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Study on the malformation in artificially hatched seven-band grouper

Hyporthodus septemfasciatus (Thunberg)

Masanaru TSUJI

Abstract : In recent years, the emphasis has been given on the seven-band grouper Hyporthodus septemfasciatus
(Thunberg) in Mie prefecture as an alternative cultured fish species to a red sea bream Pagrus major. The
Mie Prefecture Fisheries Research Institute has been studying techniques for seedling production of the
seven-band grouper to develop a viable aquaculture system for this species since 1996. As a result of this
effort, the improved rearing techniques have recently increased larval survival ratio, and at the present time
the Mie Prefectural Fish Farming Center can produce approximately 200,000 to 300,000 seedlings in a season.
However, the occurrence of skeletal malformations at larval (from hatch out to 3.0 cm TL) and juvenile (3.0-
15.0 ecm TL) stages has a major negative impact on the commercial aquaculture of this species, as they reduce
the quality of seedlings and decrease production efficiency. In the present study, the particular kinds of
skeletal malformations and their induction factors were identified in the seven-band grouper. In addition, the
preventive measures were developed.

In chapter I, types of skeletal malformations and their incidences were investigated in the mass seedling
production of seven-band grouper, and their reduction procedure was identified. In chapter II, the effect of
water temperature on the occurrence, types and frequencies of malformations was examined in cultured
larvae and juveniles, and the optimum rearing temperature to minimize those malformations was identified.
In chapter III, the relationship between swim bladder inflation failure and malformations in later develop-
mental stages was examined. It was demonstrated that the inflation failure at early stage is the main reason
of the spinal curvature observed at the later stages in the seven-band grouper seedlings. Moreover,
promotion or inhibition conditions for initial swim bladder inflation were investigated. In chapter IV, the
effects of food amount and water current condition on spinal curvature (lordosis and kyphosis) induction

were investigated during juvenile stage.

Chapter | : Type of skeletal deformities and their incidence

Types of skeletal malformations, their incidences and prevention methods were investigated to improve
the mass seedling production of seven-band grouper (10-15 cm 'in total length: TL) in the Mie prefecture
during 2004-2010. Skeletal malformations in specimens were classified into the following four categories: spi-
nal curvature (lordosis or kyphosis), fusion or defects of the centra, deformation of the centra and
saddleback syndrome. The most frequently observed skeletal malformation was spinal curvature throughout

the studies, although the frequency fluctuated widely which ranged from 2.5 to 22.2%. Additionally, the
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frequency fluctuation ranges of fusion or defects of the centra, and the deformation of centra and saddleback
syndrome were 0.9 to 21.1%, 0 to 18.2%, and 0 to 4.1%, respectively. Consequently, it is necessary to prevent

spinal curvature as much as possible to improve the efficiency in seven-band grouper seedling production.

Chapter Il : The effect of water temperature on the frequency and types of malformations

Information on the causes of malformations in cultured seven-band grouper is scarce except for the
possibility of unsuitable rearing temperature. In the present study, the effects of rearing temperature
(23-29°C) at larval and juvenile stages on skeletal malformations were investigated, and the optimum culture
temperature was identified. Growth was accelerated at higher temperatures, and the survival rate of juveniles
30-40 mm TL was higher at 25 and 26°C. Incidence of deformation of the centra was higher at higher
temperatures, while the incidence of bifurcated neural spine was significantly higher at 23°C than at other
temperatures. On the other hand, incidences of spinal curvature and fusion or defects of centra in juveniles
were not related to rearing temperature. Comprehensively, the frequency of malformed individuals was lower
at 25-27°C. The results of this study suggest that the optimum culture temperature range for seven-band

grouper is 25-26°C.

Chapter Il : The relationship between swim bladder inflation and malformations

In this chapter, the promotion of initial swim bladder inflation was effective in preventing spinal
curvature. In many percomorph species, as a method to promote initial swim bladder inflation, a surface
skimmer has been shown to be effective in removing the oily surface film from the rearing water surface
during the larval stage. Since the oily film at the water surface forms a barrier at the air-water interface,
its removal would provide a better gulping atmosphere for larvae. In contrast, since the water surface ten-

sion-related larval death frequently occurs at the prelarval stage in commercial seedling production of this
' species, it is recommended that oil should be poured on the water surface to prevent this mortality. In this
species, removal of the oily surface film to promote larval swim bladder inflation is methodologically
antagonistic to the prevention of water surface mortality. As the first priority for seedling production is to
secure seedling survival, the presence of oil film at the water surface is a general practice in seedling culture.
Therefore, this study was aimed to establish a new rearing method which strikes a balance between the
prevention of water surface mortality and the promotion of initial swim bladder inflation to get more
benefits.

The developmental stage of swim bladder inflation was assessed by histological observation, which
confirmed that the start-time of initial swim bladder inflation is the pre-flexion stage. Therefore, removal of
the oily surface film and/or autogenous surface substances should be conducted at the pelagic larval stage
prior to the pre-flexion stage.

To confirm whether the gulping of atmospheric air by larvae is involved in initial swim bladder inflation,
frequencies of swim bladder inflation was compared under following three types of water surface rearing
conditions: (i) removal of the oily surface film and/or autogenous surface substances (ROF), (ii) without
removal of the oily surface film (covering of water surface with oil film; COF group), and (iii) sealing of wa-
ter surface with liquid paraffin (SLP group). From 0 to 10 days after hatching (DAH), plant oil was poured
on the surface of each rearing tank in the ROF group to prevent water surface death, and removal of the
oily surface film and/or autogenous surface substances (overflow method; water exchange rate of 6-23% of

tank volume per day) was conducted from 11 or 12 DAH when larvae were mostly at the pelagic
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developmental stage. In the COF group, oil was poured on the surface of each rearing tank and removal of
the oily surface film was not carried out. In the SLP group, liquid paraffin (7-mm-thick layer) was poured
on the surface to inhibit the gulping of atmospheric air by larvae. Initial swim bladder inflation was
confirmed in the ROF to start on 14 DAH. The maximum frequency of swim bladder inflation (40%) was
found in ROF group, which was significantly higher than that of 2.3-19.0% and 0.8-5.8% in COF and SLP
groups, respectively. Therefore, the larval swim bladder inflation rate was promoted by gulping air at water
surface, which was facilitated by removal of the oily surface film. Additionally, no significant difference
existed in survival rate among the groups. Thus, it can strike a balance between the prevention of water
surface mortality and the promotion of initial swim bladder inflation by removal and addition of oil film at
appropriate time.

In this study, the frequency of swim bladder inflation was found to be generally low compared with other
species. There is the possibility that water current created by aeration affects larval behavior in gulping
atmospheric air. Therefore, frequency of swim bladder inflation was compared under following four types of
aeration rate in 500-L polyethylene tanks: 0.01, 0.05, 0.10 and 0.50 1/min. The frequency of swim bladder
inflation in 0.50 1/min group was significantly lower than that in the other groups. Current velocity at 5 cm
below the water surface in 0.50 1/min group was 1-3 cm/sec. Since larvae could not stay at near the water
surface due to strong water current, there is possibility that it inhibits larval behavior in gulping
atmospheric air. Therefore, it was concluded that the weak ventilation (0.01-0.10 1/min) during the oil

removal period is effective in promoting of initial swim bladder inflation.

Chapter IV : The effects of food amount and water current condition on spinal curvature

In other species, juvenile lordosis occurred by the unsuitable rearing condition, regardless of the
individuals with or without inflated swim bladders. Thus, this study examined the effect of food amount and
water current condition on spinal curvature (lordosis and kyphosis) induction in juveniles. An experiment
was conducted with the following four different rearing conditions: small amount feeding/low current
velocity (Experimental group A), large amount feeding/low current velocity (Experimental group B), large
amount feeding/middle current velocity (Experimental group C) and large amount feeding/high current
velocity (Experimental group D). One hundred randomly selected seedlings (7.2+1.0 cm TL, 6.2+2.6 g in body
weight, 98DAH) were transferred into each 500-1 polyethylene tank. Rearing trial was carried out in
duplicate per group and was conducted from 98 DAH until 136 DAH. In group A and B, to prevent strong
water current by aeration, one hemispherical aerator (aeration; 0.5 1/min) was placed on the bottom sidewall
of each rearing tank. In group C and D, to generate more strongly horizontal rotary current, 2 small
gutters equipped with aerator (airlift, group C; 1.5 1/min/place, group D; 5.0 1/min/place) at the bottom
which were fixed along the either sidewall. Current velocity of rearing water at each group was determined
using the electromagnetic current meter. Daily feeding rate was 2%BW /day (group A) and 6%BW /day (group
B to D). The frequency of feeding per day was once in group A (2% daily feeding rate/time) and five times
in group B (1.2% daily feeding rate/time). The anesthetized samples were used to assess skeletal malforma-
tions (lordosis and kyphosis) and frequency of swim bladder inflation by soft X-ray examination at the end
of the experiment. The frequency of swim bladder inflation was 44.2% at the start of experiment, and at the
end of the experiment it was significantly higher in group A to D (72.3-88.7%) compared with the start of
experiment. It has been confirmed that fish with an uninflated swim bladder at the early larval stage can in

flate it later (so-called secondary inflation) in all groups.
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The frequency of kyphosis was not significantly different. Thus, it was shown that lordosis is induced by
large amount of feeding (6%) during the juvenile period. In group B, the intensive swimming was confirmed
at every feeding, and the visual observation suggested that juveniles expanded the abdomen by filling the
stomach with diet. Thus, lordosis might develop due to an excessive load on vertebral column or swim blad-
der by an intense swimming behaviour and the cumulative filling stomach with diet at every feeding. On the
contrary, the frequency of kyphosis was significant higher in group D than that of the start of the
experiment and in other groups, and it was shown that kyphosis is induced by strong water current due to
strong aeration. Continuous swimming time was increased with the increase of aeration rate (current
velocity). Therefore, kyphosis might develop due to an excessive load on vertebral column by continuous
intense swimming. Additionally, large amount feeding and high current velocity caused the bending angles
to be acute up to 40 degrees. Therefore the spinal curvature develops depending on environmental factors
(e.g., large amount feeding and strong water current) while secondary swim bladder inflation had been
steadily developed. It is possible to prevent the spinal curvature induction under the rearing conditions
corresponds to the group A, i.e., daily feeding rate and water velocity of less than 2% and 0.09 m/ sec,

respectively.

Conclusion

In the present study, the most frequently observed skeletal malformation was identified as spinal
curvature (lordosis and kyphosis) in the seedling production of the seven-band grouper, and their induction
factors were identified as the failure of swim bladder inflation at the larval stage and unsuitable rearing
condition (food amount and current condition) at juvenile stage. In addition, the removal of oily surface film
until 10 DAH and the addition of oil film from 11 DAH to prevent water surface death will provide a
balance between the prevention of water surface mortality and the promotion of initial swim bladder
inflation. The results also suggest that the optimum range of culture temperature for seven-band grouper is
25-26° C. Furthermore, in juvenile period, the spinal curvature developed due to the large amount feeding
and strong water current, which suggests that the spinal curvature can be reduced by controlling the
environmental factors (e.g., small amount feeding and weak water current condition). However, the secondary
swim bladder inflation had been steadily developed.

Although these series of studies have preliminary pointed out some causes and remedies of
malformations, a detail clarification of the mechanisms involved is necessary to further improve the

efficiency of seven-band grouper seedling production to ensure sustainable aquaculture system.
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VA, ~NA R, RERBROFOMR L O&EW TS
i, &OIRBVERESICLY, B LEBWEIZ BT
BEHLVEFREA L LTHEHREIN TS (Fukuhara
1989 ; Tucker 1999 ; Plerre et al. 2008), AARIZHWT
b, BOMNOIFFTHEEN, ~FRARO—ETHLIT NI
Hyporthodus septemfasciatus (Craig and Hastings
2007) FAICETOHENT AT H720, BAOKRRA, E
BRB XA LS AEEMCET 285k% 2K (LES
1991 ; 485 2002 ; A S 2003 ; HHEH 2003a, 2003b ;
Shein et al. 2004 ; Shiotani et al. 2005 ; FH & 2005 ;
Sakakura et al. 2006 ; Nagano et al. 2007 ; Sakakura
et al. 2007a, 2007b ; +#&5 2007 ; Ruttanapornvareesa
kul et al. 2007 ; FRE 5 2008 ; Kline et al. 2008 ; £HH
2009a ; Sabate et al. 2009 ; Koh et al. 2010 ; Ruttanap
ornvareesakul et al. 2010 ; Wu et al. 2011 ; Wullur et
al. 2011 ; Koh et al. 2013) ZFEH L T\\5, ZOFER, —
BEFCLOH BB O~/ ¥ OFEHAEN WHER E TITIK
#ridEH L (Nagano et al. 2007 ; BEE 2009, 2010), =
HIRKFEEFTRBEAEFREL IO (A/) =HERKE
RREEEMZERTRERT ¥ —1b, 20014, 20044, 200
6435 L U008~20144FIZHMT T, ERRI0GRESH30 R
OREEEEICRIH L TWD, BE, ZHERTE, YHRE
# (ZREIMEALEEMN3cmET) OKRTH, 51EkE
e LA CHADTHEBRETY, UA VA MERIETEAE
(VNN) st LT orFy (A= %77 FVNN, H
AR, BOR) HEERE%, SR8 cm THlREEAFIZNA L
THESHERE 21TV, SRIIA L6 5 A BICERN15 cm®D
ATHEHZHBREEE I CHE LTS, LrL, "THAE
DANTHEE TSR RERTORENBAETDH Z L5
L (Song et al. 2005 ; Russo et al. 2011), =/~ DAT

EIZBWTY, ETREFESLUFHERTEE (Nagano
et al. 2007) BHERIN5I1TH, FHEEHREE, HHEkRL,
FHEE OWES - HEAERE, BRAEE, MEXEREDOFE
REPRE L THEOMERCEESEL R TIELKER
RIE L 72D, ZOBBREOBRENRBBITR->TW5,

ATHE COBEBREREICOVTL, ZhETIZEL
DRFET, fx RBERIPE SN TS (Divanach et al.
1996 ; Gavaia et al. 2002 ; Cahu et al. 2003 ; Koumoun
douros 2010 ; Cobcroft and Battaglene 2013), LA>L,

2

<2 T, Uil et al. (2013, 2014) 23RO AEEiEREIC
RAETHHEHOSHEENFHEETORY GRHEEHADOX
) ZolxEIFAREMRICE R L, AESEHREORR L
LCHREREEHORBERELZERL TVDIEN,
Nagano et al. (2007) 2%, BER (i L THOEE) O
BARABTKENEESTHRREMEZRLIZORTHY, A
TREICEERESHERT 2 HERIZ W TIARRAR RS
VW, ZERIY, RO LY FERKI05 R LR A E
DSFTREZRAEPERN 2 RA 9203, SR FAEAEICINE
LT bKI6 0 HHOEEA13~15 eI T DRI, &
ETHEREPHBRTIZ LA D), FREFHROBS
MbiE, ERLREEBIURRICLELFATRENSRHIC
EOFEINTORNEEZ HND,

~ & A Pagrus major Tif, {FARRICRIT DEOREER
ENFHETBBORE S S (BB S 1981 ; Kitajima et
al. 1994), £ < DA TEOBER2ORR & 22 58F K
mOMBKEEOHBE DR (Chatain and Ounais-
Guschemann 1990 ; Battaglene et al. 1994 ; Trotter et
al. 2005 ; Jil3 - ARFT 2008 ; 435 2001 ; Kurata et al.
2012 ; Summerfelt 2013 ; Kurataet al. 2014) MFHE X
NTWBH, = F TIIEORRMESRET SN TORVY, &
o, MR CIL, MEARMIOREEERE S CTRIEENH
43 Zenmons (Divanach et al. 1997 ; Kihara et
al. 2002 ; Sfakianakis et al. 2006 ; Helland et al. 2009),

AR TIL, BEOY ¥ ALHEHEETHERE S
BRI 5ERAGHEEREICHD EREL, FOEHAL IO
BRROBSIZBERE Lz, FTIETE, ZBERIIBITDHE
EREOHEMN EE, HEE) 2/EL, HLEED
FERETIWLDIBEEFOX A FERA LI LCHEREE
BETIHBERHFE L, ENETIE, Nagano et al.
(2007) HSFERERF HBI~OBE S LM L T\ D fEH AN
(FAal) OFRBFKERICOVT, FHEADRKRER, A8 bE
BL7=52T, BWEREHRICEERFAETKELZRD:,
BUNETIE, FRIICBT2EOREREE v ZIZBW
TROREE TRAETSFHER B ORE L OEFRB LW
B ORPEEESR B JOBERESRFICOVWTER LT,
BIVETIHL, HAOKRETR L FREKROFTESA THEE D
AR (FIEHEORS) OHBICKIETHELFAE
RBUZ L THLNILEY L L,
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</N% Hyporthodus septemfasciatus ® N THEE 4
EETIIRR A BB N/ HBT 5, £ TAETIE, =
BRICKBTAHRAFT ORAMFN (BEBSIOHRE)
WZOWTHEL, v Z ATHBEICBWCHREZER

TAHRRET OMBEOBEEIT- T,

[-2. HHEHBLUHZE
2004~20074E |7 = HE K EERF SRR & UN2008~20104F

WCRBBEREY X —PAEELEATEEORERE

IZDOWTHRE L7z, 2004~20074E1F, £F10 cmE T

B LKRECRE L7=#, WEAE CHEAT LZ2RN
12~15 cm® A THE %, 2008~20104E1%, &EH12~
13 cmEFCHELAECHRELEZALES ZMHEALL
(Table I-1),

AL, #®XHBRESE (OM-80CTRS, £A4—3v 7, ¥
) #HWTHRE L, BREHMFELRE LOREERE %
BRSFHOEEELEE L (BUEHED © BEEHERTES
£T), FBREARIZ, () HFHEEEMH, b) : HiEomk
AEIIRE, (o : HEER, () : WEREOIXSY
L7 (Fig. 1-1), BHEF OMEBE F 3% E8EILX
BT, FHEREM L Lz,

Table I -1. The seven-band grouper Hyporthodus septemfasciatus juveniles were used to assess for skeletal malfor-

mations (2004-2010)

2004 2005 2006 2007 2008 2009 2010
n 43 111 356 213 200 200 265
Total length (mm) 138.0£8.5 145.0+6.2 124.0+22.0 139.8+10.9 131.5+11.4 117.9+9.3 13191143

Total length values are represented as the mean * standard deviation.

Fig. 1-1. Types of vertebral malformation morphology in the seven -band grouper Hyporthodus septemfasczatus

The white circles indicate the abnormalities. (a) Spinal curvature,

of centra, and (d) saddleback syndrome.

(b) fusion or defect of the centra, (c) deformation

— 8 —



AR~ & OFREREF KBS A5

MO AT, BEOHERES L, BEROMHREE
X OMERBIFIET D565 EH (IRE 1986), —7,
Hattori et al. (2003) 1%, ~& A OB LBE L7
EONEIZ REFORR B, BHERFELRNI L
FERLTRY, mATREHARETHL EBRL
7o L2L, ZOHAT, BHEZECL > TORBEN
ARETH D, RFFETIEEE L ehrol, TIHLTEZ
Emb, RFETIE, BE S HEREORE L DD/
F— b Lz, WEERE, FHEEOER, BH, EH
LW LT, EHEREIRIE, HEO—EIEM AR LT
WALDE LT,

I-3. #8

FREHEIC T 2 BT B ORAERIT2.5~22.2%D
T, JE#IZ20083 L U009 Z RV TEFRIZHEAEL
7z (Fig. 1-2), MEROWE E 7/ ITREIL0.9~21.1%DH
FCHEL, 200840 &bEnoT, HEALRIL, 0~
I82%DEETHIE L, 2000FENKLERTEAEL,
EHEMEIRITRA DR INRVELH Y, BAERITRS
T4.1% (2007FF) Tholz,

60 ]
50 4
40 ]

30 A

Frequency (%)

20 A

10

2004 2005 2006 2007 2008 2009 2010

Fig. I -2. Incidence of abnormalities in cultured juveniles
in Mie Prefecture from 2004 to 2010. Black indicates spi-
nal curvature. Diagonal pattern indicates fusion or defect
of the centra. Grey indicates deformation of centra.
White indicates saddleback syndrome.

14 &%
SEEBSEET LY OANTER TIL, THEEEH
BELBEEICRE LI 00, AEDEROM LEOR
OFHEFEBREZY LTS 2 ERELHRHTHDZ LM
aol, TRUNADERERTE L, HEEOHE E/21EK
BB L OHEDOER ThH o703, 2001EEZRVTZEOR
HERIF09~T6% L BT, —F, HEMRIEE, ~
B DB TH D = Epinephelus bruneus THH$
DI lpmmonsd (THE 2011), AR THAIH

7 SRR IR O MBEFILE, Lzh > THERIZEBIT S
v ANEOANTRBEEETIE, FHEEHUANOTRERE
EREABEICAR LRV L THDE EEZLBND,
FHEE H D VIIFROBMAFEETHHEAL LT, &
W2 SEKER, HAVITEEEES ((FHAH) ©
S5 KRS (Sfakianakis et al. 2006 ; Santerre and
May 1977 ; Wiegand et al. 1989 ; =% - BH 1991 ;
Polo et al. 1991 ; Graham and Hop 1995 ; Wang and
Tsai 2000 ; JI[37 2005 ; Georgakopoulou et al. 2010)
DEWEINTWEY, AEKRLBRRVETIHRED
» Y (Ottesen and Bolla 1998 ; Abdel et al. 2004 ;
Cook et al. 2005 ; Okamura et al. 2007 ; Kurokawa
et al. 2008), /K& DOREEMIIABIIL > TRRD L
Zz6h%, L»L, Nagano et al. (2007) %, </
Z O ETHOERNRAE AR L BET2 Tt fEmM L
&b, AFETHEREICEBWNT, [FRAHORA
BAREBNEFHEETBEOREICRITTEELBRI L,
EHIT, = HATHE, FARHEMNE (£2K3.5~45
mm) (BT AEORERE L aTEE L OGRS LI
TW5 (kB 5 1981 ; Kitajima et al. 1994), {F&H
MPBEOPIZBIRRKT-EIND, WD D — KRR
B odhid, afgESEMTZ LRR<mbNT
FETHD (dLED 1981 ; Kitajima et al. 1994), L
ML, v TIHTFASMBOEOBRIRE & FHEE i o
BRIZOWTIRIAHATH D, v 2R 55z
%, Sb%158 (I6B4%) THRIEINTZEFHIHDH
(A& 5 2003a), HO—REAERFZEAHTH S,
7o, KD & A ML, TR AR TH
BENBES EH U (Chatain 1994), &6iZ, I— >
33—/ Dicentrarchus labrax L. <% A, #A
A3 Y%7 Gadus morhua Tk, EOBEENSHER
DK THL, BAMORBTRE EBEKORE) »F
BERFOHRERIZARZZEbBEIATWVD
(Divanach et al. 1997 ; Kihara et al. 2002 ; Sfakian
akis et al. 2006 ; Helland et al. 2009), < &2
WTh, FAHORTBARE, EOE, #HAoREs
BEONFHEE B ORAICEEY RITT RIS, &
MRETIIHEIBLCAETINOOBEEER LT,
FHEFRE M RETHRERE L LT, #HEOR
B EIIRAE L OHERDOE T H320074( 1L FHER JE dh
WCIRWTEHLS AL, £, o00/AHETIE, Wb
DD EIIED RN & 72 DHEE OB S £ IIRBARAEL,
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ANLHEHOEEDELRTIEL I ErOoMEE 2> T
W5 (ARER 2004 ; Hattori et al. 2004 ; 32l + ®AK
2012), VXA 2T, FEERBORBE LR BHEE
OXREOFEDO—>THY (ARES 2004 ; Hattori et al.
2004 ; Sawada et al. 2006), UTHFRAZELOHEE DS IZ
Bk GBIl - EA 2012) §25Z 800, REERNLE
FHRBERPHAICREBEZRER T 58N (Lijalad
and Powell 2009 ; Bardon et al. 2009) <o, £EElD5H
BECFNCE TN A BREG E L I APHEEDOE S DR
EThrrtbEanTind (Dedi et al. 1995 ;
Fernandez et al. 2008), ¥4, Ujl et al. (2013,
2014) 13, ALERBTFTO< ¥ BROESHEREICRET
LIREISERED, FHEEORE (FHBEHEORER)
FEXEITAHREMICERL, BEISEREORKE L
T, EEERMOBRERBE LR L, ATFRICEW
Th, 2008FEIZHBOBE T IIRERE b SBICRE
LizZthh, ANTRBETRBIT A NZZRIFOER
FHik, BEMNRMES D VIR IIER T S HER
BHo, SHOMFRELEZOLND,
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o-1. #®%&

BIETH, vNYOATHEHICRETOIRERE L
FHERESRELEL, FESRrmM LS E 50T, F
BB OBRRERERT 2 Z LADRNTH D Z LB
RENTz, AT, FHEFEMOFRE L LT, 17
BHORBEKIR, BoRERS, #AeH (HRER
B2 ERCHBRESTHINDY, ABETIE, £7
FRYIOREKED, FHEEM2EOREBAEORE
CRIETERICOWTHRA LT,

TR KT DB KR L BREBRE OBRICS
WX, Nagano et al. (2007) 2%, BEE GFiZLET
HOEW) OREIFHEKENFEET DAL
TWAD, KIEPEREE ORAEIZRIT T MR
EfpEN TV, SMEIZED E TOZREIROREERKIE
RAF A OFHBAKRIL, RAECTHADTEERER
AL OBFENEREN TS (Sfakianakis et al. 2006
; Santerre and May 1977 ; Wiegand et al. 1989 ;
EB - EH 1991 ; Polo et al. 1991 ; Graham and
Hop 1995 ; Wang and Tsai 2000 ; JI[32 2005 ; Georg
akopoulou et al. 2010 ; Ottesen and Bolla 1998 ;

Abdel et al. 2004 ; Cook et al. 2005 ; Okamura et al.
2007 ; Kurokawa et al. 2008 ; Komada 1982 ; Bolla
and Holmefjord 1988 ; B4 1988 ; Wiegand et al.
1988 ; Pittman et al. 1989 ; Pittman et al. 1990 ; &
HE S 1996 ; Lein et al. 1997 ; Mihelakakis and
Yoshimatsu 1998 ; Chang et al. 2004 ; HES 2004 ;
Aritaki and Seikai 2004 ; Sfakianakis et al. 2004)

HERRERFOUOLS>THD, £I T, FHEAHOH
EARMSEREICRIETEEBICOVW TR L,

73, ZREIROSEEE S D VIHFHAR O EKIE
i, FRADSEE, R, BREBIVCERICKRELE
L (L5 2003a ; Sfakianakis et al. 2006 ;
Santerre and May 1977 ; Wiegand et al. 1989 ; &
B .« EH 1991 ; Polo et al. 1991 ; Graham and Hop
1995 ; Wang and Tsai 2000 ; JI[3Z 2005 ; Georgakop
oulou et al. 2010 ; Ottesen and Bolla 1998 ; Cook et
al. 2005 ; Okamura et al. 2007 ; Kurokawa et al.
2008 ; Bolla and Holmefjord 1988 ; BE# 1988 ; Pitt
man et al. 1989 ; HHES 1996 ; Lein et al. 1997 ;
Mihelakakis and Yoshimatsu 1998 ; Chang et al.

Table II -1. Rearing conditions of the seven-band grouper Hyporthodus septemfasciatus larvae and juveniles reared

at six different temperatures ranging from 23 to 29°C

Target temperature Water temperature Salinity DO Light intensity
O O (mg/l) ()
Experiment 1
23 23.13+0.03 33.78 £ 0.51 7.39+0.75 1,198 +4
25 25.04 +0.06 33.86+0.32 6.74 +0.17 1,190 £ 20
27 26.98 £ 0.02 34.00+0.11 6.79 £ 0.16 1,262+ 13
29 28.99 + 0.03 3442 +0.09 6.21 £ 0.55 1,248 £ 11
Experiment 2
25 25.08 £0.02 33.80 £ 0.06 6.65+0.49 1,178 + 28
26 26.06 + 0.04 33.97+0.11 6.05+0.14 1,300+ 11
28 28.00 = 0.07 34.89+0.19 6.04 £0.18 1,219 + 30

All values are represented as the mean * standard deviation in each experimental group. The mean values were calculated using
the values measured from at the target temperature which was maintained up to 1-4 days before the end of the experiment. Means
followed by different superscript letters are significantly different (P < 0.05).
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2004 ; A S 2004 ; Aritaki and Seikai 2004 ;
Sfakianakis et al. 2004 ; Seikal et al. 1986 ; Trotter
et al. 2003a ; Sugama et al. 2004 ; Dou et al. 2005 ;
Fielder et al. 2005 ; FREE - Btk 2006 ; Yoseda et al.
2006a ; BLHEE & 2006 ; EE S 2009b), X5HiZ, 10H
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KEHD25°C, 26CH LV2COEELHEL 2
(Table O-1), 7Kg, ¥y, BHFBERRERLIOCHEEK
FREORETFERIEG D WEI2EHIE L, &Rl X
V2B 2B R &EME L Table T-1IZR LT,

HER1 500 1R Y =F L ki (BE100 cm, 7KiIE65
cm) &MU T23°C, 25°C, 27CE L U9 CHFEE KR
T, 23CRBIVBCORERBRIIAFET, 27CHB
FU29C T3 CERR L7, 20074F10H 21 BIZ5HE
§P25,95201 % % HEBRAKMEIZINA L, OB FIEZHEINE &
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F#930~40 mmiZBE L7223 CX C81B 4, 25°CRCT
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[, 233,000 A&/ mlOEE CREKICHEMLE, “H
CEB” (g yvaZl—y, TV—rv AILF X7,
i) Z—Hiz2ME, 0.01 g/IORETKEALED-DH
WmLl, 0BEMHLI0BSET, KERALEELE
NERUPA DR P (Yamaoka et al. 2000) #B51k
TH-%, B ERA LEDHR MTHEES AL, <
VT yr, BH) (LS 2003a ; BF L 2005 ;
Sakakura et al. 2006 ; 2007 ;
Sakakura et al. 2007a ; Yamaoka et al. 2000) % —
BiZ2[E, 0.1 ml/m2THEEKEZEM LT,

FABEA~DOBRODH, 2 (ERBLIUBE) OF
Bk T A M—r (254, HFZREENS, &) %
ZAKBEDER D RIZFRE L, BRI L 2L, 10
B4 LR T £ TD5:004519:00 £TiTo7 (14
BRI /108 RS D), ~ A~ ZFRO AR O AL

Nagano et al.
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Fig. -1, Soft X-ray image of a wild seven-band grouper Hyporthodus septemfasciatus (23.8 cm Total length).
Wild seven-band groupers were collected in Gokasyo Bay (Mie Prefecture) in March 2009 and reared in tanks
where they were fed commercial artificial artificial diets, The rearing experiment was continued until they
reached a total length of 24.8 = 2.2 cm.

() (f)

Eig.H—_2. Types of malformation morphology in the seven-band grouper Hyporthodus septemfasciatus. The white
circles indicate the abnormalities. (a) spinal curvature, (b) fusion or defect of the centra, (c) deformation of centra,
(d) bifurcated neural spine, (e} bifurcated or trifurcated hemal spine, and (f) saddleback syndrome.



BICHIEN S DA (C4RFRIAH /0RFRIFF ] (L
5 2003a ; BEH2008) 1%, 2R LIRS ETHE
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12%/ B O#ARTHA L, BARERBK T £ T,
FEKTOBREBIFREOHICLY, BRRILVFED
317%/ H £ T ol &7, EERE (24F¢H A B
JORERAREH) 13, B X 0 BEEIFOAKIEMN 2T,
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CEDOZH), RBR2D51 A L OHRBROK T RHIZRIE
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HEREERFHOBERELEE L BIEME,S
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FBEKBROHELZEETIC, ETORERE L el
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HEREEkKR L (Fig. 0-7), 7=, B2k, fA
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RLrhg L (Fig. 0-8), ZHoOMFHAEREMLIIN
AZRBETRD, £RE, PREFEELIUEOH
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EWVIBEE, ATBRZICHILE L, 1 ZERES
BVl ToiH I, IMPTHRE Y7 by T
(SAS Institute Japan, ) Z#HWTERBL, P<
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I-3. #&8
a) ERLAE
AR TRV INOML1396.9% 5 L 1894.5%,
RB2THOW IO RLRIZL.2% TH o 7=,
RER1IBLV2010AS0AEKE (Fig. I-3) i, 23
CKT54.3%1.0%, 25°CIK T44.8+16.0%33 L Uf40.8+

3.0%, 26°CIXT40.6+14.8%, 27°CKT47.0£17.9%,
28°CX T22.7+18.3% 3 L U229 CIX T41.8+8.2% %= L,
EKBTHEBICET LR (P < 0.05), REBRETEOL
%% (Fig. 0-4) 1%, 23CKT0.2+0.1%, 25CIXT0.8
+0.4%3 L 100.3+0.1%, 26°CIXT0.8+0.5%, 27CK
T0.4%0.1%, 28°CK T0.5+0.7%3F L 29 CK T0.3+
03%%RL, 25BLUV2CTHEILEL, 23CTRLW
2T~29CTRT L7 (P < 0.05),
RO EMT 5 Z ENFRERTH - 7=0Id10,
15, 20, 40, 51 AFB L URBRKE TR (68~81AF) T
HY, 2RIFIOB LU HTE LUHABRK THRHICRRX
MTHEBEERAOR ) -7 (Table T-2), L&L,
15, 208 LU0 S OERIIAEEN L LIL(P < 0.05),
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y=-3.2804x + 126.8

R2=0.1775 (P < 0.05)
80 (n=26)
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Fig.1-3. Relationship between rearing temperature and
survival rate at 10 days after hatching. Open circles: sur-
vival rates in Experiment 1; closed circles: survival rates
in Experiment 2.

y=-0.0456x2+ 2.3785x - 30.377
R2=0.1684 (P < 0.05)
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Fig. I -4. Relationship between rearing temperature and
survival rate at the end of the experiments. Open circles:
Survival rates in Experiment 1; closed circles survival
rates in Experiment 2.



~36.9 mm (RERMAETH) [TEETDOICEL-HMH EfE sz,

X, RBR1023CRT81A4w, 25°CXTT6HS, 2TCK b) BREREDODHRYE
T69H 4, 29°CKT6TH4, RB2025CK TE8HS, EHARI23.1~64.0%TH 0, FHBFAIBB-2TCTE
26CELV2CERTHAFTTHY, ZOHBIIEAKET <, 23 CREV28, 29CTIETF L= (P < 0.05 Fig.

Table I1-2. Total length (mm) of the seven-band grouper Hyporthodus septemfasciatus larvae and juveniles reared at
six different temperatures from 23 to 29°C

Target terperature (°C) Days after hatching
o 1 20 25 30 35 40 45 51 66-81
Experiment 1
b
23 305£016°  358+0.02°  432+0.18 485+0.28 5414024 6.06+0.33 718+009°  8.68+0.13 No data 35214376"
be b b
2 326£009°  3.90£0.19 488+034" 5764014 6214035 7,06+ 0.68 8814038 No data No data 3330+ 1.19°
b
27 32760 as7e0m® 556037 630015 7.1840.14 8.67+0.36 9604029"  Nodata No data 12974346
ab b
2 3204020 4424056 52340807 5794074 7554126 888+ 147 1074+071"  Nodata No data 33.05+1.02°
Experiment 2
a ab b a a
25 3.07+0.07 No data 4874043 596+0.18 7144030 8724071 R86+021 No data 1932£078° 36904408
b
2 3.19009°  Nodata 496036  630£059 731003 8.94+0.04 1067£017°  Nodata 18214000"  33.7+100°
b
28 32440100 Nodata 5074018 579001 7.67+0.04 8.95 10.76" Nodata 17.86° 302"

All values are presented as the mean * standard deviation in each experimental group (except at 28° C). Means followed by differ-
ent superscript letters are significantly different (P <0.05).

y=-2.1182x2+ 110.84x - 1401.3 y=-0.0147x?+ 0.836x - 11.19
R? = 0.5322 (P < 0.05) go X T 05443(P<005)
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-0 (a) 70 ] (b)
S o SR °
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8 40 - g -
" L 20 1
30 1 4 10
20 0 r————————r—
22 23 24 25 26 27 28 29 30 22 23 24 25 26 27 28 29 30
Water temperature (°C) Water temperature (°C)
y = 0.0268x2 - 1.4828x + 20.722 y= 0.2073x2- 11.328x + 154.37
g0 -2 = 0.9366 (P<0.01) 80 R?=07132(P<001)
—~ 70 (c) —~ 70 | (d)
xX X ]
< 60] — 60
& 50 1 & 50 1
& 40 ] § 40
S 30 ] g 307
L 20 1 o L 20 ]
18- — 18 L o«
22 23 24 25 26 27 28 29 30 22 23 24 25 26 27 28 29 30
Water temperature (°C) Water temperature (°C)

Fig.[1-5. Relationship between rearing temperature and the various morphological types at the end of the experiments. (a)
normal fish, (b) deformation of centra, (c} bifurcated neural spine, and (d) saddleback syndrome. Open circles: results from
Experiment 1; closed circles: results from Experiment 2.
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O-52), HHEEE=RII2.0~260%ThHY, FAEKEL
BRGNS R, WEEITHEARRBERIL, KRR
1720.0~35.9%, RER2T1.9~6.7%%RL, FEKIE
L HREEBERBBB o7 (P < 0.05 Fig. 1I1-5b),
MR O2X R, 26CH5H29°CTEL (3.3~8.2%), 25
CThaEm< ey (156.9-22.7%), 23°C (43.6~54.4%)
THOKR LV EBEICE»-7- (P < 001, Fig. T-5¢),
MO E 2IL3 X RIT0~15.0% L K<, AEKEEL

BRBMRIE D o, HHEMRIREL, 26CHH29CT
0% THY, 26CTAH2EL Y (0~2.0%), =5Hiz23
T (2.2~5.1%) THOKBLVHEEICE -7 (P <
0.01, Fig. 1-5d),

c) BEHMFREL-HADHRES L UMERE L OBRK
BEABRRE L - A O B FITRRLITO% TH 27223,
HER2T1340.4~65.9%TH Y (Fig. 1-6), RAE1L2T
FOERFRETH-7 (P < 0.01), HREBR2THENBE
LE=B/MEADRRIF21.48 mmTho7-, —F, RB
1TH, BKRKER (£F48.74 mm) TEOBHMENHSR
ENierol, BTORREOHBRRIIEDREIEEKT
33.1%, BEORBEMETS2.2%TH Y, EOKREMEEL
THEWENP-= (P < 0.01, Fig. 0-7), THEEMH
(TEEO BRI T0%, BEORBAEMAT23.3%TH Y,
MoRBEBETERECE» >~ (P < 001, Fig.
0-7, F£7=, HEOERITEOREEA TN ED
REAMEMEATE8.2% TH Y, EORMIEMETHEICS

70
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40: : *
30':
20j
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Frequency (%)

Fig. 1-6. Relationship between rearing temperature and
rates of swim bladder inflation. Open circles: Rates of
swim bladder inflation in Experiment 1; closed circles:
rates of swim bladder inflation in Experiment 2. A
Student's t test was used to establish differences in the
occurrence of specimens with inflated swim bladders, re-
gardless of rearing temperature, in Experiment 1 and 2.

Mmofz (P < 001, Fig. I-7), #HAEOREES E-IIXE
12, BORPE@ERTL1%, EBORBEREKRT.4%THD,
BEZEI -7 Fig. 0-7), £, MEBWO2X %

Frequency (%)

Alltypes  (a) (b) (c) (d) (e)
of skeletal
malformations

Fig.[1-7. Incidence of all the skeletal malformations and
the various abnormalities for specimens with an inflated
and uninflated swim bladder specimens in Experiment 2,
regardless of the rearing temperature. Open columns:
Inflated swim bladder; closed columns: uninflated swim
bladder. (a) spinal curvature, (b) fusion or defect of the
centra, (c) deformation of the centra, (d) bifurcated neural
spine, and (e) bifurcated or trifurcated hemal spine. Double
asterisk: Significant difference between fish with inflated
and uninflated swim bladders at P < 0.01. Single asterisk:
Significant difference between fish with inflated and
uninflated swim bladders at P < 0.05. NS: Not significant.

P i 1
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g 50 ]
8 40 {
g 30!
- 20 ]
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fish fish

Fig.II-8. Frequency of swim bladder inflation in normal
and malformed fish in Experiment 2, regardless of the
rearing temperature. Double asterisk: Significant differ-
ence between normal and malformed fish at P < 0.01.

FoII3 R BT OBRNEE K T6.6%, B KRBEREET
14.0%TH Y, BAEEET 2o (Fig. O0-7), —7%4,
HARRR D2 X TEE D BRFEER T12.4%, B0 FBIVEME KT
4.7%TH Y, EORMPAEE L BRFEEE THEICE -
7z (P < 0.01, Fig. 1-7), $oOBAFERIIEH A TI7.9%
ThHY, WERFEADTA%L LB L THEEIZE» -
(P < 0.01, Fig. I-8),

o-4. &g
ALEE v N FERAICRIT B RE KRS, (FHA
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THA LR, /KE2CTALRES OEEDERN M L
L, BoOMECHERETEMUR LT, v X ORIER
APERNRB JUEERICET 2 EROLTERMZTHE
KiEERHTZ EIIRETH -2, AR THR LN
HEZ, EHEEOWHECHFETHTHS I,

ARFFETIE, 10AGOERRITEKETETL, AR
KT REOAKREIT23CEH L U27~29C & 0 25CHE L TU26
CTEhot, FEE LT, FEUREFKIRDL, {7H
AONHEBRIN L REICHEL RIT LRl E 2
Lz,

YA b~% Epinephelus malabaricus 8 XA YT
BT AT, #EERA
W HNERBEORINE CORMMAEKIETRESNLS
(Yoseda et al. 2006a ; BLitt@ 5 2006), EORER, W
Mo D DINBRBE~OBRAMTEL 2, FROY
HAERCE > THFE L RWAEESER I TVND
(Yoseda et al. 2006a ; BffH & 2006), Dou et al.
(2005) 1%, t 5 A Paralichthys olivaceus {8\ T,
BB TR o X h3BNT 5 L RICHHEERL Y R
SHAEL, ZHUC XV HEREBOFAPENT SN2
KV, HDIWVTEEEESEAOT DM RERARL TN D,
ARFFETIX, NERREOHEED L5 RIFROEBER
BRI OWTHRE L T ARWA, HES (2003a)
2 ANE TEEAKRTED L S FBRFEOHENMEES L
HEERELTVD, Thi, MAKETSEZEISH
6W%%%#%%%%%A@E@@ﬁ@@ﬁkﬁ NG

KBV THEARCRE ENZFADIOATIZET S
ﬁw@%%w%t_tt&%zgnéoi%%(mww
13, 10A41219.572520.5°COAKRKIR, 225CRH LT
BCTYNY DAEFRRELBL, MOFEKELY25C
THEBRNEL RDZEERE LTS, T, 23C
KD CTARBRL BB LERLTEY, ABED
HRLEBRD, v "FOEEAETIY, REK) & EE

L7 E3 (Yamaoka et al. 2000) 2L FEY
BH, AWETIE, 0BG OI0BFE THMERMNLEZ
e LR EREBESAT, 100 5OEHERRIT
22.7~54.3% Th o7, —F, LD (20032) DOHFZE
THBEEMLTBLY, Tl 10A5DOEREN
0.06% M 59.2% Th-T-, ZHLEZ &b, LESL
(20032) DBFEDI0EFITBT AT, FFKRL
FTRLE, FRAOBELERICL 2EEERESSRILLO

[z

7 Plectropomus leopardus (Z

LHES R, THUT R D ERFBICARE L DEVHBBH
T-VREHED B D,

At TIL, FHLRE OB AR,
WREBEZRITIELIERAENA TS
May 1977 ; Polo et al. 1991 ; Kurokawa et al. 2008),
IO LRI Ens, EIELHEEZ AN SR TOEE
DRI ARN R EE L RITT Z LIEHALNTH B,

e, MAETIE, BARBERAY CTEBRENMETT

AREME BRI S THE Y (Kurokawa et al. 2008 ;
Lein et al. 1997 ; Barahona-Fernandes 1982 ; Koum
TAZIZBNTS, NEEZR
FHEKRCHERESHERL, £RICEEL RITTHE
MR E 2N, KREEA L 3V Hippoglossus
=k FX Anguilla japonica ¥ L&
VaE—m oy R— AT, BERENREAE LFAR
EETET, AET&A Kurokawa et al. 2008 ; Lei
n et al. 1997 ; Barahona-Fernandes 1982), AT
FEG LB KIRD, REHAOREOFERRNTTHDH Z
EVNERMICER S TE Y (Polo et al. 1991 ; Oka
mura et al. 2007 ; Kurokawa et al. 2008 ; Lein et al.
1997), RRDOEEME A Nagano et al. (2007) 2k -
TINFTHREINTWD, £z, HMORFIIMZT
LA 780 B (Barahona-Fernandes 1982), &%
W% IE  (Koumoundouros et al. 2002) T{F&k

CEDZEBHbND, AT, HEOREREIZ
DOWTHRE LTV, FHEFEihR K UlREE712i3
A KIREE, MEKRIZLA2FEREELZT T, #F
KIBIZERR L —BOBATHEA L, LrL, BAR
FHFEREOLBUIFABTHMLE L TRESERTD
ZLasmbh (Barahona-Fernandes 1982), ARHEFFET
X, 20 L5 REFOHBEOEBELRHE L TRV,
TEG 72 KIEC L DFEA R RT CHERENMETT5
AMREMAH D, Lo T, AEROI LR HM EIZIE
FAEHMEZE L OBEREFONRERNZEEL, XL
B A RAI AR TR RE R OBFRRBAN B ST D M e B
BH D,

RRIBLURORZIMEKBICET D, EFARXL
CENENOF R 24 HikoHBEEmL, BEEx
HEARELZRE, BRELCThok, £, RBR1IE
FUORORBX (25°C) T, EFABLTERAEND
FRHEBEOHBEEIL, WEEIIHERBLZERVTH
BETHHZ LMD, ZhbOMBMERS L UHER

LR DRk

(Santerre and

oundouros et al. 2002),

hippoglossus,



AL~ Z OFRBRRFIRBICHE T DR

HiRBR S L OE—RBRX CEHUERH D Z L 2R LT,
L=i3o T, REOREEROMRIITHEIMEREHN
tEZLND,

BA T IR XBIFEE AR E FERBRITRL,
INHORFOHRAMEMIL, BRAERR TR L THo72
N, FTOHEER, BB, 2B LUREBR (25C) &k
LTRZE TR, RE2TROYERIAS bR, T8l
REDSHER OB AR L GBI - §AKR2012), BREE
K& BEHEROHEAERPNRESHEORALFEETS
" HeM: (Lijalad and Powell 2009 ; Bardon et al.
2009) R, @RI Z I AOHEABHEEOK S ORK
ThHoHETHAREEL B INTVSD (Dedi et al. 19
95 ; Fernandez et al. 2008), FEE1I LU2THE, B
AR LRI Ry, £, PIHEEtoRR®EL
KOS b RIS, LER->T, BEEIIHERED
BiERiC B DR T, BRI LU0 REM
EREL, ERIWEARIITIRETHD, KEIHK
HOBRIEEET 77 4 v a2 ORIZBT HEHRE %
BlERITZENRESNTWS (Roy and Ho 1999),
—77, BRER (2004) 1%, ~&A TIX, (KETERY OB
Wik, AEREERAIERVWEREL TRY, 20K
REFRIIABM TR S L9 ThbH, Hattori et al
(2004) 1%, BRAREPHEORBDOFEEDO—>THS
LRI TV, LER-T, BEEHADKIE
DOEBERD EH5120%, BEBLOREOERLEGD
HCERETR R OERAIRE L OBEREORBIZON
TERLIHFARBLETHAH, FE, Ujl et al. (2013,
2014) X, NLEE FOZ EHBEIICRET HHK
HinfRED, FHEORELIIEEITHRECIER
L, EESRREORRE LT, FERRYORERER
EEEHLTVWA, ZHLEZ s, ATABTZE
5= ZRNOEBFEICIEETOLERDH D,

HEAEBOHBREBIIAKBTEHL, IO &iT, 17H
AMOFEEBEKERD, ZTOREOFELRFERO—D, b5
WIREELRFERODREZMETIRFTHD Z L 2Fg
LTV 5%, Sfakianakis et al. (2006) i, HEADOLER
BI—n y R— R BIT HREEORPIOKETH
D, ZOMBERISTLY20CTELS 2B L &HERHL
TS, =NZ BT HHEEEROHBE L, Y1 0BR
TEDHNBUZE SN CHIBTT 2 2 LixREETH D08, HE
WERIT, KBBLOKKD LS5 %, H5—-EOMESL
T CRTEIC BT D A aEtE2 H 5 (Sfakianakis et

al. 2008), L72#3-> T, fAAKEBEERRLHBIIRT X
INEEOBPHEE T, FHERIRY ZOREORAEZ L
TOLERH D,

MAEBD2X FE I IE3X DM I RIEA o T2, XA
(2, MRRO2XII23CTHEEL, HRBROBEIL, A
BRI T 2SR E PR ENT, BT A
T, #WEROBEREIL, mMEREY LEGHRICES
EHE S (B - &AR2011D), MRROUIALEE
ENTHEHAICB T 2 IBOMEN L Lt

EHERATR1323~25°CTHBR L72As, FERITIERWVEE T
Ho, MEKEE, FEREOHBIZENCHEEZRET
T ENHER SN, BOoNLOEEREOEFTIE, F
HEB O, WA E AR EE L OHEOER TH
HRHMEERELCWEnT, FERRHOXRM, HDH0
IEEHER L MRBOBS EPRICHER T 52413 T
ERhotz,

v HA T, BETFARICENBEOICHAELRN &
T, RIBEORENFEIND (LBEDH 1981 ;
Kitajima et al. 1994), HABTKED A F~— (H
FRIEIEERE) 2KEOMELZRET HDIZHRHOTHY,
FAMOMIERO —KEAELZRET 51213, ZO8(E
BUBETHDLI EBREINTWS (Chatain and
QOunais-Guschemann 1990 ; Trotter et al. 2005 ;
Kurata et al. 2012), AEFFETIL, KEOMERESL
WTHOMBRTHLERET, Z5 L7z EHRERTESR
BANE L 7= HAOHEL, RRIOETOKETHTHY,
RF2OKE LR -7 (40.4~65.9%) Z ENnEZLR
Do

T N AFREOERIEIZB L C, Nagano et al. (2007)
I, EABPELZEE608 S (KR 30.1 mm, dbE
5 (1991) & B\ iZSabate et al. (2009) DX KE
X HHELAZ£E1336.95 mmd 51 239.60 mm)
THHTHEALEZ E#HEL TV, FHS (2009a) 1,
61H % (£&31.0 mm) THHBEEKIRED N
T WE LT, ZRBOMETE, Wb ki oMK
ZRRELLZVERREEGT T, (FABOYIHICE N BRET
DHLEBRPSTZEERLTNS, LL, AREIZL-
TiE, HFHRAOPBICEENHE L 2o RanZ 0%z
FRIET S, Wb ZREAESERINTVE (LBS
1981 ; Chatain 1994 ; Jacquemond 2004b), ZA&#FZ2T
%, ERELERBORELITo TRV, HRER2
TEENBEE LR b/ EWERIILE21.48 mmTH -



Teo ZHUL, = Z TITRBABERZ R L ERDHIO THE
a7 KkE & (Nagano et al. 2007) X 9/h&Euw,
RBRIBLOFEEDL (20092) DT R TIZ
31.0~48.74 mm®DER CHEO _RAFENHZE SN2 h -
I EBETHE, RB2ICBT2EOREDL, FA
Bk 2 —KBETHD LELLND,
BORAERIZOWT, MRBRXKMTAEERALN
FRRIZOWTIE, UFoZenEzbND, £T, #E
FIITHER RIS T S BERIFRE, E X EMEEED
REOEEMNFETH A A EMENH S, Angelfish
Pterophyllum scalare (Cichlidae) L ra—nr w3
R, BIEHRED, BOBMECEEE RITT
AIREMEIZ DWW TR SN TE 0 (Zilberg et al. 2004 ;
Peruzzi et al. 2007), AFFETHWREBR THEM L%
OB RRDZ LD, BENRERLZE T &
HRHY, TR ODWTIRERLIFROLERS D, £
72, Koven et al. (1990) 1%, I—nu v/3~¥ A Sparus

aurata L. 1I28BWT, AL OEERAMEREDE
LFROEORIEZ, HE TRV, FFOHBBEED

HoNDZEERE LTV, EEAEHOREML, 17
BDEZRI AR LB RRTRDOIE N EFRT I FER
FThHDZEbrMEhsZEnb (LE 51981 ; HE
5 1995 ; Matsunari et al. 2013), A#FFETHEAR

KRBT 2EOREREOEDRRE & 72 o - RN &
60
ABR2 T, SEFEKBICEGRRLS, B8RRI fE

ERBERACEREREZLR L, FHEFREABS IO
HERDOER OB R, B L EETo%is LW
9.9%TH v, RHIAMEMEKD23.3%B L U68.2% & kLT
BEIEN-17, &6ic, EOBRERT, BEERAT
17.9%% R L, BEADTARL B L THEIZE 27,
LER-T, Eo—REEOREIL, FERYE, FCF
HEBRER L UCHEEROER OB IEICHERNTH D L& X
bz,

AR T, FHEAORRIZEKR TEE Sz,
MR OERRIE, 23°CEI1327~29°C L 0 25°CE K126
CTrmotz, —HCHERFEEEOHEEDL, 23C, 28
CEZIT29C L Y 25~2TCTET Lz, ZORREEID
ﬁﬁﬁ@:ﬁﬁéﬁ?*ﬁﬁ&% ABRB I OWERE

FTHRBERANICEE TSI L, v FIFHADR
ﬁtﬁﬁmmu 2B5~26CThdHEHERMTED, KA~
NE DOEIFEEDOKIER L OMFROKREICHET 2 KA

HTH DA, NLEE FOERICEL TE, #20CHK
B2AMWENDZ &b (L5 52003a ; Shein et al.
2004 ; 4% 5 2007), REVEEIZ BT HFAHPE LI
BEOKENL LAZY, LEBN-T, KFRTHAW:
FIEKIRIE, FLLAWEEZLND, ATHEETOR
BEHAICBSIT 2 EERF ORAETKBEIEELTEY,
AR & BRI O TE LW BB B RS OB L IZ BE T
BT ERMLENE (BH#ES2004 ; Aritaki and Seikai
2004), = NZIFHER DR, £RBIUERAEOH
HeEETLHL, ATHEETICET 2REEEBRO
Bl L, 26~26CItHh D LR TE D, T, A
e CiL, BEO—KEVFREDR, FHETElR L OHE
DEROHILICEHTH S LR TE T



