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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

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 chapterIl, 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 juvenﬂes 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 Pl stellatus, brown sole Pseudoplenronectes 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.

I. 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 21C .

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, T 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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A1V A4 H A ¥ Pleuronectiformes X & 5 # #}
Paralichthyidae, # L A #} Pleuronectidae, 73/ ¥
% % Cynoglossidae % &KEFEELRB2HL L ET
TW—=TTHY, G No4E, BE STHEEOE
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W%, 1979b), FiBE (E4&. 1966 Fig 1990), M
W,OET (A, 1966) AL, & (Norman, 1934),
F3H (Amaoka, 1964; &S , 1974; Sakamoto, 1984;
Cooper and Chapleau, 1998), ## (Amaoka, 1964 :
BN - 4k, 1979; Sakamoto, 1984; Biirgin, 1986; Cooper
and Chapleau, 1998), @H # & #& (Norman, 1934
Biirgin, 1986; Brewster, 1987; Sakamoto, 1984;
Cooper and Chapleau, 1998) Z &X&HIZB L 8, 2L
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% D HEENOERBN RERE FITES .
ZORRICA VA BABEOERE =EGORHEEMLIZZ
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DAL MENRREBEE» OBRESR TV S
(Norman, 1934; Dawson, 1962 ; Dawson, 1967: Veen,
1969), =& “HERMEA" i Norman (1934) 12 &
S THRRMICE LD o, FIRAOKREIRBLZA
1t (albinism) & #ERBOAREARH L -THA L
(ambicoloration), /i45 ®fids L7238 (revresal) 12
Ras&hTwd, AFICBWTHE S IBTTEEAIC 2
A % H VA Pleuronichthys cornutus ° K ¥ 5 L 4
Verasper variegatus OWHA CEEDS "o & L
CEARA PRI U 7= S RGE R (FBIRE
SR O XY REETI TS, 2001) SN T
Wb, 7, EETIE, THhH V1 Hippoglossoides
dubius (M1« &, 1970), AL 7 7L A4 (dLES, 1987),
A4 ¥ v A Platichthys bicoloratus, < 2 7 L 4
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RIFTIRI60FEALE, DL VETCHUMAEDHEM L
EQITHR OB RIS E &S TRE S,
20004E (I ABHS T TR ITHOER A E L L RS
T Twad OKET - (DR AREFHEER S, 2003).
T ThH LA BRI T AR T X Paralichthys
olivaceus WX LONVAROT AT VA, AT LA
Eopsetta grigorjewi, R TV A, <A Verasper
moseri, A A ¥ H L A, INNFT L A Microstomus
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oaHYTH VA Ps. schrenki, <3 H LA 7% 125
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% (LB 5, 1987 Bolker and Hill, 2000)
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5 I & AR O RE B RO LB, S, At
PHEMOEIRMETHE 2 L ER L (Seikai,
1992), F7o, REREWM 75 > 7 b v O+4 iz &
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WTHRIRB TR WI E0% W (FilE, 1997) . F7-,
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HoETHALE L4 (LB, 1987) < akL
4 (EW, 1985c; BEZ, 1988), 7 a4
(Nakamura et al., 1986b), plaice Pleuronectes
platessus (Dickey-Collas, 1993),Atlantic halibut,
Hippoglossus hippoglossus (Neess and Lie, 1998) 7 &
TR N EZ OV T LT TELT, B
Ho HH %\ Bolker and Hill, 2000) .
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5, mIRE o B iz /IR~ EH L7z (Fig. 1-9.
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HIRAA31.2+1.4%, HIRMAT30.4+1.4% ThH -7,
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Ocular-side Blind-side

LR
NG

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.



154 Masato ARITAKI

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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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

s

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

Species 7 . No. of Average TL™
(Japanesae name) Lot Sempling fish (range) mm Observed characters
Year Body Eye »” D,
) 5 *6 7
Point (DAH)™ enlor  Ritioh UJL™ PML™ PFL" Dentition Scale
Verasper moseri Hokkaido 2002 i
(matsgkawa) R In. Marin. (160) 50 1284 (80413120 @ ® ®
V&hfsri’:fiti‘)’s W Iwate 1997 52 4595 (250.0-689.0) @ (] ® O
R mii’; (‘397%7) 304 1253(550-1650) @ @ @ O O
mesre . A 98 o ma(a-uo @ @ 0
T (A R I ®
Pl stellatus JASFA 2000 18
(numagarei) R Miyako (30) B0 LT 2= ey e ® ®
Pseudopleuronectes W Niigata 1990 34 975( 808-109.0) @ O O @
herzensteini
: JASFA 1991, i
(magarei) R Notojima 1992 199 39.3(10.1-1035) @ (] e O O
Ps. schrenki Hokkaido 2002 -
(kurogashiragarei) B Bekkai Ha.  ( 55) 50 147( 117-182) @ O ®
Ps. yokohamae JASFA 2000 il
(makogarei) Miyako (030) 50 146( 97- 194 @ ® ®

*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 herzensteint.
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AV AR, BV LA AR MAEEICR

Ed oz (Table 1-2),

Mg (PFL) i, =4 LA Ci3GHRMA314.5+0.9
% , HEAREI239.6 +0.8% TH o720 "¥ H L 4 TIXHNR
B2312.1+1.2%, MEARMA10.1+1.0% T o /2o Wik

EBLMEMIC SRTHRMPEREICKE Do 72
(Table 1-2),

HBER4 247 ICH 0 2HEEA, ERAIORE

) & 547 AOFRME, SofEicBuvwTd
EHRPBEBECEDLNTEY, SAMHEAORE
B L7 (Figs. 1-1~1-8), AR L, #ERAIOE
BEESHFIFEIL o TREY, 2FRCEBET S
LD (ZYHT, KYHULA, AXHFLA) RRTF,
THMEE B L OTHEERICEFET 550 (KINFT LA,
LIYHVA, =TV, =aHLA, zarisiL
) Wbz, LanL, @ b mRAEA R
HRBBEZEORENE DO T, LitoBRamE
LHWEOKE RERIIEHET 2MEMIA SNz, &
A 7BBIUB T, BOataErmie dizeAl
BN h ol B, bTPCREEL W
T, FNEFND S 47 A OERANIZEL L Twvize
—F, #47CTEmHE eIl BuaECED
n, 47 AOFRINIEML Twiz,

2) BB, @ToORETESY A 7ORMITFERTH
o7 (Figs. 1-1~1-8)c # 4 7 ABX U B CitAMR
MIDRRIIIE & A DR d o228, HIRECldmai
HIRHABE L7 74 7B TIRMMOMBRE k&L
WHA~BE L, HEHESMNECEIL L, ¥4 7C Tk
TR OIRE BT LA EBE L %57

3) LHEEREBIVCLEHEEIL S35V 101
Elt (UL) BLU=# L A o LEEE PML) %
Fig. 1-10ZR L720 RY T LA DI LT A TlE, FHR
H2529.6+1.5%, MEHRMEIA28.3+1.5% C, MERMIH
BTN Ehols UL, 47 BEB CIEHRMA
H289+1.1% &£285=1.0%, HRMFA282+1.1% &
282x1.0% T, W& A4 7L bR/ S WH
ERL72b00, MU THEREREEED SN R

7o T2, 2B 2@&?0)574' TEZAT A RRBEL
7o3a, ERACIE LEERICIIE R E I 2 dh o7
A%, HIRET ié?/f 7 A X U/J\élﬂﬁﬂﬂ’i’ﬂ“bt
¥, ¥ A7 CREBRMTIE29.3+2.1%, EIRMT
20.0£2.1% &% 0, WAEICHEREZZEZ &bf‘oh*ﬁ
&L 747 AOFRMAN EULUﬁ% & o’waco

< HVLADF A7 AL, BIRAITIZ13.7£1.4%, &
IR C317.521.3%C, HIEMITFEEICKRE o7,
LaL, 74 7BEB CIARMAL7.1£1.7% £16.7
+2.3%, MEIRMAN17.4+£14%E17.1x1.7% T, W¥
A 7ELMHUMOBMECAELETRL, ¥4 T AOE
RN ERL L 72 E R Lize — T, 747 CIEHEIRA

TI313.7+0.9%, BIRFITIZ13.5+29% &R 547
B & B [FAAk, TR ﬁi&#u 2 HY, W e
b7 47 ADOERHEIZIZFAKTH o 72

4) Mgt *vﬁvfﬁiwvﬁvfwwﬁﬁ
it (PFL) # Fig. 1-1LIZ/R L7,

KYHVADZ AT AT HIRAA1L.8+0.8%,
BAAAS10.7+0.6% THIRMA A K E o tze O

XL, ¥4 7B & B CiEHERA10.7208% &
10.9+£0.5%, MERMIA10520.7% £10.8£0.6% & %
D, My A 7EIMAUMTHERELREZERDOONT, ¥
A7 A OKBAIGEBLMEE R L7z §47CT
%, HIRMA11.9+0.8%, ERMAIA1I11:08% THE
WCHEBNPRKEPo7/2e ¥4 T COBMEE YA T AL
W 5 L FIRROBAEIIME & BFEEN b o7z
LoD, IR TIZF 4 7 COEIEFERICIA T A X
k)ﬁ%?b‘oto

TH VA CRIBEHEET 530mm D EoMEKizo
WCER I DIERN ZIT 7248, 4 7 ClELeT
OEDZ0mMm LT Th o 72 20ME T E 2 dh o7

¥ 47 AT, BIREA15.221.0%, HEMH9.1
+0.7% CHIBMIAERBICKE P72, JIUTHL, ¥
A 7BEB TIIARMD145+1.1%&11.8+1.0%,
MHEARAC129.3+20.8% &£9.721.0% &, My AT
EHMHE THELRENRDO LN, 2O BI AT
BB VAT ADERBUNBLTY A TBEYLTA

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
Soscies MemandSh  Memametp. ey " Relative longth of PELY G
(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+09" 9.6+0.8°
V. variegatus 95.94-20.8 390.5+81.4 31.2+14° 304414 121128 10.11.0°

*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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OFRMOMTEHARLRENRD ONRPo 2D, ¥
A 7B OFREY A 7 ABLUBIXVARIINE
{, %17 A>B>B OEICHED L.

5) TWHM SToORMIZBWTY AT A DOMERH
TR DEAE L7228, AR CIEBIC L2 ELR
o7z (Figs. 1-12~1-17), THIZHL, ¥4 7B &
B CIIHEA MM & b EIEL, ¥4 7 CTlRMHA & D
BRI UL o 72,

6) W =<vHh7 (Fig. 1-18), & FL 1 (Fig.
1-19) &3 74 7 A OFSEIRMA DS, MIRELTH
HETHho7zDIK L, 747 B & B ks b Mk
¥ 47 CIEmE bHEETH - 72,

8
RRBDOLEHTHE

MR THBRz L9112, REEOLATPHMRIIS R

V. variegatus

2. a
SEY ® ab
~ b
| b
I % 4 C
~
—
= 28
-
26
25 Ps. herzensteini

o

I

- o
e S,

A B B’ C
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.

HEBEIICB LA (Norman, 1934 ; Amaoka, 1964 ; %
&, 1966; NS |, 1974; #hil, 1974 ; B - %4k, 1979,
Sakamoto, 1984; Brewster, 1987; Biirgin, 1986; 1t &
%, 1987 ; Cooper and Chapleau, 1998)s &I # L A
DOFEHAMBICE L CiE, Norman (1934) A%k, MR
ff, BECOWTRRLTVED, EOMDILHEIZDOW
TRREP 2oz 40, KRR THRESN-ME
KOLTEELWEEIZIOVWTRHE L HEE, 202k
BT T H M TSRS S 17z (Fig. 1-9A,
Tables 1-2, 1-3)o —77, ~#F L A&, &M, HRAL
HEE, oK (Norman, 1934), fiER (ks |
1974), i%EME% (Norman, 1934 ; JUEES |, 1974 ; &
W« Bk, 1979) WEEOARHEND 5 EME ST
Wb, RIFEOERTEH, vH LA KBRADEELIE
fif, A LBHEE, WHEERIIAEOMALFERIZ, FHIR
i & AR CRE & 20 e 22 EASED & 7z (Fig. 1-9B,
Table 1-2),

V. variegatus

181,
C
12 F b
% b b be be
|
o1 F % * %
~N
-1
[T
o 10
9
18 ¢ Ps. herzensteini
a
16 + a
~~
3\3
_J 14 - + ¢
m
12
T ) b
o b

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-side A Ocular-side

Ocular-side Blind-side %
b LRS
° B

C

A

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 Blmd side

éw

pﬁ WM

b
2,
7

L=

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

§

f%??
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Ocular-side A Blind-side

%

iy,
o N
Ocular-side 4 Blind-side S

B@ @ 42%%
>€ %@g B’

q
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 2&i{ x4 pJEﬁZn *5 UJL *° PFL *Dentition *® Scale *°
Verasper moseri *1.2 . . ? . - .
V. variegatus *1.23 . . . ? - .
Microstomus achne ™" * ® o o ? o -
Platichthys bicoloratus *1.2 . . . ? . -
Pl stellatus *" % o o o ? o -
oo e s ® o o o o °
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 1-3ICABECTHEL - 22 &L 8O N
LA RBBERAAICBT2REOLELGAHREL £ &
Ol TROHDBEE, I - TEAAHEBMICE
BHFRDLNDL b00, SHAEHACHELEEIX
ETAMBTH L Z VWA TEA (Tables 1-1,
1-3),

FERAOEATEBEERE

Table 1-4icfFAOHE - BIEHRz L LD

ERETHEYL4 7 AR, A B8 T
Wil & b RRA L FBOBERIRD NIz DT E
¥ AT A TR A o2 RD
K 53, B LR EOHBBERME Hd K
RALEBTHL LB IND, AL THBE AT
B & DB CREBRMISSY 47 A LK £SBETRA
ik FAROMEADPMER I N, —F, ¥4 7 BOKR
BCIEIRN (&f) —HoMtgRE (vFLM) B
ULHE (FVFVA) Z2ROIZISEEDY, #4147 B
TR T VA O LEEZ R 2TRE I RKMB O MR
ML MAARATHEY AT CIE, FTF
LA OERMWER 2R &SRB b L b RRMAD
AR & [ CARIm AR b7z,

A, BIERLZH LA B, 8AMAETTER
i, Afbfa (25 4.7), WA RAD 4 5 4 FIZXa
THIEDPUETHol, T2, AMLBIUWEAS
i, FoffEchmm s SEEED L ITARN, &
Loh—HOBEEFL TV, INHOHRIE, M
HL2H LA RAFICSRT 2 BRAT L T

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

o mIRMAL", WA Bs "WHOFREL BEeT
HHEZEEBEIREL TS,

FEFFRCEE L AEOMIZSME L2 T 2 (F
##, 1979b ; Seikai et al., 1987; Seikai, 1992) = plaice
(Roberts, 1971) & %% % ¥ J ¥ ¥ Heteromycleris
Japonica (HF#E, 1990) THHLAOFIRHOHLBER
Ak, AR T ORRBRAERMICEML TWw5 Z &P,
% 72 Acbirus lineatus (Houde, 1971) x4 ¥ H LA
(L& 5, 1987) omEA @A T, FiF RAZPH
fo, EIRMEOEELR EHPRRMOARM & FHET
HLZEPHEINTHE, ChbHbDZ &, FiAL
TELFAE LA VARABICEST S T o MR
6" BLU “WHOARAL" 2o REEHICHIEL
FHBTAMEEELRL TWb,

AEFgE i, MAMOBEOLED S tAD ) b
¥ A 7B IZmAOEIRAIETH B Z L AR INIZA,
¥4 7B CREAEOBRME L [ OWERICIEHE
IR O MARMAE R D EED Sl h ol BT - F
HO(1988) kB E, vH LA THHOEIBET S
WREE (RFFEDF 4 7 B) T, HOBBAED
EOHDEMKREL, IRMAIER & B S nzmak (5
AT A B) DELE—HELL, AHFETD LD
MEETBRIC, HAEO ¥ 4 7 B TlRIROBH»E T
B bOPSEENDOT THE SN, 4, <
AU A BRAONEBRELE, 4T A> 4 TB>%
A7 B EERELTHRILTEY (Fig. 1-11), Rz &
A U AR T & 720 ABIE TR, IROBEE T
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Table 1-4. Morphological characters for 8 species of laboratory-reared Pleuronectidae

Type A

Type B

Type B’ Type C

Ocular Blind

Characters side  side

Species

Ocul

side

Ocular Blind
side  side

ar Blind
side

Ocular Blind
side  side

Body color
Eye position
Scale

V. moseri

Body color
Eye position
uJL*!

PFL™
Scale

V. variegatus

M. achne Body color
Eye position

Dentition

Body color
Eye position
Dentition

Pl bicoloratus

Pl stellatus Body color
Eye position

Dentition

Body color
Eye position
PML*
PFL
Dentition

Ps. herzensteini

Body color
Eye position
Dentition

Ps. schrenki

Body color
Eye position
Dentition

Ps. yokohamae

000 000 00000 000 000 000 00000 000
OO0 OO0 O00CO0O0 000 000 000 OO0O0OO0OO 000

OO0 OO0 O eO OO0 OO0 OeC O0reo Oeo

O0C0 OO0 00000 000 000 000 00000 000
000 000 0000 000 000 000 00000 00O
000 000 ©0:000 000 000 000 0000 ..‘

OO0 OO0 O0O0OO00 00O 000 OO0 O0OO0O0O0 000
OO0 OO0 00000 000 OO0 000 O00OPOO 000

*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.

Hibfao ¥ 4 7B LY A T B #RH L7205, ohbd
274 TIZEBALOREOETHY, TORFEOEE
WHZRBY AT B, SVEALELDONEIL T B THD
TR R Vo
TR RE D EZRHA

HEL7-8MTid, AIRMOES 1721t (partial
albino) IXEBEFEAICDEHBEI N 7295
BRICIEZ S DRFEETHREZIN TS (Norman,
1934; Dawson, 1962; Dawson, 1967; Veen, 1969;
Bolker and Hill, 2000). & (1991, 1997) &k F #
BT ZERUNOFERENFEIZEST (Norman,
1934) TH Y, FRUEREITS LABNTW5, K
TiE, #FE L7z U A BEEO A A3 o MR
Mt TH LI L 2R L7722, 2o iZHbADOAR
MASIRMFERREAIC L b BALT B gtk 2~ LT
Who BE, I A (FHiE 1979) =ahL4 (4B

B - fEL, 1973) OP{LATIEERBRE L HICHIR
M BRI L, LR IIC R 5 & LAY
RINTW5B, FilR LBFEORRTIE, #H5ako
BRIV ONTERDS HVERST THEHEZOERT
v, iEoC, ARIZFLMR T » 7RO G ERAI)
BRIV SICER LTREDEL LS, &
B2, A LA OPALARLTHEA B AT IEHRRESIC
MDD 5720, HEBOEXFEY P IEFAICERT
XbOTHRY (BA-AHE, 1990), 20720, &RFD
EREREEORARN LB T 2123 E 5 1 TolEE
PR OBEIFEE L ERBE TESEOREE HnT
g - RS2 0EEHS I,
FFLAEDLIPABEORERE L

R, BRI BVCHEB BB % 1L U
OFAc R EBETRONL D OO, FHEW T3
ETAFEICR SN A (HY, 1997). FE (1990) 3%
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A [HAEM oSS & AR RBICZI LT, K
RGN & B ERRE EARTERIEERL TV,
AHOERICEH LTI, 2 RERPZINTVWED
(WH, 1963; Youson, 1988; /811 v - #4j#, 1989), %
RAFE D HHERNOBITIICARBI REROERE L
TR E IR 2~ KiEif 23 (Kendall,
1984; W, 1997), WHIE (1963), AFEHOEREL A 7
VR FFRL YOSEL A LA BICRSL, A
DL % A L A BIERORE RFEHE LTHT
TWwb, Thboh LA BERIHE ) EAAROER
1, ke BRI CEIR SN TWAHA (Norman, 1934
Amaoka, 1964; %4, 1966; IIEE 5 , 1974; #hil, 1974 ;
B -, 1979; FHE, 1979b ; Sakamoto, 1984; Biirgin,
1986 ; Brewster, 1987 ; tE& 5, 1987 ; Seikai ef al.,
1987h: FilE, 1990 ; Seikai, 1992 ; Cooper and Chapleau,
1998), # DEFZITIFU LG % % 5 A AT O
BAEIEANOBTI - TETIAEEORENLE
1t (BB S, 1979 HIF, 1985; H, 1997), T4b
HEHOARN, EEM~OHLE LTRL D Z L
T&2, SH, fWELZ3HDOL LA FAHICBENT
BREEHEOMBOBE L HE L2858 aftewmsg e
T OMEIREI LS X OFIRAMEHER S Wiz B
Wik Rz & DI, H LA BIERECIEARIES OFE2
B2 R & HIR A~ LT A DTHBZ L
5, fE LA LA BHABICAT S LA i
TRICEHBEL-BREThL EEmIToNE, Do
Z & AR I B LI NN B B RE
T A ERRET 5,

BEOWFECIE, EAEEOBLR WA f 2RO
HBELROORFIIXGLTRZID ZEDNE o728
(Il s, 1985 dbE S, 1987 Mgy, 1988 R 27t -
A, 1988), ZREGARHEEOMAKRZTHEND, 2
M BRI ES T, EHOBRLE L
TRZADZENEDOTEETHS ),

F2E ABLAALIBARICETIERERRN
O REFFER

ERERZHRT 5123, CORBEMIERER
FBUCHG L TR 02 MHT LI EBNEDOTER
Thbo BERFEHOPT, ERAEICHT 2HE - Mot
PEITLTITONTWAL I ATIE, TIVVEDT
VFITEBETLHIEICLY, EIFE Tl AL
LI ERHLPICZENT WS (Seikal ef al.,
1985a), HES (1987¢) X Z OfEHE A I, A H
ILDFEBUED B Z WA L, ZREWNOEET AT
— VR BEZEOB N EERHL ML

RETHE, YT VLA ERIF VLA EZEFNVELTT
FVNET VT I T OB 22 2 THB 1T
W, BB O HBIR D S B L A RHEEIC B B ERE
RwOPER 2 BET L7z

Lk S R p:

R S L UHBRORE

D) ~H V4 199541 H k% B33 ol
w7 GREBR 1), BRI, RRBAZHVHRK
PEIIC L DRI EZ T, SMEL/ATMERA L. 5
L E TOSZREINZERINEE 9 C 2 HLICHRIR L 72kl
SHEEE L, w4 idBi#2E5mm KT
VT I 7 OBMENREE 2B 20, Ak (28) BT
V737 (UA) % 5mm 2 53 A5 B oM,
TIINETIVFIT (BA) #2&RE5~9mm OO
5 BB CHREERRIET 5, 5 EBRIX % #%1F 72 (Table 2-1,
Fig. 2-1),

2) RIYHVUA 2000512 H e Tl
ol GRER2). #BICiE, RABATAVWEAL
BRI X DRI EIT, SMELZZAFARZEE L2 5
{LFCcoZHEIE, 8T HEITHTE L 2K TI0H
HEB L7 B O%REE~ LA EFABETH 5D,
TN 3T OBMNERE 22 22K 7 mm DRICHEE
YA XEFHREL, UA DA ZFREET 5 X Ml BA
2ERT7~22mm O FTCOMO 5 B THRIET S 553

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

chapter 1
Lot no. Species Target size began Method of Beginning of Initial density of  [nitial larval size Number of
ot feecizon BA™ fertilization experiment larvae (ind./KL) M?;rg))o;'lr']:.ﬂ replicate
TL™ mm
Expd  Ps. herzensteini 56,789 Natural spawning 18 Jan. 1995 10000 3.3 (0.98) 2
Exp.2 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 |
o
= 5 ]
t
G 4| ]
E
s3I
=3
o5 2 [ I
1 I
EXP. 1 5 6 7 8 9 10
Ps. herzensteini ' ' ' ' '
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 herzemsteint) and
Exp. 2 (Verasper variegates) during rearing period.
M : Brazilian strain Arfemia nauplii, []: Utah strain
Artemia nauplii.

BRIX % #%1J 7> (Table 2-1, Fig. 2-1),
EEE 3G

1) =HLA  SAFARIZ0.5kL OFER) 5 L
v AKAEIZ100002 /KL OBETINAEL, SELZRBL
720 V& 3 X2 R A Y Brachionus plicatilis (7 2 3)
BIXU7 s3I 7 (BA, UA) 2B E LTHW
TAVITEOROEZ,LEESmm £ T3 ~51/
R /mL ZMEFT BB EY 52720 T A T OFIEHRAL
ELTT 279 (200g/kL, BRIY 7 2 v kk.) =H
v, REGRRIRNICEI L 72e T T I 7L, 10~40
JfERD BA & UA % £RBRX O EICHE, 1H2
BT CREE L7 7VF I TIEBA, UAEHK
RIS U C24Am B Ic a2 i L7ze TVTF T
DOFEEWALE LT/NT v 2 A (100g/kL, 1) =¥
Z VR kk.) EHV, BEEO16REERETICERN L 72,
HHEKIZE, F ¥/ 7 aa T YA Nannochloropsis
oculata % B X Z1505 M8 /mL 2% % X5 1 H 2ME
WU 720 fEKIRIZIST 2 HEIZ, FHBBIED 9
CTHOERBOZEKRTT, 1C/HOEETHREL
7o AFHEE & ARSI A BilEK 2R L7z,
B RBEL HHAKREITY, 1 B4 ) ofkEs
7 &Y B 5 ENICIE 2R 050%, TV I TS
HBLLRELZ13100%, 75 R AR DARE 13300 % 1238 L 720
FEHRELAOBEIIME L Lz, FHAOREL
& B ITHEREI L 72,

2) FYHVAL HEOFEMHE, TNTITORE
i tAs, DHAce (150g/kL, 1) = % VEER kk.) %
A/ EBICHEKICEF Y7 7007y 20
L LTHkRAKZ 2L 58K E (Chlorella sp., 7L v
YarZy—v, BIEFA LY Akk) ML E

DAL, =LA LT H B,
FAEHARERORFHER E B

UA %5 BA ~ORREEOE) Y 5 2 Wi 2 e % 7
B, 2~5HITLICKATAEN» SFAERIL, &
BOWEZEITo720 72, UA 25 BA~OREY Y
A AR, ETORBRE A 5 EEHA 1250 ~ 60 DT
FEABIREL, 5 %R~ VT2 HMEE
#®, 0% Ty ) —VIZBLTRE L, 20k, 4
5 (2001) 2ftoT, AF—v C (B0, LFEuifrfh
), A5—Y D (BHEEHNE, FEETAE), A
F— Y E (LRFAE), A57—YF (EERW, FEik
fFall), 25— G (BB, HRBT), A7
— Y H (EEPH, LRSI, A7—-Y 1 (BER
TR o 7TBECKSL, &R0 ET o 72,
T/, BEHETRROHZE LTEBBRXOZE (%
RE) BHIGH %Rk L 720
FAERTHORABRE L HADHER S
ETORPEREZT T LS THEZRTL, &
AR (B90~26302) #10% A< VER TR
BRI L. BARRED Fig. 1-2 (k¥ FLA)
BLUFig. 1-6 (¥H V1) 1> TIEHE, Afk, W
HEBD 3 Z A4 FIHELIHE, %54 7OMBE(S
4 7OBBERE BRE X 100) R B T L ICH L
720 72, BAREIC L B HATICHERST 57
B, AfbaomEEEL Zn-enlE - JLl (1997) ©
HEC LS o CEIFREERR U7z, o2 MR L
7-0%, Tukey-Kramer O E#iFIWEDE % W TH
BoAE2E (P<0.05) #HEL7.

R

ERBLURE, RE
KBERTEHOLEREBITEER, F VA T
15.2 ~ 52.5% B £ U510.8 ~ 14.1mm, F¥H LA Tik
8.8 ~71.3%H%B X U21.5~ 29.1mm & FRERX T &Ik
XL B o2, WAL b BAREBFBREL & oG
RO bNLhol, BE (R FIRETLAT
X20H, RYH VLA TIE2BHE26HTH o0 —F
BENZT GABKT) $5F ol 4T
1230~33H, AT H LA TIEE3~60HMTH o720
RAVA, KYHFLAEDITHEERT HIERBEXIZ
o T—EOEMIRSNE o7 (Table 2-2),
TREFOHRRR

Figure 2-212 8RB X o AfbA, WmE DA, EF
FORBEEL R L. A LA BT 5BLANEE
1~ 3XDH0% 55 6 XD#I40%~ BA FET B
BEEDSEL AW LD s TR Lz, Z OMEmid R
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Table 2-2. Duartion of rearing settlement age, survival rate and
harvested fish size of rearing experiments of Ps. herzensteini and V.
variegatus in chapter II

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 11.5 (1.0)
1-2 33 20 16.1 11.6 (1.3)

2-1 30 20 525 11.6 (1.0)

2-2 30 20 39.6 11.2 (0.7)

31 30 20 14.0 12.0 (1.1)

3-2 33 20 46.7 14.1 (1.8)

4-1 33 20 15.6 12.5 (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 15.4 12.4 (1.1)

Exp. 2

V. variegatus 1-a 60 26 21.7 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 71.3 24.3 (2.5)

4-a 53 26 23.7 254 (2.2)

4-b 53 25 18.7 24.2(2.2)

5-a 53 26 37.6 215 (1.5)

5-b 53 25 34.9 215 (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, B : ambicolorate fish, [I: pseudoalbino fish.
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SHVABELFA/RT, 1XRBLT2RDI00%25
5, 6 XDK15% L EBEMICEL L. MEEBRAD
HIRRL, LA TR0 ~26%, ST ATIEHO
~5.8% LWVt EbH T, £7- BA KHBALARE
W& OMICHEB R ERIZRD Sk o7, EEA
DM, Ak e HoMEZRL, BA Of
FH BRI IR ASE < 2 B i THEm L 72,

Figure 2-31C & BRI BT 5 A LA O TR
BLUOMEMEREE R L. AftAomE==RZ, <
FUATixl, 2, 3X290.5~87.4% & IiZITF U4l
THol2bDOD, 4 XDIRE63.1~43.7% F TR E W
B Lize —F, FYHVAIEL, 2KTI0% TH -7
HOH, 3, 4Xi56.2, 37.0% WA L5, 6XT
119, 145% L %o/ INHRBXBE OB 21T
FoAER, WS b LRMBMEMISHEIIC DRI
7z0
HREFREHOLRERKERXT—

Figure 2-412 & RERX 2B 1T 5 BA HBEHBRIGE O M
FBROEEHEEEZR LIz, F VA, xFL1Ld

Fig. 2-3. The percentage occurrence of pseudoalbino
fish in Exp. 1 (Pseudopleuronectes herzensteini) 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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KZABXIZBIT 5 BABHEBEBROSREIL, 1ZITRE
L7zt BYDEER Lz, T/, BB A AHK
L B BIEERKOIRD IRV - Tz MEDE—F
F#iPE) 1L, <AL A4 T1XD5.0mm (4.5~5.5mm) »
55 X?8.0mm (6.0~11.0mm), KR H LA TIED
6.5mm (6.0~7.0mm) #» 55X ®17.5mm (11.5~
20.0mm) TdH o7,

Table 2-3I2 FHEBRX 2 BT % BA BTG RERGE
REAF— VB ER Lz ¥ VAL TR, 1 KR
F—IC, 2KPAT—V D, 3RHBPAF—T D, E,
ARWAF—VE F, bXPATFT—VE~ITho
7o RYHTVATE, 1EBRAT—VC, 2RPBAT
—JD, E 3XPFAF—IYD~G, 4XBAT—VE
~@G, BXNPAT =V IF~ITho7s

%

BE, &%

LEORBIZBNT, v LA, "I HLATHED
EEBBEHEIA VA TRWTRORRKX H20H 5
%, FYH VA TIE25HHEIER L HBXBOAIZITE A
ERbNGEoT2. ©T A (Seikai et al., 1986) =
aH LA (B, 1988) T, FEMOMAFTREIC L
DREE - BEFELRD, BE, PRI TOHBITKE
SEHT D, AFRICBWTERBREOFIERMEH I
KERENRRD SN Lo/ Lid, BA DG~
HLABIORT T VA OFBEPTROBEIIIRE
REEE RIZTL TV W EHRIEBLTWS (Table
2-2)0 F7, HEBRTHOSERB L UEERRIL, &Y
HUA, =LA LHFA—RBXD 2 KEHCTRE S
HEIRR SN2 UL, THhEOKIEHTHIER
WiEAR, ALAOHRARIIZIZMETHY, SHO
REICBOWTHREB L UARIE, ZRBEOBEIEI
KELBBLTCWEWEEZEZ b5 (Table 2-2, Fig.
2-2)o .
BA D#sE L BILADHIR

Lo AT, WEBLAETVFIT7TOERBICESTH
ILADHMBENEL Y, BA 252 - KoMAIFI3IE
100% FLAICERET B Z L BFER SN TV D (Seikai
et al., 1987a) o F 72, Seikai et al. (1987c) & BA ¥
fHEEZEZ T I XOF 217\, ZRERFBET O
BEAT—VHFALAOMBICKELEREHOZ &
FHLMPIL TV 5,

KEFIZBVWT S, BA OMEEFHLAOHBICE
JIETHEBRIEDOTHETH o2 TVTITOE
A EE L o ol (R AV A &R bmm, &Y
HLA s &R Tmm) 2»5EBE T Tk L TBA



7 LA R BEOTLRBEE L Bk 175

BHZIEA, A LA TIRIEIE0%, YA LAT
FETOADPEILAE L ko7 (Fig. 2-2). 521k
fOBBURIUCIE, BA OB RGN & BE 2Bk
BRD LN, BE»S BA 252 -8BX (w4 L
ATIE1I~3K, F¥YFLATiZl, 2K) TR
HKHPY0~100% & XbDTEHBETH 720X L, Th
DIREIR BEBR IR A DS B N B I L7z s o TRA L 72
(Fig. 2-3)o 2D Z &%, BA W ORENR T LA T
B3R, FYH VLA TIR2RE TR SITRTTOMAI
BED, FnDEEORBR T~ LA, ST A
EHICBA OEEEZT R WTAP-HICEENTL
HIEEFRBELTYS (Figs. 2-1, 2-2)
TRERORER

FIFECOHAY BA OREL 2T/ LELOND
RAVADIEXBLRFI T LAD2KIZBEWT,BA

WREEBRBROEROBAEIZH L £ 288 mm, F¥
HL A H10mm, HLBALREEREIWES AT
— Y ETHh -7 (Fig. 2-4, Table 2-3), —F4, BA®
WL T Do FRAPEITN TS LHE SN
IHLADL4~5X, T HLAD3~5KIZBNT
13 BA BREBBETICIE, LR IEEITKREL,
BEAT—VOEALZFABRETEN T, £72, £
OREGRFRDOILENEL b I2onTAlARBEEI
BT HENDEH 5, FFICAT—VERELEEINT
WMotk Y H L4 OS5 KIZBT A ELA OB
X, BAZ5ZTWHRWHRR EFRLRESEDO LN
o7z (Fig. 2-4, Table 2-3),

DEkoZ s BAOKREIE, =LA TidBsLe
EE8Smm, I F LA TREREEIImm, FomEE D
BEAT—VTCEEFCTHNITA{LHBRICEEL R

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.

11.0
ws [ 1 2
100 | :
o5 |
50 |
85 |
8o |
75 |
720 | ‘

65 | ]

60 | —
55 0 ;-

50
45
40

) EXP.1 Ps. herzenste/'n/

w
o

i B e )

0 0 40 50 80 102 0 20 40 G 0 100

195 |
185 [ 1 | 2
175 [
185 [
155 [
145 [
135 [
125 [

15 |

Total length (mm)

105 [
95 |
35 [
75 L
o

6.5 |ee————
T

N1 L R

EXP. 2 V. variegatus

‘.‘_‘._ .-_rrl._rrr..,.

2
3

0 20 4 8 80 100

wo
N
ot

e Gf LL

(] '|"‘lj‘]"rl"r‘l -

55 L ; s 4

¢ 20 20 &3 80 0T 9 20 40 €0 80 100 9 20 40 §0 30 16D g 20 43 60 a0 00 9 0 40 §0 80 100

Frequency (%)



176

Masato ARITAKI

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 84.2 700 10.0
F 30.0 10.0
G 50.0
H 15.0
[ 15.0
Exp. 2
V. variegatus C 100
D 84 3.3
E 16 20.0 6.5
F 70.0 19.4 8.2
G 6.7 741 18.3
H 47.0
I 26.5

* BA: Artemia nauplii of Brazil strain.

TS, ENLERICERE - BB LATFATIIREL R
WEHIMTE NG, Ihbb, Ml AT —TVF DK
OFETIZ T TRERB ORI T LT\ 5 W RENE
A
FZHEWMETH LA RAHOBILAIEBORET
HHIEEHLNIZLZA, EREERIIBWTELN
72 BA fHIC X 2 FALAINBE OB, BA 250
LABLIORT T LA OERBICH LKE2EEL 52
TWLIZERRBELTWS, $7:, MiEICHL@E L 72 BA
EERED [EHE] THAZEPHELhE o2 A
F—VE, Fif, “HLARKYH LA DERERLLERE
BEORBIKERBEREFFONINTH S LRSI
5
WEEDAT -V F ik, BREHO FEKT»S,
REROBEIHBER £ To LRBIFRTH L. BEX
WOLEIHET T 5 L REBEACSERIEL, BiEo
AR TS 5o T2, HLEDXTHICETLE
WIZE LSBT 5, ShbiEnREsizuEmL, &
IR ORBIDTER SN D, RV H LA T, Wk
ROZBMESLEERORE (FHS, 2001), BREZEL
HELMERORE CBHS, 2001a), HWAMED
8 GRS, 2001b), ZReKkVE > 04BN OF
M5, 200la) FOBEIFERERMOAT YV FICE
F b, INHIZERBIHOFAICBEBVT, T TIIHH
TERER A FEMRRRE DB IR - RIS ToMEL20d
BHIERRBLTWA, %2, &I ATIILRERD
BH AT — VT BA ORSZEIE NI L &R

DA LA R 2 EOMAZ SORa i
5L, L OBRBBIIBVTERER, &ICAT—
VF CERBROBESVE L TOLRESR W EE
Ay (-

EIE FBELEHILIBABEOERER LMFAOK
RBLUHRT

WELTICH LA RAEOERBEY 2 HEM P O
HL, BREOBREETIZOWTHLMZILTE, &
W BHEICHA72 L5 Ch LA HAENE I, &
S ORBREOWNEHE LTI ISR TED
OD, EOFBIIBOTHERBEECHIHLMES o
T&72 INOH VA RABICBTAEREFICHL
T, vaF LA TREBEKLEZEAOMILRIOM
B EhTwh, LA L, fcikaedRmidsn
TESHT, BREFHEOBFIIOVWTEHL ML
ST\, RETE, B, F8FA7—-V0
gt 4 X, ARNEESBRRL TV, AT
4, NIAF LA BHERAE LTV, EREhof
BEREA KB TCHEL, EREEFTOLBICRITTE
WEHLPICTHE LB, FOEROVEDELT
Zr2oNbFAMORE - BE L OBBEZHRE L7,
EHIFNFNOABIIOWTRAALEBTAHORT
RRERE L, TRAEORIABFIZOVTEFO—I
FHSNCTAHEIETEHWE LT
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Table 3-1. Outline of the rearing experiments for Pleuronectidae reared under various water temperatures in

chapter II
Lot no. Species Target Method of Beginning of Initial density of Number of
temperature(°C) fertilization experiment larvae (ind. /KL) replicate
Exp.1  Foeudopleuronsctes 6,9, 12, 15, 18, 21, 24 Natural spawing 8 Mar. 1994 14000 2
erzensteins
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 fertifization 21 Feb. 2000 10000 2
Exp. 6 Microstomus achne 9,12,15,18,21 Natural spawing 21 Mar. 1996 10000 1
HEE T FEARE IR A L 720 7V 5 3 7 DAL DT,

HHRAD LUHRBRROKTE

AU A A BEEICB L T1994F Gl
1), 19954 (RER2) 12, "I AL A1, AEHEE
BB W TI9984E (B 3), 19994 (RBR4), 2000
OGBS 12, AT LA IRAERBEBEELSIZBY
T19964F (GGRER 6) 1 FhZNikBr% 175 72 Table
FHIRT &) KRB RRAL OO ANTREL 2
BRI X DRI Z TV, SMELZFREEREL
770 F77, FRIRLIZEIIZENENS ~TEED
KIRCHE Z17 ) WX 23R 720
[CEE 3a3

SHREINE, BRINEREHIZ 8 ~ 9 CIHHIE L 72K
IREL, A LA TR7HME, S¥F LA TEBEE
8 HR, "AF LA TIXIZHM, »bF TEHEEL
SAbFMAIE, Table 3-SR LTWEIZ 25 L) KU A
—RA A MEMBOSKL AKEANNEL, #FzRGL
720
FHAOHENIZ3AMMED, 74y, TLFIT
BRI, T AV IMFROBIE®ZYS, <HLAE
KUY HLATEEESmm T, "INFTULATEER
13mm ¥, 3MEE /mL RIS L 5L T
LY DO¥ERILO-D, HEBR1, 2TEA—/N—-17F
4 77— (4g/1000/5M#F, e#¥ < kk), REBR3
TIX7 =4 ¥ 79 F I Phaeodactylum spp. (100~150
TR /mL), B4, 5TIRTIAT 2T I v (100g/
kL, RHALFEEE k), #RE6 TET7 277> (200
g/KL, BB Y # 3 ¥ kk.) Z B AE 16K AT L 720
TUFITIE, IH LA TRFAOEED 5mm &
W2 EAS2S, RIVAVATERER Tmm 0L, N
NHVATRYT LY OBMEFRELTHL, ThTh
10~60K k% 1 H 2 B2 CREER T ETH 2
720 TF I TN, LREODDEHV, JRIX

FREE1, 2 TIEA—N—=7 N7 3 7 (10g/100057 R,
b 2l kk.), 3B 3 Tt DHAce (150 g/kL, #
Vv ¥ VBT kk.), BEBR4, STWESIRXTIT I
v (100 g/kL, RMALZEEE kk.), A6 Tid/ 37 v
va— AGB0g/kL, YLy yIVER k) RO
I6RFMI RN RI L 720

T L VAR, B, 2, 6 OfEKIZE,
1H1EF> 2707y X250 /mL 2%k 5
£, B3 ~5 R o®Ks 0L IREE (7
LydarZ)—r, QYA Akk) 21 H%7
D20mL B L7z MBROFIRIZIZ05kw B LT
1.0kw O¥ITAAR Y — % — (HHEBA kk.) £2.2kw
OB EIE (TC-2200E, I—24ERT kk.) ZHw
7o FBERBHO S ~9Tro%kEKETTIX, 1T
/1 AOEETER S FAETE L R I8
WK EHER Lz, KAENCE, SEERBLYDIL6 D
{HMEBOBR - FEKREHL 2. BREIEHEF—EIZ
o 7288, KEEADIFEAKIZ, 1 H%7202E050%20
5, TV X THHEBELIEIL100%, (FRMEEL T
PIREIX300% % B 22 NRRIEM L 720
R ERBDRE

HEEL, 3~6TiE, RF - REICHTLIBE2IT
572 1 TidAbE® D S47HH £ T3 2 HRR,
FhPk6SHH ¢33 HMRT, 33~ 6 TIRIK
HiE LCALEED S 5 HMET, ENEnEELIC
WREOFHBEIRE L2, 0% T Ly 7)) a—)
) T2V —F L EHWCEHEEE L, HRERE
BE o ¥FAaceR il L7,

REEL, 4, 6oV TRWEICHVTHEALE 5
%R V<) CETRIC 2 BEEER, 70% Y /) —
W LTRE L7z 2o oikht, MER TR
AiES (2000, 2001) Ai#E - W (2003) 29Eo TH
FAF—TV XUz, 72, ZFBROEERIEA
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F—V%RERL, ERNEEZDbEfTo7, #NT
NORBXIZBIT 2 BFRFABRFEOERIE, KEOME
MRS A BRI (1I5CRULIT), Hokii (15T),
EAKIR (I5CLLL) o 3HMTEUELER Lz, F
¥EI1Z, Tukey-Kramer ®% E&PHMEEZ H W CH#
MoAESE (P<0.05) #HREL7.

HAaDTERS
ETORVPERLET LA TRBERTL, &
2 10% kA V<) VBT CREE - RFL72. B
AL Fig. 1-2 (A ¥ # 1L A4), Fig. 1-3 (NN H L A),
Fig. 1-6 (AL 4) - TIEHA (#4147 A), H
b (#4147 BB), WHELHE (¥4 7C) IZHH
L7ztk, #5414 7OMBE (¥4 SToMBRBR HE
X 100) & RERIX T & CH M L7z, # YR LaBRE 17
ol LA (HBl1~2) LAy HLA GBS ~
5) K& A4 7ORBEILEL, KRS K HELHE
HWCHERR S % 7200, Wi KRS &I, #EI1E 5 8 (9
~10C, 12T, 14~57T, 16~18C, 21TC) 2 & ®,
W - bl (1997) O FFEC L7zdSo THIERRERE L
720 SRR L/z0b, Tukey-Kramer D& H
HPEMEEZHOTHENOAEES (P<0.05) 2HREL
fud

YHLARAMEADEET ERE

XA VA DORKIFBIZBITARF - BEL SMLEH
BoBire e 5 BT, FAROWMEEBIZE L 72,
19944F 4 A23H ~ 6 B17HICHE RS/, Kigs5~
70m TSN RAMA0RB Z M L L, AhDh
LARMOBA ZI) L R 3 VBiEcuiis,
w7400 s (Vv b—=8 1~9 um) THE
L, 0.13% EDTA B T30 v 5> ZLslfg, &
WISERER T ORI L 720 BTEUE 3 HIATV, 2O FIfHE
EERERE L7z,

FER
BREOBE
D <AL A BB X OHER 2 KT RO

id, 0~834%EHFBXICL o TRELEL 7275,
AR e U CRBREKRIBROM M T L %o 7ze H1221T
D 17kNE & 24C 0 2 KR, BEREP e TofE
M LA (Fig. 3-1),
HERTOREBBIIRBRLICBVWTOABKE L
72o BAZARRIZTFIE 2R3 .0mm CTh o 72 »bFAid, &
TOMAPEFR LR TR, FHER10.0~
123mm FTHRE L7, fFHE, ALEEETOH
ik, FEKERO LA L EBIEL otz BEET
HECEHEBX D) bHABTWHHIRETH 7201
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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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WAL BB Iz oNCERENT: (Fig. 3-2)
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Fig. 3-3. Growth of the spotted halibut Verasper
variegatus reared at 5 different temperatures.
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Fig. 3-4. Growth of the slime flounder Microstomus

achne reared at 5 different temperatures.
<& 9T, 012, A 15C, O18C, + 21T.
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BN TR EIMMEE S W (Fig. 3-3), Fek
20mm % RE 2O L BHUZ, KR 9 ~10T T80
~[TiH, 12C76~7H, 14~16%; ¢50~568H, 18~
21°C CA0H T & BAKIIZ &R A o7z 72, FFK
TET, HHEHERET F CTIRELHKI2ITHRD

H43H, 9CTHROBELCBHTH 272,
3) AINTLA REBE TROERRE, REEV

18CTH10.6% & &ML o 72hs, FIZ2IT T
3.6% & RARDfEE 7R L7z (Fig. 3-1)o 9 ~18C TidKk
o LA L FRICHEDORESBIZE SN2, —75, 21T

Fig. 3-5. Relationships between rearing temperatures
and frequency occurrences of Type A (normal), Types
B and B’ (pseudoalbino), and Type C (ambicolorate)
juveniles in the laboratory-reared brown sole
Pseudopleuronectes herzensteini juveniles. Means with
different letters (a, b, c¢) show significant difference at
0.05 level within each stage (Tukey s multiple
comparison test).
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TIFF25H B LA, 18C & ) b HIT/h S Hh o 72 (Fig.
34, ETOHAPERERETITAEITICELLEE
X, RETCHI0H, REMFITHIIHTH o720
FREREBOHBRKRK

) ~FLA FERBR2ICIBIIL%Y 4 TOHB
L, ZIEEkOMEBEZR L (Fig. 3-5)0 72, [
—IKIR T 2 KM %2 3 L 7RRBR 1 Tid, KR Tid e
A ERED R h o lze IEHHO MBI U TR ZR
L, JKiRDs9 ~12CTH20% & | bR =Y, EDH
“TEL kol ZOMAIEREVIKIETHE ICHN,
HER 1 D21TC TIX73.8% L wmEE R L7 —HHAL
ABOWBFEL, EFALEIEHOEmEZRLZ, 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, c¢) show
significant difference at 0.05 level within each stage
(Tukey' s multiple comparison test).

A TFxp. 3, @ : Exp. 4, O Exp. 5.
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F 0 FAFEKIEA 9 ~12C THIB80% LI d <, T O
BRI RELTHRRP R P2 B2 2 L2 W
HEAIZERICHBRRMEL, CORBRKIZBNT
D2% LT TH 72’ 21CTRRRE L % MR
Shize K5 4 7ORBRIZOWTKIRHE DL EILEK
AT o oA R, LECMBUEARTAYIC MRS S .

2) RYHVA %5 A THBEROKIRIZ X B
B ERR3I~5 2@ L CTEIETEKTH o2
(Fig. 3-6)0 IEWHAOMIIRIIAKEA 9 CTULA T
50% Td» - 7223, 18T Tid#980% & e b ¥ < 72 o 7218,
FNUEOWRBEFTIHET L, 21T Ti320% itk & 7%
5720 FLADHIEFEIZIZT TH0% E REHEZ 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.
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7278, 9T R2ICOMMEIZZENZENH20%, 0% &
TAY, = LAFER Bk F—2BlzE L7,
WA GAO MBI, AhA L3 U FEReR
L, 21CHEBTH0-85% L Bz R L7ze N —7
WL B Z AT - 7ok R, RRd B SIS
bR EI NI,

3) NNTVLA EEAORIRIIKEIMEL %5

ZERE L, 9T THE0% &z R L7z, BILAD
HEBRE SRR - 7225, KiR12~15C TH20%
¥ =27 &R L7z, MEABAOHHERIIETHE 4
CHEOMMEZRL, KiE21CTHIO% L bR %o
7z (Fig. 3-7)o
RERBEOET

BEEBOETII AU A TIZRARL, s3I 1A

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 21T, B:18C, [1:15C, N: 12T, {:9C, I6T.
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.

EXP. 4
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TR 4, "NF LA TERER 6 1200w T O AKE
AT o7,

1) =#HLA4 BHOBXURBEEXORET AL AT
—VC, DETIE, EREBEBOETIZICTERWT
KELERIZIBD SN D o7 (Fig. 3-8)0 #NLIE
DATF— T TRKBOBAX TR 2D, FRITKIEI2

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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M. achne

CULOBREBEX THETH - 720

F7, REEICRE RE SR 2B (A7 —
Y G~D) FTOFHMBEKIL, 6T TiE59~67H
18°C TI1k21~28H & KA D L FIC X o THEMILL 2
(Fig. 3-9)o L2°L, 21CTIRIBC L ) T b hiE
{polz, BERIEZEROY (A7—-VG6) HEo
A, FOHOEREIBRKETOTPIAS oz
(Fig. 3-10) o & EDFHMEIX, 9.76mm (9.13~10.14mm)
THolzo

2 RIYHFLA4 AF—VCEIOY) FToRE
BREDEATIZIE, KBEXMOZERIBED SN o7
(Fig. 3-8)o L2*L, TNUKEDO AT — I TIIHEK
BOBWREBRKIZERICHEERIETET TS
D, $IZISCULORBX CHE CTH -7z, ZREMIC
B b BIREEME (A7 —Y G~ 1) OFHHE B,
9°CTI379~95H, 18C Ti334~50H & KifD LA &
FLcR L oz, LA L, 21T TRISTCIZHARTRR
ENERERMAM0H, BREET ETI2HELRD, £
B AZ D TEL o Tz (Fig. 3-9), HEIR
< AU A FREROY (AF—YG) THE 7205
ZOBOLEEIIBEKEIEFE/NSVETSERD SN
(Fig. 3-10)o & & © F ¥ MHE &, 13.45mm (12.12~
14.56mm) T&H o720

3) ANHFLA AF—Y B (BN FTORTE

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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FEOETIZE, KEREOZERIED LML o7,
oL, TRUED R F— Y TIIAKROBVRERX T
B, BIIBCULoRBX cCHETH -7z (Fig.
3-8)o EREMNCH 722 ZREBM (27— YV F~H)
FIHMBE AL, 9T TId59~83H, 18T Tik33~59H
EKIRD RH- LR L o7 (Fig. 3-9). X7z, 21
CTI343~63H %Y, 18C & 0 bR lENl, HIE
i, T, FTHT ALV BCERRH (X7 —
VG WWHEoA, FOBROEEZIEYHT LA Rk
YHVADLHITKIRIZ X HEBIEERD SNG oz
(Fig. 3-10), RO HEIE, 22.5mm (21.84~24.38
mm) CTdh o7

VHL A XRAMADE AR

B L RAFEAOMEL Table 3-212, &R L FH
AP OBERE Fig. 3-111TR L2,
HEEBEBIIERET £ X0k & b2 T
L, £810mm CTiH20ETH - 72d 0934 E20mm
T304, 30mm TIXS0RAHR & o720 T2, WAL
e EROBMBRRIE Y=1.6616X+0.515 (Y= Tk,
X=2k) OHFERTRTIENTRTH-7, &
DRPSEES, 10, 20, 30mm 2B ATk,
8.8, 17.1, 33.7, 50.48RTH b L #E I NIz

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

Collection date  Depth L™ BL*
(m) (mm) (mm)
23 Apr. 1994 20 10.7 9.5
17 May 1994 38 13.5 11.9
17 May 1994 38 11.2 101
18 May 1994 40 16.1 14.9
20 May 1994 35 29.4 27.0
20 May 1994 35 29.4 25.8
20 May 1994 35 14.8 13.5
20 May 1994 35 15.0 12.7
20 May 1994 35 12.0 11.1
20 May 1994 35 18.7 15.4
20 May 1994 35 12.0 10.7
20 May 1994 35 21.0 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.
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FEROBRREE L KE

ZiRBYOREL L UORER, BT LKRICKE
CHBEENDZ LA (Chamber and Leggett,
1987; Chamber and Leggett, 1992; By, 1993) °H
B (Jk b, 1988 ; wWiPE, 1988), #kfA#H (Hamasaki
and Morioka, 2002) THLPIZENT WS, B4
LI AR LA TRERBT b, 9 A #13,
16, 19CCTHE L7-E, £FE20mm ¥ CoOEED K
BLUORFERELZEET 208 BRI KESEWGT
HL, BRI O AR ERIKENBVHTRE
Vv (Seikai et al., 1986), E 72, v aH L A 2 FGKE
10, 14, 18CTHE LBATDH, KEVHEL 2513
ERFOEITHIHEL, HEREEIXL4, 18CH10CTK
DISEBELTLHMEE oz (D, 1988), SH<H
VA, "I HVA, ST LA D 3FEEHWTKIE
DEFRBRET - 72/ R KEBLURBTRIETEOM
REFBRICEKRCTRE, FOKRTERT S &0
a7/ (Figs. 3-2~3-4, 3-8, 3-9), Pl I &Hh
5, RS THHRE L2 LABAEIEICIONTH
KIBIZ & o THRE, BEFRE(EEIRLZ LW
L Th b,
KEEEREEOBE

AIFZETIE, WRE L 3ABE T CHLA LM
FaAOMEARL FAFKEE OWIC—EOEAHRD
bz, Thbh, A{bARETOAEMIRTHESL
TR ET AN, WHAGAITEToOMME)18~21T
FREAEBEL T2 USSR E Lo THET A LS
e (A

SO, TO@EMEITLLERIFTLAIIIBNT
WHE (R 2R 2 BLIUHER3 ~5) TiEITdt
BLTRONTWDZ A, FUEDE—KEX

Fig. 3-11. Relationships between the total length and
number of rings at sazitta of the wild brown sole
Pleuronectes herzensuteini juveniles.
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O 2KEHTIIFL L 2EmIME SN T B0, B
BEL B EHE IS (Figs. 3-5~ 7)o

PDElozZ &ns, Ril3AETCIIAETKEIERR
HOMBFHEICKERBEEPRITTILEHLNTD
Bo K& AREFEMIOMMMIL, ~a sV 1 (BB
4, 1088) THMEEINTHBY, BEAHICEL RS
LHETHALMEENE V. £ 1ETH LA FAEHD
ERAEFTE, ERUCERATLIELGAHEMORE TS
BUREME & 450 L 722, RFEERTH O R R, K
RAE R OWMM oML F % g T 20 ER O —
DTHALIEEBEIRBLTNS,

HE -BEONT U AEETREETOER

AEIC_7z k9 1s, R L2 3 RMOZRE
BOBBIKRICL > TEESNS, T/, SEKE
BREBTRPREICODRELEELE5 252 Lh 0, £l
BOBEIBRERRE, L0VbIFZEONT Ly ALLE
BICBRT L R ESND,

RAVAERYHT VAL TR, E@TOEEIEETS
FCHETEX7-RBOEREIL 9T R21T R EDKE
TIEL, 12~15CClRBWEN AR L7z £72, TF
BB ERFROEMEOMBRII~ IV A TIE21TC, &
VHVATIRIB~I8C TR EBL kol —F, Kk
WRIZ BT T LA BIOKRY LA OfF#IE, B
Bl 8 ~10TCHIBOEARF CANET % LGN
TBY (BxkbH, 1991 9H, 1933), MAM L £
PIEFE I TbN 5 8EEAKRE ERBKRIIEKE 2 F
¥y TIHRELTHD,

BARFHOERIIARE, BEICELVWELIEL 2R
BHTHY BIRS, 1979 &3, 1985 HH, 1997),
MPRBEOEITZBIRTHHEICIRERBEL
%o RABTIE, MEKEFEZEHORETICRITTE
BEERMOA 57— GERRBN), A7 —Y (&
Bl 27—V 1 (ZBRETH) OFHHIEH CIuE
L7z (Fig. 3-9)o €ORE, v T VA BLOET L
A TIEFHANEZ BT 518T £21T, 15T 18T T
BEBHREBBLRAMKTH Y, BiHI$20~280,
BEIEMA~HICHEOY -7 2R L Twa, LA L,
RYH VA TREKBDOACTTHET H L, ZRERK
HA0H R L 15T RISTIZHRTRREN, T-THE
ST EFCOHMMIIEDLOTEL BoTi, —7, M
Fli L b ERAKED 6 TR 9C TIIEREMIF A5 1LH#54H
PHETHRBLUTIHLEHBHEELLEEL, »oE
B L7200 AT LA TIEING 2MEIZRLY, IE
FRITITTRDL CHI L0, EEMIZ68~83H
ERDBEL, POBL o TW, KiREERBEOR

BLoBfr SRMETHRT L, &ToOAETHIL
ABLUHAEALAOBRBEOY - 2713, B PKIE
#H, BREVRAKERECTHLTY0IIHL, EFA
OB =27 2R BREFAFICL > TE R > T
Too I LICEROBY 7 43I V7R REREN
FHETHEEZDLE, FNEFNOFETHEEOMTHHE
TEDL, FLREBTEL0ICIEEAORBEIBA L
7=Dhd L\,
KRB ELAFTAOHRREE CERREOHA

3 Tid Pannella (1971) BEEICHERZ2H 72
WRAd B 2 & RS L TR, A1k H oM E S,
MERAEREHO—FRE LTHH SN, BHRETH
Starry flounder Platichthys stellatus (Campana et al.,
1984) *° Dover sole Microstomus Pacificus (Toole et
al., 1993), &5 A (@i, 2002) S CHMAPERIN
TWwh, BRI O BB A X - T
BRPEH LD, BRASMEERY SR - BAGRREE
TIZETT S L DOH%Z v (Brothers, 1976 ; Tsuji and
Aoyama, 1982; Tsuji and Aoyama, 1984)

< AL A EKER30m iR OKEF CTERL, €0%
BT A ARI0mm T THA I EIREBINTVS
(CE#E - S, 1994, ABFFETIX, vV A d&E
BELZFImm, ROBEIEIZIZFEFIZEELZHD 2.
L, RARBETRES NV A#A (107~
29.4mm) PoHELNER -FEAWMMOBEHRNE D
LICEERBY A XA THLHER Imm O EER
TBHERMISRE 2D, TV A OEEHMERRIZZFD
EREBIZOWTIREN R, HERRE—HOIRK
BRI O WCTIEARATH 525, < H LA OE—wER
BIGZBORLIET 5 L, FARMBICHIOETo
BEEMEL-EPSMEBEHEEHEESE NS, FTER
BRI BIF 5~ F LA A BRI OKIEIZI0C T4 &
wEENTWBEIERrE (Bkb, 191), SHHEF L
79OCOBROFE COLEHBAIBEMET S L, ki
HIT7-EEImm V4 A0 5MMEEHEIEIOHCTHD &
HEshb, ZORTHEL EFAOHBEEIRD
Bl 2 518CR2 CROFHERHEG (21~23H) 12
B L7z (Fig. 3-9)0

P (1933) &, [TV AP LE R TERE
MICEET LI EEZHLPIZL TS, SRIORE
TERYATAVARAT -V G @FE13.5mm 5 THIEK
L7zo Jh— 6 NIRRT HRE SN B IKESE (I
£14.7mm) DX ¥ H VU AFROF AR % L
L, 20RFI#CE L ffifi Lize RV TLAIB
5 BRI O F— R FE L ~ 0L A Bk

U Jy—4E A, Subiyanto, WEAM, FHEE AMFRODIIEERICBITERY F L AFHAOMBL. PR 3 FEBRKEZSKIARHEESE,

P36 (1991).
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LR & AR L7358, AR oA K akiisi TR
HIFMOKIRIX STHHBRTH S Z &5 (W, 1933),
RO 9 CE ORI Ecoa% (108) #MET 3
L, RARBHTIEHIVHTERL WA L#EEENS,
COMEHED <AL AL EEAOLBENY —
7% AI5CRISCRICBIILEERIBEAT Y GO
B EEO34~36H M L7 (Fig. 3-9o

—F, IAVABLOFR YT A & RREBOER
KiBIZEWOCTHE LA, FK A7V 6)
£ CIZHIE THILHE4ATH, BECTHOHEZEL TV 5,
Bit, mfs dRAAIMEALD SRE - BEVE
LLEFTHHEEZONS, CDE)BHRRALH
BROEEREOEE~ S 4 (Hh, 1986) ru¥
A4 Acanthopagrus schlegeli, ~% 4 Sparus sarba (K
T, 1993), v X (HiH, 2002) CHEEINLTBE
H, WFhd KBRAPHEEMR L LS,

INNNH VLA, SEHOBMBTYTLARE TS
ERLDFEF - WEOBEE & AEKIRIT EEE
BOMBFENEL hole NNT LA BIXERERT
WA AH320~80mm & B L A BHAFHOF TIEEhbd T
K& (H#E - Hh, 2003), F 72 Microstomus pacificus
DEIZ VL EOGFEETE L2 RLTEDH B Z L5
LT A (Markle et al., 1992; Toole et al., 1993) 6
ENFRETHERIRZI LA T -V F OFBHERI,
22.5mm & H VLA RF Y H L AIWCHRTELIKRE
Pole iz, AMEITNHRCERTAIIFT AR X
RAVA, "IV A L) D RMOBEATE AL
BUEDPHE LFRAOBEIORIBEEINTVS (B
HE - HF, 2003)0 PAEDZ Ei&, NSANF LA TS
E TOHEPEWIT EEER O BBISHEIM U 72 AH8F
FORRED, RIRTOFERFHE —B L T 5 EeME:
ZEBESEE, UL, BELRELINT LA O
BPRRBERTRIZLALREINTES T, WA
WEHIEHL ISR TV,

KEFGEEDORERD LA L A BB TIE, BEORE -
B BRAFEORBUCEIE I LI —EDHEROH %
ZEAEN S, RoLAmMIIZ B 5 FIREL, &
R DR EICREEREIEE LTI REME: S b

BRI L Dk 185

Nbo SRIZEBROBEVREENIREETNS 4 3
YIRENED L RNVE VO ERRICEE Y S
ERTIZOWTOMET 2 LERDHA .

BEA4E KEZEATHBLADLABEEILEITS
HIRIRFRIVE > DEIRE

N
R

PR

BT, SEKRICL > TEHTAFMORE
BDH VA BBBETROLEAEBRSILICKE 2
L2 ATREERE L. IS AHBSMLIZE
RRIZHEBIT 2205, BRITFRIRAILE VI L o THIH
ENTVLILVERLEYHTHLMIIEINTE
D, BAETIEe I A (Inuetal., 1994) TFOEMGR
PHRESNTn5d,

KETRERIY VLA BIORT LA 2B4 RAKRT
BEL, ZRINCET2HIRBAIVE Y OB E% BI5E
T5HEEDZIEEASLEREFAOMBLRR & OBE
R L7,

i

I K

M EFE

HilEd L UHRE DH%E

AL AF19964F I HRIGREB BFERICB VT
BYAVAFIEICRIEHHER BV, #h?
NEEEIT o0 BB, "V F LA BHEORE4 T
FEOBIZY TN EBb DTH S, Table 4-112R
FTEIEIHLA, FYHALAEBITHE2ACTET
SEROKEBEZERE L. /2, WAL S RKREAH,
LOBREINT LY ZHEIPEHC, HMEL7FMEE
AL7.
Ch=E 353

HEOWE% Table 4-1I12R L720 ~H LA O
GEE G RIS MMLECOBHE, FHAKES X
DA FE, R 2 888RE, RROFE,
FEK, BR - HKE, AR T ORES) e
BORBR 2 I2H# U,
EXDFES LUCRRRKRIVE S ORE

RFVA, RV HF VA LBIZBBEAT -V E~T(H

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
Poeudopleurcnectes 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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5, 2001) CTEMA~TRIBI o7z, SMHARLLE B
HEH200~300g) #FLOTCIH7IvelL, 3%
VI N 0% -80C THMRAFE L 7zo AFHER O
OHFRBEANVEY (FaFP Y T4BLU353 - b
Ja—RKFo=r:T3) REDOHAEL Tagawa and
Hirano (1989) Zfto7ze KIRIC L 5 T4B LU T3D
i M~ OB TSR T %729,
KZHRBX OREEY F N 2N Tukey-Kramer D% &
HEREEREHWTEEREE (P<0.05) ZiE L7,

BRICE LI (SR % SKE-ECligd
L, A7 —T G (ERERE) L AT—YTRKT)
DN B L7225 b O 8UE Ridk U 7zo SRBRAE TR
i, @ TCO/REIMYHF, Fig. 1-2 (k¥ AL A) B
LU Fig. 1-6 (7L A) 2o TIEHA, BHLA,
WA BEILY 4 75T %2772

an
Jm

B

ZREMIRNG, SE RS LR H1I20NTIY R,
PR g ofz (Fig. 4-1)0 RIS H LA TR21TH
23~29H (6 HR) 205 9CD54~78H (24HHM), 7+
VAL A TIE21CH3B~40H (1I5HME) 25 9T D70
~05H (40HM) &7 o7ze ZREORMGIZIE 2HHET
FRE R RDP o720, KB T ETOYMIEAR Y
LA TRWMARDERD N7z,

DR

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

< HVACBISIEE, Ak MEE®E&Y 170
MEEIE, HEEORRL, 2 (Fig. 3-5) XKD
%R L7z FEAIEKIRIZTC, EFAIE21C TR
Bl L % o 7275, WA GAITERICHBEIMEr -
7> (Fig. 4-2),

RYH VA TCIRIEFEANIC, BLADN2T, WH
HEm21CEBTREMEEZR L7 (Fig. 4-2)0
TREHAIC BT 2 RRBRA IV E L OBRE

1) <AbA ARERFO TAREE, KRS XD R
T o 2B E R L7z FAKMRIC BT 5 5l TAREIZK
BABWVE SR CEHRDERH D), KiRITTES
L#%60H, 18T HB L U21TCTTIF27TH E29H TH » 72
(Fig. 4-3)c —, &HKREMICBIT 5 T4RE OKE{E
I, 21°C T16.1ng/g bodyweight (BW), 18C ¢30.8ng/
¢ BW, 15C ¢36.1ng/g BW, 12°C T40.6ng/g BW B
X 189 °CT36.0ng/g BW & BEKIRIZ EEWEHM A H
Slce ZEIBEAT - I2HR, 12CL2ICHERER
TREDTRD b7z,

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 T3E THI R TERVIRE THER L 72
HY, TAFRARR IR VKR &R W ER D0 b1
7z (Fig. 4-3)o #FKIRICBIT 5 T3IOREEFZNE
., 21C 5.0 ng/g BW (5 {b#29H), 18C T3.8 ng/
g BW (24H), 15C 5.7 ng/g BW (35H), 12CTl.4
ng/g BW (43H), 9 T2.0 ng/g BW (78H) T®»
0, KIBOBE T3ORERE O MIZIEHE S 5% Btk
BRWER Do, £72, FRENOMEOBIZITH
BLRERRDLNE o T,

—75, TADBEE L RBFAT— Y O#ITICO WL %
A D SN, REHEFVTOKBIZBNTS A
F— YT (ZBROM), $2E3A7—YG6 (EEHRE)
IZREsE s 7z (Fig. 4-4) . T3 THIIAREWRET
L, BEEOBBIZIE—E0MER[ILED 5k d
272,

2) RYAVLA RHEREFO THARER, v LA L
FRELS, AR X ) B o 2 ZB 2R L7z, £KIRIZ
B D TAO KR BIRERKEIBWIZERE CHN L 1E
mAsdh b, K 9T Tl sL®79H, 18CH XL U21T
TIE37H £ 39H THh o 72 (Fig. 4-5)0 —H, &KIRIZ

Fig. 4-3. Changes in thyroxine (T4) and 3,5,3’
-triiodothyronine (T3) concentrations in tissue during
metamorphic phase of brown sole
Pseudopleuronectes herzensteini reared at different
temperatures. Maximum Ts 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 3,53
-triiodothyronine (Ts) concentrations in tissue based
on developmental stages in brown sole
Pseudopleuronectes herzensteini reared at different
temperatures. Maximum Ti level at 12C was
significantly higher than that at 21C (P<0.05).
Vertical lines represent mean * standard errors of
three pooled samples.
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Fig. 4-5. Changes in thyroxine (T4 and 3,5,3’
-triiodothyronine (Ts) concentrations in tissue during
metamorphic phase of spotted halibut Verasper
variegatus reared at different temperatures.
Maximum Tu 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. 4-6. 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 T4 level at 12C was significantly higher
than that at 21C (P<0.05). Vertical lines represent
mean * standard errors of three pooled samples.
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BIT5 T4REOREMEILX, £h#h, 21T T2.3ng/g
BW, 18CC¢5.7ng/g BW, 15C ©10.0ng/g BW, 12T
T13.2ng/g BW, BL U*9 T T15.9ng/g BW & &k
MIE R D o720 LEEBEIT- 2R, 9
CLAICOMTHERENRD NI,

AR O T3 TSR TRV IEE THR L 72
B, FOY—ZEEWKIRIZERWEm2R S iz,
TIREORBEMEIZZNZFN, 21CT2.7 ng/g BW (b
1b#%32H), 18C 2.4 ng/g BW (31H), 15C 1.7 ng/
g BW (37H), 12C 2.1 ng/g BW (66H), 9T T
2.2ng/g BW (7T9H) & oiz, #NENOMEDOREIZIX
ERLREGRD SN h oz,

XA VA ERBRIC, TAREOWEE FEE AT — VI
S PR EImFRO 6N, wEEIZISC (AF—Y
I:ZREETH) #BVWTAF—Y H (BRI 26
AEN/z (Fig. 4-6)o T31E TAIZ AW EE TR
L, OREMEOMIDL —EOMEINIEAD bk o
72

ZE

BB THHB2A, 7 LA FAHOEEREIRY

RIS X 7 (Figs. 3-8, 3-9)0 A HDERERIC
BOWTH, vH LA ERV LA OERBIIZE VKR
FERICRO SNz, F72, WEEE DRI
WKIRTIEE LS, BWRIRTHED, 5 72,

RHLABLORYTVAIZB 88T O T4
i, KEFEVIZEREORBMEIIK, R
HE LA 20 L) REKREBENTHEEOES)
R B3I e 5 # (Tanangonan ef al., 1989) T
LBRINTBY, < VLARKRI AT UA B T4
WEOREMEZERIIEVWKRIEZERLESATY
o UL, B L72KIENIST E2CTHOATH 72
7200y, THEEOREMEICIIKEM THEE L ZIZRD
BTV,

HIRBRANVE Vi 5 A (Inui and Miwa, 1985) %
summer flounder (Schreiber and Specker, 1998) D %5
BEfl L Cnd 2 EPHME SN TV LKW TIE,
HUKRTHELZIZO 22D ET, T LA FY
AL ALY DRI ADECHETERRNET Lz,
$72, T4DO®BBHEIZ T L A Tld3L#827~60H 127,
N7z L, RYH LA TIE37T~798 & &TDHK
BIZBOWTEPo2. TOLHIC, WHEICBWTERE
R & T4RE ORSEMEO MBI IZEE b N,
RAVLAERYHFLAIZBTHFIRBEA L E Y HZE
TEARIE LT AT RENEANR < R S 7z,

WIENOKRTH TAREEOREMEIZY LA T
BRGNP, R ATld, BRI LL
W THICRD N, 72, ZOMHIZ~ T LA Tl
16~40ng/g BW THo7=DIZH LA T AL A TlX 2
~16ng/g BW L2072 —TF, €T AT
BAholKRTHELTS THEREORBHIIE RS
THIZRDLN, BLZFIS5 ng/gBW EHRTHTLAD
T4EE L1312 UTH o 72 (Tanangonan et al., 1989;
Tagawa et al., 1990) o ¥ F L 4134 L A RO T
BN E210mm LT D% 4 AT, KiE25~40m & %
R SHENIKIBICB W CEET 5 (i - B,
1994), ZHIZHL, KT AL AR T AT HEE
LT BRBE AR, E L, FEY A4 XS 15mm §)
eV A LD RE W (NH, 1933 54k, 1980 ;
M, 1982), EMAFHOLEREIL, BFEGREETA AL
HEGREIE R R ER LB b o TEB D (Minami and
Tanaka, 1992), ZREIZHEL M52 KRB A VE ¥
OEED NS ERRN R & B LT 5 i REME A

B LA BHEBEICBIT AR WA B FEL, RN
OELETHPALORE, b bLERORETHL T
& RIBITIRARTZAS, EREZ D S OHPH IR ANV E V12
FoTHMESNTWELLLE, ZhEOBIBIZLFF L
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EVHHELTWE ETFHENL, REORBRIZEY
TIHVABIOERY AL A O THEEOREMEIE, K
WO AL ESICRLSFD SN, WMEOMEAGBLD
HBES KB THEMLZ, =0, <L esy
LA DOPLADE B 212°C T, T4RE I
DKIEE D DBEEMER L7z, AHIETIE, MEHR
DEFERABRBICEVERL LT, EFEIEZH
Bes, QIbIERAERINES S EHR L2, 4,
HKIED T3OEREIE 2 AL D EFRITE LT
R L, KL OERPHECho /225, T4IMME
& D EIKIIE ERAMEHMK < % 22RO b Tz,

E 7z, MO T4ARE XTRAORE T THE
WEB LY, BRREERHCED SN, FIRER
RNVECH, AFRAOEREOBEOTEICHES LT
WhHETHE, BEPHEABOMBEIRIL, ho
HMBAORED LI, ¥—2 0Btk s B
TV AR B VW,

ESE MEEE . LERTEOMKERROEFE

ZHETIIAMZETIE, 7 LA BHEOEREE D,
BRI LEATHBSLDRETHH I L, BX

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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CZFOPRERASEREMICHAET 2 Z L2 HOLMC
L7ze 72, FRZREEEOREAPTAMORETLH
RERRVE Y OBIREICRCED Y, OMICER O3
BFRELEL2oBECTRE L-BEERTL L
B 72 22T, ThITCOBRTHREMICEDE
LD, W UARABEIIBIAEBREEOHRERED
BBETEO—WIZOVTERT b,
HUAIHAEICH T 2 TREBERHEOR

H LA FAFOLRERICH L CREBIUE -8
WCBWTHESL L7245, Fig. SICBIRISSE D & Fh 2 4f
WCHEBTHEF LY LA RREIEICB I AR
HHROMEEL F Lo/ @DHARRFEEH S, 1983-
1990) o AV H LA LT AT T2T%H L UB0% & iR
FRWERBREOMEEL R L2DAE, wiFhd5s0
%RULETHoto TLRPLHALPR LI, 80%L
FoEDLOTHEVWEREEOMBFELRTMEIEEE
HOTW, ZOX) A LA RO ERERIL,
TEW AR OEREZHORERERE 2> TEY,
FEI0HD 9 B R IAEECHEMARSITbIL TS
DIZ=Y AT DR TH S (D HARFRMER S, 2003)
F 72, BIEF TloeE O A R TR R &
LTHY EWFohis LARMBEIIETH S (PE
Zi), L2L, PRIAFEEIZISEIIBAILTEY
OKEER - (6HH ARBREWER 2, 2003), £O5ETE
ALLERAFOLRISHBRELMEE LTHREFS
Nt Cwa (eigil, HFRE, 578 BRE &
BIR, TR CKHBUF, 2003),
KRFgec=H LA, "I HTLA, SAFLALEER
ZFREEREOKEBTHAE LR, KRIEOIEEA
LHALMA, MHEAROEBI Y — I L ITRE
S HEpBIEEWSPIZLE (Figs. 3-5~3-7). %
12, BELEIIVARBYCTINTIT /=7
ADRIGH LB FEARBEROMMIER T Lz
L TWEY, ZOBALRET - MEORENTD
SNTWD (BH#ES,1996), T X CldHE UK TH
B2froTh, FEROBERCHEDKRMIC L ZHED
BHEDS S - 7B A I LA OB 5 2 &3k
HENTWDE (BE,1992), Dol LiZREEHIIS
TAEFAPLEEREADHIAIKEOEZRZDODLD
T %L, KROERIZHELIAFAMOREDERE
CRESHEBINL ZLRHOTRBL TS,
L, IHVAERYH LA TRHL—EDEEF
THRBAESELITE, —H ST LA TIEBES
HHEFEEFANELHIL, /2, EEAZHBE
SR DRE OBEIX KR CEAMEIRTRE RE
WET B SRS N, — T, TABORE LAt
LWEABEOLRBETEIIE, AEBSED/NY —

B

VAR L. ThbbMEATMAR 3AMETTR
KA L VEESRVEAIL, ALAII TV EhY
HUATIEIRRALDVEEINBVEEIZ, AT A
TRIEFALWEACADS BT 5 hHORRER
BT, FhEMHHEOE -7 3RO LN, v aH L
A THMEHABAEFANS BETL I bHE
IR, WICEHLAIRV KR TE S HBT A 2 &8
BSPzERTn5S (BES, 1988).

POzt oiERTsE, MEaARAORIENS
WHAIZIOKIBIR MBS I L D R 2 E], Sic e b
B VIHEIIIARIC X Y R HPERELIH (N
HLA4) HrFE (xFLA, waFL4, k¥
FL4) $HIEILY, 00 VA RAEHOERE
BELRTHIENTMETHS H. —F, COMmfH
IZBWTH EFADRINES b o T2 EREZRIK
BOREREL L OGEMLA, BIH, & LA RAEED
TRENZHRT 5720123, NEEORKTOWH
AR, HRICERE T TOMMAZIEMICIERL, ZhICHE
UCHBTZTI I EPRIEEL LA ), ThETD
MRS BREEOLREY A X ERT CoOMMICE—
EOEADEDSNL, — I, WEEBETIIYA
RFRELLFER LBV, WITRREBFETIEIYA X
AR, BB LM E v (Minami and
Tanaka, 1992)e - T, RRBMTERE L O
PSS NTWEWS LA FHEEZMAE T 554
&, MAERIEKRFICL VRETBESLIET, o
REBMIEESEL I ETENFNEREFOHE
ZRRTXLWENNS L LEZ LN S,

B LA R SN BEBREEE, A THRo/z
AL AREEOERREEOMICY 7 Oncorhynchus
keta o=V A O. mykiss, 24 Cyprinus carpio,
v ¥ g Clenopharyngodon idellus (FrA, 1991), 7
Plecoglossus altivelis (B, 1974774, 1991), =3
v Clupea pallasis QLA, 2001) <514 (fBIH, 1977;
Meks, 1978 156, 1985 #4RE, 1986), 71 ¥ A4
(AR, 2000), 4 ¥ ¥ A Oplegnathus fasciatus (GFK -
FEH, 1985), &9 % (Dedi et al., 1997; &7k, 1998 ;
Haga et al., 1999), =# L 4 (R& - A 1988)
GESETXIFRABMCRESNTVL, ThHOTERE
BEIX, A HEEZEDFEE (BH, 1974 5 Dedi
et al., 1997 ; WIE, 1977 : B&, 1978 i&K - HEM,
1085 ; B - AiE, 1988 ; 41, 1991 ; Haga et al.,
1999 ; A, 2001) &, B) Mg (FES, 1985) %
BILWEE: (FhHE, 1986 ; AR, 2000), #HREIOAFE
(FE7k, 1998; Inik - sk, 1999) FOIBERER O
2O KRBDURETH B BREIL, WHEEOXE
REB L OER (P, 1991) REoRFEE (KBS,
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1977) SRR E ENTEY, PR IFIEHILL T
Wb, —HAEBIEEOREIL, ARICEZ L HENR
W RS, 1985) THhaH I ERHBFI D TE
(FE S, 1985: 545, 1998 LI, 1998) 7z Uik
AOEBRE LTHHSNATWAHED 3525, Hik)y
ERBBOBREICE L CRERMHROBSTIE V. L
LR T, <51 ORILBRERIEL &7 X OMIRH
HEEEITOVTIE, KEO EFRHEAOBN L HE
WKLo CTRE - BEZIHET 5 2 & THREIRA R
ENTB (IIH, 1997 s KKK EE SERE I, 2003)
TFAE, FARAPOHA~NOBITH (ZRY) ht
RARE 7 EXERTERE (Fukuhara, 1992) R HALHRE
(HH, 1975), A 3EREX (Kinoshita and Tanaka, 1990)
WCRERENDBD N, RILRRE D Z ORHIIER
ENb, T/ I AOQEFAETIEMRMN (EREM)
O BAARIIERBICHAT 575, ERAOKE
BREIZEOWHBBRVPEFICET Lo 2R TH
% (FiF, 1997 TOIHIEZTLBE, ¥FAD
BILBE KIER b T A OEIRAA ERE O ERBORE
ThAHTMEENE, S5, W bAEFLETT
BHHEADORE « BREFRBBICHELTRELS%S
ZELHLNPIIENTWS (Seikai et al., 1986 ; HH,
1993)o T7%b b, MRORE - WEOREII LSS
4 Re T ADWREREERIIARIED H L A FHEFHIZ
B A ERERERE RENIIREO T & E
DB ENTE L, L OARTIEIMBTADOREIR
RKFUCHE LTS B 720, SEKELHBSE TR
BERRETAZILICLD, EFAOHMBIEHENEES
LN RRIC R D EHERIT B, SR, LA BB
ERAEZI TR, HEAEOBBETERICEL
T ERE R BE LW BErOMERM T B
METTHZEIEEERAL D,

BERTI LA NAEOREHMT 5 HiEE LT
&, KBOBEFROEETH L, LL, AR
BV, YHLARKI LA DEFAZE IR
H72RKIRO18~21C T, WL b RFRBHNH S I
KT LA (Fig. 3-1)o —77, WEOFHADRIRIER
2B BERKRIZIOCUT (FH, 1933 Bk b5,
1991) THY, =H LA ZKBACTHETH L IS
WINCERT 5, HlL, WMEOLEHARBIIZE > TO
Tl A B KR A BRI <, SE R KR
ThdHbo

7z, 2NNH LA TRKRAMEVIZ EIEFAOH
GBI L7228, RAZRDEAFHBTKEDITTD
EEAOHIAFTIZ60% L1k, IHLARRTA L
LA D 5 7o ATETIE, SIBEKEZ S O
HI LIk, ERRFEL LWEEDH L (Fig.

3T LA*L, 18CHIBRTERET ST L IRKBCT
SMEERDZTNTIT ) =TT ADENMET TS
720, FROBHEARRPECORERRE 25 (Fib,
1996) Z L HERTHUEIRD L,

FZ, wHLA (FHEED, 1996) eI X (KEE
REERERS M, 2003) TIMHERHE HEOBEIC
JOVEE - EEMEBESNLEILERA LD, 20
iz EREORE (Bl 0 RER) LEWEHO
¥ ) il (fh S, 2001) BEREFTAVLALREL T
ATRALNT VWD, TNHOHETHHRTFIIMES
NBPEREOETIZFED LN TV, &%, £
FKIRIRIELIAL O T CTHAORE 2 RIET L8l &
BsEL, RICENEHOTEREFOBBRITTETSH
EhEERTHILENRDA .

BBT, vHLABLIOTRYH LA TIIERRER
DAT—Y E~F ICIIERBBEOWEIHEEL TWDHZ
EERPELPIC LT, 2O ENS, ITRETIZHBART
X-EREYOVBMEIE, A57—YE~F T
FTUHERH L. L LAETE, FRIOEDRE
HIERBOBBRCIIROEETH H0EHL I
TETWhY, BEEEOBRFEZECERT
572012, SBREESSICEMEMRAEZNELZ 0N
ERAPICTEIENEETH 5,
FTEREFEORAODHERF EEEINEFEE

BRI <, B X #4500 ~ 500077 FERT O Hh
fg (BE=ACtRHritiE) A oA L ZIZFEROEELY
FOMLARRIMENTEY (FA, 1966 ML, 1984),
KTV —T ORTH B EAAHHRIZIER I H VR
FMERZEDL, #EshCa2edMrs G,
1984) s TN O RMAFHOLERICE LT, & F 4 (Inud and
Miwa, 1985; Tanagonan et af., 1989; Yoo et al.,
20002) *° summer flounder (Schreiber and Specker,
1998), A A4 FRHS, 200la; A&HFZE) T,
FRBE A V€ 2 2SI B 21T > T 5 2 &R
BHahz, BE, FEOLREFIVIALALEARHTLAD
FaERCCORELRHZEZ 7 TAORERRZ T
STCHBY,BELD S THRINO Y 4 X ¥ FPERED
BRICEBEER5 252 LWL L20H 5 (H
b, RER)o LI ATRFRRZRLSLIAIVITT
T4ICRE L7-EB»S, AF—YVE~F (BFREED
JRMBAD S5 TH) To TR R BV E/LAD
BRPZRTIEPES IR >T w5 (Yoo et al.,
2000b), BF S BMAEIIBIAERBEFIZIE, Fh
ZNOMEIFFOMFRNW L RERE L ZNICHEIH
RBENVEV WD I A IV IR Ebo TR L
FHEND, b, EREEORBBIIZIEREES
DHLODOREBMIACE LS LEZ ONb, Gk, EHE
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HICBIT 2R ARILVE DWW OB BRE THO
HHEEOEDLYIZOWTELITRET LLEND 5,
F2, ZOLO RFIIEGEOLRENHER LN
HERNOMbLYPLMFET S L CHEELRT 70 —F
LB,

INETHLVARABEOERERICHT 5 —E O
FEREREEMLCE 2 BREBIERIIBITL A
HEARMHABSEORE L MBI ONEDS, EETE
DTHEWENT R A CERICE 2 5 B8 ok
EARAMBEORR L BET LWV THITT 5 2 &%
HAHNTwA (Yamano et al., 1994; Yamano et al.,
1995; Hashimoto et al., 2002) o i<z L 512, &
RAEFTHIRR VT OBE L FHRICHRT 5
PEDSE . TURBR AR VE Y IS O Z AR L Ba L
BETHHEOEMA, NEHELZHET 225, v T X
TEHZENRBEEZTFORHABEIHL LIZENTHS
(Yamano ef al., 1994; Yamano et al., 1995 ; 11 ¥,
1997)s 72, 7 X OMFBAEINIET 5 AR EE
{ZF DA (Hashimoto et al., 2002) % 212, 2R
MoOLAERERBORIFT SHD LN TS (R,
2003) ., Seikai et af.(1993) 2MTo7z T X OZFEM%
Al LR, s, BRRCAFRMCIEHRT S
MR EAORZRITFIRE R VE Y OB R LICHHE
TAWHEMDND 5, $72, Al 7 A FHMA % IR
PRV T VICIRET ARBE T, A{bAoHBEIMEE
BN/ (Yoo et al, 2000b) 0 2 HD#ERIE, T4HHE
REMECiE % <, ERMELZHEEL TWBE I & %<
AL TW5S, A L ARMIEOERTIX, WA RN
b (WHAR) 5WITERIE (HL) BLXULER
BB EZEHOL ) B dOPRMICL > T HHE
DEBRETENENEMH SN, HIRBRAVE D5
WA & BRI L CRIIL T B LSS A,
EREEOTBRLZZEZTBREICBIT L T4 /5o BH
RBET A EEBHAOHRELEEDITAZ L, E61C
IS OBBEM EFHMICAHTAIEEICIY, B
VA RHABEOREREREROBIMTOARE L LD
BB ZEDPBICR BT THE, BT LRV
TOEERBBOMAIL, ME&MTTHLEBERTA
TREFOUREN —BER3E, »LARaEH%
GO RBHOBRERMOM LICRELFFGTLHLE
ZbNb,

u

R

AR EBITTHIHID, RIGRY %5 THREL
TR B W o TR T 4 — v FREFEBENIEE v
y—#gg Wi milit GRREER) CEER LK

HoOBEERLE T, 72 KRXOIKMEZTEE, B
B TERER - 2RRFE 7 4 — v FREEERZ
YEy—HEE T W ABEE IR (3
E#eEEZ) (RS BILHL BT %,

MEONH» - THEEEBY, EZ#ELTH R
TH#E% CHE 2 THC T MATBIEN  RERGIZE
vy — BREERKENSEIENE B AEadt (|
R IR EHIR) , IR R A R IR 2R %
FHE AL, SHRAEEAEMBEMIEE Y 5 — &
g KT REL THARBREENSEHEEE A
B B X ) BILR L BT Y,

<Y A TFEROERZR R L TT S o 7200
BV ERREREG Yy — BESREHEK G
TEREA LB A AT SR K RERT 72 A ER G ik 7K
AP ER), 79XV IV A FFROERZ RS
RO L CTT & o b i = > Yt v 5 —
iR IR OPOEHORZRL I, &
HL A OFEFRBETIE, RRFREVER JHX
(Bl Mizuno), FIHBE CGRAEBRKERBSHE
GBI EAERIZER) MRICERA 2 2B Y L7,
HRTBILHL LT,

REIEIC b D iFsEokE L4 OfHE %25 2 TH
Wit H AR RS HER SN K2
BROBEDOS 2 \TERT b o, TTHVATBIEA

KEMEIIZEE Y ¥ —HE  HERE (B4 E &
i K O HEER SPANEER) , S RAERRITIEE L
BIFFED 72O RE THE T BRI LZICOEb LT
KIGRRIZE AL ZHRE, ThEeho7t. 226
LCHBEEL, MVATBIEAN KERSHZE
vy LB EL Y Y -GR R —ELE (R
PR K ERTSERT £ < AMBMM L v ¥ — &), A
IR EEL Yy —GRE BitHF=EL (RS
IR, FEEMEE ERGEEEt GURRREE
RFWEHIR) 2E, BWEDBEPVEEIEERE IR
REHEWZ, BATEHOBEEZERT b,

RIFFEDFEAT RO Y D 121%, MATBEEAN K
RGN Y ¥ —RBRBHEHEL Yy — (HHER
XK ERT TR B BT &) KO FE iR asEt
5 — (BRI AKERERELETE) OBRZELD
BEFERICIIMR 2 5B 2T 2 LX) BILEL
EF 5,

5IRX#ER
Amaoka K., 1964: First record of sinistrality in

Poecilopsetta plinthus (Jordan and Starks), a
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