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FEEEAHATRBEHE

EEL K ONT T OEY EERX M W EEE JIA4EL
"HREFEERZFARKT B TR WL 524025)
WE AR RARET—EF N6 A E IR AT 8 E E # (Rachycentron canadum) 7t

EABRITRE, WEFNMEFEE VR ERMAEN B LA, FRE T, ER—HAE
AW IB0NEE & EQ5 AR)EBIAAT, A NRAMMAFESRLERL, BHEN 40.00%, &%
M AR 22 f, MR EHBAREIERAARERRKERH,. B EFEKL . Homap X, #
THERMUMRE LERAE; IAGRBBUAARKIALEET NN AT N, BEFMEE F 8%
WK 2K FAER B E Z R(P<0.01), RFAXREKN, FHRBHAEEELKTE T B, A
RARFR B R GRBMHNRLALRARERE ., B BB EmEAE T RELERETELEA,

KEEiA

hESEE S961  XEEERINAD A

HRR ORI RIR . RPN E LS
1, TEHEK O DB 108 B B py B, &
AR R ZCHEBEMIEN, B E . FERZRD
LB SRR GRSk K B 5 BUE # P (Cahu
etal, 2003). HHEMIE 2 REAT | MEMILEAE MK,
BENEE 155, BRGNS, i RS M) (Gapasin et al,
2001), 7EANTERSRA, Wl o E ik 2= iy fi
HAg IS, WP A TC I8 Bl ok A4 T i
2 (Cobceroft et al, 2012), HHEF, XJ 2845 WE i
REEPTENTE H (Perciformes) (Ma et al, 2016; Cobceroft
et al, 2004; Wang et al, 2000; Ji& A 4555, 2020; Fraser
et al, 2005; Nagano et al, 2007; 25K 4%, 2019) | fi
H (Pleuronectiformes) (Hosoya et al, 1998; Martinez
et al, 2003; Lewis et al, 2004; Gavaia et al, 2002; £
%, 2011), #JE H(Cypriniformes) (Ferreri et al, 2000)

FEh,; fa; RE—FERLE,;, FHEH
XEHE 2095-9869(2022)01-0133-08

LT H (Salmoniformes) (Witten et al, 2016)H {3
TS WEIE NS R BT B R 2 R S
H1 & Az 3 #(Ferreri et al, 2000), DA K isfs | BR45F1E
F% 45 PR R X i R IE R B BB T 52 (Alix et al,
2017; Fraser et al, 2019; Kuroki et al, 2016), F:H, [#HEH
B IR IE 2 Bk A R R P BRI R OGN 2
7% £ (Rachycentron canadum)sf J& T- 64 H . fif
W H (Percoidei) . Z# ffi B} (Rachycentridae) . 4= ffi
J& (Rachycentron), “hAMEFBEKEL B, FE 5y
TR BER . KRR S
AR, AP E R R RN A, Rl sk
KRR, PRGN AE ok, FRAEEIE, SR E
o, TARTE R I N TSR BRI R Wi R (B I
2, 2004; BRIGANAE, 2006)  AHF 5T A BATETF JE 42 i
ANTEFWIEH, MEEEF] 15%~20%H 1 1 17 E R .
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AR AAE T T B FRBE AR, F5 T T 82 DR
FRIAAE TR 2 — , (B 4 i B 8K F R
FEW A DLRGE .

R ey, M R T 8 A RN BE
REIIRAFG , HEY B TE B #Acm B S Irm e
i, gt BT e RE, X—-KFHEK
141 % W T 26 2 ] R 23 70 il f A 5, AR T 5 i B
i) —HE KR AL % 25 H # (days post hatching, dph) 7=
FOHE SR, 38 A SR U — B XU 8 7 i A T A
Yoty X HoB BRI & AT AL . IR b 28 R T 2R ik
Wb, WEoE 25 i iR R 0 L, BRI %
N7 N T FRENHE 2S5k .

1 #RAE
11 FHEHIES

2020 4 4 H, 18] R RFA YR FEHL (R
W 5T TN T EH . SR O 43 B i ik
J5 BT 500 L [BUE M A0AR o se e fk . Ar gt )E
W FEN LA 55 55 2 = KPR HB(S mx3.5 mx1.5 m)
AT E . Ml E S R R AR R . 3~10 dph
FEMEHS i (Rotifer) , $ R ELJRFFTE 1~4 ind./mL; 8~19 dph
FEMEAE /I JE(Copepods), MR ERFFE 1~3 ind./mL;
10~23 dph # M2  H (Artemia saline) 4 1A, M4
£ 1~3 ind./mL; 17~30 dph $EMGEERE/INE 3°~6" BRI
ST AT 55.2% . HRENT 12.7% . HLZF4E 1.0% .
MUK 12.2% ., K453 6.1% ., R 3.5%), HEMEE
FRIERE Y 8%~10%, 3~17 dph M2 3~4 ¥k/d, 17~
30 dph M 2~3 ¥ /d,

1.2 SLIEHEMRE

T[] — WAL AL R L 25 dph 25 faHE £ K BF5F %
%, WURERT— KA Ih e . FEf 2 T/ B RIS, 7
BT 4% RPEEER DT 4Crne, ZE
2 T0% KGR (20 CHIRFE S

1.3 EHEE

WX Guido S5(1977) B B — 8 WU 0 )5 1k
FEmPAECHE, SR 1% KOH 17 WOARE G171 1 e
o, XEW A ekt e, BRRaRkL
BINTE .

THUE: L 4%2 R EE [ E WHE A A ddH,0
IR 1~2d,

OB YL RIS VR AR AR E T 0.02%B0 JRK BT 24
Purh 12 h, B Z LS R B LR B W R

FEEEK : BARAAR LA 95% . 75% . 40%.
15% AT RS TR ddH,O Hr HEA TR0 BE B K | 4B
2h,

B . BRI 1% KOH B kAT 1% W
b, HERATZEREY,

B YL . BERRAS A 0.1% 96 R4 Y &4
45 min, HEMFB Y L4,

TRAE : R AR FEA 0.5% KOH FIH il AR 1
KGR )IRAW T, HEZREIG,
AT, JEIA 3~4 R B B IR AT

1.4 SLIGFRARIME

KRR R RO 3 A A 424K, ] Leica M205
FCA A S %5 378 WIARAS HEA T L E40 IR, 10 S B i
W 2 1) A TR R A8 AR A, s E AT 98 R B B
2%, B 42 18 Harder (1975), ‘BHEIEAIHES
I Favaloro 45(2006).

15 HiEaiE

X BB 1 R 2 S R R 4 0 R 4 K (TL) Bl s
WATGE M, AR B DOE S5 AR M 22 (Mean+SD)
PR MG 25 SPSS 20.0 HEFT BN )7 243
Hr(one-way ANOVA), 3 Hr#% 1 2H 5 5 % W 2 41
Z IR K 1 22 KK R B 2 5 22 43 f
Duncan’s £ W, 4T E 85 1E# 41 . & A RIBTE
g 2z [tk 2K 1 22 oK . BB RITHR A

e 2 2% = (R T2 250/ B0 < 100%

2 #HR

180 N4 HE M B BEFEAS 1Y SR TE 25 40.00% ,
IAFAE 22 PSS 2 A, B R & AR 2
S fE (cranium) . A A (vertebral) . ¥ £ (dorsal fin) .
B (anal fin), EEfE(caudal fin), HAEBEWIE KA
AERAL . BEZEAVFIRIE R 0L 1, Hf, 62 A
7 1 P EIE , 10 DNREARAETE 1 Rl DLy -E 8%
WY o

T 0 HE£0 U R MR TL=(43.14£7.13) mm,
WL RN 17.22%, 3k BK e /K [CERCR R (MCD,
K 1A). £H 5 WIE@BD, F 1B). & H R0 (BA,
Kl 1C)MIE 5 FUL(LHA, Kl 1D) 4 P #&mHEARY, Wi
TR 00 12.22% ., 2.78%% . 3.89%F1 1.11%. 4 Flifii
FEgEg SIS s I TR A WANEP St 51 g Y

HE i HE B A RTE AR TL=(46.67+6.34) mm,
WL %R 10.56%, LA 6 FrassmiEms, 40l
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*k1 EEEHEERERMESHEE
Tab.1 Type and incidence of deformities in juvenile R. canadum
WTE &L Wi e 251 WiE %
Deformity site Skeletal deformities Deformity rates/%
PR KFIR ERECE I Meckel’s cartilage deformity 12.22
Cranium BT Basihyal deformity 2.78
5B 57 Basihyal allotopia 3.89
W5 FUL Lowered hyoid arch 1.11
B HHERIM Lordosis 1.11
Vertebral HES BJE Vertebra deformity 0.56
224> X Bifurcated neural spines 3.33
Jik 43 X Bifurcated haernal spines 4.44
ik R4 Haernal spines fusion 0.56
WEHIUA Cartilage redundancy 1.11
JEhE & F B Bt4e Epural deficiency 7.78
Caudal fin E L& &4& Epural fusion 3.89
& LB WIE Epural deformity 0.56
BT Hypural deficiency 0.56
BT H5MET 84 Hypural and parhypural fusion 1.67
B T H W Hypural deformity 1.11
T R i W % F 43 X Bifurcated pterygiophore 1.67
Dorsal and anal fin W8S WY Pterygiophore deformity 2.78
W &5 TUAT Pterygiophore redundancy 0.56
Y& H S Pterygiophore allotopia 0.56
W16 25 7U4% Anal fin ray redundancy 0.56
W EEHL e Dorsal fin spine deficiency 0.56

B

LHA

2 mm 2 mm

PR 1 R
Fig.1 Cranium deformities in juvenile R. canadum

MCD: K3i/RICHE MY ; BD: JEEHHWIE; BA: F&HHF0; LHA: 5 T
MCD: Meckel’s cartilage deformity; BD: Basihyal deformity; BA: Basihyal allotopia; LHA: Lowered hyoid arch
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SRR (LO, B 2A). HEE W (VD, & 2B). #
204> L(BNS, & 2C). ks> X (BHS, K 2D). ik
A4 (HSF, &l 2E), BB ICR(CR, B 2E. Kl 2F),
JA A3 SURIA 20 43 SURY 2 1B R e, 40 3k 4.44% 11
3.33%. 7R FE & S OB 1) & A TUAR OB B ATAE o
6 Fh B BB 4 R B 838 T LA AR S8 1k
Al f RS BT MR TL=(43.36+8.27) mm,

Wi %N 15.56%, AR EEHED, K 3A).
FE L Efl& (EF, B 3B). B La®EEDM, Kl 3C).
BT EiEMHYD, K 3D). EFESMENE&S
(HAHF, [ 3E), B N H I (HYDE, K 3F)% 6 flvf
BREE A, B LB MR LRl A kA R
B, A 7.78%F1 3.89%., 6 iR BRI K R R
2 AT LA ANITIE SRk

2 R AT R R
Fig.2 Vertebral column deformities in juvenile R. canadum
LO: HHHIY; DSD: WHERE; VD: HEFIHHE; BNS: #4pn 3 ;
BHS: [k#isr X ; HSF: Jkiaié; CR: BEICAR
LO: Lordosis; DSD: Dorsal fin spine deficiency; VD: Vertebra deformity; BNS: Bifurcated neural spines;
BHS: Bifurcated haernal spines; HSF: Haernal spines fusion; CR: Cartilage redundancy

3 A £ R 6 i TP

Fig.3 Caudal fin deformities in juvenile R. canadum

ED: JE LH#k; EF: B LEMA: EDM: B LEWIE; HYD: B FAEHK;
HAPF: B TFHSMETHEA; HYDE: BT HRE
ED: Epural deficiency; EF: Epural fusion; EDM: Epural deformity; HYD: Hypural deficiency;
HAHF: Hypural and parhypural fusion; HYDE: Hypural deformity
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0 £ T B FUE S BRI MR TL=(51.88+
7.12) mm, WER N 5.56%, & B & H 4> L (BPT,
Kl 4A) ., ZEEEWIL(PTD, & 4A), S TUA(PTR,
[ 4B). HEH SEAL(PTA, & 4C). B85 TUA(AFR,

K 4D), TFEEMRERJC(DSD, & 2A)55 6 Fhi % m . Fh
XK, HEEIE FES EEE A, 6 FhEH R AR
FEHL B T WL AN RIE S AR

BB TE B ZH[TL=(50.03£10.06) mm]5 & 8% KL

P 4 2 o R £ 08 R Y 1

Fig.4 Dorsal and anal fin deformities in juvenile R. canadum

BPT: SZEE# /- ; PTD: CEEHWIE; PTR: CEEHICAR; PTA: SCEEHR{i; AFR: HEEFITR
BPT: Bifurcated pterygiophore, pterygiophore deformity; PTR: Pterygiophore redundancy;
PTA: Pterygiophore allotopia; AFR: Anal fin ray redundancy

2 [TL=(44.56£7.79) mm]7E &K FAFTEM B 3 25 5%
(P<0.01); ‘B #E1EH 2H 530 5 i i B JE 41 [ TL=(43.14+
7.13) mm] (P=0.003<0.01)% FE £ TE 24 [TL=(43.36+
8.27) mm] (P=0.001<0.0){E4 K F1ATEN B #5225,
T BBEERTIE 2H [TL=(44.39+1.98) mm]43 5 /i w5
JE 41 (P=0.033<0.05) 1 |2 fi§ it JE 21 (P=0.021<0.05) 7E

ER EfAEREES A S5,
3 it

AW E R RGE T AR T R IES
FHIE. 7E 25 dph ZEH 00 Y BT A BOE RS, it
BEGIE & AR, FERIK IR CRKE WY |
HEFWRIE . BHERA. &5 M0, 58%k
(2015)HF 7% A& PLIY) BPIE 5 65 (Trachinotus ovatus)ff- . FE
%) P IR — B, HEMDE T =& K F BB
1Bl o oK T 2R DA B BRI 2 — P s Ay i DL 1) £ I
JEZEARY, i Ei(Seriola lalandi) (Coberoft et al, 2004)
Wyt (Lates calcarifer) (Fraser et al, 2005) . kg A fif:
(Salmo salar) (Witten et al, 2016) ) {1-HE fi rh 1 % 3K
TR AR WHE WA TE o DR B8R 65 rh B2 R0 ™ 5 A K e

=
S O© O
T T T 1

(=)
T

—_— N W A W N
(=} (=]
T

42K Total length/mm

o ©
T

A#HH B#H C4H DH EH
28 51| Group

K5 EHOE R 45 5 E M 4 4 2 K A
Fig.5 Total length of normal and skeletal deformed
groups juvenile R. canadum

A BHIEWH; BA: MERIEA; C4. WP
41; D4: REEmIEA; EA. . MWL,
PR{EF RN 3R A 3 25 55 (P<0.05)

Group A: Normal groups; Group B: Cranium deformities
groups; Group C: Vertebral column deformities groups;
Group D: Caudal fin deformities groups;

Group E: Dorsal and anal fin deformities groups.
Different superscript are significantly different
from each other at P<0.05

IR AR BT AT S ECT 8L OREEJE, 2015)0 AT
FErp, A O SR RACE R R R WY, iR
R SNRIE S Besh, A A
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KK IFEHH 2 W 5% 25 1 B A1 (Epinephel us akaara) T
i % i 55 W sl IR 42 (FLAE I 4%, 2016), T HE
T ARE HIR2ZE S R RE 450 658 wIE A
FEERESEEMRMMS | F5, W E T
e HBE XM, HEdBEAERERLAXER
&, 2007), BEAN, MR REANER S KA BT
IEEAMAR, T REX L AR 1 B, ik —
XA KR B 1l R

ARG, 7 R B WY LR T TR
2, BEWRIE MRS KA D Z 8T Ew A, Fh
WS E RS S84 L W (Sparus aurata){1-Hi 1 FE#E &
H: 52 (Koumoundouros et al, 1997), ARWFsEH, FEfg
WA T ] BB A2 F T 0] 3R 2 B R, Xl 2 AR R 3 7 AR Y
M, MM 44, Bhah, B HE AR P 2 A R[]
REAE—E 2R, FH A RERE EEEE
Bk MR FE G 5 A 3 (Epinephelus awoara)
) R g Y £ 2R R B R (EROR S, 2012);
K 25 i (Scophthalmus  maximus) 7 2 #% i 1 3= % J2 g
WY M EFF B B (B 5, 2018); URJE GRS 2L
R L RE TR B2, 2015).

T A0 P 2R B IO RRT Y A R, X
K% ] ¢ ik (Paramisgurnus dabryanus) (i = 8, 2016)
FE % R B RHE R ZE AL, AT RER T o AR
L BEAh, ZEE A ECE TUR R B R A AR Z 1],
B £ B0 b 1 3B TU AR & A R A R S B 22 (]
(EFKZEAE, 2012), 41 6&4 ) (Lutjanus erythropterus) &
B Ak R R 20 A 2 2 T A A A R (RE R I,
2016), FWIHE TUAR K AL E AT REAETE D R ) 22 5
a4, &4 A B 4 (Epinephelus septemfasciatus)
(Nagano et al, 2007). # %l (Pelteobagrus fulvidraco)
(Huang et al, 2016)557E41 . HEfa B B BIAE7E & Bm 1
HEHWHE S, BRIEEEE57E 11 dph B AT U8 3™ & i)
HE I ORZE T 55, 2014), {HAE 5 758 40 ff o v
AU AR A T B B T A4 o HE FE B PN, W] A2 FR
THHREKAEERE R, HiX—RE 2R H%
AP HE A AR AR, I, FEAEIS I HES) AR b i b
WL H) X — R JE 2

TN 0 RN B T BT B BE AR L S
Hor X ZEEFEIY . SCEEEASh . SCEEE AR AR
i SRR 5 SR B R T AE T 0 B AR R 2 6 rh
PIE s (ERCR S, 2012; BEWE, 2018), {HUNKZE
1 2E P9 i /R 53 (Solea. senegal ensis) & 4% 114 Bt 2%
Ala A4y XA WHE (B 1F, 2018; Gavaia et al, 2002)
TS R LB, AR, 8 RS T g
T8 1) W O AR R SCEE AL, HE R, AT

BRI — B B f 68 2 L 2 i b oe 4, (H S 684514k
TR, Hit, SEHEEIE R & AT ie S X
g E B AR

AWFREER R, FEH At samir %5 36 dph
LT B G Y B R IRTE 2R(39.50%) (B K1, 2016)4H3E,
W& = T A A & & B B 19 O JE B8 6% (22.00%~44.00%)
(GHhEEJe, 2015), {H 5 AL T ¥ £ 3 £4.(Epinephelus
lanceol atus)f{H £4.(96.00%)( B F1fF, 2018) . 4=k fRHE
£1(43.20%~100%)(Boglione €t al, 2001; Prestinicola €t al,
2013). 4 (Pagellus erythrinus)HE £ (66.70%~80.00%)
(Boglione et al, 2003) & thifir(Dicentrarchus labrax)ft
111(>90.00%)(Barahona-Fernandes, 1982) 48 i % {f .
AL R BHE T R T H AL ST Bk, f
AR L B AR, TR E T HE BRI R .

WRLIRT AT, 28 fa HE £ 1 B T 28 d e 3
ANE Ay P R R B 3k S B IR 2 R ) f R PR
FEK , a2 my AR K TS 2 47 1% (Koumoundouros
etal, 1997). MNZ B8 WK 2K 0T IR R
MK, RIAFEBIER A EEZ 2B 8EIEEm, it
AL, R W T e 2 R el i A
Ko A5 38 2k %00 8 RIS 1 45 fn £ B
WA TR PR 28 R e A AT, A IR o i S R T 1Y)
KA AR AN LA | YD R T SR AR T Rl R B SR A
PR ELIS A

=H

& £ X
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Skeletal Deformitiesin the Juveniles of Cultured Cobia
(Rachycentron canadum)

MAO Feifan, CHEN Gang”, MA Qian”, ZHOU Qiling, SHI Gang, HUANG Jiansheng, KUANG Jichua
(College of Fisheries, Guangdong Ocean University, Zhanjiang, Guangdong 524025, China)

Abstract Cobia (Rachycentron canadum) is an important marine fish with marked potential for aquaculture
in China. Skeletal malformations are fundamental problems that severely decrease the production efficiency
and profitability of cobia aquaculture by affecting external morphology, growth, and survival. In this study, we
documented the skeletal deformities in tank-reared cobia juveniles (25 days after hatching; n=180). Based on
observations of cleared and double-stained specimens, skeletal deformities have been described. Overall, 72 of
180 fish were deformed (with a deformity rate of 40.00%) and 22 types of skeletal malformations were
identified: Meckel’s cartilage deformity, basihyal deformity, basihyal allotopia, lowered hyoid arch, lordosis,
vertebral deformity, bifurcated neural spines, bifurcated haernal spines, haernal spine fusion, cartilage redundancy,
epural deficiency, epural fusion, epural deformity, hypural deficiency, hypural and parhypural fusion, hypural
deformity, bifurcated pterygiophore, pterygiophore deformity, pterygiophore redundancy, pterygiophore allotopia,
anal fin ray redundancy, and dorsal fin spine deficiency. Malformations were most common in the cranium
(17.22% of specimens) and caudal fin (15.56%), and the skeletal deformities with the highest incidence were
Meckel’s cartilage deformity (12.22%) and epural deficiency (7.78%). All fish with these skeletal deformities
showed no visible morphological changes. In addition, a significant difference in total length (TL) was found
between normal fish and all deformed individuals (P<0.01), individuals with cranial deformities (P<0.01), and
individuals with caudal fin malformations (P<0.01). The TL of individuals with dorsal and anal fin deformities
was significantly different to that of individuals with cranial (P<0.05) and caudal fin malformations (P<0.05).
These results provide insights into the skeletal developmental process for optimizing cobia rearing conditions.
Key words Rachycentron canadum; Juvenile; Double staining of cartilage and bone; Skeletal
deformities
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