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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: 312-355 mm) 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 0.96-1.10 mm, 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. | 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 13°C, and spawned almost every day until early June, when the water
temperature reached about 19°C. 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 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
lyear.

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 24°C. 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 13°C, to 30 hours and 30 minutes at 24°C. An intersection between regression lines was
observed at approximately 20°C, 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 20°C and eggs incubated at temperatures ranging from 13 to 24°C produced
normal hatched larvae. The relationship between normal hatching rate and water temperature was
expressed by a curve, with a maximum value of 15-17°C. | conclude that 15-17°C 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.

Chapter IT. Growth, development and survival of larvae and juveniles

To elucidate the optimal temperature for rearing larval C. abbreviatus, | 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 14 °C, 17 °C or 20 °C, or in seawater at a natural



temperature (ranging from 16 to 24 °C 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 17 °C. Survival rates were poor at 14 °C.
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 17 °C, and the occurrence of morphological abnormalities was highest at
natural temperatures and at 20 °C. These results suggest that the optimal temperature for rearing
larval C. abbreviatus is 17 to 20 °C.

To determine the optimum rearing conditions for early stage larvae of C. abbreviatus, |
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: OD) 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: 0D
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.

ChapterIll. Mass seed production

A 45-day mass production experiment of juvenile C. abbreviatus was conducted in a large

culture tank (40 kL). A total of 77,000 juveniles with a mean total length of 22.8 mm 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.

ChapterIV. Early life ecology in Seto Inland Sea

The in 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, | concluded that C.
abbreviatus spawn at 12-20 °C 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: <0.5 mm, 0.5-1.0 mm and 1.0-2.0 mm. The
area buried by the fish was visually measured. Juveniles from all four size groups (mean total
lengths: 30, 40, 50 and 55 mm.) were able to bury themselves in sand consisting of grains smaller
than 0.5 mm in diameter. However, only the 50 and 55 mm size fish were able to bury themselves
in sand with grain diameters larger than 1.0 mm. Thus, burying ability increased with size. These
results indicate that released fish need to be larger than 50 mm 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), | 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 62.9 mm for C. abbreviatus, September and 56.7 mm for C. joyner

and September and 41.6 mm 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 98.2 mm (n = 6), 151.8 mm (n = 26) and 157.6 mm (n = 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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CETITHET T 574 EREIFKIBIZTNDGD b7 ns, Kl 3.1~3.7C L BEEIFD
2 FREET—E LTz, PESRKIR & B 272 BAR S & 2 PEYRHIIC S W T h [RIAR T, &
FEIR 4 X OBEINWIRHIO B BUTHEFEINIX 0 2/3 LLF L F < ERM OIX 6 > &2 K- THEE
PR TR S PEIRARINIC 0B L 7= (Fig.1-1, Table1-2) , ZHHDZ EnbD,
AFEOLM & U COREINCEIKIRIT, EEEOEINRHEDHEIC L > Tl ST
WD EZEZBN, BEEN—ERICEMOEINNAET 2L LI ATE 7 A CFEE - (LK
1992) L iFHe-o7z,

A B OMEBIPEIN 4 X235 1F DM 1R OEIIEIZ, 1 HY7-20 FoK 53 ThL, BT ok
PEIRSIT 334~521 (*FH 385) TR Toh o7z (Table 1-2) . Wi OMEINEIL, [FIL
1 LA B A CEBIPEINRBR N FE i ST\ D B 7 A D 8,180~11,579 Thi (K8 « (LA
1992) , ~ 7 LA Pleuronectes herzensteini @ 2,175~4,064 T-%i (e « 77PN 2009) , ~
¥ 71U Verasper moseri ¢ 927~1,352 Tk (JiZ & 2008) X 0 fiRd TH7eiro722%, T

TIFMRY A X EBIEBHIRAZEL TWDH B NS, 51 E 2 HTIE, #ERZOR
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BHIMA 120H & 1L EOBEECRRA 2 BFEOEIMRI A iR LT & 24, 1L EO R
IR RRE DN FUR T Y 72 0 OFEINELC 24 [FEN T, 7, WA NP REICEIT 5 =
VIATATEET AR L 2R OBKIT, EREUFATER SN, Z2IPRITeRO
HINE & BITHINT 2 Z EARSNTWD (Biok 1992b) . 2 HIC4 RIDFHE4 kR 343
mm TOEINFERZ Y TIXH DH &, 450 mm £ THEA RHIFE T 5 2 & C, #EIN%L 2,100
TR FRIAE N, O LA BEJEHE RS S E D TR & 5,

YVE OFHIFEARIZITSRE R, 77 RO, FIRE, S, (rArkE, JPoRE 3%
Rh, —RICIHDOBIERE VIR REIIE S, SMEEOIFROTENNELS, &
BHRLEV CEIF - HIAR 1989) 9 13 2 /i T, HERRM 2 BEOE LINE, I,
FROBAGEETRIEEL (SAD MR ORE & & HITIKT L, KR EADHMERH 5
ZEEWBMT LT, AENTVR RIRE & IPRE 2 A LR, BEPEINXITR W CTIEmE
H & bR E IO TR B LUV T 28 mR3 H 0, KR & A OFE B
BROBNT-, Lo, fERIFEIN 4 KOV EIFRIZAZEBNRE S, —EDOERAITA S
T, KiRE DADHBED D K THOLNTDOHTHoT, —J7, IMRILFEINR O
W& L HIT/MYEL, A B, D®3XTKIEEAOHBENRD LI, ZOMEMITHEIR
X X0 boio7c (Figl-2~5) . 6D &b, BEINCEKIT 5 EIRRIE, H
A2 DIXHDEEIZL Y A TIE—EOMM 2 FEL LIC < WEEROIFA L I TH
MO TEmZ R L, —F, IPBIEE A TRl M 2023 kb s s 2 &
THRSDRBERBIER STV D 2 &%, ERBHRNC X - TH S 2 JVE B & £ T
HHLT HMEMAITERIR D Z LB ahoTe, EHEMEOFEINRER TH 6N STV D IPET,
A L~ DA A A S L TR RTREME DS AR S 7z,

YHA, BT A, ya~vralr BRI EN T 22 < OMERIL, Y DB
BHATEINT 22 LB TEY, ZABIIEHICHKIT 2IF0E N Lz kv,
BB ZAT O BEE PO OWEMER E B2 b T\ (HYF 2009) , AFEDFEGH
Rl h BRI D 16 i B 22 IFOBE S <, £ D% 0 I £ TITIIEIN A/ 2 T,
HHOEINIATHD Z EXN o7z (Table1-4)
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Fig. 1-1. Daily changes in water temperature (W.T.) and the number of eggs
spawned by each group (groups A—E) during the experimental period.
M : floating eggs, [ 1: sunken eggs. 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 A: 4, B:

E: @. See Table 1-1 for groups A-E.
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Fig. 1-3. Daily changes in the mean diameter of eggs spawned by each
group during the experimental period (4). Vertical bars indicate
standard deviations. See Table 1-1 for groups A—E.
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Fig. 1-4.

Rate of floating eggs (%)
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Relationship between water temperature and rate of floating eggs
spawned by each group during the experimental period. Group A: 4,
B:A,C: A,D: X E: @.Solid and broken lines indicate regression
lines. r: Pearson product-moment correlation coefficient, *: (»<0.05),
*%: (p<0.01). See Table 1-1 for groups A—E.
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Fig. 1-5. Relationship between water temperature and mean diameter
of eggs spawned by each group during the experimental period.
GroupA: €.B: @A, C: A,D: x, E: @.Solid, dotted, and
broken lines indicate regression lines. »: Pearson product-moment
correlation coefficient, **: (p<0.01). See Table 1-1 for groups A—E.
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Table 1-3. Embryonic development of C. abbreviatus (at 17°C and 20°C)

Time after egg Developmental stages of embryo

collection (h)  Temp. 17°C 20°C
0 lcell (17.7°C)"
0.5 2cells 2cells
1 4cells 4cells
2 8cells 16c¢ells
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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F2H FAROENENE

W, M AEER ORI T, B A R AL, BREICELD
HARPEIN TGN A 152, Be LA 2 RO BEEINC K 2 PEIR & JIE 2
Wi, AFHEERATO®RYE (FHES 2001) b5 600, Sz KERMA
INDHEE SIVDHFEINH, ZIREL, B X OURBIE A BWERE (B 5 2000) & WA N
PE (B 1992a, 1992b) TR D720, BERBATHEWME TERDOAELD Z LN
THRIND, £, HHEAEICRROBHZH WD A TIE, BAR%K, iz
B LN, BEFEICOEYRINCETRAERNZILALETH LN, KELEH
BB L7 a OINE~DOREIZ SV TIEH L TIE RV,

ZZTAREHITIE, BRYIMORRL 2HOWMFENBEC Y IAT AT ZET
AZANT, MERE T COEINYIM, pEIE, % IR, IR, SME, 74
DS EE A FEFE X (Survival Activity Index : SAI) (BT[] - 3t~ 4% 1981) % % 7
BL, EIREBSLOINEOHB 2R T 2 & & b, BAaBRMME KA R
L7z,

MHEAE

HABERLRN WANTARIT RO/ IEK O XM T, 2010 4 11 H~
2011 4E 4 HiciE S - KM E 12~17 »AMGE L= 26 B (RHI#EK
BE) , BLON2012 4 3 Al S Lo AREE Lz 8f 70 2 (& akit)
D2 BAaBEE A\ (Table 1-5) . #AKIZIZEN O FRP K4 (3.5%2.5x0.9 m, =
A AKL) ZJHV, PEINGMRR LOBINFIESIE, ATEic¥E U, R e LT, FESR
BTG EeT7 A a0 A4, 2R OREMICIZ®m A % 7 I Euphausia sp. & 1% 1X
B H, AR L,

M, SMERAERVEREFFTHAR HIVEZOF LIP 50 KiicH>WT, 7
REEM T 20 f5I2IEk L, VXN FATIRZFHM L, FFIZ 100~120
Kize 1L O AS@MEKRKN A TR VHICINAE L, I5CICHE LA FaX—F N
ICFRE L CThb S E e, SMERITNAEINEIC KT 2 25 biF Aot £h 6 FHil
Lz, EESNHIMIH 2, 3 AR &IT, &BARED D SMEEFER O SMufFHAD O b
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Nl ERF ORI SDE T A~y FT50~100 BHIL, 1 L0 A
WEARDAN TR YR L, 15CTEGEMT Lz, MEHHT, 77 EFIC
e~y FTHRY B L, kAUT XD SAl kT,
k
SAI=1/N S (N-hi) xi
i =1
N 3R B A5 R 0 S b7 fu s
hi:i BHORBE~WIEREK
k: AR N 0L RS FETOHREK

#etnE 2 AatoE EIIR, Jift, SMEE R IOV SAl @ 21X, Wilcoxon
DFFF NEALFO R E &2 vy, E IR KR S0 IV FE A 22 B i) o B4R 1%, Spearman O JIEAL
MR Z H W CHEBEMEEZRE LT,

BEONKR  PEIRKIE & Bl A BERIPEIR Sk O HER & Fig.1-6 12, ERIPAE L & Table 1-6
R Lie, BEINTRMERAECAH 21 R, EHERETA4H 23 ANL LHTHED
BRHRELS, 50 THELEDE L FoEINS 1B RS ERINT, mEF & bEI
Blas O KIRIX 13°CH, 4 HRLBEKIRN 15CHENGEINEN AL, 54 20 A
Rit2 0 16°CHECTHM AR Lz, £z, EWEAEEN 6 A 12 A, RMEKE
M6HIHDIICHEETIZIEmAEINL =, REMM T, EIFEIT 50~350 THk;
ThHot=n, FEINEYMAZ B2 ETEZOMBUIHAEE LAKBE OB HEIIZFEG L 72,
TRODBKEME T £ T 2 LIREL B L, BT 2 &8N+ 2 8mn
I AT, PBR ] T o PEIN [ E K ONR PE IR EIE, IR RCEE S T2 47 15
BLU6,880 TR THo7ZDITH L, KREIEAH Tl Lh 50 [1lF L5840
TR CTH o7z, £z, % EIPEE X OVF BIPRIT, MBERE TITZNZE 1 6,130
THRIB LT 89.1%TH 72D L, REEMEFE TIIZTN L 5320 Th B LT
91.0% Th -7, —F, MONFREL P EHEKREIZENLZN 35 B LV 175¢
11K TN204g Th oD T, MELEN7ZY OF EIIEUIT 175 TR & 484 THL
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(KapPEIREL : 194 FHL & 537 THI) THEMN 2.8 [F% <, MAKEY-Y OF L
%X 1.0 Thilg & 2.4 Tkilg THREMN 245 % 0> 1=,

DRE R BRI E LI O LIIER, I, B UOSMEEOHER & Fig.1-7
W2, RO SAl OHER % Fig.1-8 12k L 7=, ¥ LIPS I & it )Y 54.1~100%
(") 86.9%) , EHIFEAAEN 67.9~100% (*F#J 90.0%) THE L=, Wb
PEUREE 1 F T3 80~100% T —E L TW=28, 54 20 AL BR A I T L, EH
FEREETIL 60%ATZRICIKR T T2 2 bd oo, MIEMEEOF LIRITER N K
&<, FRICPEIRII R IC 2 om0 < 7o o 7o, SEEHIRER T IR HEDY 1.00~
1.11 mm (°F¥) 1.06 mm) , EHWIFEEEA 0.95~1.10 mm (*F¥) 1.05 mm) THR
L, WFnbRrx /ML Lz, % BIRR L RERIS, EHIEREEIT HBRENRE
WA & o 7o, SMERITE I R R 31.9~100% (%) 87.1%) , K Wi#& kit
23 31.6~100% (%) 88.0%) D #i[H T, FEINHIM & #HIZ 60%LL FICIK T35 2
ERDoT, TRUIMTNT R D 70%2L ETRE L, AT K TIEAD
Niahoiz, SALITHEMZEREEN 1.6~11.0 (CF 6.1) , EHFLEEN 1.4~15.2
(E¥) 7.3) OFPATHE L, Wi bRE AL & IR FEm % R Lz,
RHIERBECHE T o7, £, PEIFATHN O THITRMEREED 73 E <,

T 911 1 28 RCRE 2 i > o T
LR BIRITEM BN A RICKREDN o720 (p<0.01) , ZOMDIHEHE
IR AHRICAEETAR N R o T,

NEEMEEMOBER EIKIE L2 B, Ji%%, SAl OBE%% Fig.1-9 I
o~ UTo, BB, RWIEMEE S bENKIR &% EONE (r=-0.699, -0.576) ,
JiggE (r=-0.650, -0.864) (ZIZADMBEBMRN A b, KIEO EFIZHENTE LI
TITME T, BRI/ L L=, —J7, SAlIELE B8 T o H iR A o Fl B B4R
MBI (r=-0.832) . Ji£E & SAl, # EIPEORMR % Fig.1-10 IR L7z, I8
L SALICITEMBERAED 2 THROIEOMBIBEMGNA A5 (r=0.855) , JIEO
RIEACIZAEN SALIE EH Uiz, 2 oft, W COIR & LN IEO M BB &2
Y (r=0.651, 0.531) , JIEDARKEWIZEF LINERNEN -T2,
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z =B

BRI OB DLW NBIET Y TA T HVAET A 2BMEEE L, BA
PEONTREOZEINZGT-, BAITEBF KR, 13CLLEICR D LEINZBRLM L,
KL 15~19CORIZIFIFEBAEII L-b oD, 19CE=B AL KT L, £,
WMo B EIREIE, KROMKT 213 E8H b Lizolcxt L, ERcHmL
7= (Fig.1-6) ., 26D D, KEOEINEHYIIKEN KRS 2EELE 5 2T
WL ENMLI R INTZ, ELOEICEINT 28 TIEESTICE T 2KE EAZT
ISECAB IR IZ LT, BN EM R ZR B 2 Rl nwZ £ Z vy (& H 1982)
Lansd, AFEbL~F A4 (5T - #2005 °b 7 A (K H 2005) % & R,
KR E BRIC X 2 5 OF A % K VIR OO W] REME 2SR X7z,

REBIDOPEIIEIT 1 272V 50~350 TR CTH Y, K+ B oM THE AEEIC 57
RN A ek C & 72 (Fig.1-6) » £7z, ME1R Y72V ok EINEIL, RWIERK
BED W BAREED 285 & 2o 72 (Table 1-6) , ZHUFMIEDO T 4 AP KX
SHWBLTWD, MPFNERRBICEBITZ22 77 4TIV 20T 20O ES
RoORGIE, EREIFR RIS, ZIBIEEROMINE &I+ 252 &R
RENTWD (8K 1992b) . ZOBEBRICAED 2 FAHOEHL2EE H T
X5 &, ZUEITA 310 THLE 610 TR &2V, SRIGLNTE 1 RYTZV D
M PE IR B (FE I ARE - 194 ThL, REIEARE : 537 TORL) XM RALHE & b KT
R, FRICEIEAREECE oMM AR, BAMMORENEEL TV D ATREME
DR ST,

HAREW CABEZ MR E LIEWEMTONTWDOITH I @A NETH
D08, WIEEOMEREIIZLENREES k@A B2 b (KK - #n
1997a) , MUKW R EOFENRHIN TS, £ 2T, AWHEEORINICE T
LS (2001) O & YA XD WANGE OB E R A L mE Lz,
W Bl OMEREL, MO RB MK OCEEREITIZEFRSEMETH - 2d, REINK
(A PE DY 3,221 TRLIZ X LW NEREIT 6,880 TH:, 7% LUIRIL XS LFR
THTE B Z 4 83.2%, 72.9%I2%F L, #%F A 89.1, 86.9% &, FESIE, INE %
ARTIE HIME ARG O E IR BB (Table 1-6) . WidEIRICH1T 5 RAKA
D AEFERRHE R (B S 2000 ; #AK 1992a) ICIXEN A LNARNW T L0, AWMEET
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IZPEIN IR D PEINEIEL S D T v o T2 2 D, IR OB B 2 PR E R EIC
K2 EEGE b D, IIEITAWAWEED 1.10~1.23 mm (X L #E = A PE
(X 1.00~1.11mm & & 10%/ & <, IR KOS LfFR O RS SI3A WEE &
BORZENSH D E LEEBEEMA (BB 5 2001 ; EZH - K5 1994) & —FH L7z,
—7J7, PEIR/KIRIZ 13.5~19°CHi#% L IZIEREETH - 7=,

—MRICBEIINE L, SMEBROEBRPBRURITAESHET LI THY (FEY
1974) , TSAERILSEBEOAEFZEN @I EEMI N TWD, IVE OG5
BT R, % RN, BIRE, SMe, [FRERE, HoREs, B, i
H, A, pH2H 2 CaJk - AR 1989) . ZnbdH b, KRWFFETIIFE LINE,
S, I, SAI ZHIE L, IVEOHEB B L ORI H & PEIIK IR O BILR & B
ALz, ZTORER, SMERLSMIEIY DA ED I ON TR T T 2R s 5 & &
H1Z (Fig.1-7, 1-8) , WIREDOVE LIIR, Piftds L OVRGIFEMEED SAl L PEFHK
BEDOMICADOHEBEBEZRRE D b (Fig.l-9) ., 202 L, KiEDO EHCME
SRR D N 70 EREINH O EATITHEWINE R E T T2 2L 2R L TRY, =7
¥ Pseudocaranx dentex (H B - B4 1993) , 7 VU Seriola quinqueradiata (M 5
1993) , A =A4=t (JEi 2005) %5, MOMWHEMBE TO®RE L —K L,

ZOMOBER TR LR LI, S OICEMBEREEIC OV TITIIE & SAL [
THWIEDOMBIBENR D 57 (Fig.1-10) . SAl XA F IS B WV TAFRE
DEVLORE N LD, (FRADOIENE2RDTHEL LT LEED 3AELX Y
/N4 Epinepheius akaara (& & 1998) E CTHMMENHR I L TWD, 2L,
HEICIESMEE LEMLL E 2 B3 5728, Flw A EH IO FF/T O HE RIS IX 2R
DGRV, £ 2T SAI L OEENRE <, PEINERICHEENSOEMICHIE TE 5
BEESAEIOS U TR SN TE L, AFEICEWTIE, MRS BEINFFMOA
B REE L e VG D T LN I NI oo, EINRTE 25 ], KR 15~16C D
IR DO R E WK 2 B INhiE, A oOALTER LICER L 0L
EZbhi,

BAOERYMEOENIOWT, AEE LEL ERIE L2 RMIER A L REE
% ORMMBRAOIVE L TIX, AEZETRVL OO REHIBAEENE EINE, 5
b, SAlI TS kml» 7= (Fig.1-7, 1-8) . —J7, FHIEEE D77 LIIR IR
R EOIVEFEEH IARE CREL LB T 2N H Y, EMERETHON
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TZPEON/KIE & SAL, JREE L SAI OMBRAMR b & Tl o 72 (Fig.1-9, 1-10) .
HEH & (1985) 1T~ & A TIEF LIRS ICHARFEAER TH L K& R ERBFE
FTHEL, A&H (2003) TN A XOERTREBANLY BB OERO R
REWELTWD, SEIOFEBIEEEEDS, 84 1ZKESCEEHEREE O 72 5 ki
BOWTRAHZE I L2 LICX5EEMENERLZEb 2220 b LA
v (EL1ELES) o —F, ARENZOEINKICONTLEBEREEN 2.4
%% ino7- (Tablel-6) , ZOHERKE LT, MEOR ML RIZLY, 5HHHEKEH
DF N THEH - FEINCH G TE DT L, KEREICHLL TWehoalz 2 &N
HIFohd, ZNbDZ Linh, MEEHEDORKKRENL THREINIMMRTE D
B, BREIBNAROCBAO LGN LV RENOFHEMICRIITE S EE X bNT,
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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) 1 12-17
Number of fish (female : male) 70 (35:35) 26 (11:15)
Total length (mm) female 284+227 307423

male 23820 256128
Body weight (g) female 175+63 204+34

male 70+29 103+ 51

*] 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 Apr.23—Jun.12 Apr.21-Jun.9
Days 47 50
Temperature (C) 13.6-19.8 13.2-194
Number of total eggs (X 10°) 6.881 5.843
Number of floating eggs (X 10%) 6.130 5.320
Rate of floating eggs (%) 89.1 91.0

Number of floating eggs per one

female (X 10°) 175 484

Number of floating eggs per 1g

female body weight 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, [1: sunken eggs. 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. M : short-term-bred group, [I: long-term-bred group.

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.

-34 -



)
o
o
1
N

& g o A
® 90 L N PR N
% < oOm
------ mr=-0576%
28 B (n=49)
© <
2 70 Omm = 0699+
= . (n = 44)
9 60 =
ke .
50 1 1 1 1
12
s B
E
..E'__-’ 11 -
]
£
@
© 1 +
0
o)
e)
Ll
09 1 1 1 1
20 -
3 c
£ 15 + <
2
= .Q-QO
© 10 .., °
o - ", [
g O a® a n
S 5 <
2 Oy 7= -0.832%%
S s V% -
)] a S (n=12)
0 1 1 1 1
12 14 16 18 20

Water temperature (°C)

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.
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Solid and broken lines indicate regression lines. »: Spearman’s rank
correlation coefficient, *: (p<0.05), **: (p<0.01).
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F I8 IIRE, SvE, BHOELKEREDEERE

IHFE A 8 D WIS F D AT - AERRFFEOIRIE, ZIEMRINEROTZD, I 5HIC
(XPEIF 7> B D II0 ST DIEHL,  ®iikiZ K DRSO L R A MG 2 JARE @) &
5L, VABANBHR A ED H ETHETHD, LnL, VI UFHETIE, av g
ATV HETATBT DI L S OERE (H - Bk 1965) LSk, 1ZL AL
BB STV,

AREITIX, AEOIPFEA, SMeB LU DI KIETKIBOREBZONTHAEL, IP%
AR, SMEETORTERH, SMER, aFR, PO E TORTEERRH SO AR 2
BB LT,

MHERE

HEEREN BT, 2015 4F 3 A ICHE T N T A=A T I o0/ VTR AR ES OV Rl Tl S,
K1 D HBRNAE CERGE L2 747 Hv 2T A RKAERW, Bl
30 J2 L #E 20 R0 50 R T, MDA E 1% 255~333 mm, {KEIL 99~252 g, HEDEFRIT
218~253 mm, (KH|X 47~81g ThoTo, BEOBERFEITE 1 & 1HIE, 50 BO
B2 R AR S L CHREIN S W7z, PEIIREREE HIC, BAUKM S A —
— 70— LR EZTH5INR Yy MO ESTIE 77 AF v 7 B =0 — Tk L &
BITINEE LTz,

PRFHEFRAE 20154 5 H 21 H 18:00, 35 LT 24 H 18:00 ([ZH4E L 7= I %
WT 2B DEBRET 72, ZHRIZTZNZN 100%, 97.7% Th > 7=, HRIFZRED
(240 200 KED LRI 2 1L O R VH~ILAE L, 1RIH X6, 10, 13, 15, 17, 20,
24, 28°C > 8 ExPE, 2 Ml H (21X 13, 15, 17, 20, 22, 24°C D 6 BEPEICRE L7z A > %
2 N—=HNAFKIEXIZOE, TR 4 1T OR U &2 RiE Lz, IR DKL
180°C T, 1[I HNKAKIEKX & b4 120 47, 2 [\ B 1 90 49 LAWNIZ 3% E KR~
L7, EBRRT £ TOXKOKBZETIL05CLUNTH -7, INE»HSHME5E T £ TOM,
30 /e 2 MR S L ICHEE DR VIR 2 (82 DA AICIRAERE L, FERBAMSE T IR
RIS LTz, BRABRME TORERFMIL, EEIZIV 2L 5~10 KiDIFD 5 6, e
BRSEDAT =V~ LR & Uz, #4384, i - |k (1965) , #EH: (1984)
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(ZHE-> TEFR LTz, FEBRI X OBIEITIIMW Atk 2 AV, KO HS0R U P T o
REATDIRIN- T, PEIIRFOKIELS X OESIE, 1 RIEAZAEN 17.7°C L 308, 2[AH
73 18.0C & 309 Th o7z,

AMEEDRIE  EEREOIVEABIERICHO AR S TZEKIRX 2 HOR Y FICONT, 5
fb5e TRIZENTN O SMUTFR L FEINEFHE Uiz, SMERITRAUT L vk, 2 HORY
HRDONEIfE 2 F KRR OFESR & L TR L,

SMEE (%) = (BSFRE/BINE) X 100

TEHSMEE (%) = (EFSMuralk/mInk) x 100

FROEOHE 2[EHOSMEERO 1TCK THE L L IEH SME7FAF 100 B4 1L &K
VISR LT 13, 15, 17, 20, 24°C D 5 BYPEICRRIE LA o % 2 N—Z N~FRE L,
B 0 COFTERFR 2 F04 L7z, SME2 DB 0 £ TK 24 R 2 & I2fr 10 BoeR 21
ETHEEHIC, HOEZ THOFMELGE ER L GRS O LR 285 L,

S

BEICRIZTTKENDEE ASRIEBRLEZKEXD > H 6, 10, 28CICHB VT,
PIZ S EARHIIC I A 2 45 1k L7z, /KR 13~24°CIT B 1 5 5 AR~ 0> B 3 W ]
(%, 3R] 30 73 ~5 W[ 50 43 T 2 RpfH LA B od 7034 U7e, A /KIR M O 21354
DOEAT E L HITHLR L, Kupffer's fiad (B (213 19 FFfE 30 5> ~51 FRffi] & 32 KFfH]
30 M DEITR DR E, HIAERME~OBEREIZKIED LR & L b2, HEHA
B E < 72 5 MEm %R L7 (Table 1-7, Fig.1-11) .

ZRED D SMEBRME F COFTERRIE, 13°C 2% 102 BEfE, 15°C 728 81 KEf], 17°C A% 59 K
i, 20°C 7% 42 F¥ft], 22°C 25 34 R¢f#] 30 47, 24°C 7% 30 IRfff] 30 77 & /KR 23 & < 72 5 ITHE
> TCHEHL o7z (Table 1-7, Fig.1-11) , ZhHKIE (0, C) L SEBRtEE CTORTE
KefE] (T, h) & oPBafRIL, WA DEYFdh# TR,

T=389.2 — 32.0594 + 0.8366¢* — 0.00514° (R*=0.998)

F72, KR & SEBEAE TOFTER O EE & OBIfRIE, 20°C {3 TZ AR
5L, 183~20CH LT 20~24°C DIREHIPHIZ BV TRAD 2 KOEYREMR TEET
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(Fig.1-12)

13~20°C: logT = 2.788 — 0.0595¢ (R?=0.992)

20~24°C: logT = 2.313 — 0.03470 (R?=0.983)

13~20°C, 20~24°C 5 & 1N 13~24°C O #iPH TOIEFE S & Van't Hoff D QpfE (Qi = exp
(10a), a: JEETEH) (114 1943) % Table 1-8 (278 L7=, EJETEELIE Arrhenius DD u
&, BE-HAOR (ILUA 1943) @ o TR L7e, 13~20°C O Tl u = 21,266, a = 0.129,
Qu=363 72V, 20~24°C DO#HiFAD 1 =13,935 «=0.080, Q=2.23 (2T, VI
H 16 ERIEmWMELZ R LTz, 13~24°C O#iTIE, u = 18,664, o = 0.113, Q= 3.10
Th o7,

SEBRGEN D FE T E TICE T HHEMIE, 20 & 22CHA3FEM 30 0 L L, kv
IR K OERMAICIE, B EANEO bz, SMEBMEN LS T £ TORE 2 i
bENoTEDIE, 13C D 6 K 30 43 Th -7 (Fig.1-13) .

SMERIZRIFTKEDHE 1HHOSEFRIL, /KIEL6, 10 35KV 28°C T 0%, 13~24
CTIHEWTI S 95%LL ETH -7, 2 8l H D 5313 13~22°C Ti 90% LA LT - 7273,
24°C TlE 15.2% & k)2~ 7= (Fig.1-14a) .

IEH SMurfE, SMERFRD bz 13~24C o T TH LN, IEFESMEEIE, 17C
D 92.7% (2 [AIDFH4ME) % e 15°C 0 89.9% & fe &, {KIR IS L OVE IR I F a1 28
D B, FFIZ 20°C LLETIEZKIERD RS- TRIMIZIE T L7e, AKEO 1[EH & 2
BB OER SMEREZ T 5 L, 15C 2RV T 2 [ B A& - 72, SMEBRF LA
Ve EID 50%LL EOERSMER Cad - MK 1989) Z 7R3 /K O IIARIEM2Y 13
C, @iEMN 22°CTch-7- (Fig.1-14b)

MAOICRIETKEDEE SMEBEZOFAOERER, KR EWIEERWER A
, SMEE% D 2.65 mm 75 B L ERFIZ 1T 4.21~4.65 mm (ZAkE L7z (Fig.1-15) . Sk
5B 0k CHTERRIE, 13°C 25 168 B[], 15°C 7% 129 B[], 17°C 2% 96 W, 20°C 23 72
IRF[#], 24°C 75 51 Iefi] & KRN 5 < 7R DIZHE» TR 72 o 7= (Fig.1-16) . ZHLHIKIR (6,
C) M0 ETORRERRE (T, h) & OBRfRIE, wXolblFih#E TR,

T =944.3-105.450 + 4.32264° — 0.06176° (R®=0.999)
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Kl 6~28C D HH, 13~24COFHTaA T T4 7 H 28T AZIEINDFEAEITHEST
L, SbicE-7 (Figlda) , L L, 6, 10, 28°C CIlIHZFEMRMIREELEIL LT, &
H - faA (1989) 1% v X * Sillago japonica SO KIEZEER & FIZ, SZHEIRH SRR &
TITKIBEZ LB O EEZEIICH -5 LR~ TE Y, AT HKIER X OEWIERM O
ERRIKIZEBN T, AV OAFEBICRREZ AR EB 2 oD, BEFELEDOR
RNZ2DWTCIE, A, JHERED 18°C 7 b &ak E/KIR £ CRIFH AL LT 2 &~
{LDRFL, & D5 WITREOESIKBE RN AERA B X Io7cd & &2 b b0y, FHMITH
HINTRPo Tz, BIAEBEME~OBGERRIL, KEPEL RHIFEEL DA ZERL,
Z ORI ZEITFEDOET L L HIZH K L7z (Table 1-7, Fig.1-11) . 241 b O,
BEZ A (&K 1975) , FUK (EF - BH199L) , 7r~vsr (F 152000 , AX
% Lateolabrax japonicus (4% & 2003) B LA =4 =€ (U5 2004) 72 E% < OfafE
THOLNTWDLERETHY, A THRRRMRE RoTe, £z, KREBAERE LD
BIfRIL, 20CHHTAZ A & L TELERRELRY (Figl-12) , ZOREXEZ D L5t
A IEAEBIE E CORERIT —EDRTEME SN2 W RN ghoTl, 2O X
O BREESURE OFEIIMARE T HIE SN TR Y, Blimoni#E TINNOEEE H 5T
RSO SR R AR E L DT LB 2 b T\ D (&K 1975) o BEFURE #51C,
IREETEEL 1 B XD a < QuofFE iR K 0 AKIEMIC R <, IR O 5 23R E OB % K
XL RITDTENAMOLNTNDA (B 5 2003 ; #4 © 2004 5 11342 2005) , 27547
NI ZETATHERERTH T,

13~24°C OFFHIZ I T D ATEDOREE u & a B L QufEIXZ £ 18,664, 0.113,
310 TH Y (Table1-8) , ALV XORHEAKIRTITo7F UNY (1=12,950, a=0.073,
Qu=208, 20~28°C) (&%« B 1991) , A =4 =¥ (u=12,077, a=0.068, Q;p=2.27,
18~30°C) (J&i4 5 2004) , 7 F1-~% Epinephelus fasciatus (u = 14,977, a=0.087, Q=
2.32, 18~32°C) (JIIiZ2005) £V @AY, AL IZIERAKRO~ XA (u=20400, a=
0.115, 12~20°C) (LA 1943) , 7 A (u = 27,700, 12~20°C) (%7 1975) BLOV
AR (u=24200, Qp=43, 10~20C) HH 5 2003) IZHARTKLS, avIA4Th
VEETAINOBERE I~ A, BT A, AXX LY HKIEDOEELZITFIZS WEEZ
SY (/e
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FIND b & AR OBEMRIZIE, AR & &RANZRFUKIESFET D CEIF - AR
1989) , AW CTa T T4 T X BT A DOSMURFKIRIL, 50%0D IEH 534 e
L9 5 &, KIEMIDS 12~13°C, @RS 22°CfHE T, ZO#iHIIHN 10CTHH Z &n
FIA L=, bt e 7 A ORRAKIE 11.2~20.6°C, {EE#IFH 9.4°C L IZIZRECTH - 7=,
AR & IEF SMEER E ORMRIL 17°CE/21T 15C 2Rl & U TR & & i TR e
MARD T2 Lnb (Figl-14b) , SMEf#EAKRIT 15~17CHHEICH Db D EE 2
Biviz, AlEl, 15°C R LN 17C TR LT 85%LL EOTERF SMESHIX, BT XD 77.9% (&
e 2007) , A=A=ED88.6% (/MMED 2011) %, EFEFFEMLIN TV DIHEM L (A
FREE T, BRRMTFRAZIRINCHEDL LA HIE LICHEEAED SMEEH L LTHa72
fti R T olo, AMOEEAKIRILFE CHEEINDO~ XA D 17°C (IHA1943) , © T A (&L
7K 1975) LEKPEFIO A X% (H#F 5 2003) @ 15°C 7¢ & RIKIRA CorBEZ IR 4 pEH 3
LR IFIE B LT,

—J7, AFI24CTIZ 1A HDOSEREN 5% U EThHh-7=b D0, 2 EH I 15.2
% &K<, REMNA U7 (Fig.l-14a) . % LU=, JPEE, SMERFLIELE LT
HINEITRINBIC L o TRAY (5B 1% 28) , EXSMEFICBTIMEOE
726H 2 BHEHDIFERLRSELE > CTWEARBERZEL LD, 202 &6, 5
TERRA VAR DO &M T T, IESLIOI Y FNFEOENREND, 5L
RICREREEZ KT T ARENTRB I,

A MR (1989) 1F, SMLEEAKIRASHERFEIKE S —BT DL L, AXF (i
5 2003) , 7 HNE (JI32005) , A=A (JEASH 2004) 7 LT RIEEORE FASH
HEENTWD, MILRICB T 5230547 H 28T ABMBAROEREIN, 4 A TH
1o 6 H EA) (13.7~19.9C) 1T b, B DO/KIRIL 15~17CTH Y (5 1 = 2 fii) ,
AFEIZB N TS St AKIRIZEINEH O KR E —F LT,

FFHOIVE OFHMIIEEED 5 B, AW THEN R BN, Jiftds L USANL, FESP
BRAA7 D OfkE H ECCPEIRKIR & ORIICA ORI RO D (FlEL, 2f§) . Z
NOIVEMAICA RO R 260D &, RERFREZRIICHEDITE, PEIFRTHN G
& C, AKIRL4~17CIZ BT D FEHIIN 2 5 A DA T 5 15~17°C TIIEHL L T
bEHDLZENEETHDLEVR D,
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Fig. 1-11. Relationship between water temperature and time to reach each
developmental stage in C. abbreviatus eggs. Mo: morula stage;
BI: blastula; Ga: gastrula; Em: appearance of embryonic shield;
Ku: appearance of Kupffer’s vesicle; Hb: heartbeat; Ho: hatch out.

200

10 L L L L L L
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. T: time (h);
6: temperature ("C).
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Table 1-8. Temperature characteristics (u, ) and Q,, 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
o 0.129 0.080 0.113
Q1o 3.63 2.23 3.10

u: temperature characteristic of Arrhenius’s formula (Yamamoto 1943).

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

Qp=exp (10¢) (Yamamoto 1943).

Time (h)

0 L L L L L L
13 15 17 20 22 24

Water temperature (°C)

Fig. 1-13. Relationship between water temperature and time taken from

the beginning to the end of hatching in C. abbreviatus eggs.
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Fig. 1-14. Relationship between water temperature and (a) total hatching
rate and (b) normal hatching rate C. abbreviatus eggs.
@ spawned on July 215t [J: spawned on July 24%.
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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=-0.0617x%+ 4.3226x2-105.45x+
944.3
R2=0.999

20 | | |
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.
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F2E FHAORER £E 4£%

FHEOHEARBICB W T, RS2 mAE CHERT S Z & 13 b EERRET
b5, TR EED DINRE O T R/ X —iif, AREIC X 5 TERERE DAL,
WEPKAETE ) B A AETE~DOBAT IR ERk A I AR - ARBRIE(ENAE L D720, FRICREEER
BERFTEAELCLTV, ZOOEKAFEDORHEICIR U7 AFRBRREOFE N EFHE OIES %
WET D LW, ZERMNORE LTS AELIT O oI, (FHEAOFRBREIC
B 2 AOWERRAIR T D, —F, aVIAT AT EET AOIFHMAEE B
TIZ, IO KRERFERCTFRERENREL LTHToNTWD 720 (BEH S 1986 ; (&TE
52001) , b DFERETEH EROBEFVBLIETH D,

RETIE, AFEFHAOKRE, BE, £k, BEEE CBREER L OBEGRZH
BRARICEIVFAEL, (FHAHOEHE - FRFEELZHONICTHZ X2 HB &
L7z,

F1# FHAOHE %7 £REKEEOER

PR ORE, BERBIOERIIKIRE ERICEEL TS Z R, eI AT LA
BHETHLMMIC SN TS A (Seikai et al. 1986 ; [4s 1988 ; A1 2013) , v/ ¥
BIOWEIZ AL 500, T TAETIE, a4 TV AT AOKE, 47k,
e KO RBEF OFBL L KR & DBIRAZI 52T 5 2 & TEEBEAKIRIZ OV TR
L7,

MHERE

HAINERBRRORTE MR LU T4 THZET AINE, MR TAZEET Hi2E
THRES N KRB AR L TR DN AKRERIICH 2 (55 1 % 2 fi) . 3Bk 2012
F5H6H FRBr1) L5H18H (B2 IIHELNTZRINE HWT 2 %M LT,
SMETE A OHTH £ TAIEMEKORAKEND S v b (F—AH, ¢60X60cm) T
ZREINZE M L2, 200 L FJEAR Y 7 —aR % — F/KAEIZ 3,000 KL DI LTz, [RIRHC
HERADN 100 Fi 4 AR E & HIZ 1 L OR VIR 2 HA~INEHE, IVEH/KIE & FIREO A
VX aR—HNICRE L, BEICSMUFREINE L CRBERBREXOSMEE L LT
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Az,

fABBREE F COARROEINKIRN 14~20CTHHZ L 2#EFE LT GHLE2H) , 5
k1%, 14, 17, 20CE L AKKIR E T 5 4 BEBRX A% (T 7= (Table 2-1) . SMbBAF
ANNT 5% 4 HE (L, fFAROSMEE N BHZBiin & 35) £ TOMIZ,
BB AEEINE LIcU A —F ="\t —4— (FX¥URAHBE—F—1KW, H M)
LFT— (mxxz—2A, W—REF) 2LV 05~1.0°C/H MR £ 2135 E L THK
BACERE LTz, 723, PEUNKIRIZRER 128 15.2°C, BR2 28 16.2CTh -7,

FBHZE IOWENLHKENOETOMRNPERT D ETERBIME Lz, %
SRR AR Z BB K & LT L, ONOIARND Ailin 9 £ T 1A/ H, Hiin 10 225
19 £ CIiX 1.5 R/ A, HAh 20 LAREIT 2 [l5/ A OfKkE L Uiz, AMhdic 1 @07
2 h—> (KA-20R, 19x19x150 mm, =JHRFERRA) ZELE L CEk L7,

FBEAKITIZAE 4 20 @ EREFAE R 3 58 b ST ROKERME 7 0 L T (R —/X—
Ay LF V12, 7a L7 TH¥) 2 mL &K TR 10 fFICAR LT L B 2 [EEIN L7z,
KK EERICERE LK (A F A aFUdT L, SN F Y=o ) LEORT GEAe
Z 7, NEC) (T V fHE/KEE T 600~2,000 lux &72% X5 FE L7z, ML, BO
EZOAE 47205 10 £ TORIL 24 FFfE, Hils 11 206 15 £ TiX 20 FFfE (8 & 4 FFF
£T) , Hifiv 16 LARIE 18 fefH] (8 gD 2HFET) #UT L7z,

T4 I XY RU LY Brachionus plicatilis sp. complex S % (#EPR{E{AY A X T 170~
230um, BAF, DA ET2) YIRS L, Hiiv 4 DIEICEE K O 15 fiffk
ImL &72% 59 1 H 1T L7z, ZRREIOMFaN BT 2 A 18 LIRIZIE, 747 2
7 Artemia sp. $hA2 CKE= XM VIV LA ZFE) % 0.1~05EfR/mL 1275 K95 1H?2
[FHEEE L7z, 7238, ULAUIEA—/—47 1 LT V12 THHERRTIC 2 REFE SR b L7z,
FHNCHKEES 27 VT I 7L DHA B (A _X—2 U —, R~ YTy 27) T, F
BICHEET AT AT I 7T Lo (Lo, RE~U T v 7)) TERER 2
e s B LT, ERMbrZ21T707, OO BT ClEtEles (71 vy a s
J—r, V=2 Fv—) 3g% 200mL OFKICEEE, 1 H 2EEM LT,

FHAOHRER SERSIUMEBEEDHAE A 20 £T5 AMICER 40 mm Ok
B == VA T IO TOKEEN 4 ER L VIERY 7T 72470, BREIEICL D7
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W ORI A HEE Lo, [FRHCFR 20~30 BZ m-7 2 ) REFRTZT LA X 7k
F— b TR T2 529K, BRET VXL FATHE LT,

A KRBT ~ D & SRS H i b 2 T ORERDPEIRE 5T T § 5 £ TOWM, 2 Al
BIE LML ZY A 74 > TROVHE L CHRET 2, B LM%z 2 HEOBEME L
THEL, (AL O HIETHAIE LTHEINAIZSE 20 BORREZRE Lz, #ER
WM OB EHEAE ZRF L THE A O TR E L, A5 GEEHEASMurA
#x100, %) ZHEH L,

TEREEH OFHE I EITE 2 B 3 HICWEV, BRRAE L /AL 5%hLr~ ) SR
%, 75% =%/ — /L CEM - (P L, FRBEME T THBUCRE 2 230K & IEF
BRI L, IEFEMEAER QEFEEEMBLIEEK100, %) ZRHLZ,

HMETLE FHAOESROWKICIE, —KEEO I Z AW TAHEREEZE R
EL, BEENHEDLNIZHEITIL Scheffe ® k2 W T BRI 21T - 7=,
HE fi D B 5% 3R L OIE B 8 4K 2R o B2 1213 Bonferroni @ 15T o BRE, A EEH O
LE#ZIZ X Mann-Whitney @ U BREIC L VW TN EN L EILE LT, #HAOLEIZS
WL, B RIFROBRIEIIC £ R L7 F B A BR< 72%, Smimov-Grubbs 15

ICEDAEEBRSN LTz, BRE L bAHBEKEEL 5% L LT,

#w R

KBRE  SMERFOKIENE, 51728 165°C, &R 208 17.3CThHh o7, FRrBRXD
FERAIE CEAME AR ZE) 1%, 14 CRARER 1, 2 ZhZh 142+103CL 144402
C, 17CXA% 17.0£0.2°C &£ 17.2+£0.2°C, 20°CX7% 19.7£0.3°C £ 20.0£0.2°C, HAKIE
X753 19.6+2.0CL 20716 CThH o7z, FRHORRTH 72720, BAKIEKITFAER
1 THE2 D Hili 40 £T0.13°C/H, 7B 2 TIXHE 30 £ T 0.15°C/H DO~—A T 21.8C
FCTEHL, ZNENHE 27 & 16 121X 200CE Bz 72, MRBRIX & & RBRIE THITO A #n
50 A% E TICIX 23 CHRICETH 2 L bdho7o, HARKIRX T, H#E 30 HE TORER 1L
L 2 Ol BECRIRDEN 1~2CE U7 (Fig.2-1)

FRDEE £% FHABRXICBT 2FROERMB % Fig.2-2 1R L, FAERT
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AR 1 O il 10 121X 4CRAMX I W AEIZ/E < (p<0.05) , fill 3 KIZIZIZFEEROAHE
THHEN 15 ETHRE L7223, Bl 20 121X 200C KA 84 mm IZKE L, 7mm 5OMKX EH
BENAE T (p<0.05) , B 2 TIXHE 10 75 15 F TIiX 14 C<BAKIR=17C<20C

DOIETHER L, R 14CXIZHER 20 TH 6.0 mm EpEAMER L, 8 mm 28z 7=
KEWEBEINEL (p0.05) , REENIEN 572, BRICKIRDREWIE ERE )
-7z,

BRBRXIZB T DFAOLERROHERE % Fig.2-3 12~ Lz, B 1 TIXHE 10 045k

RITETORXT 80%LL L& & -7-728, ED% B 15 1200 TIRF L7=, $5iC 200C K
PED THERE LT, Bl 20 121 20%LL T & 72 o7z, 3Bk 2 TITY W B AEFREN R~ IC
KT L, M4CRESNIHE 20 T 20%Ai114 & 72 o 72, 14 CKR TR EKIR~DOH A T
&5 HEm5 £ TIZ3B5%ITME T L, HHE20121%£0.3% & o778, REpEHikL7-,

MAOFERR HELZEBLZAE, BLXOBBENOETECICELZBHE, &
B 1, 2 DT 20CKA Hiln 22 & 23 H, BAKIRX2YHim 29 & 24 H, 17°CIX25H i
33 £ 31 H,14CKAHER B9 & 28 HDIET, AKIRDMEME EAE KA BRAE L7 H i1 <
MOBIREZSE T T 5 E TOHMBRWEHM N H -7 (Table 2-1) .

EIEH IO IRAEO L, 200CK A 27.5, HIRKIEXA 37.5, 17°CIX A% 40.5, 14°C
XA 69 DIET, RWKIEKIFEAEICKRE o7 (p<0.05) , FED 200CX DAL H
Hgfif & el & 17°CKIFH 15 1%, 14°CRIT 25 %428 L, HEHEO R
EX TS 15~2/5 OBHANIZAFEL, FEBITHMOFHIZE S LT

(Fig.2-4A)

AR 1 OAEFRRIT M4CEN 03% LMK LD FEIE»>72b DD (p<0.05) , 3 X
1% 13.0~15.0% CIZIEF UM TH o7z, Bk 2 TIE 14CKHM 0, ARKIRXD 8.5%, 17
CKEH 16.7%, 20°CK N 25.5%C, KBNS EWIE EAREITAEEIZHED -2 (p<0.05) .
AR 1 D17 L 20CKEI TR R A EZ TR o2 b OO, BRKIRX ZBRITIE,
BN KIR DS m W IE AR RIS W EA 238D 5 v (Fig.2-4B, Table 2-1)

I TR O 2RI, B 1 TIXEZOKIRXS 12.6 mm, 20°CIXA% 12.7 mm, 14°CKX
23 13.0 mm, 17°CXAY 13.7 mm OJET, 17°CKIZHAKIRX E 20CK L FEICKE )
7= (p<0.05) , @Bk 2 O EEFEIL, 13.0~13.3mm OFPH T, REBRXEOAZE AT
bvehrolz, RER 1, 2 & bIZ, K& FERRIITEDHRMARD bigroTe
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(Table 2-1)

HMAODEEEAE FBRAFIIAXBX CIRAMZ EEHEELEEKAIZHLNT
(Fig.2-5) . B 1 & 2 Z s 2 &, EHRERRITT LTI 13.8~59.9%, 50.0~77.4%
LR 1 TRV EL OFEREANPHBLLZ, RBXEOk®KR T, Wikl TF 4R
O U CKRERE, BARKIE<0C<ITCRONETIEFERRICABEENHER SN
(p<0.05) , #BE2 TH HARKIE<20C=17TCKOIETHER 1 L IZIEFMER & 72D, 17°C
& 20C KD IEFEARRIZHARKIEX LV b A EICED > 72 (p<0.05, Fig.2-6, Table 2-1)

z =

KEEHR £RBLUVEREDER (FHAOKRE, BEIT, KRR EELZ
FTHZERMBNTND, < OMFETILEKIR T CEEEEREEL L TH Y
HERDPER, RESCHEEOMITNEE 5 Z ENH LTS (N 1996 ; & 2005 ;
SEH S 2009) , LA BAEETHE T A (Seikai et al.1986) <>~ =24 L { Pleuronectes
yokohamae (4% 1988) , ~ A4 LA (Aritaki and Seikai 2004) %5 L o Bk CRIER
DWENRZ2ENTND, A, a0ITA4T AL ET AHFRIZONT, EIFKRD 14~
20°C DFEPH TAIES OEFFRER AT - 7o R, AMIZE W TH 20C THUR 2MEdE, 14C
TIEEWT 5 Z LR SNz (Fig.2-2) o

M E COABREFELREAKIRIZER L, 20CTRED 20%Hi% Tho7=Dlzxt L, 14C
TIXRER 2 THILZRER SRS 7 EIERKE T CHENPRETH -7 (Fig.2-4B)
2L, WRAICHIR L BRKIEX TITEEBEIL 1TCX LY  Bholob Do,
ARSI ITCR LD K 5 RA > MELS, Hifis 16 T 20CA X 727kl 2 T Z oM 23
BHE CTho7=Z LD, EREZBMAT 5 B 20 20 5B K £ TORBEZLICEHIT 5 20°CLL
FOKRIE, FHEADERICAOEE L 52 5 EERHD, ZNHDOZ Lnh,
GRZKIR D ERROKIRFII AR OR & 2l < HEfa~DZERE L B AT, ZFhll
IR E N D Z R I, AREFHEAORE, £ L FEEKIRE, 20
CHhEL&Ez b,

KIBOENNE L DIFROMERE L REREOEIHA~DOLIICHEEL, KENEHH

FEVREMIMII A SN D Z LN T 4 (Seikai et al.1986) , v~ = H L1 (JEL 1988)
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KA LA (FIED 2004) , ~Y 7D (& 2005) HOEEBRTHLMZENTNWD,
X512, B A (Seikai etal.1986 ; Minami and Tanaka 1992) , ~ =24 L 1 (R
1988) , R A LA (FHED 2004) OFEY A X%, EARIEE/NELTEBY,
ZOXIRBRT, BAKR T CRELVEBFICR AT —NEE L TR 2T b bk
RTEARVSEHERESN TN D (HF 1995) |

AFEIZBWTHERBEOTIRMT, KOKRERIEEFEICKEL, 14CKXTE9 TH
ST=DIZX L, 20CKTIX 275 & 12 LLFICEMEN D70 L, KRB EWIE EHEMEA~D
ZREITH > T2 (Fig.2-4A) . YA RADERIZHONWTIE, —EDMANFED Hkno
Zbon, Bk 1 TIEITCROFERED HRKIESL 20CK LV FEICKE LS, @AKR
EENULT HBG N —E A DN Z Lnh (Table 2-1) , AHARICI T 5K &3
BORBREH LMLV,

KEBEEEBAFELOBFR FREEFTICAFTTEERECONTE, KR
RDMNEERZL O LVARABETHLNIZEINTWD (A 1988 ; A
2013) , ZTNHICkDE, BEALOREKBETRAMILEWVWEERLH T IHEEIZ
UL 2 KE T CEFMBMARENEE O, BAKIRD DN 72 BIRAKRIE R E
KEREEDELEBIC, ZTOFKICEIVEREKOBENSERY, AL O S
Z—=UBHFETDENI, U VHRTY, RMFHERD A KIRD 18~25T & #
BINDAR )V H% 21~29CTHE LIoiR, SEsmmaeafs 2y, Zo%HEK
& LTHEKIRDEZENERFR SN TS BARD 2013) , AFREO KRB O EFEARIT,
17°C % s (ARIR 3 K OVEE A IRV VB R 3 sl 4 (Fig.2-6) , JelZab 7z fihod Bk
HOMRE bR —8T 25206, 1TCTORBFICE W RERE ORBUTERB X 5
AIREMED R S LT,

S OEEHRNS, T3VITATHUEET AMFAOKESLLRELZHD, HADE
PR L IEFEARRE B DEAKIEIE, 17~20C LRI, 2L, &nbEOEK
RN PEIN S DEBFEDO A L A Fifade (7 1983b) 723, {FHEFAOEBEHFKL Y 10°ChiTE
mWEBERBRXKICB W ORBREE AR CE2F0 b o5 2 L2 (FTHE 1996, 2004) ,
AFEIZEBOTHEIIKIR L Y #F U< @VKIR CEFEAERSE E 5 /TREMEIT S E TE 72
W, Ak, 25°CLL EOBEKIRT CORBRABIML T, ENOEEIROY v ) v 2B
BT HKIE & TPRRA T ORR LT RETH A I,
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Fig. 2-1. Changes in natural water temperature during the experimental period.
M : experiment 1, &: experiment 2.

0T Exp. 1

LW’ Y0)
E 4t
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%2? | | | |
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g“" Exp. 2 a 2a
Fog | a b}b b%
b'b(: I:ILI
o1 el §
o 10 ¢
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2 L II L II L II L II
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Days after hatching

Fig. 2-2. The mean total length of C. abbreviatuslarvae cultivated in different
water temperatures. 4: 14°C, [1: 17°C, A:20°C, 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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Fig. 2-3. The survival rate of C. abbreviatus larvae cultivated at different water
temperatures. 4: 14°C, [J:17°C, A:20°C, O: natural temperature.
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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) > 100. Vertical bars indicate the range.
Different letters indicate significant differences among groups (»<0.05).

-57 -



Blind-side Ocular-side

e Normal

'41’{_. .

" 2mm

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.

100
£ € a O
S © 60 f ) b
c £ o)
y— o
O 09 40 - abc
29 ° &
To 20 | C
r © .
0 | |
o o o Natural
14°C 17°C 20°C Temp.

Water temperature (°C)

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 ) > 100.
Different letters indicate significant differences among groups (p<0.05).

-58 -



H2Hi FHAORE £RLBE HHHEZEELOBR

AHFFED PR TIx, /K EZ AW 5 BROEEEZFE/L, 2T ThHH
BT AMFHER DO RHEITS U7 B TIEORG L E 2B L. (FND 2012) , £ Ok
R, PIIORAFROER & LT, ARFROBERDEE Th D Z &I X DB RD
RSICERT 2BEERRNH T i,

AEITIE, N2 (EARD 1986 ; HLHH 5 2003 ; /2 5 2008) <°74 7/~ Stephanolepis
cirrhifer (BH & 2011) 55 THIMHEEEDMRHER R S\ STV DB A 2 b —E B
DIER L, UL ORBERENIET 2EHERBREZITY, AfEfFROKE, £kE iR
BLOU LVEE L OBGRERG LT,

MHERE

HEADR 2010 4F 10 A ~2012 4F 3 H ([T HET N A-ZEHT I, o /N ROV E g T <
NTZa T4 T 2 ET ARKBAZEDANG 15 FEWMZER L, BREINZ L - TH=
PRt L=,

BREME 201145 AICBoN2EI %, SMETEH O H £ T 5K OiEKK
MCHER L7214, 200 L FIJEAR Y 1 —AR % — FAKKEIC 1.4 Tk KL OFEETIE L, frfa
D5t 16 AR (LLF, fraosbEn HEZHiin & 32%) £ CHEHE Lz,

AR, AR 0 L CHEEE A BsG 5 2 H il 5~16 OMIZ H &4 12 KfE & 32 X (LA
T, 12X E 9 5) &, Him5~10 ORICEB L L, ZO% 12 RN R T X
(LR, 24 B & 32) D2 KE2RE LTz, dBRXKITZh £ 2 K4 Az,

TLVEERR 2012445 GO REINE AV, FIIEEL S 50 A v ofE
KHIZEIT D HEEA 5, 10, 20, 30 fEA/ mL &9 2% 4 RERX 2 5% @ L7z, #BRIXIZ13 500
L AKffZ 22 1 AKEHVY, Bk o 24 Ref]BHIIX & [FRED H RS&IFCHE 16 £ TfF
fzfE L,

TOMOEABEAZE  HH KT BB OISR 2 L, IR 53K
A HoOWAKE L, Hilw 10 225 15 A/ H & L, @k, AR 1 fEox
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7 A h—1 (20x20x150 mm) A BLE L TITo 72, SE/KICIZH # 4 2> HIERKERNE 7 2
LT (A== vLTVI2, 7ulJT3¥) 2~5mL KT 10 fFIcmR LT 1
A 2 [\, KE2SEMUT, RREDSUKAE EEICERE U772 KERT & a0tk & 0SB K
B 1T 600~2,000 lux & 7% &9 FE L7,

EEEHI T Av DAL L, A5 LAREIC L B LEHAEE L7z, &R 10 R, AENO D A
VRPN, AR T E RN OB 15 MEmL LD X5, FlULAVEE
AR TIEBF X ORESFMITH T DR ZBIM LTz, 72F, U LIILEE R
PRI SN OKERME 7 1 L T TRERIL L, AMENOERBRIZITDT, BOo»s
B EFECikEERls (v a s —y, ZU— A F ¥—) 3~59 % 200 mL
DOWEKIZTEN =8 & 1 H 2 [BEIM LT,

FaOBE £% EHAE WK TRHICAERE B ES CEHEL, AR (B
B SMEFHRECO<100, %) ZRH Lz, FRFICHEKEICSE 60 B2 m-77 X ) ZRANE
TF LA L ARF— N THRER I T I0FICIERL, BRET VLV X AT
HE LT, MIOBENRNZHEST 5720, ARABRIZAE 5~10, U A TEERERILA
it 5~9 (2B W THAEEA S 4 BFMIFRICA KM L Y 30 BOfrfaEztkIv L, BAMEE ~ Tk
BNOU AVIHEERZFHL LT, BEERE (7 L 28 LA fEUBLER RS X 100,
%) ZEM L7z, &5IFA30RBOHEIENT AVEERF LT, ([fR1BY-Y OF
B0 BAREE (U L OMEHBIE R, [IR) ZRHT-,

MEtLIE B ERBRICBT S fFRAOER L AKRROLE T Studentd thit i &
MWTHEEEBRELZ, VAVEERRICE T 2FAOEREOLKIZIE, —it
SO EMNTHEEEZRTE L, AEENBD NS EITIE Tukeyd 75
LEEHWTEELKRAE Lo, 72, EEEOHEIZIEBonferroni ® J5 1% T Fisherd
EEERREIC LV ZHEEKRZ Lz, BREL BABEKELZSRL LT,

R

BEHAER P oKIEIX 17.0~18.8C, YE¥HIL 17.8C TR D= 1X1F &

o ETpmoTz,
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Hilh 4 1B OFAAEO, HE 5T FTHAREL CA BT 5 HERENR
AZMER L, ARKMIOU NEERNOHER 4 Fig.2-7 128 Lz, MR
X & bAaflg) B OBl 5 I ITBAERE 30% Th 7228, Hils6121% 12, 24 K
AKX CTENZI 57%& 83%, HIEm 811X 73% & 97%ITEm £ 0, LAt IE X
Eb BONAE A, IZIFRE LR o, Hilln 6~8 2815 24 KB IX DB AL
EAERT, 12FHXIDBERICEN>TZ (p<0.05) . fFA1EY-V OFEHD
AVEMEIE, Bl 5O LERRW»OIRE & & HITHEML, BE RN
DAL s 8IZIFmMX ES 10 H/BEEZE Ao, EEEHEMRMFIX, 24 FFH
B X OB 12 FFIX L0 HITE o7z,

R THOEE & AKEE Table 2-2 2R Lz, 12 BEf] & 24 BB X ©
4 5 &, 2RIFTENEN 6.92+50.88 mm (B I A HE(F E) & 7.15+0.86 mm
THFNZRAEEREZIALONRRENDLOD, BEOFBRLKEN -T2, AFEEIT
20.5%, 43.1% L ENREIHE O 2 THEICE - 7= (p<0.05) .

DLVEERE WP OKIERIHIT 15.7~18.9°C, F¥EIT 17.4°C TAAE R
DEFTIZEALERN -T2,

T LV EERN OBEDNR IO WS & Fig.2-8 I8 Lz, B 5 O EEE KT,
U 5L S fEAR/mL (7%) <10 fE{K (17%) <30 fE{K (43%) =20 AKX (47%)
DIEE 720, 30 fEA L 20 EARIL 5 EA/ML KXY b FEEICE -T2 (p<0.05) ., HiEi 6
TIHE X 63~70% L FIEFL L 720, Al 7 DAEITAX 80%LL ECTLE L TEITA LI
otz UAVEEIEIE, HER5 0 0.3~1 /R ORA ML T, Hillm9IZ2XT
5B L7 o727y, Zof, MBRREIC—EOBEMILA LR o7,

U LVEERES TRFOEER EAF%E % Fig.2-9 (R L, FHEEIE, 5 EAE/mL
(6.25 mm) <10 fiil{& (6.87 mm) <30 fil{£ (7.61 mm) =20 f&#{£X (7.83mm) DI
THEENLZ LN (p<0.05) , AFERIT 41~61%D%iFH T, 10 fH{A/mL (41%) , 51
& (45%) , 20 fE{K (58%) , 30 fE{KX (61%) DIET, HEHHURAEZEITALNZD
STEbDOD, EEEXTEWERNH -7,
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z B

% < ORFUFHERIIHRIC X 21884175 7= (Blaxer 1986 ; Boeuf and Bali 1999)
RHRE T TIHERRFFENER S CREFES N L, lRRSARPUES D Z L
DHFES LD (Trotter et al.2003) , ¥ ¥ (JEADL 1986) , A7 Plectropomus
leoparadus (EiLft:[H & 2003) , ~~~# Epinephelus septemfasciatus (FR= & 2008) %%, #)HH
BAF ORI K DIFEDE LA ZFHOFRE AEPETIL, #EEBRLA O —EMIF O1E T
R Z BT TS, A, HEATENRERATE TS RROREZHF L TH 2D 5
HH O 24 BRI 21T > 72 & 25, 12 R L0 bk, A45%, BENcEn, 91
B OUENRZFBO e (Table 2-2) , —J7, AY7 7 (iDL 2003) , v ¥

(FZE D 2008) CTiL, EHOEMEEZRDIZ LT, ZOMGEAMTFAARKRDOL 2 [E D
Y RLZELL, BEARICERNEZRT Z ERERIN, ERENNIIBEENZET S
A5 & Bl 8 AILICIT T R&E LTW5, BERBR TO H i 6~8 OBAIEAKEIX
24 eI S m o 7oy, ZNLEITAMR R 2RO b o272 (Fig.2-7)
AFEZ I T DIEASRMOREMHIT A E 10 i £ TTHO LB b, ZD%, Hifp
10~16 (213 12 WK & Il U T H RO ARNTHRE LWERES IR S ieh o 7z
7o, ERICE2ADEE L o7z LW L, BRFMHFITHOVWTERDL (2009) 13,
71 > 73F Seriola dumerili 17 £ Tl 18 RfE B D A= 7% 3873 12 Ip <0 24 FFEIBHHIX & 0 15
<, EHTRVWRHEOIZED L TW5H Wil L, #IIEEICHE LA amEic &
D JT2 D DTN T DA OEE (GGE) SEEICE DR —IN R DT
HEBRRTND, AFELREANEL TWLAREELH Y, 4%ITRE ARFFPOBFZREIC
BT 252 R 21TV, RIEREARMFZHONNIT HLERD D,

MR OB EEL, % < OUFFEFFDS 5~10 {ER/ML DT L 2% B Gl A ST
W5 (T 1981a) . fE@#E S (2001) 1IAFEDHIMIEFIZIBT, 50 fEAR/ML o s
THEAEARLY AR N E £ -7 L L, 7= Epinephelus bruneus (& - B
2006) “CiX 20~30 fE{&/mL, #EKIIDZ LT I~z (1131 2007) -F Tl 30 fEA/mL
DHEFFDBIIIBFEIC A E SNTNWD Z 0D, SRNTRZ 2 EPEHE B O B 3Bk CTFF
ICEEEORE R Uiz, ZOREE, 20, 30 fEE/ML OT AVEEROAFEED 5
10 fEfE/mML KLY bE<, BRBULVEENSWHRBRKIZERE S RHMHMZ R LT

(Fig.2-9) . U A EERABRICIS I 2 AN (AR, #GaIBIiaH O Hilin 5 TIXY 43 20,
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30 fEAR/mL [X23 5, 10 fEAR/ML X X 0 Eav- 72 (Fig. 2-8) o ZAVEE B OAPE AN K
HOfH > TWZRWETHFRICY L3 & OEBHEZ &), B2 HlO LR L
Exbivic, L, A 6 LI EERRICHARZREZTRO bR o722 &
5, BEIHEVEENCIEAL T 2588 E N IEL, KR E TICBW T H MmN 2 A TH)
WAL 72D e EZbND, ITNHLDOZ D, EEEAEOWIITIEEEE AN
80%E ML CLETHAM T £TTHoLEZ LN,

S 100 Lo 25~
2 £ g
S 80 $ 202G
: fll 23
S 60 NH 155 £
2 \ =
£ 40 NH 1096 2
o ;; — 3
C §§ O o
5 20 NH 5 €3
o) £

0] éé 5 2
T Nl o z @

5 6 7 8 9
Days after hatching

-
o

Feedingincidence: 12L 24L
Number of rotifers: —o— 12L —e— 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.

Photoperiod Tank no. (Mt;[a(;[i E;:g?m) Smrg;]al rate
121 : 12D 1 6.87 =+ 0.80 (1=60) 17.6
2 6.96 + 0.97 (n=60) 23.4
Mean 6.92 + 0.88% 20.5°
24L : 0D 1 7.05 =+ 0.76 (n=60) 38.8

2 7.25 £ 0.94 (n=60) 47.5

Mean 7.15 = 0.86* 43.1°

Different letters indicate significant differences between
two photoperiods groups (p<0.05).
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3’3 100 i R ] m— ] 30 -
—— i :E: -, 2 1! ]
g 80 | = 12 5 S
o) = i o= =
S 60 L = 20 “2 =
o] i i = C
£ = o {15 2 <=
> 40 qil c 8
£ = 11025
8 20 _:':: 8 _U)
o) = 415 ©
i i E >

0 0 28

6 7 8 9
Days after hatching

Feedingincidence 3. 5ind. 10ind. 20ind. [ 20ind./mL
Number of rotifers: —e— 5ind. —{1+ 10ind. —&— 20ind. —O— 20ind./mL

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 larvae
% 100 (%). Different letters indicate significant differences among groups

(p <0.05).
100 10 __
E 80 ¢ a s E
q) pa—
© 60 - Zc =
= 6 2
T 40 | 5
4 ®
u%) 20 | g
0 | | | 2 |_

5 10 20 30
Rotifer density (ind./mL)

Survivalrate & Total length
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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HIW AIEEOWERE

F1H XAROEATHEMHHE

BRI BN DA AR, FHEEMIC IS 2 1 72 AIB O 2245 R FRE LS
Mz T, IREOFEMLOBLEIZAHEIRENAOND 72 E, SR TH o L bEHER LD
TdHD ($HA 2005) , EAMEHO N TR ISR 2 BEEZHET 2120, £ iR &
L CRARADELAELZ EMICHYE L BT, KRG T2ZENRARARTHD, ZE
Tt 7 A, W VvARBEEOELGRERIEICET 2/ENITH 203, v v ZEDOMA
TZ L<, ARFEIZOWTOREITR, AHCIRIAE I AEAD 8 WHEICERL, =
DIATATEET ADELAREIMEZI &M LT,

MHERE

BEICHW a4 7 2 BT A1, 2013 45 12 A (] (L R A28 1R © /MBS AR I
O EMIC LV S 47 10 2 &, 2014 48 4 A A S R RS 0 sk CRIHEIZ L v s =
N4 RBORFI 24 R Th D, iR, AiFIL-200COMEETHRE L, %E 13 10%D &R
= U UTREE LT, T5%T% 7 — /L TIRIF LT, MiiklE, &k, K&, EEETY
KV ) XATHE LIctk, EAMEOEROTD, IR6L, K, [IFR, 5%, fib5EE,
i, AR OMED 8 IEIZOWT, LIFO LB B L MEEITo 1,

IRAZIE, BEIZEE LI LSRN oT O H VAT TRE L, Mz Y b
& LTI O ZERRIZAE 5 BB O 20V A RMAIIRER O TE M AN EHE L 72 5 K 9 X #ha &b
T, R & A IARER 23 2 R & X dilAs-2 < D4 & 3 Tl L= (Fig. 2-10)

REIE, WERRNZ RSO CARRER A OBEBC GBS L T2 A @) & (il & 21T
ICHIE L, KR & Ot (RaR=7650RIKE X100, %) %RD7,

PRI, AT OA M E AR AR T S & L b ICEE & FATICR BRI & 2k
< PRMFRE ZHIE L, K& & DM (IFRR =R RMA R X100, %) ZRKDiz,

BEX, U AEOWKRANS 2 FET D Bl (G 1966) ITHOWT, vty
DS E AL > TER OO A EZ iR LT,

AT L5EE, R KOWIE, SEE DR Lol LEEE & E A 2% KOH o7 U #Y
VSR TR L THOATWEBIRT DL L bIC, A EERREEEFRZIEL, HE
& ot (7 E5EE R =71 ESE R/EEE X 100, HE R =#F R/EHRE <100, %)
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RO, A LFERE, #ERLICRT 2 mEMFROLEIZIE, VoS ot BE L
WTHFRHRE 21T > 72,

BRI SN T, IR IR, B R VR O fiE & BHEEFTT D 5 ELAN DU
FTORML, FEEME T TREOMOAEZBILE L, HiEE L < 2k oHR] 217 -
7o

H R

RO RRT, FEEN 2236174 mm CEYE AR HERZE) |, KSFED 216.8+11.9
mm To o7,

B L T XCTOEETHEEMOIRPZERBNCEE) L, RN 2 >OIRPFEE LT,
Bl U7 A IIRER & 22 (R IIRER & DA LI 40~57° T, AL 517438 Tho
7= (Table 2-3) ,

K & EFRUNIIREICHEEOEMER 72 5REERD A b7, AL E O
EHREEREEE T AATH o 72h, EHOMEE TERM LT85 BN & L
TREHEICHIE Lz, ZAUTEAEEOEIRAN BT 5 ik GE6f)  (Norman
1934 ; i 1991) &L, REALHIEDRIZR LT LR oTz,

Rk, TXTOMKTEMRAD 100%, FHE[IZ0 TH-7= (Table 2-3) .

B 8 ARRIIAERANZIEFEEE T, ERECoRr 3 KR TE 7=, 0N, IR M
FRITMEORCR T B R L, Bl CTHRARS BT R E T Lz (Fig.2-11) , {HI#R
R OERIE I/ RHIT 99.20.4%, AAMITIZ 0 TH o7z (Table2-3)

£ & TRTOFEETEMUEBERO 0B EEICHISRLN S > TEROBE LT L,
IR D7 W R S AL AR Lz, —0, AT BB T IZ 8L 0 B 25 EH I
DPENEFI L, SEILRD v/ o 7 (Fig.2-12, Table 2-3)

BIETEE, EESIVE ARAOFT LS RO E TS NFE LR -T2, 4

NI XM ZI IR O S L EHER S e, £, Al LSHE & hE ORI AR T
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BN E R > Tz (Fig.2-13) o A EFAE REEOFEITAEAEM 11.4+0.6%, AT
16.80.9% T, A M AR DK L5 5 L B BN K& <, AEZEN A b7z (Table 2-3,
p<0.01) . —J, HERELITAEMA 16.50.7% THMKMIL 15.710.8% & 72 v, A
DAERME D AEICKRE -5 (Table 2-3, p<0.01) , ZDOEIENTH T,

B WA S S IR N O CE DI TW A, —ETCHEEAEE L T,
—J7, WS, B, MO R S O0ARE, FAEM O BRI ORAIRCERALIC X
NEp->TNWD Z L ZfER LTz (Fig.2-14) .

z =

FAHOIRIE, MRS ZEMAANC & 2 E A & A RN & 2 @R IEFSEE CHELT 5
R A LA Psettodes erumei R, (KOIEHF#EZE A TED L OERMA~TERITHBE)
3% (Norman1934) , A, aUIA T HI X T ADRMEBE LI-FER, 73Co
BRI R OIRDS M~ 8 L7 EA SR T, WIROZRT AT 527 f/itk L 78D
Z ol

IRNZERR, (RGO AFEFREILRAI DO R E R TH D0, AFOEKE O AP b
AR C, RN OB EAENRFEER LTz, RIIEAOIE LI ER7Z0 TR T,
IR _E ARG & SR W 20> & R R £ TEEL T, % & (1966) 1Fv s/ v
HHRFRFOMFZOWT, JRATE UTAKRMITREL, AERATIHRED bW, FiE
DOFECEAZE I L O BISN R RN o5 Z L2 WE L TRY, thov s ) v 2R
DRI HONTIE, SRR OLERH D,

U AT OB E RIEFERE, WIS 2 @FoDRIR D 55, AIRMOH]
SflIn T RERIemE <, £k, SEEFMEICEI Y ZDORIRNBZERT, Yo/
% Heteromycteris japonica TITMEARMA CHE OIEENFIET 572 &, FEMED R
NTW5 (4 1966) . AEIOBEICEWT, AREIFAEENO 0E EEOFRILOS &
ERROLN, EAMHBRTHST,

BB OLEARHEHIEE & L THBHOEESLE DA ENHIT 5TV 5A (Norman
1934) , AREICBET AL I E TG S TWRYy, Ji EREE & 2 WA TR
L7 2 A, Bl EFEEEA O DCAERBDNAEENE D KED otz —J, thEITRIR
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WZERDBEOOND OO, ZORIIXIZFEFRK TH -T2, EomsHE b AKRMAITHEIX
BN, ARANCIIAAE LTz, U LA BHESEOARMFRIZE & U ClisiE <o mi s i 23 i
LTS H (AT 2013) , AWIEDBER RN, V¥ / Y HZHITHOWT HE L
DFNLG RN IRTEN 702 D FIREVEDS RIR ST,

AR, aUIATHIZET AT, WRMOMEE, 2R o m TR <
EAELLNL bR I, ZOZ D, KEOELANEMIEE & L Tiks
AT 2 2 &I EE L L7z,

AFRTIEZUIA T I X T AOELAEZHRT 2 BT, 8 BEOBIL, NE%
1ToTc, ZDORER%E Table 2-3 IZHY £ & O, ZNETHRRTE LI, IR, (K,
R, MGENE, A RS, REO 6 WHE CAAHPMENHB X, —F, #HTIE
22 LTS 3B\ T & ik o AT IS PEITRR D b e dh o 1oy, RE SO, ik
DI FERRELENE A TR - T, U/ VHETIE, B L ICloRESEDOLE
BRI O S D 2 ERHE SN TV D A (FS 1966) , sEleMaHIfThit Tz,
SRBITAAD AL T SR OWAFEOEIZ OV T LNITDHEEHIT, A X ERTH
VAT A%, TR L OES BREV, E, SRR OEE EENMENR T
D, PR TITELGRHEHIZE & L TORDIMERR D bgnoTton, £ ORITAER
TR < 2SR 2D LT, ARAITIIRS R & RE S B2 -> Tz, BRI
T, MU LI EHRCEM 2 ih0 & LIoBiR, IR, ISR, YRt fL%E TR
FERRED & D (Norman 1934) , 46 OB DRGNS % OETH 5,

Y-axis

Right side

Right side eye

a X-axis

Left side eye

Fig. 2-10. Measurement of the angle of eye position (8)
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Left side

- Lateral line length

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

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.

Premaxillary length

Right side
opIs }a7

g

Dentary length

Fig. 2-13. Morphology of premaxillary (upper) and dentary (lower)
on both sides of wild C. abbreviatus.
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1mm

A

Fig. 2-14. Morphology of ctenoid scales of wild C. abbreviatus.
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H21H ANIBHOMEREOEHH

TAERER (RN 2012) R0 2 B 1 HiCTIT o 7B RBRICEH W T, Mo SR8 & [Rlkk
(ZHER R DR EOIIRICRE 2 2T PABA SN, a4 T A2 ET R
B O IRE L 7> T D,

b7 A (Seikai 1992) CHEEFEDO U LA BHEJE (ATHE 2013) OJBRERFIZOWTITEE
M Els s, BREINCEEENES T 2 EAFHBRORTE ThD 2 EDRINTND
LL, U3/ VEETIEIO X RER TR I TV WD, Fificii=ary 74
TAVEETARKRBICBIT DA EZBEL, RALZIZCOE L 6 TWE TR
e L7z,

KETIIAFEOEREEE IZHOWT, NTHEOLEHG I EOBIEIC LD, ZDH]
GRFBIENLZHO M THE L BIC, BT AR LA RAEORG LT 52 LT
v Y ABICIEBLT DI RRRE ORH B T LT,

mH & A&

Hatd AL, 2012 AR (LR EEMOK FERR G v & — K EERFFE AT TR RE IR & 28
e TETHE LU IAT AL X ET A NTH 96 B4 AV, ALMEMNIE, AR
KR A g AK Z 3K L7z 500 L AKIENT, SRER(ILLTZTY LY, TATITHEE
H.27T, 5kt 25~50 HIEIfAE L7, BB OFEMIZE 25 1, 2fioblBy Tho, £
KX 10%HR NV~ U NZiRiEE, 75%T 4 / — /L CEH# - /77 LT,

AEEHE ANLHEONE L BIEE, RRATEL NHEPEDNHERE SNIZBED 5

L, BREZOHEAENIERED 2RI DIRNL, REOHEIRN, SE B X O%aHE 0 f 1,
A FEE RO 5 TBEICOWT, RIRORKMA L FREICIT>72 (E2E3E1HE) , 7277
L, g L OWT R, A - Mg (1991) IChto-> ThifkZz KU 7o Tk L

72, 2% KOH 7 UV v SRR CYte L TR OAMABIZET 5 L L bic, mi b3 E
BAWNE LLALON (7 E3E RAAG =00 ESE RN ESEER) &R
5%, NIHmMICWEEZMAT, AT ESERALKIE, U ATF Ot BiE 2 v CTHRAL
L DFERIZEED N 2 7 =T DZERIZ OV TREGHRE 21T o 72,
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Fz, ARSI A2 IREOMERDN, S%, HEOAE, §iLEEFRIZOV T,
MRAL & OBEM: Z et Lz, 7B, F 2= 3H 1 H TR LERBRADHIET —H % ik
SHHEREE L U CHW,

R

BRIt L7 AT 02 RIE, 206+8.0 mm (CEHEHIERERFE) Thoio, ik
M E OBIERE R % Table 2-4 [ZR LT,

B i BIELEMEKICENT, ERAIRERSARETH~BEL T b0,
REND oIz, N TR OIRM AL 107.4249.9° , 40~180° (/M ~I Kfl) &
RKokfa (5174387 , 40~57° ) [THRTKREL, EH6 2B KRE o7 (Table2-4) .
F 72, NTRE OIRALIE, 70~115° ZFR< 40~180° O#aPH CiEfeIIZ 4 54 (Fig.2-15a) ,
KERf L R DIRNL 2 FF B (40~57° , Fig.2-16d) , 1EIEHE{AIOARNEN N TR0
fEfA& (140~180° , Fig.2-16a) W ONZZ DOHFII,LE T HEK (58~144° , Fig.2-16b,c)
DMFIE LTz,

i B ANTHHEOLERUEERIITRRELFEKIZ 1000 TH D, (KD KR L7
KT RBO LN ot —T7, AERMOEKEERE I 53.5+241.6%, 0~100% & K& <
[THo o (Table2-4) . £7-, NLHE OALKRMIOEEIL, 0~100%DHiPH THfH)IZ
7+ 5iu (Fig.2-15b) , RARM &[RRI R < BFENHAM L TORVMER (Fig.2-17a) , & T
EE L TWAHIEE (Fig. 2-17e) , A ONT R A A1) > THR 2[R B O BFE R 4
PIER LTV DA (Fig. 2-170~d) @ 3 # A T8 CT& 7o, IRAL & AR E T B ik
B EHOBRE Fig.2-18a (28 L7z, IRAL 140° LI EOfEEO MK EE T4 T 100%, 60
° LUFOMERTIERIAE L FRERIC 0 OfERSZh o7, LavL, IRAT 60~140° OfEfkT
A RO E R 0~100% DRI TIESHSE N RE <, ZOHPAICB O TIRAL & Ak
BIARGREORICIE, —EOBEIEERD LR ->T,

£ T ANIHEHOREE, ERATIEETOMKTRERM L FBICEELEZR, A
AT 38.5%DEIA TEE VR b= (Fig.2-19, Table2-4) . Z D X 9 N THE
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DOFERANIT 8B DA 5 EAE & B MEERE L TEB Y, RN 1457 DL EOEKIZ &
EFEAE LT (Fig.2-18b) .

B OE ALHERN ORI R L RIS ENTFE Lo lc b oo, Al
(21X 62.5% OEIRIZ B e 23 HERR S 7= (Fig.2-20, Table 2-4) , N TFE OA RN IE
B DA DA & BMERDNRLE L7225, IRAL 145° LU EOER CIT 3 CHIBFIE L
72 o 7= (Fig.2-18c) .

BILSEER A LHEEO[ EHEEREAA T 1465027 (0.98~1.96) & FHfEIZRIR

BEIZERECTH 72D, X6 2F N KE o7 (Table 2-4) , AN TFEE OIRAL & A E
HERAAKEDOBEGRE D &, IRAL 145° 2510 2 DO 7 Vv —TIZ KBl &z
(Fig.2-18d) . HR{Z 145° XV K& W27 — 7 ORI E8EELALALIT 1.15+10.12, /&SN
JN—71% 1631014 L7320, FIFITHREICHSTHRICKLS (p<0.01) , A=
IhoT,

5 B

AVDSATHAVIETAANIRBEOBEREE I 241X UD L LEEREHDO N TH
BT, REPEHEE A< D A, TR RS mEA G &V THELL,
RERMBE o TE T, ZOLOFEEBOLRIZOWTHRER N, FITH LA B
TlX, ~YHhU, R A V. variegatus, 337 L A Microstomus achne, A > 7 LA
Platichthys bicoloratus, X~ 7 - Pl. stellatus, ~ % LA, 7 v /35 77 LA Ps. schrenki,
~ AW LA O BT OV TELTMHI L DBIR G Sz (AT 2013) . £ DFER,
IROZOIR G, filf, /e & DL AFERRRIEE D FALER TIEmM & & IR, mimmA
EAERTIIEM & SARMAANEEL TWOERORE THLZ EAHALMNE o7 (F
HE2013) . ZMDHLDBARE, T ARLZOMOI LA BHEETHHR S, AEEFIT
R EBICRIT DR Th D LRSI TS (F1 2013 ; Fiff 2003)

AT TATHZETAONLHEE 2 vy, REBMTELATHEBROMR S 5
FEIZHOWTHELE, HIE L7z, ZnbofikfzmEmoReamsz LIRVICER LTK
T HE, R EESFERROMEE GEFERR) , WERL & RIREDOERMN & [FEERD
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Bk (MEAamK) , BLOEn bR @EE (FRER) © 3 %4 7ICpES
ni7- (Fig.2-21, Table2-5) , IEHEATIX, WAMIOD 5 E L TR RRMAEFETH -
7o UL, WA MR I Am A & b RRBOLEKRR & RO EE A LA
L 2o Tz, 61T, Inbmmfa et EEREoZEENE) 13aiRAL 145° LA
ECRBLLE (Fig.2-18) . —J7, PRMERTIE, AR & RGO IZHEBH CEER &
WA AEROF R EZ R LI-b 00, tho 3 &, Mg &AW EE I ON
AT BB EA TR CTH Y, TEHEMEK & FEOBEASHER TE 2,

UbEDZ &G, avIA Ty ETAONTREEICENT, EFERIIRKRML
FIRRDAEREZE T LTV 22, WA G EEmMH & b RRADOLEBMA~ERERL TV D
EEZBND, —F, HHEERITA RO & A THERM & 2RO hEE) 72 B E
WHEBLLTEY, EFRREERNRET L CWehol, T7bh, RO N TSR
THRIERT L, ERERAEFETHY, v/ YHHEICBWT Lo BAEFROB SN E
CTWbEEZHILD,

AVTATAVRAESAANIEBHICKRT 2EREEOHE RIRHOLBRE X
RIS EAREL L 20 Afl, RS RE CHARMNCAGEA BT 2 EA G, A0
WA D WA H Y, BT A (FHE1979) TIEIOZ LR INTE, LaL, &4
BOBEETaTTAT I ZETADNLREEITAERULT 1 EERLRD T,
TV DR THBL LN S WATRBMEDS RIE S Tc, v LA RB T LA T AEOM
HAAOFEBUITAE T E OHBBERSH Y, TUIZN TR OYUHIRE OREA E—
RERESLSEBRT D EDREBINTWD (AHE2013) . F7z, ALFEE OWNLIZDOW
Tk, A BHETIEE < OFET 10~20% BT 2D 7 A TIHIEFE A EHR LR
WY, MEICL > TZEDZEIENDD (A RERT—4) . aUIATAVEYE
T A DN TR I AL BRI 3RO B AR o7 Z LI L TE, #IoREAY
—Fazarbua—nlL, EOXIRERBENEET L00E0%2ED, WEHZER
BRI TICB T 2RO EREDHEIEC OV TRFTT 2 HRERH 5 5,

SRIFELNT Y TN EREE LR, avIA T2 ET AT, RERMAOEL
AHPRD R S 5 TREOW, IRAL & AR TIER A & WA 4o o ) 22 B0
REEMNTELE L=, Norman (1934) ZRMEHDOIFIERE 2 Ak, MEA R, Lo 3 XA
TICHHEL, SRS E B 2o TR Y, #il 2 FITOW X AR O/ 0 2= 57
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EREHLTCND, BoNmauIA T hvZET AORE 2 4 4 71X EIRAOARANE
I 72> 5, Norman (1934) OMmEA AKXy S, HEBIIM A AE AN HEL L
el HZT ENMkD, —JF, ki 8 HEON LA BEHOEEITOWTIE, Wil
ISEEARNCZERET 2 AAUIEIA T, IRZORESERRD 2 SDZ A THRREINTWD (B
i 2013) . 2D 5 LO—DIEEHAOLERANED LV #EATEIRM A, & 95— 1L, EFEMA
WIEWRAZ A L TR Y, BT bERICBS I 2N REEEEZD 2 L KD,
INHDE I, —HOEREE CIXIERA L MEA ALK OO R HBRTEE A FE B
THZELDPRBEINDLOD, TOFMIIALNCEIN TR, 4%, REEOLRE
HEICE L CE OICEEMRBIE 1T, Eo L) @ CHEEERIAHELT 200, &
SICIXH MR DR BT DB O RFES 2B S 202 LT E 720,

REFBOERY KICHNTZLIIE, avIAT 2T ADONTHETIE, ]
fir & B R O R TIEFER & WA GEE O PR FEET 5, —F, ZhbHHfE
FIZBWTIE, IROBE & AERMOEAEENFRY L TWRWBERPHER TE
(Fig.2-18) , Tagawa and Aritaki (2005) (%, FAFADLEAMEIZARAL & A% [FlHHhCE) <
bOLREL, ZBREEERLVEDORWME TN EZITINDZREBIOZ A I 72K
O, EROIEFEMN (BREREFEORI) nar ho— L End WO EaaiRr L, 4
[F DGR HIROBE L REOWEE D 2 DOLEREIFR] 2 ICHEIT L TV D ATREME L 5
R DAL, T THEEEN,

-77 -



(%) 00T x S[ENPIAIPUI JO I2QUINIU [B10)/SeNPIAIPUL PA)U2saId JO I2qUINU = 2DUIPIU] €,
‘(aBuer) UOTJRIASD PIEPUR]S F UBAA Tk
"cTe 32 exesny] wolf Ble(] | .

(86'T-86°0)LT0 F 9F'T
(¢'79) o[SUNmIAU]  29USqY

..(§°8¢) o[funualuy  2dUsaIg
(00T-0)9°1¥ F §'€¢ 001

(081-0%) 66 T ¥'LOT

(8C'T-CET)LOO F 8T

2Jm2sald AU28qQY

DUISQY  20USAIJ
0 001

(LS—0F)8'€ F LIS

[I5u2] e[prxewreld Jo o1jeI 172 01 JYSIy

TOTIIJUAP JO 23U2sAI]

aqn) [BSBU JO 20Uds2IJ

(14 %)
eaIe pajuawsid Jo YISuI[ 2AR[2Y

( ,)uomnisod 243 Jo 23Uy

Areqixeward
uonnua(g
[HISON
uoneIojod Apog

uonisod 249

apIs B 3pIS Y]

PISJYSRY  2pIs PYoT

(96 = 1) YsI] paIeal-A1adIeH]

LFT=1) Usy pis

POTIIN

SI21dBIeD)

SNID1A2.4GQD ")) PATRI-ATDIRY PUB P[IM U SIA)IRIRYD [BILNAWWASE Jo uostedwo) "y-7 9| qe]

-78 -



-79 -



180

120

Angle of eye position (" )
Q
R g

60 E

. 0 1 ]
S@m 100 ¢ $
52 b
53
ja BTy
C =
cS 50 ¢ ‘
-la'_) -
S £ .
£5 ‘
% g 0 D 1 |
X o Wild Hatchery-
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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, ¢: 67, and d: 45.
White arrows indicate right side eye sphere, black arrows
indicate left side eye sphere. Bars = 0.5 mm.
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Right side

O R

Fig. 2-17. Hatchery-reared C. abbreviatus various types of body coloration
on the right side. Relative length of pigmented area (% BL);
a: 0, b: 13, ¢: 53, d: 87, and e: 100. Bars = 5 mm.

-81-



100 - TR YY T YXY

-
5!‘.‘0 Py . LY
&2 . s
a
o)
B2 g | ¢ . s
2 . .
25
Q': .
25
© .
£ 3 .
r o 0 —V—M *+— T * *— T 1
[0}
= $ b . LYy TR
52 &
= E
w D .
8 2
z6 <
Q@
o, CIoEEPY so0 s0000ee
c? q C
SE
= D
%L 72} &b
OS 2 T T T T T T —o-o-OUEE ¢4
20 r *
d .0 * *e0
B £ oo .* +% o
o2 L P
= 03 .
5§ .
23 ) :
o= . 0.,*
*—'m12 r * * ..
=2 A s
X o .0‘.. *
08 T T T T T T T T 1
0 20 40 60 80 100 120 140 160 180

Angle of eye position (° )

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). [J: wild fish, 4 : hatchery-reared fish.
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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.

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.
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Right 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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FIFE EEHE

RE LR EREZITO D, TRETITIATHUEET XOREINVERRSFHA
DR - ERRNZREEZIA LM L, & 1 B CIXREINOMRCR 47 SMUFR % %)
NG D 72O DB LOPVERRES:, 5 2 = CII/MVKIEC X 28538k X 017
HEROEI BRI ERF L TE Tz, ZORRE, B LIERRAOBREINC LY, BEIC
F RGN A G T ENTREL 22D, fit < BIERKIRME AT T & LI INE R T
MEBITIC R Y, RS ZNEMICAEETE DI ENghol, LnLRRs, K
+ 7 R D BRE Y 7o o TiE, KEUKEZ AW 0ERH Y, ZE LI AR
1% 12D ORI 2, REDIIATHEATS L OB EM &) 5 172D DRy M
MROBND72E, FlBRBIGPHENEL D2 RTINS,

ARETIE, BIEE TOMRIIEDWIZBEIESRMFIZ LY 40 kL RBUKAE 2 F 7ol &
PEZ ik, T AEPERNOMBERZEHET 5 L &bz, SBOFAEICOVTHRGT 5
ZEEHHEHME LT,

MHERE

BAEREEN M Lzav 4727 A9NE, H 1% 2 fHils LN
2R ZRBT I O/ N OV 8 T S iz R 238 AL L7- 2 BUARED O 0 FISREEH DD
W, EHSNZINIBAKEN O A — =T —L=RKEKE EHIZHANHRE
L7cad—2xy TP, A 9~10 FRICiE BB A [N LTz, AR 2012 4F
5 H 24~26 BIZfF b7z 1,265 Thi (24 A : 443 Thi, 25 A : 33.4 Thi, 26 H : 488
THLD) ZOFE TV, 772056 3 AMOE EIRZERINA Z & Bl % 12 1kL [ FRP KiE
N C A uiE K Z fiKIC L CSETE B ORi A £ TRABZRSCIEINOBREFOEHZ1T -
7%, 40KL ENAJE a7 U — bk (EHfE 48 m?, Fig.3-1) ~EKIZINAE LT,

FEHOSRET FHEKITERKIBEOEINRERKAHET L, IIUAERSHKE 1
A/ H OFEKE L, 5ME% 10 HE (SMEH OB 3{FRARHC DWW THEZR—3 5 2
Ll L, U, 5H 24 HERIPDIFRZEEICSEE n HEZ Hilsn & 3%) 2»5 151
Ha/ H, ZAVLARE B K 3.5 [FIfE/ H F CTRA 2@ 7o, BRI T 7 0 HR — 2 (¢ 25 mmx1 m,
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2=k — A, =R ARAE) ZHWTOKEEORL 4 P BT, BRI L -
THRAET D LA CHEKRE —EHFMICEEIE S E iz, S SICHKOMED L & % il
T 572D 2O T A h—2 (20x20x150 mm) ZELE L7z, IUUAEHEE O E TO@ER
ZHREIPRLSEAFADBIE T L2 & 5 =7 Al — A 1 RY7- 0 1.2~15 L4 T,
RVEE 5~8 cm/fb & LMDIZ LTz, F£72, BN T 2 Bl 4~10 ([IFFHEN LT
BRI TE 5 X D 05~0.7 L/ Tt 3~5 cm/fIZ89 7=, H i 10 LARRIT T oilEvkE

WIS U TRREED X F 2R L 720 K9 it 5~10 em/FP 1258 & 7=,

BB AKIITAGEE L7 BRI O AR 2 B 13 572, Bl 4~39 (CHKFERIF Y v L
7 (A== n LT VI12, 71 LT T3) 300mL 2K TR 10 fHICA IR L TLH 2
B, AKENADEIM LTz, F, SMUEZOIFEPRBEITIFE L THRTT 5% REZP 1L
THID, 74— RAAL (BEBFEZ ) 3~5mL & 1 H 11, 8HHCKENDLIEFL
oo MREZITAHE LERICERIE L 7 /KERAT & 300 I X 0 i E /K f E T 600~2,000 lux & 72
HE O LT, BEREIL, BHRERZD Bl 4~10 £ TOMIZ 24 FEEEFRA L LT
FROYIEZEE L, Bfs 11 22512 20 KR, Bl 16 2251 18 KR, H#lH 30 25
1T 16 WERE], 5 38 | 14 W E CHERE L7,

PR OB HIRAFATREY A XAHEE L2 H - K5 (1994) OBEITHE, FIHIEE
BHI ST L L L, WIZT AT ITHHEEBEE LTz, U LUIEHE 4~39 [ZEBHKH
DEEN IS ERML £725 X5 1 H 1, L7, 747 I 71l 21 725 Hifiv 45
ET, 0.1~4fER/mLIZ2% &9 1 H 28, #EELT, 2%, UL UIdEE ki &
i (DAY DL bL, rrL I 1% CHIESE, SERBMISTEES R Sk
KERMEZ 0 LT (A—"—Eru LT V12, Z7ulL T T3 T2 BEssEmi L,
FRICASEET 2 7 V7 X 7154 18 R 2 & il D = BEAS B F A e s bl (A /%
—7 V=, AE~Y Ty 7)) T, TRICHET 2707 I TIESMEEEZN O EER
fafnfEi R b (U2 FAkm, BE~ Y o7 v ) TERER 2 FEERERE LT,

JERRERIIAT DT, FMEKRSLEEOWEL BRI AN LI R £ T, bR E/ 600
g% 4L OWKIZHEWNT L H 2 BRI,

AFRRHIE, HEN 20 £T5 HBXIZE 50 mm Ot e =— V&1 7% F Tl
HHNTAKHEN 10 ER L VRS 7Y 72170, 2 b 2 TERBE AR 25 L 1ofr
AL CRBIBIC L D #HEE LT, RIRFCFA 30 BE m-7 2 ) ZRFMRZ T LA X
VAR S N CRREME IZ TR T 20 (FICIER L, TV FATRELFHHIL
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oo ZILH D% 5%/~ ) UK TICRAEL, BEH - HIE (1965) (Z1E > THMETE

BRSO DR BB ZIIED O 7 (A7 —Y D) »HHfa (A7 —Y M) £TO 10
BYpEIcX 4y L= (Fig3-2) . fBEADETHAT—Y M IZ3E L7 B 45 THRE, &
BRIV ARBRHERN TS LB, MR 60 ZOEEAZME LT,

MAHORET FEr/EE LI-HAO 350 B2 HARKOREN LKL [ FRP K (52
RES00L) IZIA L, B 135 £ CE L CHEIKLEORME & AR 2T~ 7, MEKIT
HSR/KIRD Ak 2 Ay, #iK=R 10 s/ B Otk & Uiz, —EHBOFECH 2K &
2589, Wb =— VB S TOTFHIZZT A M=V 2R S22 7 U 7 b &K
BEM 1 A Bdi&E L7,

BHEHE, H#n45~60 TIX 10 FEE 16 BFICT LT 2 7%, Hiip 61~105 TiE 8~14 Bl
2 RFEIFIBR CRLA R (BE O E T £ C2, BIENALEIRL) %, I6HHIT VT IT 2%
neEhG 27, BB 106~115 13~ A NHBEGEIE (V7 ry s U—2 - 70 —4—,
74U y7) TAT, EEEEORZEGMGEE LT, b, FENCREET 27 VT 17
3510 12 IRl & m AR g s e i kAl (R — "= 7BV ALy X —, Ja L
7 1.3¥) T8, THRICKHEET 27 0T I 7 IL5Mbt% 24 i D> & & BE R B Fn B 1 e oh
fLH A=Y —r, B~V T v 7)) T2 BsERl L, Ao
WIRNCIE, 3R 16 BRIV A 7 4 S K0 ERERZITV, FRETCE 2 PR L7,

AEFRRILDOFIHENTABAE TR £ T 156 BB S IZaa b Ty, [RFIZ 30 BIZD
W, m-7 R BREBERTT VAL AR R — N TR T VXV ) FATEER,
B R TIREZEFH L7,

S

BEAERE HEHAERROMEL Table 3-1 (TR Uiz, i A Wi O fil G /KR
(T F-HfEAS 20.7°C, 17.6~23.1COHFHTH -7,

B BRI HERS L7 B b~ L7l 2 51 7 4 TRV S 7248, K
Nz T CkY 280D FIAT, MAZEDD L EIRTE 7, Mo ek
CPAMEEARERZE) 1X22.8+3.1 mm, 2RHPHIX 16.1~28.9 mm T 2 L AR AN
U T, AFRREUT 77,480 BT, SMEAFMINDDAERRIT 9N TH 7,
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BRE, RE HESRYEEHEKE, (FHAEOERLOAEREOWRE % Fig3-312, BFE
AT — VR OHER & Fig.3-4 1ZR LTz, B2 R 3572014 mm THE AT —Y D D5
fefrfal, B4 TROMK, VLT EEE LiAwIZ, Hillm 512 4772030 mm, Hii 10
1213 6.43+£0.64 mm IZpKE L7228, ZOMORBEIZIAT—VEDEETho7z, HHE 15
ICIE 752122 mm 272 0, FEH AT —JILE N 6%, F 725 63%, G725 14%, H A 17% &
FoSMEd 4 57z, Hilit 201213 9.7420.99 mm T, F 2% 10%, G A% 25%, H 7% 33%, |
PN 25%, J A% 3%, L 723 5% & K2 7p AT — UDNREIE L, ZRESE TEAOFA LR b,
KN OBIELTIE, BB 19 128K 105~11.0mm O AT —Y L, M OfFHEf THIEZ )
7, Hilip 22 RICEEMNSHE LTz, BELTAT—Y M, NITBAT LR DL 1X
AAE IR E om HERE L 72 b o IR0 —E 218 S 7o, Hils 36 (213l 2
REL, H#b 40 LIBEITRLR ORI A REE L OEIR O B ANl T D K EA i 72D, A
fin 45 CHIGAEEAK T LT,

H i 45~135 OHEAIOEFEKIRIL, 21.3CH5 283 COHIPITH ~7-2%, Hilin 49~
127 1% 25°°C LA @K CHERS L7 (Fig.3-3) . A ilin 45 LARR O V54203 B i 60 T 33.7
+53 mm, Hiifi 105 T 47.8+9.8 mm, Hiis 135 T 74.4+162 mm (CE L7z, HEKER
X, 7T 27 OBREFRE LT Bl 45~60 O3 0.73mm/H, 77 7 LELAEE %
OfF L 72 H i 60~105 DA% 0.31 mm/ H, Bl Akl & BMAGER L 72 H s 105~135 D23
0.89 mm/H ThH o7z, EWEEED BECEETEI~DEI Y B 2 BeiC &7 % Hilis 60~105 D
MR R e L 7= (Fig.3-3) , Hifii 45 75 135 £ CTom%k H Mk E 21X 0.57 mm/H T,
£F (TL, mm) L{KE (BW, g) OIC BW=4.435 TL*®* x10° (r*=0.991, n=240)
DR A7 (Fig.3-5) .

BRTHEREERE Hm3~7 AN ER CHE Ry F 2R LT=b &
L, R 8~12 ITIIRBEMEAEMTETSLOWeh LILET 2R b BE S
2o TIUHORET, AT OZOHE 5 12 67.8%& 720, HHFAMIIBIT LT
Hn 10 121 22.9%ICE TR T3 272 L, Hilm 10 £ TOWFENFHM L 72, Hilin 10
~20 \ZIFHEH] & ST H OEREM O], (A ER IR T 2TERHBICA L, 0
FEFETEFITIAVET 708, AFERIT 165%IIK T Lz, &M ZE C THRewn

ELBESNT, BREBEORE RBEEL 2R -7, LvL, Hilit 28 LIRS 5 5K
ROTHE & BRI O KRS I K& OMAlT O 58 AR IS , NSRBI 28 D
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R BLE SN, BOBREGLULANA SN, ZOENSKEEEDKE FIZF 23
STHET S BEVENYIE] 2334 LI 7= (Fig3-6) . ZHhHICKDETOREED
b, FEEAEEKRTOBRN 45 1ZIFEFRE %N L o7z,

H i 45 LIREA~WIEIZ DT T, HEAHMI OB AR ~IAE L TH 5 Hills 60 £ TOAFE
FX BTN Tho7on, TAT I7 LEEGHEEIOOFHGET & L7z Bl 60 2> 5~ FEAN
TR 28 L, Bl 105 T 71.4%IZ0 Uiz, Bl MG ET & L 7= H i 105 2> 513,
EDITAVENHEE 720, Hilie 120 (2% 39.2% & Z OIS L7z, Hin 45~135
D, HAET OGN B T £ TOAEFKRRIL34.0% ThH 7,

TAIDRRIMFRIZ I W CTHAMNBIZRRIC R & BT 0SB I e » T &7z, BRBER L
SEER RN LRI A B AL, ARSI IR AFT 2 & OSCEE O I BR 1A U D IE
W, EIRMOAFECFNRAE Uz, FEEAPERK TR, RAiv 45 OEFEEKRIL701%TH

-7,

5 B

ATTATHIEET AOAREHINE AV 40 KL O KRBUKFEIZ X 2 FE A4 & it
LA, 2K 228 mm OMMA 7.7 TROAEIZKII Lz, TL T AT I T ERK
DEERLRI 72 EMMOMFFERIH & FIRO FIETHRE TE 52 N0, BEORBL A
7z R LR CIETERR 12~17 05 4 IWHIEIRELAFIHIZ N T, ~ 3l LA OFff
BRI M2, EIRITA X7 D& b2 D iR EE OB B Z OB £ % 20 mm,
20 TTRE LIERENR DY, AEOaATITAT I EZET ANZONTSH, ZIUHETTH
Bz BARICHABRS 2 D T & 1o, IR EEMOKEER G & o # —KEERFZERTIE[AALD 40
KL AKftiZ 4 FffE LT\ D Z Enh, Zub DR % AV 20 T RHUEO AP
B HAN 722 BREISER S e 2 L2 D,

LU G, 2 DOEFERITIE FIECILIESE 7 E B OWFED FZEE TR 10% &,
b 7 ADOWEAEFLES 50.3% (FN D 2007) , A=A =ED 28.8% (FNH 2006) %%, 4%
EN SN TV DEEMEOWER LT 5 BN O TH Y, EERBRIC L - THE A
PEHAN OF - i E R S hvz, B OFREIC WL TR, BARRSCIVE LT b
G, MEBETHMLDLIE LT D,
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Partition

Pouring water

Water flow 1\=T %

amm: Aeration hose 8: Aeration stone

Fig. 3-1. Arrangement of the rearing materials in a large culture tank (40 kL).

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, 2.7mm TL; E: postlarva, 5.8mm TL;
F: postlarva, 6.7mm TL; G: postlarva, 6.7mm TL; H: postlarva, 7.6mm TL;
I: postlarva, 9.7mm TL; J: postlarva, 9.8mm TL; postlarva, 10.2mm TL;
M: juvenile, 12.4mm TL; N: juvenile, 15.0mm TL.
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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. abbreviatusuntil 20 days after
hatching in a large culture tank .
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BW = 4.435xTL3051x10-

= % [ #=0991
= 4 | n=240
Re
]
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0 | |
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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, /2 : coefficient of determination.
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FA4E BFRBPRBICEITIOMER

H R ERIR O G OHMERFCHIE 2 X % £ T, ik CORBERENOEREZTET S 2

LITHEELRRETH D, £, BT 2 A A O W ATE SR 2 AL,
E7R B O At D% E 70 ERE AR FER X OWOREANBIRICIIA T K TH Y, HARRT
DBG ) BFFFEEC BT 2 5l LGB A RE TSI 20 155, R EfEICE
T AW, BAEWICHZE LS O BMRICH Y, MFIIHEIERNOED LN HNE
EnbiTng  (HH1980)

DX BRBENBARETIE, W7 AVET RIS T 2 OFIN 7RO 0 A D
WA ARBLIS Z O TR OURE I OEIRIC LY, av T4 T v Z 8T A OUHKT
DA ZHA LN T L2 2B E LT,

Fig. 3-6. C. abbreviatusjuveniles committed suicide on the wall in a large tank.

B1H - FRAOSMH

RN TH@mWAEEE TR O WA A (N 1985) THZ DO RITNES D
WS & R, AR - TREA L, KDL RITRBHENI
AT 2728, WEERKEAEDOLID - AFHERDFRZZ Y (TH 1964) . fIP - (FHEAD
HBUZBIT 20701, BSEOWIHIAIE G IR AE A & RN 35 5 2 TOEE A AL
L &2 D728, 1960 AR B SUHKIC BT B EFER e T & o ([ Lk
1964b ; fF)II 2001 ; /NALILS 2015) . LaaL, Zhvbo#HiEicl, v/ v XA
XU U RETORAMREEIZD D b DD, BH—FEIK > 72atldh ST
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Uy,

Z ZTAHEITIE, WA T T I 7 horxy hEHEfaR Y FTRES
TN - fFHEREEZAEA L, MEICR T 23 v T4 T W27 AP0 - o HE
R AR I 2 B 576 LT,

& A&

2011 4= 4 A7~ 2016 423 A officfA BANC 1R, W7 N i oo 21 & (i
P B K OMREEMEAL P9 S, Figd-1) ICBWT, MBI 7 bk y b (A% 45
cm, {5 90 cm, #aH NGG54, HA 334 um) ZHVy, BEIZHFE L 1m 53R EETH
1 m/sec. DIEFE CHE R X 21T > 72, AL RDOKEIL 8~35m DT, £D 5 BL
VIR RT3 10~15 m DY & 72 (TR TRJES, (sl oo 7 &A% 20~30 m o
WETIIWEEIETH 5,

2010 4 5 H7r5 2011 4F 4 AoMICEA S, TAIZ 1, FFEEILEE O 13 E A
(Fig.4-2) lZB\W\ T, Mfa % v b (A& 71.5cm, fIlE 2,070 cm, #@k 38GG, H 4 500 um)
2V, BRI 2~3 /v FOBWETE4H, REEKFERE L, StA~D 13/
JEEC LB+ D KIE 16~28m DA, SLE~1ITH L 1 #B LB EDOKE3
~9 m @ # 7 % Sargassum spp.X° 7 ~ & Zostera marina D #L N H L <X ZE D4
®ENTH D, SI~MITIEEHBE LS EJIRHETO 3~8 m ORNE T, Sl
BROEHINO =B NOHAT DK OEEL R 2T, KEST D0
A CHD, ZNHEME, MEBIWCHODO = 2SOMWERIZKIIES 5,

A LA BT 5% AL~ U L ARIC K W EE L CREBIR Y, MAN, [FHEf OS]
LRDEEZIT o1z, RINTHOWTIE, ZAREIEIND 5 BUIEE, MERE I L ONMMEREIC
Fv (B - B 1965 ; H52 % 1, 260) , EAFAICOWTIE, ERERIZRFHE (BRE S
1986 ; 3 ) NHavIATHIEZET ARG, FHR L,

Ty MTIEZAKE BEAHE) ZHD 1, 2R D 57K &0 FEHIMEIZEL-S0 T 1,000
m® & 7= OBRAEMEAEEIHE LTz, £z, BMRIZIZICTD (T Ly 7 &) ICL VKR
LSy A RE LT,

S
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HPAREBPRE (28) WMEHHTORE[ICBT H2ERBEKEDL, K& 9
H o 27.2£0.9C (CFHfE EFEHERE) , &IEA 3 H D 8.8E04CTHh -7, EHE
KRS, HEEA 9 HD26.9+0.7C, HiKHA 3 HDB8.7£04CLAy, FiEHD 5
~8 HIZIEHRE L OMIZ 1.0~16COKEND T, AVIAT NI ZET AD
PEONF X ONRlE I C S 7= 5 A O FEAKIRIEL, 4 A2 11.3+0.6°C, 5 A 15.5+1.2
C, 6 A3 19.4£1.0CTdh » 7= (Fig4-3) .

ATATAVEZETAOINL 4~6 HITWE I N2, 4 HIITHBEWEFE O 2
ERDHETH -7, 5 AIITMEWEBO Wb 2 FRr< 19 €M &I FIEFEE, 6 A
WIEHRE IR 2R < 15 @A CTHI A MRS S 7z, URE 1, 4 H 1213 100 %2/1,000
M LA &R Ao 7228, 5 A, 6 A Ifia = h i T2 2 iR 1820, 2230
k/1,000 m® & & E o 7o, A E I AR EEE T R R TE <, Rk TR
RME L, HEHILEH TIZ0DERLH DR ERWER A A LT, 5 H L 6 A
DAEFE R TOEYEE L, ThZF 540, 520 $7/1,000 m* L IFIEFETH - 7

(Fig.4-4) .

frflx 5, 6 HICREINTZ, 5 AIITHEW T P & fFEEILE S o 8 &
M, 6 HLbRIWHET T O 4 EROATHBE SN, 28, 2ESTOFM
%% FE 1% 50~200 J£/1,000 m* T, i aWE I LI R T 0 OB RS h o T,
Oy A A X R B C©H - 7= (Fig.4-5)

BESILER REKRBIEZERTSHAND 3~4C/IHOX—ATEH LTS
HickmEs e, ZO%1HAET3I~4C/IHTHRFLIREMBE 2o, TD
%, 4 AETHRAIZEA Lz, REICHS L, aE (StA~D) Tl 8~29C
B, WETH 6~29CHDIEENHERER TH 72, WH (StI~M) TiX 4~31
CHEKBEENRKRENoTZ, aUITATHVHET XADOEIRNR X ORI
7= B OFH KL, 4 73 14.0+£1.0C, 5 H 23 17.5+1.3°C, 6 7 7% 20.8+1.1
CThol, Hlx, MELIBETIHMHRHMSCHKNHARESEMEE L TRE
Gyl HBEITIRS, a5 AD30 wigkNrb4HD32 AETHRAICESL,
FEEHEIT 313 Thote, —FH, WMHOTIE 4100 20 THLIESHL, F
EEEIZREBEANO StK, L, M TIZZE4 21.4, 195, 17.7 & JAFKE b
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L 7= (Fig.4-6) .

A TATAVEETADOINE, HAEHED SLE L W EHBENO StK~M %R
COERTA~6 AlIcHREINT, 4 HIZIZ 9 ERTHBINTEN, 5 A TE
R, 6 HIZ 5 ER LM RIRE Y, WBIFEMAESLKEE A TR L 2o
2o 4~6 H OINEE O fe @ik, BRI E REE O St, D, H @ 590, 730,
680 %2/1,000 m* T, & HICKEIZA LN o= (Figs7) . —J7, FRAITTHER
M, 2ERTLEOREIN R T,

z =

WRNETRTICB T 2274 T HYZET AP - 7o HBUR N 2 10
THRED, BB TOEBERE EHEBEBILAS TCORERE Ry NEEEZITTH T,
T A CIT 4 AICIIENTH 722, 5 & 6 AICFARRE TEE O BN A
bivic, —J, HE#ETIT 4, 5 ANEL, 6 HIZEBA L, EINNLSEE
TOREMFENS 4 AN RN & (55 1% 3H) , fElGH&E,L LA, #FE
S - THEMERIROEVWELEZEET L&, HEEICKIT HEIIHIT 4 H
AP 6 H TFTMEZEZLNT, £72 4~6 A OWEKIET, 2WHAER 11.3~
19.4°C, #EEEEMR AN 14.0~208CTh o722 &b, FEIIKIRIT 12~20C &
B L, WIRTOEINEEITZKECORR (B 1% 1H) Li3FE—8Lk,
WD OLTERIEE ORH EA» D SMEICB T2 EIN M AHELR L-BE#®R T
X, 4 A% (8K 1992a) 25\ ik 2~5H (o4 2011) L &R TWa s, =
N6 XD BN ERFHER I,

DS AIL, FIERERBTHERINTL OO, REHEL R LHERS
HIRE T <, IWEBRREEBEEH CAORWEMIZH -7, v/ 2 F 3 HEDif
EEAIE, HEBWEATayIA T hU AT ANEL, 7T S0k i
TEHT AT ZETARAX ) VZDOEENRmEDL I &6 (k- FJII 1994 ;
LA 2008) , RO GAILRA O SAEI E —F LT\, FHEEILET THHE
FRICHH B 2 D AW O IZE WD AME LK T Lo, KESMLEZRS
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BRNON A3 TR TEEBE LRV & BEBINTH - 7,

RO fmEmY, SEOMETIIHALN TR, SN, IEENEI -
i 72 T D S0 B LV S 0 S ARSI BL L, (R LS P R v R T
TAH BN h oo, FARICEREECE VT, K 20 m §i# O &S TOBEA R v
FREZIZLVFAPRESNL TS UNED 2002) , BRI E 2 B BEIE D 7 —
7V AOWBEE, WO TR ERIZE L, WA AT DI o TIRE E
9 22 (A 1981b) , WA PMEP REICIE WV TE, KEE+t m UL Eoms
THIFANKRE CEHHMBREBLOYHRENE > TVWDH I ENRBIN
7o —77, Yagietal. (2009) 1%, A 8O NRANIIINI L O O8I ATED
MERNEFIRT 5720, BEMOFALW AOFMTO EICEE CEERESNLT L
WELTWD 2, YR CIEm PRI REBEL I RESN )T,
IR D X DI A CHRE SN R P72 D, YK CIIARDIP -
FHEBDI OIICERB T 2ATE LTI R Vot Ly, 4 RELT - 72 £ B
EHEHICBTI2RBOKERX Yy hRETIE, FIEBOFANRE TSR
AREEb Db, 4%, MRNLHREBEOHERERE L ED AL E
L THONZTHIMNERD D,
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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 fl_larvae occurred by horizontal tow
with a conical larva-net Trom 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. abbreviarus 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. abbreviatuslarvae densities, as collected
by oblique 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.
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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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F28 MAOBWREN

FEH DR R Z @D 512 0121E, Bl 72 i A X, Sirds JOREHHE 2 Mt L,
HEHR COYBIBHRELZ BRI T 2 Z LN EETH S, BWITENT, EIAEMICH T 2 BB FB
ELTC, EREBAEDNLORBETE L U CARBNERLFD, BEEBEDY BLEWN
FARIEIC 1T D HOR Y A AOWREITIT, ERVRE ) 3 FIlTEME L LTV H L2 (K 1988
; Tanda 1990)

—Ji, ARREHEAODMAIBORE L, Bk & & bICTRIED B E o ITm R~ & 2 kT
D e, AR HFA (BLA S 1994 ; KEKD 1997) »BALMNIENTEY,
YA RRNDJEERIREA~OWEISEA R T H Z ENEE L 70D, AREITIE, @IERBEY
A XA OBRE B E LT, RROERDHAOEBEMIENZH LM LT,

MHERE

i R L2y 707 o H e T AL, 2012 4 5~7 Al LR EMOKERE &
2 —KEERFZERTIZ B W TERIN L, SMbfk, mEREAIENEE 2ot L7 A I XY R Y
LY SHILT T I ThAE CRE XN VL N LA ZFE) ZAGEE L TR AERE LT-HEAT
b2, BWFEBRITIL, 225K 29.8£1.8 mm CEEMEHERERA) (LT, 30mm 14 XL35) ,
40.1+1.7 mm (40 mm #+ X) , 50.6+2.8 mm (50 mm 1 X) , 56.4+3.8 mm (55 mm H -1
) DABEEORE MW,

HERORE WL NSHEOSL VLD 05 mm LT () , 0.5~1.0mm (Hl
) , 1.0~2.0 mm (WHED) O 3 SORAIZK S Lz, sBRICHWZAKIEIE, 30 LAY
7'u v L BRI A MK (B 36em, &S 32cm) T, EIZE S 2cm O EZHN T,
HAKIZ AWK Z 20 [/ H & L, SEKDR Do VIEEET 5 L9 RELHHAK L, 5
BRIGF O 7K A2 11 O B EE I X 500~1,000 lux, 7KifiZ 27.2~28.2°C T, #AfEClsUIITHO7270

7,

EEREROFE SRMOBWHER T, REDORZR LA, #Has 10 B2

KL, INE#S5, 10, 20, 30, 45, 60, 120 43w = & VIR 2 BARIZ XV HIE LT,
A = SRR EFEIC 5D DL EHFE O EIS 23R D, O HIE 2 2558 X DO (T
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oS =RV 2 R R R X 100, %) & L7,

MDY A X5, WORRBOEWHEOHER % Fig.s-8 T LTz, IBPHEIL, WIivo
YA RRK T H R LA 54 30~60 % ITITREMEICE L, ZNLRIE—E L ol

BRI 2 2 RN A5 & 30 mm o X1, K 0.5 mm LL M IZHWNT 30 0% I I
W73 80% % A % 7=, Bifk 0.5~1.0 mm T, BRORGE & & bW RIT ER L7223, 120

DHETH BEWICHEEY, +oREBIETERD o7z, £, KifE 1.0~2.0 mm TITIEW MR
RA[EETh -T2,

40 mm YA XTIE, HKifR 0.5 mm LLFIZHT 20 0412, Kifk 0.5~1.0 mm T 45 5y
BATITIERD 0% 80%LA | & +43 2R Wb 358 80 ATz, Rk 1.0~2.0 mm TiX, 120 4314 T
B 30% LK<, BHAREETH -7,

50 mm A ACTiX, Rifg 0.5 mm LLF T 10 75f%, Kk 0.5~1.0 mm 2BV TH 60 557
WZIXIERD 3D 80% LA B & e o7z, S HITHIEE 1.0~2.0 mm T, 30 73 F TIZ65%IZEL
7

55 mm Y+ XCi, K 0.5mmLLF & 0.5~1.0mm T, 10 05 ICIZER R 80% LA | &
720, R 1.0~2.0 mm IZHBVTH 120 534 1C1E 80% & #B % 72

BRY A XH ORI A 120 73% O R TLHET 2 &, 30 mm P 2 Tid 80%LL L
DOERPRITRIZ 05 mm LL F DA TH 7228, 40 mm 1 X TiX05~1.0 mm T 80%%
Bz, BAHRE L HIMr S N7-, 51T, 50 mm 1 X272 5 &R 1.0~2.0 mm & bR
65%IZ 5L, X TOREIZH HFREIG L7z, 55 mm H 1 X TiX4AeTORAT 80%LA
el d, BRYA XD EFITENEI FRERREED R L, IBWEE I Om LA
bz,

5 B

KERZIBT DAFHEROBFEEIRN & LT, AUEREEHEDRH T b 505, HUERITIEEERLA

RFOAFRINCT IR DAL, HEARBILIE, FrIETBORIC W TR AR & 5 2
BITWD, BT ARERMITOWTELIK -« Bl (1980) 13, 7 & A OFRFIEERICKIT DK
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FEEA~OBW PR ZBIR L2 LG L, IHF 5 (1993) (THGRE IR LW EENZ
WEBESENEE D LHEE L TR, BN FBED» L ORMTFELE LTHSTHL Z
EMTREINTND,

T B A PERANT S HESZ U 7o SR TUE, 51 & e & BOm A BRIE 3 T o, B v X, 5
BLOWEHSE, HoR#OERE D LB SN TE T, AREIZBW TS, Bk o
R IRIEW BWIMHHRE DRI D LB 2, FHORE S (30~55mm) & JEE DKL
gEOBBRERT Lz, TORKE, 30 mm ¥ XOHAL THRIEZ 0.5 mm L FOF R TH
MIZHERS FIRECTdH 5 Z L2, 40 mm ¥ AT 0.5~1.0 mm DAY, 50 mm 1 X275 &
1.0~2.0 mm O E THIGTE D Z L 2L Lz, 2D Lnb, BPEENIIMEIC
fEo T kL, 4K 50 mm TIRAWEE~OEBAFREL 2D, BItRE&ED LMD
EEZ T,

—J7, FHHMEIZHT DA 0 s nfidids (B 1994) (X2 L, FEEZITMH
kb (0.063~0.125 mm) LA FOREIZAL L, WIRESCH R~k A K32 D1% 40
mm L LS S TRY, 207 4 —/L RCTOMBITAREION TR COREE —FKL
2o XHIZ, 30 mm B A XO/PNRFER TH, 0.5 mm OFRLL T OJE & 72 1T & 3R
T2 LR —EDHIRBMRNIFEE SN D LHERE STz,

FEAR D (2011) 1%, ERMEOFWVENTOBIENC L BH-CMARE ) 2 @bi- b 7 AR
ERRT 52 & T, BB ORGP EE - EHWE L TWD, A%, sicER L
BWEEOH ZBETOBEMR Y, BEEE R 52O OBIBHIROAME L BREH 5 2%
ERH 59,
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Fig. 4-8. Rate of buried area in each size-group (mean total lengths (TLs): 29.8 mm,
40.1 mm, 50.6 mm and 56.4 mm) of C. abbreviatus juveniles, based on
sand grain size (4: < 0.5mm, [1: 0.5-1.0mm, X:1.0-2.0mm ).

Rate of buried area = buried area/total body area X 100 (%).
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FIFM OmMADREMA

AARRRBHICERT 2y 7 2B 200 55 (i 2013) , WP A
PR THRESNDIDOE, THVEET A, aUITATHVEET ABIUA X
JVEADIFETHD, vV AR IHEONHERAMOAREIZOWTIE, HHIEIC
BILZ2avIAT ATV EETAETHVEIETADY ) = L3 NDT =
TAVHEET A ERE (BA 5 1994, 2001) , RREBICBIT L7 W #E
TAEARX ) UHDOFEERGHT (KE 2015) ICBT RSN H 508, H R I3
HDTROLNTEY, MARNEPT R TOERBIIAHOEETH S,

ZZCARE T, HBEIALEIHICR T A /NRE O X EIREY O R FRAEIC L
D, U/ UHRIFED 0 A OREMARHCT A X, il EYH AR —
o A AR L 7o,

ME & A&

2008 4 5 H 72 5 2011 4F 2 A2 2T T, B 1 B ARGE IS A2 1 3 D A & ET IR T R
O/NRERIE O X MMM PARE L ) 2B 3 (T A2 T4, ay
TATHVEZETABIOA X %) il BHIH Wz, EX, 5~10 HIZiX
SO BAMN 14 o2 N XM (N 23 mm, T#E 2 FMjE¥E) , 11~3
AIZIZ 8o 2 Ol (43 mm, T 3FAE) Tholo, HERMIZT T
JBTE] G, MR 355 T U S o L Ve W PN T A AR T PR s & il (L T R AR TR 0 KR 10
~30m OWIRE DO TH - 7= (Figs-9) ., ABEITAERRESL LT —HBHEL
THREHOL DT, £FE% 0.1mm B THELZ, RICBRELSEL (REA)
%, JE S 300 pm ORWTUI R A AER L (A AiE) , CFBMEE T TR
BB O G I LV EEREE 21T o 12,

JREBRR A EET 5729, 20109 3R ICREFEMWRIRE Th 2 REM & /NEE
EEBD2E AITIE W T (Figd-9) , =27 <o "— DRHRRE A W TEIE L, A
JE (%) , COD (mglg) ¥ X ORIFEFARL (%) %8 L.
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BIBDEE KEBHEIEAKE 10~15 m OERNRZ VRS T, N EILEIEAKE
20m QMR LE Th o7, 2 ERADEEIZENZ L, COD M 8.1 & 8.6 mg/g,
WAL # & 0 & 0.1 mglg & iEWIZRO SR - 7o M, MEE & TIX 2.9 & 4.6%

NG BALER A L5 fF o To, PHRIBII R BRI A 0.29 mm TR (HURLID)
/INEEAEE2Y 0.08 mm THMUE (FRAALAD) (2K 7y SvTz,

DY) VAR IEDERE THVAE T AORKEIT 1,285 B, EE&KHI
56.7~277.4mm Th > 7=, 0mifaiL, 9 HIZA& K 56.7~90.5 mm (*F#J) : 70.8 mm,
n=12) oKD, 12 A121%69.1~123.3 mm (98.2 mm, n=6) , 5
A1 83.1~121.0 mm (100.7 mm, n=6) &72-7 (Fig4-10, 13) .

AUTAT AT ET A ORKEHIT 1,096 B, £RHMI 62.9~397.0mm TH
ST, 0mEflE, 8 AICAE 62.9~136.0 mm (*F#) 91.1 mm, n=40) M5 ifasE
SRS, 12 HI1Z1E 79.5~193.2 mm (151.8 mm, n=26), 3 HIZi% 157.9~200.1
mm (180.2 mm, n=12) &7c-7 (Fig4-11, 13) .

A X DOBREEL 449 BB, R 41.6~414.0 mm TH > 72, 0 AL,
9 HIZA& K 41.6~127.1 mm (83.2, n=64) "o fEI N, 12 HIZiE 1225
~193.8 mm (157.6 mm, n=5) , 3 HiZ!% 101.0~212.0 mm (174.5mm, n=6)
L 7o 7= (Fig.4-12, 13) .

5 B

FREEHALTE S O E 72 I3WRIED ¥ & ) 2 FiEGITRBW TR E M@ ORIEY) % & 451
BLIERER, aUIAT OV EZET AL 8 ADDR/IEE 629 mm, 7T ZET AL
AR VEITIH DL ZINEIE6.7 mm, 41.6 mm O 0552 fSE S bbb 7=, o4 (2011)
X, FVEERIC 31T 240 & RMIT DR, a v A7 v 2T ADREHEZ5 A 1H,
THVHAETABIOA R ) VA& THLIAELTWD, ZHICHESTDE, avT47
AHET AL 0 Hifn, TAHLHETABIOA X/ 21% 60 HECARRIZREN AT
L EFZZ BN, FRURRIIAMRA L FROMESIZAR L, 12 AIET7 B Z BT AN
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KRR 100mm, 2034 T AT EETABIOA, X /7 2278 150 mm izl E TiET S
ZENG ol T2EL, AEOBRKIE8 HiEIT 14 H B GV OIRVE MIAEYN TH D
72, 150 mm A I8 B 2 @i L C 0O TREE SN TiTs 6T (0o 2008) ,
FEIRRAZOWTITEBR L o> TS AIREMER RV, 4%, SFERERER DRI X
DIEERE LT, 0D EIZOVWTH LN T L HER D D,
AENIZEAVOREWVAE TH 7720, HADHESIZIT 10~40 mm OHEMILE
HEINT, BEEMAOEREZP LN TE e ole, REREOBMAZX S E TRy EE
RHERDOEEGITCRBHICBET 215 WA S22 &0, AH%OMELE LTSN,

34°46’'N
Okayama Pref. - ;A S

Ushimado

e

7 Harima-nada

. ~Shodo Island

‘ ¥ 20 5 10km [
34° 29’ N Lt A fi el Sy oSy )
133°56' E 134°24' E

Fig. 4-9. Map showing the fishing grounds of tonguefishes (solid area) in
the coastal waters of Ushimado, Seto Inland Sea.
Open triangles (/\) indicate sampling areas of bottom sediment.
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Fig. 4-10. Monthly size distributions of C. joyneri (n=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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Monthly size distributions of C. abbreviatus (n = 1,096) 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 (n= 449) 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. 4-13. Total lengths by month of capture for 0-years-old tonguefishes
caught by small trawl nets in the coastal waters of Ushimado from
May 2008 to February 2011.
Points indicate the means and vertical bars indicate the ranges.
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ZHETAIFETIE, AEIZBNWTa v T4 7y 27 AN 13~20°C DK
TLEIFEIIL, 1 Y4720 k9K 5 kiR A FEINT 5 70 EREEIRAERE D —in 2 Bl s IT
L7z, VT 15~17°C TOIFEERIC X O IE D @O SMUAFEDBNERICE Hh, 17~20
CTOEPARLEBEAGHEDTHREEICLY, REDHANBETE LI EE2FEIELE,
BT, WRANEPRICEWTIERIRIZ AT T A T 20T APRHHLTND
TR, NS OEBWRRINEES0OMM THED Z &, v/ U XF 3FEOL A 50
mm B2 5 A OSARICIREMA L TV D EREEZHA LM Lz, AETIEINET
WHBRE T CHRONTEa Y IAT T ZET AU - fFHE O AR - ARER 70 50 70
BERAE DR RICESE, U O M AR & 4% OBBEIC O W TE LT
HEEHIT, WP REICR T D P AERIC OV TER LT,

BRI TR A PEZAT 9 IIZ R E R SMUFRZETH), 2 OREBICHRT 2 EIFS L
BCTHDH, H1IETIE, TTHRELUZBAOEN, JIVER X OSMUIC OV TRF L,

FEORINFIEIZIE, BIREIN & ARV RN RCREESAHIE 2 e 3 FF BRI & 5,
IADIC L DEIFAREE R BRI OV TUIATERBIC LB ZHIN TV DN, %
FRIIALETHRAILGZ DX A—URRENZEBREAELTHTOND (BB
2003) , AUTATAVHEET ATIE, MA~OFVEERNEONTERIEIZL D8I L
BENEATER S L TIRESNTWD (HEHS 1986 ; HA 2010) . LoxLAM, AR
PEINHARTICIfSE L7 RERA T, K10 BRI 12 A Kb oA (EER 2017) OH
EBOERIDNICEEfT T ST, BREINIC XL Y BEIC 27 REINOHRD FIEETH -
I GBLE2H) . 7nvuy )/ U223, mEBERICBWT2ICUE (F)11984) , Bk
T 25~26°C5 (LES 1993) THARFEINL, i 80%LL DR\ E FINE T %Al
FINEER SN TS, AL EDZT Y ) VAT, BREICLD A P L AICEEL, A
1 U7 RIKIEFRDMEIR LIE T IARIMNA X ) X TITFRICEE TH 508 (GRS 2013)
fEMTIZZ B, TORTF T IFTCORENELS THLI LN /nyy ) 2 THE
RENTWD (1984, 1EDH 1993) ., ZHNHDOZ LB Uy VAT, Bk
DB DI D ERINAS AIREZ HARERIRS (BB L& 28 WL TWH &R D,

— RN AT ZET D &, B, I LICIRE o TR B 20 %,
JAMIR 7240 I L2975 (5)111991) o T b DIEREFD 2 LRI BT A R
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RIZE EE BT, BAERMREINZ ML T 52720 DEMEFHRE L THEETHL Z LD,
S%IIEEBERE IR 2EMER M2\ o0 T 2 0ERH D, —J7, ¥4 14 (BT

- il 2005) B Z A (FfH 2005) Ti, HRSKRERICIVEAZ S hr—L L,
JAEIZ DT 2 BRIRDFIHE & 72 o T D, AR T HIKIRE BRIZ K 2 sEIRFE R I L OHIEH O
AREMES R ST 2 s (BB 1 2 6i) , AR - FEIRIC RIF A MIOKIR 02
ENREAT D 2 L TRIBIFZREEINC OV THRE 240, [ERAVR B~ OIS & & D 721k
IR DL E D DLERH S T,

5 2 BECIIH RN OUCEIC T TATHER OB B R A T L, 2 ORER 21
FR-BERBRICB T 2RELH 3 TR L,

B ORE A PEIZ I T DHIHINBFEIIZINE, SMUFEOIG), R O, KE, fHE
KOVEEN 2 Ekk 2 2 BRPEEL RITTHDOLEEZEZX LN TWDHN, BIRITITE L L
SIS D (BT 2006) o 4 (a0 B FERER CIXFES O B i 3~7, A 8~12,
At 10~20 ICENZENRRDER E B2 b LR BlE SN (B3 FE) , LKL
1, FFARDNERD O DRI K> TKEISEITN, HDVITRED EFIZE 72> T
RKBIZBENL, FEKOHWERETIN L > TKAENZRD W THTTHHETH D,
NS A ORI AEPE CIEERE KR~T 0 — RAA NV ZRIN L COKmEZMEEZ kT 2 2 &
TIhEMIEL TS (Yamaoka et al. 2000 ; 4% 5 2003 ; M 5 2009) , SMLE D A
7= D TR ORBIAFANE L IHE LEZ 27 LFEIZHOWTIE, ZORENRADL
NIl 3~T 27 4 — RAANVTREEZRKE L2 25, KEIZRD A < BERITIIE S
i, PO —EOMRBBD bz, LorL, Z ORHIORE~DMRE DOIFHE
1%, MBS REICEREL RITL, TO%ROERRETITHERE T &
BEZOND, 74— RAEANVDSAORKE LTy a~rm (5T 2006) 0~ % (Sakakura
etal. 2006) THZhE SN HEBEROLFESLT 7~ ¥ A Branchiostegus japonicus (&)1 &
2014) THESN TV D REOFEFIC LI VIFAEZ SIS T LB HIEEZ BT 2 05
N D,

I Hilip 8~12, 27— EIZBIT 2RFEICHON T, ZThE TOEES (FINH 2012)
DEEFERTHHRE L TWVD, EES (2001) 128V TH Hile 10~15 |2 KIE 722 JHEDS 2
b, ZORHINEAGEESSE T CTHRE LG E0RRM L T 5720, BEARICK
DIMAE L HEEZ LTS, ONEE AW L 72 Re R o rfud, BRSO O 23ERE LG - H% Th

D, TR OFRED 5 TR\, 7o X EAEMICHEIE L CHEBENICHRIT 531X
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MR VRS, (FRABHEFUCEEAED 2 & & 2 TEIZSIZA > TH R THMBITENC D2
WD EINE L2 (HF 1981a) , FRCATEITFKITEI NS ORI 20729, o2V A
KT BRI RITEI N TE TRV, & 2 WITEBER I MR 2 & 23l &
Nob, 2T, YIHOBEAMEEIZNRESFRD LB N2 6 Al 10 £ COMEMEMEE R
AL, EHITYT LY Ot fAFEO A RE T 72 5~10 fEA/mL X b £ 15 f# & /mL
@i (B2 2H) 2, AT —VEICRI DD NVHIEIHETE R olz, TAVOD
AR EIZ DWW, f@iE D (2001) 13 50 fEA/mL DL L CREEAF RO & & -
L, 7= (MJE - BE{kE 2006) Tik 20~30 EE/mL, Wk oz LT g (]
i+ ARFF2007) 7T 30 ER/ML ORERFRHIINRFEIITAZ & S TWDH Z &b,
LV EBEOHRENE L TWDH AL H D, —F, KEFEHOU L RIZONTE
A (2010) 1%, 28~30°C THAFET 5 SAITIZ/A L, K W {RAKIED 20~25C TIEMED E W
L 28R U CGREADZRWERBRHREZHRE L 0D, LY A, AR oOmEAKR
WX VENR, RETHLZ LG, AFROARE DEAEMES BE L7220 HIEEIC
BHEZRAT & EEZ D, £/, ULV OBMBEIRIA Bt 4~20 L EHICKSZ
Linb, b7 AMFEOEESCHEBTRE~OHIER PR SN TND X T U kD A
T OREE (BRD 2005) RN D Lz, 7r Uy X (A 1982) oA X /v
4 (BLELD 2013) 122V TIE, S ALY Ay OFGEE TR R R BHE AR I D Tid vy
HHO0, WTIHIIHIREEN K L BN LETH D, WA OMOROEEIX
ZhEi 34 mm (FH1982) , 3.6 mm (fEH - NH 1957) & AKFfED 44 mm (551 %3
i) L T/hanWZ &g, AN A FET L3 Brachionus rotundiformis OF5EH
RS oX&EThHAD,

—07, REIELIE, BRI RAVKERICIERE L CRHCT 28R THY (BT
2006) , AKAEEA~OILEIC L DFROETFREIZL T LHEH LN TRWE DD, KAEE
& OBl TE U BAMEHRIREORA (BT 2006) & 2 W IZ/KIEE DK OE) & 23550 B
BT RDOTALZHONENREZE L LD (FEHS 2003) Z L ENFERE LTEZ LR
TW5, Hifif 10~20, F~H 27— 2B HILBEIC OV TIE, HERZERN S
18~20 W§fi] & L 7= IR RS N NTHAE LTz, (TR OIERRIL, REITIE D (KRB E OHR
WERL, B PFIIFEK L TOWDIFRRFEHLET 2HMICEZ 2 2 &nrn~ o (R
£ 2005 ; Takashi et al. 2006) <> > /8F (BRED 2009) CTHE SN TV D, FHIEEIE
BAE L TENER IR~ YD (E55 2003) Tli, ZRBEMORT—IIZBT

=R
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D ARE DN AL D 75 A0 AR DTE RN FE O RIGITEEN Y, R a7 — 7 rERE )
HBREICIZED EWEINTND, 7 v oy ) & (11982) 07 #1v# 7 A (1 1983a)
X, FRESNITEE A TR 2 A ABHICH N L, FIERHSITORMEIERT 2 2 & 2R
NTWD, AFETHERERTA T — U TOEREDOHIMNLEDHE NERHE->T, vV AY
ERRRDER TR Lo VREEE 7o T EHERR S D, T B TR BIEOILRRSE R &R
BKFENTE Z 2BI81%, 4% VY V2 BIFRICILET 2E L R 0155, (FRDF
B D I E R L DS KATENC RETRBZH 60T 5 L & bic, KR oTiE
< (Sakakura et al.2006) <C/KHIAR > I K HEIBEKRONEEE (Kato et al.2008) 512 & 5k
BEBSBRIR BIRETT 2 LE R B D,

SEAT > 7T R TOMBREIRIZEWNT, AMBERICET 2 2 THEA MR I, L

L, KiRBIEEBERBOME (5 2 = 1) LW &ERBRTIE, 17~20°CoiEk
IRAHE COMFREEIZ L - T, AERK TROIEFEERET 701% L8, KRERIZLDE
BB OBBRNR N FEIES Lz (5 3 &) , KREHEIC L DE, LR OFREIX
BEMBICHEICH TE2EHMRRTHLZ L0 n, 4% & BERBEFICRITTK
OB MR T 20ERH D, —J7, WREFRIUCET LERNE, Kz
U LT LEBEREDOIINRE (BBEH LEMEHIRER () PRI, ke
BOBRSE SR AR AT ST & 72 (P79 1999 ; &5 2005)  ZKiRBIERIERER 1 & 2 (3R — D8R
BRI CRIE Lzicb bbb b3, EFMEERICRENREC B2 ®1H) . K
H (2006) (%, WIHIEEELL 7225 U AV RBMOMEEN € T X DFURER B 2 KIFT
&L, fEH#E - M8 (2009) (X~ A LA OB TEINR v M XOEEEZEHRL VWD, &
Br1 L2 ORBETL, AEIORETHE—EIEHE LENR2o 70 26 OERMEM
L7zt EHEZRL, AFIZBW LA BRI _REREEE 2D,

o> ) T HFZONTE, Z7a vy X TIRMSOR GRS (IR EIA G R E
: 100%, AHRM - 42.9%) 2 FEHE L (EH - #i4 1995) , A X/ ¥ Z TiE27~29CTD

fBESME T CREENTEmA AL D (BLRS 2013) , A & FEIER TEVIERE
HERPREINTND, HEZEINTHWEDOYE, 25°CUL ETOFRE &R 57-01C

ZERESE T HilmAs 15~20 H & <, BRI L o TERERRE CRufICETR AR TR
DRELRLTVWEEZ LD, WFEDRFIZOWT Y, o BAREE (57 2003 ; A7HE 2013)
ERBRIZT VT X 7 OFGEIREH (B - M7 1995) /KR (GLEL D 2013) DAL )3
MIhTnbdZend, MERMNPHL SNIZAELZET VICERAER, v/ X

-121 -



BT o RBEE ORFZEE L7 BT, XIRICMVMLNETTHA S, [FRHCAH

DREEE /MO T > 7 2B HILE LTI TH D02 RT 2 2 &0, 5% O
e L ThTonb, £z, ARIOBETIE, BEELHMEERIZHBEL L 2o 720y, Z
NRAREOBHECTH D), FRIIFABTRFORBICL D bONEHRT ILERH D,
AFE TR TH - =PRI S TOW ARV AL, Wi (5 2 2 3 i) ORHAH
BT 52 & T, RAEOERERE SOEEEF OMINCIRN D AN H 5,

EREZ OMEMAINTE T 2 (3)111974) A=A =€ (UK 1996) & TELHFET 5L/
PN DRFEITRIE Ch o 720, BERRTIESMEA DR D 3 A2 I CME
LEEELDHY, REZETELIRE o7, MAT, HFEMOBEME EEICEE D AR
JES T J OMAlTE OB RIS L 0, /NS KBS 220 DRI F T D38 B4 0 3E
bH BTz, BV ER VI, REICAIRACAMERE R O KR RIZEW EARY, BT
RV R H3ETEHIT, 4k 18~40 mm THHT 5 (FNb 2012) . 72721, 40kL K
WTOEWERVIE, a7 U — FREEIZMMAZ N & THRMIDEER 2B L
Tedny, RYZF LR FRP 72 ERENBIE ORI L0 T, Bl REnb 0y
¥ U —0KIH DEEXE DO FRAR (B - 11 2012 ; N5 2012) 223 5 FEORFET
(Xl olc, TNHREBEICHE S BEICH LCE, Mo RAFEREE, #E 2RI
A7 F W RYEEMOBEEIC L OBEFENHE L EX b,

MR OEEEHZ DWTIE, TAT ITOATERAGETHD Z LRI TITH LN TH
Sfeie (HEH S 1986 ; BING 2012) , PRIV FEHE(AE BIFTBLA S, EWEPE X
D LAGEHEENE TR X b, KBMOAEOEAFEA~OE ) B X 2R/ A7, Lol,
FlO R~ O & N, FER, TAT T &2 FMGGE L-MEFF O 87.5% (Fil
5 2012) ZKREL FEID 34.0%DERWAETRE L Ip o7z, BARAITELE BB~ BRI
<, B TERVWEEEFIET HHANE - 720, BWACIE T 5k S Ao,
ATTATAVEET A 0 BAORBYEIZOWTRIKS (1997) 13X, E2REPEHIREIC X
STEL, RETOMMEUFTIEIA T8, 7~8, aabeHfHThHLE LTS,
Fo, ruvy ) VA OREEEEICB O T, FERICEES OHAITE AR~ D KR
WL, BEHIRNER Tho7lcZ &b (HED 1993 5 HH - M7 1995) , vy /v 4
FADOHERIZ ISV TEMAREN) & B B ER~E 0 B 2 2 I I3 2R DS L TH D &
B2 D, —J7, BA - PH (2012) 1THEA A KFAMEICIE LT, 2K 30mm £ ToOM
CECAERHC BT - 2 L 2 M L TR Y, AKEEKICILT LA 28X 0H 50k
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LT HZLTHHETELAMEMNELD D,

A2 i A ARLW AT Ot 2 B & L= SR OB £ 205, 45K 50 mm
LA E TR AR A OB R ORISR TX, Bt emo bbb Bz b (5
4 % 20 o HRAIEIOAERRT, BRI XD FE D ORI X BEHRE ) O 1) RIT X
STHED, A%, B, BEKICBEET 5 E R CHEORERRICE R LI-HAN D
I OINTREDO AL Z B L, 2D bHIBRE & L7y & Bt iE 5 A R % ik
AT DRERSHAS D,

ATTATAYEET AOMKICONTIE, AWWEOBFEMEICHWT, £ 150
mm, 1,000 BON T IZASTT 4 BLOE — b & 7 &35 Uik Bai 23 1o iz
FHINH LD, FHHREIIGONRhoTz &) (Rl 2012) , HT T LA O
IZOWTFIE - 5K (2010) 1%, RIRHEAOFEHRG DALV E BB IS I 2 HiE i
ERETT DI 0, OGO/ — I U T O RR ST AIR IS
DIEH O BTG 2 HEE T 5 EBRAERFHITFIEIC L0 RE B, KARMOAENM
RLOEFECHITRF I EE S W T SO B BR S D B 2R R T 5, AREIZB VTS i
MFEMIT Y 2o I ET, ATHEE A 7 0 —/V K TOERM L L TEEi coEH
AR, HFEBRBEE DM R A LR L, RAHEROFE S M7 27 ERllE Y O &b % ke
L7z BT, RORAT v 7T DR A T W BRI D2 R &2 me 57 L,
BEBER 2R BURE BRI 2 D H & & B 2 b T,

5 4 BECIXEROMERFCRIIEZ X 5 ECHEER KR TOPMARIZOWNT, 2O
AR LTz, S OW TR EICES 1~3 EOMEIZ L WV LR o MERE F T
DR - BB R EA MR L, WU P I (B & BRI PE) (o3BT D
W AERE DHELR 2 5T T2V,

W PRI T RS TR ICINE D HEE m OKEE 10~20 m, HHED 51T &3 IS
THEEINDI- DR LT3 54 T 0T AP ME %L L ERERERTPI
TWBHZ LD, FEINGIIMRADIMIR L TR D MINERICER SND L EZ BN,
B EREE FOMEBIEINAR (F 1% 18) <%, L2 ToMNLREIEINL, YN
BAF K OWE T /KIBICH SCOMKENRH 7= b DD, T OMEHIRITW-F I 30 HAlE
Thole, ZOTENG, MHHRIZIBUWTH R DIE A TEHERIA D HINERIZEIRG~1 730,
ZOAHETHI L o HRRIBEIR Zfe i 724, AROARMIZRE S Z &g Sz, WifEH
DRFEIIENZ DWW CUE, B BADEINGD, RAMEERO2E & OBIFRE (BfAR 1992b)

=
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IZE D REHEN D 2I05 L0 bR T 37%, RMIEREEC 4% 7inol=2 Lk

(55 1% 2 8i) , REKEWRD O DOPEINEOHEE OBIIT T HEERLELE X bz, JF
BIZHOWTIE, hoifgErEfR & RARICEIN N ED I >N T/NUYE T 223 H 5
BT, ERMESNTWIEAWWEOINE LD 1HRBE/INIWNWD L 2R L
T (BL1E2H) o TROLEMTIIWMANMBEN 2E/NIWZ L&y, PEN
R O A Bl AR R B (GI) O SERYE I 7 N E (8K 1992a) & A BIIEFE (A& 2000)
TWIhb BRI EENRNI LR EEBEX b2 L, W NHEESL o EIR
BIXRY A ZXOFHWEEL D 2FREZ W EHE IR,

AT TATAVEET AOFEIKIRIL 13~20CTH Y, 13~24°COHFH TIPRA M
B, FROBBDICETE-T, 27210, RKIRMICEINT Z2Mov s 2B LI
7o, KEOPEINNF R H T 57280, RAKIESETOREIN GBI 0 E TIZES
REfIZ 3~11 H & RENAEL (5 1 &3 i) . AMA By v 2T Bt
IRz PETe DT, I L AP AR & e D, IIRSEER O TIRlEk 8 Z
L<, 1FEA OB X T IiEOMRETRIC & D280 elmt <, I0H S Fanfn 5
AT AE CORFEERN L L THETH S L bR D DL, Rl RBEE~OREIC L -
THIDEE LHEETHD (79 1986) . W7 IGBICHT 2 oA T, IR0
ERBICIIH L CWeZ b (B4 E LH) , RBIC X 2B R v e Bbi
T2o PEYRMIHIOARAIE I CILREIN A B HEVK ) 2 A5 D I fa & CICRIEM 2 2 L,
R BEIZ L DHESH LW e TPHRIND, 1TCHETOERSMEERFH N
&, DROFAKIR & R O BRICIX 20°CHHTICZ AR b2 &b (B 1% 3
#i) , MBI L 0 SR 5%, 17~20°C TOREINE L VS EEEDS,
FE O RIREIZ L0 $5% < AEFR LTV D ATREME DM HESR S LT,

B 0% OB IUFAOEE CTliE, BEIAR LB X DN DPBFENEE Cholo/ow
ZORFE L T2 EAML L EOBBEEDOT AVt ERA T L 2 A, TNHNEH S

P OETEIEREEIC L RSN LR e B b (2 8 2 ), TRl
B OATFFRDELEHVEMNCOWTIE, 2 < OMFFEIFARITEREE IR b 58I BT 22 72
A ZOEAEMZIBEE L, A OV A Tk 2 BIRVEOIZITHEBI 6T 2 RN
HROLNLLESZY (T 1980)  #AE (B 1982, 1983a) HLMIAE (L
2009) vy ) A LT HYZET AMFRITOWVWTIE, HILERNBRYHRENS,
OWEAFCTHHIBOICHADNLIEME ) — 7V v 20, BREAKBRIZED 20
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Microsetella norvegica D FRVVEEEHEIRMEN T R SN TWD, S HITERIBEOY YT 7 &
% (751981 ; i« $57K 1983) <° North Sea @ Buglossideum luteum (Last 1980) 72 &' ¢,
M. norvegica Z & L T\ Z &b, #E#E (2009) 1%, M. norvegica DIERAFE AT
Yo ) VAR EDEU Y ) ABIROREE L, TOHERE L THEMEE TH
L EHERISND 7Y ) 2 E M. norvegica DT TERCAETERER e A RRD A B A HE
£ LT\, —%, Yagietal. (2009) 1ZEBIEIBVCTREES, Fr_Rov X e AL
AT AT HUHEE T AFHERTO Pseudobradya sp. DR 7B/ A2 G LT b, &
NoEOZ LG, AR, avIA4 T AV HET AEHFRICEBIE SRR 725k TE)
RS 2EEREFEOTD, U U ZBEFRP AR TE 2P EY I 5 AR
WCE-oTRESNTERY, ZOMBITERIZ L > TRRD Z PRI, 4%, M
FRIBZBWTY v v ZHIFROER L > TV L EEEEM OFE & 2 b DA REfF
HAREEND, Flo, 9 LICHMAOEREIZEY, PIHEEOWENKN D ATREMED &H
2o

FRDOAEZRD IITEEDDOREME O—BNEETHY, BEEDO ) —7 ) v 20D
BRI, —ROIIIESFENOERIINT TEL, ERUBRITRED T 2 FE8HE» RO
His (I 1981b) . A EIOKIERIEF B TIT 14~20COHPTIE L Y @VKIRK
THROEEES, FEE TOFREHR b ER S, oAk bamrole (B2 1
i) . ¥, SEOHNIEHRERMEOERIC XD BEERERPEO N TND (5F 2
H2H) , ThoDZ &2 enb4~6 AIZRAET a0 74T T ZET Ao
WERBE A MRETT D L, BH Lo KRN EAT28MOBENGRITHY, AiEOIP
Wb aEw, BEPEAEROARN LD &L, BIRRN~OFGIIRENT LRI,
WP PR RIS 38 1T 2 ShHEFR O EhA) A 4EHR T 5 B I T T o T IR ONE M o g R A
T, v/ UHR 3T L BIZ, 2K 50 mm Rt OShEMI B Al 53 A g Tl N
ALTWDZ EEMER LT, LL, SEIZEEVWAREVVREThH o772, RAD
BHICB W TEEKEZEOHEAITRESNT, EERLGFTERBEHICOVWTHLNCTE
mole (4% 36 . AWHMEOSHEAOARRIC OV THET S (1994) B X O Yagi et
al. (2009) X, 7oL FZETRALATTAT AL ZET AD 15 mm LUK O
T, EHIC40 mm £ TOHAMPTHILOKES m LUETHRESND Z &b, {iTH
WAy ) VEAROBEERBLOESE LTHREL WD L L, ZOEEMELZRLTN
Do —J7, REGEIZBWTIL 10~20 mm OFEHERDS, 742 BT A TIEEADIN

o
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R ROEVKIE 10~20 m, A X/ X TIHAA LRI T 20~30 m OJRJE E 7= 3P
JECTHE SN D & L (K3E2015) , WM Ca< B D AMIRENTND, #EH
HEHIEIZOWTIE, BEEEGIC BT 5 5 m LR CoEAATERAE (LA - /K 2016)
ICE o TY Y ) VERODHERPERE SR o122 &, RO ARA T b Il k<
BRI ALRRNWI E (B4 E L) , BIOFRBRICET 5EEDRNE MEHA

(WA L7KEK 1964a) TIX30 MM OT AL X T AOEREF N DD Z L7 E0 b, KL
& FBRICHERUTIT THE° 5 m LR A R B & B9, 10 m IURO R OFIGTHTIZEK L
TWDHATREME S B X HiLD, MUHKIZ I T WS IE L 72 B 080 53 C O HE
FBREM O E 2 W EEM A 21TV, BRAEOMEE 4 X 5 E Tk b HEREEY
TP BSHI DWW THRAT 2 LB H 5,
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EZ B

AYTATAVEET AT ) VERNCET RO Z E T AT, AABLL TIEAIM
S INR R ORIIZAER L TWD, WANHET R TEIT I ETA, AR )V H
& & BITIVHED E RSO G RMTH 503, W4E, R e R A b
FICXVIREENBAOEAICH D, RETIE, aUvIAT AL ZET AR e L
Wi AEPERS L OYRIIS & D IR B DR 2 H & LT, SR EREL NIZIs 1T 2 AM D N
, ATHER OB - ARRRRHEZTIA L7z, S 51T, MECoIR - fFHEFRHA & fF To
RN G, WA AHEFREBIC I T 2 DY AERROHEL 237 T,

fmv

FIE FEHEELEZaTIA T A EET ARRABOEINNNE, EIN, PEIHREZIS
IZOWTHE L7, 4 H TAIND 6 A BAINC 4 i3~ T T 14~22 [FIOFEIFRFER S
ARENZEFEIIRTH D Z E RSN o7z, FEIKIR (13.7~19.9C) CEIVHE (44
~81%) (ZIHMEAREDH Y, PEIIFIIRIC—E DMBMILA Do 7203, I3 A pE
42 Z LR STz, ME L BT 0 DOPEINEU TR R 456~53 TR/ H, HIE F1 DR pEH
L 334~521 TRICThH o7z, ML LIoEBMEDOREPEINX TIE, 7% EIFR (0~100%)
& IPEE (0.96~1.10mm) (FEEIIHIDOHEIT & & HITIX T L, KR & ADHBENGRD bz,
TEBIEEIR X CIIiE EIRRIZEB W TR D b LT, R & LA QR T IVEM LR 5
T EAVRIER ST, PEURRANT 14~0 B L HEE S, 16~22 BREDPEIIEN IR D T Fl &
57z,

e AEEROREINZES AT, BRMIMORRLWENBEY AT 287
ABUGRRE CEOUIRARE - A0 1 2 A, RINEEAEE : 12~17 2 ) &R LA CRLL, H
SRPEIN S W PEINEO N OWNE 2 Fi 4, ik L7z, PEDRIZ 4 H TA), 13CENLIEED, 6 H
A, W 19CTHRT L, ZoMIZFEAEINNA LIV, M 1 B 2M472 0 OREINEIL
R, BEMIERBECENZN 194 THi L 537 THL BT, RIRMOZILLY &
Dighpolz, VB AR EIRE, IR, (FRAOBAGEEATRIEEIIPEINN S Tz o T
L, K& ADOMHBIBIRAGED bV, BIEEE ORRMEND TH REIN MR T
7o, BRI 1 AU EOBAEEDO TN LV ZENDFHEICEINTE S EE X LN
7

AYTATHVEET AOBREHINEHWT, SRERERE TCORERR], SMEET
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DPETERFE I L OSMERIZKIET KR OB 2~ T2, 13~24COHFPH TRAENEITL,
SUAFEDRG DALz, BIEBEME~DOBERHIX, KIEO LR & & b IR
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