvE7 V= Tl CL 18 mm I3 X U CL 16 mm BB 272
D, BENLIZET 1| EFTEOAEFERKZS. Z0XHiZ, ZThd 3 BTREZEATH
W%%Xﬁﬁﬁéb@@,ECEEE%%LK.it,%u%ﬁé%%%éﬁ@ﬁ%
B A ARHEICBTL2HFEREHORRAET A XLV DEL, BRERRICZRT
BPRAGTAZONBEEBRE DL, AROLEEERRFAEBSERBORARZANT
vThEEINTWS (LH, 1990).
FTEBIBTAT I EOENHAIVEILOKTHY, BERFETEFTDH L
BTN (B, 1981), YERLABOBREIER I TR T,
BEAMBIZBIT D, THIZEOEBEREIRODISIZHESA TS, EMEBIZET
SR TIE (KM, 1956), THTVEPUEREENEEOBEIIFLEEELITWIZE 1 &£
FHEEFET I REHERE, ENHOMYIEENLEAR THEALAELZITV 3~4 » A THE
THEHAHMRND S, £72, BABVP A XTI CL 2l mm BB LUV IO mm ETHY
10~5 AORHICOLE>THERERTLIZLERBESNTWVWD. —F, B=#HICE
AR TIE (PR, 1992), EHEROGFEEERBINT, CL ARKED I L
2ODEIERBTHY, ENHOREI 2 55, BEIC 1 RAENETY. 7,
ESMG O 7 A ICBY BEAEY A X%, 1 M CL 20 mm B L UM CL 18 mm
EEE, 2 B CHfE CL 25 mm BXUEE CL 20 mm RBE T, SMAE L RARICELINLEY
EFCOXEMEDRRERFHEBBEINTVE. ZO0X5iZ, E=ETITEHER
REERT, BAEFA ARKEL, HHN 2 ETHBZ L PEABLERR>TH
5.

ZH (1956) TiX, EMBL VI LB BRNAKEPORESNTEERAZEICHNT

ERMBAOBRFICKRED 2 BEBEE LTV EABEITETERY. £k,

%ﬁ%ik%bhé@%@ﬁ%%ﬁ#EE%ﬁﬁ@ﬁE%%bkﬁ,:ﬂBﬁEW%
KR LENE I DAL, THREL, EHHROBFEEZHALPEEFELRY. —7,
PR (1992) TRABBROBBENHREBITOL TV ARV, 10 A TEIZHMD TH
NIZYUERAFREOFIZCL 15 mmBIETGSI I~2 0EERHY, ZHAORERNETS
HEEREETERY. 2F0, EFEE TR 2 BEOGTEYL, TEECIISFREH
DEBE, TRENRELLTVWEARERELLND. Db, EFABIIEY
BT ATUCOEEEHROL S KEBSNE. FAREKT 2 £T, BREYA R
# CL 25 mm B X UK CL 20 mm IZZET 5. HREO—#H & 1 RESENZTY, 2
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RETEER-TZLOLERETY. EIFFHEIENLOKTHY, 2 %, 1 %, HEO
CIEICESC DB, AP bROEKBRICIIRENEET S,
TATEDOEERZLEBLEFNBTARTD L, RBAKEI A X LERESF X
FERMCETHIRN, EFRNETRHEADLEREIREDNERTHDICRENEL, #
ARV, TEBLEFRNBIBI2EBRECEFTHE LB TS L, EBTRH
—HEZELT ISCULTHLOIZHL, BRFAETRERZERAKERERL 10CESET
THRY, 1~5 AD 5 » AL DM wtu?@%%ﬁﬁ<ag.ra.ﬁﬁWﬁkﬁw5
THATEORREBHII IO SCUTOHRMITIEE-KT S (R, 1992). —
G, EROHKIZP T TORKBRAKBRTREREWNIZNZI LIZHB LT, AR
YERAHORRIZIZERLTHY, EHo0bEO—MITAANRE B b, Tnb
o, APLEFEICBITAHIRKBREOCEVRLIEBLEFNEILRITAT I EDOREK
LEMDELROTWVWRLEEZLNT.
BBEETTLONET AT EOAERIZET S 2 20HRTIE, BREY A XA
MELZIERLUTHHIR, ERIEXIENETN 1 EEBLIV2HF L LTEYH (Wu, 1984; Tren
and Yeh, 1995), HEE L VFEMBRLS, REPEBV. EHLLKRET—FIImRanT
WRWHR, HRICLAREAKEBET —F L3 L REABRALOFEMEEKEIX 15~
17CTHY, LEBLALALSLEVRETHS. 20X, BEEENDIE, &
MENPOTFRINBZITICTEDOEFLELZIERIERDREINTVDS. ZThb O
BT, BEFONHECEHBEMOBEY, L3 EA 18 mm DREITIDIRE
Wk, ENENBERELTVWD., Z0kd, ERDOEY A XIE1%E T BL 50 mm (CL
11.4 mm)PA E, #F T2 CL 10 mm U ETHY, Lo b/EEEOREN S T
B, MEEREDRET A AHERICEEL TR EEZDNS. £, BEOREY
PERIZAWVWESEE, AABRBEVA AERICEEL TWDLAEERSD. &b
IZ, Tren and Yeh (1995)TREMOREEHIISETHY, FA D CLERIS 2D LM
ZoRBLRNED, CL BMEROERB~DOHBIICRERBRHLLELLND. U
I, TNLOMBRIT AT EOAFEXRFERICEZ OO TIIRVWAIEERD D .
Tren and Yeh (1995)IZBWTiX, EETCHLRONERA—ERBENOEROB LML
BRPERBLF LD, BHEFL2ELTI/BREZENZOP S LA,
VFTATEEIvET A ERHEHE LS ERENEETHY (Liu and Zhong,
1988; Galil and Golani, 1990), 55 HLAEFELIZOWTIRAMETHAO TEHE L. Z
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DI, MABEDLERTET, KEOEEBAEFHZRIETHEIHALN TR

AN

4. KBEZEEITHESTFTHIEREODEFETDL L

TEBIZRBTATHIER 4 BOABREIZ O —VIZENT A ENRTE .
—DORFVIETRELNAZLOT, —ERICEROHERARIRZRL, FhAFnOHRD
EIPRERTHIZEIZL>TIHEIZAVWEIREVWEIRHEZFAR L TV A Fig. 5-8 A).
LI —DRETHIZY, YFITHIIE, I-ETHIZETRLINEZLOT, EMERYK
1 THY, FIERERPTENOKICENETON, ENHKEMICIIYSEREHD
— 8L EINZ D B (Fig. 5-8 B). |

XFVZUDAERBEIKEBIZE-TEMAL, EFEEKEDN 10CHBRICETIETY
LHWMFNERECRENPOERIL > CHEBRBIEREINT, EHIHERTH D
B OAFERERD O\M - &1, 1957a; §7JIl, 1961 ; #uAx, 1963 ; /MK, 1977). K
BIZCE2AETEROENER T I=ETHRALN, BRFRETRAZFIZBTIREDER
LV RREY A Z~OBZERERREN, FaR2HFL25 (R#EEH, 1992). L
RS T, TEETRONZ2ODEFERAAY - VZERNTHY, THZERLET
LbARATERKERRETIEEREFRT RTRATIZ LIL > TR BEAL
Sh, EHEEHRTHD ADEFRHLRZAEERSS. |

BAKB T THEYA IBNEETIHBEZORRETEDLATREY, TOEL
ERE LTABOBERILICIZ2BHEDFEORTRLTONA TS (FBFE, 1999). —
B, THATZTERFITETIE, AFOKEBEERTOEFELVWAETREKESICHEIE
T o), REEHEORVEBRABRIZEREREY A XIZET 5 E TICERRIL
MBH. ZOLIE, THIZECREOEERIE, ARKETIERBT Z2REEY A XD MEYL
CEAKBETIZBITIREEHFROEBONT VRAIZL-TETELEZLND.

=7, AELXOBVWEIRAKLEZRBRLTVWARAEELHD. THZEVRIZIX, Th=
E, vFT7 Ay, IvET A ERLPERRIEEREFT O bDE, Xzl
FNEERLRNSL DR H Y (Crosnier, 1987; 1991; 1994), MHEILTEEFHITH RABERIZH
LB DTH B (Tong, et al., 2000). RIFFETYH, RV A XDERDZTHE - FTH
TE . IVETHACIUEDOREBREBOINN-TOEBELHERALT, REBEELLV
FUTUELEFRERoL., THZEVEOAFEERKBE/IIZH - TERMIZELRLT D L
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LTH, ZIUEBEBITRKENBEREFOIN T LREREE LRV I V-
TERAWICERDAREERD D,

THEET B OEEREZFTENAERT A OABEEERFRTON, LEBIZBTS
A DEBLERBEERELIIN-TZEENRONE, AbohTR2w. %, 74~
TEROEFERDOKEBIZLDIEME BT H20IL, SHIZELDKFEEIZSY
TAELEMAL, KBETOLERDS.

110



B2EIZB_ILLIIZ, TEBONBEECEBBRETIE NIV BEEE, &8
EHLBROVEBEREM THS. LEB-T, TOREREDZDHITIX, NIz
BICEOEREENEETHEILEXLNDG. AWETIE, TAETRTEBOX
Bl FICEAETANE I N ER I B OV TAREAFEROBAL TR
TEBOREM LIZIZIZ OBBILMATHZ L, PHEOEP-TZABDI HFIx
VIIERBEZEERTH I, MO SBEIER IR T R H ook, &
6ETIE, ZOXSREMFHNNREBEBET 0 LEBICRBT BN E 7 Ve
PRI ECEOBEFRREZHALMIZL, TOEREBRICETIREELTH.

HHEEFE

BATCAWEET, LEBFRECREST I NEEVCXBEMOEZ BFTRBT S
HEWMBEWICBIT D 1970~2000 FIZBITF R0 /M2 BHEEELKGTLE
BLUOHBEETHS. £, NMEVCEHEBROBREYRELZRDD, 1997 £
4~12 ACHEBABICBVWTER 1 BEELLE VAT REHDOS L, BELHET
HOTTHZECZODWTHEMRERZAEL, AERECEENS AR TEHEELZ RD .
LD /N2 REERZOTITEOFEHERETHRL, NMEXT) ©ABBEER
A E L. BILOHBREROT (BRY) 2RESHELL, REREKLZRE
BZHETRULT CPUE & L7z, VN2 U] OARIEHEME, ERXEALToL 1997
FEOKBITELEEENLRD .

w"E

HEBRBBIZETS 1 FROE~NHABEYE (EBH) I, 1970 £0 7,713 £82 5
2000 E D 2525 EBETC—BLTEADLET TWBFig. 6-1). /NXUIEEEIL, 1970
FEMRD 80~150 hh b 1990 /R D 40~100 b IZEA LTEY, BITEETIE 40
PUBIBRICE CHEDLRAATNAFg. 6-2). 1 B 1 BUk ) RERE (BREE #H%)
IE8~24kg L RERLEEZFTH, ZOEBOEMITAR TR,
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Fig. 6-1. Trend of fishing effort (annual total number of boat day) of beam trawlers (Mimase Fisheries Cooperative
Association) operating at Tosa Bay.
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Fig. 6-2. Trends of annual catch (ton) and daily catch per boat (kg) of "Ko-ebi" shrimps by beam trawlers (Mimase
Fisheries Cooperative Association) operating at Tosa Bay.
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1970 235 2000 F£ITBWT, 4~10 BiZBIT 5 CPUE OXBDOALE{LERRZL Z
5, %< DETSACERELZTL, Z0O%IT10 B £ THAT5—F5Th o7z (Fig. 6-3).
INLDETIHEE, 5~9 AOHOBAEEGTIFE—ETH-723, 10 ACEIEEN
BB RES RIERES Aok,

hx ) OEBEBRETHET I EIZDONT, 1997 £ 4 A6 10 A28V T
HEBEATHRICB T 2BENO CL EREZBELLLZ A, BHIILDLD 4 Al
CL 11~20 mm 3 XU CL 9~18 mm Th o725, 10 AIZiI#E CL 22~28 mm B LV
B CL 18~25 mm & K& o= (Fig. 6-4). E5ETHLMZ U HEE KREH LIZ
B2/ tREBEOEFERICLDE, ZNULOLERRMEREHETHY, 10 HET
WCHEEREFHOMARZ o LTS, £72, CPUE OXE D AE(LiIZEBNT,
4~5 AZRBITHEMBMEREROMAOHEELZ, 5~9 BIZBIT 5 —EDEAE DOHE
DIIMADKRTBIVCBREL BRECICLII2ERECHAE, 10 BITBITHRERHE
DIIFEMBREDZEILLIPERETHREOERE, TLENLERL TS LEZD
nbd.

$53E De Lury ¥ (HH, 1985) #HWT, 5~9 HOMOBRETHREEL 5 AMEE
BT H2PHEREOHEELZR L. LIL, ZL<0ETEHRAIEETH-D
DD, BRECRECHRERRDEDELRBZIEBIELALThHo . —F, HH
NOERVFRERZFLTNE, ALERBIBVWTROERERIEFEYT S (HH,
1985).

In(C,/X,)=IngN, - Z(i + 1/2) 1
CriBBDRIZBITRHRERK
X iZEODRIIBITAENE
g BEE=R
No: FIERE
Z: 2D BRE

BIED L 512, 6 Al CPUE DE—I RRBALELKRLS 25 £TIE, 5~9 ADM
121X CPUE OXEHILIFIE—EDNEATHEA LT\ (Fig. 6-3). £Z T, (HXNZHW,
5 AFIHICRBWT i =0 L LT, ZTnbD&EDAF CPUE DI D +1/2)~ D EIF E MR
DEENPLAY LY OB REEHTE w:(Table 6-1). WTFNDFEIZBVWTHER
BRIIAETH Y, HERBEEVWEBRAKEZ R LEL. £k, #ESLLE2BIRK
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Fig. 6-3. Seasonal changes of CPUE for "Koebi" shrimps in Tosa Bay from 1970 to 2000.
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Table 6-1. Monthly total mortality coefficient (Z ) estimated from
the regressions of logarithms of monthly CPUE (catch number per
boat day) for "Ko-ebi" shrimps in Tosa Bay from May to September

Year Z Correration coefficient
1970 0.470 0.985 **
1971 0.374 0.951 *
1972 0.270 0.978 **
1973 0.407 0.985 **
1974 0.749 1.000 ***
1975 0.499 0.973 **
1977 0.400 0.966 **
1979 0.473 0.986 **
1981 0.451 0.961 **
1982 0.522 0.983 **
1983 0.526 0.998 ***
1985 0.627 0.997 **x*
1986 0.528 0.993 **x*
1988 0.453 0.974 **
1989 0.642 0.992 x¥*
1990 0.412 0.978 **
1991 0.524 0.990 **
1992 0.453 0.992 ***
1993 0.449 0.981 **
1994 0.698 0.988 **
1995 0.598 0.985 **
1996 0.672 0.985 **
1998 0.699 0.989 **
1999 0.725 0.995 #**
2000 0.524 0.996 ***

* ** and *** denote that corelation coefficient is significant in
5%, 1% and 0.1% significacnt level, respectively.
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DIEIL 0.270~0.749 EFIZLBEEBB K& o Tz,

OMOXZHRNT 5 APEOEREX#HELE. ZHILEYLL, BRARTHRELAER
BEOHETH72DIC Widrig #5 (HF, 1985) 2R L0, 2R OBEER S
E~DHEFBEABRFETRRVEEBIELAE T, Z2T, AYEZVDOBARET
BEZ, TATCOFEGAMZET 1 ETHEZ ENLEF (1960) OFIE (2.5 / HFhy)
& - TR 0208, BELW 1970~2000 FIZBBIN =RV OLBO KK LA CE
0270 & L. £72, Z=F+M, F=gX DBEHREN" L F & q 3R 7= (Table 6-2). Z Z T,
XL 5~9 BOEREOEHEL LE., 20 q EEDRBOWNICI>THELRZ 9N,
P, 2 ODBRECREEZNFNLIZOVWTEED 5 BYEOEBIRE Ny 2Rz, £
72,5 RRBEOBREICHNT S 5~9 AORBBEBREH OIS JAEES) 2R 7= (Figs.
6-5, 6-6).5 A MIBEDEIREIL, 1970 1213 1,800 5 ~5,700 5 B (M=0.208) % 7= 1 2,300
7 ~17,500 T EMM=0.270)ThH o721, 1980 FERLUBETIX 700 5 ~2,600 EE(M=0.208)
721k 700 5~3,200 FTEM=0270) WAL TWE. ZHAIZXHIE LT, BETILHEE
FlERB/L 2o TEY, 1998F L 1999 FTIE5~9 ADHIZS ALFOEFEED 80%
(M=0.208)F 72 1% 70% (M=0.270)3T < Z A% L T\ 7.

N2 OBAEBRERS LE. ZThETITHLPIZLENE IV =
EHEOEINARIZLZE, THIZERETCRAIERERITLIAITMENLKIINT TO
EIRRIEEALETHY, | BEPRA—ENPHTICERHRBOENZITV, TRIZHET
DHEREBNKIZEAND. £/, BEVWORTESPMERENTHD. 1 HEDE
EME | B0 OEFRRAHADT, 5~9 AlB) 5 HEORREROTE
BFOEE, zOBFOS AHEIIBIIEREX FOEBH L L, BEEBRER .
BRIETHEE 0208 L LEHE, 2ETEBEREVWEEFHEVLEWVWIFERL R
=B @E=0.734), HOBFEEEMN 400 F &2 TFTH-o7 1974 FLBETIX, BEEBRFRIT
AETRARNo7k@=0311) (Fig. 6-7). ZZTHWET—%X, 6 Az CPUE B&E K&
REIZEEBRS BEDILOBBETIENLBONE BT —FEy NThotz. ¥z,
BRIECTHEEE 0270 L LEHEL, BEAEBRIIARE TIE2 -7 (Fig, 6-8). ZO
BE 9N ETIE Z=M 2> TLED2®, D 18 F—F vy b2b 1972 F0OF
DEFRELREOEREERBIZHETZ 2T —F v 2R 167 —F%ty hERAVE.
EETE, ROBFRERLFOMAEL B fOD%{ﬁbkf%&iﬁo’CioD FOMAE
FVBOBFREEOROBEL. 1974 ELBROBLEERRLL, ENEOHENZR

118



Table 6-2. Estimated fishing mortality coefficient (F ) and
catchability coefficient (g ) in "Ko-ebi" shrimps in Tosa Bay

Year M =0.208 M =0.27
F q F q

1970 0.262 0.00026 0.200 0.00020
1971 0.165 0.00016 0.104 0.00010
1972 0.061 0.00008

1973 0.199 0.00021 0.137 0.00015
1974  0.540 0.00058 0.479 0.00052
1975  0.291 0.00033 0.229  0.00026
1977 0.192 0.00022 0.130 0.00015
1979 0265 0.00032 0.203 0.00024
1981 0.243 0.00032 0.181 0.00024
1982 0.314 0.00049 0.252  0.00039
1983 0318 0.00044 0.256 0.00036
1985 0.419 0.00062 0.357 0.00053
1986 0.319 0.00050 0.258 0.00040
1988 0.244 0.00042 0.183 0.00031
1989  0.433 0.00075 0.372  0.00065
1990 0.204 0.00035 0.142  0.00024
1991 0.315 0.00059 0.254 0.00047
1992 0.245 0.00050 0.183  0.00038
1993  0.240 0.00053 0.179  0.00040
1994  0.490 0.00098 0.428 0.00085
1995  0.390 0.00091 0.328 0.00077
1996 0.463 0.00131 0402 0.00114
1998  0.490 0.00159 0429 0.00139
1999 0.516 0.00159 0455 0.00140
2000 0.316 0.00097 0.254 0.00078

M denotes natural mortality coefficient.
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Fig. 6-5. Stock abundance at the beginning of May and exploitation rates of "Koebi" shrimps in Tosa Bay from 1970 to 2000
where natural mortality was set as 0.208.

120



80 - -1
Stock abundance
70 -
. . B 0.8 °
= 60 Rate of exploitation
2 =
= 2
% 50 0.6 S
3
Q —_
§ 401 5
- 5
£ 1 0.4 :
§ ~
2 2.
? 0.2
10 4
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 0
1970 1975 1980 1985 1990 1995 2000

Fig. 6-6. Stock abundance at the beginning of May and exploitation rates of "Koebi" shrimps in Tosa Bay from 1970 to

2000, where natural mortality was set as 0.270.

121



60 -

50 +

N
o
[

Progeny abundance (million)
w
S

10 -

'98

0 1 L} I t 1 L}
0 200 400 600 800 1,000 1,200

Parent biomass (ton)

Fig. 6-7. Relationship between parent biomass and progeny abundance of "Koebi" shrimps in Tosa Bay, where
natural mortality was set as 0.208. Parent biomass represents sum of monthly baiomass from May to September;
progeny abundance represents abundance in May in the following next year.
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Fig. 6-8. Relationship between parent biomass and progeny abundance of "Koebi" shrimps in Tosa Bay, where
natural mortality was set as 0.270. Parent biomass represents sum of monthly baiomass from May to September;
progeny abundance represents abundance in May in the following year.



DEVMALIEEROENFIRB Y BHET I LNERERSFRLE LTEELRDN, &
EROENELHERLRTNERLARWN., ZZTHE, MAEYLVIREENYPRZ K
KeEL2o, HOBRERLENERI LI RBHOREEZRARE.

CZETORITTE, ZLOETERIVRENZE—ELRD 5~9 Axxdg L
TERR, LEBFRFICRBTANEEVCEBBEDCHBIL 4 ALSHIE-TWVS.
EEAEDEIZBWT 4 ALY 5 AOBREBEEENS<, 4 AL 5 AD CPUE OX#D
EPLRODELEBMOVBBIADEL 2oz, ZORADEFI R, MAMLET %
ZUSIWENEERTS.5 A CPUERRRLERD 2ECBVT 4 ADLHAGE
m BREERDEELEZ A, 0.06~-1.05 L EOELRNEIREN 7R, ZIDET 0~-
0.4 DfE % % L 7= (Fig. 6-9).

BT (4 AT ELRESK) © 9 HXET@?@E%&*%H&%%%M%% 1 &L,
BERMBAZSARV6A L LIEBADIARETORERL KBTEELRELE.
5~9 BTk, BRFETHRE L LTHRIZ/RLZ 0.208 & 0270 %, £BAHRE & LT 1990
EROKRKME, THE, RMETHB 0.725, 0.575, 0412 #HA Wik, 4 AT, &K
A (M) FREE LT 1970~2000 £ B I N -&BENT 0.1, 0, -0.2, -04, -1.0
D5 ODEEZRAY, EAENOHEOBEHCTHAEEZ KA (AF, 1985) &bV 5~9
ALBREMNARENPRALLRZEELEL. ZOHE, HESHLCRERED» GRD
bl 4 Bo2Ed (BN FREE, E 2RD3EDRVEEAENLOE2ELD (F
m) REUZE L2 B.

E=¢M*(1-e ™) (Z=0)
E=F/2)(1-¢7%) (Z #0)

BHIEGREE 5 RELEBAORBEOER LRI (Table 6-3). 5~9 ADBRFLELTH
]x 0208 L LB E, 5~9 ADEROHRE 0412024 A0EFED (BN HRE-02
UEOBEERVT, REEIIRIT (4 AICREHSK LAC»HEML, &KT 1.10
Lot . £72,5~9 ADBARELHAEE 0270 L T2 &,5~9 A DERAHRE 0.725
DEAB LW 5~9 BOLBABRE 0.575 o 4 AoARS (BN FER-02 UTO
BACHEEEIBRFTLAUMEMLED, ZOMOXETEREEIRI L. KB
FEBEIX, 5~9 ADBERFETIRE 0208 »o2BAHE 0412 20 4 A2 (H
) BRER 0.1 OFA, BLY5~9 BOBALTHAEK 0.270 Ho2BAHRE 0.412 »
D 4 AOERL (M) RES-04 LEOHEERVWT, BITLRAUEML, &KX
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Fig. 6-9. Total mortality coefficient from April to May of "Koebi" in Tosa Bay from 1970 to 2000.
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Table 6-3. Yeild per recruitment (YPR) of "Koebi" shrimps in Tosa Bay from the
fishing starting month to September in the case that fishing starts on May, which
is compared with the current case that fishing starts on April

IXI;Y to S;P- = APHIF Weight Money ~ Farent
1 0214 110 Li1 124

04 029 110 112 1.35

0.725 02 0332 109 LI12 1.39
0 0362 107 110 1.44

01 0387 107 110 147
10163 107 108 1.18

04 0227 105 108 125

0.208 0.575 02 0252 104 107 1.29
0 0276 103 106 132

01 0203 101 104 134

1 0097 102 103 1.10

04 0136 100 102 115

0.412 02 0151 098 101 1.16
0 0166 097  1.00 118

01 0176 096 099 1.19

1 0188 107 109 121

04 0263 106  1.08 1.30

0.725 02 0292 105 107 1.34
0 0318 103 105 137

01 0340 102 105 1.40
10135 104 105 112

04 0189 102 104 1.16

0270 0575 02 0210 100 103 117
0 0229 098 101 1.17

01 0244 097 101 118
10068 099  1.00 107

04 0094 096 098 110

0.412 02 0105 094 097 111
0 0116 092 095 112

01 0122 091 094 113

F ,M and Z denote fishing, natural and total mortalities, respectively.
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T L2 FeERRo7c. ¥, BOBREERE (5~9 AogHEREENORN) 3T Co
BATHEML, RIT01.07~1471K L ko1,

BERBAEZ 6 AL LEBAOREDHEREEZ R7 (Table 6-4). 5~9 A D BARET/E
TE 0208 LLHEE, 5~9 RO2BAOKRE 0725 OHFEAEB IV 5~9 A0LEEAK%
¥ 0575 2 4 A0E2RBA (B BRE-02 UTORAIBREEIXRTLRA L HEM
L, BRT 110 FL oW, TOMORETRHMALE., £, 5~9 ADHERE
CHREZ 0270 L LEHE, TXTCOEGTREEIIHENL2» 72, KGTFE&HIT,
5~9 ADBRETLEE 0208 & LEEE, 5~9 ROLEIRE 0412 OBFEE2HRNT
WML, KT 121 £izhotk., £72, 5~9 ADBHRETLRE 0270 L LEESR, 5
~9 AOELBAOHRE 0.725 DFEEB LV 5~9 A DLBAHRE 0575 20 4 ADE2ED

(M) #RE-0.4 UTOHEIL, KBTFEBIXEML, BRXT 11 ffhofz. RO
BREREEIZ1.19~207F L Ro7z.

ZER

HEBBEBONBECREMBAEIIRBITS M2 TIX, 181 E45EVREE
(REE/E£85 HHARLZBLEmMERI o7z, LL, EREOBI LRE
BEOBOVRERFIZEZ > TN kD, 1 B 1 E4ZvAEBEENLERREEZERTS
TEIETERWY, £, ZEALCOET 4 Ab 5 BIZBREREMXEML, MARE
WTWAZE%EFRLE., ZOkd, RIFRTIE 5 AHECERELRD, TORDA
BRATBRLL.
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Table 6-4. Yeild per recruitment (YPR) of "Koebi" shrimps in Tosa Bay from
the fishing starting month to September in the case that fishing starts on June,
which is compared with the current case that fishing starts on April

ﬁay o S;P' > AP“‘F Weight Money ~Farent
1 0204 L0 120 174

04 0299 109 121 1.89

0725 02 0332 109 120 1.95
0 0362 107  L19 2.01

0.0 0387 107 119 2.07

10163 102 L2 152

04 0227 101 L1 1.62

0208 0575  -02 0252 100 L1l 1.6
0 0276 098  1.09 171

0.0 0293 097 108 173

10097 092 100 129

04 0136 090 099 134

0412 02 0151 08 098 1.36
0 0166 087 09 138

0.0 0176 086 096 139

7 0188 100 L0 162

04 0263 09 110 175

0725 02 0292 098 109 . 180
0 0318 09 107 1.85

0.1 0340 09 107 1.89

T 0135 093 Loz 132

04 0189 091 101 134

0270 0575  -02 0210 090 100 135
0 029 08 098 135

0.1 0244 087 098 1.35

10068 084 091 1.19

04 0094 081 089 122

0412  -02 0105 080 0.8 1.24
0 0116 078 086 128

00 012 077 085 1.26

F ,M and Z denote fishing, natural and total mortalities, respectively.
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