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Studies on Stock Enhancement Technology of the Three-lined Tonguefish Cynoglossus abbreviatus

Koji Kusaka

SUMMARY

The three-lined tonguefish, Cynoglossus abbreviatus is a large tonguefish in the family Cynoglossidae
(superfamily Soleoidea), distributed throughout shallow muddy and sandy coastal waters surrounding
Japan (from Honshu to Kyushu) and the Korean peninsula, and from the Yellow Sea to the South China
Sea. Although the three-lined tonguefish is commercially important for small trawl net and gillnet
fisheries, catch quantity has declined gradually over the past several decades as a result of over—fishing
and environmental factors in the Seto Inland Sea. Therefore, this study aimed to develop stock
enhancement technology for this species, specifically broodstock management, juvenile production and
releases. These technologies were investigated by observing spawning as well as rearing of larvae and
juveniles in tanks. In addition, eggs, larvae and 0 -year-old fish were studied to understand the early life
ecology of C. abbreviatus in the central Seto Inland Sea.

Chapter I . Spawning and hatching Spawning rhythm, number of eggs spawned, and spawning time
were examined in wild caught C. abbreviatus. Four females (total length : 312-355mm) were reared
separately with three males in each tank under natural temperature. The start of spawning and the
spawning period differed between individuals. One female spawned 14-22 times during a single spawning
season. During the spawning period, which began in late April and ended in early June, all females
continued to spawn with frequencies of 44-81% across all days. The total number of eggs spawned during
the entire spawning season and the maximum number of eggs spawned in 1 day were 334,000-521,000
and 45,000-53,000, respectively. These results indicate that the three-lined tonguefish is a multiple
spawner. Mean egg diameter was 0.96-1.10mm, and egg diameter decreased as the spawning season
progressed. A significant correlation was detected between mean egg diameter and water temperature
on the day of spawning. Moreover, spawning time in C. abbreviatus maintained in tanks was estimated to
occur between 14 : 00 and 0: 00.

To obtain quality eggs for seed production, we reared C. abbreviatus caught in the Seto Inland Sea in
land-based tanks. I then investigated and compared the number of eggs spawned and the egg quality of
these two brood fish groups. Brood fish started spawning in late April, when the water temperature was
about 13C, and spawned almost every day until early June, when the water temperature reached about
19C. The total number of eggs spawned by one female fish in the short-term-bred and longterm-bred
groups was 194,000 and 537,000, respectively ; these numbers were less than the batch fecundity of a wild
fish. The floating egg ratio, egg diameter, and survival activity index of larval fish, all of which are indices

of egg quality, declined as the spawning season passed and were negatively correlated with water
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temperature. Although quality eggs were able to be collected from wild fish immediately after they were
caught, quality eggs should be able to be collected more stably and more systematically from brood fish
group reared for more than 1 year.

The effect of water temperature on the time taken to reach each embryonic developmental stage and
on hatching rates were studied in C. abbreviatus. Eggs hatched at temperatures ranging from 13 to 24C.
The time between each developmental stage of eggs decreased exponentially with increasing
temperature. The time taken from spawning to first hatching decreased from 102 hours at 13T, to
30 hours and 30 minutes at 24C. An intersection between regression lines was observed at
approximately 20C, when the logarithm of time taken from spawning to hatching was plotted against
water temperature. More than 50% of all eggs hatched normally at temperatures ranging from 13 to 20C
and eggs incubated at temperatures ranging from 13 to 24C produced normal hatched larvae. The
relationship between normal hatching rate and water temperature was expressed by a curve, with a
maximum value of 15-17C. I conclude that 15-17C is the optimum water temperature for embryonic
development and hatching of C. abbreviatus. This coincides with the water temperature observed during
the peak natural spawning season in Okayama Prefecture, Japan, for this species.

ChapterI. Growth, development and survival of larvae and juveniles To elucidate the optimal
temperature for rearing larval C. abbreviatus, I examined the effects of water temperature on the growth,
survival and morphological abnormalities of larvae. Larval fish were reared in seawater held at
temperatures of 14C, 17C or 20C, or in seawater at a natural temperature (ranging from 16 to 24C
over the course of the experiment), until the completion of metamorphosis. Survival and growth (total
length) of larvae increased with rising water temperature. There were no significant differences between
growth rates and survival in larvae reared at the natural water temperature and at 17C. Survival rates
were poor at 14C. Morphological abnormalities, including an abnormal eye position and differences in
body coloration were observed in fish reared at all temperatures. The percentage of fish that developed
normally was highest at 17C, and the occurrence of morphological abnormalities was highest at natural
temperatures and at 20C. These results suggest that the optimal temperature for rearing larval
C. abbreviatus is 17 to 20TC.

To determine the optimum rearing conditions for early stage larvae of C. abbreviatus, 1 investigated
the feeding, growth and survival of larvae reared under multiple conditions : in 200 L or 500 L tanks,
under different photoperiods (12L : 12D, 24L : 0D) and in water with different prey densities (5, 10, 20,
30 rotifers/mL) until 16 days after hatching. Photoperiod and rotifer density affected larval feeding, larval
survival was the highest in fish experiencing the 24L : 0 D photoperiod and survival and growth were the
best in fish provided with 20 or 30 rotifers/mL.

Measurements and observations of juvenile hatchery-reared C. abbreviatus were performed to
examine morphological abnormalities, focusing on five asymmetric characters : eye position, body
coloration, presence of a nasal tube, presence of dentition, and premaxillary length. Hatchery-reared
juveniles were classified into a normal type similar to wild fish, an ambicolored type (with eyes on both
sides of the body), and an intermediate type showing characteristics between the other two types. The
ambicolored and intermediate types are considered metamorphosis-related malformations of flatfishes.
Pseudoalbinism and reversal, which are commonly observed in hatchery-reared flatfishes, were not found
in this study. The most significant result of the present study on hatchery-reared three-lined tonguefish
is that the eye position and body coloration of the intermediate-type individuals were between the
normal and ambicolored types. Eye migration and body coloration on the blind side of the intermediate

type did not synchronize.
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ChapterIl. Mass seed production A 45-day mass production experiment of juvenile C. abbreviatus
was conducted in a large culture tank (40kL). A total of 77,000 juveniles with a mean total length of
22.8mm were produced. The survival rate was low at around 10%, with a large number of fish being
found dead on the water surface at growth stage D (larval stage) and at the bottom of the tank at growth
stages E to H. However, it was shown that the fish could be raised by the same methods used for other
saltwater fish species using, for example, a feeding regime primarily consisting of rotifers and Artemia
larvae, indicating that mass production would be possible.

ChapterN. Early life ecology in Seto Inland Sea The i situ distributions of eggs and larvae were
investigated to elucidate the early life history of C. abbreviates. Monthly oblique and horizontal tows were
taken in Bisan Strait and Harima-nada (central Seto Inland Sea) from May 2010 to March 2016 using
conical larva nets. The eggs occurred throughout the survey area from April to June, indicating that the
spawning season was from April to June. Based upon the temperatures at which eggs were observed, 1
concluded that C. abbreviatus spawn at 12-20C in these waters. Moreover, these results mirrored those
seen for spawning in tanks. The density of eggs was high around central Bisan Strait and tended to be
lower near Harima—-nada and Hiuchi-nada, which was the same as the distribution of adult fish. Larvae
mainly occurred offshore in May and June, and did not appear in either river-mouth or coastal waters
during this time.

To determine the optimal location and fish size for releases, the burying ability of hatchery-reared
C. abbreviatus was studied using sand of various grain sizes. Sand obtained from the sea bed was
categorized into three grain-sizes : < 0.5mm, 0.5-1.0mm and 1.0-20mm. The area buried by the fish was
visually measured. Juveniles from all four size groups (mean total lengths : 30, 40, 50 and 55mm.) were
able to bury themselves in sand consisting of grains smaller than 0.5mm in diameter. However, only the
50 and 55mm size fish were able to bury themselves in sand with grain diameters larger than 1.0mm.
Thus, burying ability increased with size. These results indicate that released fish need to be larger than
50mm to increase the effectiveness of releases in C. abbreviatus.

To understand the early life ecology of three tonguefish species (Cynoglossus joyner, C. abbreviatus and
C. robustus), I examined the fishes caught by small trawl nets in the coastal waters of Ushimado from
May 2008 to February 2011. The month and minimum total length (TL) at recruitment were August and
629mm for C. abbreviatus, September and 56.7mm for C. joyner and September and 41.6mm for
C. robustus. Following recruitment, all three of the fish species are distributed on the fishing ground. The
December mean TL of C. joyner, C. abbreviatus and C. robustus were 982mm (z= 6), 151.8mm
(n=26) and 157.6mm (2= 5), respectively.

These research results clarified the physiological and ecological characteristics of spawning, larval
growth and development, thereby contributing to the improvement of juvenile production in
C. abbreviatus. Future issues and potential directions of technological developments for mass seed
production are discussed. Additionally, I use this knowledge to present the early life history of

C. abbreviatus in the central Seto Inland Sea.
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Table 1-1 Body sizes of C. abbreviatus used for captive spawning
Spawning Tank Number of fish Total length (mm) Body weight (g)
group (m) (F:M)*! Female Male Female Male

A 1.8%x1.8%045 4(1:3) 355 256+ 2% 292 93+12
B ” ” 312 257+16 232 94£24
C ” ” 352 252+ 8 248 77£11
D ” ” 353 267 £22 267 95+21
E 35x25x0.7 50(30 : 20) 301+22 234=11 17542 67+ 9

*L F : female, M : male.
*2 Mean * standard deviation.
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Table 1-2 Spawning period, spawning rate, number of eggs spawned, and rate of floating eggs in each group

Spawning Number of eggs spawned ( X 10%) Rate of
o Ped  Days RoleT Temperawre g Totlper 1g g, O
A Apr.24— May.20 22 81 137-174 521 1.78 441 84.7
B May. 2— Jun. 1 18 58 161-19.2 338 1.46 181 534
C May. 5— Jun. 2 14 48 16.1-195 347 1.40 305 879
D May. 8— Jun.10 15 44 16.6—199 334 1.25 282 84.5
Mean(range)  (Apr.24— Jun.10) 17 58 (137-199) 385 147 302 776
E Apr.21 — Jun.10 45 88 131-1938 3,698 0.70 2,843 76.9

*1 Spawning rate = (spawning days) + (days of spawning period) % 100.
*2 Total per 1g body weight = (total eggs) + (female body weight).
*3 Rate of floating = (floating eggs) + (total eggs) x 100.

See Table 1 -1 for groups A-E.
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Fig.1-2 Daily changes in the rate of floating eggs
spawned by each group during the
experimental period. Group A4, B:&,
C:A, D x,E: @. See Tablel-1 for
groups A-E.

29

1.08mm T, #ABAKE & LIS R AEMICH
272,

FEIRZKIR & 3% IR, JIEEORMR%E Fig1-4, 1-5
2R L7ze BEFRKIR & % RIERIZIE D X (= —0571)
EEX (r=-0693) TEOMBBEEZESALN, KiRD
BRI ISR LAz AS, BN A, B,
CXTIXBRAIA SN H o7 BEIIAKIR & IREEICIE,

|
11 »

) Group A
|+7 d 1 ’
| |‘ 0!0
10 + * l‘|$|’: | ¢
S I Pt 0.2t
o
0.9 1 1 1 1 1
L |
11 ?il Lo Group B
!?g? T? 1] |
| <0 a4
' et
10 t 14
L 4
1
0.9 1 1 1 1 1
Llr Group C
El | | 1
£ t vt
LI S A Ak 4
3] | i
g *
8 |
o
&
[Jb_]n 0'9 1 1 1 1 1
| Group D
H I“ ! I‘ > !
o f+¢l+' ?*? + P
i ¢
10
0.9 1 1 1 1 1
11 '|I|'.||| Gr(l)upE
R IO
AT M b
Sl 0y 0. 568 Tillog @l | | 4
b 'ITi"?? T 16k *ees *
10 ! I e ||
]
I
0.9 1 1 1 1 1
20 30 10 20 30 9
Apri May June
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Table 1-3 Embryonic development of C. abbreviatus
(at 17C and 20C)

Time after egg ~ Developmental stages of embryo

collection (h) Temp. 17C 20T
0 Tcell 177C)*

05 2 cells 2 cells
1 4 cells 4 cells
2 8 cells 16cells
3 16-32cells 32cells

35 32cells Morula
4 Morula Morula

4.5 Morula Blastula
5 Blastula Blastula
13 Blastula Early gastrula

* Temperature at the time of egg collection.
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Fig.1-4 Relationship between water temperature
and rate of floating eggs spawned by each
group during the experimental period.
Group A 4@, B, C:A, D: x, E:@. Solid
and broken lines indicate regression lines.
r:Pearson product-moment correlation
coefficient, *: (p <0.05), **: (p <001). See
Table 1 -1 for groups A-E.

AKIED EFAIZHE, IR/ L 720 SALS KT & IR
FOBEBEIZRAOMEE X, A, B, D XAZFNE1—0.0320,
-00228, —0.0081TC, EX»D—-00080& 0 /&<, AKifi
D FFC X D INFEO/NLIE, G EEID X ASEE RN X &
DLEMTH o7z

FEMEBZOME IO 54 HE O BIZHEE % Table
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Fig.1-5 Relationship between water temperature
and mean diameter of eggs spawned by
each group during the experimental period.
Group A:4, B:E, C:A, D: x, E: @. Solid,
dotted, and broken lines indicate regression
lines. 7:Pearson productmoment correlation
coefficient, **: (p <001). See Table1-1
for groups A-E.



A CThHo/zZ b, TNHIETRTORTFHIED LJ
(EZ N LRI D REN & HEE STz

z £

1B &M 3R KIENIZINE L C HIREEIN S & 74528,

4 1§ RT TRV 1214~ 220 O FEIRAHERE S 41,

REH LI TH D Z LN -72(Fig1-1,
Table1-2)c ZHEIADI L, =54, €I X, b
Y X X 1) Repomucenus beniteguri \F\ITHHMEINT 5
C EAMEBIEINRER CIERR S L TEB Y, Z ORI L
ZFNZEN680%", 66~88%%, 771%™ & @Eh > lzs —
F, A=A TE: 3~ 6 HEBOWHN 2 EIN % 17,

FEIRBEE (3175% LK<, & 5122 1= 270 Thunnus
orientalis TIXEIIIAM % 8 L CREIIA ST 5 EAK S
B o ABEIRS A &, FEIRIAR, PEIRAEES | AEE
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ENHDHTENI bay FY 7 DNA B »SHEE SR
TWAY, RIFFRIZBWT, A KXKOM 1 RBIZEHICIEIE
BHEINLZZ 00, B, C, D Xo 3 RIZHiFn 2 il
RARD R e KRN D V), I 344~81% £ %
FEC, IR —EOMEAIE A SN h 72 (Fig. 1-1,
Table 1-2), R, AOBEHEFEMEOLEE) 2 HET
B EEABREERIIAA KR TH Y, BETEPHERIR
RSN N I PRI % b X T Wb, 4l
FEIRIFRAS—E TR o 72BN E LT, s timo
BLPAME TS T ST R OBRET TR L 721
METHY, A THEED A ML 2505 DEIEA+45T
Rho - REMEL E 2 SN 5D, AW TSP
ZLIZOWVWTHEL TV WS, SO O R0 5 A M,
WS SRS CRINC IR IS AR 2 A ffEiT
HaH DR SN,

A % B LA PEINEL O S O B & FEII I | KA

Table 1-4 Number of eggs spawned at the time of collection in each group from May. 14 to Jun. 3

Spawning Temperature

Number of eggs spawned at the time of collection ( x 10°)

Date )

group C 14:00 16:00 18:00 20:00 22:00 0 :00 -8:00 10:00 12:00

May. 14 A 166-174 0 0 265 19 0 0 0 0 0
15 B ” 0 354 20 0 0 0 0 0 0

C ’ 0 0 0 108 0 0 0 0 0

D ’ 0 0 0 86 33 0 0 0 0

May. 19 A 173-175 0 0 142 30 0 0 0 0 0
20 ¢ ” 0 0 164 162 0 0 0 0 0

D ” 0 0 0 20 0 0 0 0 0

E 17.2-176 0 0 0 390 450 270 219(Blastula)** 0 0

“Aay;gé B 177-178 0 0 85 02 0 0 0 0 0
May. 24 B 180-182 0 0 0 200 - *2 0 0 0
25 C ” 0 0 81 0 - - 0 0 0

E 179-18.1 0 0 50 1140 - - 750 (Blastula) 0 0

May.29 A 19.0-196 0 0 07 0 0 - 0 0 0
=30 B ” 0 0 0 09 0 - 0 0 0

E 19.1-196 0 0 50 154 54 - 214 (Blastula) 0 0

Jun;% E 19.6-19.7 0 0 0 45 13 - 81(Early gastrula) 0 0
Total eggs (X 10°) 0 354 1064 2364 550 270 1264 0 0
Proportion (%) 0 60 181 403 94 46 215 0 0

*1 Developmental stages of embryo at the time of egg collection.

*2 Not done.
See Table 1 -1 for groups A-E.



32

L, FLEOKIREFIC X o TR EHIT M A TRINC
B, BHFTIZEABRFUKRZ B2 THEHEDBRITL,
FEIR AT 550 MES0R I & A T oI,
IBCAETHE V20T 2R 5 LT L, EIKIROEIX
#¥)7CThHotze —7, MBIEINTIEI3CHTHEINZ B
L7 ARTIZITCATHTL, #%®B, C, DXT
1216C 2 5 BIHE L 20T F ClIof T3 5 7 EREIIKIERIZ
NDFRO B NT228, KIEMEIZ31~37C & HEMND 1/ 2
BET—E LT\, KR L %4575 RS 2 N
W OW T FERRT, MFIEIN 4 XOEIRH o H %
WEHEEIIX D 2/ 3 LT & AR5 &1k o
THEINX TRSNZEINPH NI L TWwie
(Fig.1-1, Tablel-2)s TNHDOZ M5, KFEDE
&L ComINEAR BEIN AR, B BE IR O AH
EIZL o TERINTWEEEZ BN, RIS
RHOEINMAET L LI AT T A0 L3857z,
LRI OEBIEETN 4 KIZBIT A 1 Ro@EifuE, 1H
720 feRE3TFHL, WM O EEIN$1E334~521 (P
385) THICTH o7z (Table1-2). HHEHOREINEIL,
[ 7L AHEETEBENHBRPERSI N TN T
A @D 8180 ~ 11579 T- kL ', < # L A Pleuronectes
herzensteini D 2175~4,064T-K:%, <2 H 7 Verasper
moseri D927~1352 T4 X NWARD TH % ho72h, 2
IR A X EBIBHM S REE L Cnb e EZON
bo H1E2HTIE, HERZOFTHMA12H L 14
D EOBERRM 2HEOEIRIL 2 L2 A, 1
FUL Lo RIS MR E L7 ) ORI T2455 5
NTwize 7z, WRWHERREIZB 5237 7477
VI E T ADR L EROMRIE, EREFER TR
N, ZINEIEEONE & HICHINT 5 2 LR EN
TV 5%, ZNHIZE O 4 E343mm T O I H
B TCIED 5 & 450mm F CTlEEZ BIFEER T4 2 & T,
MEEINF2 100 TRiAS A 1, Moo L A HEEL FH5%
WZINBSE £ A TREED D 5
GUVE OFHEFERE I3 2R EE, R RIPE, FRER, 5L
B, AFRERE, MORESEPHY, —KIZINHD
BB VIISEREINE SN, SMEBROTFHOEE

DI LI, I, (FROMERITARITH (SAD A
SHEHIDRE & X L IIT L, K s BOMBY S =
LRGN LAz, ST RS0 L IR % A L oAb
ROBEIIKICBTEIEE b IR 120
NI B X ONEHLS 5 IEIA55 ), ki &0
WA bz, LarL, ERIRETE 4 X0 oS

HE#DKE {, —EZ0@mMEASNT, KL DOED
MBS DIXTROSNIZDATH o720 —77, JRIE
IR OfGE & & b I/ L, A, B, D @ 3 X TKil
L EOMBEAED S, FOMEAIIEEINX X Y b i
572 (Fig1-2~5)c TNHDZ L5, HENICE
A FEIERE, HADIXSDEEIZ X ) E4 Tld—5%
DEIA) % FEBL LA WIEER OIIATE L S T
O TEM 2R L, —7, INEERILME 4 TIEEHI /N L
THIDPFILEND 2 & TR R EAITE ST
Wh T B BN X o TS LB SV R & £
THHT HEMNIEL D Z DG D o 720 BEMED REGR
AERCTH S 2SN TV B IVEL, L~V ofEm %
BL L T2 W REMEDTRIZ S 7z,

YHA, T A, yuv sk EGEEFEIN A ER T
%% L OWERIL, FHPSHEBCEICEINT 2 2 &A%
SNTHEY, THNSIERHICHBIT B0 B L Ok
W&, BREICEE T WEE» S Om AR L E
ZHNTWBY, KEOEINREZ S HERIZ D16k 5
WHOHENE L, T O% 0 BEE TILIZEINE#Z T,
HHOEIIATH A LD o72 (Tablel-4),

FE28H HEAMOEREMNE

W, A ORI, M & A kAl
WAL, BEEIC L2 BREINTRINE 55, BEL
KAEZ BT 2 AREOREREINC & 2 G & JPEIZ DT
X, AHEEBATCOME" DL b00, BESN:
R SHEE SN2 IR, 22008, B L OINEIEE
B e LW NI RES 2 TR B 7%, FIEBIATY
METEZOELL LD TFHEEING, T2, AR
WZRROBEEZ WL METIE, BAR, ARG
Lo, BEBEEIO ) RIS MfESIZ L A LT
HAHH, KfEr BEHHEE L2HEOINE~DZEIZD
WTIZH L 22 Tld 2 v,

Z ZCAREITIE, BRI ORL 2 2 BEOWE TN
DATIFTATALIETAEHNT, AFRET COE
DREART, REOREL FLINER, PR, SLER, Hfolss
BAERRTR % (Survival Activity Index @ SAD)®%: % R4
L, BB L UCINEOHR 2R 5 L & b1, Hi
22U O RSB 2 WRET L 72,

mHEFE

BAER CRID 0~ Pl 2F A ET 5 o /N R O
AT, 20104F11H ~'114F 4 AIZ{ME S /- RIMEZ 12
~17 HHEE L7826 (RIFENE), BLU12



3 IS U 1 2 ARIEE L2 BAT0R (f‘jﬁﬂﬁ
WA o2 BAEEE W (Table1-5). EHIZIE
W FRP KA (35%25x09m, FE4v 4KkL) %}ﬂb\
FEIRGAE B X ORI AL, AT #E U7z, EE?H’& L
T, EIHNCIEE 2T ATA A, EnDSI ORI
B X7 2 Euphausia sp. ©\IITHH, ﬁﬁﬁg”\ﬁﬂb
720

IR, MEERESSUCEGHEATHR HINEZD
F LIIB0RC DT, Tiet e oMz IR L, TV
ZIV ) FATIEEFHI L 720 [FIERI2100~1204 % 1L @

WHERDIA o 72 R ) HEICINA L, 1I5CISRRE L 724 » F

:L/\—éﬂj\] WCEHE L T Ib S 87z SMLEITINEINEIC
9 B ESMUTMBO LS HEI L 72, EINEIRHT 2,
SHBEIZ, £HMMEED S SMUEFEREOSMUTFHD D
LW ERFEOALN LWL DE T T AERY FT50~
100ZHRHCL, 1L OAH@iEKA 72K HIZIEL,
15C CIASEIEE L7z, BN T, BHIETIS5EAz
YAty MTHU) BIFRHEL, w2 &) SAL &3k 7z,
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SAI=1/N ¥ (N-hi) X
N : sRERBAAREE O ST 5K
hi 1 i H HORFENWIEBE
B EREES0L2DFETOHE
ETALEE 2 BAREOF LIS, I, SMEERB IO
SAI @ Fb#121E, Wilcoxon OFF S MAMFIME % vy,
PRI R I FFAGIE B i o B8 4%1%, Spearman O JIEZAH
BIfREE W CHEMEBOE L 72,

] R

EEORAR M UM KM & BULA TG I B o HEH &
Fig. 1 -6 12, IR R % Table 1 -6 |28 L7z, BEIRILE
MR T 4 A21H, JMREMHET 4 A23H 25 LHIE
PHHE L, 50TH A EDE & T o7z S 1 HRH <
fERE S 7ze Wik L b EINIGOKIRIZISCTH, 4 AK
LIREKIRATISTC G2 S IS L, 5 H20H Atk o
16CHE TR ZIEH L7z, 72, FHIZB#E 6 H12
H, EHZEEH26H9HDI9CHE TIImHEINL

Table 1-5 Number and body sizes of C. abbreviatus used for captive spawning

Brood fish groups

Short-term-bred Long-term-bred

Bred period (month)
Number of fish (female : male)

Total length (mm) female
male
Body weight (g) female
male

1 12-17
70 (35:35) 26 (11:15)
284 £22*! 307+23
238+20 256 +28
175*63 204+34
70£29 103=51

*1 Mean * standard deviation.

Table 1-6 Spawning period, temperature, number of eggs spawned, and rate of floating

eggs in two brood fish groups

Spawning

Brood fish groups

Short-term-bred Long-term-bred

Period

Days

Temperature (C)

Number of total eggs (x10°)
Number of floating eggs (X 10°)
Rate of floating eggs (%)

Number of floating eggs per one female ( X 10°)

Number of floating eggs per 1 g female body weight

Apr. 23-Jun. 12 Apr. 21-Jun. 9
47 50
13.6-19.8 13.2-194
6,881 5843
6,130 5,320
89.1 91.0
175 484
1,000 2,370
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Fig. 1-6 Daily changes in water temperature (W.T.)
and the number of eggs spawned by two
groups during the experimental period.
M floating eggs, [J:sunken eggs. See
Table 1 -5 for groups.
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Fig. 1-8 Changes in survival activity index of larvae
by two groups during the experimental
period. See Table 1 -5 for groups.
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Fig.1-7 Daily changes in the rate of floating eggs
(A), mean diameter of eggs (B) and total
hatching rate (C) spawned by two groups
during the experimental period. l:short-
term-bred group, [ ]:longterm-bred group.
See Table 1 -5 for groups.
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Fig. 1-9 Relationship between (A) water temperature
and rate of floating eggs and (B)temperature
and mean diameter of eggs and (C)
temperature and survival activity index of
larvae during the experimental period.
B— short-term-bred group, -+ +:long-
termbred group. Solid and broken lines
indicate regression lines. 7:Spearman’s rank
correlation coefficient, *: (p <0.05), **:
(p <0.01).
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B ORI 1 H 247210 50~350T-k. T 0, #5112
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F7o, ML RN ORF RINEUE, RIIEREEHE
HWIED28MG L £ o 72H (Tablel-6), ZiLdfafk
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SLRITEE D ZNENG32%, 729% kL, BED
89.1, 86.9% &, EINEL, INE AR TIHH IIMARNIED
FEYNAE RSBz (Table 1 -6 )0 WHEISIC BT % KK
BOEFEIRIRET OIZ R A LNV LR, H
BT P O IR A D e o722 e b, iff
RO CRBEREBICERT 2WREELEZ BN
% o YNERIEA B E 751,10~ 1.23mm (k) L i 1
1.00~111mm &#910% /& <, IIEB L T ALFRDOKR
&SRR & IR 0B B & LB AT

E—H L7 —F, EINKIRIZI35~19CHIfA & (2T
FETH o720

—RHCERBEII &, SMEBROEFERD B2 E S
THINTH N, [ SRS SMMEBOEFRENFIY] &
Mg ST 5o JVE OFFMIFEARE I 3504, F RO,
FEHRES, S ks, HARREE, IO KRE &, 2R, HE,
i, pHAH2Y, b0 b, KiFFETlEE Lo
b=, E, SALZMEL, IWEOHR B L %
WHH &K OBz MG L7z, £ OfER, S
VAT IR ST I Z O T 3 2 M2 H 5 & & b
(2 (Fig.1-7, 1-8), M#OF LI, IFEL LK
R O SAT & EEIRKIR & o [ 12 8 O BB R 2572
woH5N (Fig1l-9)e 2O &1L, KD BRI
B DTNz SEEINOMEATIE VIR T § 5 2 &
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Seriola quinqueradiata™, * =# a3¥VE Mo HEEM
oL %L,

ZOMOBEBRTIZF LINR LI, S SRR
2DV TIRIIEE & SATL [ Tiiv IE DA B BIFR AR &
7z (Fig1-10). SAT 3 IHGHEFICBVTEKROR
WHDODENZ LS, HROTEHEEDLTEL LT
Lk 3 FFER X Y NY Epinepheius akaara™ S THR)
EDPHERE SN TN D, 72721, HEITITS5IbiE 1AL
L RBET L7280, M REHIIO SR OFHlTEE I 1E 2%
N7\, £ 2 TSAL L OMMAE <, EINE I fHE
HOIEFEIZ M E T & 2 BRI |20 U TRE S
T&7zo RFEITBWTIE, INEEDS R EINEH O A %) 2 &
BEE 2 D15 2 DRI ENTz720, IR 2 5 P i,
JKi15~16TC DI ED K E V2 kFIl &2 # R 3 1L,
FEWAEEN I OEFRM EICBP L L0 L&z 5,

BAOEEIIM OENIOWT, R 1 FED RS
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(Fig.1-9, 1-10), #5913~ ¥ 1 TldiF LR
BAEEAMCE L RELERIFLET AL L, HHY
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RKEWELTWD, SEOTIEBHD, £ 1ZKIER
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BN 24054 72> 72 (Table1-6)o ZOERE LT,
MDA ML ZIZEY, WO T XTHRE, -
JICBG-TE 513 L, AREBRBEICHMLL T iadho/zZ
EDVBHITENL, TNHLDT Enb, MEEZORKM
25 THBEINIFERTE 275, BEMMASEWEAO
FIH &Y ZEPOFTHIIIRINT E B L E R bz,

EI3E IR4LE, AME, BOAOLKEEDERFE
INEEA S B IE ST RO AT - AR ORI
BB RIPEH D720, S HIIEEINY 25 DI 51k
FH O, Bkl X B IFERC AL R IEEE & RT3 5 2K
T E 72 % 7% & BIEEAN S 2 0 5 L THETH 5,
LL, WY/ VFHETIE, a4 T AT IET A
B BIISAE L SMUTFAOTES DAL, 1T ACHL D

IZENTV v,

AEITIE, AFEOINGEE, HMbB LU RITTK
OB OWTHA L, JIFEAERE, SHMEE TORE
Wef, b, @, B E CORTERREO LT
RS I L7,

mhETE

HEEREF  HAITIE, 20154F 3 HICHET N T A AR T I 7
O/ O X CiE S, K 1 2 H BENKIE T
BRFAT LI SAT AL I ET ARRKAEH 2,
BAIMES0ZR & 202 DES0R T, Mo 2K I1X255~
333mm, AE(£99~252g, HED4K1X218~253mm, &
H347~8lg TH o720 BAOEMFTFILE 1 5 1 HIC
fitv>, 50RO % A — AR ICHEEH L C HREIN S &
7o HEIHERMAIE HIZ, BAKMEASF —N—T70—L
7oHEKEZTARINEA Y MO E 7% T I AF v s
V—h—Tilik & & HIINE L 72,

BRSAERE 1545 H21H18: 00, B X U24H18: 00
WCHREL 2B Bl W C 2 MOEREIT- 72, THEE
ZZEN2Z1100%, 97.7% TH - 720 FRINEE H 12200
FOMHIIZ 1L OR)EANREL, 1HEIE6, 10,
13, 15, 17, 20, 24, 28C» 8 BxWs, 2 M H 2113, 15
17, 20, 22, 2ACO 6 EFEIZCHELA v F a2 R—F N
NEKIBKNZD &, ZNENAMETOR Y A HE L7z,
PR O KEIZISOC T, 1 H &KX E bl
12045, 2 [l HiZ9053 I RESEAKIA~E L 720 FEBRIE T
F COEKDOKIBEENIOSTLINTH > 720 WEN S 5
bL5e T T TOM, 305545 2B S & ICEED R ) K 2
i HACHAZII 2 PRAL L, FERBAMEE T CINSEA: 2 BigE
L7zo BISEERS E TOFERMIZ, FEEICNY 2L
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5~10KDIIDH b, WP EDAT — T ~E LK
ME L7zo K5ABRIE, BEH - 1LY, fEH2 125>
TR L7z EBB L OBIZICII 2 8\ilKE v, i
KOZHER AR ) N TOBRREATDO R o720 EIIRED
KRB L 0L, 1 HHEAZN2EN17.7C £308, 210
HA180T £309TH - 7=,

AMEEQRIE  FELOINFEAEBEIIH R o 725K
X 2 DR )FEIZOWT, SMEETRICENEND 5
A LI 2 5T L 720 SMERITRAIC K Dk, 2
DR Ol % FRIRX OFEF & LTEL

S (%) = (E5UFEE/HRINED) x 100

IEH A= (%) = QEE SMUFAE/EINED x 100

FEOBEOBE 20 HOHMEERDITCK THSL N
72 IEH SMUFAF1002 % 1L R ) IS FHINE LT3,
15, 17, 20, 24COS5EREIZHRE L 72 ¥ FaX—F N

FEL, HOE CORmERMAMELL, HSMeroHH
TR L ICFAI0RDEREZIET A L L D
12, B % THOW BN & 3 L CEPEE I L 72
el 2 %2 L 72

o R

BIRAEICRIFTKEDORE  SRIFE L KX D9
56, 10, 28CI2BWT, ISR ERINCEE 221k L
720 Ki13~24T 12 BT 5 ZFE R~ RNERH X, 3
FEI3045~ 5 BFRI505C 2 BFRI DL L o3 U7z 4K
I O FAEOHET L & HITHK L, Kupffer's fa i3l
HIZAZ19R¢ 3053 ~51 e & 32 M 30 D &2 7% 5 7
&, BHEEBRBEAOFERMIZKED LA-L &b, iE
BB < 7 AMEM A 7R L7z (Table 1-7, Fig. 1 —11>o

SAED O 5B £ TORTERIL, 13T 23102k,
15C A38LEEH], 17C AsH9mEMH], 20C #3428, 22T %534
BEI3045, 24°C A330BF 130455 & AKIRATE < 72 B 12HE- C
WL o7 (Tablel-7, Fig.1-11)s TN SHKE (6
C) L LBt E CORMERR (T, h) & OBRIE, K
Ao BRI TR 72,

T =389.2—32.059 0 +0.8366 62— 0.0051 4 *(R* = 0.998)

F 72, KilRE SMLBAE T COFFER Ol & O
f2l%, 20CHHaTEM A RO 6, 13~20T B L U720
~24C OIRFEFPHIZ BV TRAD 2 Ko [AJFEHE TEE
72 (Fig.1-12),

13~20T : logT = 2.788 - 0.0595 6 (R? = 0.992)

20~24TC :logT = 2313 — 0.0347 6 (R*=0.983)

13~20C, 20~24T B X 0°13~24T O #EPE TOREE
¥ & Van't Hoff ® Qi (Qu=exp (10a), o : iREE
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Table 1-7 Time taken to reach each developmental stage at different temperatures, and equations describing the
relationship between time and incubation temperature in C. abbreviatus eggs

Development Time after spawning (h:min)

stage

Equation describing the relationship between time and

incubation temperature
T=atbf+cH*+df°?

13T 15T 17C 20T 22T 24T (7 =Time:hr: § = incubation temperature:C)
Morula stage 5:50 5:00 4:30 4:00 3:45 3:30 T=2099- 211736 +0.0908 62— 0.0014 6 * (R* = 0.999)
Blastula stage 14:10 9:00 5:50 5:00 4:50 4:30 T=157.2-21.226 6 +0.9853 62— 0.0153 6 * (R* = 0.995)
Gastrula stage 25:30 19:45 16:10 14:00 13:15 12:30 T=1695-21.04 § +0.9579  — 00147 6 * (R* = 1.000)
A i ‘
bpeatance o 46:00  36:00 27:20 20:15 19:00 17:00 T = 2276 23478 6 +08742 67— 00109 6 *(R* = 0.998)
embryonic shield
A i .
bpearance o 51:00  38:30 30:00 22:30 21:50 19:30 T =3132-36350+15295 02— 00218 6 * (R = 0.999)
Kupffer's vesicle
Besinn , o
cemnmng 90:30 68:30 48145 36:30 31:00 27:30 T =5421-60.988 6 +2.4639 6>~ 0,034 0 * (R* = 0.998)
of heart beat
First hatching ~ 102:00 81:00 59:00 42:00 34:30 30:30 T =389.2—32.059 6 +0.8366 62— 0.0051 6 * (R = 0.998)

Ho
100
Hb
80 r
__ 60
=)
st Ku
= 5
“pp T
Ga
20 r
Bl
MOM
O l 1 1 1 l 1
13 15 17 20 22 24
Water temperature (C)
Fig.1-11 Relationship between water temperature

and time to reach each developmental stage
in C. abbreviatus eggs. Mo:-morula stage;
Bl:blastula: Ga:gastrula; Em:appearance
of embryonic shield; Ku:appearance of
Kupffer's vesicle; Hb:heartbeat; Ho:hatch
out.

)% Table 1 -8 1271 L 72, {EIEHIE Arrhenius @
KXouk, HE - HADOKY D o TR L7z, 13~20C i
PHCIE v =21266, « =0129, Quw=363&7%0, 20~24
CoHEHHD 1 =13935, a =0080, Qi =22312k~<T,
WL L6 R Em W EE R L7z, 13~24C O #ipA T
1%, ©=18664, o =0113, Q©=310TH>7,
SALBIED S5 T £ TICE T SRR, 20£22T A3

200 [
100
= I
g 50 |
I L

10 1 | | 1 | 1

13 15 17 20 22 24

Water temperature (C)
Fig.1-12 Relationship between water temperature

and time taken from spawning to hatching.
Regression lines are shown. 7:time(h): @ :
temperature (T).

Table 1-8 Temperature characteristics (¢, a) and
Quo constant values for the relationship
between water temperature and time
taken from spawning to hatching C.
abbreviatus eggs

Temperature (C) 13-20 20-24 13-24
u 21,266 13,935 18,664

@ 0.129 0.080 0.113

Quo 3.63 223 3.10

U ‘temperature characteristic of Arrhenius’s formula
(Yamamoto 1943).

o ‘temperature characteristic of Higurashi and
Tauchi's formula(Yamamoto 1943).

Qo = exp(10 @) (Yamamoto 1943).
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and time taken from the beginning to the
end of hatching in C. abbreviatus eggs.

100
80
60
40 ¢

20 |

Total Hatching rate (%)

100

s}
o
T

(2]
o
T

40 ¢

2 ¢

Normal Hatching rate (%)

6 10 131517 202224 28
Water temperature (C)

Fig.1-14 Relationship between water temperature
and (a) total hatching rate and (b) normal
hatching rate C. abbreviatus eggs.
@ spawned on July 21*, []:spawned on
July 24"

ER307> L <, 2L D) b lins L OEmMTIiE, &
% B FED S Tze SMUBtA 558 T £ TOREH
Vb EPo70IE 13CH 6 K305 TH o 72
(Fig.1-13),
MEEICRIFTAKROEE 1 HOMEEL, KR
6, 10BXU28CTO0%, 13~24T TlI w3 41$H95% Lh

50 ¢
el o
: ¢
£ 4 #
= 40}
“p
£ 351 &
©
b
& 30t
)} S S
0 1 2 3 4 5 6 7
Days after hatching
€13 Ol5 Al7 020 w24 T
Fig.1-15 Growth (mean total length) of new newly

hatched larvae cultivated in different water
temperatures until mouth opening. Error
bars are standard deviations.

180 - y = — 00617 + 4.3226x2
160 105.45x + 944.3
= 0.999

20 1 1 J
10 15 20 25

Water temperature (C)

Fig.1-16 Relationship between water temperature
and time taken from hatching to mouth
opening in C. abbreviatus larvae.

ETHote 2HHDSEFIZ13~22T TIE90% ML ET
oz, 24T TIE15.2% L&A -7 (Fig. 1-14a)

IEHSMUTAIE, SRR HN7213~24CHETT
f%ﬂtoﬁ%&mmi 17C?»92.7% ( 2 [al > F-FfiE)
B 12156C »89.9% & fit %, KRB X O EiRM T
@mﬁam%n,%:mcuifimmmiﬂu%of
BIIET L7ze KR 1| H & 2 [ HOIE R 5HE=
I 2 L, 15C 2 BT 2 M H 2SR R - 720
SEIRF L NV & &N 550% Db D IEH S EED &R
K o & BRI AR IR AT 13T, B iR AT22C TH o 72
(Fig.1-14b)

BOICRIFTKEBOEE SHEEZOTHOKEIL
KIRASTE VT E R E I ASAR S, SLE %D 265mm
725 BIER(2134.21 ~4.65mm (2R L7z (Fig. 1-15),
SAbH 5B E CHTER I, 13T 281681/, 15Tt
12005 ], 17°C H%96HER, 20T AS7285[H], 24°C AS51HF [ &
KIEATE { % B IhEo T & o7: (Fig 1-16). Tih
Sk (0, T) At SHEE COFERE (T
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h) & oBIfRIE, KA OmE M TRE 72,
T=9443 — 105456 + 4.322660° — 00617 6°(R* = 0.999)

Z =

KL 6 ~28C DI B, 13~24CoO#HTIa 7347 %h
VEIE T AZRINOFEAIGTHETL, SMEICE -2
(Fig.1-14a)s LA L, 6, 10, 28C CIxHFFERIZHE
HErEIR L7z, 53 - AR®IE Y T ¥ A Sillago japonica
FROIRIRFEER 2 BN, SZREIE 2 & R £ CldzkiRZ 1t
ICHS VN 72 5 L RTHE Y, AT KR
BLUOBWERMOERXIZB T, FEMH O 4 BEE
WCARRAE LR L EZ SN D BEFEIEOFRKFIZD
WL, A, JRREREO 18T A 6 & i /K i £ AL
BICTEALL 722 E~DEMLDORT, & 2 W ILiRE ORI
HARDTH D FE 2 B 2 72720 8 E 2 5D A%, 7L
TR 72 KFERENOFLERHIL, KiLATH
B ZERL BB ENEZRL, € ORMEIIEAEDME
T & HIZHWARL/ (Tablel -7, Fig.1-11)s T 5
DAL, T AN, FIUNEFR ro<ra® 2 X
¥ Lateolabrax japonicus™ B L O+ =F 3 B9 7% &4 <
OMFETHOENTVWLHRTH Y, KETHFELHER
Lotz F72, KRS FAEMEE L ORI, 20CHHE
WAL LTREERDPRZ Y (Fig 1-12), ZoimfE
AR5 E MR EOEIFERME T TORERMIE—E
DHEBTHEHMHEIN W LD 0o72e 2D L) B R
DR IIMMFE T L HE SN TH Y, Ll SoOHi%
THINDOEER & 5\ A RO RSB 22 LA U %
TeOEFEZHLNTWEY, BEFREZ B, REER
BLPaR Qo dEim £ v EERMcE <, KiREo
TSI EE DB R RE 2T B ZEDHSIN TN LA,
AYTATHIIETATHRAETH 72,

13~24CO#PIZ BT 2 AMEOMEER u& a BL D
QuftixZ 12118664, 0.113, 3.10CT&» ) (Table1-8),
NI RREKIETITo72F VY (1=12950, o =
0073, Qu =208, 20~28C)™, * =74 a3 (u=12077,
a =0.068, Q=227 18~30C)®, 7 H1/\¥ Epinephelus
Sasciatus(u = 14977, « = 0.087, Qi =232, 18~32T)%*
L DBV, RIELIZIZFEAKIED~ 7 A (u = 20400,
a =0115, 12~20C)", v 4 (u=27700, 12~20C)%"
BIOUAXLF (1=24200, Q=43 10~20T)* 2kt
XL, ZVITATHIIETAPOFEREIT~ Y

1, A, AZXF LD QKEOHELZITIZVWESE
ACY (W

IR S EKIROBEFRIZIE, ARIRME & B a2 R
KEBAHFET 2% KR TITIATHIIET AD
SEBRFUKIRIE, 50% OIEH SMEEr L3752 K
RAA12~13C, EiREIA22CHHET, ZOHFIZK10T
THHIEDPHHL . ZNBIEE T ADREKIEIL2~
206, IREZEIPHOAT L IZIZFMETH - 720 KiRE IEH
SALE L OBRIZ17TC F721315C 2kl & L TR
EEiRBTERTEE SRS SN2 s (Figl-
14b), SbiEKIRIZIS~17TCHEICH Db D EE LS
N7zo 4, 15T B L O17C T 5 1 7285% M LD IEH
SMEEIE, €T ADTTI%T, F =7 3 E D86 4,
EEFRELLSIN VL EL L FARET, BE2Ta%
WAL LA HE LA RO SMUEREE L
TR Th o720 RFEOHEKEILIF UHEIIO
< TADITCY, v I AVERKEIIDO A XX DI5C %
CRZKIR T BTN & o 9 % fafE L2330 L7z,

—7J7, Al24C T 1 0 H 0 5bEH%95% L L Th -
7200, 2 HIX152% &L, REA U7 (Fig. 1 -
l4a), iFLIR=E, IIEE, SLFESELIEL 3 2 IR I3HR
JIHIC Lo CTRARY BB 1E2H), EWMLEIIBITA
WEOZEDS & 2 [ HOIVE AR RS o T 7z BEMEDS
EZOND, O ERPE, SMERR L AU D A
TTIE, JNERIBOIY T FEOM P ZE DS, SR
R & 7 8% T T REEAVRIE S 7e,

BIFE AR, SMSREAKIR A A EE IR IR & — 3K
FTHEL, ZAXFW, THANYD FoFavPip LT
b RO RS HE SN TV, MILRICBIF237 5
AT7HTEETARBEBMOEAREINL, 4 B T2
6 A B (137~199C) ICRE®O M, B oKIIZ15~
17CTh Y (5 1% 28), RFEIZBVTH S ILi#EKiR
(ZREDREEA oK & — 3L 72,

B OIVE ORI D 9 &, REEIZBWTHR %
RPRER, PREEE X OVSAT I, RESRBIAGA S DR E H BR
IR & ORIZEOMHBBERSRO 5N BB 1 E],
280, CNOIPEMEIMICSHOREEAEDEL L, BE
AT A BRI 5120, EINEI S il E T, ok
14~ 17CIC BT 2 EMIIN Z A DM #EEMHTH S
15~17C CHIEH L THL S5 L PEETH L L Wv
Z 5o



F2E FHADOKER, B, &%

AHOFHARATICBVWT, B2+ BARTH
g5 Eldikd BELRRETH 5o (THMITNERE
D OINBEIEAND T A )V F —iiift, ZREIC X 5 IPREH
DZEAL, BTG D KA AT NOBIT 2 &4 Rk
- AEREREALAE L B0, BICHFESCRERE 2 &
LTV ZO0&BBOEICN U AREOHR
ERFABORG 2 RET S Evbi, RN OLEL
TREM AT 720121, FHEROMBEREICHET 5
MEOWEPAGRTH L, —T, A9 IATHTIE
T X OFHEAETEFICB VT, WO KERFERPER
WML LTHITONTWE 08, b dERH
W E A ROMADPLETH %,

RETIX, AMETHMBORE, ¥F, £k EEEE
CEBRIRUN L OBIMR A fE BRI L DAL, (FHEAUN
DE - EREFEEAHOMCTALAZEEZHKE L2,

F1E FHAOKER, RE, £KREKEEOERF

HFHEAOMRE, FHE S X OERIIKIE & BHEICHEE L
TWBHIER, EIARA VARBETHL2IISINT
WBAE ) U B HOREITR LIS v, 22
TARETIE, IavIATHv I ETXORE, % %
BB L ORRARE O LK & DRREIS 225 2
Z & THEBEKIRIZOWTRE L 72,

mHETE

HEMEARROEE A LavyI/THIIE
T AL, WA AT HOE TR S s KRB R
R L CTRONHRERIICH D (51 8 28). Bk
(Z20124F5 H6 H (BB 1) &5 H18H (FHEr2) 1213
SNSRI E AT 2 MEEL 72 MEFEHOFH
F CTHMBBROTKKEHNO 5SS v b (T—2H, ¢
60 x60cm) TEABIN A BHL L 721%, 200L AR Y 7 — R
Ao— MIKAEIZ3,00047 3 D UNE L 72 MR LRI 1004 %
Ak E & DI 1L OARIR 2 AR, IS K
e FRED A v FaX—=FAICREL, BHIZHUT
fETEIN A& FHE L TR RBRIX O b3 e L THW 2,

BB T CORMDEINKIEA14~20C TH D Z &
AEBLT (BFE1FE2H), MLk, 14, 17, 20CB L
HARKIL L 35 4 HBRX % %1772 (Table2-1), 51k
POFAPHOT 2 5% 4 HEH (LR, (FRo stk
nHEZHE 2 L 354) TTOMIZ, FABEKEZIEL
oo F =8 —NAkb—¥F— (F5 rFirAhe—F—1
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W, BRBEH) 77— (A=, Ih—8E) (12
£ D05~1.0C/H ¥ OMiRF 721385 H L CHAKRIZREE
L7ze 2B, EINKIRIZEE 1 25152C, R 2 »
162CTH -7z,

HEHE INOWRED S ZKIEN D TORERDAEIE
T5FTERRBIPME L7z, RIVEBE KT FAE KL
LCHEAL, JNONAER2SHE9 T 1RER/H, Hif
102°519F CTiE15MEE/H, H#m20LIREZ 2 [Al#E/H o
KEE Lize AKFEHFRIZ T HOT A M= (KA-20R,
19%x19x150mm, =HWF#ERA) ZACHE L ClS L7z,

B KIZIEHES 4 2> 5 W EA SNBSS 7z
WKERM 7oL 7 (A—3—HrnulL 7 VI2, 70l
7 T3%) 2mL % #KTHIOM/BIZARL T1 H 2 [N
L 720 KA EERICREE L 72KERET (v F a7 VAT L,
INFV =y ) EEOUT (BOBE® S~ 7, NEC) 12X
Y FEKIEE _FT600~2000lux & 7% % X 9 #bL 7. B
B, BILERO HE 4 20 510F TORIZ24FEH, Hi#
12 515F TIE208EH (8BS 4B E T), Hlib16 LI
LISHEH (8 HE S 28EE T) MUAT L7z

T 2 XY R LY Brachionus plicatilis sp. complex
SHI GEIVEAEY A X T170~230um, LT, TAav &
%) EOEERE L, HiG4 DEICEE KRR OEEHLS
fER/mL &7 % &9 1 H 1B L7z, ZRE oM
WIS 5 H#s18LAREIZIX, 7 IV T 2 T Artemia sp. ¥k
CREZS MV b LA 27 ) 201~05ME4E/mL 127 5
IO 1TH2EHGE L7 B, TAIEA—/=Ern
L 7 VI2THEANC 2 R s b L7z PR3
57 NVT ITIEDHA B N 23=27 )=, HIE~
V7w 7)) T, FRICKHEST 27V T I 7IET LTl
(FLCgUbih, HiE~) 7 v 7)) TERZEN 2 B
AL L7z R EITD T, FO2 5 E Tk
WEALE (74 v >varZ)—v, ZU=UhvFv—)
3g #200mL O#AKIZAES, 1 H 2EEINL 72,

FHADKRER, £ZRFLUVHEEREORE HE20F
T 5 BB IZEAF4AOmm OIFIL Y = — VIS A 7%
TKIEN 4 5200 X VAR > 7)) v TR ATV, BRI X
0 R O R R R HEE L 7ze [IEFICAT20~30E %
m-7 3 REAFBHRIFIVA Y VR A — N CHEERIZH
REFCRE C20f5 129Kk L, &@RE2 TV v FATHE
L7,

FIRFER T D25 KA 7R H il 2> & & T OiFEfh 055 K
T3 5ETOMM, 2HEBICERLHAZT A7
* ¥ TN L TRz, L 72 HfEfx 2 HI 0%
A L LCEHR L, R RTINS L T4
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IHIZD Z20R D &R 2 e L7z, S i o 2 HE
BHERAT L CEREORM BRI E L, A5R%RE (BE
Fefa B ST x 100, %) #H T L 72
JRESE OFATTEILS 2 B 3HEICE, EREE L

TMERE 5% RV =) VIR, 5% T8 ) — VTl
- RAF L, FERBAMEE T CHMBLIIC R E 2 B9k L I
AR L C, IREE AR QR R/ 855 100,
%) HEHL 7

WEHIE (A OEROIEIZIE, —IThCHE OS5
GERAVWTHEEZMIEL, HEENRD LN E
|21d Scheffe @ iEx WL E B 21T 5 720 MO
AFEER LR E A ZE O K I2 1 Bonferroni @ 735 T 42
WisE, K HE O HEIZ1Z Mann-Whitney @ U B 12
L) EhENZHELKL 72, fEROERIZOWTIE, W
D ETREORIEIC &) REML L 728 A 2 bR < 7
¥, Smirnov-Grubbs #7E 2 & ) ML 2 BRIV L 720 &
Mg bHEEAREL 5% & L7z,

] S

KEBFA SHMLEEOKIRIZ, 3B 1 25165C, 3ER2
M173CTh o720 FHBRX OFRIKIRE (CFHME £ 15
7)) 1%, 14CX23RBR 1, 2 22 N142+03C L 144
+02C, 17CXA’170+02T £172+02T, 20T [X4%19.7
£03TC £200+02C, HAKIRXA196+20T £20.7+
16CTH o7z AMMORIRTH 572720, HHKIEKX
AR 1 TS HilE40F T013CT/H, RBx2 TldH
#30F T015C/HDx— 2 T218CEFTLEAL, #h2
IH 527 £ 16121320C % 2 720 WiaBRIX & & B T
HI O H#50RT# E CTIZIZ2CTHRICET L2 L b H o700
EARKIRIX Tk, HE30H EToaEk]l & 2 0F BT
KEDFEMNT ~2CTHL (Fig2-1),

)

Water temperature (T

14

0 10 20 30 40 50 60
Days after hatching

Fig.2-1 Changes in natural water temperature
during the experimental period. l:
experiment 1, {:experiment 2.

FEDORE, £& £ABXICIBT2TR0eRHER
% Fig 2- 2108 L7z, ‘FeRE, BBl o H#l0121k
HUCRAPMUX L ) FRI/HES < (p<005), i3 XiFiE
ZFBROE T HERIS E CTHER L7278, HER20121320C X
M8AmMm IZEEFE L, Tmm AWM & FEEN AL
(p<005), AR 2 TIXHEL0AH15F TIF14T < B
K =17C < 20C XONETHER L, $FI1214C X1 Hi#20
TH60mm & HEIPERL, Smm Tz 72X L DA
BINE L (p<005), MEENIED -7z, EREITIKIE
MEVIT EREDSHE o 72

HRBRXIZ B 2T OEREOHER % Fig. 2-3 12
R U720 3B 1 TIZHENO0DERERIZ L TOX T0% L
L e B o728, FOHBHEISIZOT TR L7z, §FIC
20C X MED THERS LT, H#201213220% LR & 72 o
720 RBR2 TIEBI B AEFREN R A IKT L, 14CK
DA H 520 T20% Rifs & 70 - 720 14T X Cld ik EKiR
~NOEGHEIAKI TH S Hilg 5 F TI2365% (KT L, His
20121303% & %2 o 72720, B2 IEL 72,

MADERRR HELHGL7-HE, BXOMGED
BETETICELAH L, #Bkl, 20¥HT0TK
AHE22£23H, BAKIRXAHE29E24H, 17CKAS
H#i33L31H, 14CXATHESI L 28H DIET, JKimAME

10

Exp. 1 g
a blb
8 ab}; b}
aa, b @%
R
40
—~ 4
E
£2
& a
%10_ Exp. 2 a a|a
<5l b %
6' C%bc C@%%
Fio T ¢
4
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Days after hatching

Fig.2-2 The mean total length of C. abbreviatus
larvae cultivated in different water
temperatures. €:14C, [1:17C, a:20T,
O:natural temperature. Error bars are
standard deviations. Different letters show
significant differences among fish cultivated
at different temperatures (p < 0.05).
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FCOHMPEWEMDDH -7 (Table2-1),
Ko hIMEDF1x, 20T XA%275, HARKIE

XA3375, 17CXA%05, 14T XA69DNET, W KiRX
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Fig.2-3 The survival rate of C. abbreviatus larvae

cultivated at different water temperatures.
@ :14C, J:17C, A :20C, O : natural
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BEERICREDPo7 (<005 REDOACKXDEIE
H s gefiti & b3 2 & 17C KIZR 1565, 14T X256
L7z BRHEOFRREIX, X CHE»rS 1/5~
2/5 OB L, AR OFHEI R L <
w7z (Fig.2-4A).

A1 OERFIZIACTIXA70.3% &AhIX & 0 A &I
olzb DD (p<005), b3 [XiX13.0~150% TIEIZIHE

CETH o720 B2 TIRIACTK A0, HAKIRXA
85%, 17CIXA16.7%, 20T X25255% T, JKimdsm\vr T

EHERERIIEFICE Do 72 (p<005). B 1 017&£20C
XECHEITN A EZ IR P72 00, ARKIRXZ
BRiHiE, EficKiRD T EEREIE WE RO
57z (Fig.2-4B, Table2-1),

W EFREOFEHLEREE, R TIEEKRKRXA
12.6mm, 20C[X7%127mm, 14T IX25130mm, 17CXH
137mm DNET, 17CRITEARKEX L20CK &) FE
IZKRED-72(p <005). B 2 OFHEREIE, 130~13.3
mm OHFT, REXMOEEEEIALN LN o7, K
Brl, 2&b12, KinsERERIZIT—EDBEND LD
L7z (Table2-1)0

MADEBEEGEE ERERAE IR TR % E5H
L e Rz A SNz (Fig2-5). Bl & 2%t

temperature. B3 A&, EFEEARIIZENEN1838~599%, 500~
Table 2-1 Results of the rearing experiments for C. abbreviatus larvae, indicating settlement age, total length,
survival rate, and rate of normal development at different temperatures
Initial Final
Target .
Expt. temperature  Nymber of Hatching ~ Settlement age*’ Total length™*? S;J;‘E/elzs . }Sgtzgf rrferri?f }
(CT) eggs/tank  rate (%) (range, days) (mm) o v E
(%) (%)
1 14 3,000 100 59-87 13.0+0.9(10) *° 0.3 300 (10)*°
17 ” ” 33-63 137+1.0* (194) 134 599 (211)
20 ” % 22-47 127+05° (227) 150 255 (237)
Natural temp. , , B b
(15.6-234) 31-55 126=0.7° (207) 130 138 (222)
2 14 3,000 99.6 - - 0 -
17 ” ” 32-64 13309 (233) 16.7 774 (271)
20 ” ” 22-42 13304 (201) 255 68.0 (238)
Natural temp. ) , 26-50 13009 (182) 86 500 (197)

(17.3-235)

*1 Day from hatching to settlement.

*2 Total length of fish at settlement (Mean * standard deviation).
Different letters show significant differences among groups each experiment (p < 0.05).
*3 Survival rate = (number of harvested juveniles at settlement age) <+ (initial number of larvae) x 100.
*4 Rate of normal development = (number of fish that developed normally) + (number of sampled juveniles) X 100.

*5 Number of sampled juveniles.
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T74% ERBR1 TX Y Z L ORBEREHIBH L2, &
BRIXE o TIE, k1 TF— S ARDUCKZ KR X,
H KR < 20C < 17CIX ONETIEF B SFICAH B2
RSNz (p<005), ER 2 TH HAKIR <20C=17C
XONETHER 1 & IZIZMMEmE 22 ), 17C £20C XDk
EEAFRITEAKRX L) FEBEIE» 72 (p <005,
Fig.2-6, Table2-1),

100 1
80 ;
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Fig.2-4 Relationship between (A) rearing
temperature and the number of days
(expressed as the median)from hatching to
settlement and (B) temperature and
survival rate of C. abbreviatus juveniles. @:
experiment 1, O‘experiment 2. Survival
rate was calculated as the (number of
harvested juveniles/initial number of
larvae) X 100. Vertical bars indicate the
range. Different letters indicate significant
differences among groups (p < 0.05).

Ocular-side

~ Blind-side

Fig.2-5 Photographs showing normal and abnormal
hatchery-reared, C. abbreviatus juveniles.
The abnormal individual shown has an
abnormal eye position and differences in
body coloration.
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Kl EMR, EXRBLCEREORBR FHRAOKE,
R, KRICHEELEZITLIENMOENT VS,
% QBT RAR N CREEEI ST LT
IS BRI, MESCIHEE OMITIHE B 2 LA
BRI ENTH h LA HAFETLL T A v al L
A Pleuronectes yokohamae®, <N VL AD%ED 5 L A F
FHCTHABOWMEDN 2SN T WL, Sl a9 7477
2T AMFAIZOWT, EIIKIED14~20C O#iFHTK
A DT R Z AT o 7245 R, AFEIZBWTH20T T
e, 14T CTREHTA 2 e RSN (Fig.2-2 )

MM E COEBRERLEHKRIILEHL, 20CTHRED
20% HIfA TH o 72D12xf L, 14T Tidilhs 2 Tk 43
BN R ERKET THENPRETH - 72
(Fig.2-4B)o 7272, A ICHEL 72 AAKIRX TIX
EEHEIZITCK LY bR o200, FHEEREL
I7CXED bH5ARA ¥ ML, HE16T0C %z 72
RE2 CCOMAPHEE TH o2 LD, BREX G
35 Hiln207 5K T TOMERINCBIT520C U ED
K, FHEROERICAEOFE L5 2 2R H 5.
INHDZ Epn, EIKIRD LROKR RO
E& 2Nl HERANOERR L F KT, Tl
ZAFREE T 5 2 EAVRR S, ARFEFHEMOE,
AEFRIHE L 7-AB KR, 20CHhiEEEz 5z,

KILD N & B OB & EE D EITHERA

100
80 oa N
g . O
= 60 L) b
= 0
S O
f. é 40 apc
°© 9 o b
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5% 2 c
~ o )
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Fig.2-6 Relationship between rearing temperature
and the percentage of C. abbreviatus that
developed normally. @ :experiment 1, O:
experiment 2. The percentage of fish that
developed normally was calculated as
(number of fish that developed normally/
total number of fish) x 100. Different letters
indicate significant differences among
groups (p <0.05).



DZEREICHFE L, KIBDSE VT ERE I S
LIENETAY 2 aF LAY R HLAY <
AV EDFHFTERTHLMIEN TS, S5, b
TG AN 2 aF LAY R HLACDEES A X1
EKIRIEENUYELTHB Y, DX ) HHRIL, EKR
TTOREL VBB ANVF=DPELEL TR ST 5N
HIERTIE RV EHERINTVEY,
AAEIZBWTHERHEORRMEIL, R KRXIZE
FREIZKEL, UCKTOTH > 72D1xf L, 20CKT
32758 1 /2 TSNS 0 &, KIEDTE N T EHE
AANOEREIIHED» 72 (Fig.2-4A) T4 ADERIZO
wf@,—m@@ﬁ#mb%h&#ot%®@,ﬁ%l
TIRI7TC OB KRRV HAKIERL20CK L ) FEICK
&<, BRI ST 2 BES—EHALNIZZ LD
5 (Table2-1), SHAMICBIT 2K E FEE OB
LU,

KB & EREHEEOBE AR 74
FRIZoWTIE, KB L DTN EENL DA L A A

FHTHLNZENTWEY, Ihblizkbe, FEAL
D EARFE TR R RS E HE 2T %Ki
T fl:%ﬂﬁ(ﬂ—ﬁ‘ F 0, BKMED S BB RRIK R
HEAENEE L L L DI, TOBKICL ) ERER
@%%#%&Wﬁ@%ﬁwn&—yﬁﬁﬁﬁétw5o
vy v IRTY, RRMFHEMOBEIKIRA18~25T &
WREINDA X)L #21~20C CTHH LI2REE, 4
EAMHRA LA E 2, TOERE L CEKRDFEE)
B ST YW, REOKIRG OIEFEEAEEL, 17C
EE IR B X ORI TR E 1 AR AR S
(Fig.2-6), SEICR 7o B O & b #fda— iﬁ(
T5IEHhs, ITCTOREIZL ) EEE OFBILE
T E B REEAVRIE S Tz,
SROFABER,S, AV ITATHTIET AFAD
EREEL RO, HAOAEERL EFREEELED S
WKL, 17~20C LHEL sz, 7272 L, 5\75%5.%%0)
KR IR 2 BB D 7 L 1 BHAJEY 25, AR
DR M & Y 107C w4 R S5 G BRIX bwTZ%%
R CTEFMEDH L2 D00 KEIZBNT
IR L D FE L {BWKIRCTIERERSEN T 51
REMEIITRETE 2V, 4, 256C L LoBEKiRHE TOR
BraamL <, EroEENOY Y 7 vy FHEEIZBT
kil & TERERE ORI RETH S ),

F2H FRORE, £KREAR, HARELORF
AWFED TR T1d, ANERUKHEZ F72 5 [BRR O

45

BrFEML, T37I94 70357 MRS
C7-fEHEOMET L ET EH L2, ZORE, F)
@@ﬁé@@%l&bf R R OB IR TH 5

12 & BRI OR S ISRER T 2 BHARNH T
5Nz,

ARETIE, NFHHT ™R 9 T INE Stephanolepis cirrhifer™
FETHHHEHORENRPHL NI EN TV LHONH
—EMHOER L, 7 AL OBEEREET 2 MER
BEAT, AETRONE, AEREHEBIUT A VE
FE L OBMRE G L 720

MR EFE

BEEO0  20104F10 H ~'124F 3 H A2 ATl 2F 2 BT if
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BEHER 1145 HicEshzsfiley, SMeFPEd
DT H F TH KOG CER L 72, 200L M
ARV A — KA — KB LATTRL/KL OBETINEL, 1+
BosLEIGHE (DT, (FAo5tEn HE % Hiltn
£E4%) FTHELL.

FRBRI L, AT L IR A BT % Hili 5 ~16
DOEIZHEZI20H & 35X (LU, 12K IX & &
%) &, Hi5 ~100MIEAE L, 2128 I
RFTX (DU, 24BHAMIX E§2) 02 XKEREL
7o BRI IZZ TN 2 KAl A V72,

TLYEEREE 12405 HIE S NI A v
%%@ﬂt?%?A&@ﬁﬁﬁ¢"f%@F%510
20, 30fEfR/mL &5 % 4 BRX % 38 L 720 BRIXIC
500 LK 2 2 2d 1 AKIE A W, ik o 241 I IX &
FEREOHESMECTHELOE THAZFT L7,

ZTOMDEABTHE  FHEKIEEHRKIRDOEIHF
KEMEAL, %W@h#%mﬂﬁlE@vaﬁmmtb
H#510% 5 1508/ H & L7z @5UE, A 11E
DT A= (20x20x150mm) % Bl L CTIT- 72,
FBEKICITHER 4 2 HRKERME T L T (A—/8—4
sulL 7 V12, 70l JT3) 2~5mL ik THIL0
AR LCLH 20, KEDQSEML7z. BEEITKE
AR ERE L 72K ERET & AT & Y fB K ETE T
600~20001ux & 7% % £ 9 #t L 72,

BEHE T A oA E L, Hiimb DIFEIC 1 H 1 BEAEE L
Too HHI0KE, KIENOT LA VEEEZHAN, OERR
TIREHEKTOEEDSISER/ mL &2 K9, £727 4
YRR T X OB BRI A ARG &L
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720 B, T AVIIEEASANRIIRY EAL S 7oK
G2 0 L7 oREmib L7z, AKENORFREIZ T
3, MO SH ETE ClBEMERILE (710 v a2
-, )= H)NVFr—) 3~5g%200mL DHEKIZ
BWizdhE 1 H 2B 720

FROBER, £3% BERAE S TR E I
UPCEMR L, AEEE (PRI S5 x 100,
%) ZHEH L7z ARHZEARMIZOZ60R%E m-7 3 /%
BEBRITF VALY VR %2— N THREHZ TR TL0
ISR L, EE2 7YV FATHE L2, A
R A RET 5720, HERBIIH#E S ~10, 724
VEERBRIZHE 5 ~ 9 1CBW TR, S 4 BRI BIZE
KA & D 30RO A AERICL, B T CHILENO 7
AVIEMEZEHELC, BEEfRR (T A 2R L
HREVBSRE X100, %) ZHHB L7z, & 5I2HM30
ROHALENT 2 D BZRFILT, FR1EB472) OF
B A EEH (U A VROREY/BISEY, /R %
K7z,

HEtiE HEHBRICBIIATAOER EAERDOH
BUZ1E Student D t MEE W TERELRE LTz 7
LVEEABICBY AFAOEEOEIZIE, —ICRE
DFHGMEHCTHBEEEZMEL, ARENROLN
723512013 Tukey O W TELEILEE Lz, £
7z, HEFEEO B2 1 Bonferroni @ 75 T Fisher D&
BWERREIC LV SEREK L Lz, £E L bF RKE
5% & L7

& £

BRHB WHE P OKEIZI70~188T, FIflix
17.8 CTAMIB OEIXIEE AL H o720

H G 4 (S E RO ARSI, B 5 12X TN 5E
L CH B3 2 BREMB I 2 fERE L 720 HREERIBIO 7 A
VBRI OMER & Fig. 2 -7 128 L7z MakBRIX & &
BERIH @ H i 5 1213 E3R30% Th o 722%, Hili 6
(21312, 24BEHEAIAIX CENEN57% L 83%, Hil 8 12
1373% £97% \ZmE ), DIRIEmX & $80% wikiz, 13
ZFAERE o720 HEG 6 ~ 8125 \) %240 IX D&
AR R, 12BERIIX & D S EICE o7z (p<005),
F 1 RN DT o VEEKE, H#E5 0 11E/
RARM2OHREE &EHIZHEML, BE ORI AL NG
B7-Hifim 8 121X X & & 1018/ %8 2 72 3 A 1
HE, 4RI X OB 12K B IX X ) 2% 0o
725

BRI TR O R & A FEE % Table 2- 2 1278 L 72012

R & 24 BHIX TR T % &, &RIEZENZN692
£088mm (FIfli + E#(FZE) & 715+ 0.86mm THAEH
R EEZZAONZVL OO, BEDOTBRPRLRKE N
2720 HEFRFIZ205%, 43.1% L RBE DV HIE DK 25 TH
ElZEh o7z (p<005),

D LYEERBR WP oKIERHIX157~189TC,
WEIX174C CTRAEEB OEIZIZEAE R o7,

T L VEENOBEIRROHER % Fig 2 -8 1R L7z,
Hih 5 OFBEEMAZRIE, 7 4 %5 EA/mL(7 %)<
104 14 (17%) < 301t 14 (43%) = 201 14 [X (47%) DN & 72
Y, 30MEMAk & 20M8 1L 5 flEfk/mL X & D b A EICE -
72 (p<005)s HlH6 TIEAX63~T70% L IFIZREFL &

100 1 25
g e PRE:
o 80 1120 5 8
Q f oS
< i h=Re
< 60 115 8 &
5 o =
= i S 2
o 40 0 s &
= I QL =
B %55 g g
= % H° 2 =
0 = B — 0
5 6 7 8 9 10
Days after hatching
Feeding incidence: 12L 24L
Number of rotifers:—O— 12L —— 24L

Fig.2-7 Feeding incidence and the number of
rotifers in the guts of C. abbreviatus larvae
reared in 200 L tank under different
photoperiods. Feeding incidence = number
of larvae with rotifers in gut/total larvae X
100(%). Different letters indicate significant
differences between two photoperiod
groups (p <0.05).

Table 2-2 Total length and survival rate for C.
abbreviatus larvae under different
photoperiods.

Total length Survival rate
(Mean * SD, mm) (%)

12L:12D 1 687+080 (z=60) 176
2 696097 (n=60) 234

Mean 6.92 *0.88° 205°

24L: 0D 1 705+076 (n=60) 388
2 725+094 (n=60) 475

Mean 7.15+0.86° 43.1°

Different letters indicate significant differences
between two photoperiods groups (p < 0.05).

Photoperiod Tank no.
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oM, RERXEIC—EDMEMIIAS N A5 70

TAVEERBRTHROSERE L EKRELY Fig2-9 12
~ L7 F¥aeRiE, 5 A/mL(6.25mm) < 1018 /4
(6.87mm) < 30ME 14 (7.61mm) = 20f8 /KX (7.83mm) DI
THEENA SN2 (p<005). EFEZRIZ4~61% D
BT, 10f8&/mL (41%), 5k (45%), 20fE1k (58%),
0MEMRIX (61%) DT, #atZe A A= EIAL N H
57200, BEEXTEHWEED S > 720

Z £
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Fig.2-8 Feeding incidence and the number of
rotifers in the guts of C. abbreviatus larvae
reared in each 500 L tank in different
rotifer density conditions. Feeding
incidence = number of larvae with rotifers
in gut/total larvaex100 (%). Different
letters indicate significant differences
among groups (p <0.05).
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Fig.2-9 Survival rate and mean total length of C.
abbreviatus larvae reared in different rotifer
densities. Error bars are standard
deviations. Different letters show significant
differences among groups (p < 0.05).
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FEHEHT TEHREAERMPER S U CTHEEKS BN
L, WERERIULESNL Z PRI NED, £V
INF 2T T T Plectropomus leoparadus™, < N5
Epinephelus septemfasciatus™ %5, FIEIEET OJMIC X 5
WFEDSHE LNy O EE T, MREREG» S —E
I OE TR E LIF T b, 40, BETEIA RS
AR T b FRROR R 2 RE L CHIO2 5 5 HIE 024k
MEHEZITo 2L 25, 12HBEHIX LD bR, A5,
BE BN, HEE OWER RO S 7z (Table
2-2)o —H, AVTI®, =Ny, EHOAER
PaBoz BT, ZofErHaAko# S 2 [l oEE
VALEFLL, BEARBICERAT RS L HERS N,
ZNENAIBFEDSZE T S Hl 5 & Hilm 8 Aif&IZI13#%
TIREELTWS, HEFRBTOHE 6 ~ 8 DIEFHE
PRI L 24 I X AN A o 7225, & NLLIRRI S I 70 722
WD LN o772 (Fig.2-7), AHEIZBIT5HE
BH4&toElMIEAmlIommE cCTHaeEron
Too ZO, HEB10~161ZIZ 12 MK & Ibig LT d
HHOANHRLE L WBFHFRIBIE I N o 72720, B
HIC X 2BOEBL o7z Il L7z, HESRMIZD
WS, B 2 8F Seriola dumerili {FTI1X18
FRE T I D AL B AR S 1 205 [ P24 IR L &5 <, |
HTHRWEADIEIPHEL TWD G L, WFETIC
L 7OGEMI RIS X ) B L 03NS BT 5174
OEE () EBEICL DT ANF D RZR 57
DERRTVL A EHPEL T LU REELH D,
Lt E R AR R IS ¥ 5 i 2 iR e 1T v,
W RHEEEZHOPIZTLLEND 5,

YR OBIEL, % < OUWFETHLY5 ~10fE4/mL
DT L TEECHEMERE SN TWEY,, @E S VI AR
DOFFE 2B\ T, 50K/ mL % TR REAER
R AVEEENE T oL L, 7 T Epinephelus
bruneus™ TlZ20~30MEMA/mL, FEGKIIDZ LT 158
78 TIE30ME AR/ mL OHERDSHINRFEICH R & ST
WD Enh, SINIE L 2R O E R TS
EEEOR R MR Lz ZOMR, 20, 30ME4&/mL
DT LYEEXOERSRD S, 10fEE/mL X XD b
<, BRELTLAVEEDNEVHERIXITERE 25
L7 (Fig.2-9)o 74 VHERERICH T 5 IEAHE
fREid, FREERMEH O Hills 5 TIE7 4220, 30fEfk/mL
XA5, 10fEfk/mL XL Y Eros (Fig2-8). it
VX DO RPELASE TR T DA o TV e WETEIT-FIZ T
Ly OEBHEREO, BEESTHP LHEREE
ZAHNTze LA L, Hik 6 DRI XsBa 4| B 2 2
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BRROONLG L ho/zZ e b, FEHEIHWIEEHICES
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EIE AIEEOMERE

F11EH XKRAOEETHEM
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Blixd 505, 7> /7 Y FEOMBIZZL L, RFEIZOW
TOWME IR\ REICIISESNIERD LB IZH
HL, 9754773 % YT ADOEERMEZ S H
2 L7,

MR EFTE

BEIHVay 5S4 T7TH Y7 T AL, 20134120
V2R L U2 R O/ N BRI O S IS & D I S
10 &, 1445 4 AR B B R i TRIHEIC XL ) if
EINTUROERARTH 5, HMER, HiEI1L-20T
DO THRE L, BEIX10% DRV~ ¥ THEE L
%, 75% =5 7 — VTR L7z BRI, &K, #KE,
HEX 7YYV FATHE L2, ELGEOMHED7:
O, R, A, fE, S8 w0 LG, e, B X
WD S TEHEIZOWT, UToEBHEIZEEMELZIT-
726

WAL, BEICEE L72BERE Yo 7Y 8 v
B AT THRIEL, FEAE Y#E LRI
) BENO e WIERMIIRER O TH S AT & 722 2 X9 X#ih %
o', B EARMIREk Y @5 ER L Xiho< %
FE R SRR CllE L7z (Fig 2-10).

L, TN B TRERR OBERC R A E
LT % A @l & Al & SPATICHlE L, R & o
I (R E =F s/ AR x100, %) ko7,

AL, WAECOREEE REEHRT S L &Ik
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FERL, RERIICBIAWAMHOEICE, v
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MEAT o720

] £

e oeRL, FEEH2236+74mm CFEH £ 1
), REE22168+119mm TH -7,

IR I T XTOMBMKTHEMOIRILEARMIZEE)
L, BRI 2 DORPHFIE L 720 B8 L 72 MR ER
EFEARAIIRER & D R 1340~57° T, FIHAEI1L517+38°
THo7: (Table2-3),

% & LAFRINCIeEICEEtOBEMR $ 720K
WSHI S NTz0 ARG &EDMEE S B EBlFEH LT
HETh o725, BEOMETERM & 135725 5 BHEH
F e U CRIMTICHIE L7z SAUSEAEO HEENC
I 5 KB GEOEDSS LR L, MA@ IlED
WRENT L o7,

R, TXTOREGTEARA100%, HAREIZ 0
Tdh o7z (Table2-3),

fl 8/ AERIEEARINICIIEES T, ERIicoi 3
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Right side eye

X-axis
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Fig.2-10 Measurement of the angle of eye position

(6)
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Table 2-3 Comparison of asymmetrical characters between both sides in wild C. abbreviatus

Wild fish (2 = 24) Usefulness for left-right
Characters Method Left side Right side asymmetrical characters™!

Eye position Angle of eye position (°) 51.7 =3.8*? O
Body-coloration Relative length of pigmented 100 0 O

area (% body length)
Lateral line Relative length of central 99204 0 O

lateral line (% body length)
Nostril Presence of nasal tube Presence Absence O
Dentition Presence of dentition Absence Presence O
Premaxillary Relative length of pramaxillary 114+06° 168+09° O

length (% head length)
Dentary Relative length of dentary 165=0.72 15.7+0.8" X

(% head length)
Scale Cycloid or ctenoid scales Intermingle Intermingle X

*1O:useful, X ‘non useful.
*2Mean =* standard deviation.
Different letters indicate significant differences between each side (p <0.01).

Right side Left side

-
‘.- Tagne

Suprdol bital and medloldtelal lin

Right side

Fig.2-11 Morphology of lateral lines on both sides of
wild C. abbreviatus. White dotted lines

indicate lateral lines. Fig.2-12 Morphology of two nostrils on both sides of

wild C. abbreviatus. White arrow indicate
tubular nostril (with nasal tube), black
arrows indicate simple nostril.
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Fig.2-14 Morphology of ctenoid scales of wild C.
abbreviatus.
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5 (Fig. 2 -15a), KEMH & FEREOIRG % FO A (40~
57°, Fig. 2-16d), 13 ZTTMOIRA BTV 2R (140~
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o572 —H, AHRAOMEEE]IZ535+41.6%, 0~100%
ERELWESEDW: (Table2-4), F72, NLEHO
HERMOELIE, 0 ~100% O HiFH THEFIZHA SN

WiifE (Fig.2-17a), @ THBL T a Ak (Fig2-
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MR T &7, RALEAHENICBT 2 haREILOMERE
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Table 2-4 Comparison of asymmetrical characters in wild and hatchery-reared C. abbreviatus

Characters Method

Wild fish (n=24)

Hatchery-reared fish (2 = 96)

Left side  Right side

Left side Right side

Eye position Angle of eye position (°)

Body coloration Relative length of pigmented area

(%BL)
Nostril Presence of nasal tube
Dentition Presence of dentition
Premaxillary Right to left ratio of pramaxilla length

51.7 +3.8(40-57) *!

Presence
Absence

148+0.07(1.35-1.58)

107.4+49.9(40-180)

100 0 100 535416 (0-100)
Absence Presence Intermingle (38.5) *2
Presence Absence Intermingle (62.5)

146+0.27(0.98-1.98)

*1 Mean * standard deviation (range).

*2 Incidence = number of presented individuals/total number of individuals X 100(%).



52
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(Fig. 2-18b),
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Fig.2-15 Comparison of eye position (a) and body-
coloration on the right side (b) in wild and
hatchery-reared C. abbreviatus. [1:wild fish
(n=24), ®: hatchery-reared fish(n = 96).
Relative length of pigmented area = length
of pigmented area/body length X 100 (%).

Right side
Left side

Fig.2-16 Hatchery-reared C. abbreviatus with various
eye positions. Angle of eye position (°):a:
160, b:130, c:67, and d:45. White arrows
indicate right side eye sphere, black arrows
indicate left side eye sphere. Bars = 0.5mm.
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DWTHHENN, $ZH LA BT, ~ U7,
KRV A V. variegatus, 73’77 L A Microstomus achne,

Right side

Fig.2-17 Hatchery-reared C. abbreviatus various
types of body coloration on the right side.
Relative length of pigmented area (% BL) :
a:0, b113, ¢:53, d:87, and e:100. Bars = 5 mm.
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Fig.2-18 Relationships between eye position and
body coloration on the right side (a), nasal
tube on the right side (b), dentition on the
right side (c), and premaxillary length (d).
[1:wild fish, 4 :hatchery-reared fish.

Right side

Left side ]

Fig.2-19 Morphology of two nostrils on both sides of
hatchery-reared C. abbreviatus. a:Normal
fish with a nasal tube only on the left side,
similar to wild fish, b:ambicolored fish with
two nasal tubes on both sides. Bars =1 mm.
< tubular nostril (with nasal tube),
<& simple nostril.
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FTERETH D LWL INTNENHT,

SRay AT AL IET AONTHET % Hv, KK
FCEAMHROMR SN2 5 BEIZOWTEIEE, HlE
L7z I o otz mafoRaad e A& H
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AR & b KA O TR & FERO MR (7 1 A o
4@ BLUOENS o2 EE (PR 035 4

o s N/ (Fig.2-21, Table2-5), IEHE{AT

Righ side

- eft side

Fig.2-20 Dentition of hatchery-reared C. abbreviatus.
a:Intermediate type fish similar to wild
fish, b:ambicolored fish. Arrow shows
teeth. Bars = 1 mm.

nght side Left side

Fig.2-21 Three morphological types of hatchery-
reared C. abbreviatus. a:Normal, b:
ambicolored, and c:intermediate. Bars =5 mm.
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Table 2-5 Asymmetric characters in the three morphological hatchery-reared

C. abbreviatus types

Normal type

Ambicolorate type

Intermediate type

Character
Left side  Right side  Left side  Right side Left side  Right side
Eye position o O o o o A
Body coloration ] O o [ o A
Nostrils o O [ o [ O
Dentition [ O o o o O
Pramaxillary o O o o o O

@ :Similar to left side of wild fish.
O Similar to right side of wild fish.

A :Intermediate between left and right side of wild fish.
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Fig.3-1 Arrangement of the rearing materials in a
large culture tank (40kL).

R L, SRR SOk 1 i/ Hodike L, 5k
BIOHH (MMLHORZL 2 3FARICOVWTHRY —
THIEEL, Uik 5 HUHRIIOf % i1 51k
#%nHHZH#En & 35) »»5150E/H, ZNLER
K35MER/ H F THREAICED Iz, B5ITT 7 0HR— A

(p25mm X 1 m, Z=F&— A, ZT=F— AN EHD)
% FH O CTRIEE D50 4 2o 54T, BRI & o TF
AT 5 EARTHEKRE —EAHMICEE S /2, 512
PROMED L EAZRET A 720 2OLT A b —>
(20x20%x 150mm) ZEiE L7z, JHNEL SO E To
WEEE, ZHINRSUFEIET L& 9 7558
A=A 1ARY72012~15L/4 T, FiEi®E5 ~
em/F & RRmDdIZ L7z, 72, BT 5 Hi4 ~10
AT A2SEM L TR T % X 9 05~07L/4 Tit#l
3~ 5cm/F2E5D 7z HER10LRI T o Bk EE T 12
IO U CTHED /Sy F 2T LR X9 jitit 5 ~10cm/#
D72,

SH AR EARET L7 WA E O fLk % B Ik 5 7250,
FiG 4 ~30NiRKERMF 7oL T (A—/—4rualLJ
V12, 7ual 5 T%¥) 300mL % #EK TR0 ICERL T
LH2ME, KEPSHEML. 72, SMUEEOHHH
KIBIZHE L T T 2B E T 5700, 71—
K+ AN (BEFEy3Iy) 3~5mL%1HI1M, 8H:



56

WCERBEDLOI T L7ze BN LEICREE L 72K ERET
EHDBITIC XY SE K E ET600~2000lux & 7% B &
IFDL L7z, HERMIZ, BOEHZOB#E4~10ETO
FHE24 MR BE IR & L T o w2 2E L, H
HE1120 5 1220850, H #1672 51X 1885, H #3072 5 1%
16MRRT, #5381 14H5] £ TR L 720
FEOIED S BT R 4 A&z L2 BE - KF®
@ﬁ%uﬁw,m%@ﬂisﬂvAytL,&;7»7
ITHEERRE L2 T A VIZHE 4 ~30FHE KT D
HEMSISEMA/mL & 725 X9 1 HLE, L7z 7
7 2 7IZH#21 5 Hi45F <, 01~ 4 fifk/mL (2 7% %
IO 1H20, BELA. B, 7L UIIEEE RS
HEE (TaTbbL{, 7ubFIE) THHIE,
AR R DS i L S - ok 7 1 LT (A
— =y aL 5 VI2, 7OL ST T2 HHER
LL7z0 NS T 2 707 I TIE 5L 18K 2 5
MO & EA SRR ERRALH] (NA28—271) — > H
HYY 7w ) T, FRIGEHET L7 VT I 7TI1E5L

Fig.3-2 Morphological development of hatchery-
reared C. abbreviatus larvae and juveniles.
Developmental stages were divided,
following Fujita et al. 1986. D:newly
hatched larva, 27mm TL;E:postlarva,
58mm TL:F:postlarva, 6.7mm TL:G:
postlarva, 6.7mm TL;H:postlarva, 7.6mm
TL;I:postlarva, 9.7mm TL:]:postlarva,
9.8mm TL:postlarva, 10.2mm TL;M:
juvenile, 124mm TL;N:juvenile, 150mm TL.
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Table 3-1 Results of mass production experiment of C. abbreviatus in a large culture tank (40kL), indicating
number of fish, total length, survival rate and rate of normal development at 45 days after hatching

Initial Final
Number of  Total length *! Rearing Water temperature ** Number of Total length *!  Survival Rate of normal
larvae (ind.) (mm) period (days) () juveniles (ind.) (mm) rate(%) development (%)
785,000 357+0.14 (90) 45 207 (17.6-23.1) 77480 228+31 (60) 99 70.1
*1 Total length : mean * standard deviation (7).
*2 Water temperature : mean (range).
L 7o M A FEHIR o S K IR T A520.7°C g 0 2 40 60 8 100 120 140
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Fig.3-3 Survival rate, mean total length, water
temperature and food schedule during the
mass seed production of C. abbreviatus.
Error bars are standard deviations.
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Fig.3-4 Developmental stage (E-L) composition at
5 -days intervals in larvae and juveniles of
C. abbreviatus until 20 days after hatching
in a large culture tank.
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Fig.3-5 Relationship between total length and body
weight of C. abbreviatus juveniles. Solid
lines indicate regression curve. BW :body
weight, TL:total length, »*:coefficient of
determination.
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Fig.3-6 C. abbreviatus juveniles committed suicide
on the wall in a large tank.
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Fig.4-1 Map showing sampling stations (1-21) in
Bisan Strait and Harima-nada (central Seto
Inland Sea) where monthly collections of
fish eggs and larvae occurred by oblique
tow with a conical larva-net from April
2011 to March 2016.
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Fig.4-2 Map showing sampling stations (A-M) in
the northwestern part of Harima—-nada
(central Seto Inland Sea) where monthly
collections of fish eggs and larvae occurred
by horizontal tow with a conical larva-net
from May 2010 to April 2011.
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Fig.4-3 Monthly changes in surface (solid circle)
and bottom (open circle) mean water
temperature at sampling stations in Bisan
Strait and Harima-nada (Fig.4-1) from
April 2011 to March 2016.
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Fig.4-4 Monthly distributions of C. abbreviatus egg
densities, as collected by oblique tows with
a conical larva-net from April 2011 to
March 2016. Each circle indicates the mean
density of eggs (ind./1,000m®). Crosses
represent stations with no eggs collected.
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Fig.4-5 Monthly distributions of C. abbreviatus
larvae densities, as collected by oblique

. ; ) 8
tows with a conical larva-net from April ¥,
2011 to March 2016. The numbers indicate
mean density of larvae (ind./1,000m?®).
Crosses represent stations with no larvae
collected.
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Fig.4-6

Monthly measurements of surface water
temperature and salinity at sampling
stations in the northwestern part of
Harima-nada (Fig.4 -2 ) from May 2010 to
April 2011.

Fig.4-7

Monthly distributions of C. abbreviatus egg
densities, as collected by horizontal tows
with a conical larva—net from May 2010 to
April 2011. Each circle indicates the density
of eggs (ind./1,000m?®). Crosses represent
stations with no eggs collected.
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Fig.4-8 Rate of buried area in each size-group (mean
total lengths(TLs) :29.8mm, 40.1mm, 50.6mm
and 564mm) of C. abbreviatus juveniles,
based on sand grain size (:<05mm, []:
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Fig.4-10 Monthly size distributions of C. joyneri
(7 = 1,285) caught by small trawl nets in the
coastal waters of Ushimado from May 2008
to February 2011. # denotes sample size.
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Fig.4-12 Monthly size distributions of C. robustus
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