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Fishery biological studies on penaeid shrimps in Tosa Bay,
Pacific coast of Japan”

Hideo SAKAJI™

Abstract Penaeid shrimps are mainly distributed in shallow and inshore tropical and sub-
tropical waters. Worldwide, they support fisheries of significant importance and are impor-
tant 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 na-
tion. For the sustainable running of small-scale trawlers, management of resources of
penaeid shrimps is important, although 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 continen-
tal shelf and the life histories of the major four species on the continental shelf are de-
scribed 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 0~80m in depth in nighttime operations and of the R/V
Kotaka-maru I (49 GT) and IV (59 GT) from the 50 to 1,000m in depths in daytime opera-
tions 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 0~400m
in depth in Tosa Bay. No penaeid shrimps were collected from the waters deeper than 400m
in depth. The distribution patterns after settlement of the penaeid shrimps around Tosa
Bay were classified into the following five types. (1) Estuary type (one species); juveniles and
adults are distributed only in Urado Bay; Metapenaeus moyebi. (2) Estuary-upper continen-
tal shelf type (six species); juveniles are distributed in estuaries and semi-enclosed areas
and migrate to the upper continental shelf (<80m 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 (<140m 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
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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 conti-
nental slope (=140m depth and <400m 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 continen-
tal 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 envi-
ronment in winter (>15°C) due to the effects of the Kuroshio are important for the 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 shelf
was largest in 45m in depth and smallest in 5 m and 75m in depths, the distribution pat-
tern 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 den-
sity 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 spe-
cies composition by depth corresponded to the change of the grain size composition of the
bottom by depth. Successive changes of the species composition is important for the rich-
ness 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 spe-
cies was concluded to be a multiple spawner which have short spawning intervals.
Monthly changes of the occurrence of each developmental stage indicated that the spawn-
ing 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 re-
corded 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. dalet, there were several generations a year, a large body
(maximum size CL 17mm) and long life (about six month) generation from winter to
spring and a small body (maximum size CL 14mm) 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 colder than Tosa
Bay in winter and spring. It seems that the smaller maturation size and prolonged spawn-
ing season in the warm environment leads to shortened generation periods and an in-
crease 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 appeared in autumn,
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grew even in winter and lived to the preceding autumn. On the other hand, their body
sizes were different from each other, M. barbata is the largest (maximum size CL 26mm),
M. sinica is next in size (maximum size CL 22mm) and M. aegyptia is the smallest (maxi-
mum size CL 18mm). Spawning was made mainly by the generation spawned in the pre-
ceding 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 re-
cruited. In M. barbata, it is reported that the generation period is two years with a stag-
nation 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 throughout the year in warm waters such as in Tosa Bay. Based on this, the gen-
eration 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 examina-
tion.

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 trawl-
ers 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) in-
creased from April to May and decreased from May to September in most of the years.
Monthly Z (total mortality coefficient) and g/V; in each year were estimated by the regres-
sion analysis to the following formula; In (CPUE)=In(gN,) — Z(i+1/2); then, q is a
catchability coefficient, N, is an initial stock number in May and ¢ 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 Sep-
tember was gradually increasing from 1970's, each value in 1998 and 1999 showed almost
0.7~0.8. The present stock level of penaeid 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 Zin April, 0.1, 0, —0.2, —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
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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.

Key words: penaeid shrimp, fauna, life history, stock diagnosis, beam trawler
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Table 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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from April 1993 to March 1999
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REFONE) 20mmoZEHOREHAEH W (Fig. Do
AR, SRTANZRA S ES) B L TTHIO
FOE T, 27 <% Zostera japonica?™ 13 51T/
LT/ (Fig. 8). #FHERKFOKEF0S ~ 1 miEET
b o tens, KO THIEFC T L8280 6 b - foo
A EIT - 2T 13 H R D 19K 5 21K DK H] T,
IR (X300 FEE & U 7o

INSOPFHETHRELEAITEEICRESRD,
HOEE, MEMOFHEEROMEETT > 2o A
T, HEKBHNO 7 V< R EE O TR K
I, KB EE OKEE0~80m), REEH T8
(80~140m), RPefiim (140mLLE) 1</ TR L 7o,
By A4 XD EKLICE, Bl Ics T 2 RE%RED» S 1k
rhEf iR £ OB E (CL mm) ZHWic,

T B TR A /NRR O G0 % < H
g4 2 WM BEE Y ©ld, 7 < T & Penaeus
semisulcatus& 7 V< % [ 5 F XU,
% [ AU, 775 xEJEMetapenaeopsis® ¥V T £
J& Trachysalambria?s & /N7 V< = Rl % [/NA
O & LTKBFEE LTV 3, 20004 O S i
Wi 1 285BI O g R B L UK T SO EI A%
Hile, Eiz, [VNAT] OEYHIKETIN S 20,

IVt

Table 2. Number of hauls of the R/V Kotaka-maru I 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 June July Aug. Sep. Oct. Nov. Dec. total
99 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 1 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 29
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. 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 Aug. 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 3 2 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
tickler chane
edge
ottt eateineitietty
A0 Q‘Q#“
CX<S Inner mesh length &
Wl b
%% 20 mm o
e ok A o Kokubu Ri
‘“:::é::::::::::::::::::::::;; Kagami River ... 0_. u u e
rsssssssssssdf wooden frame &
Veleletoteteteinietatetore
B
Sele e tet ettty
sy
iolelelelelelelelely’
Shimoda River
1,000 m
Urado Bay
outboard motor Tosa Bay

Fig. 7. Push net "Sade-ami" used for the research
at Urado Bay

Fig. 8. Research area (shaded part) at Urado
Bay in 1998
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Table 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 R/V Kotaka-maru III, IV Urado Bay Total Denth Carapace
(Japanese name) upper continental shelf* upper continental shelf* lower continental shelf* continental slope* epth range length range
Number ~ Weight (g) Number ~ Weight (g) Number ~ Weight (g) Number ~ Weight (g) Number ~ Weight (g) Number ~ Weight (g) (mm)
(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%)
1 Atypopenaeus stenodactylus 4 0.90 4 0.90 e -
(Maimai-ebi) (0.00) (0.00) (0.00) 000 o8 66~80
2 Marsupenaeus japonicus 26 1,133.83 275 206.40 301 1,340 05~T5  A.7~63.7
(Kuruma-ebi) (0.01) (0.32) (12.92) (4.03) (0.05) (0.12) oo o
3 Melicertus latisulcatus 11 378.80 9 9.10 20 388 .
(Futomizo-ebi) (0.00) 0.11) (0.42) (0.18) 0.00) 0.04) 0.5~35 12.6~50.4
4 M. marginatus 18 32.90 2 114.00 20 147 -
(Terao-kuruma) (0.01) (0.01) (0.00) (0.05) (0.00) 0oy oS T9~618
5 Metapenaeopsis acclivis 151 346.65 151 347 -
(Tora-ebi) (0.06) (0.10) (0.03) (0.03) 3~65  13.0~205
6 M. aegyptia 23,336 36,640.80 23,336 36,641 -
(Mimase-aka-ebi) (9.75) (10.33) (4.25) (3.34) 215 31~182
T M. barbata 62,502 128,853.49 545 2,089.70 63,047 130,943 575 3.3~96.3
(Aka-chi) (26.12) (36.31)  (46.15)  (64.66) (49 Loy O O
8 M. dalei 47,470 49,618.12 9 18.50 3 4.30 47,482 49,641 5~100 3.0~17.2
(Kishi-ebi) (19.84) (14.00) (0.76) (0.57) (0.00) (0.00) (8.65) 453 S
9 M. dura 8,917 10,770.92 8,917 10,771
(Tsunosori-aka-ebi) (3.73) (3.04) (1.62) (0.98) 55 52285
10 M. gallensis 71 39.20 71 39 -
(Gin-yo ebi) (0.03) (0.01) (0.01) (00 10O 4T~114
11 M. lamellata 1 2.70 1 3 5 118
(Hokkoku-ebi) (0.00) (0.00) (0.00) (0.00) ) |
12 M. .lata . 1 0.20 2'12,8 2,094.70 5,316 9,220.70 7,445 11,316 65~950  B.6~24.3
(Shiro-ebi) (0.00) (0.00) (3.07) (0.86) (2.25) (1.88) (1.36) (1.03)
M. lata and 147 43.70 505 606.25 66,859 239,309.40 230,371 479,475.07 297,882 719,434 45~300
M. provocatria owstini** (0.06) 0.01)  (42.76)  (18.76) (96.30) (98.69)  (97.30) (97.56) (54.28)  (65.59)
(Shiro-ebi and Minami-shiro-ebi)
18 M. mogiensis mogiensis 694 621.54 694 622 -
(Mogi-ebi) (0.29) (0.18) (0.13) (0.06) 15~35  5.6~203
14 M. palmensis 341 830.79 341 831 - .
(Minarmi-aka-ebi) (0.14) (0.23) (0.06) 00y 10T 50~213
15 M. provocatria owstoni 1,185 1,153.73 114 155.00 879 1,017.00 2,178 2,326 45~300  4.7~93.5
(Minami-shiro-ebi) (0.50) (0.33) (0.16) (0.06) (0.37) (0.21) (0.4) (0.21) e
16 M. sinica 34,797 57,783.12 49 144.20 158 412.00 35,004 58,339 95115  9.9~214
(Shina-aka-ebi) (14.54) (16.30) (4.15) (4.46) (0.23) (0.17) (6.38) (5.32) ) i
17 M. toloensis 2,412 4,251.72 2,412 4,252 - P
(Mizo-tora-ebi) (1.01) (1.20) (0.44) (039 1o~ 33~202
18 Metapenaeus ensis 9 174.60 1,480 4,315.30 1,489 4,490
(Yoshi-ebi) (0.00) (0.05) (69.55)  (84.34) 0.27) (041 O5TO5 35~3T
19 M. intermedius 7 181.30 7 181 - -
(Tosa-ebi) (0.00) 0.05) 000 (o [T 255~ET
20 M. moyebi 352 542.10 352 542
(Mo-ebi) (16.54) (10.60) (0.06) (0.05) 05 6:5~22.5
21 Parapenaeopsis cornuta 1,890 1,857.00 1,890 1,857
(Chikugo-ebi) (0.79) (0.52) (0.34) 1y OB 49309
22 P. tenella 7 2.20 7 2 _
(Subesube-ebi) (0.00) (0.00) (0.00) (0.00) 15 66~88
23 Parapenaeus fissuroides 85 147.52 68 368.50 21 109.70 174 626 65~100  15.1~30.8
(Tsurugi-sake-ebi) (0.04) (0.04) (5.76)  (11.40) (0.03) (0.05) (0.03) (0.06) e
24 P. fissurus 13 115.10 13 115 -
(Sake-ebi) (0.01) (0.02) (0.00) (01 45~20 143~329
25 P. lanceolatus 1 2.20 141 293.60 142 296
(Toge-sake-ebi) (0.00) (0.00) (0.20) (0.12) (0.03) (0.03) 65~105  9.7~2L.2
26 P. longipes 1 0.50 2 1.80 3 2 - .
(Ashinaga-sake-ebi) (0.00) (0.00) 0.17) (0.06) (0.00) 000 0T 82138
27 P. sextuberculatus 1 3.00 2 14.40 3 17 -
(Mutsuha-sake-ebi) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) 185~200 10.3~25.8
28 Penaeopsis eduardoi 177 1,625.50 177 1,626
(Benigara-ebi) (0.07) (0.33) (0.03) (0.15) 250~400 10.7~33.9
29 Penaeus monodon 6 37.50 6 38
(Ushi-ebi) (0.28) (0.73) (0.00) (0.00) 05 9.1~174
30 P. semisulcatus 17 1,324.10 6 6.00 23 1,330
(Kuma-ebi) (0.01) (0.37) (0.28) (0.12) (0.00) (017 05T 98~0T
31 Trachypenaeopsis richtersii 2 1.00 2 1 5 6.5~0.3
(Saru-ebi-modoki) (0.00) (0.00) (0.00) (0.00) | B
32 Trachysalambria albicoma 30,224 32,096.98 30,224 32,097 555 5.1~%.7
(Shiraga-saru-ebi) (12.63) 9.05) (5.51) (2.93) i} .
33 T. curvirostris 9,300 13,216.73 9,300 13,217
(Saru-ebi) (3.89) (3.73) (1.69) (L) 0T A2
34 T. longipes 3,436 4,546.05 3 2.90 3,439 4,549 -
(Oki-saru-ebi) (1.44) (1.28) (0.25) (0.09) (0.63) (0.41) BT 46~316
35 T. sp. 12,223 8,481.32 12,223 8,481 - P
(Nansei-saru-ebi) (5.11) (2.39) (2.23) (0.77) BT 54~223
Total 239,285 354,534 1,181 3,232 69,427 242,496 236,758 491,468 2,128 5,116 548,779 1,096,846
Total number of species 31 6 5
* Upper continental shelf, lower continental shelf and continental slope denote 0~ 80m, 80~ 140m 140~ 1,000m depth, respectively
*kk

Many specimens of Metapenaeopsis lata and M. provocatria owtstoni are still unidentified due to the complexity of identification for similarity of

petasma of the two species
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Table 5. Number per hawl of the species which were caught by the shrimp beam-trawl re-
search and the R/V Koraka-maru research from the depth range of 50~80m

Shrimp beam-trawl

R/V Kotaka-maru

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 1.3 1.1
P. longipes 0.0 0.0
Trachysalambria longipes 35.7 0.1

& "Kuruma-
B"Ki-ebi"
"Ko-ebi”
Bothers

Weight Money

Fig. 9. Portions of penaeid shrimps in catch weight
and money in 2000 in beam trawlers (Mimase Fisher-
ies Cooprative Association) operating at Tosa Bay.
"Kuruma-ebi" includes Marsupenaeus japonicus and
Penaeus semisulcatus; "Ki-ebi" includes mainly
Metapenaeus ensis; "Ko-ebi" includes Metapenaeopsis
and Trachysalambria species; and fishes are included
in others.

KEFRIZ185 + v, JKIGITE%146,563 7 TH - 7o
Zhich» sz eHoEEGE, ["NAU ] TEED23.5
BBLUELEDITY%, [ 2FAV| TEEDLLY%
BXUOEEDI8T%, A 0] TEEOIAWB LU
EHID28% TH -1 (Fig. 9o T TRLI 20D
flll &, ©34, XY, F5A4, AA4T7), %Xy
RE, NP AV SR EDE—BEDORIEHAY I v A A
Tb -7,

[VNA | Ok EFHRIcE A, ThHTENE
B, ks bikc, KOWTHERETRYS Ay v
e, v/ v )7 Hh T Metapenaeopsis dura, ¥ F T
hTb, AFHzlE, iz, FYTEDIET,
A TRy 7 vV THIE, ¥YIHH¥LIE, Fv
IE, YFTAIE, $AIE, £FEFNLITEDET
K&n»-to (Fig. 10, £ oflic, F7 3zt
Parapenaeopsis cornuta, X7t 7hxT¥E, IFIT7H
I Y Metapenaeopsis palmensis, 7 T t, +vt&AH
VI Y, EFIEM mogiensis mogiensis, I/ h T Tt
M. toloensis, 3 ¥ TESDLIMITEGENTVI,

wM. barbc
aM. dura

ar. alico
BM. dalei
M. sinicc
aT. curvir

@7 longip
Qothers

Weight Number

Fig. 10. Species compositions in weight and number
of "Ko-ebi" shrimps taken from Mimase fish market
in 1997. Abbreviations P., T. and M. denote
Parapenaeopsis, Trachysalambria and Metapenaeopsis,
respectively.
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CoHERFrEvsy e s LIELIZIER
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B LA O T EIG T =N s Pt ERED S#ld
ENTVWEDATHY (Kubo, 1949; #K, 1992), A&
METH 2FEBIREIN L FORETH 2, TD
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TRBIiThbhizce—Aabho—LEty ¥ — O —D
MEYP RIS 2 et Lo F R <1, = B REMAE
F100mPETIREDS S5 /D, mMFITRESBERD
Mot G, @i, 1984), AT, A v & — b
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J WIBD &S 12w IR DB DIswNBRD»r & LT
B, BN TS, CL 5~20mmOEEBHNZED 7 <
BHTHRESNTOS G, #illl, 1956a),

FY T ETE, KREM BB TRES N aRD
TR DIEH 4 ZHCL 25.5mmTH » 72 T En 5, KiK
IRIGERAR & BRIOBFIc 4 2 L Bbhn s, HE
AR D/ DI S D - DEEIE AT H 5,

v YT ET, ST YT L - THRE
SNFMERIREIETH - 1248, AFEE BHNHT
ZITHBOTHI LI £ > T6 @Ak KFUAK (CL 41.2
~57.1mm) AEREINTVE i, £FKE), 7,
‘A TERES Z/PNEC XML, KEEE
DlGIKGFEN TV EHIEKEARE, 1999,
Lichi-T, 3 vz lERIcAEIHEBEZEEY
EL, RET3EHABELIEEOMERET 2 L%
A oMNice 1220, WHRBREICE T 21z v 0%
B Dish-tclEhS, 7= EERICAETER
WP B IRLIANONETH 5 AlbErE S & 5,

FIA I NTTE, KEEE BITREMN L 5K
B R o B4 3 52 S nte, AR, o ED
FETkEAEE GEl, Ak, 1982) ofth, FHEHIE
(Kubo, 1949) fufrihB At (A, #k, 1977
LV S L EE OB O RO KIE S SHE SN TV B,
M s (199D 13, FBERD S ESIIR I o B AR E L
KBVWTTS v b vixy PORBRZICKE-T
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CL 2.0~9.6mm®D KA EZFRE L I &5, AfED
FERIEE IR L, AR ILEICOTT 5 E L
L7ehsi> T, REOHEx © 3/ % LEPHIC 8 L 7
i/ I L 72 REEHI EERIc IR L, EE & bic
BEATICRE B L, BRI KZE100m AT o REEM M4
HIsE&EZoNl,

Db ki, FEKEKHNOEHERE S © DK
Rl Bap» o, tEBicEBEd27 v~z efix
oM e LIRO A4 1E, IROL5 54 7Tt

515 (Table 6),

(D TE Estuary) B liFE o & 2 5PN 2
WEBTHEZ ELIREDEREZ25 L, BilgE-TH
ANiFicizsv, TR oBITEd 5,

(2) 198 — EHKEEM (Estuary - Upper continental
shelf) @ NEZZEZMET cOAFLE L, EEEbiC
ANzl Tw<l, ZV<=IkE, 73V IE, 3o
B, vvIk, sz EnZoRicEL, sET/hiE
DREAEPRESNE P b H T ESZOMTH B

Table 6. Distribution type of penaeid shrimps in Tosa Bay

Distribution type after settlement species
Estuary Metapenaeus moyebi
Marsupenaeus Jjaponicus
Melicertus latisulcatus
. Metapenaeus ensis
Estuary - Upper continental shelf . .
M. intermedius*®
Penaeus monodon
P. semisulcatus
Atypopenaeus stenodactylus
Melicertus marginatus
Metapenaeopsis acclivis
M. aegyptia
M. barbata
M. dalet
M. dura
M. gallensis
M. lamellata
M. mogiensis mogiensis
M. palmensis
Continental shelf M. sinica
M. toloensis
Parapenaeopsis cornuta
P. tenella
Parapenaeus fissuroides
P. lanceolatus
P. longipes
Trachypenaeopsis richtersii
Trachysalambria albicoma
T. Curvirostris
T. longipes
T. sp.
Metapenaeopsis lata
Contir.letal shel.f - Continental slope M provocatria owstoni
(mainly continental slope)
Parapenaeus sextuberculatus
Continetal slope P . fzssurus.
Penaeopsis eduardoi

*The arrangement of the species to this type remains in a query for juveniles were not collected
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HREMEA BV, I T E Y v EEARRE S 1R
WKHBICRZ Db H 5,
(3) KFEMI (Continental shelf) T : FHIEEH 55
Td s TREMECHTT L, v M348, 75
7=, NS TE, IvkTATIE, ThHAITE, *
vk, v/VYTHhIE, FravIt, kya7y
It, EFfIt, IF3IT7HTE, YFTHIE, 3
VESIE, FZIILE, AXZIXNIE, VILFEFHHrs
b, MY I, TVYFAYHSIE, YILIEE
K+, YSHYILITE, Y b, £2FH 0T, F
VAN T EDBENROMICET B, TDH B,
YFTHIEEYIVES T UKW EEE FED
MR L, b7 T EREEN FE IR T B,
7 74 7 V= 3T eI KRB EESICBEE S B a8,
A & & BITREM MBicEl ¢ 2 &EX 6N, R
Mzt cRICOFESBHZITY) &S
GBS, 1991), hofEEXBILIcEBLVWEEZ S
N5, KR TIIFENEZRO K-> TVt izH kR
FEMIZLIC & D 7o, FRD O19ME IR, Rukik & & KRE
Wi EEH O AR %,
(4) KEEM — KBE#lf (Continental shelf - Continen-
tal slope) T @ EHIED ST F TREEMH L ORFER
MO fid b, Yok, 3F3Ivmxl, Ayt
FIENIORITET A0, Wb KBRS
OHLDH B EEZ LN D,
(5) KFegH (Continental slope) Y : FHIEH 5 4E
CE AR T 2, ¥ EExX=F 5z
CORICET 50 N=H 5 T EONMKESRGIENE
FEZONBH, IKFEL00mE D FEFTITIZN LIEW,
@i, R (1982) 1E, TEEICBY 5 EHOME
N EIKIBITE > TA~FD 6 5D 7 v —7ITh0 3 1,
INsDdHL, 7z EREGEBVE OKEEE00~
1,000m) #FR< &, A (0 ~40m), B (20~80m) T
ZNRARPEICE T 2 HEM, 5 — REORRER
KEEWTOfEZ, C (40~100m) AREMHE O, D
(80~250m) 8 KPEM — RPpER A O %2, E
(250~500m) A KFEFRIT MO EZATVWS, TOJ
=T33 T, TKE 0 ~250mE TOA~DIF7KFHEIFH
WEELTED, ThoDOXNEPPERTH L, Fik,
HRBOXSTBHNBIIBI20HMbBEINTHE,
Dall et al. (1990) F7 V= Rz vl
NG =V EIRDADITH T I D Type 1, KB T—A
9, Type 2, kKT iz L ChiE
EE BBl 5, Type 3, EIIES OE O
THEz EMZB L CRE & & S Ic/imIcFEid 5,
Type 4, HE%I/NETHE 4, KRR ICB T 500
NG — v EINIITHIESE 5 &, Type 1& RIS
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L <, Type 2, 3 3TE— EEREMEICE N,
Type 413 ARBEEME, KREEW — RBERHLD, Kbty
TEL, DFE D, RMEONH/ Yy — i, Dall et al
(1990) ®Type 2, 3% 1DicE &, Type 4% 3>
I LTWA T &S b,

AWFzic BT 2558 %Dall et al. (1990) DA
N = THIREE AL, Ju= T EidType 2 1C)8
T2 ERMHSHATH BN, BREBEEODITVT +
IVIE, MIE, wVIE, JRIEDENEEF
LREOHTRENL-12DT, TDEFR Y — %
Type 27133 THLLEMEETER LV, i/, I ¥
Ty YT BRI E S - BB EABOER
2iTHEFEZoNSE T EHNS, Dall et al. (1990) @
RNy — v oWFhicbEENnBm v, TDkHi
ZEMS, B THEType 2, A2 —DICE LD TT
B — RERORBEMITL S Uics F 7, KBEMIZL & KPERHA
BMONMiKIEEEE KW &S, Dall et al
(1990) OType 4 IcEZFNLHHEEXII L, & 51T,
REEM-REERTRE O DA I R KRR & &
nan, KEMECENHmdT s ERARESBENVESE
Z, INsXBLi, TOXHIT, AHIEICBT S
V=T EROATXNE, ThETDEDEDAHHED
il L LTVWBEEEZ LN,

A EEHE MK ICE T B 7 v~z Rl e
FERE, AFREIE (LM, 1958), FudkilEinE17HE
B, #k, 1977), HEESFIAEL3RE (R, 1992, 1996)
KBRiZ 9 M (K, 1974), HHE 5% (hH, 1988),
iisE 3 ONMR, 1972), /A fRiE15FE (BB, 7,
1988), HHFHEI6E Gibla, 1963), MAE15fE (NME,
i, 1981, LREE 8 (Motoh, 1972), JtuziE 4
i S, 1992) THhD, TNS5OKBOZ F
BHEROWNBETH 20T, O IzoIicHEBTIRA
Bl — RPERm T B & O RPERIE &2 R 7o E &
5 E,30EE 5, RIETIRIESNTOVS 9FED
s S BIEL T 5715& (G, M3, FERITHK
B hid2BEbH2>DLEVEHESNE L2
BLTH, TEEOREMDEICERT 27 v
Bl e oMM EbhbDTEZW (Table 7)o

NS DK DEREKEOFHEZ(LEA 5 &, FM
ARZKIRAS15CLL B & 12 2 D B HEE O REEW O A T
HY, foKFHFTIHIOCLIFERB 2 (Fig. 1D, 1%
EREMS B O ELmZ T 5015t L, 131EE
HRIE O N B S s NETHh D, &
FICBKROLETHABO LA &6 U & 5 1TkE
MI0CHIRE TIK T 5, Bl OLEL®ZT 21l
BERS SIESBEREICH D, FRkE/KIRIZ2°C
ITEE T, &K T CREE LS 5,
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Table 7. The local faunas of penaeid shrimps in Japanese waters

= =
S &
= =
- 2 : =
Localities - o Tl S o & &
(Reference) ER s "c% £ g g = 2 2 g = = =
ERSA S R = ) g Eixs -
F.gg fEERSgE S 2R 0 R 1A e
ies distri i MEISEIDEIZ SlgBlesis2 g gl BlcElEE! B
Species distributed in Japan g2 S8 282828 S8 2R SEISSS82E B
SESrEd S SRS a2 SE S S22 5
Atypopenaeus stenodactylus ® ® [ ® ® ® ® ®
Fenneropenaeus chinensis a, b
indicus c
Heteropenaeus longimanus d, e
Marsupenaeus japonicus ® ® [ ® ® ® ® ® ® ® ®
Melicertus canaliculatus e,
latisulcatus ® e ® ® ® ®
longistylus f
marginatus ® [
Metapenaeopsis acclivis ® ® ® ® ® [ ® ® ®
aegyptia ®
barbata { ] ([ J ® (]  J ® ® ® ( ] ®
dalet { ® ( ® (] { ) ([ ] )
dura ® e
gallensis ®
lamellata ® ® (] ® ® ( ] ® ®
lata ( (
mogiensis mogiensis ® ®
palmensis ® ®
provocatria owstoni ® e e
sinica ®
toloensis ®
Metapenaeus ensis ® ® ® ® ® ® ® ® ®
joynert ® ® ®
intermedius ® ®  J (]
moyebi ® ® ® ® ® e ®
Parapenaeopsis cornuta ® ®
tenella { ] { (]  J ® (] ® (]
Parapenaeus fissuroides fissuroides ®
fissurus ® [
lanceolatus ® ®
longipes ® [ ]
murrayi g, h
sextuberculatus ®
Penaeopsis eduardoi ®
Penaeus monodon ® ® ® ®
semisulcatus ® [ J ® ® { ® ( ] ®
Trachypenaeopsis richtersii ®
Trachysalambria albicoma ®
CUrvirostris ® ® (] ® ® [ e ® ® e ® ®
longipes ®
sp. (J
Number of species 35 11 17 13 8 5 3 15 16 15 8 4 -

* Alphabetic characters in "Others" of "Localities (Reference)" denote as follows; a, Suo-nada (Hara, et al., 1969); b, Ariake
Sea (Nakajima, 1987); ¢, Hyuga-nada and Lake Hamana (Hayashi et al., 1992); d, Okinawa (Kamezaki, et al., 1988); e,
Okinawa (Hayashi, 1992); f, Okinawa (Tamashiro, et al., 1989); g, Kushikino (Hayashi, 1992); h, Maisaka (Kubo, 1949).
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7 V= T ERO O Ul 3B O EiBEIC H D,
FEMRARKIR DS 15° CLL T & 75 2 /K T 13 R I3 KR I
b9 % (Dall et al., 1990; Dall 1991), FkASEFEL
DREWT 7 V= = ERIOKENGIE, T OFIT L -
THECPATZENTES, 9HbLE, HEBR
% OREEME 7 V= = € RO FE A BRI
{, ¥ I=, I=vkTHIE, V)V ITHI
v, ¥vavzxlk, EFIlE, IFIT7ThHTE, VF
THIE, IVIIILE, FYIE, ¥YILIEENF,
YIHHINLIE, FFHILITE, FrEeSHILITE,
KBS CLLT O MARI S E # A &5t < IAEE L 0 N
IR TR VWEANZVWEEZ SN 5,

BRI B T B REMAER S ErTH - T A
YA TE, FIIEBLFRNZXRTER, WONE
CHWBTRIELEEO—o > TWD (L, 1956,
1958; M S5, 1957; ihis, 1963; M, 1990, 1992,
1996; B, 1997, TN o ld, HEEO & 5 oI
[ L 7B & 0 W D & S 72 EABERY 75 BB 1T
LikEThEEEZ N5,

T EEREM LR cELSHECh -7 h e,
FWNiED X5 5 FEAHN S BRIEIC b 2 BET 5 (K
Mo, 1957; R, 1996; Bih o, 1992; B, 1997),
7AW, JUN, BTN, RSB LI O KRR,
ERELIF O BARMEI & W - 7o Fehs FEE L O 1O 7K
WAL TR (bR, 1992), BIAKHIE X ORI 1S
BRIEOMAICZWETH S EEZ 5N,

Frzvdlyovzeid, JUN, BENE KEE,
HAME & W - 7oA E A D WKk A L (O,
1992), 7~z EEEbITiEE UMME 1972, 1977,
1979) vdtimE B, 1992) Ewo 7 v~z ek

——Tosa Bay (1996-1997)
30 - ~-c- -~ Inland Sea (1996-1997)

= -a—-Sendai Bay (1996-1997)
= -0~ - Ariake Sea (1995-1996)
-« -0« Nanao Bay (1996-1997)
25 4
S
2 20 ‘
£ R
2 N
= y By
3 s / o SH
= td Y
g e y EANY
z o - e,
B e K W e, 0
=} o -1 S S
g 10 o - “
- *
L k.
& ~a
54
0 —

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

Fig. 11. Seasonal changes of water temperatures
in the five waters where the penaeid shrimp fauna
were reported

DR O TR b FBEKIBIcEF THEEL TV B
Thb, £, MifEE bEHENICEN, IV
[EEIC b s ETxs B, 1995, Lichi-
T, N5 OREEBIRLWKELIEENDO#EIEATEET H
bEFZ LN,

Frv I, GH#E (Kubo, 1949; ifd, 1963)
ERpoucHEsbvwEshTEie K 1992), L&
BT, ARSI < EE O W KE10m
TOIFFITROWAKIKICZ < Lo TOX S SRR
BAEREHBINE TRED DI > KFRDO—>T
bBEFZEZ LN,

KIFRIC BT 2 HEKEDIRILS & LIBT3
FHOZSOFERNEL > TWVW5, hoWRICE T 5H
BRI N REEM L 0 & T, REET 552Kk
FEHEZATOEBVLDONEZ WV, Lichi->T, KB
B 5B KBEM TE R4 258, KEEM— Kbk
B, REERHITAR & L TL B5E18%2 0,

BHEELD» SMEShTwb 7 vv RO 5,
KWL CHEINB L - Iv IS4, 4 VF
I t Fenneropenaeus indicus, 77 7 L 7 V=< T &
Heteropenaeus longimanus, 7 37 )V< Melricertus
canaliculatus, M. longistylus, ¥’XTE, I+ 3471
T B Parapenaeus murrayi® TFi<Tdh 5,

IV IA TR EEBICOANHT AHETHD
bk, 1992), FEIBH#ER ARKIKIEIC B 2508k 13 A T
HitRick2b0Th s (55, 1969; thi, 1987,
F7o, VNI E OIS BEEEP =EE E W 5
FIHIE DR & EANEICZ <, S L 7oK 34y
filTwiinwksThsd (LH, 1958; s, 1963;
ME%, #F, 1988; #k, 1992; #H, 19940, TN o 27
F B & S SRR EREE X 0 KRB S L5
DEREEZVEELTVWEEEZ SN, LEEBICBT S
NEHF IR TEE W,

—7J, 4 v FzEEHmn#EEE%H» S (Hayashi
et al., 1992), #7 L7~z EFhEED» S (BIF
5, 1988; bk, 1992), 4 37~ @R, HEFE,
WL 5 (WK, 1992), M. longistylusiZth#RIEH» &
(E# S, 1989), 4 344 = b3EE &R BIE
»o (BK, 1992), ThThbdhicmEsnTw 3,
INSOEMOAMIBEMNES LU LitlETth s 2
Lo, SBROTETHIEEN SR WiZah 5 A]gEkE:
BFEWweEEZLoN 5,

Cokoig, HEBTBY 37 = eRoE#D
BETHLILOMBE LT, RHoRBETLATETH
JKIERISCLL PN U 78 Wi B 75 KBt B3, s
SRR E TOZHBEBRBOGFEN S T 5,
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2. tEEONNERSHAXTRESINS V7T
ERlTESE

EEEEG o/ NURO S TR, ER S K
FeFichEw s [VNAD] DEEGHRbEL, KkbE
TIEYISINTH 5 T ENH S &5 1o, TIEE
D7 =z EREYIHEKRL T, VN ZHERkd
LFERIEZ oo, ROEELFBITHIETH -
foo T A T B/ NERH S MR 0 i T b B KB
E#icz L EREL, VNA T odhcid iR E & 75
LHETH L, TOc, fEYE L CEELAEZ
WTWBEEZL LN, Zhicxtl, [[U &I ICKEE
W EEBIcZ < ERT B+ v BE* 4 XHUNE L,
A7 oo /N B & AR s F W B i oo B 4 T
Eaniw, FoREsnThbENICkDEESN
TLE W, 7k?%tf% Zé?iﬂt:m&%zlehto

WR WA B T 2/ 7 v=x eRx el
%%®@ﬁ&%&5t,%<@mﬁf#wltm@5
L, 7Hz D0 E» 28 & DEawv (FHig, ki,
1989), TNiE, ThENDKIEDFEHRK 2L 72 &
DEEZEZOND, —F, K4 XD/NSIFETH S+
v, JFECHTETREEDhcESLSL L
foms CHif, B, 1989), LTiAETRAERERNLZ VIC
HBRID & FUIEYNC 5D 2 BB 3D 5T, Lichi-
T, MHEYOREHK I Z 0K ICEE S 3OO
6@b¢ HIc B %5 = ORI HEEL KT 5
BabdbEFZ O,

E3E TIEEREMLISMICEITZ 7T ER
I EHOMESNTHIES

FowmTld, MEBCHEET S/ vz bR b
DRENY = AR50, D55, KEEMZTA
WHEEROZWVWIENHO L EL s, FHIETIE
ok ofsEEL, NUKCEHGED
it ->TOWBREMERIcBT2 7 vz ehlo e
M OE D RG> W Tk 5,

R ANETE, BEOEECL->T/7 rvv RO
BEESELZESPHIONTVS (FHEE, 1959;
B, 1961; BiHb, ERiE, 1990), HHEETIE, TED
FEIC & » THHKERERL 2 EPREENTED
GELL, K, 1982), iZEE bKFEIC L » T L ofEif
RIS T EARBIICHI - TWE, UL, 7
~ T ER RO S E M) IS A Lo R % I S 5
LRV, TOXHE 7 <Rl B8O
ERIE RS ORI, BRI oRE F /ot
T DEIRAHIE R EOEREH SR EmiTT 5 LT
"RTH B

M ETE

FHL2ETHRNLZFHED H B, 19944F 4 H~19974F 3
HichsJ 2/ R Efftick 28— 4 b o — Vg
HBHEEEREH W, FHEHM%E 3 > 0P EFEE IS
o, JKEE 5 ~5bmAFHE L1994 4 Hr 612H £
21994 ERE, JKEE15~65m A FH 8 L 7219954F 4 H
» 5 19964F 3 H % T2 1995/ AR, /KiE35~T5m %
FHE L 7219964F 4 H » 519974 3 H & T4 19964 &5 4F
JEE Lo 11Iald 72 b o WA 1215~20%> T, GPS
MEREEICT RS NI B EHEED D OLED
Sk o AEEERE & MOk Gm) » S Ui =
B U 7oo KRR O &R A & WA A O 16
T & oA REETEE (EIA%/1,000m*) Zskd i,

A KR O KB R LR 2 SN B 7o, 19984F 6 H
WCHHEM e EHVW TR I 22w F v 5 1 ¥ —F
PRieds (BRIEHERED. 1m?Y) 1T & BAERIEZEIT - 120 SS7KIE
i & AR OHES, thdB, PEE D 3 4 Arics v
TRIEZITV, BEHSANDIKED S5AE4A0mmd 3 7
Vv 7S —EZAVTEED FS0mmE TEHRIL 72, %
HUL 72K, /MEE (4 ~8mm), #liE (2 ~ 4 mm),
Fkli) (1~ 2mm), i (0.5 ~1mm), b (0.25
~0.5mm), Mt (0.125~0.25mm), MM (0.063~
0.125mm), ¥ /v Ik (<0.063mm) @ 8 [X43iT 5%\
BT, FNSOHIEERD I, FRENDOREXSIC
SWTIE UKZERD 3 » Afic B 1 B EOFH il E Ko,
Z DK DRI EEAH & U 72

MDA MEL D A& WIEKICEC (Morisita,
197D ZHWi, F/, 2/Kk%EHE (A, B) RlofEH
DOFEVIEREIZ X C. (Morisita, 1959) %, < OEfk
IZ13UPGMA (Sneath and Sokal, 1973) ZH W7z,
C"s, Cil3H v T IH A ZOEEEZF I ERTH B
CIVBE, 1995),

Cy=8,(1-5,)/(1-6,)5,
Sy =2 M (M,~1)/[T(T-1)]
)/ZN (v, -1)

N :ZniA(niA _1)/[NA(NA _1):|
Ag = ZniB(niB —l)/[NB(NB —1)]
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KRB O FEAL AL 3 & O IRE R RIS o v T,
Bray-Curits ordination (Bray and Curtis, 1957)
RO THREEEERN T 21T - 7o, ThIE, I bBEN K
R 5 m & T5m D FHEEE & RS 1 O 72 8 D T2l D [l i
IWIE X, D OKEOHELEE 0l Ficiked 5
hFEcTch b, 2T, MHEREKELTPD (PS
(Whittaker, 1952) OREK) ZH V2 DON—HKHITH
% (K, 1995),

PD =100-PS, =50 |n, /N, —n,/ Ny

L: i OKEERD 85

S: FEEL

T: fERE

ni: 1RO HIS I B T B EIERE
M;: i FEOREAREL

Ni: j HusS AR

& S

FEWC BT 2 7 v~z Rz e KD KE
SR, KESMICB O TRAMEZRL, 45mbl
ETRELS M A1EE, BmPIETIREL 2513 LKL,
SOIE AR IR HIEE & 75 - 72 (Fig. 12), ¥ 72, FEAK
FKRIC & - T icZ b L2 (Fig. 13), 7 V=
T ER 2RO FEEE O RS > 7KESmTIE,
F 7 I EMNI%E LD, Frzb (22%) Ly
v (18%) DE&G &L -1, KELMTIE, Fvx
v (32%), vsHHrTE B0%), Hzr (25%)

25

Depth (m)

65

75

0 50 100 150 200 250
Average density (number / 1,000m?)
Fig. 12. Average density of penaeid shrimps in

each depth in Tosa Bay from April 1994 to March
1997

ML ot KEBMTE, FvzE (G0%) &v 3
HHTE 0% »EL, F7ITRRoNEL
1o t, KEBMTIR, TNE TORVKETIZIEY
WHizh-te7 AT ERRGZ D B7%), Zhi
mouTHFvrre B1%), vsHYLrzE (10%), v
v THE (1%), s~xx7HaxkE (1% e
Mmote, 7= ERREROYEHERENRKRKTH - 12
IKZEASM TR, TATE (52%), Iwk7AxTE (15
%), YFTrAhTE (14%) BENL, FvzEv (6 %)
EvsHyrze (056%) BAEHD LI, KIS
mTE, 7THTEDORED (28%) LvFT7hTEDHE
mo(25%) HH o, TRHICRVWTIYETATE
(20%) £FveA4H Lt (17%) bZh -7t KE
65mTlE, YF T HTENRR%AE LD, IvkThHT
v (15%) , 7HhxTE (12%), FrEea4HrzE (4
%) FED LT, KESMIZIRWT 27 V= = ERA K
DEE DL - 72 /KIETBMTIE, 74 T E120.1% LK
EB-TREAEREHEL, vFTaxTE (56%) &
IveTAhE 8% bEADL, TofiofE (1F&
A EISREER — KEERIHA O 3 + 3 vox k) OHE
289 1THEN L 72,
TNZTNOIRKERTEEEDOE D - e EE I DK
R BIEEERE 1, b ERWIKE T THEEDE D - 1
Fr Iz EERBROCTRIHEEROSHERL, E—F
2527 T2 ET5m, YV T ETI5m, YIS A%
EEF v ET2m, V/ VYT ATET3Sm, TH
TEEIRET AT ETLm, S v A YT ETH
m, YF7HITETMTH 7 (Fig. 14), TD X

W P. cornuta
BT, curvirosiris
®T. albicoma

B M. dalei

@M. dura

@M. barbara
BM. aegyptia
aT. sp.

O M. sinica
Dothers

Depth (m)

0 25 50 7s 100
Frequency (%)
Fig. 13. Species compositions of penaeid shrimps
in each depth in Tosa Bay from April 1994 to
March 1997. Abbreviations P., 7. and M. denote
Parapenaeopsis, Trachysalambria and Metapenaeopsis,
respectively.
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ST, FEMONHIKERAL
s onfmoduh LRI D LT >IN TED,
EDOEALE & IR L 12,

FEIFED ARIKEROEEIC LS &, TNEID
FEOEE IFHICZ(L L DD, HHKEDIEIC
FHIARR S REIZLIEED o nisr - 7o (Fig. 15~23),
T, REONHKEDOEL D HVIEH (C7) 130.22
N H0.63DAELET L DD, FOLEH) EFFH DR
RIFABE TS - 72 (Fig. 24, & 51, KELHD

WWERLDSVENS b,
7K

FESLE OREBIEAR A 7 5 2 & = ric & > T HBlIc#a
L7 (Fig. 25~27), Thick s &, 19954 7 H K
U8 HZBRS INTOREHTHL G S KEBLT Y

IR —DHFEDAPHEINI, 199587 A KT8
HT1335m & 55mAs4dmicseas i Tkl Lcas, 7THT

1335~65m”A%, 8 HTlE35~bbmAizhEh—>oD7 F
2y —& L CREk s N, 45mAVRRER) IS AR 2R L

P. cornuta T. curvirostris T. albicoma M. dalei

o

W

25

M. dura

B st 955

rebdTiREr -, T, SHOKERBIFERL 13
%ﬂ%ﬂw<9@®75X7—”Eﬁéﬂé§®Q
AR 208 U 7o BARR 7S FEAR AR D XA 13380 & 1 7ain -
726 TDXIIT, j:{ii/%’fﬁbﬂtﬁll/vl Rz e
FH D MEAA R D AKRZ AT PE S e A LR 3, ZRE)

WL HFTLEL TV,

KT & AFEMR O ZLBREZEZFEL C Ra 7w, K
FE5mZ 0, KETSMZ100& L TEIKZES ORI
O W TR 21TV, KEEE oXbinE He (Fig.
28), THIT KB &, FEAHEOMREELE [ o B 3K ZED R
CHBEERELL B>, 2O BREE—HTR
<, 3vmA 545m N DEALIEA3IE Lk b K& <,
65m”A 5 75m~NDEALIFIZ3. 1 EFEF IT/NE o7, T
D&, FHEKOZIIKFEITHELTVWE D0,
ZOELDENGIET—E TR h - 1,

PRI 3813 2 KRB O IE R B D 53 4T 12

M. barbata M. aegyptia T. sp. M. sinica

E
RS
o 4
A
45 i
55 i
65
75
0 250 25 0 75 100 0 25 50 75 100 0 25 0 25 50 75 100125 0 25 50 0 25 50 0 25 50 75 100 125

Average density (number / 1,000m®)

Fig. 14. Average density (number/1,000m*) in each depth of main nine species of continental shelf type
penaeid shrimps in Tosa Bay from April 1994 to March 1977. Abbreviations P., 7. and M. denote
Parapenaeopsis, Trachysalambria and Metapenaeopsis, respectively.
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Fig. 15. Density (number/1,000m’) of Parapenaeopsis
cornuta in each depth of Tosa Bay from April
1994 to March 1997
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Fig. 16. Density (number/1,000m? of Trachysalambria
curvirostris in each depth of Tosa Bay from April
1994 to March 1997
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Fig. 17. Density (number/1,000m®) of Trachysalambria
albicoma in each depth of Tosa Bay from April 1994
to March 1997
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Fig. 18. Density (number/1,000m*) of Metapenaeopsis

daler in each depth of Tosa Bay from April 1994 to
March 1997
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Fig. 19. Density (number/1,000m®) of Metapenaeopsis
dura in each depth of Tosa Bay from April 1994 to
March 1997

5m#»» 5 15m D ZALIT B W TREALRK I M~ TR R
R TEALMW R E D - 72 T E 2RV, BRI
AR D LR 3 & SHIG L oo FRIC, IRERIE
FARK D 1E & A EZALL 1270 5 7265m A 5 Tomic 22 1 T,
MR 1 & A EEA LIS - 7, F o, TKEE &M
s & OB R EE ALK & FRALAR O R O BAfR T

1994 1995 1996 1997
5| ooococooooo
15 000000 - O 0000000 0O

Depth (m)

0

Fig. 20. Density (number/1,000m”) of Metapenaeopsis
barbata in each depth of Tosa Bay from April 1994
to March 1997
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Fig. 21. Density (number/1,000m®) of Metapenaeopsis
aegyptia in each depth of Tosa Bay from April 1994
to March 1997
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Fig. 22. Density (number/1,000m’) of Trachysalambria
sp. in each depth of Tosa Bay from April 1994 to
March 1997
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Fig. 23. Density (number/1,000m*) of Metapenaeopsis
sinica in each depth of Tosa Bay from April 1994 to
March 1997
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Fig. 24. Seasonal change of distributional overlap
indexes (Morisita's C";) of penaeid shrimps on the
continental shelf of Tosa Bay from April 1994 to
March 1997
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Fig. 25. Dendrograms of similarity indexes of spe-
cies composition (Morisita's C;) in each depth of
Tosa Bay in the 1994 research year
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Fig. 26. Dendrograms of similarity indexes of spe-
cies composition (Morisita's C;) in each depth of
Tosa Bay in the 1995 research year
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Fig. 27. Dendrograms of similarity indexes of spe-
cies composition (Morisita's C:;) in each depth of
Tosa Bay in the 1996 research year



tEEICB T 57 v xR CHHO G RV 95

100 4 esm  75m e

80 4 55m o

45m e

60 4

40
e 35m

25m o

201 15m

Polar ordination of the penaeid species composition

5m
0 20 40 60 80 100
Polar ordination of the depth

Fig. 28. Relationship of the polar ordinations of
the depth and the penaeid species composition in
the depth from 5 to 75m in Tosa Bay.

sm
15m

25m @ @ small stone

&Afine stone
§ J/mpg.. = - 8 very coarse san
IG] # coarse sand
= mmiddle sand
E 45m ®fine sand
@ very fine sand
s55m [ Osilt
65m |
75m

0% 20% 40% 60% 80% 100%

Fig. 29. Grain size composition of the bottom in
each depth class of Tosa Bay. Grain size ranges
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species composition in the depth from 5 to 75m in
Tosa Bay
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Fig. 31. Oocyte development of Metapenaeopsis dalei; A, Stage I, B, Stage II; C, Stage III; D, Stage IV; E,
Stage V; F, Stage VI; G, Stage VI. Bars represent 50 #m and abbreviations denote as follows; gv, germinal
vesicle; 0o, ooplasm; nu, nucleoli; fe, follicle cell; gl, globule; yg, yolk granule; ve, vitelline envelope.
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Fig. 32. Stage VI (late phase of the pre-maturation stage) oocytes of the Metapenaeopsis shrimps: A, M. barbata
(CL 15.6mm, GSI 6.9); B, M. sinica (CL 18.3mm, GSI 8.25); C, M. aegyptia (CL 14.6mm, GSI 5.93); fe, follicle cell;
gv, germinal vesicle; yg, yolk granule; bars, 100 £ m.
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Fig. 33. Sections of the ovary of the Metapenaeopsis shrimps including Stage VI (maturation stage) or VI (late
phase of the pre-maturation stage) oocytes: A, Metapenaeopsis dalei (CL. 14.8mm, GSI 7.42), bar 200 . m; B, M.
barbata (CL 15.6mm, GSI 6.9), bar 100 x m; C, M. sinica (CL 18.3mm, GSI 8.25), bar 100 £ m; D, M. aegyptia (CL
14.6mm, GSI 5.93), bar 100 x m. Roman numerals denote the developmental stages respectively.
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Table 8. Oocyte developmental stages occurred in the ovary of Metapenaeopsis dalei collected in Tosa Bay

from April 1995 to March 1996

1995 1996
Stage Apr. May June July Aug. Sep. Oct. Nov. Dec. Feb. Mar.
I - + + + - + + + - - -
il - - + - - - - + + + +
I + + + + + + + + - - -
v - + + + - + + - - - -
\% + + - + — + + + - - -
il + - + + + - + + — — -
VI — — - — — — — — — — +

Table 9. Oocyte developmental stages occurred in the ovary of Metapenaeopsis barbata collected in Tosa Bay

from April to November in 1995

Stage A{Agl?l? May June July Aug. Sep. Oct. Nov.
I - - - - - + + +
il — - - - - - - -
mm — - - - - - - -
v - + + - - + - -
\% - + + + + - - —
il — — + - + - - —

Table 10. Oocyte developmental stages occurred in the ovary of Metapenaeopsis sinica collected in Tosa Bay

from April 1996 to March 1997

1996 1997
Stage  Apr. May  June July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar.
I - - - - + - - - + + + +
il - - - - - - - - - - - -
il — - - - + - - - - - — -
v - + - + + - - - — - — —
\% - + + + + - - - — - — -
Vi — + - + + — — — — — — —

Table 11. 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 July Aug. Sep. Oct. Nov. Dec. Feb. Mar.
I - - + - - - - - - - -
1l - - + - - - - — — - —
il + + + - - - + - — — —
v - + + - - — + + - — —
\% — - + - + + - — — — -
VI — - + - — — + — — — —
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n=8 n=6 n=4 n=1

754

W Stage VI-VII
B Stage V
O Stage [-IV

Occurrence (%)
"
=3

N
@

<2 j <4 <6

GSI
Fig. 34. Relationship between the GSI class and per-
centage occurrence of oocytes in Stage V (yolk gran-
ule stage and early phase of pre-maturation stage)
and Stage VI~VI (late phase of the pre-maturation
stage after germinal vesicle shrinking and migra-
tion to the margin of the oocyte, maturation stage)
in Metapenaeopsis dalei in Tosa Bay

100 _n=ll n=10 n=3 n=3

75
S
E’ M Stage VI
§ 50 @Stage V
5 O Stage -1V
5]
<o
e}

25 4

0

<2 <4 <6 <8
GSI

Fig. 35. Relationship between the GSI and percent-
age 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

%, 6=GSI<8TIF1008B L T0%, 8<GSI<10T33.3
BLU66.7%TH -7 (Fig. 37)e DL, GSID
=W AR E & Stage VB & UStage VI-VINT Fé L 729
Rplao R 3 5<, F v eTlEGSI4LIE, 7
HNITE, YFTHAITE, IvETHITETIEGSI2 LI
L ofEfED0% LI LAY, YE O ERE DA 72Stage V
LIBg YR Z A L T,

% =
7 = x EROIIRHIA O FERRE L, svex e

BV THBFMICEEL CBIESh, 10BEIC XS
nTWws (Yano, 1988), AMfFRicBIF 2+ D

n=11 n=7 n=6 n=1

754

@Stage VI
BStage V
OStage I-1V

Occurrence (%)
w
(=3

25

<2 ) <4 ' <6 <8 <10
GST

Fig. 36. Relationship between the GSI and percent-
age 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

n=7

n=12

100 4

75

S

3 M Stage VI
aj 50 @ Stage V

5 O Stage -1V
31

o

e}

254

<2 <4 <6 <8 <10
GSI

Fig. 37. Relationship between the GSI and percent-
age 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

YRRHHRG D F B PE 1E, IRDESIC7 v EDbD
ICHIEESE 2 ENTE b,

Stage 1 (384 (synapsis stage) TH D, Stage
i34t (chromatin nucleus stage) & &1{=
MR (early perinucleolus stage) % &%, Stage
Milamiao H3lic ko BE{CH%EE (ate
perinucleolus stage) X249 %, Stage IVOHMIFIE
RciBk BB L2 2 &2 5, BRI (oil globule
stage) I, OB X CMIVHI (yolkless stage) =&
EFEZ BN, Stage VIFAMRE T B 1 2 INEERKD
HERB L O OHE/NEBAE~DFE (Germinal
Vesicle Break Down, GVBD) D#5%F » 73389 51,
U BRI (yolk granule stage) & Ak (pre-
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maturation stage) DOHAZ &G EBEZ SN, Lh
L, 7= EicBT 2RIMBIHOIERLE L THER
FEFIRK LD S N8 > 72, Stage VIR O/
ERAEA~OBESIEC > TB Y, ik o®RLIIc
YL 7cs, 2 RERIRIERRD Shiah -7,
Stage VIFMEFIAMILAEIL L TW5E & SPEINER D
I (maturation stage) ICHHYMT 2 EEX SNt
COFEINERTOBEREICE VT b RBRIKAIED S
8o T,

FEEIRIE (cortical crypts, jelly-like substance,
cortical specializations, rod-shaped bodies, periph-
eral bodies? EDXFRTHEIENS) 3T TICUIHEE
MlasEEs NI ~NTOs vz EREA v ER
THE SN TH Y (Hudinaga, 1942; King, 1948; ith
FA, 1963; [, HHE, 1965; [, 1967; Tuma, 1967;
Martosubroto, 1974; Anderson et al., 1984; Yano,
1988; Tan-Fermin and Pudadera, 1989; Medina et
al., 1996; H &S, 1997), ToHBEE 7 v<x RO
YRREIIRIC 38 O 2 A kA O EERIEE L SN T
(Dall et al, 1990), L L, F+vxt, 7hHxt,
VFETHIE, 37 HIETE, GVBDOBEI -
TW3Stage VT B WT b RBRERAIHEHE S, +
v T ETRPEIIE NL7zStage VIT & X RBEIRE I H
FlLiww EnERasNic, CCTfk-T7hzbt]g
4T E bICREHRIRENSEH L ool &S, &
JERLRAESHE LW 7 4 vgic—ikisiE
HThaugelEnmvEEZ oNl, Fo, oz b
DA T & VARG I R RRRIR 2 R 72 72 WA S
Kantchs, AETERL 2+ v = v IR
DFGEFRPEX D MBEATE 2 EFEZ 5N 5,

RIEFEHRIRIZIIDSEEIR & N 7Ry ik & ORUBIC & -
THWEHES ) —RPEZHKH L (Clark and Lynn,
1977; Pillai and Clark, 1987), #&EH & L TP IAHE
>4 % (Clark et al., 1980), REFRIAEFF->
7= T ETE, BRI D O B2 1d224~288
mm (Yano, 1988), 72N ERE1F0.24mm B
FUE 1/ —7Y 9 2DKE130.30~0.34mm (K27
~29°C) Td»h % (Hudinaga, 1942), Zhicxtl, &
AR AR AT WE VT E T, AR TR
%A HA YN BRI R O 2813 210~280mm & 7 v = T B &
FEECTH - 72D, S cINOER0.35mm B
FUHE1 /=7 7 2DOKE0.35~0.41mm (KiE24.0
~26.0°C) ©d b (Choi and Hong, 2001), 7<=
ELDREV, F vz o€ Y —RWEN K =
NIV D ICEINRO AP 59, TDk5
HiER LB s EZEZ 5N, Lerl, ¥V el
UL REFRE A F 25 WEEZ SNBE T AT ETH,

BHEN IO BEZR2ImmBLUE 1/ —F ) v 2D
A E0.296mm (K#27C) THH (Ronquillo and
Saisho, 1997), 7 =T bEPF VI ELID/NIWV, L
feh-T, 7wz RT3 RERIREOHFEIC
K BINEP AN EDIE Y 4 XOEACIZ AT S i &
BEABV, Dk, MHEREZT-> TKRICES
IR IMLIEDERY 4 ZOELEW St 5 T &
DETH 5,

Clark and Lynn (1977), Clark et al. (1980),
Pillai and Clark (1987) 2347 - 7c & 5 75U &gk &
OISO BEBEN BRI, 7H B TRELTbA
TV, € —RYE O 3R T8 <o
Kk & OB IcE Z 5 2 & A 5 (Clark and Lynn,
1977; Pillai and Clark, 1987), 5+ D FHELHIE &
Wo foZ kD et 2 ) —REOEEITH 5 &b
N5, Lichi-T, UELHEREIC REIRIRIAZ R0 ff &
Fefcts Wi, FEID S 2K TOMBEMNEL 5]
REtES B 0, VRN EIRZE O,

[G]—UR B NIk A D HEA 72 Stage VIE 72 (VIO UKL
FHIE & W A0 A 73 580 BERE 0 RS 72 SR RERR AR 23 2L 47
Licl&hs, TCTHEERIT-4OoT TR
[Fl—REINNCE R RIOEI 2175 LB A i, [H—
EEORIIC B 1 2 EELOEEDN L, PEA —RA P F) T D7
P IV E (Penn, 1980), 4 —2 b 5 ) 7ILERD H —
v 4 1) 7D Fenneropenaeus merguiensis (Crocos
and Kerr, 1983), KZEo+ v (H N, 1997)
BEOMD 7 V= ERTHIRESN TV %,

HARAO 7 v=xeTld, EINEGRDSHcsIng
BRI o IRl s sl s 5 & TIK3TH 2 » T
% (Yano, 1984), —4 <, JiRHMIEIZH WV TGVBD
DHETT B IEMIE 5 ~11FTh v, AL O
UNRER I S EEIl & 2 £ CORRM IFIEFE T E L
(Yano, 1988), L7h-T, Fvxt, 7HxtE, ¥
FTHIE, IRETHIEICBVWTH, GVBDO#
fTLTWV BStage VI, VITIZEEINICE 3 £ TOMRTIZ
FERIHVWEEZEZ NS, 7, Stage VIIHIKIYH
AiEEC Lo, OB OUIREHIIIC &Y &
TORRPHOEDONEAT 5 EEA N, Lich-
T, Stage VOB ZEINOIEEEE 5 2 LA TE,
Stage VIE 7213 VI & & & 1TStage VO UIREHTE A3 [F]—
PNEIciERR S N C S 4 MO FEIRKIRE 27 b R
WEEBZ N, Sk, EINHBOEINRELE 1 [HY
720 OFEIRE A S T T 2 0 A S,

GSIEFEII s E & 2 b7 Stage VO HBIZER D
g5, FvrxeTclGSI4LIET, THTE, v
FTHIE, 32T HIETIIGSI2LLEAEZL
TWaEFEZ NI, i, THIE, YFTHIE,
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I 7+t 7H T ETIEStage VUL EITFE L IR IE
F5~10H%/AEF5~11FICHHRLTED, ol
PFEUNDSMfTO NI C EDRE NI, —F, F YT ETI,
Stage VLI FICHE L /PR A HELL T8 D,
JHEIT DTz > TERSITTONTVS T EMREI NI,
Fe S o Ei I 9 % 7 v < = ERL o FEDN
Wiz, Z<oficswcEE L E LicE/KiRTH
b Ean T/ (Hudinaga, 1942; %, 1949, 1956;
miJll, /\MI, 1953, 1954, 1955, 1956a, 1956b, 1957a,
1957b; 7, 1963; HZL, #edt, 1970; /MR, 1977,
1979; b, 1987, 1990; =A%, 7L, 1992; B o
1992; &5, 1995; H F&EE, 1997 74 = £ DEEYN
MW= L, N0, 1953; B S, 1992)
Hi (s, 1963) THIE» oM TH B LGS N
TWb, ¥z itk Td, FER#EE OW, #mil,
1957a) ®AU&EE MR, 197D TiE 7, 8 Hizd Akk
AL RSP IRESNTVWS, YFTHIEE I ®
T AT ETREIHIIRE SN TOIr -,
AWETIE, FvIE, THAITE, ¥FTHhIE,
Ik T AT EOIRMER, ChETHSRTVLS
oz vz eHOLDERE D, PINETO
FEEBEO T RTICB O CERERREEF zinw &
ZHOMEL, TOLIBRERT /= vBIC—HEN
ThbHEEBER LI, T, TINS5 4FEEE—FEINIHA
ICHEHBIOENZ{T5 EEA oNhtc, LIEBICESIT 5
THIE, YFTHIE, IvwTHIEOREINGI
E»SkTHD, ThFEFTOERBEELDOEZL DY
ez ERz B LW TOHRE L IZIERIUTH B T
EMHOMEN 5, —HT, FYIEDORFITH
BPENE, FOEELO AL S FRFEO 7 Ve E
Bz T TR S N,

BOEE TEBREMLCBEIZEEIBORRLE
EirEEE

ErEIcBIFsTH I BB ED/NE Y L2 T LR
T EHOEER O, NURD S HEBEORA L
W N ARLICIThNTE 2, Thosodicid, bf
TEPKIBIC K » THREPHM TRIE 2ERIRIN
TWw2b0bdb (ZZH, 1956; /A, HFilll, 1957a;
A, 1961; i, 1963; /MK, 1977; 3%, [, 1977
B S, 1992), #amm HorE 35 A MV, TITHE,
FEBEREM Elc s 13 2 2 vz eR 8 4 o 4T
BRI —EE LT, FHA4ZETHS I L cERAE
RBICBEd 2 AR, BRoHgEE (CL) filikis L UCL
BRI D GSTHAER D ZEIZ AL &, HE B L O R
OREE RIS hIcd 2, F, fkigick T 2545

REOHKETo

ME L&

Fo2mIR LB E FETRRIERD S B, T
FEBIZB T B ZNZENOEDNMKEETHICIRA K
FAFRE, dubbFrz (Fig. 18), 7H T E
(Fig. 20), ¥ =+&7Hxt (Fig. 21) TI319955 7
HEE, v 7hxE (Fig. 23) TIE1996F AR O
KERWic, &H, BEAPREINIZT N TOKER
123 W CHERER DO, BREEMR A& 504 1 i 72
B E2eEEosHE (CL) ZllE L, Ih
5 OREARDh 5 HEHES 20 £, MR 2014
Rz WG a e fEoFE (BL) &{k#HE (BW)
ZHEEL, Miicow T AEERES (GW) ORlIEIC
& 0 ATEIREREIEN (GSI=100 GW/BW) %3k 7,
—IBITIE, 54 ETEIE L AR oMK O
HRLHVE, CITHLAERKZESE4ETHWE
bObEDL,

Female Male
02>GSt ;
209 | @4>GSI2 2 0%
86>GSI24 g
mict: & Apr.9s 20%
on L9516 [REER & =146 Apr.95
n=149
20% = o%
oo 40%
mes e &8
20%
May 95
Jun, 95 n=221
n=221 0%
4%
Jul. 95 20%
n=78 Jun.95
0% 0=234
Aug. 95 20%
n=62

Jul.95
=102

Frequency

Aug95
n=76

Sep.95
n=97

e

Nov. 95 0% Oct.85
=138 =
0% n=162
Dec. 95 20%
n=122 Nov.95
0=155
%
Feb. 96
=153 20%
Dec.95
o n=118
Mar. 96
=332 20% | o
H ‘eb.
20 . n=103
0%
20%
Mar.96
=203
%
5 10 15

Carapace length (mm)

Fig. 38. Monthly changes in the carapace length
compositions of Metapenaeopsis dalei in Tosa Bay
from April 1995 to March 1996 with indication of
female GSI classes in each CL class
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1. #F ¥ I EMetapenaeopsis dalei

19953 A AERE 1 35 1 2 MELER o CLALRL D ZEHiZ L+
& Ut o CLBEF R O GSTHHEL O FHiZ L £ Fig. 381K
L7,

CLk» 5, 4~THOMB X4 ~8 HOHETIE
KREIEE, T~12H CIl3MfrEE &/NUEE, 2~ 3 HTid
ML bz o ORISR & 75 2 2 EAEEH T & 7o,
F 7o, GSI 4 LI ERc¥sE L ARG =2 F 7 2 M 4F
iZhto > THE L oo MORBEMIEE 2K 1 I3 K
T I1ECL 10~14mmTdh - 7253, 10~12H o/
TIECL 6 ~8mmTdbh - 72,

4~17, 8HORAMEEIZ, MECL 10~18mm¥ X O
CL 8 ~15mm D &Iz & - 7z, i E— FB LU
CL $PHN A~ HE L 2 s L D REPHER S 1,
A THECL 17.2mm B X OHECL 14.9mm & 75 - 72, 4
~5HTRCL 10mmbl E8 X6 HTi3CL 13mmbPl
LotchERORENR SN, 5 4B THRADIRE
E L 7GSI 4Ll B AR IC B L 7cy & 0 KIUEE
E RN, 5 HictflE & & CL 3~10mm O /NEREA D
FhricHEHN, L, ZOETRMOAENEIEDFE
BHRSNT, 6HLIRICE T 2FERHR TR, - 7,

T~12HO/NHEEETIE, By A XK EE T &I
CL 13.5mm# & U#ECL 10.8mmTdHh - 72, 7T~12H
IFHFICCL 3 ~ 5 mmO/NUEADSSHBL e 7o 2 &
S, FHFEEMEOMANFEICKE S » TV T &R
SNtc, 8~9HOMEB LU T~9 HolfiCid, 5~6
mm®D € — FOfICHE 9 ~1Imm*B L Ol 8 ~ 9 mmic
bE— MWD -7, 10 I3RS &5 ~6mmD

B st e ss

E—-FNDAEL 512, 11AICEBMED ~6mmB L OHE6
~TmmiZ, 127136 ~T7TmmB & FH 7~ 8 mm
IZE®— NaEFOHIGIE L 75 - 72, GSI4 LI BRI
Kz, THICZCL 8mmbl E<T, 8 HicidCL 9 mmb
k7, 9 Aici3CL 12mmPl E g sz, 100 LI
W FAEIERR D FE LI 2184 4 X3/ L L, GSI4
Pl &R MEIR10, 11712i3CL 6 mmbl T, 12H
IZIECL TmmPl LT sz,

2~3 Hicld, MEEE BCL 5 mmbl N DR ERE
SN 5722 EBLUCLEIPHE € — FOLNDF
ok, MAOHK EREN RSN, ThiTkD,
AiED 4~7, 8 HITHES N KBIBHIC S8 5 C &
DIURMES N7z, 2 AT E I8 L 7o ARG & 5 MEE 4
DEGIIRE R Lzns, GSI 4 LI EOfEEA 1 1
EERE SN, 3 HITECL 1lmmbl Eo & © THIER
OFGENRRON, GSI 4P EDbDHH - 1o,
BESNIF v EEADKEY 1 T3 HECL 3.0~
17.2mm#® L OHCL 3.3~14.9mmT& v, CL&EBL®D
B9% 13 ©BL=3.89 CL+2.66 (r=0.994, n="767),
i cBL=4.44 CL—0.14 (r=0.991, n=808) T® - 7-
(r, HHBIREG n, WEMAEED. 8 H O MEHED (kA
RO T IMREVEENEN >, £ T, TILE
T 7-R I/ 7O FEARRGE & O AU I
DOCLMEOEWERTE LcET A, 4, 5, 6, 2, 31
DRMEEB XTI HO/PRUEICE W T 1 % OERHET
BEENED SN (Table 12), 20, 2~6 HD
KRBT EMEORY A RIFHEL O RE L LEDITH L
9 HZBR< T~12H O/NUEE T ITHEHE DR Y A X
FRED SN - T,

Table 12. Results of Kolmogorov-Smirnov 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 Fomalo Male 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 Sep.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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2. 7 H I E Metapenaeopsis barbata

19953 A4EEE I 315 2 7 A1 = E OMEHER O CLEHEL 5
K Uit CLEE# S IGSTHI R D A L% Fig. 391T/R
L7

BRES N ICEARD R/MES 4 BERIZ10~12H 128
WTEIF4~5mmTd -7, 2 AIiE 5~ 6mmnm,
SHIZR6~TmmeB - EMnD, THIEDNA
B10~2 HickEZ - Ttk E&EZ S5ht, TOR, CL
DNTIRBIEL EHOE— FOREELE T ENS, N
AREEBEICOP N TR - EEZ SN, 4~38
HTREE—-FERMIBOLANDOBENIC L > T EK
EW#E» 51, HATHCL 26.3mm$B & OHECL 21.1
mmicE THREL, 2HEFTICRIEMEB LI, B4
THHO»IIT LIck i HiEBIcBT 27 4 = EDFEN
WRYENLSKTHBDT, DL HCLALKDZEEH
Ao, tEECBI2 7 BEEF1IHETTO
IR AR L TW B EEX ot

Female Male

aGsia

5

a2sGSled M ApeIS
4GSl e205

a8t H T

Frequency

Feb96 =108
bl 0%

Mer96

" e

Carapace length (mm)

Fig. 39. Monthly changes in the carapace length com-
positions of Metapenaeopsis barbata in Tosa Bay
from April 1995 to March 1996 with indication of fe-
male GSI classes in each CL class
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10H T3, MEFAERIC bR OIER & 75 2GSI 2
Pl AR EERASHE L 72, £ @5 HCL 12.9mm GSI
3. 34D K IStage VIOUIRHMaZE L TB 0 (Fig.
40), MEFATHTHRBAICED bOMBIFAT 5 T &
RSN, Lichh-T, BB 27T
&, AHERAERSYIE 2 SBACEIN AT S 25, KT
MEFAEO I EINE1T S MW s i,

RA»S 3 itV T&HDRMEKIKEL L T
Wil &L, XAFEOWREN I b, InxlE
e BT, 1995FMHEOCLHKIC>WTI2H & 2
ABLU2HE3HAIVETB 7-X 3L/ 70D 1%
AMEEZH TR L 72, TR, Hicxzhzh
ERE1%BLU % T, HTRI2A L 2 Ao/IicE
B 1 % THBEENZED 5N (Table 13), Hi&EEIC

BUILZTHIERERETHNET 3 L Hs N,
BRESNETH T EERDEY 4 X 1ZMECL 4.1~
26.3mmPB L CHECL 3.3~21.1mmTdH », CLEBLD

[ e s o -',-"-“'/-‘ i
B » SRRHL: & a B e S

Fig. 40. 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 es-
timated to be born in 1995; fc, follicle cell; gv, germi-
nal vesicle; yg, yolk granule; bar, 100 zm.

Table 13. Results of Kolmogorov-Smirnov 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 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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Table 14. 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

Generation Date Number D
Female Male

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 0.472"
Aug.95 150 131 0.702"
Sep.95 81 79 0.702"
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 fre-
quencies; *, significant in 5% level; ** significant in 1% level.

B I3METBL=23.86 CL+6.01 (r=0.99, n=720), K
TBL=4.31 CL+1.34 (r=0.99, n=403) T - 7z,
i H OHEED K 4 ZIZHED H AR E VIGENE D -
oo £TC, TNVEITOT-R I/ 7O _NEAKEE
FA T HERE D CLALRK D 3 W 2 R TR HRE LTce
DOFER, 19954E 5, 6, 7, 8, 9, 10/ D 19944F##¥
(AIEFEAERD 1BV T 1 B OGEHRERTHEZEN, 1995
E A4 H O19944FEHEE (RIFERAER) B X T11H 21995
TERREE CY4ERARD TO BDOGEMRTHEEIRD
St (Table 14), Litni-T, BB T
AT ETHE, EEFNTLrOoBEOHE TEHMEED K
4 RICEFED SN WD, TNLIERMED ATk =
{83 EHZ LN

3. 7 7 HIE Metapenaeopsis sinica

1996 BT ICB T 5 v+ 7 4 = £ ORI o CL
Fnk s & Ot o CLMERR B GSI fiak © FHiZ L % Fig.
411 L7,
BRESNIEROR/NMEY 1 ZF9~3 HicBWw T
& B 13IECL 3 ~5mmTH - 743, 4 FiTi3MECL
6~TmmBELOMCL 7T~8mm&i -kl &hb,
VFTHIEDMARI~3 HITEI >~ TWcE&Z
5N 7z, CL 5 mmbl FOE{EDEIEIFI0H 1cb7s < 78
DIMHICHOEML 222 &5, MAMIOHRT%IC—
B & -7 2 & AR LT, 2~8HTIRE—F &
PHOLNOBE)IC X > THEGSKENSRED oh, &

R THECL 21.8mm#B & OHECL 18.6mmiT F THlE L,
RAEFTICB@MHR LI, B4ETHS»ITLILLD
2, HEBICBTEYF T AT EDERMEIMED S
kchroT, ok BCLHEOFEHZL,I S, +
EBCBTA2YFTHIEDOEFERZIZIZ1IETH S
EFEZ SN,

1071213, CL 4~ 9mm®YERERICHGSI 2 L)
EARTEERSHEE L2, 2055, CL8.29mm GSI
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Fig. 41. Monthly changes in the carapace length
compositions of Metapenaeopsis sinica in Tosa Bay
from April 1996 to March 1997 with indication of fe-

male GSI classes in each CL class

[ S L IR v 0
Fig. 42. Stage V oocyte with shrinking its germinal
vesicle in the ovary of a female specimen (CL 8.29
mm, 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, 100 z m.

Table 15. Results of Kolmogorov-Smirnov 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
Jan.97 Feb.97 Mar.97 Jan.97~Feb.97 Feb.97~Mar.97
Female 200 139 168 0.641" 0.219"
Male 122 109 110 0.308" 0.195

D, maximum absolute value of differences between relative cumulative frequencies;

*, significant in 5% leve

1. *k
’

, significant in 1% level.

Table 16. Results of Kolmogorov-Smirnov 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 Femalo Male D
Apr.96 185 153 0.271"
May.96 180 186 0.418"
Jun.96 170 209 0.539"
1995 year class  Jul.96 178 180 0.815"
Aug.96 101 101 0.960"
Sep.96 35 47 0.915"
Oct.96 8 12 1.000"
Sep.96 38 31 0.276
Oct.96 144 140 0.314"
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 fre-
quencies; *, significant in 5% level; **, significant in 1% level.



108

BREINILYF T H T EEADKY 4 ZIZHECL 4.2
~21.4mm B & UHECL 3.5~18.6mmTd» v, CL&BL
D BAfR I3 TBL=4.00 CL+3.74 (r=0.99, n=840),
I TBL=4.37 CL+1.68 (r=0.99, n=857) T® - 12,
fEH OMEHED IR Y A ZBHEDOTT R E VEENEH -
f2o £TT, ANETOT-ZIN/ 7O FEARESE
F O TR o CLALAR 0 i W 2 EREERINCRE LTz ©
DOFER, 199644, 5, 6, 7, 8 9, 10H 19954/ EE
(RTEEFEAETE) 5 X U 1996510 H D 1996454 B CHAESE
AEFDITB VT 1 B OERHET, 19974 3 H 199654
B O(RIERLERD To%DRBRRTHEELED ON
7z(Table 16), 2D XS, BB F v+ 7 H x
BT, EENTOOREDOEREE TEMBEDO KR A X
ITEFIE VD, TR S KE 18- e,

4. X<t 7HIEMetapenaeopsis aegyptia

1995 AAERE 1B 13 5 ¥ v & 7 4 T EDRERER O CL
Hlak B & Ot o CLMERR B GSI #iLak © B HiZ L % Fig.
431k L Tzo

BRES NICEARD F/MES 4 X310~ 2 iz B0V T
HEREE H1ZIFCL 3 ~5mmTd - 72208, 3 AT (3l
EBCLO~b6bmmEK -/l EMhD, IvEThE
DOMAEFIO~2 HiIgkE I~ Tk EZEZA SN, 4~9
HTRE-FENHDLENDRENIC X » THESRE
WD o, RATHECL 18.2mm$B X OHECL 16.1mm
ETHEL, 12AFTICBIZHEEL 72, $4=cl
OMICLicE I HEBIIBYB I T H T EDE

Female Male
0% Csl2 6o
246518 |
0% aisGsics 0% |
ApIS a6eGSI8  20% H Apr9s
T 20! wBgGst % n— i

% Y Mays

wp L el

o L, & 4

% i
w bl l o
Juns
o = D wae 0% r
0% H
% 2% Jul95
Tul9s
o% = 15 0%
o

20% $es avgds %

g Aug9s

o * asio 0% s
g heid 0%

20% 20% Sep95
g Sep35 250
£ oox =91

= Mo )

% Ogs 0%

o z =96 a0%

o ey

2L il m

=134 a0
* % purt 4
=il S~
143 Feb.96
= == L - IS
0% i i
Fob96 i i
| —lm_ 0=161 mi—h st
o* 23
0% s 10 [t] ')
MaeS6
J HT e wizy
0 i

Carapace length (m)

Fig. 43. Monthly changes in the carapace length com-
positions of Metapenaeopsis aegyptia in Tosa Bay
from April 1995 to March 1996 with indication of fe-
male GSI classes in each CL class
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Fig. 44. 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 col-
lected in October 1995 and estimated to be born in
1995. fe, follicle cell; gv, germinal vesicle; yg, yolk
granule; bar, 100 £z m.



7o £TC, TNWETOT7-R I/ 70O _fERREL

BB 57 ve xRz e O GRFEYFERITE

Table 17. Results of Kolmogorov-Smirnov 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 0.411" 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.

Table 18. Results 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 Fornale Male D
Apr.95 201 203 0.150°
May.95 201 202 0.209"
Jun.95 202 202 0.272"
1995 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 7 74 0.100
Nov.95 134 149 0.138
1996 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 fre-
quencies; *, significant in 5% level; **, significant in 1% level.
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Fig. 45. Schematic representation of two patterns of
the life history of Metapenaeopsis species in Tosa
Bay; A, M. dalei, which has no stridulating organ on
the carapace; B, M. barbata, M. sinica and M.
aegyptia, which have the stridulating organ on the
carapace. Each black portion denotes the spawning
season.
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O—HHEINND 5 (Fig. 45B),

F o EOEGREBKREICE - TEILL, ERRE
IKEA0CRIERIC & TIK T 9 2 #i 7 Wi 7s & T IEE
WMo X » /N BTER s e, F0 1R
THHBOAEEEE S M, #i)ll, 1957a; Hill,
1961; b, 1963; /N, 1977, KiRiZ X B HEIER D
Zibk Tz TbRoN, MANEBTRIERICEY
BN E DEENT & D IR A4 XD EER R AEN,
FaaMn 2EL L (S, 1992), L7chi-7T, ik
ABTHONI 2 >DAEEER Y — v 3EEINTH D,
T H B ET SRR eI K S e I Y AR TS A B
DT RTRHAS 5 T &Ik » TR DR S Y,
ERERIERTH 2 ADEIGE & 12 2 alfEM0s d %,

KR T TR A XML 2R IEE < OF %
FeRvonhtsh, TORAERE L TRFOIEFR
L X 2 BHAMROEK TR FoNTV S (i
1999), —74, THIEDF VI LTI, XFEOKEK
T O L WK CRRKRIICRED ST 5 720,
R 5 (52 i D 75 WO IR 78 /K IR FE IR A TS
LF TIEMBL» 2, TOXHIT, THZERBDOLE
T, KR RIS B U B RBREMA S A X o/ N E &K
Kl McB 1 2 RS OO /NT v ATk - TE
Itz LEZ N5,

—77, HIGEEOEVIZREENM L TV 2 AEER: b
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b, THIEREITIZ, THATE, YFT7hHTE, 3
kT AT EREHEFICRERERDbD L, F v
TEREENEFEILITVWEDONH D (Crosnier, 1987,
1991, 1994), W& dEEFHIIC SHBICEHIN S DTH
% (Tong et al., 2000), AT TH, K41 DY
KATHIE, YFT7HIE, I7€T7THIEDIYG
waEo /-7 OAEERRE LT, BERERR
Wk vz EEREL -, THTEBBOAEEEIKIE
EALICRE - TEfEIcZ LT 2L LTh, 2 x5l &
o C KM I T 2T D 7V — 7 E R R 018
W7V — 7 TRERNC RIS 2 a[REME DS b %,

T TBOATEE AR A B TAD AT R &
IR D, LIEBICBT2AOEFELENFEEEL 7
W= FICERBAEO»E, POELTREV, 5%, 7
W= T ERO TG OKEIC X 2B b — LT B 7
WIT, E5IE L OKIEREFEIC> O TA IR AL,
W %17 5 BN H 5,

F6E HRER

H2miclNfc kST, LB/ Sk
T [VhNA O ifaEs, $8E bROELLHNT
Hb, Lc->T, TORELEDIHITE, /Ny
ez bRl b HoGREEPERTH L EEI DN
5, AW TR, g TichEBEoRENFicBR
TENH s v~z eRts BHICO WO &R D
fRIAZAT - 7ofE R, B O KPEM Ficiz 2 < ofEnss
DNETAHIE, MIEOEZh 4O bF v E
WAERERIR TH 245, fho 3FEIHEM 1R TH
BIENWSHhEL oT, HOEETIE, TDLHMHE
VIE R & R 7 — 4 2 o HIEBICB 1 2/
Wz zeflz eHOERREEZHS ML, TOEH
EHICHT 2R E 21T,
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Fig. 46. Trend of fishing effort (annual total number
of boat day) of beam trawlers (Mimase Fisheries Co-
operative Association) operating at Tosa Bay

M & &

fric v rcgkhg, B cigd /3
RO & o2 < BEE T 2 S lRIcs T 5
1970~20004Fic 81 2 ARl [/NA O] SR &K
BB X OISR TH B, £, NUET S
TR D HIEYI I 2 FH < B 129, 19974 4 ~12 5 I
BMlfiflgic s wcmEA TIERE L 72 VAU f#EY
DH5L, BEETH T H T EICOVLWTHRHE%:
AE L, A EERED S AREEKRELA R 72, |k
Ao [NAU] EREZ DT H T EDLEKETKH
L, ["hNAT] o ARliEEAERE Lic, B E D
EHoMN (EOH) %2ESTJEE L, MEREKE
HIES R TR L TCPUEE L1z, [VNA U @ AR
H 1, BEAREA AT - 721997 DK & & &4
MHRD Iz,

L S

BRI T 5 VEMOE~HBEH (EHED
13, 19704E 07,7134 H A 520004E 02,5258 H £ T—
HLTED LT TwE (Fig. 46), [VNZ U R
1E, 19704E A d80~150 b > 7» 5 19904F L D 40~100 b
VIR LTED, FRCEETIE40 b VRIS E THE
LiAaTcns (Fig. 41, 1 H 1E47 iR (ft
Mg EHE) 138~24 kgd KX NEH %24 N
Z OO IR A T IR 20,

197045 520004 1c B VW T, 4 ~10H % 3CPUE
O D AZEALE R E T A, 2L DETS FITRA
EznrRL, TORBIOHETH LT 2 —HTH- 1%k
(Fig. 48), TN SHDHETIE, 5~9 HOROREDEE
FRE—ETH - 7p8, 10H R DEIG D EIIR &
B BEMBZLH oM,

160 - r 30
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140 ---e---Daily catch per boat
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Fig. 47. Trends of annual catch (ton) and daily catch
per boat (kg) of "Ko-ebi" shrimps by beam trawlers
(Mimase Fisheries Cooperative Association) operat-
ing at Tosa Bay
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48. Seasonal changes of CPUE for "Ko-ebi" shrimps in Tosa Bay from 1970 to 2000
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[NZU ] OBEEBKETHLZ T AT EICTOVLT,
19974 4 A» S10H IcB W TS AT ICE T 50
EHOCLAS AZBIE Lz T A, iz Lvo 4 Hic
3 CL 11~20mm B & CHECL 9 ~18mm T dh - 7223,
1071213 ECL 22~28mm B & P HECL 18~25mm & K
<ot (Fig. 49, HHETHS T L e ki
KEW Licks iy 2 7 Vv e REBEFOAIFELICLS
L, INSERERERTHY, 107 F TIOYHFERE
HolmAZishr > ilrsni, £/, CPUEDX
BoAZITB VT, 4~5 B 2 EIMTETHER
EROIMADHKEZ, 5~9HicBF 3 —TFEDEHED
DA DK T B L OIE L AARETIC X 2 AR E
DL %, 10HICB T 2 KE D IEGPIRLEE T
LI AT RO RE, ThenEKLTO
LEEZOND,

P8R De Luryi: ([HH, 1985) #HWT, 5~9 H
OO BRI REE 5 A#IHIC B 2 P EE O
HeEx A, L L, ZLoETCERFAEIEET
HotcbDD, HAFEUIRECHERERNEHOME S
BTEMNBEAETH -, —T, RN 2EDHR
&L, B CHEREHCB O TROERBGRD
S 5 (Hd, 1985),
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Fig. 49. Seasonal change of carapace length in
Metapenaesopsis barbata collected at Mimase fish
market in 1997

In(C,/X,)=1ngN,—Z(i+1/2) ¢))

C: iZHDHIcB T BiERK

X: iZHORICB Y 2% 1=

q: MEREHR

No: W& S

Z: iR

Aidbo k91, 6 HITCPUED £ — 7 3/ 5 4E
R 2BFETIE, 5~9 HORBICIZCPUED WA 1F
F—EOEIG TR LTz (Fig. 48), =27, (1)
KZEHV, 5HFEEICBVLTI=0E LT, Th5DiE
D HBICPUED WD (i+1/2) ~D[aljfERR O X
oYMy O/ RECENEE L7 (Table 19),
WEFNDEICBE VT S EGREBRIEHK TS b, HBGR
BiaEsWEBKELR L, i, HESh2ED
FRELDE120.270~0.749 & i K A EHNKE - 72,
(D) XEMWTS AP EREEZHEE L e, T

Table 19. Monthly total mortality coefficient (Z) esti-
mated 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"
1986 0.528 0.993™
1988 0.453 0.974"
1989 0.642 0.992"
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 sig-

nificant in 5%, 1% and 0.1% significacnt level, re-
spectively
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IZHEALE, AU E MEREROMEE T 7001
Widrigi: (Hh, 1985) %54 7chs, 2D HRE Ol
L JE~NONRXPFETEBEVWEENELALET
Hotio £TT, AN D OHRWTU G E, ThHx
EoHFGBIEIZIETHZ T ErSHT (1960) O
7 (2.5 FF M) 1Tk » TRD70.208, B X 1970~
20004F 12 BIEE X N 7 /D D A i/ IMEEL & 7] Uil 00.270
Elte, Tt, Z=F+M, F=qXOMEH» 5FE g%
k¥t (Table 200, 22T, Xi35~9 HOEHKD
S E Lz, TOqgedenElFatiic & - THEE L
tegNe 5, 2 2D HERETC Rz hZhic > O TRIE
D5 AWIHO EIFREN, 2 KD 12, £, 5 AWEHOE
RIS 25 ~9 HoRBEEIERKOE S (REEE
&) ZkDic (Figs. 50, 51), 5 HHIHHD EF &I,
19704412 121,800 /7 ~5,700 )7 2 (M=0.208) F 7212
2,30077~7,500 /78 (M=0.270) Td - 7=H3, 19804F
R T1270005~2,600/7 2 (M=0.208) % 721370077
~3,2007F 2 (M=0.270) @ADL TVWE, THITHIG
LT, METRIMEEREPEE>THBD, 1998F L
Table 20. Estimated fishing mortality coefficient (F)

and catchability coefficient (g) in "Ko-ebi" shrimps in
Tosa Bay

Vear 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 0.265 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  0.318 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 0.402 0.00114
1998  0.490 0.00159 0.429 0.00139
1999  0.516 0.00159 0.455 0.00140
2000 0.316 0.00097 0.254 0.00078

M denotes natural mortality coefficient

19995 T 135~ 9 Hofilic 5 HUwo&ilHmD80% (M
=0.208) £7:1370% (M=0.270) IT< ZHHEL TV,

N2 O] omFAERGRERS L, g Tt
S LMl V< e Rz e HOEINAREIC K 5
&, TAHTEBETRAMERERICL 2WED» ST
M TOEINNIZEALETH Y, VEED G —EEIN g
ICHEREIOFEI 21T\, Z AT HIRT 2 4 F 54 B A
icHinsg, &7, EYO KB DPREFRERTH
%o 1{EAROEEIRRE & 1[EdH 7 v OEEIIE 13 AR
DT, 5~9HIcBT 2 HYIBHDEHREREDMZ B D
HE, TORED S5 APHHICE T 2 EHEA T 0K
e L, HAEERGRE R, BAIECHEEA0.2088 L
S, AETERENZVEBETLZEVEVLSFERE
oty (r=0.734), BlOEFHEEH00 b » % 0] -
FI9TAEDIBE T, BAEEMREEECE AL - &
(r=0.311D (Fig. 52)o T I THWEFT—%13, 6 HIiC
CPUEN T AR & 12 5 Z PR < 256D 5 6 D[ 5 4F
Mo OoNKI8TF—vty FTHoto, T, HARRE
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Fig. 50. Stock abundance at the beginning of May
and exploitation rates of "Ko-ebi" shrimps in Tosa
Bay from 1970 to 2000, where natural mortality was
set as 0.208

Stock abundance

0.8

>3
&

Exploitation rate

w
=3

13

e

o
=
Exploitation rate

w
=

Stock abundance (million)
5] 5

0.2

>

0 T T T T T 0
1970 1975 1980 1985 1990 1995 2000

Fig. 51. Stock abundance at the beginning of May
and exploitation rates of "Ko-ebi" shrimps in Tosa
Bay from 1970 to 2000, where natural mortality was
set as 0.270
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mote (Fig, 53)e TOBBIINAMETIRZ=MEN T
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Fig. 52. Relationship between parent biomass and
progeny abundance of "Ko-ebi" shrimps in Tosa Bay,
where natural mortality was set as 0.208. Parent
biomass represents sum of monthly biomass from
May to September; progeny abundance represents
abundance in May in the following next year.
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Fig. 53. Relationship between parent biomass and
progeny abundance of "Ko-ebi" shrimps in Tosa Bay,
where natural mortality was set as 0.270. Parent
biomass represents sum of monthly biomass from
May to September; progeny abundance represents
abundance in May in the following year.

117

MARX VBOGEEREORDME L W, 19744 D%
DOFEFERMGED? S, FEINEOMINZER 2 X0 INAL K
BHEOGHFAEHIET C L EHEMAHEE L TH
FER BN, KB OEINE WAL X ol
W, ZITI, MAEYS R (YPR) 2#icKE

Lo»o, HloGFRERGEMESE 2 L5 BilioikE
Ak AT,

ZZETOrTE, £ < DETRBDHRENZIT
—EELBBEE~9FERELTE LD, LiEERR
ics 1 2/ NURC EfiEEDRIIE 4 A SihE -
TWVW3, BEAEDFIZBWTAHKLY 5 HoER
Bz, 4HE5HDOCPUEDWHDEH &R 1
RRDBRBIZAEOEE S - 7, ZORADERDHRE,
TMAD» ST ZZE Ll WicEneEwkd 5, 51
CPUEMRA & 75 2 221t B W T 4 H o2k (i)
REERDIE T A, 0.06~—1.05& F DELEITK
Eh o, ZLOETOI~—04DE%E R L 72 (Fig.
54),

Bifr (4 Qg% Bt © 9 HRE CofiigR &
KT E&EEEnEN L &L, EBBHZ 5 A NU
6 HELEEAED I AKRE TORER KB T EEE
B Lo 5~9ATIE, HEARLTHREE L TkicR
L 720.208&£0.270%, 2D REE L T19905K D ik
KiE, VM, sMEiTd 50.725, 0.575, 0.412% H
Wi, 4 AT, amvd G8im fis L1970~
20004E IC g & N/ HiPAN < 0.1, 0, —0.2, —0.4, —1.0
D5HODEEH, TNZTNDO5EORIERTCHRE%E
U (A, 1985) 12k 5~ 9 H &R AR (B
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Fig. 54. Total mortality coefficient from April to
May of "Ko-ebi" in Tosa Bay from 1970 to 2000
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(Table 21)o 5~ 9 H O HAKL RE%0.208& L 71
&, 5~9 oD HRE0.4120 2 4 A 02D (4
W B —0.20 FoBa 2B\, HIERIBT (4
Ao SEU»EMmL, &HAKTLIOGE -
foo i, 5~9 HOHRCREAE0.270E 45 &, 5
~ 9 JDARMEK0.72550 868 L 05 ~ 9 H D4
DIRE0.5750 > 4 HoaiEd (i) 8D —0.201
TogEIcEER BT EE UL 208, T ofh
DM TREER 3D LIz, KEF LI, 5~9
H o HERFET7500.208 %> > 48/ D 1% 540.4120 > 4 A
DA (BN FEA0.1084, BLE5~9HOD
HARFE T 5840.270 5 > 2D 2 %40.41270> 4 H o 4

B st e 5s

FERE (5~9 AOWHERERON) 3T XTDY
GTHINL, BIT01.07~1471% & 15 - 12,

WWEEAA 6 HE LB aoREofE R4 KT
(Table 22), 5~ 9 A AT (££%0.208& L 728
&, 5~9 Ho2R/DHRE0.125505 &8 L U5 ~9 A
O &I RE0.575 > 4 H o2l &) %55—0.2
PToBgicmEzR 3BT EU»ENL, kKT
110f5 & 75 5 128, FofthoLthcdRdb Lz, 1,
5~9 HOHARE LRI AE0.270& L2GA, §XTO
S THER RIS - 7o, KT EER, 5~
9 o HRIET(%5£0.208 & L8, 5~9 HOL
DRH0.412055 2RV THIL, RATL21fEIT -

B GEID R —04L) EoEEBRWT, BliTE
E UL, ATLI2EE S >, 72, Ho&

Too F1o, 5~9 HOHRKTIEK0.270& L 725,
5~ 9 HOARRDHRIE0T205 68X 05 ~9 HoA

Table 21. Yeild per recruitment (YPR) of "Koebi" shrimps in Tosa Bay from the fish-
ing starting month to September in the case that fishing starts on May, which is
compared with the current case that fishing starts on April

Al\l/l ay to SepZ 7 April 7 Weight Money Eﬁ)ﬁr;gs
-1 0.214 1.10 1.11 1.24

—0.4 0.299 1.10 1.12 1.35

0.725 —0.2 0.332 1.09 1.12 1.39
0 0.362 1.07 1.10 1.44

0.1 0.387 1.07 1.10 1.47

-1 0.163 1.07 1.08 1.18

—0.4 0.227 1.05 1.08 1.25

0.208 0.575 —0.2 0.252 1.04 1.07 1.29
0 0.276 1.03 1.06 1.32

0.1 0.293 1.01 1.04 1.34

—1 0.097 1.02 1.03 1.10

—04 0.136 1.00 1.02 1.15

0.412 —0.2 0.151 0.98 1.01 1.16
0 0.166 0.97 1.00 1.18

0.1 0.176 0.96 0.99 1.19

-1 0.188 1.07 1.09 1.21

—0.4 0.263 1.06 1.08 1.30

0.725 —0.2 0.292 1.05 1.07 1.34
0 0.318 1.03 1.05 1.37

0.1 0.340 1.02 1.05 1.40

-1 0.135 1.04 1.05 1.12

—0.4 0.189 1.02 1.04 1.16

0.270 0.575 —0.2 0.210 1.00 1.03 1.17
0 0.229 0.98 1.01 1.17

0.1 0.244 0.97 1.01 1.18

-1 0.068 0.99 1.00 1.07

—0.4 0.094 0.96 0.98 1.10

0.412 —0.2 0.105 0.94 0.97 1.11
0 0.116 0.92 0.95 1.12

0.1 0.122 0.91 0.94 1.13

F, M and Z denote fishing, natural and total mortalities, respectively
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Table 22. Yeild per recruitment (YPR) of "Koebi" shrimps in Tosa Bay from the fish-
ing starting month to September in the case that fishing starts on June, which is
compared with the current case that fishing starts on April
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Al\; ay to SepZ 7 April 7 Weight Money Eﬁ)fg;ss
-1 0.214 1.10 1.20 1.74

—0.4 0.299 1.09 1.21 1.89

0.725 —0.2 0.332 1.09 1.20 1.95
0 0.362 1.07 1.19 2.01

0.1 0.387 1.07 1.19 2.07

-1 0.163 1.02 1.12 1.52

—04 0.227 1.01 1.11 1.62

0.208 0.575 —0.2 0.252 1.00 1.11 1.66
0 0.276 0.98 1.09 1.71

0.1 0.293 0.97 1.08 1.73

-1 0.097 0.92 1.00 1.29

—04 0.136 0.90 0.99 1.34

0.412 —0.2 0.151 0.89 0.98 1.36
0 0.166 0.87 0.96 1.38

0.1 0.176 0.86 0.96 1.39

-1 0.188 1.00 1.10 1.62

—04 0.263 0.99 1.10 1.75

0.725 —0.2 0.292 0.98 1.09 1.80
0 0.318 0.96 1.07 1.85

0.1 0.340 0.96 1.07 1.89

-1 0.135 0.93 1.02 1.32

—0.4 0.189 0.91 1.01 1.34

0.270 0.575 —0.2 0.210 0.90 1.00 1.35
0 0.229 0.88 0.98 1.35

0.1 0.244 0.87 0.98 1.35

-1 0.068 0.84 0.91 1.19

—04 0.094 0.81 0.89 1.22

0.412 —0.2 0.105 0.80 0.88 1.24
0 0.116 0.78 0.86 1.25

0.1 0.122 0.77 0.85 1.26

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