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Studies on the morphological abnormality of Pleuronectidae:
focusing on the metamorphosis-related malformation in hatchery

reared fish and its prevention

Masato ARITAKI
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Abstract: In Japan, pleuronectid species are important resources for coastal fisheries, and 12
species have been assigned for stock enhancement. However, juvenile production program
of all pleuronectid species has encountered with frequent occurrence of morphological abnor-
malities such as abnormal pigmentation (pseudoalbinism on the ocular side and ambicolor-
ation on the blind side), abnormal eye migration (incompletion or absence of eye migration,
or both-eye migration to the top of head), and deficit and repetition of some parts of cranial
bones, in relation to metamorphosis. The causes and mechanisms of these morphological
abnormalities are totally not clarified other than some aspects in the Japanese flounder Para-
lichthys olivaceus and restricted pleuronectid species.

Thus, objectives of this study are to obtain fundamental information concerning the occur-
rence of morphological abnormalities in hatchery reared pleuronectid species. In addition,
by clarifying the causes and mechanisms, one possible way to prevent the abnormality is
suggested.

In chapter I, in order to find a general trend of the morphological abnormalities, various
asymmetrical characteristics of the juvenile body was examined in detail using eight pleuro-
nectid species obtained from hatchery rearing.

In chapter I, the influence of feeding periods of Brazilian Artemia salina nauplii (BA) on
the occurrence of pseudoalbinism was clarified in two pleuronectid species. The critical pe-
riod for morphological abnormalities, and therefore for normal asymmetrical development,
was determined from the occurrence of the pseudoalbinism.

In chapterIll, three pleuronectid species, having differential growth and developmental
speed, were reared at various temperatures. As the result, I found a clear relationship be-
tween the occurrence of morphological abnormalities and speed of larval growth and/or de-
velopment specific for each species.

In chapterlV, two pleuronectid species were experimentally reared at various tempera-
tures and the tissue concentrations of thyroxine (T4) and 3, 5, 3" -triiodothyronine (T3) dur-
ing metamorphosis were investigated. The result of this chapter suggested the relationship
between thyroid hormone levels of metamorphosing larvae and occurrence of morphological
abnormalities.
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Following the above mentioned research, I have discussed the possible mechanism and
prevention method of morphological abnormalities in Pleuronectidae, and also described the
subject for further studies in chapterV.

I. Morphological abnormality in hatchery-reared Pleuronectidae

Morphological abnormalities are commonly observed in hatchery-reared juveniles of many
pleuronectid species, at ratios much higher than those in wild fish. And therefore, the oc-
currence of abnormalities have become one of the most serious problems for juvenile produc-
tion.

In this chapter, the morphological abnormalities were examined on hatchery-reared juve-
niles of eight pleuronectid species (verfin flounder Verasper moseri, spotted halibut V. varie-
gatus, slime flounder Microstomus achne, stone flounder Platichthys bicoloratus, starry floun-
der PI. stellatus, brown sole Pseudopleuronectes herzensteini, cresthead flounder Ps. schrenk:
and marbled sole Ps. yokohamae), forcusing on asymmetrical characteristics (eye location,
body color, upper jaw, pectoral fin, dentition, and scale) of each body side, comparing with
the wild fish of each species.

As the result, it was possible to classify all the juveniles into four morphological types
(normal, two types of pseudoalbinism, and ambicoloration) in all 8 pleuronectid species exam-
ined. Normal fish had the same charactereristics as in wild fish for both body sides (left and
right), after undergoing the asymmetrical metamorphosis. However, the morphological
characteristics of both sides in pseudoalbino fish were similar to the blind side of the wild
fish, and those in ambicolored fish was similar to the ocular side of the wild fish, suggesting
the occurrence of symmetrical metamorphosis. Therefore morphological abnormalities of
hatchery-reared juveniles in pleuronectid species were to be considered as “metamorphosis-
related malformation”.

I. Critical timing for the metamorphosis-related malformation in Pleuronectidae

In order to prevent metamorphosis-related malformation of pleuronectid juveniles, it is im-
portant to determine the critical developmental stage and/or timing for the malformation.
In the Japanese flounder, it is known that BA feeding at a specific timing induces pseudoal-
binism in juveniles at a ratio of 100%, and a close relationship was indicated between pseu-
doalbinism occurrence and the larval stage.

In this chapter, the influence of timing of BA feeding was examined on the occurrence of
pseudoalbinism in two pleuronectid species (spotted halibut and brown sole). BA was of-
fered at six different feeing periods from early larval stage (first available to take artemia as
diet) to juvenile stage.

As the result, occurrence of pseudoalbinism was about 90-100% in the two pleuronectid
species, when BA was given before flexion stage (E stage)(spotted halibut; 10mm TL, brown
sole; 8mm TL) suggesting that expression (or non-expression) of pseudoalbinism have been
determined before postflexion stage (F stage). Therefore, for the prevention of pseudoalbi-
nism, and possibly other metamorphosis-related malformation too, the stages before postflex-
ion is critically important in pleuronectid species.

II. Relationship between the metamorphosis-related malformation and growth and/or devel-
opment of pleuronectid larvae

The Japanese flounder is a representative flatfish for juvenile production in Japan, and a
body of information has been accumulated about the causes, mechanisms and prevention
method of malformation. However, there is not enough information available for other flat-
fishes including pleuronectids. The objective of this chapter is to examine the effects of
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rearing temperatures on early larval development and occurrence of metamorphosis-related
malformation in spotted halibut, slime flounder and brown sole.

Newly hatched larvae were reared beyond the completion of metamorphosis at various
temperatures (6-24°C). All juveniles were classified into four morphological categories as
normal, pseudoalbinism (two types, regarding to normal or abnormal eye location) and ambi-
coloration, based on the body color (pigmentation) and eye location. The growth and devel-
opmental speed of the three species were relatively greater in brown sole, middle in spotted
halibut and less in slime flounder, and accelerated concomitant with higher temperatures in
all three species. The relationship between rearing temperatures and occurrence of the four
morphological categories showed species specific tendencies consistent among the repeated
experiments. The settlement ages that results in the highest ratio of normal juvenile were
relatively young in brown sole, middle in spotted halibut and old in slime flounder. It is no-
ticeable that these settlement ages were similar to those of the wild fish of each species.

Results of the present study strongly suggest the importance to rear pleuronectid larvae
at a similar developmental speed as in the wild fish, in order to let the larvae undergo nor-
mal metamorphosis, and produce maximum number of normal fish.

V. Changes in tissue thyroid hormone levels in metamorphosing pleuronectid larvae reared
at various temperatures

In Japanese flounder and summer flounder Paralichthys dentatus, involvement of thyroid
hormones in metamorphosis has been clarified. Because pseudoalbinism and ambicolorion of
pleuronectid species were considered as “metamorphosis-related malformation” in chapter I,
it is speculated that thyroid hormones are also related to the occurrence of “metamorphosis-
related malformation” in pleuronectid species. In this chapter, I investigated the relation-
ship between changes in tissue thyroid hormone levels and occurrence of normal, pseudoal-
binism and ambicolortion by rearing the larvae of spotted halibut and blown sole at 9, 12,
15, 18, and 21T .

Tissue concentrations of T4 increased to maximum levels during metamorphic climax
(stage G-H) at all the temperatures. No relationship was observed between tissue T3 levels
and rearing temperatures. The peak T4 levels were significantly higher at lower tempera-
tures, and appeared earlier when reared at higher temperatures. Since the occurrence of
ambicolored fish and pseudoalbino fish was influenced by the rearing temperatures, it is pos-
sible that thyroid hormones are involved in the decision for normal formation or metamor-
phosis-related malformation of the juveniles in pleuronectid species, probably through the
peak level or the timing of tissue T4 concentrations.

V. The possible mechanism and prevention of metamorphosis-related malformation in Pleu-
ronectidae

In this sturdy, I have clarified that the morphological abnormality of Pleuronectidae was
metamorphosis-related malformation, and that occurrence of the malformation was strongly
influenced by the rearing temperature with specific patterns in each pleuronectid species.
Furthermore, I have described that the occurrence of metamorphosis-related malformation
was increased when the pleuronectid larvae were let to grow and/or develop at different
speeds from wild fish. In addition, the extent and the timing of peak T4 levels were varied
among the fish reared at different temperatures.

These results strongly suggested the involvement of thyroid hormones, which controls
metamorphosis of flounders, in the occurrence of metamorphosis-related malformation. Re-
cently, I have obtained preliminary results in two pleuronectid species (spotted halibut and
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starry flounder) suggesting that the occurrence of metamorphosis-related malformation is di-

rectly decided by the timing of T4 increase.

Therefore, the occurrence of normal juvenile

and juveniles with metamorphosis-related malformation is probably decided by the growth

and/or developmental speed of the larvae through the timing of T4 surge in pleuronectid

species.

As mentioned above, in order to prevent the occurrence of metamorphosis-related malfor-

mation, it is important to investigate the early life history of the target species in the sea,

and to let the larvae grow and develop at a species specific speed similar to the wild fish.

It is necessary further to clarify the mechanism of metamorphosis-related malformation at

a level of genetic embryology, in order to effectively develop the better method for reduced

occurrence of the malformation.
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Paralichthyidae, # L A # Pleuronectidae, 73/ ¥
% % Cynoglossidae 7 &K FRE L2 KL &0
TN—=TThHY, W noARE B S¥LEE0ORk
EWTZEA L HIICAT N T & 720 FTHAaD HHEM
NOBATIN ARG & BRBEDSBINICZIL L, IRGZ R4
o 7p WA OAMFRZ £ U 5 EREDIZEHE O Bk %
BRY 72 CC &7

COTNV—TIE B LERMmENLLHIC, &
ROALHFREARS. (Norman, 1934; Brewster, 1987) %
A (Seikai et al., 1987b; Seikai, 1992) 7217 T4 <,
R (b5, 1987) 8 (¥4, 1966; il 1974 7%

W, 1979b), miSEE (&4, 1966 5 i, 1990), I
B, (KA, 1966) 54l MfE (Norman, 1934),
3 (Amaoka, 1964; JiE © , 1974; Sakamoto, 1984;
Cooper and Chapleau, 1998), #fp (Amaoka, 1964 :
AN - 4k, 1979; Sakamoto, 1984; Biirgin, 1986; Cooper
and Chapleau, 1998), i #f & # (Norman, 1934;
Biirgin, 1986; Brewster, 1987; Sakamoto, 1984;
Cooper and Chapleau, 1998) 7z &&HFIZB X 5, AL
A HAEFIZ BT 2 &5 O AAMIE, oS H
O3 EOHWEICL RON T WERIGEZ 2R
BCH D, 20D A9 H5EICHmE SN Tw5S
(Kyle, 1921)o F72, N B IEEKDFED ETEICHEIL
35 72005t (Kyle, 1921; 76, 1981 : &3,
1985 : W, 1997) THh 570, HEHWEILIEH» ) T
7 WD B IEAENOERBI iR 2 FIE S .
CORRIZA LA HEHDOLRE = A OAMBMEIZ 2
DIN—=TZEEDLDTH A0S, FIUIAMBGL
DAZEEGMAEPRRBIEI,POREI N TV S
(Norman, 1934; Dawson, 1962 : Dawson, 1967; Veen,
1969). T o “HEE MR 1L Norman (1934) 12X
S>THRRMICFE LD o, FIRMOKEIRIBLZH
1t (albinism) & AR At A35EIR L 7= W I A5 (&
(ambicoloration), /47 @il L 7234 (revresal) 12
KaENTwb, RFFIZBWTH W XTI A
A % IV A4 Pleuronichthys cornutus %~ ¥ 7 L 4
Verasper variegatus O WA fAEARDY WM™ & L
TR R AHINE U 7= SRS [ R BER | (&1 IR
YK O SR T2, 2001) [ZERS T
Wb, F72, EETIX, 7 Hh A VA Hippoglossoides
dubius M - &,1970), A4 ¥ AL A (LB S, 1987),
A ¥ # U A Platichthys bicoloratus, ~ 3 7 L A4
Pseudopleuronectes yokohamae (4111, 2000) % &
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TERREEAIRE SN TS, LaL, KRMERIZE
J2 70 LA HEHOBREREROMIBMITIRL N
Twa (Ml - &=, 1970 5 A1, 2000).

AFTIZI9604EALLRE, D < DB THHEDHEAE &
EH IR MEOHM M2 E L CTREM S I,
20004F V23 A0 HH 720 C b STRE DRI A it B X OV A
b TWSE OKET - (hHARFREHER 2, 2003),
BHhTHLH LA BAHEL, v T AR DO T X Paralichthys
olivaceus X LONVAROTHHT VLA, AT H LA
Eopsetta grigorjewi, X3 TV A, < 57T Verasper
moseri, * A % L A, NN L A Microstomus
achne, Y F+F b H VA Glyptocephalus kitaharai,
A IV A, =T VA Pseudopleuronectes herzensteini,
7afYIH VA Ps. schrenki, <37 LA 7% E&12F
MERTOLNTBY, EAIHEEMN ORI THbI
TELTINV—=TL vz b (HilE, 1995). L»L,Zh
LORMTIE, WD AR IR O R 5350 % DL
LoORBECTHIL, REZMELZ->TWS (Fil,
1995), fABEMIZH SN BIRBEEIL, KM L kD
XoTHEMNTETHSLZ L, oAb mmAamidE
RBSE TR, MR o BALIZETBLIRICEIHT A2 &
RENL I XTSI L H>TWE (Fiff, 1997),
F 72, IR ART: X9 ITRIRIEEIC B 5 TEREE
DEZEFNI T AW e L EtRD E, FABRELRATFT
FZZOMBBEERZDLDOTH NI L RELFHTDH
% (LK 5, 1987; Bolker and Hill, 2000) .

—J, ©I7 AR NV A OJLREER MR 2
T ThRE, WMHLTHHRINRST VI LR E (H
D | 1988; KA - A, 1990) FiMEO AR S
NTwb, 2070, REEEORKIEY LA HAHE
BT 2B HE OB 2 D 5 TR E LRHGET
L o TE 7, Wik Lo RMoRTY I 21T,
SETH40005 RO AR SN 5 72 &, 3B
DETNVE LTHELEPEDLNTEBY OKET - ¢
H ARSI E W 2%, 2003), TERERE OBk b ik~
BRMPSEEMITHAALNT VD, €T ADILERY
FEE2SKER % i, WA o MBI R 720
GFifE, 1991), PR d AfLICEF LT b (F
W, 1979a ; i, 1979b i, 1980 ¢ il - fEH,
1981 : Seikai, 1985a : Seikai, 1985b; 4t} 5, 1985 ;
FRrAS - B, 1986a; fRAT 5, 1987; Seikai et al., 1987a;
Seikai et al., 1987b; Seikai et al., 1987c; = A5, 1990 ;
Seikai, 1992; &5, 1992; Estévez and Kanazawa, 1996;
Haga, 2002). Z O T, Hiffidt 7 2 OFLHL % I
AR RIS EE D WT 8 7 A FIZHEEE L (Seikai,
1985a), MEeHEFEHE & O HE L7 (i,
1979b ; HifE, 1980), S HIZ, IEFME BB

AN & R o SRR O i 5, |1t
WA O EIRMALTH S Z L R L7z (Seikai,
1992), F 7=, Rk 75 >~ 27 b v O+ 4r ki X
> THALDOBIBRDNIZIZWRETH H Z & W6 L7
(Seikai, 1985b)o MZ T, 7IINET VT IT /) —
7 7 R Artemia salina (7 V7 3I7) SE{LEOH
Bafi#Eds 2 23 LT, AftoZRIUCERE
LEFH LB EN CTH L I E2MPL TS
(Seikai, 1985a)c TN OEEBEM LA E 5 F 2 AT
(1990a, 1990b, 1991) IFEWAETIHAET DL T X
DILBS R ZDRIZOW TR ZIToTHB Y, fid
BRKIBRIERBESE SR E 2B e 525 2 2R L
72 F72, EAE (1992) (ZGDH AREREFMER S (H3K
W) 4AEMITo 728 5 X OB Bk z & )
T2, ROKREMILD ST LR, FEIC
B AFAOERIRNDPIEELEON LICEETH S &
o Twd, TOXHIZ, T XADREEFEIZH
L CUEEEBEN MR OER b L, ToPEr% D
OGS, BT S TR I N TE 7,
L2L, IS lEE D LA RO LRI
WTHRRH TR W LB (Fil, 1997). F7-,
71 VA BB BT 2 TERBERE OB e X E NS &
HbETHAAL I HLA (LS, 1987) R~xahL
4 (Fi, 1985c ; Megy, 1988), Zur v s 4 LA
(Nakamura et al., 1986b), plaice Pleuronectes
platessus (Dickey-Collas, 1993),Atlantic halibut,
Hippoglossus hippoglossus (Neess and Lie, 1998) 7z &
SLELNIZFEZOVTLMTONTESLT, ZBA
B 5%\ (Bolker and Hill, 2000) o

AWFFETIE A L A FHUEOTERERHE 12D TR
LHIREZDSEL, EERERIORT OHRBR S
BEOMTNZOWTEE LI FHNE L, H—ET
i, FTMEE LA VA HORBEY OREELH O 2
255720, 8HDOH L ARABHIZO W TIRE %2 8l
8L, MEEmz7, HoFETIE, ALAaEZFRET S
ROBHDTTIONVET VT ITEIT LA LR
VAIZE 2, FMLAOFRBUIERE RN 2 2 L7,
EEETIE, R - BEHEORLLA LA, RY
LA, NNT LA O IFHEE KA RKIRTHE L
TERESLH M o MBLIRDL EAFHEFR O - 58E & O BfR
IZOWTER L, HMETIE, HFLALFIATLA
LA VA DI R T, HIRBEARVE A3 FH K
ICE o TEDL) LREEZRTHPIISNIC L7 5
HETIE, IhookREELED T LD, B L 1B
BT BIEREEE ORBIRT & ZDFiBRIZOWTRA
WaEEEx2ITH) LI, 4RI S NWEiEICD
W L7z,
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HETHRRI2E I, LA BEZEE LB G,
% { OFEIZB VTR AH50% L. Lo RS THI
L, MlAEORY CRERMEE 2> TWD, K
TlE, & LA BHE S FIZOWTHIRM, MR oS
TR ZWE - BlgEL, RARMEHKTHILIZXDE
BAFAORBEZ S 2T L7,

L%k & R P

itz A DARR

KWFETIE, ~VHhT, KT TV, XAFTLA,
AT HVA, XHT VA Platichthys stellatus, < 'L
A, zafvIHL4, a4, i 8HHEOMHE
B X ORRMLEMEH L7 (Table 1-1),

fil] 1987 ~20024E 12, AbiiE vk fER A+
Y= (=), il = > ol o s
— (ZuFTI L), HEmENEES kAL
4, AL, A=HVLA, vaHnL 1), AEERE
HEY, SN F LA, ALA) T, ThERID»5
ZERESE T T CHE L BRICHR M 2 BRI 720 &
THULA LY AT OWTEIELZITS 720, 4
FA10cm Ok D &b THEA L 72,

KERML, KTV A D197 E T RAMED 2
BT, <~ H LA D190 B AMOET | T
W S 7R % F V72,

BEERFUZI0% ANV <) ¥ THEER, 70%T% ) —)b
HCIRAFE L 720
HBEAICHITSTEREDZ(1 T2

FEHERICOVTRMES X BRIk T,
Norman (1934) % & & (AR O Bl 35 & R IC &
STKRD 4 5 4 71255 L7 (Figs. 1-1~1-8),

¥ 47 A (E#EM)

HRAZ - AHRMIOIRIZIZ & A EBWT W2 v, RO
BRIEK&<HE, FIRUABHL T 5,

it - IR OB EFEISRICBEH L, KRkM
EFBEORBE T 5o HEIRE O Bt R ki
FHT B EE %L, &L D, TN D AL
T 5o

¥4 7BBLIUOB (F1tf)

B IR OIRIZIZ & A BV TWw v (74 7 B)
MR E MRMATI (¥4 7B ). MRMORIZ A
& S AHMIRMA~E < o

Rt s B Fami s s &LV, 50
WZDORFAET 5o

547 C (WA ti)
ARAY @ ARIZTRREI E HITE A BB L v,
it r BamFREmm e b &RICR CRIL, Rk
L FARRDBREZ TN T 5,
BEH LVEE

KA DOABE Ew®m - BIEMICHL NI T 57
W, FAMOWMORNES L OBl %217 - 72 (Table
1-1)s

1) W Table 1-1Z/RT X 5 ICHMEHB X 2%
5705, AR (URAR), HE, ARMS X OmR
MoR LFHEED 5 Vi EHEE, WiEROF6 S %
HE L7z W EHE B L O EEEREE E oM T
(%, PML:miLZHEB L UJL: L3H), MiERIZA
L oMxtit (%, PFL) Z8H L7z,

INOHMN D ZEDAEZFETET 5720, Hidod ¥
A THZTEIEFYEE RS 2B Tk tEr, 28
VLB, il - del (1997) 1 2HE - TEG Bk % i
A L7218, Tukey-Kramer O % EFFHMREEZ H W T
BEAOMEZIT->72 (P<0.05),

BB, T VA OMIEIEEKELZOKE 8 mm §if
W L7288, B X Z30mm THUOMET 57-0,
30mm BL_EDOERICZ D W T ORI 217> 720 Hi
LR R, R - A (1991) ISHREVIKERIE A )
LR CTEWL L2, 7YY YLy FST
Al Geta il g L7z

2) BE <A ERIYHTLALIEE Fomo6
IR OEEZ B L, ¥4 7T LKL 72,

R, 7Y Ly FS2ADEEN L5 % KOH
AR 2 155038 L7258, AR o> J K5 i 3R
S B L2102 0% RE LB T gL
72
WG L, AR IS X VIR 2 & SERE MR CRiLE
24T 72

BR

KARICH T 2HEBRA, ERUOKEE

D) R WHEE S ARMEEAGECEDLDN,
WZHFAE OBERCE T L7 (Fig. 1-9) ¥ 7L A O]
N ROOENBEIN LI o/ FTF LA T
AR, NBEDOBAET A MED W7z,

2) MRz WL IFMMOBIZIZEA LR
¥, MR o H i3 se A A~ 8 L 7z (Fig. 1-9).

3) EEBIOMEE <AL A o g RL
(PML) %, AlRMA11.3<2.2 (SD) %, HEIRHIAT19.8
£1.7%THotze T H LA D LEEER (UIL) 13,
ANRA3L.2+£1.4%, HEAREIA30.4£1.4% Tdh > 720
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Ocular-side Blind-side

Fig. 1-1. Morphological types in the laboratory-reared Verasper moseri juveniles. Type A is normal,
Type B (ocular-side eye hardly moved, blind-side eye greatly moved: similar to Type A) and B’ (both
eyes greatly moved) are pseudoalbino, and Type C is ambicolorate fish. Bar = 50mm.
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Ocular-side Blind-side

Fig. 1-2. Morphological types in the laboratory-reared V. variegatus. Type A is normal, Type B (ocular-
side eye hardly moved, blind-side eye greatly moved: similar to Type A) and B’ (both eyes greatly
moved) are pseudoalbino, and Type C is ambicolorate fish. Bar = 50mm.
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Ocular-side

Fig. 1-3. Morphological types in the laboratory-reared Microstomus achne. Type A is normal, Type B
(ocular-side eye hardly moved, blind-side eye greatly moved: similar to Type A) and B’ (both eyes
greatly moved) are pseudoalbino, and Type C is ambicolorate fish. Bar = 50mm.
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Blind-side Ocular-side
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Fig. 1-4. Morphological types in the laboratory-reared Platichthys stellatus. Type A is normal, Type B
(ocular-side eye hardly moved, blind-side eye greatly moved: similar to Type A) and B’ (both eyes
greatly moved) are pseudoalbino, and Type C is ambicolorate fish. Bar = 50mm.
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Ocular-side Blind-side

Fig. 1-5. Morphological types in the laboratory-reared PI. bicoloratus. Type A is normal, Type B
(ocular-side eye hardly moved, blind-side eye greatly moved: similar to Type A) and B’ (both eyes
greatly moved) are pseudoalbino, and Type C is ambicolorate fish. Bar = 50mm.
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Ocular-side Blind-side

Fig. 1-6. Morphological types in the laboratory-reared Pseudopleuronectes herzensteini. Type A is
normal, Type B (ocular-side eye hardly moved, blind-side eye greatly moved: similar to Type A) and B’
(both eyes greatly moved) are pseudoalbino, and Type C is ambicolorate fish. Bar = 50mm.
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Ocular-side Blind-side
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Fig. 1-7. Morphological types in the laboratory-reared Ps. yokohamae. Type A is normal, Type B
(ocular-side eye hardly moved, blind-side eye greatly moved: similar to Type A) and B’ (both eyes
greatly moved) are pseudoalbino, and Type C is ambicolorate fish. Bar = 50mm.
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Ocular-side Blind-side

Fig. 1-8. Morphological types in the laboratory-reared Ps. schrenki. Type A is normal, Type B (ocular-
side eye hardly moved, blind-side eye greatly moved: similar to Type A) and B’ (both eyes greatly
moved) are pseudoalbino, and Type C is ambicolorate fish. Bar = 50mm.



VA BHUOEHO R E L Bk 161

Table 1-1. Observed characters and sampling data for 8 species of Pleuronectidae

Species *1 . No. of Average "
(Japanesae name) Lot Sampling fish (range) mm Observed characters
Year Bod Eye -
] y Y +5 +6 *7
Point (DAH)™ color position UJL™ PML™ PFL" Dentition Scale
Verasper moseri Hokkaido 2002 _
V. variegatus _
(hosigarel) w Iwate 1997 52 4595 (250.0-689.0) @ [ ) [ ) [ )
R ‘hjﬂ'?;iﬁ (1397%7) 394 1253(550-1650) @ @ @ () o
e WA manoon @ @ 0
ity s SR 0 g are v @ @ o
Pl stellatus JASFA 2000 _
(numagarel) R Mivako ( 30) 50 11.7( 87- 139 @ [ ) [ )
Pseudopleuronectes W Niigata 1990 34  975( 80.8-1090) @ (] o O
herzensteini
. JASFA 1991, B
(magarei) R Notojima 1992 199  39.3(10.1-1035) @ (] e O [ )
Ps. schrenki Hokkaido 2002
(kurogashiragarei) R Bekkai Ha.  ( 55) 5 147(117- 182) @ o o
Ps. yokohamae JASFA 2000 _
(makogarei) Miyako (30) 50 146( 07- 194) @ o ®

*1 R: reared fish, W: wild fish.

*2 Hokkaido In. Marin.: Hokkaido Institute of Marinculture, JASFA Miyako: Japan Sea—Farming Assosiation Miyako Station, Iwate: Ohofunato
Iwate Prefecture, JASFA Notojima: Japan Sea—Farming Assosiation Notojima Station, Niigata: Iwafune Niigata Prefecture, Hokkaido Bekkai
Ha.: Bekkai Fishermen’'s Cooperative Associational Herring Hatchery.

*3 DAH: Days after hatching.

*4 TL: Total length.

*5 UJL: Relative length of upper jaw (% head length).

*6 PML: Relative length of premaxillary (% head length).

*7 PFL: Relative length of pectoral fin (% body length).

Ocular-side Blind-side

Fig. 1-9. Body color and eye position of wild two right eye flounders. A: Verasper
variegatus, B: Pseudopleuronectes herzensteini.
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<A VA GEEIRMAS, R AV AITHIREAAERICK
&7z (Table 1-2),

gt (PFL) &, ~# LA CIEHEIRMA14.5+0.9
% , HEIRM 239.6 £0.8% Td o 72c KT H L A TIIHIIR
WAS12.1+1.2%, EARMA10.1+1.0% TH > 720 Wifh
EDMIRMIZ HRTHBMBIHEREIZKE N5 72
(Table 1-2),

FBERIZATICH T HERA, RRAOKE

D s 47 AOFRME, EoMIZENTDH
ERPBEOOETEDNTEY, £MAHEEOR %
R L7z (Figs. 1-1~1-8), ZHUTH L, MEIRM R
EEFESAMIIFEIC L 5 TRRY, &FICH CHIET 5
bo (vuhT, F¥HLA, XALA) RIRT,
TR B X OMHEIBICERET 2D (NN F LA,
A HVA, AV, =abLvAg, zabysh5L
1) ZhHhhhdz, UL, 2flil b miRmiA R
WARBAGEOFRNPE LD T, LidoR ik
BIERORNE LMMKIZ LW T HEABA LNz, ¥
A7BBLIUB T, BaaEZrmie izl
BOOLNLDoTze BB, bIPITHEIHL Wk
T, TNEho 5y 4 7 A OEEIRINIEL L Twiz,
=7, A4 7 CTRmME My ROaMETHED
n, 747 A DOHBRANIEELL Twiz,

2) R EToOMETESY A TORMIZFKETD
-7 (Figs. 1-1~1-8)s # 4 7 ABXU'B CTIxHIR
MOIRIKIZE A EBE b 7255, HHRETIXsE4
FHHIRMA~BE L7 ¥4 7B TIEmMMoOBRE HRKEL
THA~BE L, EEBMETEIELZ, ¥4 7 C Tl
M OIRE HIFEAEREL o7,

3) LFEEFRIEBIUVCLHEEI ST ADLH
Elt (UJL) BXU'~F L 1 o E3EE (PML) %
Fig. I-101Z/R L7206 AT H LA DF A4 T A TiE, FIR
MWA329.6 £ 1.5%, HEARMIA28.3+1.5% T, MEARMIHH
BINE ol LAL, #4147 B & B TIXAIRM
23289+1.1% £285+1.0%, HEIRMA28.2+1.1% &
282+1.0%C, WM& 4 7L b MIRMAH D/ S W E]A)
ERL72b00, MBI THEELRAEIRD LN o

2o T2, INS2MEDI A T4 T A ZILIKL
7oy, EERECIE R AEE RS o7
P, BRI TIEY A7 A XD SWEBER Lz, —
Ji. A4 7 CIAIRMTIZ20.3£2.1%, MM T
29.0£2.1% L%, MARICHELZTIRDLNT,
WE 547 ADOAIRINEM L 72ME%E & > Tz,

RHTVADY AT AL, ARMTIZ13.7£1.4%,
AN CI1217.521.3% C, EIRMSHEFICKE D o7
LA»L, %4 7BEB CIEARMA17.121.7% £16.7
£23%, MIRMIAS17.4+1.4%&E17.1+1.7%T, W%
A 7L AMBOBMICHEERZETRL, ¥4 7 A O
RN EB L 222 R L7z —J7, #4 7 Ci3AalRH
Tl1313.7£0.9%, MEIRMITIX13.5+229% & %0 ¥ 47
B & B Bk, MIICAHBELRZTRD ST, Wmils
by A7 AOHIRME ZIFFRMETH - 72

4) WIEER R HLABIOH LA OfuigE
I (PFL) # Fig. 1-1112R L7z

KIHAVADZ AT A TIE, AIRMIA11.8+0.8%,
IR 2310.7£0.6% CTHIBMAFERICKE o7z, &
MK L, #4147 B&B TRARMNA10.7£0.8% &
10.9=0.5%, HEARMIAT10.5£0.7% &£10.8+0.6% & 7
D, Wy 4 TE LM THELRZIROONT, ¥
A7 A QEERINEM L B2 R L7z #4147 CT
i, AHRAIA11.9+0.8%, HEHRMA11.1+0.8% TAHE
AR KE D olee 4 T7COEBMEE A TA L
Wi 2 EFIRMOBIEIIME & b EAEN Loz
OO ERMTIEY A 7 COMEPEEIZIA T A L
U] RKEDo720

< AU A TRIBEPEET 530mm L Loz
WO RO EBIRE 21T - 7278, ¥4 7 CldaT
DOFEEAB0MmM UL T T o 72720 TE Ld o7

Z 47 AT, ARMAL5.2+1.0%, MHARHEA9.1
0.7% CHIRMDPHZICKE o7z ZHITHL, ¥
47 BEB CIXARMAI45+21.1% &11.8+1.0%,
HERRMT139.3+20.8% £9.7+1.0% & %0, WMF 4 7
EDLMUPMTHEREN ROONZ, 2D BS54 T
B.B&FATADOERMBLOY A TBEYAL T A

Table 1-2. Comparison of relative length of upper jaw, premaxillary, and pectoral fin in wild brown sole
Pseudoleuronectes herzensteini and spotted halibut Verasper variegatus.

. *1
Soocies  MeamandSD  Memand S0 BMLLGeLy T Relativelenath of PEL s
(mm) (mm) Mean and SD BL™) Mean and SD
ocular side blind side ocular side blind side
P. herzensteini 254+ 16 975+ 5.7 11.3+22° 19.8+£1.7° 145+0.9" 9.6+0.8°
V. variegatus 95.9+20.8 390.5+81.4 31.2+1.4° 304+14° 121124 10.1+1.0°

*1 UJL: upper jaw length, *2 PML: premaxillary length, *3 HL: head length, *4 PFL: pectoral fin length, *5 BL: body length.
Different superscript letters indicate significant difference (T-test, P < 0.05) between ocular side and blind side.
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OABRMOBTIIARELEVNRD N o2y, ¥
A 7B OFBEMIZY I 7T ABIB XY AREITNE
, MEEZ AT A>B>B ONEICHA LT,

5) TN SToOMFIZBENTY A4 7 A MR
TIXFARAEAE L7228, AR CIEBC LA EL &
o7 (Figs. 1-12~1-17). SHISHL, ¥4 7B &
B TldsAti2 il & %LEL, ¥4 7 CTldmfl & 3
BRIZ LOMEAE L e 0o 720

6) i ~v#7 (Fig. 1-18), A¥# L4 (Fig.
1-19) &3 % 4 7 A O34 IRE 20, MERRE 23
BCHo-0IH L, ¥4 7B & B I e b e,
A7 CIlkmfl e M TH - 72,

zZE
KRBDEEERR

HIETHl~R72 8912, REHOLAAMIRIE L B

V. variegatus

32 -a i .
SEN Y " i ab
i | b
T ?5
-:': 28
S

26

25 Ps. herzensteini

1]

I

- o
—_——

A B B’ 0]
Morphological typs

Fig. 1-10. Relative length of UJL and PML (% HL) in
each type of Verasper variegatus and Pseudopleuro-
nectes herzensteini juveniles. UJL: upper jaw length,
PML: premaxillary length, HL: head length, @ : ocu-
lar-side, O : blind-side. Different superscript letters
indicate significant difference (T-test, P < 0.05) be-
tween ocular side and blind side.

TR BEICB LA (Norman, 1934 ; Amaoka, 1964 ; 7%
&, 1966; INRES |, 1974; i, 1974 5 &A% - 4k, 1979;
Sakamoto, 1984; Brewster, 1987; Biirgin, 1986; dt &
5, 1987 ; Cooper and Chapleau, 1998), ¥ #'L 4
DOFEAEARMFCE L CTid, Norman (1934) AMkfn, R
fr, BHCOVTRKL TW525, oMo EIZOWw
TUIFEHAD e o 720 Al RIRME CTHE S L@
RO FHELWEBRICOVWTHE LR, 2021
B2 T M TAMHBR SRR S 7z (Fig. 1-9A,
Tables 1-2, 1-3)o —H, ~H LA, Hf, [RfL,
FHE, B0k (Norman, 1934), iR OnigsS |
1974), WiZHEM % (Norman, 1934 ; MNEES | 1974 ; &
W - e, 1979) (ZEEOARHMD S 5 LG SN T
Who RIFFEDRERTY, < H LA KK DKM IR
fr, mibzAEE, WEgRIEEOMA L Rk, HIR
M & AR T & e A2 1A & 7z (Fig. 1-9B,
Table 1-2)

V. variegatus

13 [a a
[
12 r b
% b b be be
_ % + {%
m 1 r
e
|
[FN
& 0t
9
18 ¢ Ps. herzensteini

=~ o
T T
—_——

PFL/BL (%)

=
-
—O—
_O_

A B B’ C
Morphological typs

Fig. 1-11. Relative length of PFL (% BL) in each type
of Verasper variegatus and Pseudopleuronectes
herzensteini juveniles. PFL: pectoral fin length, BL:
body length @ : ocular-side, O : blind-side. Different
superscript letters indicate significant difference
(T-test, P < 0.05) between ocular side and blind side.
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Blind- s1de Ocular-side

Ocular-side Blind-side
b %
=

v N %
b 2

\/\\

,,WA @

8 | /J L*\\
f/J Luu

7 ?E\
Fig. 1-12. Jaws in each type of Microstomus achne Fig. 1-13. Jaws in each type of Platichthys stellatus
juveniles. juveniles.
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Ocular-side A Blind-side
/} Ocular-side A Blind-side

=)
ﬁ

&

”W/,
Z5
//\f'»\

W‘r%“h P i)
/
ol

Fig. 1-14. Jaws in each type of PI. bicoloratus Fig. 1-15. Jaws in each type of Pseudopleuronectes
Juveniles. herzensteini juveniles.
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Ocular-side A Blind-side

%% @@
e

£y £
Y 2

Fig. 1-16. Jaws in each type of Ps. yokohamae Fig. 1-17. Jaws in each type of Ps. schrenki juveniles.
Juveniles.
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Ocular-side Blind-side

Fig. 1-18. Scale in each type of Verasper moseri juveniles. Bar = 0.5mm.
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Ocular-side Blind-side
A

Fig. 1-19. Scale in each type of V. variegatus juveniles. Bar = 0.5mm.
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Table 1-3. Possible asymmetrical characters in wild fish of 8 Pleuronectidae species

Species E::I?)z *4 poi?:ieon *5 UJL *B PFL *7Dentition *® Scale *°
Verasper moseri " ? [ ] o ? o - o
V. variegatus *23 ‘ . . ? - .
Microstomus achne ™" % o o o ? o -
Platichthys bicoloratus *1 2 . . . ? . -
Pl stellatus *"? o o o ? o -
Pooudoploureiogtas ® ® o o o e
Ps. schrenki " ? o o o ? o ?
Ps. yokohamae 1.2 . . . ? . -

1 Norman (1934).
2 Cooper and Chapleau (1998).
3 present study.

4 The ocular-side is dark color , the blind—side is white color.

6 The upper jaw of ocular—side is shorter than blind-side .

7 The pectoral fin of ocular—side is longer than blind—side .

8 The number of teeth on blind-side is more than ocular-side .

9 The scale on ocular—side is ctenoid, and that on blind-side is cycloid.

@ : asymmetrical, ? : unknown, —: symmetrical.

Table 1-3IZARWZETHE Lz 2 Az 5L 8D A
LA BHRE RIS BT 2 BEOEGAMBEZ F &
Wize TNHDOBEIL, FIZ X o TEASARREICE
HREHOENLbO0, SHEAFMTBILEL-BEIX
ETAHBTH 5 & WHERTE 72 (Tables 1-1,
1-3)

FHERADOAEATHEIFETERSE

Table 1-4IZfHHOME - BIGHERE T LD,

EWATHLYA T AR, & 2BE BT
M & b KRS & MR ARBD bz, T L
oI AT A TR AR EOENEN RO
K ¥, MR B COEIEER S, YK
RIELTRRTH S LG INL, At THL 747
B & B TIRIERMEA Y 4 7 A L ABE, SBETRR
Lk RO AFERE SN2 —TF, ¥4 7B OAR
WCIZIRG (&) R—HMoMiER (/L 4) BX

LHE Ry AL A) ZBRWI8IEED, ¥4 7B
TIEATH VA O LFER B 2TEE KR O HEIR
CEP L7z WMmAERATHLIA T CIE, AT H
LA ORI RE 2 R 2RETEA L HRRAD
AR & [ U SERD Sz,

G, B L7 LA ROEIE, 8 M4 TTIER
i, Pfbf (254 7), MAEAGRAD 45 4 TITRG
FTAHIENURETH o7z F72, BILB LU WA
X, CoMFETH WM E SRS U AR, &
LEn—TTOREEHE LTV, IRSDORRIZ,
BHL22H VA RIS 5T SRR E A W

*
*
*
*
* 5 The ocular—side position hardly moved, blind—side position migrated to the other side.
*
*
*
*

Mo BARMAL", WA s WHoF R 3HEeT
HHZEERBMORELTNS,
AWFZECTHG L Ao ME LT 2 (F
ik, 1979b : Seikai et al., 1987b; Seikai, 1992) % plaice
(Roberts, 1971) & ¥ ¥ J ¥ ¥ Heteromycteris
Japonica (FiE, 1990) Tl LA DA TR o =R fh 3%
M, SR B ORI L Tw 5 2 &8,
¥ 72 Acbirus lineatus (Houde, 1971) R A4 # HL A
(bE o, 1987) ommAaA T, AKiE RALHE
ft, MEARA % O A M7 & A RRMB O A IRM & FBET
HDHIENRRESNTE, ThHDZ &, HmidlL
TELFF LA VARBBICAEST S T o MR
6" BIO "W OAFRMAL" (3O RAEHITD A <
FHT LWL ERLTWwb,

AW T, WMAEMOBEE DKL S fbao ) b
¥ A 7B EmMOMIRMALTH 5 2 LAVR S N7z,
¥4 7B TIEEHMOIRGL L <L {4 OffERIZIETH
IR D AR H LR AR SN otz B - A
HO(1988) 1c&k Bk, =LA THMOHEPEET S
SRERY (KWgED ¥ 4 7 B) Tik, HoBEIMED
X5 &2VKE L, MRMZATIER & HIE S -k ([
54T A B) OfiL—HELE L, RIFFETH Lo
ML FEBRC, HEFED Y 4 7 B TIRIROBEIH» T
BMELONLEEODLOFTCRE SN, /2, <
HLAGRMOMEER, ¥4 7 A>54T7B>%
A7 B Lk L THALTED (Fig. 1-11), Rz e
[f] CAEE AR C & 720 ABIETIE, IROBEHLET



170 Masato ARITAKI

Table 1-4. Morphological characters for 8 species of laboratory-reared Pleuronectidae

Type A

Type B Type B” Type C

Ocular Blind Ocular Blind Ocular Blind Ocular Blind

Species Characters

side

side side  side side  side

Body color
Eye position
Scale

V. moseri

Body color
Eye position
uJL™

PFL™
Scale

V. variegatus

Body color
Eye position
Dentition

M. achne

Pl bicoloratus Body color
Eye position
Dentition
Pl stellatus Body color
Eye position
Dentition

Ps. herzenstein/ Body color
Eye position
PML*
PFL
Dentition

Body color
Eye position
Dentition

Ps. schrenki

Ps. yokohamae Body color
Eye position
Dentition

000 000 00000 000 000 000 O0O0OCGOO O..f.b_-
OO0 OO0 00000 00O 00O OO0 00000 000

ceO0 OO0 Oe0eO0 OO0 OeO OeO OO eo 0.0%;

OO0 OO0 O0OO0OO0OO0 OO0 OO0 OO0 00000 000
OO0 OO0 00000 OO0 OO0 OO0 0OOPOO 000
OO0 OO0 00000 OO0 OO0 OO0 OO0OOO0OO 000
000 000 0000 000 000 000 0000C0O0 00O
000 000 0000 000 000 000 0000 o000

*1 upper jaw length, *2 pectoral fin length, *3 premaxillary length.
@ : similar to the ocular side of wild fish, O: similar to the blind side of wild fish,
A': intermediate between ocular and blind side of wild fish, X : no information.

HILfD Y 4 TB LI A TB X G LA, b
25 4 TIZERBMLOBEDAETH Y, TOREOR
WHE YA T B, LO#ATZDLONS AL T B THDH
T REEEASE Vo
SRERE OB

BIgE L7z 8 FTlx, AIMIOESM % AL (partial
albino) I FEEEMIC O & BRI N o 120,
MWEIIEL C ORFETHRE SN TS (Norman,
1934; Dawson, 1962; Dawson, 1967; Veen, 1969;
Bolker and Hill, 2000). #ifE (1991, 1997) Lk 7 X
2B 2 B O R E AT I2E @A (Norman,
1934) THH, AHELEREILT 2 LTV 5, &K
T, filH L7z LA B o LB 25l o IR
b THh b L aRm L, 2o LiZALEOAR
M 2SIARA AR S & D B b B REME 2 R L C
Wb, HE, I A (FiE, 1979a) R~ H L4

H - fit, 1973) oBP b TIEFEBREE & HICHIR
BNCREEEIFEIIL, A% 5 2 LA
WENTWD, fidk LA T, #5ato
BTV N RO L  HVERESE THZ DA T
v, fE- T, ARRIZALE TD - 72RO A IR A
BERIPEWER I E B LR D E 2 b b, &
B, <A LA O FAb AR A AU TR AR R I
MRS 5720, BEBEOE TR PIEFH AT
EbhOTHY (BEA-AM, 1990). 207, Ko
TR O ERN IR 212134 5 1 7o lBiE
R OTLE AT L 7225 TEZEOMKE FwT
Wl - AT 2 0 ER DA S .
HELEHALMBABEOTREREE L

RGN, BRI BV CHIEEI R B A 1k U
DL R HEBETROND OO, FHEBW T3
EWMAERICRSNS (HF,1997) #HHE (1990) 132
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e [SEM O & AGRSEBHITEIL LT, K
RO & A GRSl | & R L T b,
HEOLERIZH L TE, ML BRBRP R EN TS
(INH, 1963 Youson, 1988; /N1 > - #4Ji#, 1989), #k
P2 SHEANOBITHN AR 2 infR oM & L
THRBERE L IR 2 5 —KiE# 2 53 (Kendall,
1984; HH, 1997). HWHIE (1963), AFHOEREEZ 1 7
TR, R, N HLAENCRSL, RS
DELAE A LA REERORE 2L LTHIT
TWwbe TNHH LA RIERIIME AR OFEE
X, M i TSN TWw A 2)Y (Norman, 1934;
Amaoka, 1964; ¥4, 1966; I & , 1974; d1ll, 1974 ;

WA - Ak, 1979; FifF, 1979b ; Sakamoto, 1984; Biirgin,
1986 ; Brewster, 1987 ; dt& 5, 1987 ; Seikai et al.,
1987h; Fifit, 1990 ; Seikai, 1992 ; Cooper and Chapleau,
1998), & O FFAT TG % 2% B A7 S e o
JRAEETENOBATIC - TET 2R E ORG24
b (BRJE S, 1979 A, 1985 M, 1997), $74&b
LM OFIRM, #EMA~OHILE LTHRRZ S N
T& %o Fhl, fHELZSEDN L ARMBIZIBENT
LEBZEOMMOILE 2 Bl L7-4R, A mimg
£l OMEARM LB X OHIRAME SRR S iz
W7z X912, H LA RIERETIIASKR A oA )3
B & IR & BRI ANGIET 5D TH S Z Lh
5, fH L7 LA BRI AT 2 BRI A ol
ERICHEL-EFTh s EHmo2TFons, VLo
Z DB AR T EMLIE NI AT (& A RE S
LT AL RIRBT S,

WEOWZETIE, B4 B L WimAa oz R0
B LRBORFIZX S L TR AT DS D o208
BIl1s, 1985 b5, 1987 B4y, 1988 R L% -
A, 1988), ZREIIMAMEDOMARR THLN L, T
TP ) ZBTERE IS0 EE T 5, &F0BLE L
TZDZEDVNEDLDODTEETHS 9,

F2E BABLLEALIBERICBIZEEEERER
D REFFER

LRERF BT 51213, EORBFEMEILERERY
IS LTV A& MRIHT 52 A& b THE
Thbo BMEFHOPT, ZREEFITHT 2 HER - W7
PEITLTITONTVB LI ATIE, TIINVEDT
VFITEBITAZEICEY, FIFETomPs AL
BIZ BT EDRPHLNIZENT WS (Seikai et al.,
1985a), FHifEH (1987¢) & Z OFEH %I, KD H
ILDOFEBUB D BRI A MG L, ZRBEATORE A T
— VMR DIEZHOBBNZ LRSI L7,

ARETIEX, YA VLAERTFT LA EZEFTNVELTT
T YIWVET VT I T OfatHHMGR &2 24 2 THE 217
W, BB o BRI S A L A BHUEIC B 5L
TR OPLE R 2 T L7z,

M EFE

#HRAS LUHRBRROBEE

1) ~HLA 1995412 H ¥kl fe s B ot
#iro7z GRER1). BRICI3, RIRBMAZ W HA
FEIIC X D RINE ATV, ML L 7T AR L7z, 5
1L TOZHEINTERINGE 9 C % HZ\CHR L 72Kk
SHRMAEB Lz, <AL A IXBIZLEESmm DT
VT I T OEMEASREL b7, bk (%) ET
V737 (UA) % 5mm A S8R T 5 6 HRIX oz,
TIGIVNET VT IT (BA) #2E5~9mm OH O
5 BB CRABEBAAG S %, 5 WBRIX % %) 7z (Table 2-1,
Fig. 2-1),

2) FTAVUA 20004F12 H Fboh e i <k
#iro7z GRER2). BRICIE, RRBMAZ WAL
BRI X DRI 24T, SMEL AR L2, 5
b CcoZmINg, 8TEHLIHTE L 72K TI0H
MEH L7 B OREIEI LA LEERTH 5 D8,
7T I T OEMMPIEEE 4 52K 7mm PIEIZHAET
A A2EEL, UA DAERE T 55 BIX Oz BA
R T7~22mm O F TOR D 5 R THETT % 5

Table 2-1. Outline of the rearing experiments for Pseudopleuronectes herzensteini and Verasper variegatus in

chapter I
Lot no. Species Target size began Method of Beginning of Initial density of  [Initial larval size Number of
to fee(izon BA™ fertilization experiment larvae (ind./KL) Migrg);fn-lr-nl_*z replicate
TL mm
Exp.1  Ps. herzensteini  5,6,7,8,9 Natural spawning 18 Jan. 1995 10000 3308 2
Exp2 V. variegatus 7,10, 13, 16, 19 Artificial fertilization 21 Feb. 2000 10000 5.1 (0.15) 2

*1 BA: Artemia nauplii of Brazil strain.
*2 TL: Total length.
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o 6 |
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=5 |
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G 4| I
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s3I
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o 2 [ I
1 I
EXP. 1 5 6 7 8 9 10
Ps. herzensteini I I
EXP. 2 7,10 13 16 19 22

V. variegatus Larval size (TL mm)

Fig. 2-1. Feeding schedule of Artemia nauplii applied
for Exp. 1 (Pseudopleuronectes herzensteini) and
Exp. 2 (Verasper variegates) during rearing period.
B : Brazilian strain Arfemia nauplii, []: Utah strain
Artemia nauplii.

BRIX % %) 72 (Table 2-1, Fig. 2-1).
LEIEE 2GS

D ~w#LA SMUFAI1Z0.5kL OFERY =5 L
Y IKAEIZ10000/% /KL OFETINAE L, fEZHGL
720 ¥F I XY AR LY Brachionus plicatilis(7 2 3)
BLXUT7TLVTIT (BA, UA) ZfkE LTHW .
T AVIMFAOROE#Z,» 52K 8mm T3~ 51
R/mL Z#ERFT 2mE WY 5 272, 7 &Y DORFEREL
L7277 (200g/kL, BHFE ¥ X~ kk.) &
W, FREFIGRERIRTICAIM L 720 7V T 3 7, 10~40
itk BA & UA % £RBX OFBEITHE, 1 H 2
BT CTHREE L7z TVT I 7IEBA, UA &bk
A U C2ARG IR\ A 2 i L7z TV T X T
DxEwmIbE LT3 v 2 A (100g/kL, +V T~
7 VIR kk.) &V, REFO 16 AT @I L 72,
fEKICIE, JF v r2aa s ¥ R Nannochloropsis
oculata % B X F15077 M2 /mL 12745 L9 1 H2MH
WL 720 fEKIRIZIST % HZ\Z, MBRIGKRE® 9
CTHoRBOFEKRTT, 1C/ HOFEETHARL
720 (FHEE & APRREZR I A AR 2 L 72,
B RIBLE D DK EZIT, 1 HY2 ) Ok %
T by B G INZ I3 AkD50%, TV T R T #G-B
IHELIRELZ13100%, 75 EE B A DARE 1213300 % 12 5% % L 720
FE RSP OMmA I & L722s, TR oKEE
& BTSN L 72,0

2) FVHVA FHEORME, TIVTITORE
i b2%, DHAce (150g/kL, YV > % VR kk.) %
W22 BIUEFRKICEF Y /770072 20
B LKz al JiEkmi (Chlorella sp., 7L v
Yarz)—r, HEVA TV Akk) 2L &

YA, =T VA LRETH S,
FAEHRERORMER EBE

UA %5 BA NOMEEHOY) 0 2 2 W 2 e 5 % 72
B, 2~5HIEIZKHFEKMED» OAFRERRL, &
EOWEEIT o720 $72, UA 25 BA O Y
2RI, & TORBRX A S EEA 1250 ~ 60 DT
MEMZHREL, 5% MRV <) VBT 2 HEEE
%, 70% =% ) —=VICB L TR LIz, 208, il
5 (2001) I2ftoT, AF—¥Y C (BN, FHaiTf
W), 27— D (REEFEALBL, FEArEas), <
75—V E (L)), 25—Y F (ZhkEn, Ltk
), 27— G (R, LHRBFaN), 27
— Y H (R, FRgra), 27— 1 (ZR%
TR o 7B L, £ROWEEIT- 72,
T/, BEEMTRROBZE LTHERBREOER (£
) PG H ZRiEkL 72
FERTROAMRE L HADKERS
ETORDPHEZE T LB THATEZRTL, &
Atk (#190~2630) #10%HPEA L~ 1) ¥ i TRl
E - ARIE L 720 BEARIZRTE O Fig. 1-2 (K¥Y AL A)
BIUFig. 1-6 (x#LA) 1> TIEH, Ak, W
WAHEMGD 3 54 T L7 &5 4 TOMBIE(Y
A T7OWBMREBRE X 100) 2 RBEIX L 2B L
720 F72, BAKREHIC X 2 B2 WML 572
O, FftfoBEFEELZnFnbm - el (1997) @
TEIZ L7205 THRIEREE Uz S0 s 2 il L
720 %, Tukey-Kramer O % B HFAMRE %2 JH W CHE
MoA 2 (P<0.05) #HE L7z,

BR

ERBLIUEE, KR

R TRHOAKRFEB L 2R, AL A1 Tk
15.2 ~525% B L U10.8 ~ 14.1mm, FT T A Tl
8.8 ~71.3%B L U21.5~29.1mm & EEX T & I12K
S R o72h, WifEe b BA MREEBHLEIE & O B4R
RO bN L hoies HIK (ERE) BRI LA T
320H, FAYH VA TIE2BHE26HTH 720 —H,
BEDPET GRE#T) §2FTolMiE~rTL AT
1$30~33H M, FI VLA TIEE3~60H K TH - 72,
<AV, RTUTVA L HITHERTE T HITIEREEX I
Lo T2 SN b o7z, (Table 2-2),
ZREEFOHERRT

Figure 2-212 %X o Afbf, WA, 1E%
FOMBERER L7 v H L A28 5P bfhBix
X1~ 3XDF90% 7% 5 6 XDK40%~ BA F5EE B4
AR 2 B2 L7205 T L7ze 2O+



Table 2-2. Duartion of rearing settlement age, survival rate and
harvested fish size of rearing experiments of Ps. herzensteini and V.
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variegatus in chapter Il

Lot no. Duration of Settlement Survival Harvested fish
rearing days age rate Mean TL*(SD)
DAH % mm
Exp. 1

Ps. herzensteini  1-1 30 20 19.6 115 (1.0)
1-2 33 20 16.1 11.6 (1.3)

2-1 30 20 52.5 11.6 (1.0)

2-2 30 20 39.6 11.2(0.7)

3-1 30 20 14.0 12.0 (1.1)

3-2 33 20 46.7 14.1 (1.8)

4-1 33 20 15.6 125 (1.0)

4-2 30 20 17.2 11.8 (1.0)

5-1 33 20 433 12.4 (1.3)

5-2 33 20 15.9 11.2 (1.0)

6-1 30 20 15.2 10.8 (0.6)

6-2 30 20 154 12.4 (1.1)

Exp. 2

V. variegatus 1-a 60 26 27.1 23.7 (2.9)
1-b 60 25 374 24.1 (2.5)

2-a 60 26 325 24.0 (2.0)

2-b 60 26 8.8 29.1 (4.4)

3-a 60 25 16.7 23.9 (2.6)

3-b 60 25 713 24.3 (2.5)

4-q 53 26 237 254 (2.2)

4-b 53 25 18.7 24.2 (2.2)

5-a 53 26 376 21.5 (1.5)

5-b 53 25 349 215 (1.5)

6-a 53 25 433 245 (1.0)

6-b 53 25 36.4 25.2 (1.0)

*TL: Total length.

Fig. 2-2. The percentage occurrence of each morphological type in
Exp. 1 (Pseudopleuronectes herzensteini) and Exp. 2 (Verasper

variegates).
[[]: nomal fish,

EXP. 1

B : ambicolorate fish,

[ : pseudoalbino fish.
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YHALABELNEET, 1XBLU2XNDI00%7% 5
5, 6XD#15% & BERIIIEA L. WA o
MR, LA TIE0~2.6%, Z¥HLATIEO0
~58% L VI XbhO T, F7- BA MG
W& O BN 2T D DN h o 7z IEHM
OWBEEF, At FEofmERL, BA O
S BRI 253 < 72 12O T L 72,

Figure 2-312 &R ERIX 2B 5 FLA O B
BILOBEREMEEZ R L7z, FMbioBEERE, <
ALATIEL, 2, 3K2%90.5~87.4% & 1ZI1Z[E LAl
TholzbDD, 4XPIFE63.1~43.7% F TR E <
VLo =), FYHLAIEL, 2IXTI00% TH -7
bR, 3, 4XiF56.2, 37.0% E@WAL5, 6XT
119, 145% & o720 TNHREBXM O LK E 1T -
7oA, WA e b RECHMBMEINSHEIC b HERE S
720
GBI HID 2R ERBAT -2

Figure 2-412 %3 ERIX 12 BT 5 BA BRI o fil
FROESEMLEZR LT T LA, FYHLAED

Fig. 2-3. The percentage occurrence of pseudoalbino
fish in Exp. 1 (Pseudopleuronectes herzemsteini) and
Exp. 2 (Verasper variegates).

Vertical bar represents SD of the mean. a, b, ¢ and A,
B, C : Means with different letters are significantly
different at 0.05 level within each percentage
occurrence.
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FlBR X 2B 5 BA MBGRROSRIE, 1 2ITRE
L7zt BY)DOMEZRL72e F72, BG4 05K
XL B BIEEMEDIEL LA > Tz, MKDOE—F
(HipH) 12, ~# L A4 T1KD50mm (4.5~5.5mm) 7*
55 X»8.0mm (6.0~11.0mm), F¥HL A4 TIXD
6.5mm (6.0~7.0mm) #* 55X ®17.5mm (11.5~
20.0mm) T&H - 720

Table 2-312 & RERIX 2 3BT 5 BA #58H B UG
BHEAT—VREER LTz AT LA T, 1RX2Z
F—YC, 2KH»PAF—Y D, 3XPBZAF—Y D, E,
4RXBATF—=VE, F, 5EPAT—YE~ITHo
72o RIHTVATE, 1RPAT—=YC, 2KPBAT
—YD, E 3EMPAF—YD~G, 4XHFAF—VE
~G, 5RPAF—YF~1Tho7

L

B, %%

SROBRBIZBNT, LA, KT H LA WD
BHEBBEHZS T LA TRV ThoRBEX S 20H [
%, RV VLA TIIBHAIHE LR OAEIZIZEA
ERONLEhoT2, BT X (Seikai ef al., 1986) <
aAVA (FEf, 1988) Tk, FEMOMEREICX
DI - EVRRY, HK BEETOMMIKE
CEET 5o RIFIEICB W TR REBEX DAL H 12
RELREIRDOOLN o722 &1k, BA OREI~
HULABLOERT T VA OFHEIUTFROIEEITIIKRE
GREBRRIFLTWAREWI L2 RBLTWS (Table
2-2)0 ¥72, R THROLEES X OAKRRIE, F¥
HUA, %AV ALLFE—REBRX O 2 KR TR
FHIARR SNz, LH L, TRSOKMETYIEW,
WA T, F{EAomBEZIZIZAETHY, SHO
AERICBW O ED X OERIE, 2RHEOEEIEIC
KELEE LTV RWEEZ 515 (Table 2-2, Fig.
2-2)6

BA O#EEE L BILAD IR

LI AT, WMELEZTVFITOEMIZE->TH
LA DMBIRDSR ), BA 25 2 - KOMEHIZIFIE
100% EfLARICERET 5 Z L PHER SN T A (Seikai
etal., 1987a) o F7-, Seikai et al. (1987c) 1 BA ¥4
RN A Z Z T I XDfE 21T\, ZREFGIE R O
BHEAT— VDV LMOBBUIRE REREFOZ L
EHLNZILTW5H,
KEFRIZBWT L, BA OB LA O HBBLIZS
FIZTHBIIEDDOTHETH 5720 TVTITOH
fEDREE oo 72 (v F LA &K 5mm, &Y
ALA ;&K 7mm) »HEBET F Tk L TBA
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BHRIME, LA TIRIEIEN%, FYALAT
BEToAFHEILA L o572 (Fig. 2-2), £ 5I2HAL
AOMBLIRIICIZ, BA O BIMGIR & B35 MR
RO SNz, B S BA 252738 KX (7L
ATIR1I~3KX, R¥FTLATIEL, 2KX) TIEHHR
F90~100% &L EbLOTRHETHH72DITH L, Eh
VIR BRIGRE I A BN 212 L72h > TR L 7z
(Fig. 2-3)0 2O Z & id, BAHREOEEN< LA T
E3X, "I HLATE2KXETROIEKEBGOMIC
BED, ZNUUBEORBX T~ LA, K3 FLA
& H I BA OB EZ T R FAS—EICE TN TS
HZ lERELTHWS (Figs. 2-1, 2-2),
TREEE ORTEE

ZZETOMAN BA B2 -LE2 6N 5
SHALADIKBIOKRTY LA D2RKIZHENT, BA

175

WO ZRORKMEIZY AL 4 8 mm, F¥
AL A D10mm, wdDEALZEBFERIEMAEE D AT
— Y E Td»h-7: (Fig. 2-4, Table 2-3)o —7#, BA®
WEBEZ T eho Al EETR T L LTSNS
STVLADL~5X, ZIYHALADI3I~5XIZBNWT
13 BA FGREBIAARINCIE, ERRX D b EREIKREL,
BHEAT — VOREALFABEET N T, T2, £
O ROIENE L &5 120N TR EEIZ
WO MDD 5. FFICAT—VERELEENT
WPzl Y LA D5 KIZBUT 5B b0 B
¥, BAZG5 XA TR RX EAERENRBDO LN
%ho 72 (Fig. 2-4, Table 2-3),

PDbEoZ &6 BA Ofafifix, <7 LA TdBkL
£E8mm, AYH LA TlEEEIOmm, /-mids b
BHEAT—YTIZE FTTHIUTALHBIEEZ K

Fig. 2-4. Length-frequency distributions of Exp. 1
(Pseudopleuronectes herzensteini) and Exp. 2 (Verasper variegates) in
each experimental lot began to feed on Brazilian strain Artemia

nauplii.
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Table 2-3. Developmental stage composition of each experimental lot at

the beginning of BA* feeding

Experimental lot

Stage 1 2 3 4 5
Exp. 1
Ps. herzensteini G 100
D 100 15.8
E 84.2 70.0 10.0
F 30.0 10.0
G 50.0
H 15.0
I 15.0
Exp. 2
V. variegatus C 1 00
D 84 3.3
E 16 20.0 6.5
F 70.0 194 8.2
G 6.7 741 18.3
H 470
I 26.5

* BA: Artemia nauplii of Brazil strain.

2925, ENLLRICEE - BE LA TIEE L%
WEHIBI SN, Thbh, Wit A7—Y F Lk
DO TIZT TICERBZEOTEALE LT 5 R
A=A
FHEWMTETH LA BEHO AL EEORE T
HHIEEHLMILEY, EiRBicBwTEoh
72 BA A X 2 r LA BIER oML, BA 5%
LABLIOR I AV OEBICH LRKERELE 2
TWAHIZEHEREL TS, 72, MIZHE L7z BA
WBERRED [ZME] THALAZEPHALNE RS2 A
F—VE, Flid, A LARKY LA DOEERLRE
REORKBFNIKELBERERONNITH 2 LRSI
%o

WL b AT —Y Fid, BEEKmO FHEET 25,
MRER DB BBAMETE T E TO LRBRIFfaTh b, FHK
WD LIRAET 5 L REESERIZEL, B
TEEABERE T T 5. F72, HALENTFHICET LIE
WIEE LSBT 5, Shb I REidme, %
RHIEADORBDPTBR I NS, AT AT LA TIE, K
RoOZMpReBKomn (S, 2001), BRxIE0
& L7 LROE BEH S, 2001a), 3E5HED
R (JRH S, 2001b), ZZHER V€ » 4 EB i (g
M5, 200la) SOV ERERGOAT— Y FIZE
H9 2, INLREEMOMFMAIIBVT, TTIINE
TERER BB REATE IS - 2SI TMEL 2D H
HIEERBLTVS, B, &I X TIIEREER O
FH AT — VT BA OERSZHENR N & &2RR7208,

LD H LA B 2 FO AR % & oA iR k3
5L, 2L ORKFICBWTERER, LICAT—
JUF CEEBROIEIFE L TV AT EWEE
AbNhb,

$IE FBLAHILIBAROERERERE LFRADK
RELVRE

MFE TICH LA BHEHOE RS % HR WA 5 M
L, HBHOWERMIZOWTH LML TE, &K
WD BEHISBRZZ I ) ICH LA RAEEOS 1L, W
P OBIMEONFHE LT HIFSENTELD
OO, EOMIZBWTHERAEFE LB LEEE 25
T&72 INHAVAREFICB T B2 ERBEEICEL
T, ¥aH LA TIREE K S BE RO BBURRE O
BAPBE IS TV D, LaL, fEcizad matsh
TBESY, ZREREHEEOETIZOVTIENSIC%
STV, RETIE, BFEHH, $REAT—-Y0
A X, BREREES R VA R YA
4, NNF LA itk s L TRV, Z#hEhoff
b4 ZKIRTHE L, ZREREFOMINIKLITTE
BERWLMITHEELEDIE, TOHREROVEDELT
ZZONBITAMOKRE - 85 L OBRE MG L7z
ELIZENEFNOMIEIZOWT KRR L FERORE
R x i L, BEEEORBEFEICOWTEDO—i
EHOLNZITAHAZEEZHNE L.
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Table 3-1. Outline of the rearing experiments for Pleuronectidae reared under various water temperatures in

chapter I

Lot no. Species Target Method of Beginning of Initial density of Number of
temperature(°C) fertilization experiment larvae (ind. /KL) replicate
Exp.1  Feeudopleuroncctes 6,9, 12, 15, 18, 21, 24 Natural spawing 8 Mar. 1994 14000 2
erzensteini

Exp. 2 P. herzensteini 6,9, 12, 15, 18, 21 Natural spawing 18 Jan. 1995 10000 1
Exp. 3 Verasper variegatus 10,12,14,16,18 Artificial fertilization 5 Feb. 1998 10000 1
Exp. 4 V. variegatus 9,12,15,18,21 Natural spawing 26 Feb. 1999 20000 2
Exp. 5 V. variegatus 9,12,15,18,21 Artificial fertilization 21 Feb. 2000 10000 2
Exp. 6 Microstomus achne 9,12,15,18,21 Natural spawing 21 Mar. 1996 10000 1

M EFTE ZR2ARE R B L 720 7V T 3 T ORERLD 120,

#HHAES JUEHBREORE

<AL AZHK IR BHFEITB WV TI9944E GRER
1), 19954 (GRE&2) 12, AL AL, MEdiHEE
BBV T19984F (GGABR 3 ), 19994F (Rl 4), 2000
£ FERS) 12, INT LA BFEBEEBFESICBV
T19964F (GABR6) ICZFhENikBiz 1T -7z, Table
3-HIRT XD ICH BRI KRR S D ANTIRG T 72
FHAREINC X DRI ZIT, SMELAFRE AL
720 F/z, RRIRLIZLHICENRENS ~TEED
KL CTHE 24T 9 WBiIX % 5T 72,
HBE XN

ZREIE, BRIIBIE HIZ 8 ~ 9 CITHRI L 7 7KkAl1C
L, HVLATIE7HRE, x4 TikBL#Z
8 HIW, "NA LA TIXI3ARM, HMbFETEHL,
SMUATfi, Table 3-HI/RL72BEIC 2 A L) R A
— R A A NEPZ0.5kL KAENNE L, fF 2 HEL
720

FREf ORI 3 MFEE D, DAY, TUTIT
FHWZ, TAVIMFAORIIEZY?S, <F LAk
FIHMVATREESmMm £ T, "NF LA Tldek
13mm ¥ C, 3 /mL 2R 5 L9105 272, 7
LY DORERLD2D, RER1, 2 TEA——07F
4 77— (4g/1000/5 ik, &7~ kk.), k3
T 7 =4 % 27 F 5 & Phaeodactylum spp. (100~150
T /mL), Bk 4, 5 TSI AT T T (100g/
kL, sHALZEER kk.), RB6 TIE7 277~ (200
g/kL, BT ¥ 3 » kk.) & AT 16 R A L L 720
TVFITR, TV TRFAOLEEN5mm %
B IEEEAS, KUY LA TIREE 7mm 225, N
NHUVATIET AV OEMAMREL TH S, Theh
10~605 k% 1 H 2 W25 TRER T I TH 2
72 TIVT I TIAINE, ALKRED DL DE v, FIIL

RER 1, 2 TIZA—=/8—7 V75 3 7 (10g/100075 R4,
vy~ kk.), B3 Tld DHAce (150 g/kL, #
VI 7 VEERE kK., B4, 5TEXTIATZT I
> (100 g/kL, ®HAL=fE kk.), @B 6 T3/ 37 v
Ya— A G0g/kL FVIvFIVEREkk) ZRHREO
T6REFIRTIZIRIN L 726

T AU, RERL, 2, 6 OfFKICE,
lH1EF > 7au 7y 2 %2505 /08 /mL 2% 5
X9, RBR3 ~51CHWMOWAKZ v L F ke (7
LyvarZy—r, HEFA A kk.) &1 HY%7
D 20mL &0 L 720 il F K O F I 120.5kw B L O
1.0kw OFFiAAR e — % — (HHBEM kk.) £2.2kw
O/NRIG IR (TC2200E, 1h— 80T kk.) % v
7oo FIEBMEEO 8 ~9Th HikEkiiETid, 1T
/1 HOME TR S AFMAEHF & AR08
WK EE L7z RN, SHERBLI» S D
B OER - HEREHL 2. WEEIEMM bR —EI2
o 7278, KH~DIEAKIZ, 1 HY720) LkD50%H
5, TV I TG LAREIZ100%, fFMaAHEE L T
PIREIX300% % B2 NERBEM L 720
BRERBOEHE

AE1, 3~6Tix %F - WEICHT ABI%8%21T
o721 TIEAMLIESD S47H H i 2 HHFE,
ZNLIKE6S H H £ Tk 3 HIMMET, 7Bk 3 ~ 6 T3
Hl & LT IbiEtgn 5 5 HMRT, ZhZhiefisic
R DOIFHEM ZIRSE L7214, 10% = FL 7)) a—)
) T2 NI —T VR AWTREZIEL, TRl
B ) X2 caEEFFRIL .

RERL, 4, 61220 TRIEICHW /A% S
WHhPER V=) YIS 2 HBFRER, 70% =8 J —
WVICBLTRE L2 ShooReHE, SfFERTHRIC
AHES (2000, 2001) A - HPb (2003) 126t TH
BAT—=V%XG5 L. T2, KilBRX 05 KRG A
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TV RHERAL, ERNEEZHDETITo72, ThE
NORERIXIZ BT 2 5ERGBROERIE, KiLDEE
ZHERR 9 5 HIWCTHEOKIR (1I5CLELT), #kii (15C),
EKEE (15CUL) o 3R CHEOMmEHER LA, F
Wik, Tukey-Kramer ®% RHiFHMRE % v CHE
MoFE®E (P<0.05) Z#HE L7,
MAaOmERS

ETORDPHEREZE T LS cllrezRTL, 4
TR Z10% iR V<) VIR CREIE - RAF L7zo 1
K Fig. 1-2 (R ¥ # L 4), Fig. 1-3 ONSH L A),
Fig. 1-6 (7L A) Xt TIEHM (¥4 7 A), B
ftfs (47 BB), MiiAws (¥4 7C) 5%
L7:t%, &4 70oMBE (54 7oMBRE #E
Bx 100) & sBRIX T LA Lz, #0 R LikBR% 17
o7 AVLA GBRL~2) ERVATLA GGBR3 ~
5) OF 5 A4 TOMBILEE, KL 2EEE AT
MICHERR S % 720, BiEI3KIRT & 12, & IE 51 (9
~10T, 12T, 14~5T, 16~18T, 21TC) 2T & o,
I - 6 (1997) O FFEIC LA > THIERE# L
720 FHWMMEEMEL/20E, Tukey-Kramer D% i
#HPAMOE 2 W TR O & (P<0.05) ZH#E L
726
YHUVARAHADEB ERE

AV A DRIKIHRIZ BT B5E - E L »MLEH
HoOBRE R 2 HIVT, BAORBEE B L 72,
19944 4 H23H~ 6 B 17 HIZHEES b, K25~
70m TiF b N7 RMEM20R 2 il fa & L7z. fafkh
SAMMMOBER ZIY) 1 LR F U8Ecuitg 5
YEY T T A4NA (V=8 1~9 uym) THEE
L, 0.1¥% EDTA i T30 v 5 » 7 LBifg, A&
WSS T TR 720 BRI 3 ATV, 2 0PIl
ik Lz,

R
HEOBE
D =LA BBR1 B KOS 2 & TR AR

1, 0~83.4% L HMERIXIZ X o TRE S EB 57205,
GrffE U Cidizd R midn T < 72 o 720 #51221C
D 1K E24C O 2 KT, ABugh TcaTofk
AT L7 (Fig. 3-1)o

fH @O BRI 1 ICB W TOARME L
720 BHIGRHIS P4 RS 0mm Th o 72 5HufF i, 4
TOMERAAEIR L 723U THRIZIE, PI94k10.0~
12.3mm FCHE L7z, fEHE HHLELETOH
B, @HEKERO LA L EHITHL otz HEKET
fH T&72HBRIX D) LEFMHRETH > 7201

Masato ARITAKI

Fig. 3-1. Relationship between water temperature
and survival rate at the end of the each rearing
experiment.

@ EXP. 1, O:EXP. 2, A :EXP. 3, & : EXP. 4,
B : EXP. 5, []: EXP. 6.
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Fig. 3-2. Growth of the brown sole Pseudopleuronectes
herzensteini reared at 7 different temperatures.
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A 72 B IO Tk IEN 7 (Fig. 3-2) % B 2O TREIRMEE Sz (Fig. 3-3), “FHEER
2) F®VIVA B3~ 5 TROAEKRRIE, 10 20mm % L2 02 L2 HEUE, JKii 9 ~10T T80

CUTE20C L ETIRL % 225320 57z (Fig. ~110H, 12CT65~75H, 14~16C T50~55H, 18~

3-1)o FFICHER4 & BE 5 D15C X b &KX Tl 21C C40HHiI 4 & BKIRIE & o 72 T 72, fIHH

HIESE T DN AR ASE T 2 KA R S h 7z, TET, HIBLABERET ETIKELHEIZ2IT o ®D
3 AT 5 72T D FRERIZ BT h BE KA E < FC43H, 9CTHmIBELBHTH -7

3) NANAFLA RERTROEKRERIL KDEV
18CTH10.6% & &I L Ao 728, 4FI221C Tl
Fig. 3-3. Growth of the spotted halibut Verasper 3.6% & IRz /R L7z (Fig. 3-1)o 9 ~18C TldK

variegatus reared at 5 different temperatures. RO FEREICEEOEEIBE SN, —F, 21T
€ 10C, WM12C, A 14C, @16C, * 18C.
<& 9T, J12C, A 15C, O18C, + 21T.
Fig. 3-5. Relationships between rearing temperatures

35 ¢ Exp. 3
30 b i ° . u and frequency occurrences of Type A (normal), Types
25 b xx"‘ —_ ” B and B’ (pseudoalbino), and Type C (ambicolorate)
20 Prsrserssenseannsensorasen x—I-z-a--‘-:lt"'v"""-"-’- -------- juveniles in the laboratory-reared brown sole
:2 i ‘i' . s Pseudopleuronectes herzensteini juveniles. Means with
5 .l.‘!”’ different letters (a, b, c¢) show significant difference at
= gr P S S S S S S T R S S 0.05 level within each stage (Tukey' s multiple
£ comparison test).
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TREFIE2H B LU, 18C X ) HHIT/NEH o 72 (Fig.
3-4) BTONAIPERELYETTHETICELZHK
i, RETISCHT0H, RENICTHIIHTH 72,
TREEFOHBRRR

1) <wHLA SERB21CB056%5 414 70HH
ix, ZIZMEOMER Z /R L7 (Fig. 3-5). 72, [
—JKIRT 2 KM% L23RBR 1 TId, A Tlze
A EMGED o 720 IEFAOMBIEIT U TR 2R
L, KiAs9 ~12C THI20% L DKL & Y, ZOH]
BTEL Bolze T OB VKR THEFICH N,
AR 1 D21CTIE73.8% & iz~ L7z —HHAAL
fiomEFE, EFAlReddommEmRLzZ, D

Fig. 3-6. Relationship between water temperature
and occurrence of type A (normal), type B and B’
(pseudoalbino), and type C (ambicolored) juveniles of
the laboratory-reared spotted halibut Verasper
variegatus.

Means with different letters (a, b, ¢) show
significant difference at 0.05 level within each stage
(Tukey' s multiple comparison test).

A Exp. 3, @ : Exp. 4, O : Exp. 5.

Type A (Normal)

100 p a_ ab [, 9
80 / A A A-\‘ o.,,.';..' a.

60 a ______
... . 8

O0Fro / ©) )
20} \of
. Type B+B’~ (Pseudoalbino)
= 100
> 80 b
g 60 . o e
40 ; %,’
:s TN N Ty \ C
s 205, %4 §i.l =
o 0 . 7 a &--» ......... o
Type C (Ambicoloration)
100
80 | A
ig [ 2 a a , a.
&\ A . 5
20 g R
O ‘ '2_'» ------ h“' 0V & a " p

8§ 10 12 14 16 18 20 22
Water temperature (C)

F D EBE KRR ~12CTHROB L DL, DT
BCEL RE LTRSS F—2®ME2 2 L7, Wi
AEAIZERICLBIEIME L, EoRBRKIZBWT
H20% L FTH o 72585, 21CTRRE L 4 A28,
LNz 5 A4 7TOMBIEIZO W CTKRIRM D% E I
AT o 7RG R, R BUE I AR I SRR S L7z,
2) RIAVLA £7A4 THBEROKIRIZ X 5HK
I A BT RBE3~52E L CEIERAMKTH - 2
(Fig. 3-6)o IEHMAOMIERIIAKEAT9 Tl TIEH
50% Td - 7243, 18C TIIHKIB0% & ;e d 7 K & o 7214,
ZNL Lo EN TIHMET L, 21C TIE20%Hi#4 & 7%
o720 AALADHIHIZI2T TH40% & REE %z R L

Fig. 3-7. Relationship between water temperature and
occurrence of type A (normal), type B and B’
(pseudoalbino), and type C (ambicolored) juveniles of
the laboratory-reared slime flounder Microstomus
achne.

® : Exp. 6.

18 - Type A (Normal)
80 |
60 |
a0

| \

100 ¢ Type B+B’ (Pseudoalbino)

80 p
60 F

Frequency (%)

40 P

Type C (Ambicoloration)

100
80 | ;
60 |
4 F ’

20 F

0 L A L L
8 11 14 17 20

Water temperature (C)



71 LA B OTRERE L Bk 181

7225, 9 CR2ICOMIFIZENEN/20%, 0%L
TAY, VAN, &R F—28E25 L7,
WA o MBLERIE, Ffbfl 3 U sRl %2R
L, 21CEAT50-85% & imifizm L7z ZV—"7
MD% BIKRZAT - 7%, LB SHavIc
bIERR S N7z,

3) ANNTULA EFEAOHBFRIIKEIEL 25

FEEL, 9T TRHE0% & fikmx R L7z, HiLfio
BRI SRR D - 725, Kil12~15C TH20%
L¥ =2 &R L7z, WA BRAOLNBIFITIERfE 4
MM ERL, Kili21CTHRI% EikbEL ko
7= (Fig. 3-7)o

HEERREOET
BHEEBOEITIIA LA TIERBE L, Ay HLA

Fig. 3-8. Changes in developmental stage (A — I) composition at 5-day intervals in larvae
and juveniles of brown sole Pseudopleuronectes herzensteini, spotted halibut Verasper
variegatus and slime flounder Microstomus achne under 5-6 different water

temperatures in Exp. 1, 4, 6.

W 21C, E:18C, []:15C, N:12C, [:9C, [6T.

[eTolo[n[To]=]-]

>

11

EXP. 1

Ps. herzensteini

|U‘mi.'n‘|:)|.:l:_j—-"|

T

—’:.f [}

>

EXP. 4

V. variegatus

Developmental stage

SLLTEETTTT S TTTHTHTITII S

EXP. 6
M. achne

0 5i10.15|20|25[30‘[‘35.40|45I5o|55|aoi351?0|?5'sa|as|go!ssj
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TIERRER 4, N"ANT LA TRRER 6 1220\ T DA
AT o720

1) <#FLA BB XOCRBREEORBT 2 AT
—VC, DETIY, ERBFEMOEITIZITERVT
KELRAERITED b d -7 (Fig. 3-8), NI
DAT =TI TIIKEOE WX TR 20, Friokikl2

Fig. 3-9. Average age when the three metamorphic
stages appeared in the laboratory-reared larvae and
juveniles of the brown sole Pseudopleuronectes
herzensteini, spotted halibut Verasper variegatus and
slime flounder Microstomus achne under different
temperatures.

@ : carly phase of metamorphosis (stage G; Ps.
herzensteini and V. variegatus, stage F; M. achne),
O : late phase of metamorphosis (stage H; Ps.
Herzensteini and V. variegatus, stage G; M. achne),
A metamorphosed juvenile (stage I; Ps.
Herzensteini and V. variegatus, stage H; M. achne),.
Vertical bar represents SD of the mean.
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CLULOREBRX THZETH > 72,

F 72, MAEEICRE B 2 2R (X7 —
T G~D) FTOVHHMBHEL 6T Tik59~67H,
18C Tid21~28H & KD L FHIZ X » THEHMIL L 72
(Fig. 3-9)o L2°L, 21CTIZI8CT L T b3 hiE
(e oz HRFEBOY (A7—Y6G) KHFEF-7
2, FOROEREISKETOTLIINESLL o7
(Fig. 3-10) o &E O, 9.76mm (9.13~10.14mm)
ThH o7,

2) KV AVLA AF—=YCHOM) FTORFE
B oM7L, KRXKEOZEEIIED N7z
(Fig. 3-8)o L& L, #NDUEDOAT— I TIIHEEK
MO BV ERERIX T &R T E B R 25 e m 2% H
D, FRIZI5CLL LR THZETH - 720 EREWIC
HI-HEHRBEEBE (AT —Y G~ 1) DFHHHO I,
9T TId79~95H, 18C Tld34~50H & Kidd A&
HIZHR LS o720 LAL, 21CTIRICIZHARTRR
BENARERMGAMOH, BREETETH2HERD, %
A E b THEL o Tz (Fig. 3-9). HIEIE
<A VA RMREREOE (A7—Y G) THE 7225,
ZOROERITEKRIEITE/NSVEHTIFED 5
(Fig. 3-10)s &K o F#H# 1%, 13.45mm (12.12~
14.56mm) T»H -7z,

3) AT LA A7F—=Y BB FTOREE

Fig. 3-10. Total length of the settlement stage first
appeared in the laboratory-reared juveniles of the
brown sole Pseudopleuronectes herzensteini, spotted
halibut Verasper variegatus and slime flounder
Microstomus achne under different temperatures.
Vertical bar represents SD of the mean. Means with
different letters (a, b, ¢, A, B, C, 1, 2, 3) show
significant difference at 0.05 level within each stage
(Tukey' s multiple comparison test).

@ : Ps. Herzensteini, O : V. variegatus * M. achne.
LT :low temperature (16 —14°C), MT : mid temperature
(15°C), HT : high temperature (16 —21°C).
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FEDOEATICIE, KRR OERIIZD SN o7z,
LHL, FRUBEDR T — Y TRAROEVREX T
B, RFIZ1I5C UL Lo BRIX T Th - 72 (Fig.
3-8)0 BBINIH725HEER (A7 —Y F~H) ©
SEYWBH I, 9CTid59~83H, 18T TiE33~59H
Lok FREICE L ol (Fig. 3-9). 72, 21
CTTIF43~63H &%, 18C LD H BN, BFIE
X, LA, ZTYTLALDBOERAH (A7—
VG W FE o720, FOROERIZIZII T LA RER
THVADO LIRS X AEINITED S h oz
(Fig. 3-10), £EOFHMHIZ, 22.5mm (21.84~24.38
mm) TH -7
TH U A RAMADE AR

BigE L 7o RMEAR OB E % Table 3-212, &KL H
AR OB % Fig. 3-111CR L7z,

FHESEITERY A AR EL 51200 THM
L, &RI0mm TIEH20ARTH - 720 O A4 KE20mm
TIX304&, 30mm TIIS0ARFI R & ofze F/z, Tl
B aEoMHRAIT Y=1.6616X+0.515 (Y= #ahix,
X=%K) OBKERTET I EPNETHo72,
OADH4ES, 10, 20, 30mm (2B1) S ERCEUIT,
88, 17.1, 33.7, 504K TH 5 L s Nz,

Table 3-2. Collection record of Ps. herzensteini
juvenile captured in off Iwafune area in Niigata

Collection date Depth  TL*' BL*
(m) (mm) (mm)
23 Apr. 1994 20 10.7 9.5
17 May 1994 38 135 11.9
17 May 1994 38 11.2 10.1
18 May 1994 40 16.1 149
20 May 1994 35 294 27.0
20 May 1994 35 294 258
20 May 1994 35 14.8 13.5
20 May 1994 35 15.0 12.7
20 May 1994 35 120 11.1
20 May 1994 35 18.7 154
20 May 1994 35 120 10.7
20 May 1994 35 210 17.9
20 May 1994 35 17.0 14.8
20 May 1994 35 18.1 15.7
20 May 1994 35 17.0 13.6
20 May 1994 35 20.0 17.9
20 May 1994 35 19.0 16.8
20 May 1994 35 15.7 13.8
20 May 1994 35 20.5 17.2
17 June 1994 60 26.2 23.1
*1 TL: Total length.
*2 BL: Body length.

%
FRORRET KR

BRI ONEL L OREIL, BT 2 KRICKE

WEINSLZ MMM (Chamber and Leggett,
1987; Chamber and Leggett, 1992; HHr, 1993) % H
wedH (R, 1988 ; WP, 1988), kKM (Hamasaki
and Morioka, 2002) TH LI ENTW A, BARSEIZ
I xR ah LA CTHERBR TR, & T X %13,
16, 19CTHE L7-%6, £K20mm F TOREHEK
BLOREER #0872 L HBUIKEITE T
WL, BT o HBEER KBTSV TR E
W (Seikai et al., 1986), F7z, ¥ I LA & FHE KL
10, 14, 18CTHF LA TY, Kindw< %513
ERFOMITHIHL, HHEBEERIZ14, 18C2510CK
DLOEB X ULMEE ooz (Bt 1988), &~ 7
LA, RYAVLA, NNFT LA O 3HE TR
DFRFE R IT - 72K R, BEB L OBE IO
W FBRICRAKIR TR, KR TR T 2 2 & 2%k
a7z (Figs. 3-2~3-4, 3-8, 3-9), ULz &
5, AMFETHGE LA LA RAEIHIZOVWTY
KIRIZ L - TR, BEPIKRECGEEINSLZ LI
ENTH Do
KiE EEXREEDER

AR TIE, WRE L7 3 AT THbA &
Ao MBI L FHF KR E ORI —EDBAIAED
BN, bbb, AtAIIEToOMEN12CHIEZ
TEEE 328, WA G EToMEN18~21T
Pz mEe T UTREL > THETAZ LS
RS iz,

B, ZOMMETALALERIATLALIZBNT
BEE R ERBR2 LR3I ~5) TIIIFH
HWLTHOLNTWS Z LA, W UAEDR—KIRX

Fig. 3-11. Relationships between the total length and
number of rings at sazitta of the wild brown sole
Pleuronectes herzensuteini juveniles.

60 r
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D 2 KFEHTIEFL L 22 @A m o T b 720, 1
DB E RS s (Figs. 3-5~ 7)o

PV bEoZ &2, Rt 3 fffiCidfaKins AR
FOMBBEICRE R BEL RIZTILIEHL2TH
%o KiREEBEEMHOMENIL, ~a LA (B
4, 1988) THHIEFEINTRY, BMAHHIELASh
LHLRTH LR E V. 5 1FETH LA RAED
BRI, BRI BT 2 A ORE Th
B REVE A 4B L7248, ARERCH S N RIE, K
iAW O Wi 0 43L& Pesg § A A SR o —
DTHHILEBIREL T 5,
RHE - BEONS U AEETERETOHE

Tl R72 L 912, ARBIZETH L7 3 fafioLHE
BOBRIIKEICE > TEAE NS, F72, SIFH KR
BRECHRICODREREEL G252 00, £l
BOBBIIRERKE, L0VDIFZONT VAL LT
PR T 5 LHERENS,
RHLAERYHT LA TR, ETOREKIHIET S
F CHE T & 2B EFKRAIL 9 TR21T % L DKin
TR, 12~15CTIREWEmER L7z, 72, 1E
W EFOREKO MBI L A TIE21TC, &
TH VA TIRIS~18C TR DML holee —H, Rk
MBI BVTI T LA BI OV H LA DA, B
B8 ~10THIA DKM T CEET 2 LM S h
TBY (Bxb, 1991; WH, 1933), mifufdis 208
PIEF AT b N5 fE#ERN & BRI RE ¥
Yy ITHBELTVA,
BAREOERIIARE, BRICE LA E L S
BHITH Y BFE S, 1979 53, 1985 HHr, 1997),
MR BOESTEBET LA OREREBEE R
%o ARERTIX, FBEKESEMEOREICRITTH
B BENOAT—2 GERRGN), A7 —Y H(%E
B 27— 1T (@ TH) oV mBlH Tl
L7: (Fig. 3-9)c ZOHHE, < H LA BLOKRV L
A TIEHMAAE S BT 518C £ 21T, 15C&18CT
FEBNME BB AFRMKTH Y, #iHIZ20~28H,
HBEIIM~55HICHEBOE— 2 2R LTwab. L L,
RUA VA TREKRDO2ICTHET S &, LMK
HAOH Fi 4 £ 15CRISTITHARNTRREN, T L
ETETOMMIEDLDOTHEL LT, —J, T
Fili & HEAKIRD 6 TR 9 C TIIEREM M AT 5{b#k54H
MHOTHB L OTIOHA2HI5H EZE L CBEL, ok
HE L7z IR F LA TIZINS 2MEZR LY, IF
FRIZIOTTHRLL CMBLL /228, ZTEIZ68~83H
ERLEL, oL o Tz, KiLE EREBZEDIE

BLEOMGEE AT S L, &2ToffiTtHb
B L OMEAGAHEDOIIOY — 713, HiE» KR
W, BEVPEARKRFECH LWL, EEA
DOMBIAE — 712 % 2 KIIFHFEIC L > TRE > T
Too RS LICEEORY) R 7 4 I ¥ 7 RIEEMEED
FET5HEE2D L, ZNENOMTRE OMITHHE
TES, F/GETELDICIEFAOMBNEA L
7200 Lz,

XABLHFTRAORREE EXEBREOER

B TIE Pannella (1971) 2SH A HEM 2 R - 72
RS B & & L CUSk, MU H Bk ES,
VAT R RIH O —FB & L TR S, BAEHETD
Starry flounder Platichthys stellatus (Campana et al.,
1984) *> Dover sole Microstomus Pacificus (Toole et
al., 1993), &7 X (FiH, 2002) FCHAIER ST
T 5o Hallmse o g gl MaEic L - T
BRD D B0, BRSMUER?SHIT - BTG £
TIN5 D% v (Brothers, 1976 : Tsuji and
Aoyama, 1982; Tsuji and Aoyama, 1984)

AL A EKBE30m B O KN THIKL, TOH
JEH A ZZ1I0mm LT TH B Z EDRBINTWS
(FE - B, 1994) 0 AWFFETIE, ~F LA 38R
BLZImm, IROBE)E IZIZFREFICEKEHD 72,
Arlnl, RARMEIE CTIRE SN~ F LA fif 107~
29.4mm) P ofFoNhzEk -HAWHOMKRAL D
EIHF R A ATH 52K 9 mm OliEsr HHl
T2 LHARE LD, < LA DOEARKERSIEZ D
GBI O W THED %, HEAR B —mOIK
REHIZOWTIEIARATH 525, ¥ H LA OE—EK
FinZ RO EET 5 &, HAamsicHbE <o
HEZME L7l SMeBmH B EHE S NS iRk
R BT 5~ 7 L A £ EIREH O /KIRIF10CHI £ &
WHIhTwbrZ end (FkH, 191, SRIEHE L
ZI9COMOZCTORERBABZMAET 5L, ki
HIF72EEImm 4 ZA05MEBEHIZIONTH S &
HEIND, ZoHEHES, EHADMBED R D
< R BI8CTR2C KD PIgE K Hils (21~23H) 12
EB L7 (Fig. 3-9).

WH (1933) 1%, FYF LA DT R HEE TERE
MHNZHEIKT A EEPLNICLTW5D, S H DR
THRIY T VAIEAT—Y G, &K13.5mm i THE
U720 J— 5 " NI RRME CIRIE SN2 R % (K
R14.7mm) D& A L A AFH O H il & #igk
L, 20K Cc&s2 a5 Lz R LAITB
VT B H AR AL O 5 — I iG 2 < T L A [F AR

Uy, Subiyanto, MUEAIRI, T-HE. JUNPEREOBIRERICBT 2R YA VAR OIMBL PR 3 4E 1 HAK S S B R 2l B4,

P36 (1991).
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CIRE & ARE L7236, RO A KR IS
HEFHOKIRIZ 8 CHIETH A Z & A5 (WH, 1933),
AFZED 9 CROMITE TOHE (10H) 2mET %
&, RERBICII3IH THEK L Tz kg s n b,

COHEEHED <~ LA kL, IEREAOLIERIY —
12 515CRISCXIZBIT L EIEHIEA T —Y GO
B HEO34~36 HIZEM L 72 (Fig. 3-9).

—H, RTVABIOFYF LA & RREEEOA B
AKiRIZIEW9CTHE LZGA, HK (A7-Y06)
ETICHIA CTHILERATH, BETIOHZEL T2,
i, Wiflie  RRMIIFAFTLLD DNE - BENFE
LABEIFTHDEEZONL, DX Rk LS
BROBEREDEIT~ A (HE, 1986) 7%
4 Acanthopagrus schlegeli, ™% 1 Sparus sarba (K
T, 1993), v Z A (RiH, 2002) THHLINTE
D, Wb KRAFF L Z L5,

INNNH L AL, SHOBREBTY LA RFT LA
LR DIEE - WEOREDE S 7 HEOKEIZ IR
MOMBBENE S ol NAT LA BITEERT
H A XH320~80mm & # L A BHERFHOHTIE X bDT
K& (CHiE - W, 2003), 72 Microstomus pacificus
DI TED EOF#EEZ %51 S 55 2 LA
LN Tw5 (Markle et al., 1992; Toole et al., 1993) -
AWFETHHEIRVBIEZ L AT -V FOFHERIL,
225mm EXHLARKT I AV AIHRTHELLKE
Motze 2, AHIIHRICEKTLH2IIATL AR
SAVA, FTHVA LD LRI OFELNZ %50
ek E L7208l bR InTwd (fF
WE - HH, 2003)0 BLEDZ E1E, NANH LA TIREEK
F TOHEPEWIT EIEEAO MBI L 72 4HF
TEDFERDS, KIKTOHER & —F L T s Eett
EHEEES, LL, BRELBHNNT LA O
FDRINEZ TR E A EHRESINTE ST, 4
HEHRIEHLIZEI N TV RV,

KW DORERD O I LA FHBFTIE, BH ORE -
JRIEE ERAFORBICIET L I—EoEllod 5
CEDHEM SN, RO BT B AIRWAL, 5
AR D P (258 ML DS L Cwv AT REE b b

Nb, SHRIIEBROTBENFREINLIEFED Y 4 3
VITREFNICED L RIVE VE EREICEE T S
ERRFIZOWTOIMET2LESHA 9,

FA4E KBREZEATHBLEALIBEEICHETS
BIKER K IVE > DERE

BFTIE, fEKRICE > TEHT A FAOTHEH
BEDSH U A BHEUTF R O LEAAHBRGLICK & 8
ZHRZBDWEEMEZRE L. H SRS LIZERE
WRICHBLT 2 4%, ABIEHFRIRAVE 2 X - THlE
ENTVDE I EDEHRLBYHTHL2IZSNTS
D, BAEETIZE S A (Inui et al., 1994) TZ O
BIEIN TS,

ARETIERI T LA BLIORHT LA 2 k4 ZRAKIRT
fHE L, ZRBINICBT 2 FRRAVE OB Bl5E
T 5L L DICIEHARLBIE A O MIURN & OB
R L 720

mHETE

A b LURRROSE

<AL AIZ19964F I H B e B B S W 2 B W ¢,
R H VA9 HE N FERICBWT, #he
NEBEEITo70 B, AV T LA ZHEORE4 T
B OBICY v TNV 872b D TH %, Table 4-117R8
FTIHIECIH LA, FYHLALELITHB2TCTET
SEIBEOKIMAERE Lz T2, WifEE b Kkfn
SOHEREINC XY ZRINERT, SMELATAE
HAL7.
EEE Jad

fiH OB % Table 4-112R Lo = H L A4 OFEM
LEE RN RIS ML T TOE, EHKES X
O, ISR 2 8RS, SRR i, fl
FHEK, WA - KR, B T OILHESE) (34T
BEORER 2 1HE L 7
EXORES LUOCRRRFIVE > ORIE

RAVA, RV H VA LDIIREAT—YE~T(F

Table 4-1. Outline of the rearing experiments for Pleuronectidae reared under various water temperatures in

chapter IV
Species Target Method of Beginning of Initial density of Number of
temperature(°C) fertilization experiment larvae (ind. / KL) replicate
Poeudopleronectes 9, 12, 15, 18, 21 Natural spawing 18 Mar. 1996 20000 2
erzensteini
Verasper variegatus 9,12, 15, 18, 21 Natural spawing 26 Feb. 1999 20000 2
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WS, 2001) TRM4 ~7HBI o720 AL (8
HEEf200~300g) #F LTIV IvEL, 39
TN F D% - 80T THHKRAE L7z HHEf D ffhr
OWRIEANVEY (FrFT Y 1 T4BLU353 - F
VI —FFu=r:T3) EOWEIX, Tagawa and
Hirano (1989) 2ft- 72, KiliZ & % T4B L O T3D
I R B L BRI~ B 2 AR BT SRR 3 5 72,
KRB IX O i % Z e Tukey-Kramer O % &
HPAME L 2 W THEZE (P<0.05) Z#E L7z,

ZREICHE L7 (SR & 25K T3
b, AT —T G (LR EAT—Y 1 (FAK&T)
DRI IMB L 72 b H B R sk L7z SR T IR
121, 2ToHEIY HIF, Fig. 1-2 k¥ FL4) B
X UFig. 1-6 (AL A) I29¢- TIEH M, BLf,
WA BRIy £ T & 7572,

LS

ZREHAR

EREMMIE, fE KRS EATHICORTEYRL,
ORI ol (Fig. 4-1. BIB<H L A Tid21CTD
23~29H (6 HH) 75 9T »54~78H (24H ), &
A LA TIF21CD3B5~40H (15H) 225 9T D70
~95H (4OHM) &orz. ZREOBIBICIX 2T
WFRELREI D o7270, BREKRT I TOMMIZRY
AL A TRWEAMADEED b7z,

Fig. 4-1. Relationship between water temperature
and duration of metamorphosis brown sole
Pseudopleurinectes herzensteini (@, O) and spotted
halibut Verasper variegatus (&, 2). Solid symbols (
@®. A) indicate the appearance of stage G (early
phase of metamorphosis), and open symbols (O, &)
indicate that of stage I (completion of metamorphosis).
Developmental stages are after Aritaki et al. (2001).
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TREZDFZHE

<AVABITBIER, B, WHiAGREs 4 7T
HE=RE, S=20Br1, 2 (Fig. 3-5) LD
%R L7z FALAUIKIEIZT, EHA1321TC T
L %2 57225, WA BTSRRI -
72 (Fig. 4-2),

RYH VA TIRIEFEANIZC, AfbAaH12C, Wi
Ffaa21ChlCiEfizn L7 (Fig. 4-2).
TREEAICH 1T B RIRERFIVE > DENRE

D <AVA RO T4REL, K2 X )2
o 1B B &R L7zo £ B 2 i T4l 13Kk
WAV ERCHNAEAH Y, Kk 9 TTiES
E#%60H, 18C B X U21C TII27TH L2900 TH » 72
(Fig. 4-3)c — 77, KKIMIZBIT 5 T4RE O K= HE
1%, 21C T16.1ng/g bodyweight (BW), 18C T30.8ng/
g BW, 15C C36.1ng/g BW, 12T T40.6ng/g BW B
L U"9TC36.0ng/g BW & BEKIEIZ &K H R AY D
o720 LZEIKZIT - 2R, 12C L21THOMHICHE
BENRD BT,

Fig. 4-2. Relationships between rearing temperatures
and frequency occurrences of Type A (normal : @),
Types B and B’ (pseudoalbino : O), and Type C
(ambicolorate : X) juveniles in the laboratory-reared
brown sole Pseudopleuronectes herzensteini and
spotted halibut Verasper variegatus juveniles.
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AL O T3 THZ AR TIR W R E TR L 72
A%, TAFBRR AL KT &R EA A0 S
7= (Fig. 4-3)0 HKIRIZBI 5 T3OREMEIZZENE
M, 21CT5.0 ng/g BW (51t#%29H), 18C 3.8 ng/
g BW (24H), 15CT5.7 ng/g BW (35H), 12CTl1.4
ng/g BW (43H), 9C 2.0 ng/g BW (78H) T®»
0, KR SR & T3 fe ik B O BT I3 & 27 B4R
BRWZ2E Loz, Tl TNENOEOMICITHE
BhEIRD LN LD 5T,

—J7, TADBEEERBE AT — TV DOHETITHLW S h 7k
AR SN, HEMHEIWTROKRIZBNTS A
F—YF (EEOM), $2E327—-Y 6 (ERD)
WZHERE &S N7z (Fig. 4-4)0 T3Id THZHAR W iRE T
L, EMEOLBIZIZ—EDMMIZRD 5 kh
272

2) KRTHVA RO T4RER, <AL A &
FEEIZ, KRICX D B EB %2R L7, FKIRIC
B2 TAD i I KIRATE WIT &R BN 5 6
25 0, Kiih 9 CTIdSEHET9H, 18CHB X U21T
TIE37TH £39H TH > 7z (Fig. 4-5). —H, KKl

Fig. 4-3. Changes in thyroxine (Ts) and 3,5,3’
-triiodothyronine (T3) concentrations in tissue during
metamorphic phase of brown sole
Pseudopleuronectes herzensteini reared at different
temperatures. Maximum T« level at 12C was
significantly higher than that at 21°C (P<0.05).
Vertical lines represent mean * standard errors of
three pooled samples.
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Fig. 4-4. Changes in thyroxine (T4 and 3,5,3’
-trilodothyronine (T3) concentrations in tissue based
on developmental stages in brown sole
Pseudopleuronectes herzensteini reared at different
temperatures. Maximum T4 level at 12T was
significantly higher than that at 21T (P<0.05).
Vertical lines represent mean * standard errors of
three pooled samples.

60

A

)]
(]
T

S
o

T4 (ng/g BW)
(] [

—
o
T

T3 (ng/g BW)
o N R O 0O

:F IG : H |
Developmental stage

m [

Fig. 4-5. Changes in thyroxine (T4) and 3,5,3’
-triiodothyronine (T'3) concentrations in tissue during
metamorphic phase of spotted halibut Verasper
variegatus reared at different temperatures.
Maximum T4 level at 12°C was significantly higher
than that at 21 C (P<0.05). Vertical lines represent
mean * standard errors of three pooled samples..
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Fig. 4-6. Changes in thyroxine (T4) and 3,5,3"
-triiodothyronine (T3) concentrations in tissue based
on developmental stages in spotted halibut Verasper
variegatus reared at different temperatures.
Maximum T level at 12°C was significantly higher
than that at 21C (P<0.05). Vertical lines represent
mean * standard errors of three pooled samples.
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BT 5 T4REOREEIX, FhEh, 21T T2.3ng/g
BW, 18C C5.7ng/g BW, 15C ©10.0ng/g BW, 12T
T13.2ng/g BW, BLU'9CT15.9ng/g BW & Bk
WE NG D - 70 LERILKEZIT- 7R, 9
CL2AICHOMTHELENRD bz,

RAFE O T31x THZ R TIRWIRE CHER L 72
N, FOY— 27 3EVKIRIET ERWEIAS R S,
TIRBE DR FEIZZ 2N, 21T T2.7 ng/g BW (5
L#32H), 18C ©2.4 ng/g BW (31H), 15C C1.7 ng/
g BW (37H), 12C <2.1 ng/g BW (66H), 9T T
2.2ng/g BW (79H) & o7z ZNENOMORITIE

BaEIRO N o572,

<A LA LRI, THREOHMEBEAT -V
WS 2 EMARD b, REMEIZISC (RT—Y
[:ZRETH) Z2BWTATF—Y H (ERERIY) 12
BxNh/z (Fig. 4-6)o T31d TAHIIEAE VI CHER
L, ZOREHEOHI S —EDOMINIIFRD bk o
72

L

BT HbR72As, 7 LA RO F BIEIZEV

AKilZ et S 7z (Figs. 3-8, 3-9)o 4l dikERIC
BWThH, VLA LRI H LA OERBINEE VKR
FERINCRED SN, T2, Wle AR
WAKIR TR, Bk TRA 5 720

THULABLOERI TV ANIBIT AR T4
&, KIEASEWIT EIREOREMEIFMKC, AR
M L7 20 X9 B KR E BE D THREDEE)
M9 8i e 9 A (Tanangonan et al., 1989) T
LBREINTBY, HLARKI AT VA LK T4
BEEOREMEEABHEEVKRIZERLRA S Tw
bo LML, BELKEDISCE2COATH 7
72075, TAREORSMEIZIIKRM THE L ZIZRO
LTV,

HARBE AV E 13 7 X (Inui and Miwa, 1985) %
summer flounder (Schreiber and Specker, 1998) ®» %
RBEHIE L TnD 2 DL SN TWD AT,
F UK TEHE LZIZb 00 bod, AL A KT
ALA LD BRI H TR S T L7z,
F 72, TAOWEAIZ~ H L A TIESE%27~60H 12
LNTzDIIHL, R AL A TIE3IT~79H L &ToK
HBICBOWTEr o720 TOX IS, WAEIZBWTERE
FE] & T4 O o MBI X B A8 b,
RAVAERTTVLAIZBOTD IR VE V2%
BRI LT A kAR SR E 7z,

WTFNOKILT D THREDORFEMHEIE~Y T LA Tl
EREGPA»HIIZ, ST T, ZREEEDL LL
B THICEO LNz, 72, Foflid~ AL A Tid
16~40ng/g BW TH o 72 DI LA AL A Tld 2
~16ng/g BW &0 Hh o720 —F, T AT
H 5 72KRTHE LT THREOR S MEIZERES
THICRD LN, BXZ15ng/gBW ERTHLAD
T4 & 1312 U CTd - 72 (Tanangonan et al., 1989;
Tagawa et al., 1990) . ¥ H L 4134 L A BT T
E/NER10mm LT O A4 2T, KiFE25~40m & =%
WD S EEN KB B W THIKT 5 (I - BLibH,
1994), ZHIZRL, FT AL AR T XI3HEITHEE
COTLBFEEZAEES L L, AEY A X3 15mm B
=LA XY REV (NH, 1933 4k, 1980 :
T, 1982), BERHOEREIL, HFELGRLEKT A Akl
ARG 2 R LR B> TH Y (Minami and
Tanaka, 1992), ZREIZHE < BGT 25 FREEALVE >~
DOED TN S ATEN I E L B L T 2 W REE2S
=12

B LA RHBEICB T 5 LA A1, ARER
DELAHPLORE, TbbERORFETHE
E RIS, BRZOD OHIRE AV E /I
Lo THIEIENTWaLLE, ZhsoBZICh FEFV
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EUHFEGLTwREFHENL, KEOHERIZBWV
TIAVLABIOF Y H LA O T4REDOR S, K
WO EFE IR ED SN, WA o
MRS EWKIRTHEM L2, —FH, T LL ek
HLUA DAL D S L 72127C T, T4 I3
DKL Y bEWEHINZ R Lz, AEFZETIE, fEM
DRE % RBMIEP &S 2 LT, IEFANE
B35, MBHIEHAERIRE S LML 72, 4,
FKWLD T3OBREL 2 faff & b 2RIV L XLT
R L, Kili & OBIRASEALE TR o 7225, THIMHE
&b EAKIZ SRR < 7 B IS BTz,

T 72, Mk O THRIZ IR OFEFEIT IS THE
(S L7275, KT ERINCERD Sz KR
FIVEZD, FHEROLERDEEOIEICHESE LT
WhESHE, PR WEAEOMBEREL hb
RN OWRED LIE, =27 oRIcRk & (BB
TV B TRETEDY R o

FH5E MEEE TEREBOMKERROERF

CNF TICARIZETIE, & LA RO LR DS,
BRI D EAAHBMLORETH L L, BL

Fig. 5. Percentage occurrence of abnormal fish in 10 species of hatchery-reared
Pluronectidae. Horizontal bar represents range. (after Japan Sea-Farming

Association, 1983-1990).
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\

O E DY DSBS 5 2 L 25212
L7zo F72, Lt RER OB oRERH
KRB NVE > OBREBISERS DY, ZOMIZES D%
HHREE RS HETHRE LG EICEHET 5 L
2l7o TITIE, TNETORRERANICEY £
LD, HUARHMBIZBT B BB OBRERED
BB O —WIZOWTERT 5o

AL HAEICE T2 TEEERBROMR

HUAREEHOEBREICHLOPEBLOE—E
IZBWTHESL L7228, Fig. SICHEFIGSAEH &1k 2 4F

W HEWMCHEE L7227 LA BHOEI0M IC B 1) 5 2 g
“ﬁ@ﬁﬁ$%ikbt(ﬁﬂ$ﬁ%@%%%¢%&
1990) o A ¥ H LA =Y 5T T27%H & U50% & ik
PRV ARRE OMBIEZ R LAUAME, wihd50
U LETHo720 FRENLHOLNR L HIZ, 80%LL
FEOEDLDTHWERBRE O MBS L2 R %
LTV ZDX) h LA BHUEOZE BRI,
MR AEEEMOERZHEKE LN E R ->TED,

FRCI0RED 9 B PR 144 BE IS B BT A T b T v B

DI~V HTDRTH B (M H AR R 2, 2003) 0
F 72, BUEE CICAEOR N A R C R G &
LTI EFshizn LA BB CTH 5 (FiE
ZH). LA L, FRIMEEICIZS IS LTBY
KRBT - (6D H ARFEEE 62, 2003), €D 5FTS
ZAOERAEOLIISHBRELRMEL L TR S
el Tz (deifpd, HHRE, AT, SR, W
U TR KB, 2003).

KT H LA, RYHLA, INFTLALZEN
ZFIEE R QKR CTHE LRE, KR & OEFMA
LHLf, WA RAOMB NS — PRI L IR E
SRR EEZWHLMZL (Figs. 3-5~3-7), %
72, BHOLBIATLALCBWCTVTFIT /) =T
A ORI & IEF A BRI E# T, L %
MERLTWE2DS, TOLEDLRE - KEOREDI DD
LNTwD (A5, 199), & T A Tl UKIRTH
BEIT->TH, ﬁf@ SERF ORBUC X B ED
PEIEASH - 723G I IE A LR OINASE Z 5 Z & 23
HEINTws (mﬁ 1992), Doz xR EEICE
2 IEHARLERREMORBIKEDOERZOL O
Tld% <, KBOERIZHFK LATAHORE DR
WCRELSEBEINDL I LEWOTRB LTV S,

L, IHTVLA LRI T VLA TEDHIL—EOHEF

RE RS E2ITE, —HANH LA TIIEE X
EHEEEFAPLMBIL2, 72, EFAZ I3
K5 58E ORE I KIRIE TR AR $IEH R
WS B &R SN, — T, RO E LBt
LM A BFEOLEBRERBUE, AHEFAD/ Y —

YLz T bbb MA GAI 3 AMETTR
RAEL DR RWIGEI, Aftfid~ LA Lk
HUATERELEDEEFEFRBCILGEIL, ~INT LA
TIRIEEMAEMAA AL S MBI 2RO R
BT, ZhEhtBlov—r PR ohiz, xasL
A THMEAOAITEFEHIZL HEAT I F
KR T, WIZHLAIRRWKIRTE S HBT 52 L8
oIz ENnTns (g, 1988).
Ul enoigdd s e, MEAafolEiisrg
TIEAIRIRIEEIC L D R Z I, i b
BEWEEIIZARIC L) R 2 B EEZHH (3N
HLA) HEVIIEHE (FAHVLA, vaFLA, w3
HLA) $H5ZEIZEY, ZL0H VA RBBOLRE
HEEPiBRT A LEDMETHA ), —F, EOfifl
BT HIEERDTIDE b o 7o R H B AR I/T
ﬁ@“ﬁﬁﬁti(ﬁﬁbto%%,ﬁv4ﬂﬁﬁ®
TREE ZRT 5 7201213, w80 KK Tomill
HERE, B ﬁ%if®%ﬁ%ﬁﬁ TR L, ZFhuci
CCHEBEEZIT) TENRDVERL LA, TNETO
AR S BRI OEREY 4 X AR ToMMICIE—
EDOMEDFED NS, —HEl Z, WE A BT A
ANIRE D Bve #ISIEERMTIZY A X
i¢é<,#ﬁ%%ﬁﬂ%»ﬂw(Mmmmm
Tanaka, 1992), fit-> T, RARWIRTELET TCOIM
PHLEPIZENTVW WA LA B EZFET 256
&, WETIEKEFICL DEEEBEST A2 LT, i
PR R S8 5 2 L TENRENERER S O 1B
=PI CEBMRENNDH L LEEZ LN,
fE L2 o N BB, AWK T 72
B VA RO EREY OMIZY 7 Oncorhynchus
keta X° =< A O. mykiss, 2 A Cyprinus carpio,
v ¥ 3 Ctenopharyngodon idellus (714, 1991), 71
Plecoglossus altivelis (B, 19747, 1991), =3
v Clupea pallasii (1WA, 2001) <% 4 (FRE, 1977
Mk, 1978 sRiE 5, 1985 g, 1986), 7 a ¥ 4
(FAF, 2000), £ ¥ %4 Oplegnathus fasciatus (57K -
M, 1985), b F 4 (Dedi et al., 1997; fazk, 1998;
Haga et al., 1999), =# LA (R& - Aif, 1988)
&Eéi?i&ﬁﬁfﬁméhfwéo:h%@%%
WX, A) HEEEEOFERY (B, 1974 5 Dedi
et al., 1997 ; fRJE, 1977 5 BEE, 1978 ; /K - HEH,
1985 ; B &% - A, 1988 41N, 1991 ; Haga et al.,
1999 5 AR, 2001) &, B) Mg (53 5, 1985) %
BALMER, (21, 1986 ; f2R, 2000), HEHRM O A
(fE7k, 1998: A - a7k, 1999) “FEDAVEBEERE O
WCRAAWEETH B0 BRI, WNER O
RZBIOHEE (PN, 1991) RO RIEGE (LES,
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1977) 29REE ENTBY, BBk S 12T LT
Who —HIMREREORE X, MRICE 2 5B
W GEES, 1985) THAHZ L RHBIZEIMD TEw
GRED, 1985: HAS, 1998 1%, 1998) 7=
FOEHE LTHH STV BT D & 5205 Bkl
BERHHOBFE I L T RGOS D% e L
LiEAETIE, 514 ORILRERIEE © 5 X O MEIRH
HREEFICOWTIE, KO EFRHR OB 2
W&o TRE - EEREHET 5 2 & THBRRI R R
ST 5 (IIH, 1997 5 BRI K i 3RS Atl, 2003)
R YA, A SHREAANORBATH] (EEE) ik
AR 72 EHVEERE (Fukuhara, 1992) R LS E
(HH, 1975), 4406863 (Kinoshita and Tanaka, 1990)
WCRELREADRD SN, HILEE D Z ORI
ENb, /2, I AOQIEFLTRARM (R
DR B FIERINIH LT 5205, R oA
BRI Z O KM ETIET L 2o 7241 TH
% (FHifE, 1997)e TOIHIZEZTLBE, XFAD
SALRRRZ RIBR & 7 2 O SRR S H S AR
THHUHEMIE V. 512, WL HHFLELETT
DT - BEFRRMIHRLTREL%S
ZELHLNITENT WS (Seikai et al., 1986 ; HIHr,
1993)c ThbbH, FBORE - KEOREICL LS
4R T 2 DOBEEEHBRITANIED 7 L 4 BHFEIC
B B EREIE bR & AR RO J 5 & A
DFHZENTED, 2L DAMTIFAFTAOKER
KRNI L CTH B 720, FlH KR AR T
BAETZLICLD), ERAOEBZHMNs 5
CENMERICR D EHEWNT 5, 5%, 7 LA RHED
BREREZT TR, AEABEOBEBREESMRICHEL
T "ER R BE LSS EERMN R EE
Batd a2 Ly EEL LA,

BB CTH LA BB ORE 2RI 2 ke LT
X, KEOBIEDS KL METH L. L L, KWFZEIC
BWT, ?HLARKR YT VADIEERESL HBLE
H72KIRD18~21T Tl, WifliL b AFRHEDH S I
KT L7 (Fig. 3-1)o —77, Ml OfFHEMA DRI
2B 2 A BKEIZIOC LY (N, 1933 &k 5,
1991) TH Y, ¥H VLA ZKE24CTTHET 5 L T
WMINCAET %o Bl D, MFEOIERMIMBIZE > TD
o £ KA AR PR FUKIRAE <, S IR 3k 2 KT
TbdH b,

F72, 2N LA TIRAKIRAMEN T EIEF Ao B3
FIWIM L7225, RAAEBBEVEHFKIED 9T TD
IEHAOMIERIZ60% Lk, AL RKRT AL
A CHARE D 5 720 AFETIX, FHEKREZ SSICTY
52 LiCXy, EEESEL LN DLH S (Fig.

3-7)o L22L, 18CHIATHRET 57 L T RH25CT
SMEERLTNTFIT /=T )T ADENIPETT 5
720, [FAOBMHARRIECORERE S (FES,
1996) Z L HEETLHLEDND 5,

JlZ, wHLA (HiES, 1996) b T A (R
KRB, 2003) CTIEAAE R 7k OMGETHIC
I OFE - REMEESNDLZ E2MALED, 20
il b FHEREOHE (i 0 RIER) LEWEEO
o) rifb (Fh 5, 2001) ZREFRIALARE T
ATRALNT VD, ITNHDOHETHHEEIIEES
NEPERBORTIIRD LN TV, 4%, £
FARKIRIBVELAN O F7 i TR DS E 2 RS 5 Bl %
B L, WIZENE W TEEEE ORI HETH
LWEMERT HVLENH S,

BT, YA LABIOR YA LA TIIEREBER
DAT—Y E~FIZR3ERBEOTED;MHEL T»5EH D
LWL Lz, 2OZERL, TRETITHBRT
XERBEFONBRAKRIE, AT —Y E~F Tt
TUEBDH L, Lo LAUIRTE, (FalloLo%E
WP ERBEOREIECHK D EETH L5 0IEH LRI
TE TR, EREREEORBRFEZ R FET
572012h, SRIZEHICHMZMAEZDEL 20
EHNLCT LI LEDEETH S,
TRERORBFDEF EE SN -EE

SR ORI <, B X 24500 ~ 50005 41 O Hy
Jg (GE=AMEritE) 2034 & I3IZFRkO R ELY
FoAbaA s TB Y (A, 1966 il 1984),
KT N —T DR TH 5 ARG IEFE IS WIER
MRS, Msh a2 M@z s (M,
1984) . TN 5 BARFHDOLREIZEI L T, & F X (Inui and
Miwa, 1985; Tanagonan ef al., 1989; Yoo et al.,
2000a) % summer flounder (Schreiber and Specker,
1998), &AL A (FEHS, 200la: A#F%E) T,
HURBR ROV & 2 DS 2 #2147 - T b Z & D5
iz, BUE, FHELERIATLALEXIITLAD
4% T CREE S IR 2 2 2 72 TADRERAB &2 1T
STEY, REIDD TARMD Y £ I ¥ THEERD
TERBIEREZ 5252 2o L22H 5 (H)
b, KJEHK) e T ATIEFMER R/ Y LIV T
THIRE L 2FEBE» S, AT —Y E~F (FEKmO
J B gA 2> & 52 T ) T T4 b wv F bt
HWRE2RTIEDPHLNIIR>TWAS (Yoo et al.,
2000b) s BE 5 BARBICBIT AEREFIZIZ, Th
ZNOFMEDFEOMFIMN 2 FEH HEE & Z U H H
RBEARNVE VWMDY A IV TR boTnwE &
TRENS, b, ZREEORMBEIIIIETELEL
DLODOEEMIHE LD L EZ OND, 5k, AR
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BN B T 5 HURIE ARV E W OBIRE & ZRESE T O
WREEOEDLYIZOVTELIIHET 2LENH 5.
F72, 20X EIIREEOLEBENNER LN
MEROMDLY 2OHFET 2 L THEELRT 7u—F
LA 9,

INFTHLUABEOERETICET 5 —HOWf
TEAE R L CTE o, AR IIARBNICBIT A4
HAAMPGALO I & S MEDT o525, HHFETIE
STHEYFENFEE W TERIIICE 2 2 84680k
HAAMPEDFEH 2 BT LV THT T 5 2 & 25
HAHNTWA (Yamano et al., 1994; Yamano et al.,
1995; Hashimoto et al., 2002), JEllil~<7z k512, %
REFLH T HUIRIR AR OV € ~ OB RE & B H ISR 5T HE
PEASE V. HURI ARV E VTN O Z R E RS L
EARTFRBLOWEAL, ANEELZ G 528, & T 2
TREZFRERTORBAHE IS PIZEINTVED
(Yamano et al., 1994; Yamano et al., 1995 ; 111 %,
1997), 72, & 7 X OMRISENIIAET 5 AT
27O (Hashimoto et al., 2002) %3 & 12, ZRE
BoOEATREBBOME DIBO SN Tnd (8K,
2003) . Seikai et al.(1993) #4772 T X DZFEIH %
FA7- iR #E SR A &, ZREIRFICAIRMICHILT 5
HEFRR A B RN IIHIRI AR OV £ > O3B % LICHBE
FTAHWEEESDH S, 72, HidRO b T AFHEM % FIR
PRANE TRIET 2 ERTIE, BHibfiio M e
&7z (Yoo et al, 2000b) o 215 DRI, TADH
RAMETIZ R <, MBI FEL TWE 2 & 2 <
ML TS, 7 LA REHOERETIE, WA IR
it (MEAT) &5WIEERMAE (Ffk) B X0
IERBIEHEMD LD b OVAEIZL > THH5E
DIFFHRETERZNEM S, FIRBEAVE D5
WA & B ICBE L CHIIL T B LTSN S,
EREBEOERZEFHEMICBIT S T4 ZHEAEOHBH
R T L HEBHOBERLHEADITL I L, 61
NS DOFBERN 2 SN T 5 2 L2 XD, A
LA PO ERE R EROFBIET OAREZ LD
WD Z EDHREIC R 53T TH D, #IsT LR
TOEEMRMOMINL, fEFRBETTSLEBLHETSH
LIERE OB —BER S &, 7 LA Bl %E
OB OPREEMOM LICKELSFET 5 L%E
ZAbNhb,

EI:I‘I'I

R

AWF7E 2 BTS20, RIGEBY) % 5 THRE L
TR & W o 7R 7 4 — v FRHREERT e &
y—Hdx Wb vl BIREEIR) CRER K

HomrELET, T/, KaXoTKEZHE, &
WA TEREW - K% T 4 — v FRHEEENIE L

YE =¥ T ¥ FE#EE HIERE L G
FdEHIZ) 1L BILH L EiF %,

WFIE DR O TIRELZ ), WiExEoTn k-
THIER CHE & THC M ATBIEN  KEREIZE
vy — HARBXOKEMZEIRE B st (3
R R 2 H0%2) , R U 37 K 2 P DR A W 2 R %
FHEEAM L, EAKFERAEYRET L v 5 —#
B ORT Rt jCHAREE ST HRHSE A
M OBEEICEL X ) BILP L EFE 3,

<V A T EBEROERE R LTT S - 22100
WK ERE Y ¥ —  EEREK (BT
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