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Studies on the Fishery Biology of the Threeline Grunt
Parapristipoma trilineatum
(Pisces : Haemulidae)

Seishi KIMURA*

Faculty of Fisheries, Mie University

(Synopsis)

The threeline grunt Parapristipoma trilineatum (Pisces : Perciformes :
Haemulidae) is a valuable species as an edible fish along the coasts of southern
Japan. The present report deals with the fishery biology of this species, with
particular reference to its fishery, geographical distribution and migration, age
and growth, age composition and survival rate, maturity and spawning, feeding
habits and morphology of feeding and digestive organs, artificial spawn taking
and larval rearing, embryonic and larval developments, and stock assessment.
The materials used in these studies were mainly caught from coastal areas of
Kumano-nada (Kii Peninsula, Mie Prefecture) during the years from 1978 to
1984. The rearing experiments were carried out at the Fisheries Research
Laboratory, Mie University. The results obtained are summarized as follows :

1. Threeline Grunt Fishery

Fishing grounds of this fish were formed in the rocky reefs along the warm
currents, or Kuroshio (Pacific coasts) and Tsushima Current (coasts of East
China Sea and Sea of Japan ). This species was caught representatively with
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hook and line, and also with set nets and gill nets. The fishing season generally
began in April or May, and continued until September or November.

The commercial landing of the threeline grunt with hook and line, set nets,
and gill nets was totally estimated at 150 to 160 metric tons per year ai the
Pacific corst of Sakishima Peninsula, Mie Prefecture in 1982 and 1983, The catch
in weight with hook and line increased rapidly during the years from 1979 to
1982, but it decreased in 1983, The average length of the fish caught with hook
and line became smaller during the years from 1979 to 1983,

2. Geographic Distribution and Migration

The threeline grunt was distributed in southern Japan, the southern coasts
of the Korean Peninsula, Taiwan, and along the East and South coasts of main-
land China. But this species did not inhabit the sea along the Ogasawara Is-
lands, Ryukyu Islands, nor the Philippines. This fish was one of the represent-
ative submarginal continental endemic species. In Japan, the fish normally in-
habited the area from Kagoshima Prefecture to Chiba Prefecture along the
Pacific coasts, and from Kagoshima Prefecture to Niigata Prefecture along the
coasts of the East China Sea and the Sea of Japan. This species preferred warm
water temperature, high salinity, and rocky shores.

The threeline grunt did not make a large-scale migration which was observed
in the tunas Thunnus spp., the yellow tail Seriola quingueradiata, or the saury
Cololabis saira, but made a seasonal offshore-inshore migration in limited
areas.

3. Age and Growth

The scale, otolith, centrum, opercle, and supraoccipital crest were observed
in detail in order to select the most suitable hard tissue for age determination
of the threeline grunt. The scale was a representative ctenoid, and ring marks
were shown clearly on the embedded part. The ring marks formed similarly on
scales taken from any part of the body. Although any scale on the body could
have been used for age determination, the scale taken from a row beneath the
lateral line just posterior to the tip of the pectoral fin (B-region in Fig. 10) was
the most suitable for mark reading because of having the largest scale radius
and less distorted shape. Ring marks on scales formed twice in a year, both in
summer (June or July) and in winter (January or February).

The otolith was fairly large and was removed very easily from the cranium.
Hyaline and opague zones were shown clearly without grinding or sectioning.
The opaque zones were very narrow and shown as opaque lines, Otoliths pre-
served in 15 9% buffered formalin for some months were sufficiently readable.
Ring marks on the otoliths (outer margins of opaque zones) formed once a year
in June or July. Because such months coincided with the spawning period of
the fish, the number of ring marks on the otolith represented the full age of
the fish.

Ring marks on the longitudinal sections of the centra were very ob-
scure, and lack of ring marks frequently appeared. Zonation of the opercle
was extremely indistinct. The supraoccipital crest had distinct hyaline and
opagque zones, but only two opaque zones could be recognized in any large fish.
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From such observations, the author concluded .that only scales and otoliths
could be used for age determination of this species among those five hard tissues.
The otolith was more suitable than the scale because the ring marks were shown
distinctly even for older specimens, and lack or duplication of ring marks were
very few.

From otolith reading, average length growth of the fish was expressed by
the following equation: L.=357.5 (1 —exp ( —0.2855 (¢ +0.2909))), where L=
fork length in mm and ¢ =full age. Range of the length growth was estimated
by the mean values and standard deviations of calculated fork lengths at the
time of each ring formation. The growth for about 956% of the fish was within
the limits of the following two equations: L.=362.1 (1 —exp ( —0.3377 (¢t+
0.3622)))) and L.=355.8 (1 —exp (—0.2427 (¢-+0.1283))). The length growth
was more rapid during the months from August to October than the other months.
The growth compensation was obsered in the growths of 2- to 4-age-groups.
The early length growths were estimated from rearing experiments and these
were expressed by the following two equations: T'L == (.00886 ¢t* + 0.0734 ¢ + 2.43
(¢t =30) and TL=2324 ( 1 —exp ( —0.00983 (0.127¢ +5.26 +8.53 sin (0.0172¢ —
20.000)) (¢ >>30), where TL=total length in mm and ¢ =days after hatching.

4. Age Composition, Survival Rate, and Natural Mortality Coefficient

Age composition of the threeline grunt caught with hook and line was
astimated by otolith reading for the sampled fish, by analyzing the polymodal
frequency distribution of the fork length, by solving simultaneous equations
based on the length compositions of each age-group and the length composition
of commercial catch, and by an iterative calculation method based on the market
size or length compositions of each age-group and the length composition of
commercial catch. Good results were obtained by otolith reading and the iter-
ative calculation methods.

Survival rate was estimated at 0.25 from the age composition of the fish by
LeA’s (1930) and DOI's (1975) methods. Natural mortality coefficient was calcu-
lated at 0.5-0.6 by DOI’s (1977) and PAULY's (1981) methods.

5. Maturity and Spawning

The larger half of specimens had a pair of gonads bilaterally asymmetrical
in weight. Of these, the specimens with dextral gonads dominated over the speci-
mens with sinistral ones. The depelopment or maturity of ovarian eggs proceed-
ed uniformly throughout the ovary.

According to the degree in advancement toward ripeness, the ovarian eggs
were divided into the following nine stages; (1) peripheral nucleolus stage, (2)
yolk vesicle stage, (3) early yolk globule stage, (4) middle yolk globule stage, (5)
later yolk globule stage, (6) migrating nucleus stage, (7) pre-maturation stage,
(8) maturation stage, {9) ripe egg stage. :

The ovarian eggs at peripheral nucleolus and yolk vesicle stages were present
throughout the year in the ovaries of the groups older than age 2. The eggs at
yolk globule stages or more mature stages appeared during the period from
May to August, especially the eggs at migrating nucleus stage or more mature
stages were found only in June in 2- age - group and between June and August
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in the groups aged older than 3.

From the histological observation, the process of testicular maturation was
divided into the following four phases; (1) preparative phase: the lestis was
occupied mainly by spermatogonia, (2) spermatogenesis phase: primary and
secondary spermatocytes were dominant in the testis, (3) discharging phase:
spermatozoa filled up in the testis, (4) resorptive phase: spermatozoa resorbed
by the seminiferous epithelial layer. The testes of such phases appeared in the
following months; (1) preparative phase: December or January to April, (2
spermatogenesis phase : April and May, (8)discharging phase: June io August,
(4) resorptive phase: September to December.

The spawning season began in early June, and continued until mid-August.
The younger fish (2- and 3-age-groups) finished their spawning earlier than the
older ones. The water temperature of the spawning ground ranged from 20 to
28°C. The time of actual spawning in a day usually fell at around eight p.m.
The group maturity rates of both sexes for each age-group were estimated as
follows ; 1-age-group : 09 in both sexes, 2-age-group : 43% in females and 83%
in males, 3-age-group: 95% in females and 100% in males, 4- to 8-age-groups :
100% in both sexes. The biological minimum sizes were about 160 mm in fork
length in females and about 150 mm in males.

The sex ratio of males to females declined with their growth, and this change
was attributable to the difference of the survival rates between both sexes. The
percentage occurrence of females in each age-group (Pf) were expressed by the
following equation: Pf = 100,7(1 4 1,921 » 0.788*), where ¢ = age.

The number of eggs spawned in a year by a single female ( =fertility) was
estimated from the differengce of the ovary weight between samples of pre-spawn-
ing and spent conditions. The fertility (Fe) was given by the following equa-
tion : Fe= 4.758L* + 10"®, where L= fork length in mm. The total amount of
eggs spawned by the 3-age-group was the largest among the all age-groups.

6. Feeding Habits

Empty stomachs occurred more frequently in the samples collected with hook
and line than in those with set nets. The feeding activity was intense during the
period from May to September, and declined after October.

Main foods of the adult and subadult fish, larger than 100 mm in fork length,
were clupeoid fishes (Spratelloides gracilis, Sardinops melanostictus, Engraulis
Japonicus, ete.), but crustaceans also were fed on abundantly in March, June,
November, and December. Clupeoid fishes appeared as the prey animal in
almost all seasons. In crustaceans, copepods chiefly appeared in spring and
autumn, while amphipods in summer. Postflexion larvae fed on only copepod
species (Corycaeus spp., copepodid larvae, etc. ). Juveniles became to feed on
branchiopods and larval bivalves in addition to copepods. The main foods of
young were an arrow worm Sagitia sp., copepods (Eucalanus spp., etc.), larval
decapods (mysis and zoea larvae, etc), protochordates (Olkopleura dioica, etc.),
and larval anchovy Engraulis japonicus. Maximum value of the size preference
( @maz= PLmex/ L, where L= fork length of the predator and PLume= maximum
size of the prey animal) was 58% in the fish of 50 to 100 mm in fork length.
The value of @me decreased with growth for the fish larger than 100 mm. This
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value of the threeline grunt was fairly smaller than that of a piscivorous fish
as the Japanese bluefish Scombrops boops.

Maximum amount of food ingested (Fne) was given by the following equa-
tion : log Fmer= 0.842 log W — 1,026, where W= body weight in g. The amount
of ingestion was positively related to the water temperature., There was a little
decrement of the amount of ingestion according to the gonadal development.
The gastric emptying rate tended to increase with rising environmental tempera-
ture, while the rate varied inversely with the size of fish.

The feeding and digestive organs (teeth, jaws, gill rakers, stomach, pyloric
caeca, and intestine)of this species were less specialized owing to its unspecializ-
ed feeding habits. But the needle-like processes on the gill rakers ( =secondary
gill rakers) were well developed, and they enabled the fish with only a small
number of gill rakers to feed on such small crustaceans as copepods.

7. Artificial Spawn Taking

Spawning was observed twenty times or more during the period from early
June to mid-July. It was possible to collect the fertilized eggs from non-reared
parental fish. Even injection of gonadotropin (HCG) tock no recognizable effect.

Hatching rate usually ranged from 50 to 100 %. The rate was significantly
related to the ratio of floating eggs and inversely to the coefficient of variance
of the egg diameter. Accordingly, the ratio and the coefficient of variance could
be indicators appraising the quality of eggs spawned. The hatching rate was
inversely related to the areal density of the eggs in a hatching vessel, but the rate
independent of the areal density within less than 20 eggs/cff and of the voluminal
density of eggs in the vessel.

Optimum temperature and salinity for hatching were estimated at 22.6 °C and
34.2 %o, respectively. The relationship between the hatching rate (Hr, %), temper-
ature (7,°C) and salinity (S,%) was expressed by the following equation: Hr=
— 1.984 7% — 4,125 8% ++ 70.92 T'+ 269.9 5~ 0.5475 'S~ 530. The total effective tem-
perature ((I'— T,) Ht, where Ht=time to hatching in h, T= water temperature
in °C, and 7= biological zero in °C) was almost constant within the limits of
water temperature ranging from 18 to 28 °C. Consequently, incubation time was
given by the following equation : Hi= 2415/ (T — 13.2).

The weight growth curve for the juvenile and young stages was expressed by
the following equation: W=449 (1 — exp ( — 0.00983 (0.127¢ + 5.26 -+ 8.53 sin
(0.0172 ¢ — 20.0))))* where W= body weight in g and ¢ = days after hatching.

8. Embryonic, Larval and Juvenile Development

Fertilized eggs, measuring 0.78 - 0.85 mm in diameter, were buoyant, spherical,
and transparent. The yolk was segmented partly and contained a single oil
globule. Hatching occurred at 28 to 30 h after spawning when incubation tem-
peratures ranged from 20.5 to 21.5 °C. Total lengths (7L) of newly hatched
larvae ranged from 1.50 to 1.66 mm. In yolk-sac larvae, a single oil globule
rested on infra-posterior portion of the yolk sac, the anus opened away from the
yolk, and xanthophores developed on the dorsal and anal margins of the finfold.
The yolk and oil globule completely absorbed in three or four days after hatch-
ing, and the larvae became preflexion stage. The notochord flexed at about 5.5 mm
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TL in 19 days after hatching. Aggregate numbers of all finrays were completed
at about 12 mm 7L, and they became juveniles. Squamation was almost
finished in specimens of about 35 mm TL, and they changed to the young. Spe-
cific longitudinal bands started to form in the juvenile stage and completed in
the young stage. The bands appeared in smaller specimens of reared juveniles
than those of wild ones. There was little difference in the relative growths of
some body parts between reared juveniles and wild ones.

The larvae and juveniles of the threeline grunt bore close resemblance to
those of Haemulon pulmieri and Orthopristis chrysoptera rather than those of
Plectorhynchus pictus and P, cinctus.

The anlages of each fin formed at 6 mm TL (dorsal and anal), at about 4
mm (caudal), at about 2.8 mm (pectoral), and at about 8mm (pelvic).
Aggregate numbers of all finrays and the numbers of fin spines were completed
at 12 mm TL and 18 mm, respectively. Segmentation of the softrays occurred
at 9to 17 mm 7L in dorsal fin, at 8.5 to 15 mm in anal fin, at 6.4 t0 9.6 mm in
caudal fin, at 9.5 to 60 mm in pectoral fin, and 12 to 16 mm in pelvic fin.
Branching of the softrays was observed at 24 to 130 mm TL in dorsal fin, at 20
to 140 mm in anal fin, at 12 to 18 mm in caudal fin, at 24 to 130 mm in the
pectoral fin, and at 14 to 34 mm in pelvic fin.

Scales appeared at about 16 mm TL. The head and body except the snout
were almost covered with scales when juveniles attained to about 35 mm. The
snout was covered by scales and squamation was completed perfectly at about
130 to 140 mm.

Convolution of the alimentary canal started at about 3.1 mm TL and finish-
ed at 3.7mm. The pyloric caeca formed at about 12.7 mm, and completed in
number at about 22.5 mm.

9. Stock Assessment

Based on the above data, the present parameters of the threeline grunt stock
at the coast of Sakishima Peninsula were estimated as follows: natural mortal-
ity coefficient (M) = 0.6, survival rate (S) = 0.25, total mortality coefficient (Z) =
1.39, fishing mortality coefficient (#) = 0.79, rate of exploitation (£) = 0.504, and
availability of l-age-group (@) = 0.058, catch in number for 1- to 8-age-groups
(C) = 1,275,400, fishable population size in number for 1- to 8-age-groups
(Ne) = 2,966,000, population size in number for 1-age-group (N, ) = 3,861,500,
and total population size in number for 1-to 8-age-groups (N) = 6,603,500.

From the stock size estimates, the population size of mature females and
total number of eggs spawned in the present stock decreased to 41.2 % and 16.4
% of those in unexploited stock, respectively. Accordingly, it seemed that the
present fishing intensity more or less exceeded the optimum level. And further,
such two methods as reducing the fishing effort to 3690 boat.day in a year, and
rising the length at first capture to 17-18 ¢cm in fork length, were conceived in
order to manage the stock at the optimum level.

il

Key words : threeline grunt, fisheries biolgy, larval development,
stock assessment
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4 % % Parapristipoma trilineatum (THUNBERG) (& A X % Hfi H Percoidei 4 % * %
Haemulidae 4 # /B Parapristipoma BT AHIT, £ & L ThAEORM I 5 hER
R ORBICE THH LT VWA, AFEIRVWTN b BREOHEAICE S WT, Perca trilineata
THUNBERG, 1793, Pristipoma japonicum Cuvier, 1830, Diagramma japonicum BLEEKER,
1853 LECMR& Nz D%, BLeeker (1873) (3 Parapristipoma BAEBERT A& L b, ]2
FZHAPIF D junior synonym & L, BEKE->TW5B, JorDAN and EVERMANN (1902) B &
BEDERACESWT Plectorhynchus ocyurus %0 L7245, Thé Fowner (1931) K&k -
TAFD junior synonym KX Nice F7z, WA MM, SR E N Diagramma aporognathus
REGAN, 1905 {3 Jorpan and TuomPson (1912) K& > T4 # % @ junior synonym IZ &,
F 7 FowLer (1931) & CNABMLTWAY, Z0%, ME (1955) kk-Tavav s
Plectorhyncus cinctus @ junior synonym & Ntze LA L, THIEBBHSHITA ¥+ D junior
synonym T& 5 &h% Kimura (1985) ic &k » THERR& Nico Z @ 1EH, JORDAN and SNYDER
(1901) (& Parapristipoma japonicum (Cuvier ) %, Lin (1934) (3 Pomadasys japonicus
(CuviErR) ZHUVTVWE, D& S, AMORARHE D REQWRE L, £LERNI
bEHE, A PFHEVEAFFTEH LTV S,

4 ¥ EBREIEIEAFED EH» Parapristipoma latifrons ( TROSCHEL ), P. humile ( BOwDICH )
BLU P. mediterraneum (GUICHENOT ) BHISN TV B, ThbRVWTFhs 7 7 ) A TEER
BBV R A7 L (FowLer 1936), KPHEIAHTHOEA v+ 1 TH 5,

HaAFR A v ERaEE LTERBEO 3 », Y 3 9 1B Plectorhynchus 1158, 3 V19
*JB Pomadasys 3%, &4 %418 Hapalogenys 5FDIGESHMSN TS (Ffl 1984); T 0
5 LRI, MBI 2RV T, 41 R BROEESHETS %0

£ FREXPETRAMOE S, —FHPEBMER LSONREME UTHFRIEEETH S, &
o, EETEIAEEERN & BEHI S A T & (JhBIE 1982, [ - FAT 1982) , ALBHEEIZ &
QiEdEd 2T & (BHR - BERE 1978, B34 1979, IB#%i3H 1980a, b, ) &b ofkEERED
WA E LTI s oh, £ORFEMMESHENTVS, —7, BEERID 54 ¥+ —F#ic
AV SN B & DI » T, —EABM L7z b 00, Sl TRBERSMD LIy, Ak
PUNEHE LT E M b B B, TD®, RRKBIC B 32 AORFREIC > VW T OB bR
EWATETWVWS,

D& S RERD S, FHE I SEEEFIARED A ¥ 1000 T Z ORIRAYIFHIRE E B
ST BEN TN AT » TE o ARG IIAMOREE, S0, s - BUE, HRR, R -
B9, fbE, REEGAEEE, PIAIES, BEUBRELSI 2V TOHMREZID £EHbDTH S,

i
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A FEERIERRREO/NIERBERIETITON A T &L L, ERBETEIc VLT HEHE
ENTWRWIENE W, TDRD, (v +REOEBEICHT 2HE I, KOBER
k& (RS 1963) ©HZNEZIE (BR - ¥ 1970) oL THS ATV AL ¥RV, TIT
B7 vy — R -TEShE, BREEICET B, Wi, BT E, 1 +FHEOHE
oW THIEYT 5,

HESiE

T = NRERIBIEET Bip 5 9 Bich i TeEORERRE, B - 308, BitREe v
=R EEMRE LTTY, T8HEFTD SEEB I, BHABROIRE REoFE, BIE, A&
%, MR ETH B,

" R

BE A7+ ORENTHRLKPERECREREE L S ZHEE, FEYE, B - EEiE
i, B CREEEE, Lok, ERIF - BIRERE, Bkl aElc, BB T,
FHEEBTER, BIREE, BRiE, B, il BRE, 68, ABYE, TEEEs, LS,
REMILETH S, WTNSRBRENS K < o U 7ciHs T, KEIRI0~50mBETH 5,

BE < RE BROREBNLA v REER—AYNT, TERE» SERBE, 1B, SRR,
FTEEINTVS, @Y, H#ERERVAHENESL, ToEh, Bl kBREIRELT, &
F7 IFEROP CEEIC L7 A8, BLBISITHOITO S, HER» OEHTT IHPARA
I VFREEROIESSER LTV,

EEHEABEOAETRE LTVADTIRAVA, TIE, #43)l], %, ZE~S, KO~
R, Bilu~EHE, B, AT SORBTRAZOABIRERES TV S, £ AHE IR ot
FOCFEE, 5, AIRRELE) TABENRE LTITbhTWalEh, £ oMl Tho R
EELREENTVS, fiifo &k di, AFAORBIIEMRETH 2 v BEBETRIZ VRS LT
WiZW, UL, SN CREEMEEHEELTRELT, »ROKRBOS 3+ 2MHd 3
TEBB B,

CDEH, Bflc k- THEM N, T Mo TIRRIPEMRTHEEEI TV B,
7, FEERBTREMEICLD 7 7 ~EPEHVT, KEDOA 2L T3,

B AV F AP0 EEMIC 4 A~5 AM ST D, W0A~LFIKET T2, 200
MWETOEFREZHLE LTHREIN TS, 8, =8, &%, LD 0B B TRATICLEREM
PRI L B H D, ThOOMA TR+ IZEEREI N TS, 05, —ReyIcEER
ELTHISNT W B Y = Colorabis saira ¥ 7'} Seriola quinqueradiata, #1 v & Katsuwonus
pelamis ED L HIT, BHEHIMICHEENSBITT 3HEEE{ED LA L,
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F28 ZERNBEBICLEIZ4YFiREORE

—EHRASYEDREHINREIEESICREL, K4 ~M VETHESEVT VWS, 0%
BTREZFE2RLIC LT 4 +—ARRESBRA TN, FHLICREBECHBICEL - T4
VEPEEINTO S, COWRTHRES N4 3 E3EE UCEEIEE, f1E, 88, #Eo
4 EEREE 2B L TTBRIHR SN TWS, 2T, BBl RESR SR - TV EH
HX DA ¥+ EEDOERBICOVWTHET 5,

HsAE

AW ER R BRERRMES—ARERH (1979 F~19834F ), B& CHHEBRERREM
BEEHR (197TTF~1983F) Th b, FHEEBEMIEE 6 Ahah» 510 BHEIIh T CHRIART
5720, TOMOERHIE WV, Fic, HEEILEESRMIICTHLTH 5, RUFORYELHHE
REBLERDEBY TH 5B, [HK] 2Tem LI E, [K] 24~2Tem, [d1] 21.5~24cm, [/ 18.5~
215cm, (€Y | 156.5~185cem, (€Y £ Y ] 155l Fo

T DIEdp, BEEITTT HEE O FHEL, 19814F 6 A~ 7 BIc =T RSk BEFERME B 7K B = Bh i
FHRE [72A3 0] (496 b v) TiT - R BEBEREOER A 2o

HREER

RE RE RS COBEBTOIEESRER—ERNT, BN E 7 A v HORENThhTW
%o HRBMIIEELLTI~I0r VIEET, BE3 Y7 5XTIA, #hRIETIR 2 ATIREX
hTWb, &7z, TOBBICBABEBLUPEREBRS MDD, Chick-Todh 2EEORE
Bhb, TDED, IBEDFEMEPH <A, TVREENEEL 7‘:%%, V7 ¥ Pseudocaranx
dentex A LY Panulirus joponicus S EEXWR E LT OOLTHENLEEINTVWS,

COMIRIIIERICEENRZEL, BRI 30 m SFEROARO V5 & T A T—AKIE ST
BENTWVWS (Fig. 1o COILROBMPIEET L0 RKE, BHE, B/ B #H/ BiihdT
DIKEE 10~20 m DIFHRTH 5, KL &b RIEFFRROBIH TREIN TV 2, B2 E DR
AEEERIL Table 1 ©EBDThH 3,

BEBOFHHEL 1981FE) 51983FE0—ARB L UEERORERB DR B EILE Fig. 2ic
Kllco =R KBEEIZI A~ BIIRZ D, 10H~12R 0T 5, BEIAIES Bh S
IAT, TORRICERBERD 00~99 B REL TW5, BERBRTAIKBRIIED, 200
& B CERD 3B5~48 BOWENDH 5, TEWMTRBEEIHHA2VI4 L omENS D, BT
o THINT %5, ZORBERBR—ERDL, RABUENT 3EEERL TV 3,

DR TIR—AE L EBEMOBIBINEEE L TV 5 iz, WEOHMIIZIE— L, HR %
i (1970) AR UCEEMEOBRPBOFNREETIIINV, LALITTS, - WTIRIFLAL
BEDRVI2RICEBERECIRESHEINL, »ROMBEN TR 20, COBIcaBIBET 2
T LRI NS,

RERORER(EL —ARPOREELRESHE (HRENEE BRBEOR) B & CHBAEE
BORFELILEZNTH Figs. 3, 4 IR Ui, 197950 S 19826F el Tl e, RESRHEL
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A map showing the Pacific coast of Sakishima Peninsula, Mie Prefecture. The fishing
ground of the threeline grunt is situated everywhere enclosed by 30 m isobath.
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Fig. 2. Monthly commercial landing of the threeline grunt with hook and line (open circles)

and with set net (solid circles) at Katada Fisheries Co-operative Association during
the years from 1981 to 1983.
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Table1. Commereial landing (1000kg) of the threeline grunt with hook and line, set, net,
and gill net ai Sakishima Peninsula, Mie Prefecture

Year Hook and line Set net Gill net Total
1982 132.5 22.6 5.5 160.6
1983 97.3 50.7 4.1 152.1
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Fig. 3. Annual changes in the commercial Fig. 4. Annual change in the catch per unit

landing (open circles) and the fishing effort for the hook and line fishing
effort (solid circles) of the hook and at Katada Fisheries Co-operative
line fishing at Katada Fisheries Co- Association during the years from
operative Association during the 1979 to 1983.

years from 1979 to 1883,

bk L, B 5 5, BRIl TW5, ZORINEI HlH & PR L
TW5B, BALHERE & 1979480 5 19814E0D 3 ERNCHIBO%IEINT 545, 19814ED S 1983EEIT 1 T
1318~19kg,boat ¢ day TEIFEEL TV 5,

PR OFRER L% Fig. 5 TR Lo [ lLEOMRH /i 5% 58] & (319794 £ 1980
FETIIHI64%, 198145 T 13495196, 19824E & 19834ETI3#434%6 & 120, 19814 %8 LT, K]
~Tth] &Pl ~TEeyEey ] OlRREIFERICHFEL TS, £/, [TE ) ] 319794 LI
AR L, BHINIABOKRE S BELNIELTVWS,

Figs. 3, 4 S BME & ST, 19794 5 198 EED AR BNl i SRR o R
KL, 19814ED & 19824F s TR OB RIGER L TWw b, & OHANMER 0K IE, HIK D #
B ED S, BEERIDEMITY R L, BYRNEL B lcdTHELEELOND, ERBHD
INEUE S, B, COMBEOBIEBERTHSLEELLNS,

EEEREREOBELILIE Fig. 6 DEBD TH 5, HMAMIIEEIO~I80R THEED L H &
DI, BRI 19TTHEDI b v, HFUNM31980ED2.2 h v T, MR OELEIMAKEL, —
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PERCENT

Annual change in the weight composi-
tion of market categories in fish size
caught with hock and line at Katada
Fisheries Co-operative Association
during the years from 1979 to 1983.
VL, fish larger than 27 om in fork
length; L, 24-27cm, M, 21.5-24 em: S,
18.5-21.5 em; VS, 15.5-18.5 em ; US,
smaller than 15.5 cm,

CATCH

Fig. 8.

IN WEIGHT (1000kg)

Annual change in the catch in weight
with set net at Katada Fisheries Co-
operative Association during the
years from 1977 to 1983. VL, L, M, §,
and VS are the same as in Fig. 5.
UN, the market category is unknown.

UNIT PRICE (1000 Yen/kg fish)
>

MAY JUN. JUL. AUG. SEP. OCT.

Fig. 7. Monthly changes in the average unit

price of the threeline grunt in each
market category caught with hook
and line at Katada Fisheries Co-
operative Association for 1079-1983.
Open circles, VL; solid cirles, L; open
triangles, M; solid triangles, $;
open squares, VS; solid squares, US.

EDOMHEEIAED DRIV, 7z, 19814 LG
DULTWBET Eh S, —EHPDOHIHEPBALE
W S EBNTSERETWE S TH B,

Bl 5 EROFHRMORALLE Fig.
TR Lo RiTRHEAD 7 H~8 Aic
B, BiclHZD & 5 8 A a3 hishiimD
THILIE B - THISEHKREETT 2
7o, BilAFELL LRT 3, 9 AL E %
BWE DI DICAMITRT 3,

FENE BT ORREZ LI Fig. 8 DEBOH T
BB, 197957 519834/ IF T [k | 130
WHIR LF LTV B4, oo FRR 10
YR THEME W,

SERRRIAESEAG B & OB OB IT & - THERE



A4 B+ OB HEYFRITIE

125

0 >
= o o—0 L {253
R € e B
h 2 ./ e} 2
Z ° e 'S 2
P O/ /. o = =
g e e A A—"“"‘"‘"A z o mo
(o] P D — A/ = o
o - E
o A Sat 4200
= / A e
w A A g 5 L.
—-— O, —
& o w o ES
t 0 T~g © o @
— ] e AR ]
= L \D'/ = o
o g 115 &
] =
/ \. = Pl
B p—8 < s
<

i I 1 1 J 1 L i 1 1

'79 ‘80 '8l 82 '83 '79 ‘80 ‘8l ‘g2 '83
Fig. 8. Annual changes in the average unit Fig. 9. Annual changes in the amount of

price of the threeline grunt caught
with hook and line at Katada Fish-
eries Co-operative Association during
the years from 1979 to 1983. Symbols
are the same as in Fig. 7.

production (open circles) and the
amount per unit effort (solid circles)
of the threeline grunt caught with
hook and line at Katada Fisheries
Co-operative Association during the

years from 1979 to 1983.

Bk X UBRIR NS 7o 0 EBEEEHE L (Fig. 9o CH 5 REFNFNIHIGER DBEAIAME & X
CHRHIEL, 19824Elc & — 7 SH 5N B, 19824Eh 5 1983 4RI i ¢, Il AT IR 3 7
NENTUBLT6XKED L TORDIx L, EEACEEESATREMOR WA OE] &2
BNl TOaidic, TNTNIBBBITUB IO LTV S, 19794 E 1981 SEER KT 2 & B
PR X 81 b ER LTV ADIN L, BEEHTIR6 %L EREY, Ao/ El{kok
Wi, HEAACRKINR BFEEOMINERL D bR OEV, DL ST, HIEHOW B LR
EHRS S, BRS¢ oK, Ao/ ML ERE E, AEFRERESHARL T

(A A

F2E 21 BE

4+ OISR B U CI@s, AMNEELRE, 878, vl EhToush (FE 1955,
[l 1063, MM « 754 1965, #RiFf 1984 ), BUAMICIZB LA FTHI TSy, 72, Afo
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B oW TR « #3 (1970) 2517 - RIEEHIRER P 6 M T0 B TH 5, TITRT
v — MEECH XAATE, B&UOSERERD SAREO BN E BB WTIRET L,

HERiE

TUr—bREIBECERLLLDOTH B, SRR THERWE W (C)J, THEDE W
(R, THB»TH (RR)), IHfmLTuiy (=) om#iR—ARER 0k,

fEREER

D TYr - MERBLUEAERTORERLEE Table 2 2, EEN BT 5EHE
Table 3 IcZhZhFEb L1,
bYBEOKXEERRETIER, BRBED STHEEE TOMRTEIGH LTV EDPRH 5N 5,
Uin L, BRIMBLHLICE 2 alicid L, BFELHLTRAMESED SN0, Y i
HABRETE, EREED L EBBEMEE TOWRTHREBRNEZAHL TV A, BRI
TRILEIRE B - T, RACHTHEIFLT BERERL TV S, OIS MIAEDO R
EME L O EEROTRRICEBENT VWA EERLTWS, Ld->T, ek 285
OHFIIARFERTIETEELR, AR CTRITBELEEL, BRNEHMEGD B L,

Table2. Geographical distribution of the threeline grunt in Japan according to the
questionaire to the Prefectural Fisheries Experimental Stations in 1981, and to

the literatures on this species. C, common ; R, rare ; RR, very rare ; —, not
distributed
Prefecture or locality Questionaire Literature(s) *

Pacific coasts

Hokkaido -

Aomori -

Iwate -

Miyagil RR

Fukushima RR

Ibaragi RR

Chiba C 1, 2
Tokyo ? 3—5
Izu-oshima Is. C

Hachijo Is. RR

Ogasawara Is. -

Kanagawa C 4-14
Shizuoka C 15—-18
Lake Hamana ? 19
Aichi R 20, 21
Mie C 14,2229
Ise Bay - 21
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Table2. Continued

Prefecture or locality Questionaire Literature(s) *
Wakayama C 4,5,30, 31
Tokushima C
Kochi R 32
Qita c 33, 34
Miyazaki ? 14
Kagoshima C 35, 37

Coasts of Sea of Japan or East China Sea
Hokkaido
Aomori
Akita
Yamagata
Niigata

l

38

o)
=y

39
Toyama
Ishikawa
Fukui

Kyoto

Hyogo
Tottori
Shimane
Yamaguchi
Fukuoka
Saga
Nagasaki
Ariake Sound
Shimabara
Kumamoto 53,54

40
14,41

42

cocoO0o@Ww I

4,5, 14, 44-52
43

!

Q=

Coasts of Seto Inland Sea
Osaka R 55
Hyogo RR
Okayama RR
Tokushima RR
Kagawa RR
Ehime R
Hiroshima R
Yamaguchi RR
Fukuoka RR

» 1, Kamiya (1922); 2, IzUKA and MATSUURA (1920 ); 3, STEINDACHNER and
DODERLEIN (1884): 4, JORDAN and THOMPSON (1912); 5, FOWLER (1931); 6, JORDAN
and SNYDER (1901): 7, Franz (1910); 8, UcHipa (1929); 9, MASUZAWA (1967); 10,

{Continued on the next page)
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REHERTEERRLFE, BAERRETIIERRLELL S,

EATREERT, 8B UCRY > By EOPERBRRCAHEPRL NG, RED
FMRIEEZOMBIRYD b v+ VBEEOY 2 4 F 2 vBTHS (KD 1962),
BREOHHOHEOO EDRBBICBRI XS KBEFIBTHE L TH %, LALBREBTH-T
b, EERNEPEREE, EEH, PR, FEERSoRBEOBOEBBRIC IS E DA L THR
WEDIThH B, TDXDUHHRTIEZTDREEH GOHKE & BEKE, BRURBOE) 3B

Table3. Records of the threeline grunt in foreign shores

Author(s) Country  Locality

Mori (1952) Korea Pusan, Cheju Is.

KIMURA and SuzUKI (1986) Korea Pusan

CHANG et al. (1979) Taiwan Tali, Tung-ao, Kao-hsiug,
Wanli, Peng-hu, Chilung

JORDAN and EVERMANN (1902) Taiwan

SHEN (1984) Taiwan

CHENG and SUN (1963) China Amoy

FowLER (1939) China Kowllon, Hong Kong, Canton

CHENG et al. (1962) China Hailin Is., Shanwei®,
Weichou Is.*

Lin (1934) China Foochow

' Coast of South China Sea.
! Gulf of Tong King.

(Continued from the previous page)

MASUZAWA and MATSUURA (1968); 11, MASUZAWA and MATSUURA (1970): 12, HAYASHI
and ITO (19874); 13, SHIMIZU (1979); 14, KIMURA and Suzukr (1986); 15, KURODA (1951);
16, SATO (1971); 17, MATSUOKA (1872); 18, KOIKE and NISHIWAKI (1977); 19, CHIBA
(1980); 20, OsHIMA (1954); 21, NAKAJIMA (1975); 22, Izawa and KURIFUJI (1978); 23,
SUZUKI and KIMURA (1980a); 24, KIMURA and SuUzUKI (1980a): 25, KIMURA and
Suzuki (1980b); 26, KIMURA and Suzuki (1981); 27, KIMURA (1881); 28, KIMURA et al.
(1983); 29, KiIMURA (1984); 30, OKUNO (1964); 31, ARAGA and TANASE (1966); 32,

KAMOHARA (1964); 33, YASUDA et al. (1862); 34, OkA and OKUMURA (1982); 35, HIGO
et al. (1980a); 36, HiGO et al. (1980b); 37, HIGO et al. (1980c); 38, WaDA (1939); 39,
HoNMA (1952); 40, LINDBERG and KRASYUKOVA (1969): 41, MINAMI et al. (1977): 42,
Mi11o (1963); 43, UCHIDA and TSUKAMARA (1955); 44, THUNBERG (1793); 45, BLEEKER
(1853); 46, SHIOGAKI et al. (1971): 47, TAKITA and NATSUKAR! (1972): 48, SHIOGAKI
and Dorsu (1973); 49, NAKABO (1980); 50, KITAJIMA et al. (1982): 51, AZETA et al. (1983);
52, MATSUMIYA and TAKAHASHI (1983); 53, KixucHr (1870); 54, ToMIYAMA (1972): 55,
JORDAN and THOMPSON (1814).
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MELSHHLTOEDIFL, RNIHTRAT 20D TDE WV, Lichi-T, A IRIEE 2/
PEDIBWABETH AT LRSI TH B,

EoRBHIVESDORME LT, AHEIEEEN D SHEN BRI @SR LRV L TH D, FEHE
BT, B OMHRTE { ONMBRED S BN, ThRETIRDEL, ALBEP/NEFE
BTREEAED VWIS HHBED SN (BEH « #H 1977, Zama and Yasupa 1979)
& B BR P AT ST LTV 5512 OO IS I 3AHAEE0 5 h s (Suzukr 1964,
YaMAKAWA 1979, Yosuino and Nisniiva 1981, BB FAME, ke FAME), T lEd, MY
FHFOD, FErh, b, B EHEE (B 1979) 27+ ) v v (FowLer 1931, SCHROEDER
1980), =—v v ib e =) 7S (Scuurrz 1953) 78 EILPEAMEAED BIUC 40075 L This by,
TIRDE, 4 v+ BRERBENE, B, BERERRME, RS vIh b 200 mPE o KB ©
Be L IoiR D B9 2D TIREBEEDOMOVWART, Whwd [RENEERE | Q8EIEs 1975)
ThrHEBEHLNEB,

JEPEARSEEREA v 3 B0 S5, AL S FA BRI SBPULHHERLTVEY, /15 +R
Vs U FABIEA v F - KEREOEGE —HEEKIR I E S A L (WEBER and BEAUFORT
1936), Hii 2 J8 & DARRIES LI D FRIZ > T B,

BE) H1mTEA XS, 4ol EENICEIERE—T, KRB OREWBE
s, Linl, BIICERENC S RS MBOBHSHED o5, kEAE, SHEABYE
RETE, EEETIREOEN OKE10~25 m), £F e OKZEL0 mBE) KU sTR
ENTWVBE, Eio, KIRBPERLAHH 5 VIR RL ECHRERERAMSRAL, Bichid 28
BHRADONE, TOLIBIEND, 4 HF IO BEERD & 5 L ABHEERE ZFTh I\,
RS — AP B BT » TV B EE L SN b, Bh S EOEBEBIIIRMED 5 W (LBEHNE:YE
T, B oZ OB H RBANETH 5 EEL 5N 5,

BIE &l - Ak

B OERBEHSHI URBEHEET A &3, 20WYo4iEd s WEBEAHE T 58
bo LSEETHOEMNNEETS 2, COLSRT &5, AIHOERMEEPCERENNT 2R
Kt hoiThhTET WA,

A4+ OEMPREIBIL T, 8K (1954), L2HEA (1962), B4R (1967), HE (1971),
$AK « KR (1980 ), Kb (1984) L EDFFEMSMSONTVWAESR, TD 55, B 2F k1T O
NS bDTH D, T TREFEMIPE OB & CERECREINE, WEME, PIRERL &
SWTHET 5,

BE ERRE
RIHOFE WY, BPHA, ML & OTHIMICEN IR, 55 VBRI OB IFINZEL

PR Sk » THEEE W TV B, KETTIRA 4+ OPETS, ik, TEEEE LU %
FHEEF NI © 5 BT - L TERPE & LTOEIMEERE L,
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Wik

HEEbTEHE 1978 fp & 1983 4E % TONIRNIC BT I c—A 0B, Tz hizboT
H5,

R v ) YEEEAD S Fig. 10 TRUL SR> O TIOREEEI L, BIRIEHE L,
BERA OB FE 9 10 WKE{EA U v 2kBIE TR LOENREE L, KEBR TV - LTk LT
DRSS A KI5 AAT B TRERSES T0R5 Ik L, B fc > W T 5 24T -
Too BHEE L UMEBIREONENT Fig. 11 DEBHTH B,

Fig. 10. Regions of the body where scales were collected.

AN OISR AR (2 9 N CHERRIE D B\ 3R
rpmk OBAER W, BA (R¥A) off
HHHERED SHEE B OEMEIIR L TIT» 1o
WHENHAER X ARELR, WRETFEL
Too BERRERZF L i@ L, %EHIREA
T CHEAEMREEIC L - T, BEAARICSWTIT-
oo ERRER BB o BHH A~ ORI T
REEE Utco HRRS X UHMBIROHIER &
R o BARESNGE L (Fig. 12)

HefP MRS, RREE ARG %
PETIROWBL, KSkBELAR, REFEL
foo MEIRIZEE 2, 7, 12, 15, 23, 26 Hifkic—>
WT, 10%7KERIEN U v AR LTV AEEE Fig. 11, A scale of the threeline grunt (253.0
Ak Ut SEEER e Nm AL & T mm in fork length ) caught cn 28 Feb-

£t e i . e m ruary, 1979. The seventh ring was just
MD%LT’. RZRI PR Lo *ﬁé{*@i@@%ﬁi'ﬁ', formyed. F, focus; R, scali radJius;
LERBOBRE NSRSV L vRIRRL, ri— ra, the first to the seventh ring

VIR T TRBBIMEIC £ > T - oo radii.
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HRLEE

1. #

BEOTRE 4 4+ O IRIENN SR T, W
O BRI BRI SR S B T DBHEER I
B BRI T SIEE L, & OWAMC RS OFL
neW s MRS O, BEdEREh TV A
(Fig. 11)

HREBOBOLEE Fig. 10 TR L7 5 AL
SIFEL L 7ok DT lE%: Fig. 13 1Kk L1k, A&
BididiE EFHEBRTH B, KT HDCE LUK
#®ADD & EE L RAMEIRT, BilAEARE

HEA LTV, Fig. 12. Outer sur.face of the left otollith of
4800 5 T (S 169.3~189.0m) % L the threeline grunt (223.9 mm in fork
iy e i 3 length) caught on 20 June, 1983, F,
T, AP T ORI OB > TR L focus; R, otolith radius; ri— r;s, the
Too Bk T L OB LR OB, ThE first to the third ring radii (outer
NOMBUSTIE L 4 ADERRTRES h, BOIE margins of opaque zones).
A B c

Fig. 13. Morphology of the scales collected from five regions of the body in the same specimen
(177.7 mm in fork length). A to E indicate the regions of the body shown in Fig. 10.
Scales indicate 1 mm.
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FHRY (r=0.948~0.998) 28 515 (Fig. 14)o THOBBRRIIMORZE X Ic L b - TE
b3 255, ORI OK & S IKRE <, EOMMOBTHHEUMICITbh, MO
BB oI,

RICEXF162.0~285.1mmD 1 4+ 40E{A%2H VT, B OBMROSKOTECEYXE & 0f
o, BLUEHEGHOHEBREC>0THRE Lk B—BE&R O &AL DR DL TR
(%) DO L FWHHIIRD EBD TH 5, A, 3.6 (1.2—8.0); B, 3.5 (0.7-9.6); C, 3.5 (0.7—
8.6); D, 3.3 (0.8-9.0); E, 3.5 (1.5—6.8)c BIALDOLTHRIDIAEE 12 5 %k U THEEH
RHONBOTEDLS, BROMHOBERBHI &L SEIEIRMTHEEELLNS,

BB LI S M OBHE DONEE £ R AR OVHEHE L U, ThERBYXE & oMRER» I (Fig.
15). THBAREUE A, 0.995; B, 0.965; C, 0.903; D, 0.994: E, 0.947&750, Zhd0OHMIEK
15 WKBETHBESED bhilpote, Lt~ T, EXE EHREOHBOMS 3R & b
BIEERELEL LIS, $ABRBEOARIVERIEBT, E, C, D, ADIEIR/INEL 5,
158, BXE49.0~355.7TmdD A 4 + 10384 D B O oE (R, m) ERBYE (L, m) &D
Bk TcREN B,

log L=0.881 log R~ 1.842 (r=0.977) (1)

RING RADIUS (mm)

SCALE RADIUS (mm)

Fig. 14. Relationships between ring radius and scale radius in five specimens. The ring radii
show the fine similarities. Open circles, A-region ; solid circles, B-region ; open trian-
gles ,C-region ; solid triangles , D-region ; squares , E-region. 1, 177.7 mm in fork length :
2, 169.3 mm; 3,172.1 mm; 4, 180.9 mm; 5, 173.0 mm.
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Fig. 16. Monthly change of the mean fork
» length in each scale ring group. Open
; circles, 0 -ring; solid circles, 1-ring;
4 open triangles, 2 -ring; solid triangle
5,3 -ring; open inverse triangles, 4-
3r ring; solid inverse triangles, 5 -ring;
open squares, 6 -ring; solid squares,
7-ring; open rhombi, 8-ring; solid
2 ! ) rhombi, 9 -ring.
200 300
FORK LENGTH (mm) FEREOHEIRIEA, 6.8%; B, 9.8%; C,

Fig. 15. Relationships between fork length 7.2%; D, 12.5%; E" T.0%6TH ? o Th
and radius of each scale collected 5O BRI E 5 WKIETHREIED 5N
from five regions of the body. Ato E W\ C Eh S, BRI OFEAREO HIERIZZER
indicate the regions of the body. BEEEIONS,

To& I, EEBOBHC AR T HiRS

BRENE T &, BROMEPHREENEE WM, BXLUEEHOHERCERESED O

BOIERS, EOMMOBEGEMPELE LTHRATRETSEEELO6N5, LpL, REUTIIH

WDOLHIC, D, EQBEEANMBD, £, ADBHINS L c®, I OFKD EBHHELR

HThHotco LIchioT, BOWMAD I L BAERPE E LTROEA TV S EEL LN,

BT RIERE 0~ QM OTEMEXEORAZI,» S, 6 A5 1 BEEEE, 1 A»5TH
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BEMEOREEE L TWAZ EPHLMTH S (Fig. 16), THHLBIRLIILE 2 B, T L
Z1H, 2RI, BEMRBEZR6H, TALHRENT VS, 8 LIREE S Moo
Kukmang, BT aL51c6 8, THRIOBIRIcBY 34 v+ OEIETS, £ 18,

2 B BRI, BRI s b, LT, Bl (BN RENESTHD, Xk
(FHIR) BB L UBORESKIBRED S ERE~BITLABEERI N BB Th 2 LE
ZoNbo TOXHICHEFMOBICIEORE Y X & AT Y X & O ORED S 2 EIREHTH
REhseELohb,

Hindz OIS TH 3 70, T OMPEEREREREL TS, L L, Hifi3E
B ThAA L EBELT, KRicHBR L THRPS, E/IE L, 28K (B2, 48)
WARERSIBE BV, DY, IROEERBED SN TS, HREORIESIER I RHERE
BBEND B, Lichio>T, RERTICRZMER VAP EUTHLLEL LN,

2 B A

BEROFR A o+0EFRIEHENRE S, HBHIEERKRE TH - to BEROABRELAET,
AR5l & LRI [ S IR W URAB M S 5o AHHIZ P PMALRGEE TH 545, NE
o5&, RRoUhASD &I P TORECEND 5. 2AFIBEHBEIRL, B LELT
biEEE, NEHEPHBICXHTE /oo ROEIEREIET, 5 1RE TR OREIR THER
T 5, B 1L D AMITIRIBL VSRR SRV RBIHEMEREh TV S (Fig. 12).

A Y+ ORNBHFOEIRE L L, QLARBIFERE VW REPRERL TV B, DL
RBEAE DIRHBIFR & DO ER 2R >ABRZ OOy — v ORFEL D DL, T Mura-
enesox clinerus (K 1961), ¥ u ¥ R Sillago japonica (=& 19652 ), 74 ¥ = Gnathag-
nus elongatus, (Mio 1966), * /%)L Sebastes inermis (JHFR « 838 19621 ), Summer flounder,
Paralichthys dentatus, (SMITH and DaIBEr 1977), # v ' ¥ ¥ 5 X Pseudorhombus cin-
namomeus, (MATSUURA 1961) IREMHISN TS,

RIVTY VOFE  HERREOEAD O LAAEL D 5 b ERMERERRET, AR1%15%hit
B LU V= U VIKIAIE0 ce it AR 20°C TEIE LFco ThE 1 ~128R% 1k sk, &
B L, +vrvdicB LT, MEEEBEE L, hiEB LU EhEs vy v THRET S
&, &5 5 OEA SFIBEFICHIE L THoRBIC & S RVWELRSERIE L oo AEdIEdRd R
N ) v FplER L ) VICHBL TEL VLD TH - o EROBRBIERES VY vl
SR12EMB CHHBRICBBETEDRETH » e IRRIL, JEhikdvey vOB&IR 1 ~2
TS 0BLERD SN0, 4LERER» SEEPE LT, 12 8% T » s
D RBABRIZ IS » TR ORI A & T kDKl oo LL, TOXSIRRETHHRBD
B EETRETH - oo

McMaHoN and Tasn (1979) & green sunfish, Lepomis cyanellus DEF % 10 %rhik s &
Ul = ) v 100 cc thiz25 °C TIRIZE L, ABOEREIT- 720 Z ORR, HE ORRUIIE
sk =) v DIFE R LB TRAIR DRI B 05, ks <) Y OBAIE 5 r BT b4
MEENTRETH B LTV E, COLIIE, BFAOKEIL LB, 1 v FEEOHBIK
RoHEAESEDESR V) VCRIE UBE DER~ 17BN, $lodiEsr<) v ofe i35
rABRTORORAMDBEETH D EELLNS,

FREME 28R 20> TR a b SEAOE L OB I > WTRET L,
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= (Rr—RIl) / (Rr+RD) (2)

RI, EMER G0 & Rr, AHUER GRED &

a DEHEERERR, 81, B 20Ric o TENEFN0.002, 0.004, 0.000& 78D, RERH
Ho: a= 0135 YKETHENENE O, LEth-T, EARPEBRBRRBEGOERTENIL
LB ENE, CCTRERNE LTERNERISWTHAIL, CAdTHE L B8 0AEER %
i,

HEZ-BEXERFR EAE (R, m) LEBXELOMEE Fig. 17 K& Lk, JOMRIIR=
2.45mfHEICEEBIRMEES R, 2&07ax b -KTHFEEN B,

R>2.45mm: logL=1.353 logR+ 1513 (r=10.962) (3)

R=245mm: logL=1.123 logR+ 1.603 (r=0.986) (4)
1B, TOBMRICIE S WkEETHEIC X ABEEERRD SNEh - T,

BERZE-BXEMROBRERFE (3) R,
(4) X SEXE 110mEfBTEI ~TWVW5,
BEE-EBXEMRTS, TORXEMITHE
Bifrsaohslth s, BERERORERFE
FERICT HEOHENBENELT s &
HELTWELEEALLNS,

BRTUERISE B BIEE O R
EFERB oo, 18IFE3 AL 619822 A &
TORIRNICEE LR | Rl oA ERWT
B DIREEBIE Uleo T ORR, FERH
HETAURIE LIRS ALSTHETH » 1,
F 7z, T OHMOREHE OB L Table
4 wHLEIiiY, RBHHE OIS
Ao 6 HiohiytHlEL, 6B»6 TR

400

300

200

100

FORK LENGTH (mm)

1 i | i i H 1

B TRRT BT EBRSLTHE, LIhiT, T 3 4 s e
T TTEB I B OAME) 4 1 OTOLITH RADIUS
6 H, THIZEREhB I &itisd, BB, C

ORI AROREINH E—B LT a e, i Fig. 17. Relationship between otolith radius
BRILIZIEER 2R L TWEEEL OGNS, and fork length.

{mm)

Table 4. Condition of the margin of otolith during the period of the ring formation

Condition of margin May June July
Before formation (hyaline) 28.6% 1.1% 0.0%
Under formation (opaque) 71.4% 38.7% 6.1%

After formation (hyaline) 0.09% 60.2% 93.9%
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3. # &

MR DA MARNIT 2478 0 RUEIR T H 545,
B & B OGNS 5h B ( Fig.
18), % Fig. 18 I RLc& At b,
BXE 223.9~240.0 mu © 4 4% 5 f{Fico0
TE—EERIC B 2R OB =8 L
(Fig. 19)o T DFEE, B OMEUMERP D
B BMEBORELTOUAES RD SN,
ToDTEND, 44 FOHKIIERTE S
LTHLTOWREWEEL LN 5,

4. FEER
R DM R S TR T 728, Fig. 18. A longitudinal section of the 15th ver-
CHAERIEE LTHWAZ L RBATETH tebra of the threeline grunt (249.0 mm
BEELLND, in fork length ) caught on 29 Novem-
ber, 1983. F, focus (apex of the cone J;
R, centrum radius (distance from the
focus to the posterior margin J; r and
r., ring radii (outer margins of the
opaque zones ); r and r7, ring radii
(inner margins of the opaque zones ),
4r - - - -
E s
£ 1 A 2 a 3 a 4 5
— r-%
L L A L e L
[0} 3 E ° a A‘ o &
2 A a " 3 £q ? ©
o) ™ B &
o i Ao A & L o FC a a A
é 2f o o 8: g ea n 4 o @ s o R
. L g ° g ° & 0 @
o
z ? s B 0- o "e he '8 ° o ®
= I F o - O e F o O - - ”
o og ° a
L " | i " i i 4 ° 3 ] . 1
2 3 4 3 2 3 2 3 4 2 3

CENTRUM RADIUS {(mm)

Fig. 19. Relationships between ring radius and centrum radius in five specimens, Open circles,
the 2nd vertebra; solid circles, the 7th vertebra; open triangles, the 12th vertebra; solid
triangles, the 16th vertebra; open squares, the 23rd veriebra; solid squares, the 26th
vertebra. 1, 240.1 mn in fork length; 2, 244.5 mm; 3, 249.0 nm; 4, 231.0 mm; 5, 223.0 mn.
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5. _Likiad

R I P RIS D SN B, UL L, FBEIHEHIZREYIE 303.2 m AT 2
H, 179.8m TIH LARD LMY, ThBERMEELTVWEEBELONL L, LidoT, b
BUE SERWPE S L TR TH B EEL NS,

6. BEMEHEOFMHEOLE

I EOFYMC > WIS A (1958) =8 (1960) B—E DA VL SHED TV 5,
FHEOFEATR, FRPES LT L 3 254004, (1) Ml cEgsdsEsanc s, (2)
IBIEDOERBIERED SNB T &, D2EATH B, £z, (3) MoK, T, BIGHDE W
C&, (4) WHORICUIENARE Th 5T R ENEUEEED 2L LTELONE, &
DEh, WEEE» SEREENRT 25813, (5) KE SEEEOHBBIGR M, HEHDITn
T&, (6) WHOREDHRL (B) PHRTH S C LR EDRMEBNIELL L,
COXIRTEMD, TITHATLHHBO > BEMEEE LTHESTh 5D EHEL T,
flhed 3 WEARAR I RNEN T h B, & HAIC> O TERPE & LTOEIMATHRDORSMC Lichs-
THI T B ERDE DD, (1) BU/NIfATIRIEE & SN TH 345, KERI
BB LEADHBHHRELE V. (2) OB O E & 8D 55, (3) HiRvHhik
DHBEREFEHDOHBR BP0, (4) BEOBIEBOSBEE TH 24, £ 0% 0N
BPE & S RIBTHEETS 5, (5) RELIVEREOHBIEB OSSO Thic@hTw 508, EH
WISZEIRIEV, (6) BRSBTS 5, COX i, BREBICHELT (4) ~ (6)
DEBTEDLTPIZE »TVEH, HSEEL (1) ® (3) ORLETENT VWS, Lith-T,
AFFEDOTCREASROGENERPETHEEEL LN,

B2ET R K

BUHOME WY v /e ViR Eh, BERE LTHIR > BEEE L DA T Berra-
LANFFY OFERICHEET 3 I EBHMONTWE, L L, CORERIRASEoSEE R Ic#EEd
BT &3, HE D BEMULOERER S AR SN BBNOBREREEE LTS LS
ThHbo LT, TITRIN 1B EOESEPCEMNES L UM ks ComMPimkEicay
THEET LT,

wisesik

i 1l DRk (319814 3 B > 5 19834E 7 A & T ORI BB 3EN R o = BB BN T—A%
PEEE B X ORI & - T & 17856 D E A Z BV TRET L7z BR O H OB 171
HIOFHE Utchi - foo WIHIRE Z19834E101T » 12 ATRERIERESEBR D 7 — ¥ — R Wiz, TOHE
BROFHMC>OWTRETE RS,
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EREEZR

EHE Lk, BFAREENESOBRICEEVEMSRY o —T, HWbH S
REAE G, Lo, i SEARITHIE LcABAELEENE LELONSE, £LT,
CCTRETERE (1961) 1 Lo T, walic &k 0 B0 R e il b Ui

?=r R/R

(5)

P, SERREOR; 7, SRS ; R, EREER B, BXES SHIL L BHEHAR

C ORI EE & BYE - EAEER, S,
BB T & RBOERSO HREXEEWR L
foo BEIFRXEOHE DT DT H
KECHBANSA, TOEES WKIETEHER
WDERD SN - Fofodd, T T TIRMEREDRL
BEREAEHTE2LEL, L HT
HEAT - oo FHBOH AR E ONISEIE

Fig. 20 iR L7-& B0 T, BES Lee BR
PR LEE BREBH ONB VLI TH - o
2 CTHERXEZERET TR0 L EL
HILT, TOEENERT & Fig. 21 ©
& D188 B, BIRBIEEISOHERYEIIZE
FRAFEERLTVWAIEMS, xEt o (7,
SHE ; o, BHREE) OB 3edkoR
%, 22013959, x t3o0kkiZiE LA
CRTHEENBIELILN B, ZIHEXED
%X, xto, x+x20, xt30DfHiZ Table 5
DEBDTH 5,

Table 5 DEEHWT WaLrorp DEZEM
A & Fig. 22 DL HIKTB B, Hald &S
Bl—ER Ry, WiRAELoERE R
BERTALANFFY ORERIC L BET 5, &
o ORRRIZIRO L I 5,

x laer=0.7516 (.1 8838
x+o: losy = 0.7332 1.+ 959
x 0 Iner = 0.7688 [.-+ 824
x+20: {nr = 07134 .+ 103.8
x—20: Laer =0.7845 .+ 767
x+30: Lasr = 0.6923 [.+ 1124
x—30: Lnvr = 0.7990 1.+ 716

La, 88 n SRIEHIR OF SR (o)

CALCULATED FORK LENGTH (mm)

Fig.

e Iy

300 | o 6

@
200
el
°© o © e © 2
e © e
e ¢ @
‘Oo Il . 1 3. 1 1.

i1 2 3 4 5 6 7
AGE

20. Mean values of the back-calculated
fork lengths at the time of the first
to the seventh otolith ring formation
in 1-1to 7 -age-groups.

(r=10.999) (6)
(r=10.999) D)
(r=10.998) (8)
(r=10.998) (9)
(r=10.996) 10)
(r=10.996) a1
(r=0.993) 12
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Table 5. Mean values (%), standard deviations ( 0), and coefficient of variance (CV) of the
back-calculated fork length in mm at the time of each otolith ring formation

0 l: ls s ls ls
x 109.4 169.7 218.2 254.4 276.6 297.9
o 11.5 14.5 14.5 10.9 1.1 11.4
Cv (%) 10.5 8.5 6.6 4.3 4.0 3.8
x+ o 120.9 184.2 232.7 265.3 287.7 309.3
x—0 97.9 155.2 203.7 243.5 265.5 286.5
x+20 132.1 198.7 247.2 276.2 298.8 320.7
x-20 86.4 140.7 189.2 232.6 254.4 275.1
xz+30 143.9 213.2 261.7 287.1 309.9 332.1
x =30 74.9 126.2 174.7 211.7 243.3 263.7

ol 1. v e
| "
s | 8- 0= v
e | bt ”??".\.
il .. ”ummnuu.lm\m &&gfﬁ

100 200 300
CALCULATED FORK LENGTH (mm)

Fig. 21. Frequency distribution of the back-calculated fork lengths at the time of each otolith
ring formation.
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Fig. 22. WALFORD’s growth transformation of the fork length.

CHEDOHED 5 BerraLanrry OEERRBROL > 2,

X L.=3575 (1~ exp (—0.2855 (¢ 0.2909))) (13)
PR L:=3594 (1—exp (—0.3104 (¢ +0.3383))) (14)
xX—0: L.=1356.3 (1—exp (—0.2630 (¢ - 0.2206))) (15)
x+20: L.o=362.1 (1~ exp (—0.3377 (¢ + 0.3622))) (16)
x—20: L.=1355.8 (1 —exp (—0.2427 (¢ +0.1283))) an
x+30: L.=3656.5 (1 —exp (—0.3677 (¢ +0.3614))) (18)
x—30: L.=356.0 (1—exp (—0.2245 (¢ + 0.0146))) (19)

L., §§ e FEoHEHE (m)
INLERRTBE Fig. 23 O XD, ZOWHBOA v+ DOKE4aB T TR Lo
RETHLMEENS KEDIRR T 0o TR2~3 i, xT20TH5~6cn, x+30THT

~8mTH 5,
HIEREOAMORYE LEE (W, 8) LoMRErrTEshs,
log W=3.129 log L — 5.116  (r=0.994) (20)

Lo, BFEORERBRD LS5,
X : W.="1746.8 (1 —exp (—0.2855 (¢ -+ 0.2909)))* (21)
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x4+ 0 W.==750.8 (1—exp (—0.3104 (¢ + 0.3383)))** 22
x—0: W.=1739.0 (1 —exp (—0.2630 (- 0.2206)))* (23)
x+20: W.=1777.3 (1 —exp (—0.3377 (¢ -+0.3622)))*** (24)
x—20; W.=735.7 (1 —exp (—0.2427 (¢ -+ 0.1283)))** (25)
x+30: W.=800.3 (1—exp (—0.3677 (- 0.3614)))** (26)
x—30: W.=737.0 (1 —exp (—0.2245 (¢ -+ 0.0146)))** @n

W., fifi t FIGOHEERE (8) .

KRB EBREXE L, < OREMTICHEWIEREANM4.5mTH B &, BEETRE
B OUPHE CHRE U B RKEEAR355.7m T 5 T &, KHiEH, (1962) ©HR (1967) M
M ORAKRBYENENENNBaBETH A LP OB EYRETHEEELLNG,
EFIWT AR AEICL AL, BREERIRSTEE, ChERXERE T 5 &040cnic
B, B, MO THICEET BT DA ¥+ 0 a Nz 0 IHENS 34, T hi3EEIH
~NERD, avavd1bsvidan s A Plectorhynchus pictus DERBTH 7 TDLD
HIEDPL, 1 9+OBRKEXERBOmBETHALIEELLNS,

BERTALANFFY OFERICH T 2GR 32 0L BHL RN TIBRB LN, F
FHR NP ZOBOHEMGIVERE TOMBETHR SN EAR, 20BIR0Z oMoRKEE
ERET B E LT, EYFENERSH B LEZL TS,

HEAHOKEICRIENRD D, B—FEHTH-Th, TOERERRLEHOENEDONS, L
DL, RGN 1 >OMBRNTEREN AT EMEL, FOEIC>VTIRS T DWENTL,
T, EHTEAEDEOEAIIEADR D I K BRENKE (RN, BEOEE EILET
BERIT, T OESHUIBHCEIC L ZARENRETHIOH, VRV VY Vv IBETHIOD
MR T 5 C EWD 5, AT, WATERIOHERY EBBEERIHT 6 L5,
HEHEREARWT, TOREEAER L, COHETOY v v IEERRERIBRETERL
B8, WEORHRELOUBBMEORB IS EBbh 3,

BIRD & S io A ¥+ OREERKIL 0.2245~0.3677 Offiflicd 5 L EZ 5N b, KEXNSHS»
ISEEE R 138O, RERMMC OMENICS2DRB6FETH S Ep b6, ORERIIEY
BO—RISHETH S L VWA 5,

E— RN OREZ > VTSRS F 0 HIESIIOA, & TR TRERGE TR
12, BRERBITRERENELC TV S, Thid, BEAEIBEOREMBE DI, 25—
OEIPERT 2 ERT OIS L, HRGEICET S TOBH, TROBREREIENEL
BIeHTHALIEELLND, IR, B—RENORL - EFB A BRESE, ¢
BHhbREOHIBEZE =R (1965b) itk 2 ERERBTHEL, BREARKENSENSGLEZLS
nf‘:\éo

PWERMEINTOE A FFOFELE I L (Fig. 28), T I THONREREHR (1967) ®
FaK « AR (1980a) & IZIFEETH B, 1Lk (1971) DERIE 3R, 4P LRE(HESL
TWBD, THIZRDS CEAMMDIEWIDIE Ty v 7Y v IRETHHEEDNG, Lichi-
T, T Z204ERE R, s & bHEREED o Sl BINE £ TOREHRTE, 1 v+ olE
R ERSHIEEREVWEEL SRS,

A FREIEORE AT O IE K PEEEREE O white grunt, Haemulon plumieri, (MaNoocH
19762 ) B LT tomtate, H. aurolineatum, (ManoocH and BaraNns 1982) - W THIS T
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A

s

Wb, IHLOBRSE LHERKIZENEN 64cm, 0.108, 3lem, 0.22017 LHEET N TV B,
CHODRERA FF T 5 &, white grunt @R OKRELBORERESKESE->TY
3%, tomtate {24 ¥ F KD D UNS VY, EHRZEUL TV S,

A% E RN, AR & SEUL L o B iic = 7 ¥ Trachurus japonicus
DBBo A FFETTVORRELBT A& Fig. 4 OLH KD, <7 VOKERHIR (1982)
OFEEBRNT, 14+ L0 0PBIOBIFTH S, TORIBWHEBIDVWTEER, BRBTHLD
A O LRENTT VLD BV & PXFITHENRIEOBMERIENSS 5 T &R EDR
ELTWBEELTV S,

O
o)
(o]

200

ESTIMATED FORK LENGTH (mm)

o
o

Fig. 23.

AGE

Length growth curves of the threeline
grunt fromx, ¥+ 0, x*20, andx &
30(x, mean; o, standard deviation)
of the back-calculated fork length,
and comparison of the fork lengths
estimated by MasuzawA (1967) (open
circles), SATO (1971) (solid circles ),
and SUZUKI and KIMURA (1980 a )
(triangles ).

300
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FORK LENGTH (mm)
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Fig. 24.
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Growth comparison of the threeline
grunt with the
Trachurus joponicus. Open circles,
threeline grunt (this author); solid
circles, jack mackerel (MIBUCHI et al.
1958); open triangles, jack mackerel
(MITANT and IDA 1964 a); solid
triangles, jack mackerel W-type (NA-
KASHIMA 1982 ); open squares, jack
mackerel S-type (NAKASHIMA 1982);
solid squares, jack mackerel F-type
(NAKASHIMA 1982),

jack mackerel
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ERRE 2RMACHLGEMVT, ZOBUNERORAZ» SEXROBAZ(LEHEE L2
(Fig. 26)0 TSN LD T, BRERER®RD 8 Hh 5108 o) TR OBEITHKRT

%0

BTHENB XD, FEOEMELHEL Ad S
9 H, EEKREINZIZARG 28 THS, LI
DoT, 2AMS2AETREDRE DB LA
FEETAEELILNE, ERb ML THE
TOMIZEBEN TH 555, < OB AR
OB B L OB TS 509, EREhR
T A NF - BEFERORBICHER S W B oD
DREMEL B EEL NG, HIR (1967)
SBORED SERRDRBEBRRT VS,
HEME SHERSOHERXEOZHIR
g, Table 5 i@ Lz D, Flhic k-
THAT 2EEERL, REMEERBBWT

€

Ezzo o

T - I S
]
'

Szoo— o

Z /

w - ./'

4 s

-

« 180 ¢~

[« 8 F ISV N NS NN U NN SN SN SUUE NN WU

8 J JASONDUJUFMAM

Fig. 26. Seasonal length growth of the 2-age-
group estimated from marginalincre-
ments of the otoliths,

WBIEERBELTWS,

BHEHEORYE (L.) LZ2ok 1 EMoBER (AL..) OB%R%E Fig. 26 Kkl T
ORRILIER I AMMBKRE VS, Li—ALPL;—ALs, Li— AL TRERLSACHEBSED 5h
o Tab B, E—EHTH/NEOEFIEKEOEFICHEL T, 20% LEMORERRIREV
TEERL, WohREMETFROEENRY OB, ¥51, L.k Lo (m=n+1, 2, 3,
4, ms5) LoMFRE Fig. 27T KR Lico mB n+ 15530 n+ 2 THIEHERBEELE
WS 5N B0, n+ 3, n+ 4 OEEREMHEBRSRD SN L5, THabD5, REHH
VEF ORR, HEEEEE 2EAERTS, 1HH 50V 2ETRARBEEFRICEMAG S, TRIH
BENBZDIIEIFELNBEI LIS,

BIHOREMEIER X Atlantic herring, Clupea harengus, (MoORES and WINTERS 1982),
A Opsariichthys unicirostris (Hrh 1970), king mackerel, Scomberomorus cavalla, (JOHNSON
et al, 1983), 74 &Y Doederleinia berycoides (VNG 1876), 7=+ Lepomis macrochirus,
(GERKING 1966) 75 ETHRANTE D, OB >LWTRIB O EL LOHBEINTVS
(HH 1970), EMHE O STHBE LT, (1) NEBFEEEERPKE L B 2RO
WHE, BXU (2) R—EBBEATREIRE L, R U BRI RIRO R = 2L F—
DB E N, PN THRRRICE L TOROWEB R OEREMED TS LV 2oMEL oA TV
% (Hdr 19700,

A4 F DA GBS LT BerraLanrry OFRERCHEELTWAI oS, SEBOKES
MGEWHRRART EEZ oN B, LEd-T, (VOBHTHREMEBBI A LEMRERL OGN
%o & AREOREMEERSR I CHENERIE 2~ 4|Td Dy (Fig. 26), T OFER IR
PEHEEMTH B b5 (2) PHEOEYTHELEASNS, Lichi-T, 14+ OlEM
BIEF O¥RIZ 2 (I 1970) EEREC, Bt (1) BLU ) ofFOREBG L L
BRTHELHIEEIONS,

MEARRE ML 1 B 5 407 B ¥ COEMHRETOREDONKE B K UHIE KR % Fig. 28 I
F Lo REOHMEMLZ 0B SWhH LRI 5, WLik408 (7 AT4E) »5100H
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CALCULATED FORK LENGTH, Ln {(mm}
Fig. 26. Relationships between back-calculated fork length at the time of the n-th ring formation
and annual increment of the length in the n + 1-th year. r, coefficient of correlation;
*, significant at 196 level ; *, significant at 5% level.
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Fig. 27. Relationships between back-calculated fork lengths at the n-th ring formation and at

the m-th ring formation (m=n-+1,2,83,4; m= 5) r, coefficient of correlation;
**, significant at 1 % level ; *, significant at 5 % level.
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Fig. 28. Early growth curve of the reared threeline grunt (solid circles ) and change of the
water temperature (open circles )

(9 ATED FToWMIRREENELL, 2ERERIMCENLTWS, ok, NATHE
THREZE 55, 12A55 2 Ao BEESCHEESKIEL, 20% 3 Bh 5B URKE =5k
T30 K& DBIR TR, FRCISCRITIC 2 EEMERI L, BE OGILKEN 15 CLTT

SBEOKELFICE BB -TEIREELONS, CTTHLMIT LAEHENBED > B, Lk
HFETE (28) Ko 2k cRah, ThllBie 29) NoBBBEII & -» TIERES hic
BERTALANFFY DECER GREE 1985) Kk - THET I EMNTE B,

TL = 0.00986 ¢ *-+0.0734 ¢ -+ 2.43 (28)
TL = 324 (1 —exp (—0.00983 (0.127 ¢ + 5.26 - 8.53 sin (0.0172 ¢ —20.0)))) (29)
TL, &E Gm) ; ¢, B

JeEsEDs (1982) M7 - 1M AEEREROBETREEMN 6 on (8 H20HAIK) THRERPLLL
L, BEMHROBIEARD LN, T THLNBREENE-TWE, £, 9 ATHDOFY
SREEBIHEGHT on TREROVDY, ZORORERWESOHBREFTH S, ThIFESOHE
EPEAERE D @D - 12O TRE VA EEPN S,

KT, D &b 8 A CHIIMTONhE &, H2VREABEHENBEHL, KE
BEOBWKEORETHRLTWAI ERENS, T TESNAHREHESRKRMICEET S
DESPEPEOIEETH S, UL, TTTELNAH 1 EHOEELEIZ1199m T, Th%
EXECHET & 1095m &80, RRBOEL P SHEE Uil 1 FORXE 110.2m &IEE
ek {—8LTw5,
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BAE FEIER - £EE - BRARTHRE

IKEE RO BB A HE ITIT T 288, T ORFOERRLAMRSETREEHEEST 5 C & iddh
FELREREBEROVESTH 5o FoEBRREHE ST 25 RERRED S 5 WAL OF
MR AR T 2 C EMBBEE LB, 4 ¥+ DERRICOWTIE, $CIKR « 8K (1980b) D
EHH BN, B BT & DI A ¥ F QWSS O CHEERTTRECEL LT &, &
OHETHH LEMENS vy oy v ) v I TRp- T ERBEMS, WO THERPERIET
BECEHEEST BT it Lk,

E1E FlHER

BIAOERMMERREHEE T ARV >hH s TB D (Hrkh 1960, 43 1975, BT - B
1977), ThoEHHTEERDL I ILE B, (1) HHYEEFI > W THEREEET O Hik. (2)
i U 78R Is > WTERBE 1T 5 Bk (3) M oGEMKD £ — FRMTH 254
TN S AERMBICABET 55 (Cassie 1954, b 1956, 7iRél 1982, 1984), (4) HEMIEFE
FHRR & A EAR R D SRR AR ik (3 1975), (6) ElRIsaiiilais 2 W IZEE
AR AR AL & M EHUR D SHRR LRI A1T 5 5 (BT - I8 1977,

T TR BRI E RN T R U e R O A B L CR Y EMB SRRV T,
Fako (2) ~ (5) OFEC & 0 EYOFHEROHEE ZHS, & Stk oRELR L
DWTHE Lo

s
W (S EE R ENT B RS B 2 6 B, T B o—REkER W, SEEE
WOMTE S RO HEIE 1983 FEOEREF O, IR OBELLIT 5\ TIid 1979 ££5 5 1983 4F
D 5EERIOERPEMIA Lie (Table 6), #REHEIE 1 BTHR~IEBDTH 5,

Table 6. Commercial landing in weight (kg) and estimated number in parentheses with
hook and line at Katada Fisheries Co-operative Association in June and July

Category 19789 1080 1981 1082 1983
VL 14.3 (39) 383.4 (1050) 173.4 (475) 543.2 (1488) 218.7 (599)
L 626.1 (2827) 2620.9 (97400  1866.3 (6935)  1762.3 (6549) 1704.9 (6336)
M 578.6 (3131) 2558.7 (13847) 2880.3 (15588) 2988.8 (16175)  3148.9 (17041)
S 327.0 (2714) 1909.5 (15849) 2030.7 (16855) 4813.3 (39951)  3396.2 (28189)
VS 128.7 (1645)  963.8 (12320) 1053.6 (13468) 3993.5 (51048)  4685.8 (59898)
TEEREERE () L 7o SRIARACIR 19834E 6, T B Fr kiR & 2 SIEA L /e 344 Rk T

BHBo FIMZETES | HiOHEIC Lk THE» SEE L. FiIEEREYE & % oEigFzE
& Table 5 DA\ oo BHBEIF A=Y F vy Ea—7 =AU, SR U BN « &
F (1978) @ FORTRAN 7o 45 46% BASIC wFELTHEBE LA, COESOEE LHEEIE
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20\ & Lo
HRLERE

RS HEOLE ARSI Table 7 IR LAES IR, ChiEBENSEI
BIffIE L biRiE Table 8 &5 TH 5o

Table 7. Age compositions of the sampled fish for each markel category, determined
by otolith reading

Age
Category
1 2 3 4 5 6 7
VL 10 10 4 1
L 12 49 8 1
M 9 68 5
S 67 14
V3 78
UsS 8
Table 8. Age compositions of the fish caught with hook and line in June and July

estimated by otolith reading

Age
Year 2 3 4 5 6 7
1979 4234 3436 1836 282 40 2
1980 26951 15890 8083 1533 307 42
1081 29122 17027 5995 983 175 19
1982 85872 21438 6166 1344 332 60
1983 85087 20087 5714 969 186 24

BEARXEMAL % Table 9 12k Lo ShAREDEFITMT L Fig. 29 OLHIKEE, &
DR EMRKICIE 17-18em, 21-22¢m, 25-26cm icE— FARH SN, TS RBHIEOKE,LLZ N
FN2EE 38 AL TWAEEZONE, UL, BXE 26 DI LETRIARGE—F
MHSNT, TOHETIEERBOEREEWCHMT 2 0RAETHEEEL 6N 5,

PSRRI R Y & £ OREHESE D SEE U ERBEXEMAK (Table 10) & HEME
WESRD 58 AER AR TESHREE U, BXEMBOEEL, 2, Sam& LTER
FREE AT - 2o $58IE Table 11 IR LA EB D T, WTFNOBE S A DMEITTS HEHTE A
Bah, ORI VTR IOHFERBEHITRVEEL SN 5,

S ER U B TEGE LEME AT > 7= (Table 12), MR EMR OES 1 cn D&
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Table 9.

EN ]

THE

Length compositions of the sampled fish in each market category

Fork length in cm

13 14 15 16 17 18
Category S T
14 15 16 17 18 19

19 20 21 22 23 24 25 26 27 28 29 30 31 32

I I e e

20 21 22 23 24 25 26 27 28 29 30 31 32 33

VL
L
M
S
VS
Us 1

1 17 29 25
1 22 40 14 1
6 1

1 26 31

9

4
1 21 26 13
17 3 3

9
6
1

2 1 1
2 1

2

E 6N TmAaL /DR EE IR, 2
om, 3 cm DBSEHE D BIFEHERNESH
Foo BRI 2 cm DBAIZFREEETHEE L2
EEMHAR & HR TR L i IRAE b i,

MRS RN E & = ORBuERED» SHE L
FAER RIS (Table 13) & EX
B O THR LETRETT - R, 2R
o TR TORBIEENEh 75299, 31785,
4734, 225, 9, 9 EHEEEI N/, 6k & THRE
F—OB—@RIcEEN S, TOHETIRE
ChoENHT A EBTERY,

Dl EOFSEREIT 5 &, FIEEECER
BUHREAER & M B R % A ol LET
B 378 RIFSERMSE o, Thil
NAOHETIRHE D LVEBERIZE LN,
SR EETE R AR TR O A3 T8 NI A ARNE
YR OERER IR EVEICE2EEX 5
NBH, EMETICHIE D ORI 5,
T U, AR RE O THE LET
BAITH R, FRIESEE 2 OBIHER
EHEEMOBEE L, FEEVIERRBETH 54
WD BIFRERENE OIS EHL I

NUMBER OF FISH

—! 1 | S T I ) 1 X i 1t it ;. F N T
200 300
FORK LENGTH (mm)

Fig. 29. Length composition of the threeline
grunt caught with hook and line in
June and July, 1983, estimated from
length compositions by the market
category.

Hotne BN OOEEN S, OMMEYOERIRE UTRGEHTE 5 0 RMEREEES &
URXEN 2 on DR LETEEETH A S LEbN S,

ERERMOBES(L  FRHETERTHEE L 5 ERMOERRE Fig. 30 &k Ui, TOFH
WA S BIRD, ERUAFEBREELREVE > TS, /2, STRMALERE 1979, 1980 /M
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Table 10. Theoretical length compositions of each age group

Age

Fork length
(em)

6— 7 0.0003

-8 0.0049

8- 9 0.0402

9—10 0.1601

10—-11 0.3136

11-12 0.3013 0.0003

12-13 0.1426 0.0028
13-14 0.0330 0.0170

14—15 0.0037 0.0665

15—16 0.0003 0.1642

16—17 0.2560 0.0004

17-18 0.2634 0.0037

18—19 0.1586 0.0216

19-20 0.0628 0.0783

20—21 0.0158 0.1807

21-22 0.0024 0.2636 0.0008
2223 0.0003 0.2428 0.0116

2324 0.1422 0.0800 0.00056
2425 0.0525 0.2492 0.0077

25—26 0.0123 0.3530 0.0586 0.0004

2627 0.0018 0.2285 0.2078 0.0067 0.0003
27—28 0.0002 0.0673 0.3440 0.0506 0.0030
2829 0.0089 0.2668 0.1853 0.0172
2930 0.0006 0.0968 0.3285 0.0658
30—31 0.0164 0.2833 0.1608
3132 0.0013 0.1187 0.2518
32—33 0.0241 0.2520
3334 0.0024 0.1619
34—-35 0.0001 0.0665
35—36 0.0175
36—37 0.0030
3738 0.0003

2 3 4 5 6 7

R AELI L THBDI LT, 1981 4TIk Skl L, 1982, 1983 MEETIR 2l b D, BHE
EALIHI & D BB LHEHENT VWS, COBLIESPVWTRT TP L ETENEBDTH 5,

BoEl HE

BIEOEIRA 5» THNE AT OEBRIIAEICH SN S o FlbklEr b EEREK
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Table 11. Apge compositions of the fish landed in June and July, 1983, estimated by
calculating the simultaneous equations based on the length compositions

Range of Age

length class 9 3 4 5 6 7
1 0mm 80658 32753 4804 1531 —242 317
2 0mm 81483 15861 —7358 7471 ~3540 1699
3 0mm 71918 69052 —290477 919209  —1226660 762218

Table 12. Age compositions of the fish landed in June and July, 1983, estimated by
the iterative calculation based on the length compositions.

Range of Age

length class 5 3 4 5 6 7
1 0mm 72850 32522 5402 1095 30 165
2 Omm 72930 32660 5412 836 129 94
3 Onmm 72342 33306 4949 1142 323 1

Table 13. Theoretical market category compositions for each age-group

Age
Category
1 2 3 4 5 6 7

VL 0.09 0.72 1.00 1.00

L 0.07 0.83 0.28

M 0.64 0.08

S 0.15 0.28
Vs 0.69 0.01
Us 1.00 0.16

Rt 1

W5 FEE—CROHBES L CHWShTWS, (1) Lea (1930) oK (S= ,-2:, N/Z

Ni; S, HIER ;) Ny, (ADEEE). (2) SBEVRE (3 1949), (3) SHg&EME (L 1975),
T T TIRMFIMEE R THER L 7o 5 FERI DI 5, 0 3RIGIAERIC L 0 ERBEHGE LT,

BmREEE

JEEHETRD AR L Table 14 1K Ulco HERE LS Lea OHBETR O 4R
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Fig. 30. Age compositions of the threeline grunt caught with hook and line in June and July

for five years, estimated from otolith reading.
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Table 14. Survival rates and their 90% confidence limits in parentheses calculated by
three methods
Method
Year aR:nfe uofs
ge-group Dot (1949) LEA (1930) Dot (1975)

1979 417 0.106 (0.061-0.185) 0.150 0.147 (0.136-0.159)
19680 4 -1 0.176 (0.147-0.209) 0.190 0.189 (0.183-0.195)
1981 317 0.180 (0.137-0.237) 0.297 0.265 (0.261-0.269)
1982 2 -1 0.237 (0.221-0.254) 0.255 0.256 (0.254-0.257)
1983 2-1 0.198 (0.173-0.227) 0.241 0.239 (0.238-0.241)

BENTN K PAHITIE » fo s, SHEURETRO I EBRRIEFTI 28X 0 bR D/NES WIS -
Foo THUZEH (1975) MBEERL TO B & o, SEEREIZEEESDE WERRIC X - THEE
BRESBAENIHTHEBLEEDLDNSE, THIEL, Lea OFEPEEERE IEEEOL
WEERBE OEEATR W DIEE DR WEEZ LN B, TOXIB I EMS, KHETIE, D
HHBD A v+ OEBRRE UCESERmE TR s T T 8T 5,

1981 ELI DA FERIE 19794E, 1980 R ICHUBE L TV SR ERMESBEEEN TV S, L L,
CHERSEEMAEROE T IT & » THERAEFE U EEEE AL 5 7o itk U r-alhgikasi <
4185 5 T E TORBRRIC EEF MEEELERD o N VLS TH -7,
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FEOMLIFNCHE Ul v+ OEBBRIN04~057T, CCTHELLELD DK
Wo ZHUF, BT WAL ARBIRIR > T S EWFERATH S EEX 5N 5o

TR ROERRIC VTR, W 2»0RBTHLMTENT VWS, FEDHMBMRD, &/
B=7 D007 (=4 « #HH 1964 b ), #:Kld American plaice, Hyppoglossoides platessoides
@ 0.87 (PowLes 1969) TH 2755, HIRRIGEWFNTHRIEC LA IR SR & (T 5
fodd, BEROLRIZS T 0 BERER218 0,

SE3E BB

BASECAREE EMICHEET 5 & & RATR AR R L T cRiich s LEL STV
Bo COMEFICXLT, L<HVONZDRBERHERD SRR L > THAT 2 HETH S
(Wipric 1954),

Z=M+qgX (30)

M, BERFECHRE ; X, RS IR Z, RBDRE o, iR
UL, CORFBIKREDF - 724 TEDIEERIFEERENELShiC W E L I ERlNH 3
(Ft 1960, (LHr 1961), # 7o, BARFECHRECRESRHMD 5 W IdEEERSBMOREIc >0 T,
TN SEFICOIE L, BRETHREDRMOREIC Y WT, ThERET I HEGEILNT
Wa, fo &AW, Beverron and Hour (1959) (2B A WIZHIHMN TIE BERTALANFFY DEE
ROBERE & BRI LEABRICS B & L, 2t (1960) IXEFERD» S BRETHK
HEWET 2 HEERLTVWS, Pauny (1981) (840D B1& S TS BEHCE SV
T, BErTALANEPY ORENICHY 2HREED 5 O IMEBREAE, RERES XUBEKE»SH
RIECREERD BERRER L, 20@h, B3 (1977 BHEMEOERBTERERME
SRICHEIRT 2 & CBMRETBRMEMET 5 HEER LTV 5,

T T, Hdr (1960) ® PauLy (1981) BX U+ (1977) OFFEI LT, 14+ 0D
BB OEE RS,

EREER

EESREE TR LAV FOREERISHR TS 5, EBICRINLDKEDA ¥+ bift
BWENTOEH, TITREEERE8RE Lico Hih (1960) 232 U/oREEls (xd) & BRIE
TRHMO 7S5 75, xd=8 X LTM=03L VHEIEBONE, FIZEDEE,MSA v+ DF
BRI RRIPATE 13 T46.8 g , BEAREIL 0.2855 TH B, 1z, Fig. 1 TR LML DFEF
KB EEEKERN 2 v & —OERIC L 2 &EH20°CTH 270 TNSDEM S, Pavny (1981)
DO Lkl THRFECHREBEHET 5L 061 &1 5,

icEH (1977) OFBIC L - TERFETRICEHEE T 50 BEIIEE 3EOBREH W,
WALERIGO 1 EROBFREE 100 £ LT, £BREE 01,5 09FTOLLATELETE, &
FEEB O ERER X Fig. 81 ©0X 10 s, 43 (1977) wlrehd &, HEEm (Ba)
HECEFESESICHE T 2 ERBENLE RS OERRB LT 20 TH 508, EBRITIZZ O¥WT L
DIROEEL O, BAE T OHETUERRISKD ShicffEicid~ 51 Pagrus major (B
AE A 1981), Yo 7'F Argyrosomus argentatus (FEUB « KiE 1983) BL U Y 59 & Trichiurus




A ¥ % O A YFEIITR 153

S
gl

- 0.9
€
© izt
w
= 10 | o8
=
7]
w 8r 0.7
e
=
O 6F
o 0.6
ud -
> 0.5
z 0.4
2
3 0.3
‘éé 0.1 Q.2
O i 5 ]
| 2 3 4 5 6 7 8

AGE

Fig. 31. Relationships between age and relative biomass for various survival rate. Numbers
by each curve indicate the survival rates.

lepturus (PRAIE» 1982, FiA< « Il 1984) BHISNTWB, Thooff@ic>WT, HESQ
PR D O 1RO BRRECE 100 & LSS oS ERANOBHRER L BRERERYD
&, FREN 0.1~133, 06~69 &35, ThODERBE LT B E, 1 ¥ FOUNTARBI
06~0.7&7%0, ZOhIYEL LT, 0.6 EHETES, e, ThEHRETHIICHRET 2L
051 &85,

D& AV FOERECEBOMERE L OREE B X » TRE - il s, L
ML, PauLy (1981) &3 (1977) OFikic & AHEME BRI L @it a T &b s, 1
Y D ERIETRIIL 0.5~06 TH B EHEETE B,

BHE R - B

B ORREINC T MR, 7 ORIHDERENEE© A RBIEREE & 5 WIS EIR OB P iR
EHARE T 5 1T, FHPRE LF U EBD CTEELERIMEHROUV Lo TH B,

4 4k OEREERRICEE 4 A8 2D <, BER < M (1968) RN « #5K (1981) DHTHIR
7, JbEEh (1982) ) « BF (1982), Kk« Hit (19852 ) DIKIEPNEKREELN, & L UAKH
ek (1980b) DIV THISNTVWAIRT ERL W, T T, AR« 85K (1980 b, 1981)
PAK « B (19858 ) ORIz OBOPFEEREME L, LHEROBRERCREINY, BEINE,
BEORIEZ, BEONTEY, Mk, BEUBEIIS Sl o WTER L,
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HERBENZ 1978 48 3 A & 1984 4E 7 A & TOWIIic ZHIRARE MR R O BT, RBEFTT, B &
CHNENT T—ASYRE B, TSN/ D TH 5, EDOEMIIE BB Licd-
T, lp50REA»SHE L

HE R IR DA A | A TR A IR B I D W TR EE D05 7 4 vERIc L o T4 ~6 pm
ORWEIEE L, =4 Y —D~= b+ ) vBEUzd v THEREL L, AR (GD Rk
Ik - TRz,

GI = (GW/L*) - 107 3D
GW, A5iRER (g) ; L BXE (m)
PRI R V= ) VEIE R OG TR i A S IR AE G U, kK E AN oY ¥ — VAT &

SRR U 7o, THERER TS0 A L, PRR0.04mnll EDIT > WT L I 2020089
HITE Uteo TALERRRIEEAA « AR (1978) T L7edi-> T, MITE L7200k 5> b KB hr 620D Y
DK E X FTOMPIC>WTOEHETE L,

IRAEPY B 2R BEDNSEER 1319834 3 & TF19844ED 6 AR & T B FEIC A TIT» oo TORE
FICS>VWTRE TETHRT 5,

EREEE

HTEIROREME  FUHOATEIRE—RIC AR, 5720, ZORERREIC 3 LA TEREY
BHONZHOBHMENTVE (B 1960, #HK « Ri 1978), £ T, #e (1954) I Lichi-
TRMREH a 25T L, ThEAVTA R ERIRO AR TR EeREEZRSAD O N
BhEHPRE L, B3, AT 1 IELAED SN WEESEED 0.2 BRREHBE L 728,
D& DB L TRET Lo .

a = (GWR—GWL) / (GWR-+GWL) (32)
GWL, LIEETERER (g) ; GWR, HHEATERER (g)

KBEFICDWTELDEREN S UUNO LD, bbb lal £0.05%HH, a<-0.05%7%fR,
a>0.06%%4mE L, ZOHESEE% Table 15 W Uiz, RiT, EHEEE LT OAFERR O FAEHR
MANE 72 a D ARSD 5 &, T3 0.0170, #ETI120.0196 783, Tho O
0ITES, LIPS0 EBHONE S, ARREEE LCELEERTHEEEALONE (B
Ao Ak 1978)0 L LIBMHED: Ho : a= 013 1 WKIETHER &N, Uit TA 4+ OHETER
BEEE LTEAGERTS B EVWA B,

DIEDERM S, 44+ EEATEROETRIRE R SEESSEFORHEE LW, 055, A
BOEGIH 32 ORESTEROEGLD BV, CORLDEERELTEL L LPPHEDSH
MAEVEWSRERIL S, COXDICEFIROEES KO REL TV AR =F R Glos-
sanodon semifasciata (€ 1954) 71U (E8 1960) BHIoN TV 3,

HTERR O —E DRI O REVRIEDIIE OMPELIT & » TREBE L E I hEFNB DI, 6 H
DOREA D SRVEAICIVEE A U, II3E A B & ORI O 6 AL, &AL OFEEN
BOEE 1 WKETRE Lz, £OR, ZAMEN TEERENRD N bDR L @k, Bk
WTHEEFBD LN DS 1 KT, 20T X PR OEICHERE SR
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Table 15. Number of specimens with symmetrical, dextral, or sinistral gonads in weight.
Symmetry, -0.05% @ £0.05 ; dexterity, @ >0.05; sinisterity, a<(-0.05. @ was calcu-
lated according to the formula a= (GWR-~GWL)/(GWR+GWL) where GWL=
gonad weight of left lobe and GWR = gonad weight of right lobe. Figures in
parentheses indicale percentages

Sinisterity Symmetry Dexterity Total
Female 78 (20.6) 176 (46.6) 124 (32.8) 378
Male 74 (20.6) 165 (45.8) 121 (33.6) 360
Total 152 (20.6) 341 (46.2) 245 (33.2) 738

BDoNIEM ot Eiz, IBE L ORBEOMBEER G LiEo 6 ALK >V TIT» 7248, ALt X 5
FAREED SRR O NEdh o oe CNOEDTEDLD, A Fldey 4 (Wl 1972) ©7 78
(88K » A&t 1978), 7H 7 <54 Branchiostegus japonicus ($k 1979) 75 & & ERRIC AR D
FRBVRIE (BEBALIC BRI BIE—TETH B EEL N D,

PR ORHGETIE 198143 b 5 19824F 2 A & TIERIE L 72 208 filffic o W THI B ARSI A D
WEET-1 MPERORBBEST EHLERAIE &I INBEMNOBEMEIIL LA
(1954) Do m A L4 Liopsetta obscura &HEAKIC—EL 7o T3 T T TIRIIEINORAB
Bl (1954) sl LTk 9 BRI 2 (Fig. 32). (1) FEI{H. (2) mslail.
(3) 1 RONESR. (4) 55 2 RENEERIM, (5) 55 3 ROPEEI, (6) Mg, (7) Al
R, (8) BB, (9) SEdH.

B D 4 9 OEREAIC I~ ¥4 (AE 1972) 78 & & BIRESREED S E TR L
B DEIARD 5N B, £ T, JBLORBE A IIEA TR b RBDPHEA I OB TR T
Sz Uiz BRI OB LI Fig. 33 O EBDTH B, 5 1 IRIEBKIPLL Eie g L 2
s M58 HETHEL TV, HcMEBEiLl Lol 2 Tide Aic, 3B ETR
6AMS 8 Hichit CHELTWS, 9B s &I ~NCIIIRHILIT OB 150,
BUE 4 AETIOR D IRESHE VTV A,

TSI, 4V FIBEANI UREERY CIEIRILIT ORI oI I IERET D -
THLN, TOLSRIIO—EA 5 B SIMEOEREMIEL, BOISN 5, BEENHOINE—
WOEBTs BTELSHELED 34, BERTA»SIAREASN, WWARBHELEIEL
B85,

PRMEIDRBENE S IIEB LU 6/ LOBBR  TIHOBRRERILAR (1954) ATV E LD
1o, DRSO OREBRS IS FESR OMHETH 5, L L, TR OB LI F 50
B, BT EKBOEAERSIBAESE OB L THIRY, 2T T, JHOKRBIRE
EFICEBRT 2 HHE LT, GIRGSIBEDQIRER L ADORE S LR, &2V I
BEBECHWLATWS, L LYK, ThoOFRE-PINE & IRBIND B & ORICEBES
BlgAE st hE, ChoZRVTIROMBIREEE T LIERTER Y,

GRBLER O BERRE & BIEE & D% A Fig. 34 1I0E L, IMRRBIIOREAII & 70 » THKL,
el BRI A 585 2 IRINEEERIE & K ORI & BN i TR R T A M E R L T
W5, JIBOREE & GI & OB Fig. 85 kLB T, SIBRAEIHIES 5 GIDIE
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Fig. 32.

Maturation stages of the ovarian eggs. 1, peripheral nucleolus stage; 2, yolk vesicle
stage ; 3, early yolk globule stage ; 4, middle yolk globule stage ; 5, later yolk globule
stage ; 6, migrating nucleus stage; 7, pre-maturation stage: 8, maturation stage.
Scales indicate 20 pmin1and 2,50 umin3 , and 100 um indto 8.

JUNE

JULY

AUG.

SEP.
OCT.
NOV,

DEC.
JAN.

FEB.

MAR.

APR,

MAY

PERCENT

Monthly changes in the maturation phases of the ovaries for each age-group. 1, periph-
eral nucleolus phase; 2, yolk vesicle phase; 3, early yolk globule phase; 4, middle
yolk globule phase ; 5, later yolk globule phase; 6, migrating nucleus phase; 7, pre-
maturation phase ; 8, maturation phase. The maturation phase of the ovary is repre-
sented by the maturation stage of the most mature egg in the ovary.
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Fig. 34. Relationship beiween maturation

stage of ovarian egg and its diameter.
1, peripheral nucleolus stage ; 2, yolk
vesicle stage: 3, early yolk globule
stage ; 4, middle yolk globule stage;
5, later yolk globule stage ; 6 , migrat-
ing nucleus stage; 7, pre-maturation
stage ; 8, maturation stage. Circles

indicate the mean values, vertical

lines the ranges, and squares the
limits of mean % standard deviation.

EIEL, BRDBRE O, JGE TRIPHE
RS 1 ROIEERI & ORI TR S A3 &
N5 F 7B & ORI T 13 GI O
BITIEEAEESBOD SNV, Thil ko
FRBE TR ORI & b73 » T GI 01
HIEEAL TS,

DX AHITIRP GLIZEIBLEN 5 5\ 2 PR3
DOFEFICE B THRLTWE I ER DS, &
N5 I ORERIREE SR T B3 E L TEY)
THHEELZLND, FHIhoDERMS,

20

GONAD INDEX
S

Fig.
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i L Il 3 1 1 1
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MATURATION PHASE OF OVARY

35. Relationship between maturation

phase of the ovary and gonad index
(GI ) GI was calculated according to
the formula GI =GW /L*+10", where
GW =gonad weight in g and L =fork
length in mm 1, peripheral nucleolus
phase ; 2, yolk vesicle phase ; 3, early
yolk globule phase; 4, middle yolk
globule phase ; 5, later yolk globule
phase ; 6, migrating nucleus phase ;
7, pre-maturation phase ; 8, matura-
tion phase. Circles indicate the mean
values, vertical lines the ranges, and
squares the limits of mean & stand-
ard deviation,
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Fig. 36. Frequency distributions of the egg
diameter obtained by each condition
of maturity classified by gonad index,
A GI<1;B,12GI<2; C,258GI<3;
D,3x2GI<4; E,45GI<5; F, 5G]
<10; G, GI=10.

W

BRERZImP TOWENS 50 GI 8

2 DU D SRBL I LUF o SR RS IR E
THHEEZ LN B,

BRE G/ LDBR GI OWKRIcE 1S
ORRARRE DZE{L % Fig. 36 1SR L7zo GIHE2
PIF TR OINZERENS 0.1m T TH 5,
GIH 2 PAkicie 3 & BIER 0.4~0.5 mm i< B HHfE
EEORESHBELBY 5, Z OIEIR Fig.
34 255 2 REPEIKIALI L O RBRETH 5
EEIOND, SO GINSP I b &—
WM& TR I R0 & h /o SERTR (4R
0.8~0.9m) PEELTVWAEA LA LN,
IR & GI & DBRIE Fig. 87 kR Lok
BOTHD, ORI GIN2~3 fhHEiE
HHRARS 5, ZHhRALIT O T Fiao
BRI GIDHKICELB-TRBICKELNKLS
B, BHRLIR TR 0.4m &Y,
GI DFEfC & 73 5 SEIGINE O BERBE (32
LLgti< 75,

FE SN 7 FEOERRIcOWT, F
ER & GITs KRB E R HE R T B R &
DOBRIRIC A BN BE AR DOAE I, KK
18 E DRSARIEZ 71T BHEICIL 5 & & &R
L7z (88K « Kk 1978)6 1 4+ DHA, T
s GIHiilE 2~ 38T, CDffiiE Fig. 35

0.4r

021 G£.°

EGG DIAMETER {(mm)
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i 5 RS OINEAE 1 IRINEBRPILL EORRETH B LB SN 5, F/c Fig. 36 5 GIH2
PlEThiids 2 ONEBIDL EicB L s D o b, ThoDlehd, 41 4Fico
TH T OEMRADAE IR OEBIRE L ST 285 EEL 5N 5,

BREOBHMBIE 19814E3 5 5 19824F 2 A & TOMMNCHRE Uk 212 ki » W TR B
BAZHRE Lo 88 1 BRI E U CTRENFPBINGRTH 5 9 Hdf)h SREAREED
ORI IR LIgY 5, 38 L YO RIIR G —RA5 1L B S HIRY 208, T OBIERAZE 1k
FEHIES RN % 5, BEFTORNGME L TiThhTwd, 4 HItR3EE I IRBLUE
2 RS AR 2 LD L iciih, 5 8 LAICB—EEFOHET 5, 5 5 dhEicidim
BACESHOBTBRFBLTWEH, REEENICEE > TV 5, HTF0WiNERICRERT 50
26 B LA ST, TOLHBIRENS BETHRVTV S, MTOBRE—HOMETe Ahs
BEIBDLOIEED, 1B THELTVS, CORTFORIGERE M (1971) 2L LA X+
Lateorabrax japonicus & IZEEET, BEON LEFMIENREHTFEIBOTRNT 5, %
FOAHRAINE IS C RS ERAIRE A SHE T B L 5 TH B0
PlEo &5 iR, S, KIT (1958) ok (1971) 1@ Licts» THIE O BEBRE 2 kD 4 Hlic 4y
7z (Fig. 88)o (1) MWTFHmEEHE . BEMTRBIEE2IBN S A, LEME0o XTSI IE
TIRBRMRTED 5h 5, (2) BFEEH ATEMIROKERA 35 1 e XU 2 igEkaT
B 5N 5, MIEFENICHTFBEET 2EEME 508 KEHMMECEBBEA TV L, (3)
R o MRS B & Ol VEPICRE TSI L, BOWTTRE 7R B, (4) BT, B
T BB LR iafE 2 E0E 2T A & h T B4R,

BRI O FHIZ L IZ Fig. 39 0L OB, CORD S, WMFHRMEMBIZ12BE 55
Wi 1 A»S 48, BTESBRAAPS0 8, BFRHEHER6 A2 58 B, HTFBRNHIE AL
5 12HTH 5,

RE OB E GI & DBHR% Fig. 40 125 Ui WFRREMHI 28 TR T GI 138
BWIDITFTh B WFERIICE S E GHIEWS BAKEL YD, & SITHTRETTR GIREM
KT 208, FTFORtHic & &7 - THEMSHNT 5708, GIOEFIERZE LIRS K5,
FEDRER AR OBIZE S 5, IIBIPNICE 1 RENSEERIHDL AR U 72 BRAS R - A R 1 5
B 58 BT, iR ESHRT 2R 6 ARSI TH » o LicH T, ED
PR COUMNTH 2 LHETE S,

3ADSIPETO GIORLE Figs. 41, 42 iIK8 Uiz, GHIMEHE Sic 4 A SR LB,
6 HITERICD, D% AETRAICHDL, IFREZ E—HOWEBRVWTGIN2LIT %
TETT 3, COLHIRT &S, BEHFHICBY 2RO 6 kL, 8HKRTT L
EZOND, 12, 6 05 8 FiIth i TolED GI ORIMEMIEEHAIB EEETH 5, DT
Eh s, ERFIEEEINNAE S, 2Tk A, 3BATIR T Adc KRIBH BEIERT
THEDTRBONEELONS, LT, BEIENE6 A~THTH5LELLNS,
TRABEA B SREEDT D#RE 13 Figs. 43, 44 WiR L& B TH 5, 1983EDEINZE6H AN S T
HBA4BZETTH oo TOPAMRTHI2ENC2MESHREL, £ O4IHIHIMRCHE LR, I
BEPRIC 3 ARIES 2 (RONEBRIBILL i s U 2 BRASFAE L, O T L TuiiwEEA bR,
1984 EEDREINZIBHTIR6 B4 H»5TH 156H, CHTRE6ASA»STHIBAETTH » 720
D& H iz, KHIPIEEIN & £ OBIAIZ 6 B¥EM» ST, KL X< —5L, £/4BE, CHoM#
BORYEM 2 IBATH B ENS, ThODEIMNT Ah) TR T T 5 2 & bRRED S DHE
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Fig. 38. Maturation phases of the testes. 1, preparative phase, spermatogonia (SG) present in
the testis ; 2, spermatogenesis phase , primary (PC) and secondary (SC) spermatocytes
present ; 3, discharging phase, spermatozoa (8Z) filled up in the testis: 4, resorptive
phase, spermatozoa resorbed by the seminiferous epithelial layer (SE). Scales indicate
20 umin1,2, and 4, and 40 #m in 3.
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Fig. 39. Monthly changes in the maturation phases of the testes for each age-group. 1, preparative
phase ; 2, spermatogenesis phase ; 3, discharging phase: 4, resorptive phase.




A Y+ ORI YRR 161

EEEL—HBLTWVWS,

AFEIRIAE 1< &k AR ORI oHEE 139 T
IHEIR < A0 (1968) ASHR) IR =7k B 5
TITW, BEEINE 6 Akl 5 8 A, BN
36 At s THEATH B EBNTWV 3B,
ToED, M (1922) ETERMIET6 A
L6 8 B BN TRRIIEIREL TV
%o EIoARED NLEZR3ME (1922) A3F3E

BT 7 H31E, ZMiEs (1962) A%k x ° s
<6 A20E1T, [R (1963, 1966) AE U < & o
BB T ALLE, 168, 198 12, & =
(1974) HFRBRTE6 A5 R, 6 HIczhe a
AU L TN o IKHIPS AR T LI 1 S |

(1982) MEBE T Ayt»r o 7T AhE) £ T 5t
%WLK&%%LTM%OC@£5KBKHW
TOA & OFETIENC LB T MRS (3589

g, @6 ARE» S 8 At Th S %n

‘;ﬂ%o i J
EHinoENAERA L VEVEREF v o | & [\T]
7+ Carassius auratus langsdorfii T &% '2 é ;

RIS - I
%ﬂ'ﬂ‘% (SRR « ARH 1978)0 B L7k MATURATION PHASE OF TESTIS
, A FIE8 A S 10 A OMBARbERE
ﬁgﬁ;%(} Dk, HIEWMB TIIEINE S Fig. 40. Relationship between maturation

CHTL, BINLA A NFE—2EOE I phase of the testis and gonad index.
W BB S BDOTRITVDEEL SNE, 1, preparative phase; 2, spermato-
BENME Fiko L Sz, AR 6 5 genesis phase; 3, discharging phase ;

4, resorptive phase. Circles indicate

»58 AT, ZOWH ii—.—‘ﬂi@@@’}%m}m &~ the mean .values, vertical lines the
LTWa, Lichi=T, BESUGIE—480 D ifis ranges, and squares the limits of
E—F L, EEAMECH LSS T 5 L mean Estandard deviation.
ETED,

:@iém:&mé,ZEﬁmE¥EWP@iF@.1mﬁbt@%ﬁ@%%mm%&%iem
b, CORICBT S 6 H~8 HoKEFZ=H\EEKES €y —0filllick s &, £ET10~28
CJOm@fm~JSCT%otOit,A@WTmﬁmmﬁmﬁﬁeﬁﬁok%m?mmﬁ~
215°C, JbBi3h (1982) TI319.5~265°C ThHo7zo TNHDT EM DS, 1 4+ OREEIKE R
R 20~BCREETHL LHETE B,

EIREE 4 v+ oI IR OB IR, v 54 (Il 1972) B & L ER
WRELZEENMTH L EEALNS, £/, BT 2R ERCILE ED (1082), i « BF
(1982) DK EREEII OSSR & bATSZEEN TS C & RS MTH 5, BRI
WTRBAED E CAENSERIZ VS, KR TOEIRAR EhSES fzaElfn iz &
SIEIC I BRENT AL IcEBbh b,
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Fig. 41. Monthly changes in the frequency distributions of the gonad index for each age-group
of female. A, GI<1:B, 18GI<2;C, 2=sGI<38;D, 3=GI<4;E, 45GI<5;
F,5GI<10; G, GI =10.
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Fig. 42. Monthly changes in the frequency distributions of the gonad index for each age-group
of male. A, GI<{1;B, 1£GI<{2;C, 22GI<3;D, 3=sGI<4:E, 4sGI<5;
F, 5=GI<10; G, GI 210.
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Fig. 43. Daily changes in the water tempera-

ture and the number of eggs spawned
by the fish of Group A in 1983.
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1983 4E 6 3 23 ENCIT » 7okl B SREEIR T
DOEEHRIEINECE Fig. 46 Wi L. TODH
DEEDIIE 20 K7 42 5y & 21 I 14 40 & TIThh,
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Fig. 44. Daily changes in the water tempera-
ture and the number of eggs spawned
by the fish of Groups B and C in 1984,
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Fig. 45. Change of the maturation phase of

the ovary with the passage of time.
4, middle yolk globule phase ; 5, later
yolk globule phase; 6, migrating
nucleus phase; 7, pre-maturation
phase ; 8 , maturation phase. 9, ripe
egg phase.




A 4 & O IRAYERITIE 165

A T OIRUPIRE I (LI BLR AR DR
it g (1982) DRREKLD & 1 BEERE
Vo TG T OURIEAEE LIRER DR EEE T,
W/ NEEE L D OIS ol TR
HWhEEZONE, £, APETIREES A
T ERh - ked, 4 Vv 54 Oplegnathus
fasciatus 15 ETIIRBEP BERIC & » TEIIR
UBEFELT B EBmonTYSE (B
1979) TDEHIMELEERTHL, 1 ¥ F
OEETIRLZEE 0 WE -2 & LT, Bk
LSRR LR 5N b,

EEBRTTEL 19834E6 F 23 H 19 Kf &k 0 kiYW
ADA 4+ OEITEZHEL, ROX DT
BAaEs (Fig. 470
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Fig. 46. Change of the number of eggs flowed
into an egg-collecting net on 23 June,
1983.

Dﬁﬁz

Fig. 47. Diagrammatic views of the courtship and spawning behavior of the threeline grunt in
the spawning tank. Parental fish usually aggregate in a small school near the bottom.
At 20 : 29, a male starts his courtship behavior towards a selected female (A). This
mutual courtship is interrupted in a moment, and both fish return to the school. About
five minutes after first courtship behavior occurred, iwo or more males pursue after one

female (B). The paired fish swim more rapidly in a spiral near the bottom (C), then
they ascend quickly and spawn beneath the surface of water at 20 : 42 (D). Other males
in a school also ascend more rapidly and join into spawning of the couple.
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A3 F BN OPF LR L TV 3 RPIDBRITEIZ 20 1 29 MBS hico VI oiE
EEREREIIAE S, SRR EOBICR S (Ao BADBRM» 5 5 HRERAT 5 &, BEER
BLARD, | ROMEREOHIBRET AL B, BREEBADEBZEEL TV 5,
BRI L0 BD, A7 B L T B MEESMER X Ik 5 0. TOEE,
CONRTREFELL, KEAETTHEERESE, B0, BETS O BBk ~7 RIS Ok b
TE»SELL, BB 5L 211TH%E & - 7o RYIOEINLBRERIAE 1350 204259 TH -
foo T ORENCIIOMEE S BRAICBREITHETY, BREBLASBEL TV, Z0%, EE
20W5 46 53, 4743, 494y (2[E]), 5543, 21 14}, 1243, 1453 DFF 9 [EThH N, 218 30 43icidiB
BITBRBEENLRy, BEOBERRT L)1,

R/NRIREENS « EMEMRVE « BRILE  IIBGEROBES, S, 2RALI LT IEINE I RN
ZHEL, BINCEMLTWEEELLNE, 2 ATESE» SER LA I BATRTINTEDLL
MU TORBBIILPELTOEp 7 R, RREADTREOGINTRTILFTTHAI &L
5, H1RAEEEBRLTOEWEELLNS, Lid->T, MOS/NRBERIL 2B TH S &
EZboh5b,

HOEE S, HEEROBED & 2BALI LTI OREEE L, BB L TVWa EEX
5B, BHL LRROMENITIE—BETHED oN, FhcBlS N RR 1 RRoBER K
SR TH BB TFHFEEL TV, LT, HTFRITTRBIETERShTVWE EED
Nbde LAL, INSOWFIZEENICEE D, BRVMERIREKHBEA TR &S, ER
RIRHEHLEWOTRREOHEELZ ONE, Lizdi-T, HOBES, B/ BERIE 2B TH 3
EBbNhs,

EIcB i 3 BXEE GI L OMIG% Fig. 48 Itk L, MTREXE 160 mHET, &
Tld 150 mm T GI BSERBITHARL TWB, Bl Lic kS IKMETIR GIMN 2 DL Ric i 3 EEEE 1 &
UREFRIALL B L2025 s, TR GIN 1D TH NS oBBEGELTVWAZ Eh
o, GIPMETR 2L, HTR 1D EOBEERRLTVWEEELI NS, Lich-T, 14+
OEYENIR/NE M CREXE 160m, HT150muligThdArd>EEL LN,

REVEEETE GI 201k, HETR GI LI EEREL, 6 Alcbd a3 h oo B R%:
ARET B &, RARIBMTIE 28 0.43, 35%0.95, 48P E1.00&75Y, HTI2 25083, 3
BLLE1.00 &85,

MEEE  ORH - 88K (1980b) :tzt:ﬁ@rttktuﬁ:ﬁa%%n?zftm< F MR AR T 3
WEHED OBV &, BLUBHEOEERRBDEIC L - T, MO Lieds- T2kt 3 2
EEASHIC LIz, TITIR, TORICEELEREMA T, hoBHNRteREic & b
SR D WTRE L7,

OB ALILE Fig. 491k Uico £ OMIE 1,4,6,7,9,10 B THEHE < 8,11,12,235 A
THEDZ Vo LL, WIhoH S 1 kEETHR DR 3B o, sioRALbicsd
—EDHEEHRD Shis iy, KO IFHNEILIITVEEZ Sh b,

AR« 85K (1980 b) A~k S ie, BIERBOUIICRH VR BE28E b H 545,
@“«"flﬂkﬁﬁ’ﬁfﬁ@& BERD NP oTce §F V4 TREBEROMUIEBKRELR/BEIEN S,
H BN AR T 3 T &SN T WD (SH51959, #57K « KK 1980 b, 523 « HIE
1984), LipL, 1 4+ TRIDEIBHBREDSNB VLI TH -1,

FEEBIOMELLE Fig. 50 R Lo MR 0, 1HRERVT, BEBICE B -THE D IZRES
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Fig. 48. Relationships between fork length and gonad index for both sexes.
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ERERL TV 5,

BiEORESITL b1 > TS T 2HE WL >hofHliTcHch, ZORKELT, (1D
IO EE (7 F v+ (GRIE -« BE 1984)), (2) HiE# (1 % IF Coclella crocodila (Hili
13/ 1963), red porgy, Pagrus pagrus, (ManoocH 1976b)), BL U (3) M pHaPEERD
3= (v 9 NF Cleisthenes pinetrum herzensteini (4 1954), vermilion snapper, Rhomboplites
aurorubens, (GRIMES and HunTsMaN 1980), & % Macruronus navaezelandidae, (Kuo and
TANAKA 1984)) MEAZSNTVW 5B, 4 ¥+ DFE, DL 5 Il ORRZREEFETIREL,
& A h I A A TEIRHROBIE D o, MEHERBHR P2 OO ERR T 5 L 518
HRE2{BOLINTVRY, TOX3RBTEMS, 1 9FOREICE SR IULOE(IERIRYD,
MHEOERROZIERLTWADTEA S EEX N5,

MR DRI 2IFE 0L (Rs , 7/ %) &8l (1) oMK TEREN S,

log Rs=1log (Sn/Sf) *t+ logRse (33)
Rso, t =0 Wtk ; Sf, MEDEER ; Sm, HOAER

0L L BAD—IRIZETEIRMIRIEETH 5720, OB ET- TORWAKbGH o £

T, TTTROME LRAERV T EFEH & OBfRERD 72, COBBERRBRO X DK 5,

log Rs=—0.1035¢ + 0.2835 (r= —0.934) (34)
g7, (30) b o BEEMBFOUEDRIG (Pf) BIROL I TN B,
Pf=1/(1+1.921-0.788") (85)

BE, AT+ 2RO THBEDEBROEILL » THEBE(LTEEEZEIONT VWA Y INFD
vermilion snapper, FH R ETRVIFNGRERESB > TEM I D RBEZERERLTY
%O

FEDREL  AK « $50K (1981) 1ZEP4R 0.3 mn LU EEHINEE &4 L, B OIBMERS » DR
HETEEE S, 6 AD 5 8 Aith i TONBEROB/DE, SENMAEME L, LHL, T
TE KNI BRI DFE D 518 SN IR IR L TR DB/ T d - 72 (OR¥ - Bl
1985 a>o

AL EEINHOKIATIE, =54 (WA 1972) © & 5 IR IS 3 R s B IR Ak 2k U BE
g 37w, EEIEMINHEIN L » o970 £ < LB &, whiting Merlangius merlangus,
(HisLop and HavL 1974) @ &5 iz, B OIMBMHRARIN & il 5 5 Wi L 72 DR
SAEE L, BEIEIE C ORI E—EF A STV A (JIIF 1982),

4 % QIR Fig. 36 IR Lc&B 0T, GBI whiting B ERE TRV, RO
NEEMBH ONB, TOEIETEDD, 4 %+ OFENHIIINHEINGD SHEE T 5 EMNTETH
BLEEROND, Z2TT, AR« 8K (1981) O/NEMOREIGEHIMEOREDR P, 77T
ICEEIIh O 2 REEIEG E LTHR - 2 &R ETH B EEAL, HEIIHEIED 5B O #
ExEHAT

GI OFHE» S, EINHO GIIETNT 2T THY, F B MmM» 5, GI 22 ZIF o
BN REAMER0.15m T TS5 &5, BEHIEZINE0.15m U EEBRE L, JIHI
Tog e & E N BP07% 0.15 mml_FOII%IZ 2% 20.0, 3 7% 18.6, 4% 19.5, 51%19.5, 65 19.3,
THE19.8, 85%20.9 L7 0, EMIC K AR HE DA LNV, D, TITRI DI
LEONIEETH S 19.38 gk Ulco RIC6 FICIREL@IED S B, AL, »oPkl
ROBWEFEERCEXE LIIHER (OW,, g) LOPKRERD L (Fig. 51). < OBFRIEHKR



A 4 & OB YT 169

100 ¢
- &
2 1ok 10k o°
; ,0‘.
; a o°
[0 o ’.:°
w ‘S ’.,'
= o
3 ~ o
> i S e °
o [ i
<{ - Vad
> i Pl
@] [ Pad
'S o
Ll /o/
L. °
0.1 R e . i 0.1 L . : et i
200 300 200 300
FORK LENGTH (mm) FORK LENGTH {(mm)

Fig. 51. Relationships between fork length Fig. 52. Relationship between fork length and
and ovary weight for pre-spawning estimated fertility.
(open circles) and spent (solid cir-
cles)conditions.

OWs = 6.477 « L3 « 107 (= 0.858) (36)
Fto, 9 BOIMER (OW,, g) BRIROLHIH S (Fig. 51)
OWo = 3.818 « L***« 107 ( r=0.936) (3D
LUtehio T, BEIrh oS ER O E (A0W) BIRD LSTR85,
AOW = OWs — OW, (38)
Zhonl &hd, 1 EReE I a0 GEI (Fe)) dikkTHKih 3,
Fe=10.3+10%« A0OW (39)
(39) KizEpegckcRahs (Fig. 52)
Fe= 47159 « Ls% « 10¢ (40)
(40) b HEEII IFENE 200 mn 6.7 JikE, 250 mm T2275%, 300 mm T 577547, 350 mm 130 JikL
LB, FRARELABYE - HEMGRE L ORERD 5, EINMEAE (W, g) BLUEHLE
DOBFRIERD L DI B,
Fe =205 W' (41)
Fe=1.45+10° (1 —exp (—0.2855 ( ¢ +0.2909)))** (42)
TR SRBEDIIC & B 4ABEDRE IS AT 222 Tk, BB 21875k, CHE 128 TH » oo R L 72
&I ABEEIMAET LTwinis, BEEE CRIC>LWTHADERD SRR ERD, &5
CERERORYEN S (40) T Uichi-> THEIMEFS Lco COREICX » TR S o B
(A BRE 159 Fiki, CRE166 k&MY, CHTEHEROBEIMEHTMENIC—B L, BETR
HIROREI O HBE W, B TIRNB & ST, & RIS EE S h, @0
HREEL 0 SIS L. b TRRBVHAEEL OGNS,
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JbBiEH, (1982) (R XE 30 cm Btk OB OEIIEE 60~120 R EHEEL TW 3, WS DK
BN IR O FME S AP ENS RIS 205, (40) SNTHE SN AEMKERELEVR
MWL S Th b, dbEiE, (1982) bdRTWVWAE LS I, F—EETOREREICIR2LETH LS
BEEZIOND, Lieh->T, (40) RBEPHONLEEEET EOEEL SN,

BRI, 83K « KK (1978) 12 U 7ol » TR OHEEIREEIIME Table 16 0K Lo, 27K
BOWMBEINRE 1L LT, 3~8BADKRENMoLEL kDS &, 35212, 41.31, 5%
0.58, 6#%0.22, 7#%0.07, 83%0.02&75%, bbb, BB IMOSEGE L, /i, 2B
B oMM AL Alc k- THERINAZ LD, TN DERMESEINOE 4L L
TWwWdEEL LN 5,

Table 16. Estimation of total number of eggs spawned by each age-group. H, total
number of eggs spawned by each age-group; Fe, fertility; Rm, maturity rate;
N, number of individuals calculated from survival rate; n, number of individuals
in the age of 2 ; Pf, sex ratio (£./ ($+J"))

Age N Pf Rm Fe H Ratio
2 n 0.4560 0.43 30,083 5,899 1.00
3 0.2410n 0.5155 0.95 105,846 12,492n 2.12
4 0.0581n 0.5745 1.00 231,069 7,710n 1.31
5 0.0140n 0.6314 1.00 388,330 3,432n 0.58
6 0.0034n 0.6850 1.00 556,129 1,285n 0.22
7 0.0008n 0.7340 1.00 717,469 428n 0.07
8 0.0002n 0.7779 1.00 862,140 131n 0.02

B6E B K

A4 % ORMEIET 2R IERARROBNBYRAEZIT » RN (1981) ©HME « BiF (1983)
HEOHESN SN, COERMIBEROBAREIC\WT, MHE (1929) ®Yasupa (1960a), #%
Higs (1961) OWiRHISEERS S 5. L L, RRBOBARABYIHEN T TREGHOBIEAE K
BUTHESRBHAME SN VEEMHE N, £FITIITR, RREOERAYHEET CMA T, M
BHROBEHEREPCEANTYORDMEE T 255, B3I UHR - HILAEORBIRT SR
DVTHET 5,

B1E RAROBATYRE

AHITIRAN (1981) OB OROEREMA, HHERE L 5 BABTYOECEMT
BORARAL, BLOHFRD Sl E TOMRAEYRIKIC >V TEXS,
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WEHE

1978 4E 3 A5 1980 4E 9 H & Tollifiiic, sElilink o =SIRMIRNT, REEHT, BT, EHET
B OO0, I & TS N, SRR, B 34 B 1188 Mk & U, 1980 4F
7T B EHRBIELENT Yy FHIK & » TRES N RT3 A S 19808 it =8
BRPBN O 7 < TR S N cfEfR 20 B EME & UTE U,

SRER &R ATERIC O W T B IRE A PIR TR U 7oo B FSRE IBE « KA (1974) 0k
AHEITLT, BEEHOMNER CEEOMERED, Sko b B L 2 (Fig. 53). 0 :
HHE, 2 HETREVY, BTN THE R L THE 0 EVIRE, 2 BRSPS
CHATRE, 3 BEREIRKIGEWBELRT N, BEEERELS, RAEA» BT 5 &
BTEBOIRIE, 4 : BREAIIEML, BRI HEEL TABYEA» SBHTE RE, &
B, 0& 1 3ABIM BT ER WY, NEYOBEEER L THRE L, BRMELBAR
s (8RR « RKF 19800) & DBAfRIE Table 17 D &EBD TH %,

BAAMIEGE (7)), B3 (O, zotho®y (O) i, ZoBRLEEN L, E4Y)
DOFELEE 1 BHAR O 20~30 8K (BEHA20L T ORAIEZAH) 20 TiT - 1o 8, BHF
Brhicfio A SHET 2 AM8S - foh8, Thi3BEcikSAENLbDEERL, TOLHE
kIR E & LT L2 GREE - /g 1956)

Table 17. Reletionship between grade of fullness
of stomach (GFS)and index of stomach
contents (SI). Si= (SCW./L% -« 10% L,
fork length in mm ; SCW, weight of
stomach contents in g

SI
GFS
0,1 2 3 4

Mean Range

GRADE OF FULLNESS

0 0.0 -
Fig. 83. Grade of fullness of stomach. 0, 1 1.5 04— 4.0
empty ; 1, little ; 2, medium ; 3, four- 2 5.8 1L7-117
fifth ; 4, full. 3 13.5 5.2-24.3
4 51.9 36.7—-78.4
EREEE

FRREICLZBARMOBE EALRET SBICH SN BEREC & » TEERPHEE
MRS HRESA U B T MBS TV A (R « /JvE 1956, B0 « FH)1] 1980, KRk 1980)
TR, BRMOE VR X CEBHREEAROEER LN L. (Table 18), ZEEHRIIH
SICHIEHEAD T BB NMEEZR L TVWA, £z, $EEA TR, EEERORS B % £ <
BEWMLTWA ), REOIEEARAEL TOAHEFOHERREE SIEWHIEE, —7F, EE
OEATIE, 2o P LA SHHLSEBEMICAE LT STEEES S 2T % % <
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Table 18. Comparison of percentage occurrence of the empty stomach between the
samples collected with set net and with hook and line in each month

Gear used Apr. May June July Sep.
Set net 33.0 5.6 231 0.0 11.1
Hook and line 100.0 60.0 31.6 96.7 75.6

BT BEHEMAA SNz, L L, TOXDBERMEREOENEY Iz d L S HBIL, KK
B ORI TR I @RI & 2 AR R SR S hish - 1o,

PIHEAR B SE OERE LT, YT Y 2 v 2ok 2 BABYOH: -8k il d
FATHERSNLTOBHOME, 5250 EEEHEEEEARITET, BIRMsh s &1
EBEZ6NB, COLI, Pl KCEBEHEEAREE S 680 b NBNRKEEZ YT
Whe LipL, KEOHEEEMEM L, hoflRidlic4 o 20kl ¢, EBHETIR
DX BIZEEL DDV EEDbN, BEOERDHMNL D BRREISEVOTREWAEER
5Nb,

2 ORIAEEEE, A FI>OT OB HBESEET B EBMONTVS (RE -
EiE 1983)0 Licds-C, SRS &> WTRETT 28810 id, SRR E—EILd 3
PN H B, EEMITL B v+ ORIERT ~NTRY (FHT6 B~ 81) TH 24, HolETI
FHRRIE—ETEB V. B0 & s, IR GAMEE 2T >4 E LEEYThweE
ZoNB, THICXH LT, EEMEEEAR S ANAWEEEZI TV ANZORER L VBMTHD,
F MRS —ETH B LB EERbD B, 23T, AWETIE, BRBELPHHERL SR
WIS > W TIEB R EA A 2@ U, IR S SEMSREIz>wWTiR, T
NTORERZRE Lo

REEEOFHIRLE RBXE 100 m 2l EOEEREHEEEC>WT, BRMEOEHZE{LE
H~te (Fig. 54). BRMER 3 Bh» SHKERLSS SN, 5 LS 9 HICEHWVEETRTH, 108
IS B EREICE L, 12H25 2 BT XKIY OMREMRER IS, TD& S BIBEETOEE
WAL S, 5 A5 9 BAEEN, 12H0 06 2 A2EMkEl GEED), 3B»54BB&T
WS NHRINODBITIEBEL DL ENTE D, 0, BEINED 6 Fizid % DRk i
LT, b iBHEEMET T 555 TH B 19+ O SN AKX T OB IEE I
WMENB LB, £z, BRD L ST, 44+ 0WRINIGET 5 Ad s 9 AT, KEOEHEE
&I%i@:‘:"‘ﬁlbf\\éo

THREXELHEHRELONFR FEEMEERC>VWT, LHEXE EBHiAaR (BEiEH,
1961) & DBI%R% Fig. 55 IKHFE Lo < ORIRIIMSEOMEAIZED b Y, BRI MIEE,
TR EIKERL EDORHNER IR BB ENTVWE LS TH 3,

KRR - REOEHEHER EXE100mE FoEERIERAAIT>WT, F:C: OROEHNA
VIHEM O ENRERY, T DRALLEFig. 56 1R Lize 4 v+ OfHEHITXTHEY T, Wi
ZHRINTVEV,, RIHRKSS DH T0%LLEE LD, HROEENE L, ThIZR THE
HO L) BEIANEL L, 2 OMOBYOBESRPRLDDIEV, FEOF: C: O LTI E L,
FEINZLICRE OMEIENIE A S N5 0,
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GRADE OF FULLNESS

Fig. 54. Monthly change in the frequency
distributions of grade of fullness of
stomach.

& B OER BT % Table 19 (SR
# (Hynes 1950) TR Uk, FMEE0TAIE,
B, SRS Z V. RHHTRE, FEF T
Spratelloides gracilis, < 4 7 ¥ Sardinops
melanostictus, 7 5§ 7 F 4 7 ¥ Engraulis
Japonicus, WED A 7 VIEMBFERAEBLTE
CHBEN TS, Thonf 7 ViHldY S X
AR OHBINTV S, w7 UVRYNED
FHREELTRIHREENTV S, Thbl
ADRISTRERADE <, & L TRcHig s

160 1
r IX®

© 111
© 111 e 1w

ex V©Oe vl

© 1%
50

L ITe

L x® @ 11 @XII
0 e & 1 .é 1 N i
100 200 300

FORK LENGTH (mm)

FEEDING RATE (%)

Fig. 65. Relationship between group feeding
rate and mean value of the fork length.
Roman numerals indicate the months

in which the samples were collected.

JAN. [ N o N
FE B, R o]
o

MAR, DO
APR, ooy
MAY ROt
JUNE [ SR
JULY B N
SEP. Do R R,

NN

OCT. [aSsiamnnen |

NOV. S N B

pEC. NSy 2

0 50 100
PERCENT

Fig. 86. Monthly change of F : C : O ratio of
the prey animals in index of stomach
contents for the immature and adult
fish. F, fishes; C, crustaceans; O,
other animals.
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Table 19. Relative abundance of prey animals represented by occurrence method in each
month for immature and adult. ¢, f>50% ; +, 1096/ £50% ; r, 0 %<f=10% ;
-, f=0% ; f, percentage occurrence of fish feeding each prey animal

Month

Prey animals J F M A M J J A $ O N D

COELENTERATA
Hydorozoa
Muggiaea atlantica T e —_
M. spiralis S —
Eudendrium sp. (or Oberia sp.)
CHAETOGNATHA
Sagitia sp(p). _— e e e e e e
ANNELIDA
Polychaeta
Harmothoe imbricata U

+
|
|
|

—

+
|
|
|
|
|
|

Larva(e) — e e e e e e - o - -
MOLLUSCA
Gastropoda
Atlanta inclinata U -
Shelled larva(e) - e e e = - o e -
Unidentified Opithobranchia - = e e e e e e
Pelecypoda
Mwytilus edulis - - - r e
ARTHROPODA
Ostracoda
Unidentified Ostracoda _ = e e e e e e e
Copepoda
Calanus sinicus U
C. pauper —_ e e e e e e e e
C. minor - = = = = e = =y .
C. spp. - r U e H
Undinula darwini U LU U,
U. vulgaris —_ e e e e e ey -
Eucalanus attenuatus - - = = = = = = e =y
E, mucronatus = = = = = = = =~y
E. subcrassus - = e e e e e e e ey
E. spp. e T
Rhincalanus cornutus e
R. nasutus - e e e e e e e e
Paracalanus parvus e
Pareuchaeta elongata T
Euchirella sp. — = e e e e e e e e
Euchaeta malina 4 = = e e e e = - -y -
E. wolfendeni UG
E. plana R R —
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Table 18. Continued

Month
Prey animals ] F M A M J T A s o N o
Euchaeta spp. - r r T - r -
Scolecithrix danae + pr = = = = e = = = 4 -
Candacia pachydactyla B T S

C. bipinnata —_ e e =~ —
C. truncatc _— e e - e e e = e

"
I

C. curta - e = e = e e e e -
C. spp. - - = = = = = = =+
Temora turbinata T T
7. discaudata T
Oithona sp. - e e = e e e - =
Oncaea venusta I
0. sp(p). _— e e e = = e =

r

r

e
[

~
|

Sapphirina opalina e r
Corycaeus agilis —_ - = = e e e e -
C. japonicus P
C. flaccus - = = = = = ey
C. speciosus e
C. sp(p). - = = e = = = =y
Setella gracilis _— = = = e =y
Caligus sp(p). e
Unidentified Copepoda - - = = = e e = e =
Copepodid larva - 4+ r e
Mysidacea
Rhopalophthalmus orientalis T - -
Unidentified Mysidacea - ¢ = = = = = = -y o -
Isopoda
Aega dofleini e e e e = = -
Amphipoda
Stegocephalus inflatus T
Liljeborgia japonica _ e e e e e e e =
Elasmopus japonicus - - —_— e e e e e
Jassa falcata - - - r + ¢ = - - = = =
Ericthonius pugnax e T
Unidentified Gammaridea - 4+ - r A+ = = = =y =
Hyperia galba e e e e e e
Caprella acutifrons + r r r + ¢ - - = - 7
C. aequilibra - - r - r
Unidentified Caprellidea - T r - r
Decapoda
Lucifer sp. e
Unidentified Natantia T T T T
Unidentified Reptantia e T
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Table 18. Continued

Month

Prey animals J F M A M J J A S O N D

Mysis and zoea larvae e o + -
Stomatopoda
Pseudozoea larva - - - - = = = =y + =
Pycnogonida
Achelia superba T T
PROTOCHORDATA
Appendiculata
Fritillaria sp. i T
VERTEBRATA
Osteichthyes (body length in mm)
Etrumeus teres (63-72) - =
Spratelloides gracilis (23-71)
Sardinops melanostictus(10-105)
Engraulis japonicus (14-58)
Unidentified Congridae (71-94)
Saurida undosquamis (80-89)
S. elongata (32-35) e G
S. sp. (22) e S
Hypoatherina sp. (65) e e e e = p -
Unidentified Serranidae (6-10)
Trachurus japonicus (49-80)
Decapterus maruadst (31-39)
Leiognathus rivulatus (19-29)
Scomber sp(p). (30-93) e s
Unidentified Labridae (11) :
Unidentified Perciformes (3) ~ =~ =~ ~ = — =~ — ¢ — - -
Unidentified Scorpaenidae (8-11)
Unidentified Osteichthyes + 4+ r -~ - - = r = 7 r 4+

i
I o
[
| o +
R T
| |
| |
f ]
o + o |
I |
= i
] |

|
~
|
!
|
!
!

|
|
i
|
|
|
|
|
|
.{.
!
|

|
!
|
|
!
|
!
|
!
!
+
|

]
|
|
+
-
|
§
i
1
|
|

!
|
|
i
|
!
|
|
]
=
!
|

| |
| I
| !
! !
| i
] |
| |
! |
|
! !
- |
! !

|
H
!
|
|
|
!
|
|
]
-
|

NTW3, BT, FICHEMEED Paracalanus parvus 7 ED, Bilcigiifos <+ ) aax
v Jassa falcata, =N T 59 Vv H 5 Caprelle acutifrons 15 EH, BUCBIMIME @ Candacia
packydactyla, Scolechithrix danae, Eucalanus attenuatus °-1WEE, & » afHoR#gk, 73
How ¥ Y7 3 Rhopalophthalmus orientalis W EBE{HRENT VS,

P EDEERDP S, A ¥R « EREORMEREARMIC RS FREEE S LAREV AR
EEZOND, ME « EifE (1983) 23T » o R T«F’Qy%/’zﬁf@f@dﬁﬁ%%f%, AFH D EA
SRR RIHE T HA 5 & & h, AIEERE—E L THw5, F/, 15 0HE & 1Y
MR T OMEENA SN A4, IRk Q%ﬂ@ﬁ?fﬁ’ﬂ&fﬁl:ﬁ’jK bOTH A&
EZOoN5, — I BIHO B AR G IEMEBRBNICERE T 20K & 15 0 D B4 OB % K
BLTWBEEZ OGNS, LIch->T, A—AlTH-> CHPFBEARPHIHRCL-T, Thdoi:
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YIRS A ZAL L, 2 OREAEROEANBRYHKICESA LML EBHMLENATHE (28
1958 &, Fk « (LI 1962, %248 « BEEH 1965, AKtHiEh 1982),

AFED & 5 BRI & R R S T w A IHIE A X% (i - BESF 1962), v m
7% (Kakupa and Marsumoro 1978), =~ Nibea mitsukurii, (£ « P8JI] 1980), =7 ¥
(5K 1965), =43 Scomber japonicus, (HATANAKA et al. 1957), 74 & 7+ ¥ Pseudo-
blennius cottoides, (P « 835 1962a), & v K'Y Chelidonichthys spinousus, (G &, 1965)
REBHONT WS, ThoORIHDOEEEMD S5, HEEc~L RT3 &, X X%, vo
TF, =N, THeTFIAE, AR JBEREO B EEEZHRL, v T VR NRIE
WHEDAF7 I 2B AL TV S, BREO & 2 iT4 ¥+ 3EERREEZ CHR T 28T, <=
TIRRYNEHHYUL TS, L L, AFESEEHECuMEE S (R 2838 o h, T
D& BEMERTHAERE, BERHLARENTOAHHTESEOELLBVWESITH B,

PR OB LISBHEEM T L <Y Sh, BN RIEIER £ F odliig M Eko
MOIAE <, Mok oFOMIRIGEINER T S, ¥4 VR S OBELTYSE HiRENT
W5 o SERELE ORERISBEEVE B ANER B S EITDIE ) ISR E T T A 5 R £ <
RAERPRED NGB, THbE, Fh o H T PHOME KR, MroXTREMOELDE
FTOMALTVWEXITH B, BB, A& YT v o F 2B SE <, Bk
@IS B LHEE N TS (AH 1970)

FHER - BROESMER  BiEhTa (8E6.1~12.0m), #f (BXE15~28m), BLU9
BicHg Lot (BYE49~T8m) K2WCF: C: OB OEH LR %E Fig. 57 I
RUTco RIBHBHFROIERHI TN THRHTH 5, FAMAPEATORBHOE MK
&<, CORMIOTEMR &8 - TV B, AEIIEE I SHig S g, BT R HERI
THEHIHREN TRV,

AR BIYIERLRE Table 20 1R U /oo BRBMIEHF R OME T X CTHEIET, TS5 Cory-
caeus splp). ¥ Paracalanus sp(p). BLU copepodid $HEMLE {HiBEEhTWSE, BRI T
B CEE D Podon sp. BLU Evadne sp., BEHEHD copepodid #hiEir &A%, &
B CIIBEEED Eucalanus spp. ® copepodid $h, HHHED mysis $htE% zoea #hik:, ¥ 4
VHH, BEIHD Oikopleura dicica BXUH 70 FA 7LDV S AT REEMEZ HBAINT
Wh,

e ofphz >0, PIE (1929)  Yasupa (19602) (37 IFHEHE LTV EH, K%
HWREARTR 7Y VAR L TV AR
HE Lo 1o, E0, BEHIED (1961) 1o &
3 &, &F 5~ 16 m OFHEAROEEHI B,
copepodid 44, nauplius %4, zoea #hi:,
BHPES & T, AWFERREChE R —HL

TOBo PLEDT &b D, £ # +FHER D Ik o 50 100
BT TS v o b v ThiEEDLNB, PERCENT

ERTS, ﬁEﬁ@f\%ﬁ{idﬂ@{)@]%? 1/ 7 Fig. 67. F :C :0 ratios of the prey animals
bYTHLY, TORPICHEC -, b in index of stomach contents for the
I F A7 vDy S AR E ko postflexion larva (L), juvenile (J), and
T biad sk iy, HEREDRE young (Y)
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Table 20. Relative abundance of prey animals represented by occurrence method in
postflexion larva, juvenile and young. ¢, f>50% ; -+, 10<f£50% ;r, 0 %<f=

10% ; —, f=09% : f, percentage occurrence of fish feeding each prey animal
Larva Juvenile Young
Prey animals (July) (Aug.) (Sep.)
PORIFERA
Unidentified PORIFERA - - r
COELENTERATA
Hydorozoa
Muggiaea atlantica - - r
CHAETOGNATHA
Sagitta sp(p). - - +
MOLLUSCA
Gastropoda
Shelled larva - r -
Pelecypoda
Shelled larva - ¢ -
ARTHROPODA
Branchiopoda
Podon sp. - -+ -
Evadone sp. - + -
Copepoda
Calanus sp(p). - - r
Eucalanus attenuatus - - +
E. mucronatus - - r
E. subtenuis - - r
E. spp. - - +
Rhincalanus cornutus - - r
Paracalanus parvus - - r
P. spp. + - -
Euchaeta sp. - - r
Scolecithrix danae - - r
Candacta pachydactyla ~ - r
C. truncata - - r
Labidocera acuta - - r
Temora discaudata - - r
Unidentified Calanoida + - -

Oncaea venusta - - r
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Table 20. Continued

Larva Juvenile Young
Prey animals (July) (Aug.) (Sep.)
Oncaea. sp(p). r - r
Sapphirina opalina - - r
Corycaeus sp(p). ¢ - -
Euterpina sp. - r -
Microsetella sp. r - -
Harpacticus sp. - - r
Monstrilla sp. - r -
Nauplius larva r - -
Copepodid larva + ¢ +
Cirripedia
Cyplis larva - r r
Mysidacea
Unidentfied Mysidacea - - r
Cumacea ,
Eocuma sp. - - r
Amphipoda
Jassa falcata - - r
Caprella acutifrons - - r
C. scaura - - r
Unidentified Caprellidea - - r
Decapoda
Lucifer sp(p). - - r
Unidentified Natantia - - r
Mysis and zoea larvae - - r
PROTOCHORDATA
Appendiculata
Oikopleura dicica - - +
Thaliacea
Salpa sp. - - r
VERTEBRATA
Osteichthys (body length in mm)
Engraulis japonicus (13-14) - - +
Trachrus japonicus (45) - - r
Unidentified Pleuronectiformes (11) - - r

Unidentified Osteichthyes - - r
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BOIEL 185, T1bs, HRMRFHEMOEY 75 v o b v &ML SRR « RRORIHLE P
WA EE LEBEVARE~NOBITHth 3 LEA 5N B,

SHEIOKRZE EEBYOKE S B—BEHERORRIKE > TRESBEH,
Sl @ (o =HaHEEE / MAEEE) AP HHARII L > TRE > T2 (BHER,
1961, 4k« (LT 1962, =HG 1964, i 1EH 1965, 228 « BEM 1965, B0 « PEJII 1980, KK iE»
1982)c A H* B E BT, KD KBOHEREHRT 5L 510350, 2O, KIUAT
& BRI R E L &N oE S IR L TWA, Licd - T, size preference @ fRic—o
WTIRHBBEN SN s, THRIZSZOHETRT VLI TH S,

Size preference ®_REII~D i, HifED (1961) I Lichi= T, & D anEskd T,

Gnox = Pline: /L (43)

L, 49+ DEBEXE () ; Plme, SEEEORAEE ()
4 % ORYE: 50 mn EFHC BT 5 danDECKE%E Fig, 58 (2R Lo FEXE 50 om LUF Tl a Ol
NS, HEHAREIIMA TS » 1o E/2, JORNEMIATIHAZE OBREINCE 759 annDif
HHEEIsS Sz, BRI LIAY 5 X E 50
~100 mn T @naeSBENTKE LD, THhP LD
HERBET IR ane SHARORRIZE 18- TH
BB XL B, FBEXE 50 mm PLEOTHEPE T
QoK & 15 BPHH BRI T R THRIHTH » 120

AHFD Qe DIAKME 0.6 BIRT, &V
Scombrops boops 7§ E DTN s Ll
TEELBDNESVESTHB (KK ED e
1982), HUEAHIE LIS 5 & QnuhSEEITHEA 0 e
FAHILETY (2 - BHE 1965) © ALY R ’ FORfijW;:a(m;fo
FHgh 1982) THHIBNT WA, £/ T T TH

Z D

50 r

Amax (%)

SN E DT, anelTHEROKE S ADHE%
REBEMBE A (G IE A 1961, #k « 1LO
1962, AftiEh 1982), COFHEE L Tid, #ilt
TELAE, DORXEMMEOHRICE ST

Fig. 58. Relationship between fork length of
the predator and @me. Gnas = PL nas/”
L, where L =fork length of the pre-
dator and PlLme = maximum size of
the prey animal.

N NS HB T EMNEZ BNS,
EoE {BEE

BFHOIEATRAREES 5 T & A5 5 A THRESHIETH D, £ 0IET > 5e IR
TERISEBOHNEDOD LS TH 5, AIFOEIFRIRIEDOK & X CAETEIROKBIRIES & offifra il
DEER DI DU ATEOEHE-PTHIKR 2 £ 2 OBBERIC L - T RESET B LEAL SN S,
LTS, KD SRoKIEIERS &2 HEE T 2358 132 OBREMEC IR L&YV, & ot
DEBATZT B2, LD OREESTEENS, £IT, TITRETRERNCT, BiEREAEDOX
& X ORI & CHTEIROREARIES & & DB 2 W TIRET L 7o
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WMFEFE

R 19834 7 A3 H I S EIELEBITAIEM T L, i/ A COIS S & 1o B E 55
Bk, BLU19834E6 F 10 HITIRIR L, fTH L ATLFE £ 8T 2R Ui,

SEESHARS  HER L, FHWRAIICOWVWTI8IE L A H19844E T B & cofiflic& A 1 BIEF 9 [,
ANTFBERICOWT 19834E8 A5 1984457 A & cofflic 12mZhENiT - o

REFHE EFROABICHL, FEBEATVWAEE (w17 v vF e~y HESHE-™ D
BOWET 4/ ) Enteromorpha sp. ZMNAZIREMED 24H19EL o5 L, 2R FSEHE
FEERE BB BETEARB Y 7o BEREITE/RERTH 305, BEKERKTH 1 KE~ 1R
B3040 TdHh »foo HAEDIET Lictk, &30 5 5 ~10 fEEI 7o, BABY O HER <
DI F LYy ) I— e/ 7 22— —FLVTHBIES E, 10 %5 <) vIKER THE
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Fig. 69. Relationship between fork length and

weight of stomach contents. Regres-

sion line shows the maximum

amount of feeding.

BROKRZSLEERELOBR REKOE
AR EREEXEB L UHRESOMRIEZ N
Z1 Figs. 59, 60 ITRLI2EBOTH B, C
DOED S Sps & ST, EEEORKME LR
BOREIL & 18 - THINT 248, EEEEE &
WEE—FED 5 VIMEETH > THKREED
MBIk -T, KEEHLTV B, £ TH
EOKEPCHECHT HIEERORKE (RK
JBAEEY) Rk B729iT, Figs. 59, 60 T oy
b LD D B ERHEOHEZ VT, BFAER
EHE U, BKEEE (Fr., g8) EBXE
BEUWKE (W, g) LOBBRIEBEKRRDL I I
5%,

L<40 : logFm=3.18 log L—6.070

(r=0.948)  (44)
L=40 : logFmn.=2.35 log L—4.680

(r=0.994) (45)
logFne=0.842 logW—1.026

(r=0.994)  (46)

E7o, A OKRE X OB 7T 1845
- PIEANE T O & 2R 1 & U TiE s
# (FD ks k bR ic,
FI = (SCW,/ Fna) =100 an
Foer, (44) 38, (45) T &k » TRXE,
B3RO fofp KB (g) ; SCW, HAR
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Fig. 60. Relationship between body weight and weight of stomach contents. The regression line
shows the maximum amount of feeding.

wrER (g)

BFRMES 4 2RTRRMABEIZ o W TIREEFE A RO 1o iR, 1R 100 PLE DfE 2R
L7z 2 kT, i3 69.1, HHEE 185 TH »7co LIchioT, HARRE TR AIEME
EFTCEETAILEDRVEELONS,

A (1968b) B=7Vi>\T, HEEAEREOMEERATE L,

F = 0.801 (W—SCW) -+0.1509 (48)
F, fagf (g)
A (1968h) LAMEDORERE TR, HOERZSHABERTRLT - TWA®, iEEH
BT 20 MEN S 2 L BN aA, (46) & (48) AT 3RO, 1+ QR KHEE
BE<7VE0DR0EHITH S,

(46) ROERREIZ 1 BAKET L L D/NEVWT Eh 5, BRNEEREBAGOREIRE LT
TN 5 C EDBHO D TH B, DL I, FHREDOKRE KITXd B HEH S AT B SR
Bl bR > THDT2HRZRELORFHTH SN TS (HH « /& 1956, =74 1958 b,
Yasupa 1960a, A« il 1963, 7578 1968b, &1 « #4)1] 1980, AHHiEs 1982), C DI
E LT, HidEic i L ORESHL, KDB O3 AF—ENEL T B D TH D L
HEhTVS, (Z8 1960).
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Monthly changes in the index of feeding (FI, open circles ) and water temperature {solid

circles ). FI =(SCW, F nex ) 100 , where F nee=maximum amount of feeding and SCW=

weight of stomach contents.

KEBESBERSOMR FTEAIERC>WTEMEKORAZLE Fig. 61 kL, B
TERUKB E DR BB L T3, £/, 6 BICBEEMAET T 30RBIIRT 2L D 14k
FEIRRADEETH B EEZ SNB, £ T6 AOERERCT, /KEEEMEEREOMREEEST
& Fig. 62 DEB DTS, EEEKFI0CHETIREINT/NS WS, 12°CRL I 5 KB
LRI E S8 - T—EDIERA S S B, /KIRI12TCTY L TcomFE oMKk TtEsh, 5%

IKEETHB R IEMEMENED bhi,
FI=2.0527 + 23.9 (r=0.939)
T, ki (°C)

b &nd, 44+ 3kB10°CHi% TR
B & A CBEETARS §, KR WIREEIC
1AM, KEMBIZTCLU LI &, ERIEE
EEETY, BEBIIKEO LRI -T
BhndssELoNbB, CORR, Fifficil~N
T BARTE B OAE R RAE 1B & d kI o B
FRLTWAEEEZLND, <54 TIKEI2
CTRBERECR I EVbNTED (R
1937), 194+ bNEE<HHULTVWS, L
ML, RERIRIETD A 4 F 3 & D FERT
BT 5700, BEOKEA 10 CHitkicis s
TERIBEAERWEEZ S, LT,
BEHRMETT 5600, ERICKIRT 20

(49)

INDEX OF FEEDING

Fig.

100

¢
(o)

62.

20
WATER TEMPERATURE (°C)

30

Relationship between water tempera-
ture and index of feeding.
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E3hIEETE B,
LB S EEER S OBR 4 ADSTH
ORI 25 ki > W T, EREIRORBIRIE &
BALE & DRIRE AN BIERKE O
L fedicikalic & 0 BERRETER (FID
BRHDTE LI,

FTI = (FI — 23.9) /' T (50)
EAEREEEY & AR & ORI Fig.
63 DEHIIEB, CORRICEMHIBOKRER
DA SN BDS, FHEEREKE0.422 &5,

FEEDING-TEMP. INDEX

0 10 20

5 WKEETHRIGAMEMPED oM B, COT GONAD INDE X

BB, Tﬁﬁ%i?@ii?ﬁﬂ?@}ﬁ%i% & 67> Tl Fig. 63. Relationship between gonad index
DI BHLEAONEG, MIBOL 1T, RARD and feeding-temperature index (FTT).
FLET S EIAD 6 Aith e IitET T4 FTI=(FI~ 23.9) /T, where FI=
o, HERORBIC E 78 - T, EBPIC index of feeding and 7'= water tem-
BENETRDTE3OTREVREEL SNS, perature.

38 BARMESE

B UL B TER, Mah, RecBaBEshs, ok, BARYIIERERE,
RS 2, COERBMORDEFICHEERIETHEA OBERI SV TEPHBOEL 25
s, £<0MEMNESRTWS (WiNDELL 1978, FAnGE and Grove 1979) 4 ¥ F iz
WTHT TR (1968a) DOEREERY LGS TVE, I TR, KEPHEEBRILS 4
EEBOBABRYBLRIC D VWTHERS,

Hoeh ik
BEPPE 198265 9 3> 510/ % COMIMC IR CHME L, /AL SE BB ¢
FARAISSEM (A, B, CBY, BXUIBET A | BIHIL, WH L ATHERSEE (D
B) ThBo BERHOKRCTHENER Table 21 OEHDTH S,

Table 21. Gastric emptying rate of the threeline grunt for four experiments

Experiment Date Mean water Mean fork Gastric emptying
temp. (°C) length (mm) rate (%.h)
A 17-22 Nov., 1982 18.9 136.5 5.0
B 7-12 Feb., 1983 12.6 148.0 4.4
C 1-4 Sep., 1983 29.6 165.0 14.2
D 29 Sep. -2 Oct., 1983 23.3 67.9 13.3
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KRERFE AR/ NES LS a3 v o ) — MREE 10 b kPSR U o8 IR
L, 5 Biifef & i, NIRRT 9 D STV, BT E2RE B BB ETHAFI 12 HE
FEE (W) BKEBEATOR b LERT, FIETITENREIER TH 5, BRERHELEEERT
3, BEEEINTEL VL @ Lictk, —EBM I & B2 Y, il & Bk o s 5o EE
LT, kB L UCBENBYEROIEET > 1o 78, I TRENSY O EARYER
fedk (f) TE U bkl 1962),

f = (SCW / (W—-SCW)) =100 (51)

TEREEZE

BB ORREIEE (¢) iwd b7 5 BABRYERIEMOZ(LI Fig. 64 WRLAALSIED,
zhehoblfpldrsicRasn s,

FERA :log f = —0.0224 ¢ + 0.992 (52)

HEEEB :log f = —0.0197 ¢ + 0.915 (53)

FEERC s log f = —0.0666 ¢ + 0.617 (54)

EED :log f = —0.0620 ¢ + 1.034 (55)
(52) ~ (85) KT ~T

log f =at +b (56)

f=b’ea" (56")

a'=10"; b’=10*®

b
Z 10k B | C $D
Ll E %t E Y
; " ‘\. . . I .
3 )\-\ BN 3\ i
5 e’ b 1.
.. v
g I .' E \' Q.
o ¢  © C .
& . \ :
u_ o L
(o] o
E AR o § M
u e -
2 . N
T L
b ° I - °
8 00t bttt v v oo e b v v v v e ey bwn ey L
o] 50 100 (o] 50 100 o 50 O 50

TIME (h)

Fig. 64. Change of the coefficient of stomach contents (f) with the passage of time in four experi-
ments. f= (SCW (W —SCW )) «100, where SCW = weight of stomach contents and
W=body weight. Data of those experiments are shown in Table 21.

THRTTEMBTES, T Ta’ RBENL 2 EESBASMICEPRICRET 2B E2E LTS, L
o, BhSBNNAY LS N B LRIIBAEMD 1 -2 &85, COREHARY
WAORE L, RERTESALESE Table 21 TR L,
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Table 21 7 SIKEAEVIEEHENBYROREIXREL DY, BRicfTbhicE{ oS
E—ELTWB (WinDBLL 1978, FANGE and Grove 1978) TOEKXE LT, KD LHICE
75 THRIEMESEE D, TORBBRBMMNERICLE I EBEZLSNTV S,

BEDKE S CEABYRLRE ORI, KBF—ETROILEH-T, HE VUK TRE
Wo UL, DEORBIZKRICHL LTBATH S EEbN, 0T &b o /NEUERT A I g
LTEHARYIRDREE D TR WA EEL SN B, JosLING et al. (1977) i3 dab, Limanda
Umanda 1Z5\WT, PEIFIE EERAYRDRSE, EBRLABHOEVI EERELTVS,
R Tk~ 7o &k S, NEEWEOR S S ioad 2HHEHRESE L, ThEz AV F — o7
BT ZE P SRR T BNERS L LEEL NS, & 5T, BABYIRDRINE I
DZEBICET ARANE < Aahud, SEEERE BT 200, —ERRINICEINT X 2 REME
WREEBTIENTES, TOLHIBI LM S, NURUIBATREY D © = 2L F — B % 3
SEAHT, |EOEEEEMNEEEELEbIC, BRRYRDOROMARIEILERH L EE
AbNb,
KERTEONAFFOBABYRHDREZE~5%,/ hThoteo ZEREEZf=01,7
5 &, 24 T ER I BB RAEON0.3~4.9 % LB I 5,

BARYIRDRICESERIEFTERE LT, I TlRAKEPREDORKESDED, HEOH,
A, oREE, 3VWIRERMGE CORMER, ATz E0ERBEMON TV S
(WinpELL 1978, FAnGE and GrRoOVE 1879)e LT, T TSRO EREYRD R L EEE
fDEERIER & T 2 DIERMBZ W EE L oM B0, BEDHAE (1978) & Lc< 7
VEHRT 5L, AV FOBEARABYRDRIINEIDEVEI TH B, FIHITHRNZLS T, =
TYVEA YR EERAS L CHU LTV EY, BRAEEER<T VOABEL, Ehbdiliick)
i, BRAYEDRE 7 VOABEWE I ThH b, TOXH T &0 3 2 fi Ttk N Wik
DOREZFEERELTVAOTRHIEVWHREELI OGNS,

AR HWE - H{ERBEOREIR

BIHOWE « HELR B O, 20BN AMIcH LTS ELERMETHEZERLTVE I L
MHECHISENTVS (SUYEHIRD 1842), 4 iz WTIRBOER (L (RS Eh 1961) H4n
SNTVWEDAT, ZOMOHE « HEBEOBRBR SV TRELALEESAITENTHEVL, &
TTREE LTEAD OB WT, ThoOBREOHBEETRL, chETHLMZLE
AREO A E ORI > WTHE Ui, 8%, FREBIHOMILEE BB > WTIRE B TH~
%O

WA E

BEE O A W RHE 1981 46 3 A 5 1982 4F 2 A & T O Ic = BIE R EEITh Tl &
iz 324 ik (BXE 47.6~3445m) Thbo & IUREREKICIZC OR3P ZHERIPEN THRE
LcREERE R ORI Ui o XTOFEROHANE 5% A=) Y TRE L/BIRIT- 7o BB
BE (BP9 S EERERIEE COEM) BEEREOAME L,
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TEREER

T 4 *OMSIREEY/NE <, F FEEORIRIBONHES ST TH 5, EH

B (UJL, m) BLUTER (LJW, m) ORXEICHT BHHERZAENRNTEREN S,
log UJL = 0.908 log L — 1.048 (r=10.981) (57)
log LJW = 0.894 log L — 0.958 (r=10.980) (58)

INSOEMBERVTNOERE (EK 1959) THAI 06, ORORKE S RAKBOREIT

E ST - THWNCNE BB EEZI LN S,

TS /NPT, EETTRES, FET
RRTH T, BT TH B, FIilisam
EbiBATOwEsERbRKEW (Fig. 656)c 7%
B, ARZHECOERTCHEEZE LTV,

SR AT OLME IS TR S REER
L, 31 @BSHFoAMEVASSIRT, ikl
SHKTH B (Figs. 66, 67), 5 1 HBHFI D
QR 3 15~ 18 + 24 ~ 28 T, HEEHUC
SOT OO BV, 8, IBREAe
£ 50 mn B CEBICET 5, 5 1 ESHIT O
SR P TR] Pt D SR D T 1 B VIS SRR
(process (SuYEHIRO 1942, Yasupa 1960b))
BERIFEL, ThBELZLE-T, ME %I
K LTWwa (Figs. 67, 68),

REERE THEEN BRI L S R L, ETRE
SN L D SRVHSMEAEE L TWS, &

T D& D BHRMEE I TR, B3, Fig. 65. Premaxillary and dentary of the
HAMSAWET EOBBLESFEELTVWAS threeline grunt (203.5 mn in standard
(Fig. 68)o length).

A B

1cm

Fig. 66. Gill arches of the threeline grunt (183.0 mnin standard length ). A, lower limbs ; B,
upper limbs.
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Fig. 67. A, inner view of the first left gill arch of the threeline grunt (179.0 mm in standard length);
B, inner view of gill rakers of the same specimen.

B REESMS R IcRE L, Suvemro (1942) oYRI & P HIDhERTH 5 (Fig. 53)0
BE (StL, m) OREXECHT 2EEB L OCHER (SW, g) OEic T 2HxE %
NEH Figs. 69, 70 IRLAcE BT, ThoDRERNTREN S,

log StL = 1,165 log L — 1.235 (r=10.933) (59)

log SW = 0.903 log W~ 2.171  (r=10.975) (60)
BRABXEY UERE Gk 1959) Thah, BERBABECHLERETH 3, Lich-
T, BREEREI & 78 - THER A I 3R 4 245, ZhBEOERIGED 4 % #HE %R
LTWwW3,

BAFSEE 4 o+ OWPIRIZEIR T, 20 6 ~104%, B 8 A TH 5,

I AFEOGEIIBMT Suveriro (1942) ONEITH %, IGE (UL, m) ORXEINY 5
XEE IS Fig. 69 WWRL7cL B0 T, FOMKRIERTEEN S,

log IL = 1.025 log L — 0.286 (r=0.941) (61)
 OMERER BERE (K 1959) <, BoENBES R obERBTRBE—ETHE L
EZoNB,

HE  HILBRBEOHBEINRR 1 4+ Offf& « IHERE OB LKW ELOBEMNEL, Th
B LETTEAR L D ik, Ao EHSEIHE Hdis X & LB AR, BlkBE O
{EBESIER I/ NS WD THBEEEL LN DS,
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Fig. 69. Relative growths of the lengths of
Fig. 68. Pharyngeal teeth of the threeline stomach (StL) and intestine (/L)
grunt (183.0 mmin standard length ). against the fork length.
A,upper limb; B, lower limb,

Q

Bk U7c &k D e, ARl c B
ENHB TS v b vERBBLTVWE, ThH
st U, AFEOMH I = & v Clupea parasii
PTG VREDLSBET S v b rADR
B LT oD, B oR T’
S5V vEHICEIELTVS EIRVAE N,
UL, BB FogHRZGZB K (L, 20
Hadld Yasupa (1860b) 075 v 2 b v &
HENC EHUL TV B, Lichi-T, TO &
5 IEGHRER DR NUTM 75 v o b v D
HAZAREICLTVWADTHAS EEZ N5,

{mg)

¥

1000

100 -

WEIGHT OF STOMACH

10 . 1 A | L ]
| 10 100 1000

BODY WEIGHT (g)
Fig. 70. Relationship between body weight
and empty stomach weight.
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EIE ALESHLRE

4 %% D ANTHEEEEORA Z1960ERYTE, STbN TV S, &AW, REIEH, (1962) *»
FIRE (1966) (EATLSZRIC & » TIMEFRES, VIR & LCRBOMEEA 8, windik
HMFRORVEBETANOIEL, 5 DOERIGERITKR > TWS,, FEIER (1974) ¥R v
& I XY R &Y Brachionus plicatilis ZEA L, F1DTHEBOAN TSI & 2 TEHEE KDY
Lizo 20, KFEOIINFEN< 74 24 v 54 LEHE, RIEREREINS S (8 1979,
1981), JbB5iEA (1982) #ofF « B (1982) REEHFEEAV, TOHEI L » THREEEICHK
LT3,

EHD I3 OEINPHHAORE B L CATLEEARE BT 2B RMREEZE 5 & %2H
W& LT, 198345 & UM19844F I ZHER A/ EE S ERI R /K BE SR BRRTIC S W C AT AL RER R 1T -
Foo (KNS« WL 1985a, b, KASHIWAGI et al. 1984), & & CTIIEEIIRREH & NIliciT 55
RRREIC > O THRET LR 2N 5B

WsrsiE

ORISR 1983EIRFEME 6 B 3 HEB L U6 Bt ZHER B T—Aic & » TR S 72518
&, BIEX 0 E/DEER TEE SN TW20RE 0T IEE (MB0EE, H21EE) 2B vk
(ABE). 19844E13BIHE 6 A 4 BIcHifE L RS TR s e 24Bik &, §idED 5> OHHHRBHEE D
ESTMEEE R VT TR (BEE) AUEG (MRS, HEISMER) &4msREy (CBY) 46fEtk (M
1984, HE2TMEE) 1/ TR L, BROBXEMMIL Fig. 71 DEED TH 5,

RIVE VIR RRMEMERES Ly (FEESERE T o) 2 1EFYD ABR
300 IU, B#3500~1000 1U ZAFEEGRHIc S Lo 48, HHEFEIC 200ppm = F L v 57
I—NE) T 2= NI —FNTHEEL (SEHDEV et al. 1963, (BB &, 1082), HHEIIENHKC
K BBEEPF CBIES (BT 74 ¥ -7 <4 v 0.05% 1097 21T %o

IS S SEPREEE  FUIEICIZ 2 X5 X I mBERa v o U — PRDKEE (2 v — FBRA,
BEERES b V) B Ui, 38HUkE: 141983444 55 £ /min, 19844F49 1102 /min Th B, # —
-7 u—FROPKINIC 7 — AFREIN R » b (25X25X25em) #17TH LB EH IHE TREL
oo BHOEL B IRE & LU T20D 5230 % TOMICIT - Ko

BRFR « MEREB ORI & EIE, WLROEE IR & KR ORI EEDN B AR IR LIN20% i o
WTTTRERE B TEOITHER L TiT » 720 BEINSUAINO—ER (F9 200 mg) oW THEEL, FHEL,
BRI & - THEE Lo LSRG FORS0RIZ ¥ + — 5 — /Y Ztho 100 ifi BV E N T X+,
PEREHE Lo SNBAEEOERI Y + — & — N AU LcREBE (WER026m, ki
50me), € —H— (PUR4Y 75mm, 7K 50mé, 200md) B L UMLME (PR 14m, K& 5nd) F TR
fbxeT, BLEERD . ‘

PRREIE  AEPIR » b PICHEA L BRE 200D & 231 DR e SEIER -, 500 £ B e Pkl i
TR UAIEEA w b (F— A8, 45X45X45em) WA Lo HRBINEEIRESIR 0 BV 72
FFKIEILEAEL, %9 b OADLSTHOHEKEIT - o

Fil - EROET M2 B TRINEHER y PHRTHBEL, 20% % v P 5HL, 500
2 BRI T LA0R & TIRE L 7o KN~ 0BT R T<HH L, IRRE SR




A 4 F ORISR 181

v
'O ~ A
5
o
o I l l
g O
2
Q0
S B
[»]
Z
w 5
[o]
o
tl
m o L
=
>
Z10t C
5 L
0 .
200 300
FORK LENGTH (mm)
Fig. 71. Size compositions of the parental fish

for Groups A, B, and C. Experiments
were carried out for Group A in 1983,
and for Groups B and C in 1984,
Gonadotropin (HCG ) were injected
for the fish of Group A (300 IU /
indiv.) and B (500~ 1000 IU, indiv.).
F, female : M, male.

A& i, Bk 2 B 585650/
Ty, ChdExRMnE &/, Mdoa%» 6
T4RBETIRION vEEE2 v 2 ) — MR
B Lo VHERYNEIAESE (90 X90X90em) T
fE Lice & ORIOEIKEIZENE5L TH -1
BMET4R %D SA0TR E TR F 4 o v REGTHE /)
A (HE5m, 1.4X1.8X2.4m) R THE
Lo

R b2 A ofBEKCHEE oL S
Clorella sp. 2@mL, »¥ vE#E Saccharo-
myces cerevisice E{HEES 0L STHEELA
VA I XY R LV EIEE L BEOEE
THZ o, HREHE,S2AME T+
Crassostrea gigas @ trochophore #hH4 b &
bETHEA L, BLITR®E®LS, 754~
¥ a ) ¥ Artemia salina @ nauplius %)
HEDORKEY 75 » 2 b v (nauplii, cope-
podids, harpacticoids, Acartia spp., Oithona
spp., zoea AL E) %, FML28EHEDS
535 A MERFR AR E SR Uco IE40H
ki o COEASEEE 1 H 3EEL, B{E48H
BB EAI vF (FELT=I7VH50
W+ e ) SEEEEHCDROWRT A /Y
ERmUICRGER 25 1o, BRAER ORE
EI b RRE IR 3ME, 02ZEKET
20, 20%id 1HE Ui,

w R

EEDRREIE & IR EEURASER S SR,
AR (19834E) TR6H8AMLLTHLARE
T 27T AR, BE (19844E) Tid6 H 4 B
STHIBAETO42 AR, CE (19844E)
TIE6HESENSTH I5RETO 4 HETH -
7= (Figs. 43, 44), B, CTHOEINHEIZL <
—E L, — ARG OR2TER T A TS »

tro T ORIOIKIE S 1983 FE T 21.4~25.4°C, 1984 45T 20.5~ 27.5CTH » 720
FEIHARIth DREBN B A ATE21H, BB23H, CH2URTH »7zo CRETIIMEEAM L D EETD

BEOEHRE L, Fiz, FRROEITE Tl & S, EIEICIEER OB AAEI AT - T

WBZ &S, AR | BT E— A EEREN 21T S L EREIA TS 3 T L MR TH 3,
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FEIM OB PZLIZKR & LT 548, M —EOMEE A SNIE WV, 198381k 6 H20~23H
KE— s Ao, ke UTHRIBHETR L TWS, 19844E12B, CHiEL 66 A6, 7TH, 20~
0H, BLUTHY, 0RIKE—7MALN, SBHEEARLTVS,

REERTE SRR, IR LI &% Table 22 123 Lo, MHATE 1 g2 0 OB
ABMB, CHEBHIHEL THE DD, ThIRAEEO L S, ABOEIIBELIKT LTV
BuwipThdseBhbhs, B, CHAELET L, BEOFBHLIES VL, LbL, BN
TREE b IIFRRETS - 2o

PR &MERER IR & MEREBOLRIE L EfE% Table 23 1T, £/l h 5 OHPEEOREHE
{b#% Fig. 72 KEhThdk Ul IR, SmBkRie & S CERoRIEIRE s &, NECE
BERNED bl

Table 22. Total number of eggs spawned and number of floating ones for three experi-
mental groups. Figures in parentheses show number of eggs per 1 g body
weight of female

Group Total number of eggs Number of floating eggs
A 2.22X10°% (200)

B 2.18X10° (654) 7.83x10° (235)

C 1.28x10° (449) 7.62X10° (267)

Table 23. Egg diameter and diameter of oil globule for three experimental groups.

Figures in parentheses indicate mean values
Group Egg diameter (mm) Dimeter of oil globule (mm)
A 0.78—0.87 (0.828) 0.16—0.21 (0.193)
B 0.76—0.87 (0.817) 0.18—0.21 (0.191)
C 0.76—0.85 (0.802) 0.16-0.20 (0.187)

PR & nhERR & OBRICIE, IO RERARL A DN BBk HEBEHREBIEL 0430 &2y, 1
YIREETHELIEHBSRD b5, EORRIRKATEEND,
log OD = 0.7117 log ED — 0.657 (62)
ED, 91#% (mm) ; OD, kiR (om)
ki & SEEER & DR %E Fig. 78 R Uico KRMP26°CLL L s &, TER/DELED
DL LT 1 YKIETHESADHBENAD SN 5, UL, KIEH26°CLIT 0P Tld/kiE &
R OBRIERGSHBRRBED Shish -1,
KE26CLTFTOMPATOA, B, CREDIEROEHM 32 N1 0.828 mm, 0.817 mm, 0.802 nm
Lishn, ThoOEHEROEE | WKETHER TS -,
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Fig. 73. Change of the egg diameter with the
water temperature. Open circles,
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triangles, Group C.
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Fig. 75. Relationship between ratio of floating eggs and water temperature, and between
hatching rate and coefficient of variance of the egg diameter.

7kig 0.324, —0.008, EEUME—0.045, —0.113, YHGEIE-0.117, —0.056, TNEFZBHHRE—0.210,
—0.5210 SRR —0.045, —0.149, PRERMEREEE—0.130, 0.035, Ch o QMK D 5> BHEBMIK
BT SN D3R IR —kRBIFR (5 %KkHE), B LR - INRETHREBIG (1 %7KkHE)
DHTH -1 (Fig. 75)o F IR KEMRIERCEEMIZESGNE 0D, 70y O
AEIIIER IR E , FALE, EIROKES SELHREFET I ERBOTRETHA D &
Bbhd, IhicL, MR -INREHREMEHRTE, 870y PRI LCEE D, IR
DEBRESKREVIEE, T BRSO TS 2 I1ZEPUCRIZET T 2BV - T
H5Bo

${bER & PF FORER & ORI Fig. 76 IR LA EB 0T, HEEHREIIE 0479 &40, 1 %k
TEEBTFHESED SN, COMKRTS,
2, 3OBINRDH B, kL L TR LIRS
B OIREEBMER & < 12 B ERPSRD SN,
PUNABELEELOBGE LR EME
AEoKEmicd 20EE (HREE) &
FUUKELICd BIERE (ATEERED) & ORI
% Fig, 1710 Ui ML ILTEBIR B A520
B/ el AR & B0 i, BREEAS 3R/ el IR
O T B IR, BT Lz
RLTW3, UL, chil ho®Eiikss,
LR IZBEFE ORI & &713 - TR T 54
PRED LN,

TREAERE 20k /of DL L, (RSB 3 450/ enf 2L
FofEBiconT, BkRE NS EOMEBE%E  Fig. 76. Relationship between hatching rate
FEPERRNTET EROLHIC S, and ratio of floating eggs.
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Hr= —80.11 log Da —4.10 log Dv + 196.12 (R*=10.718) (63)
Da, HREHE B/af); Du, FREEE O/cal); Hr, BLR (%)
(63) OB I3 2 EYRHREIL 5 WkHET 0 EEBENL L, Lichi->T, ML mEl
FEEEDAHEMPED N B, IOMEOMZREBRATEENE,
Hr= —85.28 log Da -+ 201.1  (r= —0.846) (64)
KB - 55 SRS K URERRMEOBR kil - 55 SIMMER, MU E oBifkic> W T
T Kasiiwaa et. al. (1984) THESNATWAS, I TREFESOF— 20T, &
NS DRI WTHRH 21T - o B8, FEICHEH XN AUNE19835E 6 208 iR L - b D
T, FRIIOKIES L A R ENEN 21.57C, 33.4%TdH - 12,
kiR ¢ o LR & DRAGRI,
Hr= — 1984 7% — 4.125 S*+ 70.92 7'+ 269.9 S — 0.5475 7S — 530 (65)
S, 5y, %o 5 T, ik, °C
TREND, (65) Xhd, T—S LH EOFMERBREIEH RSN, £ ohLdki
22.6°C, 5 34.2%TH -7 (Fig. 78
KR - 85 &2HO LR & OBk T BRI TE T &,
He= —2.914 7+ 0.1463 S + 90.39 (66)
He, 500 LRH
&%, UL, ety 2ERRENIL 5 WkHET 0 EFREMNRDSNT, Lich-T, T
TR TSR R TS OB R B LA LW TE 5 LEA 5N S, £1 T,
A EROTKE &M M & OBIFRERD B & Fig. 79 WRT LD, CORRER
DWW THEEN B,
Ht = 2415/ (T — 13.2) (67)
FHERORE  1983F 6 12RIMta LR o Elflidd Tlc Fig. 28 wli, T T
(ML 30 BRI 407 B & TOREORE ARSI, RIRE Fig. 80 Ok Sy, HEN
Bk TEREN S,

00r 5 00 o 4 0 &y o o o
—~ X O N o]
3* o) o
w ! ¢} o]
i._
N | o
x o]
50 F o . o
(G o] o]
z o
=z ° o
xI O
O o o}
‘_.
(54 L b
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0 . i " 1@ O- i . 1 i &l
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Fig. 77. Changes of the hatching rate with the areal or voluminal density of eggs.
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W =499 (1 — exp (—0.00983 (0.127 ¢ + 5.26+8.53 sin (0.0172 ¢— 20.0))))*"

AA &

W, E (g); ¢, BB

(68)

@_J/

TEMPERATURE (°C)

30

Fig. 78. Response surface showing the isopleths of hatching rate in % in relation to
ternperature and salinity. Data from KASHIWAGI et al. (1984).
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Fig. 79 Relationship between temperature ofF o—° ' ) ) )
and time to 50 % hatching. Data from 0 100 200 300 400
KASHIWAG! et al. (1984) Solid circles DAYS AFTER HATCHING
indicate the results of the other au-
thors. 1, KAMIYA (1922):2, YASUDA Fig. 80. Early growth curve of the reared

et al, (1962): 3, MI1o (1963); 4, KITA-
JIMA et al. (1982).

threeline grunt in weight.
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£ B

IEBIREE R0 & ST, RN EREINEIC X B4 v+ DML, Bk 1 EDEERL
RBROSEHVONTV B, AERET - . ZHEIEMRTIAR TR, FRH&EIMEA—EL TH 5
Fodd, BN IC KB ORKREIE AT T B T EATHET, 1983EDREIEBRICH WA DT0% 3
TDXDBERBRICHEE NI AV FTH B, LA ->T, ARIRHIHER OB A EREPITK
FL, BEIIETCEATHET, oL NHAEAVTHENERESITAE, BHAERCET /R
EFHNERIBIBIRT A ENTEBEEL NS, UL L, RIRBEAOSZHEE L 2258 3Rk
DT BHEAELS, TOMIANWIET 2EE L WY, KKHIEL B EREDRTHE
FELUEHPEIVERNEONE LI TH 5,

MR &MEE  ABOIMR L HERIC VT, #E (1922) 2 hEh 0.82~0.84 mn, 0.19 ma,
JKE (1963) 14 0.84~0.92 mm, 0.20~0.25 mm, JbiBiEA (1982) 130.85 £ 0.017 mm, 0.21 £ 0.004
mn EHE LTV B, AIEERIZ I N S & 0 SHEEEAIA L, & T RS/ E WEE R
Shtce SO 1 ghoIbILEE, (1982) OMELD 2L, $24005TH - o

KEDFFIZE SR HROBDRA S 7 FA 7 VB ETORHENTVWS (B« HF 1985),
A 4+ OEE, KB 20~26°CORBATIRIIRICE LS ShB W T &, KIEO TR i35
FILBWT EbH-T, TOPROEDIKEIEESNTOEZDR, &5 WK ERMEREC,
BESR OIS OBRRTH B OMHL P TV,

SR pEH & NI OB O REIN OBRBEER D &, WLLIRTIC £ DI OMLRS B W
IR LFROEERE E2HET 3 2 L ik, BIAREEYRNZTS ST, MO TERESHEL
BoTWb, #27T, COLHREHIORE, $HOBINHEIHITAEMELT, W2HhD
IEEI > WTHIE S Thh w5 (EF 1974),

AW TR LR oEERIC BT AR RETH L2, f8F (1979) wwlied-» T, Bk
REGVE OYERMEEEZ Fo, BBOREERD S, MMLREBRTPIRIRD S IBHIZIE DR
TR E R LR TH 12 LichioT, INGIVEMEDHIEE 20, PREBHHREM/NE W
3L, BAVIEERIRESEEEIERLVWEREENG, i, IhEOBEY SR EH
T B, WEO &S RERYFRERD 1,

Hr=0431 Fr—222 EC+81.3  (R?=0.459) - (69)
EC, EZEmHE (%), Fr, BLEIE (%)

(69) RTEBONIHEM &AL T 5 &, AT BEEDORENL Sh, HEMER
HEDLLB W, UL, 2D0BENRD - TH, PEHINCBRIIMEBERET S &,
RO AELAT IO BEREBIEEER T ETHD, TLTROLEIUHEBTH - TH,
HHBEOEMBNMERSEEDLEEALLN D,

RIVE VHIORE  B-eHiE ABIICRET B 7o, 2L ORIV TERIE R F N
EVHIBEH SN TS, AP TR UM O RRMEEIIE s v & v i3 RgHOPNIC
SRS B, ORI IS E D PRMBITVEINTVSE (Yamazakt 1965),

FEBROBE (hu e ) & CR ENEE) 2T 2 EROELIIZE 5, (1) ER
BAECPHIRIC S0 SNV, (2) MUATE » OIS & i BEEO B AL W, (3) 7710
RIZBBOFMEL , ZOEE, B EIBICRENZED SNV, @) BMERRICEHOANE V.
PLEDRERD 5, BEHZFIVE VHIORETHIISRE S h, BEIEPE B -1cEFEAL N5,
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UL, HORRERICHEEND 5200, IFEIRCMEENES, BRMCE Ve YHOF
HERED SNIEhote, THOEDT EMDS, A9 FI>VWTR, DAL & bHERBMELGHT S
RO, s e vRIBALETHEEEL SN,

PURARE AENATAEAOHEEIC>VTRSE DWENE L, ERBRNIITDhTET
W5 o ARIBERRD S, RO & 5 IR OBE LARER TR, EREENS 2 ORMMERI
KRECHELREFLTWAZ LMW O MITE T, TOE, BEER60cn, &5\ 1350 cnl475 05
R oy D THIUL S TTROMENEAT B EMNTHETH B,

KB - 1ES EREER, ML OBFR T TEHONAERE S A 4+ OREIMEKE « S
ENZTN 22.6%C, 34.2% THBHEEL OGN, KRHETOREIVEI OKE AR D X 51 20
~26°CHIE T, WY 80 %I LOBYELRSIIG T X RPN TH 5o F Fo AR O Bl LS 1 H
BB, AFEOBERNSAMHCE LB Tiihha T L &—HLTW3,

LGRS &R & DRIRAEETERB VoM Eh TV A2 (BLaxrer 1969), Th s
MRl & HERBRIC KB T & B, B MM ET ARBRES—EOBSICEA L, EE&E
i Qo B—EOBEIHEET 5. AREOWALIER & KR © BRI BE—0EHihR I 3EEE T,
Qu KR 22°CHIBTRESBIET A EMMSNTVWS (KasHiwact et al. 1984), £ T
TR, AR EROTHEORBREER Lice (61) RiEEF— s -k {HWAL, Kii 18~
28°COFEBA T LI BT ARG (OKR — YR X ML) 2RBE—ETh 5 L
EAOoND,

KIR &ML > WT, #a (1922) LEE,» (1962), KF (1963) BLUILEED
(1982) DEEEAE Fig. 79 WWHETH L, INSOER T T TRO I & gy & { —E L
TVBH, kb HEREOEEIFED 5N 3,

B8E MEEFES
A 4 OYIHATERIC BT 2T A (1922) RKF (1963) 1ok 5 ATSMMIN T &t
frRaOFTIR, PIE (1929) < & 5 RAHEROICIN, B LOARN - Bl (1985b) ik BN ER
BEHRER D FELE & AT b SH R E TOANIEOITING SAME SN TV B, KETIEKMAERE
HEZHE LB i w T, IR PAMRICIE DL, HXIRE, MPlBOMK, B &
UTHALE OB LIC > W THd 3 50

BE IPAIFEE & FHERODSVERTEIE

KETTIEA 4+ ORI ST E TOWMEIBEE RS BRI ERIR L, & 5IcARm
B B OFBRSS & O el & U4  +FHIAE & D HBEA T - 7o

Brsehik

AW W2 N THIEDAR (1983EEREE) k- THEHEN D TH 5, AR
Hi 6 B10R, 118, BABLICUREHIIZ 1 J€—A—H50IE5 475 ARBRATRES W,
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B LTz MEKRIE 205~21.5C TH »Tco FHEMIZ6 A 8 HB X UI0HEHDIZ TR T~
FAETHE L, B U, AUROBRIGEERCE L 8kt F Ly s ya—LE)
T 2 =— VI —F TR LTI, BIHC2EERNE U, 20%, $2K% 5 ~109 itk &
A ) vTHEEL, 2EPCIEE (IEFIR» SR TOBEMER) OMEZTV, BeHERD
OB T Y HFY) Ly FSTHREB LU,

RO A AR ORME D S AL, BERX > TRERBINZRERFED
BHEHET 5, T TRIOBHEREEYORBRER XL, Baflas L, SBFHR D
HEMEEKENDALL et al. (1984) ICHEMLL 72,

fEREEE

BRI SISINIIIEEIE T, B 0.78~0.85 mn (GEH 0.83 mm), PRG35 <,
IRRSRE IO o BIEE IR IER TR ISRV S 2, WEKIER—T, £ OERIE 0.18~0.20 mn (5
0.19 m) THo7zo (Fig. 81 Ay

TR0, 20K (Fig. 81 B), 55401k, Afmial (Fig. 81 C)o 1MfH20431%, 8 Hifai
(Fig. 81 D)o 1 H[i45501%, 16MKal (Fig. 81 E), 2 M:R10434%, s2fmialy (Fig. 81 F)o 5
B, WMBEEASE D A5, BIREESIERE S nEEic s 5 (Fig. 81 G)o 9 M5MISsAH, Ik
O RERANNE U, IBROMIADSEE 0, A2 5 (Fig. 81 H)o 145463 R, ALK
xha (Fig. 81 1), 1605454 #%, FIOMHE L, BIERMSEER S A, Kuerrer JASHET 2
(Fig. 81 J), 18I5RI204504, Mtk 7, WhAk-PiliEkis & U'% O 2 O UREE I ic JkR 35 gl A3
HER L, & S METSTHRmER, S HicibRE s ltiEl+ 3 (Fig. 81 K) o 22K#204)
%, BE5, BRI EEASHE U, SEREs L AR EsERicZtd 5 (Fig. 81 L)
BIEA04Y %, LS OBEEIRNIEEIAR S b, BEIC ABE AN T 5, Kurrrer ML T B, 2
B I200) 14, WMLDMAE %,

BIHB(FE (yolk-sac larvae) BMbA SBHINE TRl L Lic, ME/KER 19.0~215°CT
35'37"3.0

LB . &R 1.50~1.65 mm (g 1.54 mm), Wif%L9 +16=25, PR 2R OH53% I8
FHOFIREBYOETT, WL DRI BT &EFHEV, I FIcBRNS S1 D, MERIII LR & [E
KT, OB THIAE LTV 5, BT ORIV -CHIESR, BB, W, Ay &
Jirh ey, BERREENTFNE TS, BREERT, B L OMBR BTt T 50 FriciiEk LTl 3 T IR EeR
OWBEFEN A SN, F B P oAkE I 3EORROMBIRERNS 5, ThihEHIcRL
THORERETOEORINIHE L h - 7o BERNISTHER A8, MImImrEa, o
T, Rk b, TR, BN PIRTT A LT 0B (Fig. 82 A)o {FRUIKIEA I~
Bz L, KEIIBET 5 C &30, REEREEIENE i L, Bl eR T AR, BEA
E/dp IV BT LT, RRIRBIE S TH IO RIGER Lo

Wb 5 S 2K 1.78~1.95 mn (S5 1.89 mm), MHEi 11+18=29, RBMMET 5, &
EHEILERLR P SRR IS L, & SIEIEEMY, HORREEHEEITHIREL L, Hh
HREMO IRERITEE S & D078 B PrThrh B <M & & CIEIREE < W Ry 5,
g g e ki (Fig. 82 B,

PAL12WERE - 28 2.10~2.15 mm CGE¥ 2.13 mn), Wf% 11+18=29, UI#E RE&EDH32
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W&, YT X DRI ICEH LTV 5, g iyl Tl Lig 5. SR BRI EE
BABL, ol bE IR 5, BB, PR EaNasREk BB L U]
FicHE T 5 (Fig. 82 C)o

L 18 B« 2E 2.20~2.40 mm G 2.30 mn), HHEIEK 11+18=29, JRHEIZLED 27%,
TN DSEIRISIRIRRE T & THRiB T 5, I LOBANHELT 5, HOEREBEICRER G %=
7o R TR U R L, IR E BT 5 AT I Lo ERIRED ¢ 5, (Fig. 82
D)o

L1 B 25 2.256~2.38 mn (Y 2.34 mn)o TH{LEMRGE L, DOREMSERESNIED 5,
JEgE 3 rh g TR L, IBREET 5, HEOBIUZER LemEER L, BiRkk o R
RS & TIAA B o MR BRI S ERE T Y, HhEkEE, IIEETRTS e, B E AR
N3 ERERAE S &L O, LB R oW B L CIEHE, A, IMNE%OREEimns
& O, BB o & UG, FRKBICOMT 5, BEERE» 20 ED L, BHEe
SRS, AT, DPEETE, MLERiScoaNtT 5 (Fig. 82 E)o CORHIICE B &, fF
BIRHEE e U, SREMTHICET TEMT B L5y, BB UThia b St RISy
BLHILIEB,

k2 A% 2E 2.66~2.71 m G 2.69 mm)o ERAMKS ICHlg B 5, HLEMS I
RET Do RICHOFIRIGD U, SHCBBEEIII% S <2 OEESH L v, B Rk
Bh L URBPH LSRR TEE AN, BERIISIERESITHET 5, OSROERBHETT 555,
FEBO LW (Pig. 82 F),

BT & (preflexion larvae) B4 SFHElhE chiBEBARE Ui, HEKER
20.0~23.0°C TH » 7o

MAL3 H% : 25 2.71~2.80 mn CEY 2.77 mm)o BT 3, RERDFICEBRIASIET %,

L4 A% 2F 2.83~2.90 mm (i 2.85 mm)o HERIIFTERCBINS h, BlaNk{R#ET 5,
GHE B & Ol E oo BRI U, A, A ERmoRBRaSsEmT 5, & 5 IIFE
B OIENEEE I IR BRI BT 2 (Pig. 83 A)o T ORI & FRIEE AL L Tlikd
BEHIED,

B E11A% : 28 4.00~4.15 mn (F15 4.07 mn)o RIS 1A%, Bl ETRG & Uk
B SBT3, T RTOMBEEIGBILERZR L, DB IRE < 85, IR Nl 2
FRSHERT 5 BOFERIAS TSRO, MRS, BIREIP% 5 6 L ML
BB B o PRREMIENRA T USRI O RS 20, WA T, ST, MR
FERT, THICETRE, R, T 5 (Fig. 83 B)o

ERhEBTE (flexion larvae) BEMEHih oM BiblAa s Lz, MEKER 21.0~
22.0C TH»10

PL19R% : ©&F 4.9~8.1 mn (B 6.5 mn)e &K 5.5 m i THRRGEOBEHSHE S
5o £F 6.7 m OEETREEICRGHSIHEL, AHibEHONE, 2K 6 m T, BEH
TR, £ 2B RS 5 o BIASEE SRR TR 4 TR 6 B
HDoND, NEEEC SIS 5, MBLEVHE L, B LSBT ROMMENS 5. WEHK
JaiRiRIFsEisk L, S RalastEd 5 (Fig. 83 C), ORIz v 4 3 X
YR AVIPOXOKREOWMY TS v b IZBITT B0

%BEEAFRA (postflexion larvae) HRMHHIHREESEHEMERIOET 5 F T RBIGF
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& Uiz, SBKER 21.5~235 °C TH -1,

Wib21B% : 2K 6.5~8.6 nn (P 7.4 m)o BSOS EMITHEITT 5, HHIBME T
MEEEBHBE U, BESMES» SBIL LT 2, BEEILBIT L, SRSk T 5, Lo L, K7
B REE THfE LTV B TREEOBEE, Ml Ic R ET 2, ARFLIC UNMBEL 5, B
B & RSB SHEd 5 TS SBT3 @iE & HB U MEERDYS 5, BEla
T BB IR T 08, k& U GRITHEM MBS 5N B (Fig. 83 D)o

ME25 0% 2F 9.4~12.2 mn (F 10.9 mn)o FEASERIc U, WliE 3 BRSO AE
Y 50 LA DETRESEEOERICEL, HEPHBL TV 5, BHERBOBAIEED,
REERERR PR U T WA BRI ASEIT S 50 BEOBIISEHER ceind 5, (Fig. 83 E)o &
DO DT RUGIERICHIK L, ¥ v 7 ) v 7 OBEOFED Skl 3 & 51K 5,

FEE (juveniles) REEDBESBMMPEMICE L, SRBESESEMT 2T TE MR E L
foo FIETKILIE 22.3~28.0 C TH 70

BAE2901%% : ©F 11.0~12.7 ma (E¥ 12.1 m)o WFEEXI, 17, BHET, 9, R 9+8=17,
ik 18, NEEE I, 50 REEDBELRIIITERISE L TWA, BMRRIHHINA SN B, FEHLE
OISR IERTRTH B o BT A ¥ +EE ORFEGE IS g, THER, S HE %
RTHRBENE <, BIUYED» SIREE D BERE S ol eitEd 3 2 OIS sTm &
h5, BREZIQE DR, BEE 1 H BB A SN, ARAMFIRIZI2ZHENS
(Fig. 84 A)o

FACEEEHHOTERE MY 22E 12 m BRI L, KIENTOBKBSE « hfgh s
EREANZT 5, TOLD BHROMEIUK & iGN bIZ 2 0 51 Acanthopagrus schlegeli
w5 A, F54 Evynnis japonica, 4 ¥V ¥ A BRETEHEINhTWA (Fukudara 1977, 18E

1978, fEIE « R 1981, $EFT 1979),

£F 16~17 m K75 5 &, 858 FINTT, & X OSSR IR R o b Ja i i MER IS T2 R
Shiso 5,

{46 B1E « &K 18.0~21.7 mm (3 195 mn), SEEIRRITIZE A EDHEIMSTET L, HEPRE
BE TR DBAIE U T W B IO B s E R4 B0 BIRICOBE L T 2ol ps ikl o
%o MR CTHBESMBIES D, BROEABEBHTEON B LS 3, FUREEROEE
AL, GFRRIEHOEANC S 5o BHCT BRSBTS, RitEc REe BB T b,
BRI BRI RIS, BT, b L UREHER BT 5 (Fig. 84 B),

R (young) HANFEALSERICHEEL Bl LT cEEME L, MHEKERER 104~
30.0 °C Thoto

WL65E T : &K 34.6~36.8 mm (1Y 35.3 mn)o BEEDMRGTHRN S SN, JHETIEAHRH
FETE 5o IZIZIFERBETHEN, WA Sh b, FE SRR & FEkiciE
W ERET 5, WHISOAHSE S T 290, 3ROSR T 5, Mgz Lok
HEL, ABSHE,LSZAEEET AL i3 (Fig. 84 C)

LT | FEREERET A &, 2K 130~140 mn FHEIC/S D, BT B & 5 IR DTS
ST UTRBBINCBITT 5,

ATEHEEN « ETFRB LURRHERLOLE IIRRE LT ROBREEMNS (1922) B&
UKFE (1963) &HMR L 720 JIARE ORBIEIZZ hZ nBEDKEARE - TW B kdic, T
DAY S B 45, FANSFEBR RIS EHTS - oo RFREDIcHET s BanRta gt
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Fig. 81.

AR

Development of the eggs spawned in a tank. The water temperature ranged from 20.5
to 21.5°C. A, fertilized egg newly spawned. B, 2-cell stage, 40 min after spawning. C,
4-cell stage, 55 min. D, 8-cell stage, 1 h 20 min. E, 16-cell stage, 1 h 45 min. F, 32-cell
stage, 2h 10 min. G, blastula stage, 5 h. H, gasirula stage, 9 h 35 min. |, formation of
embryo, 14 h 45 min. J, formations of the eye and the KUPFFER’s vesicles, 15 h 45 min.
K, T-myotome stage, appearance of granular xanthophores, 18 h 20 min. L, 15-myotome
stage, appearance of lenses in the eye vesicles, xanthophores branched, 22 h 20 min.
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Fig. 82, Development of yolk-sac larvae. Scales indicate 0.2 mm. A, newly hatched larva, myo-
tomes 9 +16 =25, the yolk partly segmented, the oil globule rested on the infraposterior
portion of the yolk sac, numerous granular xanthophores on the head, central portion
of the tail, and the dorsal finfold, branched xanthophores on the oil globule, 28 h 20 min
after spawning, 1.7 mm in total length. B, myotomes 11+ 18=28, granular xanthophores
changed to the branched ones and developed, 5 h after haiching, 2.1 mm. C, granular
melanophores on the head, 12h, 2.2 mm, D, segmentation of the yolk disappeared, the
dorsal and anal finfolds developed, 18 h, 2.5 mm. E, the rudiment of mouth forming,
1 day, 2.7 mm. F, formation of the pectoral fin, xanthophores dwindled, melanophores
developed on the anterior and posterior margins of eye and digestive tract, 2 days, 2.8mm.
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Fig. 83. Development of the preflexion, flexion and postflexion larvae. Scales indicate 0.5 mm.

A, preflexion larva, the mouth opened, the yolk and the oil globule absorbed, melano-
phores developed on the pelvic finfold just before the anus, 4 days, 2.9 mm in total length.
B, preflexion larva, the nostrils forming, the preopercular spines appeared, the finfolds
dwindled, the anlage of the caudal fin formed, 11 days, 4.0 mm. C, flexion larva, the noto-
chord flexing, the anlages of the dorsal and anal fins appeared, the caudal finraysformed,
the interopercular spine and the branchiostegals appeared, the premaxillary with seven
conical teeth, xanthophores almost disappeared, 19 days, 6.7 nm. D, postflexion larva, the
pelvic fins appeared, the caudal fin changed from rounded to truncate, the dorsal, anal
and pectoral finrays forming, the pelvic finfold disappeared, the posttemporal and
supracleithrum with spines, melanophores dwindled, 21 days, 8.6 mm. E, posiflexion
larva, the finfold completely disappeared, total number of finrays completed except
the pelvic, 25 days, 11.5mn.
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Fig. 84. Development of the juveniles and the young. Scales indicate 1 mm. A, juvenile, total
number of finrays completed, dorsal XII, 17, anal I, 8, caudal 9 -+ 8 =17, pectoral 18,
and pelvic 1, 5, the dorsal and anal spines incomplete, specific longitudinal dark bands
began to form, 29 days, 12.5mn in total length. B, juvenile, the body partly scaled, the
dorsal and anal spines completed, segmentation of finrays almost finished, the caudal
and pelvic finrays partly branched, iridophores appeared, 46 days, 19.4 mm. C, young,
squamation almost finished, three longitudinal bands completed, 65 days, 35.0 mm.

BhROMiic kD, CITRIRTERHERE Lz, LEd-T, IhbofifoRaRiaes~
THERMEFHL 3L, COBBRONHICEREBEIRD LBV, BB, #ha (1922) &
BaRLRERORREBNTVEY, TTTHELEBD, 25TEBvLIcBbhi. BE
FEHOAFRIINSOWEE—FHLT\Wb,

SELEHROFROLE TS (1922) LIBERIKTS %0 MHAPHE LB LT RIS Y
L DBIAICERLTOWED, AP THELRY, IESEEL RH LI UFRRED o
Bl otze KE (1963) HSECHE L 7-FRIBADIEHER L 0 bbb ThRERSKE VY, REBER
EREDOLNBVE DI TH B, HEERONFRBRINSOMELFLALERL L, /2, T
h o oL BRERITLINNFL & FEARRCREBA 5L, CoROAHICIEIREDL S
FERAG ST I

Tl DUk o 0 Feask RS Bl DT AGRTR I AA I N (1929) DftdfiE—8y 5. UL,
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Rt AL O A TR O AN REE TR S h, 2R TH3I~4m OEBED S
Nic, SEEEBNO 7 v 2 TE LA (&8 13~29 m) OHEFERIENE (1929) ©
il E BIEFERK—HLTVWE I Ao, ATMHEEHRARKRMRCIRLT, Bohio/has il
ETHIEEMSBC 2L EL N5, COLIRRBR<FA49s 04, ~¥4 Sparus sarba,
AXFTHHLNT VA GEE « BT 1978, AT 1983)s O XS BMEMNEBIHERE LT,
FABRBEORORSKEEE L TVEOTRRVWALEDNS,

4 YR REONE L UTFHAOLE ARMEUHOYHIER £ WA WSS 2 & 0 TISHREE
HoNTWS (Table 24), 158, BAEA ++BAHTEIRBIEO S B, 3BEMIc>VTH
B B VIFRE DIEHA S 548, BABE I V4 ¥ B>V TERIEMENT Vo

% b 44 Hapalogenys mucronatus®< SOOI 0.8m §HH 5 1w 55T,
H—OHERER-SEHINTS 5, TholEE EotRiariEot, IRRHORAST LTS
SAEBRMBED ONBH, MEEATIEINLOBEOREHMHEELL, MAIERETHA S &
Bbhd, & b5 IENEPPREL (1.22~1.25m), ELBHOMERERE > & Tho 1+
FRPIERESRL LTS,

B R ORHESS 5 THRVWFN SIIMPINE» SHATHOL TV 3, ILMOAE IR
Anisotremus virginicus TRFhIIBL OEIH, ZOMO 6BTRE A TH 5, thEkidiikoi

Table 24. Reference to early life history of Haemulidae. Figures indicate the authors
shown below

. Larvae )
Species Egg Yolk-sac Preflexion Flexion Postflexion Juvenile

Haemulon plumieri 1 1 1 1 1 1
Orthopristis chrysoptera 2 2 2 2
Pomadasys spp. 3 3
Conodon nobilis 4
Anisotremus virginicus 5 5 5 5 5
Xenistius californiensis
Plectorhynchus pictus 6 6 6
Plectorhynchus cinctus 7 7 7 7 7
Plectorhynchus sp. 3
Diagramma picta 3 3
Parapristipoma trilineatum 8,9,10 89,10 9,10 10 10 10,11
Parapristipoma humile 12 12
Pseudopristipoma nigra 3
Hapalogenys mucronatus 13 13 13 13 13 13
Hapalogenys nitens 14

1, SAKSENA and RICHARDS (1975); 2, WATOSON (1983); 3, LEIS and RENNIS (1983); 4,
JOHNSON (1884): 5, POTTHOFF et al. (1984); 6, HORIYA and KawaMHara (1982); 7,
KOBAYASHI and IwAMOTO (1984); 8, Kamiya (1922); 9, MIro (1963); 10, KIMURA and
ARITAKT (1985b); 11, UcHIDA (1929); 12, PODOSINNIKOV (1976); 13, SUZUKI et al. (1983);
14, OKIvyAaMA (1982) .




A 5 F O RIRA YRR 207

W A, virginicus ZBRWT, TRTE—TH B, UL, ZOMEIR Haemulon plumieri 2w
4, avaw A TRIEORS, 4%+ Parapristipoma humile 88X Uk » ¥4 TIZEH
Thbo Eiz, 414 FAHFED SHIBHIHFAEICS S h BRI IR ERIaNEET 28R
o 6 TR SN TV,

A+ FFIRFAS S B RFRRGEOBRERIEADE W &, REETERE-PILFIER
DY IR BRSNS ONE T EBEIL > THBS T oNE, ava v 51RO 2HR
i BERRBENMHL, et b 51 B EREBCBERENS S LiTi->TI ¥+ W
BIcXBTE 5, LAL, 1 ¥+ @BROBBEEEMBDLIVRT, H plumieri ¥ Orsopristis
crysoptera, A. virginicus, Xenistius californiensis, Diagramma picta, Pomadasys sp. & &
CHBILTWB, TS5, O. crysoptera D, picta & ZEBERDONA 2y — v BHILDHE
BLTOWEY, ThAD 4R S FIERSHERIZT O,

A VT OFAM EEROETI Y+ L ava VM BB IU LS 1 BRIEIREN -
TWb, E72, Conodon nobilis % Pseudopristipoma nigra T3 v a v 54 BREALEK &
FIcBOFRHBE VT LR, A virginicus TREFEERICBHSS 5 LELETS 4+ 8T~
TWwb, —F H. plumieri % O. crysoptera, Pomadasys sp. FRIACEIRVTA #+ & &<
FEOLL, BHcET 2 TRl oSBT s — v b —EIL T 5,

IOEDIA P FIHARBEED Y 2 VS BRBIUE S S BEE S 3720 BEHEICEEIT
X2, LdL, #—2X 35 ) 7D Pomadasys sp. &RESIEML TR T EMS, BEEI VA
H R BREE S LTV AEEEEIRE C, TS OMORREMTVIIRTI, Th 5 OBAIN
EOBETRETHAMIITHETH 5,

Jonnson (1980) B4 #FRHc e ¥ ¥ BESDTHRLY, b ihfioEEic>wibe s
SABEAMO A+ REEEE LR LTVWARENE V, Fh v+l ava vy 1 HEIRE
FhTwah (BB 1955, Jounson 1980, I 1984), Wi, HricHIEMRIIFAD SHERDOTEIE
BERRO LS IcEEMOa Y v S BEELD 88 LA, Haemulinae @ H. plumieri ¥ O.
chrysoptera 75 E L SHELULTW 3,

B2E AAREE

FHERIlIc B kD 7 o~ v 2 vOR(LEYP S B, I TAVRATHER
O WTHBRORREZRY, T OWEEICS SN2 MEER A& RERRE & oMK AL
T & KRR L OREE I > W TR L7,

HEAE

BESAUL 198345 6 B 10 IR L, # 0% | FEHIRE L/ 228 Bk (EdEAE1.4~111.4m )
Thbo FEEIHORER S ~10%H: =) v THEES NEARI > WTIT» 7o AIEHEER,
4B (TL, m), &4 E (SL, mn), IIP9RTE (AL, m), 888 (AL, m), IR (ED, m), L%§
E (UJL, mn) © 6 TH B, 1B, AilFas oHiFaE ciM@RELEEGREL L
(Fig. 85)o %7, HAR & HEIE GHIBHIHTRLIEOEAC > W TOHRE L,

FoR oD 12 512 i o 12 BEA 1 198 LR I B IR K BE R B S e SRp ge i TR B & h /e ALAETE 638 4
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(BEAEfR R 2.3~100.5mn), 3 & UF19804EA 5 198 14FIC Ao i TR EIEIR S B p THRME U 7= 525 i
AP =ERIE AN TIRE LR, BRI EDRARMIERER (A ET.2~69.8m) TH 5,

AT R OB PN R E R O B A A TE (R2Fh— 3275 v 1972) 2HL,
BRKMEE 1 % & Ui,

Fig. 856. Diagrammatic illustrations showing the measuring methods of the larva (A) and the
juvenile (B). 1, total length ; 2, notochord length ; 3, preanal length ; 4, body depth : 5
eye diameter; 8, head length ; 7, upper jaw length ;8 , standard length.
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ERLERE
HMBER AR oMEdnE i Figs. 86, 87 IiRLick ey, #hZhiko & 5 2%

TIN5,
BRiER R — 2R

SL<7.7 : log TL = 1.031 log SL + 0.011 (r=0.999) ¢))
SLz7.7 ¢ log TL = 0.990 log SL + 0.100 (r==1.000) (70
PR — PRI R

SL<1.8 : log AL = 0.713 log SL — 0.158 (r=0.930) (72)
1.8 SL <25 : log AL = 0.275 log SL — 0.040  (r=0.752) (73)
25< SL £27.6: log AL = 1.137 log SL — 0.391  (r==0.999) (140
S8L.z21.6 : log AL = 0.932 log SL — 0.080 (r =0.999) (18
FHER R — BRE B GR

SL<5.0 : log HL = 1.590 log SL — 0.926  (r=0.981) (76)
5.0 SL <(32.0: log HL = 1.095 log SL — 0.577  (r=0.997) an
SLz32.0: log HL = 0.826 log SL — 0.168 (r=0.992) (78)
B R — 4 m5R:

SL< 2.5: log BD == 1.1656 log SL — 1.128  (r==0.979) (79
25< SL <(3.0: log BD = 7.582 log SL — 3.679 (r=0.934) (80)
3.0= SL <5.6: log BD = 1.798 log SL — 1.163 (r=0.991) (81)
SLz 5.6: log BD = 1.070 log SL — 0.656 (r=0.998) (82)
R — IR

HL<5.0: log ED = 0.964 log HL - 0.461 {(r=0.991) (83)
HLz 5.0: log ED = 0.833 log HL — 0.313  (r=0.995) (84)
g — RS

HL< 2.0: log UJL = 1.414 log HL — 0.448 (r=0.996) (85)
HLZ 2.0: log UJL = 0.802 log HL — 0.272  (r=0.995) (86)

(BB DX R A 50 2 BERIETT R OALE 2 Fig. 88 1R Ulco MMLEIERRoEIE AR
1.8 mn THEHEAE —IIFIRIEBBRICERTAE b, ok, BEHTRICEITT 2 MK E
2.5mm {3 F TORNIETHRR « JEER i o U TR oMENSE L wicw, TIMEEOMINED T
INE T8 B o HHEITFf S SRTBHIFRICTEIT T 2 BUc (SBIME AR E — A BfRic SRRtk
O, HERECOBESEEI Om IE coficRBiciEkd 3, BRI o Bl &
BT AU R AR - SRR CRHE AR — AR BRI ERRBIT A SN0 B o RIS
S RIBHIIF AN OBITIIC IEREE - 2RBIRICRER 2B T 528, ChidFROBIHS5ET
THIE, HEVIIRESHES I E T2 L EEBLTVWEEEL SNb, £/, TO
B (S ERE — FERERMR I SERMA SN, ThZ FEEOERE L& &1 5B EED
FEEISHELTVWB LI TH B, MM BEE —IRBMFRIE, 500~ OBITHE IE
R R — AP BRI AR - RO ERIT SR 51 5,

TOEDIT, BEMEREK A SN ARERTRRRBEBOBITHE L CHELTHWE T L 258
S5 THBo £z, 2 < OREETPHIEMT N, SRBHIMTRoMIcBI D, TORE
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L Fig. 87. Relative growths of the eye diameter
B (ED)and the upper jaw length (UJL)
. against the head length.
o.‘ i L i} 1.8 14 3¢ i 1 k3 KO T 2 % )

1 10 100
STANDARD (NOTOCHORD) LENGTH (mm)

Fig. 86. Relative growths of the total length
(TL), the preanal length (AL), the

t f 1 ! } '
head length (HL), and the body depth ! L bz bailay 0 0 Y
(BD) against the standard or noto- : : o i
chord length (SL). sL-aL —o—d 5 - O
SL-HL O—ty -
SL-BD ! GOttt ;
1 ! . v 1
HL-ED e Ot
HL=UJL F——————0t—} :
[ | 1 1 ot bl 1 H
i 5 io 30

STANDARD (NOTOCHORD) LENGTH {mm)

Fig. 88. Growth inflexions of six parts of the
body. Showing the relation between
growth inflexion and developmental
stage . L., yolk-saclarva ; L., preflex-
ion larva ; Ls, flexionlerva ; L «, post-
flexion larva ; J, juvenile ; Y, young.
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CITHOWER (ZEATR) SEBROATHER (BHALR) BLU

RO Z B U 7o (Figs. 89, 90)o HEMOMENEE I S HMTH L VAERIES S
N, FHCRERER — IIFRTR IR -P IR — RMEATRIEEEMSRY SN - 1

BODY PART (mm)
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LI e M §

o0 REARED-MIE .
ey REARE D-NAGASAKI 4
a——a WILD
4 100
1o E
19 g
] x
N [l
o,
b w
[=]
>
[a]
4y ©
. fond
301
H 1. | T W W 1 i K TS O 0 W % |
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STANDARD (NOTOCHORD} LENGTH (mm}

Fig. 88, Comparisons of the relative growths

of the total length, the preanal length,
the head length and the body depth
against the standard or notochord
length among the three samples of
reared and wild fish. REARED-MIE,
the fish reared by the authors ; REAR-
ED-NAGASAKI, the fish reared at
the Nagasaki Prefectural Institute of
Fisheries ; WILD, wild fish caught off
Atsumi Peninsula (Aichi Pref.) and
in Ago Bay (Mie Pref.).

EYE DIAMETER (mm)

[oN]

T

T T TTTT

o—~0 REARED-MIE
s REARED-NAGASAKI(

Lol 13 aea}

UPPER JAW LENGTH {(mm)

Al 1iid 1

Lo fd \ A

{ 10
HEAD LENGTH (mm)

Fig. 90. Comparisons of the relative growths

of the eye diameter and the upper jaw
length against the head length among
the three samples of reared and wild
fish.
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A — SRR ATHE RN TRENE L, ThdERERpETEREE RS O, 2K
BhEMEMNSRERBOFHRE Y, TOFRE LT, ALEEREREELS S L3800
TRIEERDIHNL 00, COREENECMEESNELHTEREVAEEL OGNS,

AR - TEMGRESEATRERRBBTEENE L, s EERATARTHREESTE
b ot & EEEE - FSBRTREBATRERKRAMTRENE, ThoEZBATR
B CHEENRY SN, B - IREMGRIE 3 HEMTHEENED S, Thodl e o, W
BOE s S EREIC L - TR L, KRB EENE LSS 20, FEWICRAS HFA
THBROBIERRBERENTVEELONS,

B3 S X UBIORMERE

{3 AHOBIRE A /26T AR O EELSHNE T, COPBBRIERE R EREl & BB
HLTWV5, o IEREIcE T 24 bEECPELEBRET, Th bl EREERK
OFHEDORB ERKVIRBRLTVWS, COLEIWTENS, AXF (Fukunara and FusHiMI
1982) ®= ¥4 (GEE 1976, b), ¥4 GEE - KRR 1981), 7 v 54 (Fukunara 1977), A
vy 4 (GEEL - B 1978), 7 A F # Hexagrammos otakii, (Fukuliara and FusHimr 1983,
1984) 15 & o AT % W CERH OB BB SFHHIcHE S LTV 5,

AT A W AT A B O CHER ORI A S i L, ReEBIRSeEER & OBfR
D WTRET Lo

R

BRI S B DRAR TH B, BB T UFY vy FSTYRE LR, EAEMREETT T
1T too SEERTURBNC > W OIRHEESE B & CBIEORIREE, YHIRGE, ABIRGBERT L%
ISR OFERILEE (1976a) 1CHEILL 7o, B R AN > WTHE L 72,

g AT D W TR RN B 1T B B 2 £ ORPEEZE Ui B0 RIE/NFEE
LRI R 5 A SRR I DB L CTHT - oo

EREEE

R W 2K 6m FIRTREEFImCEESHEL, 8m HETEANHEET B, 2F
8.5mm B CRESARILERITET B A0 —IR I3RS OIBRERR L, iA5EK T 5 DA R m
Rt Ch B0 NENELE Imm BED SEHISEN, 1Tm BB TRTT 5, 2 R2EH24m » 5
1HE D 130m YLETET 3 %0

2 AW AT R A OB G SR 13 28~33 TIIGH29.6 Tdh » f2o THUITHT L, KEARM
TIE29~33CEIESL.0TH 0, IS MI ATIHE ROBREMERERALD DL, ToER

| UKEETE-ETH o COLIBRPFIMBOKFETERDLATVS (BH 1975)0 —iT,
AT EB RIS RR B U TR OBRSEINC ST 3 2 HESM oM T0 b, D), A
THIE IR BIAMEL 720, CORE, BRENEBERPDELBE0TRIZVLR
EELLNB,




A 4 ORI YERITE 213

B U RTE S FRICRE 6o itk THIET 5, BREAE 8w Dl EoERIZASh, H
B EIFIFRIFHC RS BRI T 5, L L, 8 SHIBIRGROIEIEAR L, Wl E o ES
AD134E18m DL ThH B, HEIZRERS5m THIAL, 156m PLETRT 45, Sk id4E20
mn FREED SHIMAT 248, S I THWIRAMEE (£2E134.5m) THET LTWEh -7,

2 2R A FIRTHEESHEL, £ 9m METAEPMAED? SBIBELT 2, £2EH
Umm THRBOBADSIEZ O, T BRI 2 & BEEATHIE U CREIEOTIRDEE S o RO HE
£E64m »SIEFE D, 9.6m FiRTERICET 5, HEIESOHE EEIENCIAE D BB E
T 2 2E9.6m HETE T 50 NRUIEEH12m THIAL, 18m HETET T %,

Mk « B LAI40mER % 0 2B 2.8m Bk THIE L 28BS EIRO®B A B L, £ 0%I15ER)
BEcAIcHE L CTHIEORIEIRICE 20 AR ITRERINZE U TF Lo tiksShis v, £
E30mm PLEOFRICR B E, FAHOREBME L, AEPEMIFICL S, HBRELSE Tm BEL»
SHBIL, 12m PETERIOET 5, HHIRAEKNI.5m »5EE D, 60m BB TRETT 5, &
HideR24m BE,SBT Y, 130m LILLETRTT %,

NGk - OB IR OB, B0 8 m THRENEN S, HBROTKIZEESm Fifth 5
Bk S, 12mm BETERICET 5, HEIRE2E 2m BE,SEIEL, 16m [FETET T 5,
AR ldm §iR» SHEE Y, 3m MHETRET T %,

BEEDOEH AR E Fig, 9110k Ui, B

(— BEGINNING OF ANLAGE FORMATION

mAEQERE N A0 RIRET, RS D COMPLETION OF FIN FORMATION -
BT T BORRIETS Do HENRIEN 2 fomarion o FivRATS @ coeterion
BT RDEREASEE T 508, BT RIS o0 BRANCHING SPINES
TRICHEDSHBEN S, COXSBEHRE e A
4 (FEHE 1976a) ® 2 9 ¥4 (FUKUHARA DORSAL | &t
1977), 4 ¥4 R - fHf 1978) T oMY
EhTw3 o o °
IR & RERIES L CEFHER & OB B I ——
RIEIF o SRIEIIE g TOBRBE T 3R P
FELIAMCHERE L TV BB IR S0 Th B, £ CAUDAL | o—s

Dk, &k A m BETREORIEMSTER L, &

51 6 mn B QMM SIS 5 EEEME  cecroral .
DFHE & CFEMEORESRASHHIR U, W5k BEAS

TR RIRT 5 L EZ 5N B, T OUWIKEED =
DFGEIC L > T, YA ILYET LVInD D PELVIC | =

KT bk 2 VBRI & ~ ORISR T T
WEEIC B DTHA D EEL LN B, ThiT TOTAL LENGTH (mm)

G U BN SRk & h, EAEREO R b
BB OND, 25 Omn B ORI Fig. 91. Sequence of the development of fins,

55 L SHOBEIHLS, TNE NI
RTER LS B, E7o, A O oo

» " L., preflexionlarva ; L, flexion larva;
TROEIVIEE O, BiE» SE~OBITIICH L., postflexion larva ; J, juvenile ; Y,

febo CORIBENICESR T, Wk young.
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—BLupfbah, FEL O OEBSE L BEICE S, 2R 12m FE TEEOBERMSER I
L, MEIIHITYT 5, ZOBICIGERENLE « FEHh SEE~NEIL, FoBBIERSIEE 50
&5 18mn BIRIC7E B L BT OHE K CIREHPERIGEL, SBOEANMENTRT %,
T O ORERITEFENZBERITERT AL AL B, REBOMRDET L, RALFEROTES:
AT L DI B0 ML 1 EL R L 722K 140m BETH S,

TOLD T, HOREIC L b2 CEWFRENSTURIITHEA L, FFRehEREFROZE
HYIS RS o R A LI O BB S AR LT 5 & A 5B, E HICHRMIIIIED
EAREMSERL U, TR B BRIMENI L HIL S, TOX I INEOFRE L LT
AP L ORHIE~ &1 (FBIR 1976a, 1984) 2 v ¥4 (Fukuuara 1977), 22V 7=
¥4 Lutjanus vitte, (Mor! 1984) 5 EORIFICHDVTHIHEINT VWS,

BERBEE 2F (5.9 : ¥IERSEE LIRAR OEBRERTIC 1 BT 5 (Fig. 92 A

£F 16.5mn : WEEERBT HihthREic 1 FlofiggsRaehs (Fig. 92 B),

£518.5~20.3mm : fUERIZIABICIS BASRIEHTRICOBEL TV B, Frhitih 5 FHEKETH
ETRAMTA T, BN RO LT oigninss (Fig. 92 C, D)o

£520.5~20.9mm : BIRICHEE L TO BRSNS 2, MR T A OBIEETA~NEND, 2K
20.7om TSR ASER SR £ 8T 5 (Fig. 92 E, F, G)o

25 22.0mm : BRI ETHIESD KORBIERELEDLLHIB 5, THBREFICBSHER
%5 (Fig. 92 H)o

£E 24.2m . BWIEESICHEBL, g5 CEBEEsEA S (Fig. 92 1o
£F 26.2mn : HHEEERCRBEER B X CEREEZ RV ESHE - B LEETREIRERR
Wi 5 (Fig. 92 J)o

£F 34.2m : LA RTELITEET 5, CORBREE 130m Bk E TRILE BRI BT
BOEFRIEE T Lz EA oh 5,

BOFRERL £F 18.5m : MRBLIA OB 2T, BRABREEL, /NI 0
~14T%% (Fig. 93 A, B),

4E 20.4mm  /NEEOS 3AIT/E 0, REEER OB L TEEMER I ED 5 (Fig. 93 Co

45 22.0mm : WA S (Pig. 93 D)o

&5 24.2~24.6mn : /NEEASEEINL, BEONEHTIED SPEEERT LD b (Fig. 98 E, F)o

2B 34.2mm : PNFEOEIRIC subctenial base PR E N EEBBHICED, BANZEGHD
Wt hsserkd % (Fig. 93 G)o

£F 43.5mm : /BRI U, R B S ONE SRR L FAROBEE RS L O
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Fig. 92. Sequence of the squamation of the reared juvenile. A, 15.9 mnin total length ; B, 16.5 mm;
C,18.5mm D,20.3mm; E, 20.5mm; F, 20.7mm; G, 20.9mm; H, 22.0mm; |, 24.2 mm; J, 26.2 mm.
Scales indicate 1 mm.

Fig. 93. Development of scale of the reared juvenile (A to F)and young (G and H). A and B,
18.5mmin total length ; €, 20.4mm; D, 22.0mm; E, 24.2mm; F, 24.6mm; G, 34.21mm; H, 43.5 nm.
Scales indicate 0.2 mm.
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Fig. 94. Sequence of the development of digestive tract of the reared larvae and juvenile.

|, intestine ; P, pyloric caecum ; R, rectum ; S, stomach. A, preflexion larva 2.75 mmin
total length ; B, preflexion larva 3.1 mm; C, preflexion larva 3.5 mm; D, preflexion larva
3.65mm; E, flexion larva 5.7 mm; F, postflexion larva 10.0 mm; G, juvenile 12.7 mm; H, juvenile
22.5mm. Scales indicate 0.5 mm.
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Table 25. Theoretical length compositions of each age group in winter

A
Fork 8¢

length (em)

0 1 2 3 4 5 6 7 8

4— 6 0.0019

6— 8 0.0088

8—10 0.5354

10~12 0.3397  0.0005

12—14 0.0240  0.0455

14—-16 0.0002  0.4649

16—18 0.0579  0.0080

1820 0.0007  0.2088  0.0001

20—22 0.5835  0.0161

22—24 0.1929  0.2874  0.0029

2426 0.0068  0.5633  0.1250  0.0024

26—28 0.1300 05616  0.1133  0.0069  0.0003

28—30 0.0031  0.2926  0.5504 0.19396  0.0363  0.0061
3032 0.0169  0.3140  0.5836  0.3978  0.1833
32—34 0.0001  0.0198  0.2077  0.4036  0.5828
3436 0.0001  0.0079  0.0710  0.2253
3638 0.0010  0.0025

Table 26. Annual landing in number (unit 10°) for each age-group by three fishing gears,
estimated from merket size categories

Age
Gear Total
1 2 3 4 5 6 7 8
Hook and line 7.8 752.3 182.8 52.3 10.2 2.3 0.4 0.0 1008.1
Set net 86.7 114.9 43.6 8.3 0.3 0.3 0.3 0.2 254.6
Gill net 0.0 0.0 0.8 4.4 4.4 1.8 1.0 0.3 12.7

Total 945 867.2 227.2 65.0 14.9 4.4 1.7 0.5 1275.4
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Table 27 . Comparison of the population size at the present level to that at the unexploit-
ed level, A, number of matured females; H, number of eggs spawned; M;
natural mortality coeffcient; N, stock number; Ne, fishable stock number; @,
availability; Z, total mortality coefficient

Present level (Z2=1.39, M=0.6) Unexploited level (Z=M=0.6)

Age N @ Ne A H N A H

(X107 (X107 (X107 (X10D (X109 (X107 (X109
1 3861.5 0.058 224.0 0.0 0.0 38615 0.0 0.0
2 2056.6 1 2056.6 403.3 12.1 2123.8 416.4 12,5
3 514.3 1 514.3 252.1 26.7 1168.1 572.6 60.7
4 128.5 1 128.5 73.9 17.1 642.5 369.4 85.3
5 32.1 1 32.1 20.3 7.9 353.4 223.0 86.5
6 8.0 1 8.0 5.5 3.0 194.3 133.1 74.0
7 2.0 1 2.0 1.5 1.1 106.9 78.5 56.3
8 0.5 1 0.5 0.4 0.3 58.8 45.7 39.4
Total 6603.5 2966.0 757.0 68.2  8509.3 1838.7 414.7
% 71.6 41.2 16.4 100 100 100

Sex ratio, maturity rate, and fertility of each age-group were shown in Table 16,
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Fig. 95. Relationship between fishing mor-
tality coefficient and catch in weight

";"4’*%3{%%{2@?: Pfh\%’mﬁi‘i_j:%@&?’ (Y), and relative stock level (A and
EEMPHREREEE LTa 2L T H) A, number of mature females ;
WBIZT EL GV, LT, HEEEIZTS H, number of eggs spawned.
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