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(Rachycentridae) 4= # 11 J& (Rachycentron), VT4F7E
BTN R T AR, A
FEMEfIHIIE S FE 32 07 A& T AL,
Hizgh X&) 1 22 m 2, &a
Sk oOr Xl s Hog A g 17
WM E R IR S MEE S, &G MIMNEEETRD
AR A 5 Rz B AR S A AE SC B
HARBMEKRT, 52, sah5EE AN
FE AR R 5 R B R R R DG A
FitE. ik, AMFFE X 1~33 H il (days past
hatching, dph) 4% £ A7-HE 05 A 2 B B % 19 &
BT REMEMIC R, AR EAH S
B AR ) S & B RRAE , 1 R & B I B
BRI R B 518 3h M Iy AR AR DG

1 MRS TE

1.1 SCIg# Rt

2020 4F 4 A, FE)T AR RS AR W o ik b
(LR ) 4T T A N T5H . 2RI
$E 0 vk 5 B T 500 L [RE Al v sw S fk . A7
R, R R AR 55 B 2 = K Jg i (5.0
mx3.5 mx1.5 m) FH1THE . XIEL)E 1~33 H i H
7 HE fa 3E A7 3% S HURE o B9 H 380 Rl B 3 B
20~30 BT, &7 HMERNEG E T 4% 2R
W T 4°C 3%, FIRAREE 70% LSBT
(—20°C) P17 . LR FE AR N B A ESE T AR
R A SR BRI, R IR AR TE K
SN SR S 51 2 il 1 R 1 B AT

1.2 S

K H Dingerkus %5 {1 4B R B UG 8 7 1%
I, BARLER.

e KL 4% 2R R E RS
ddH,0 H1i2 il 1~2 d sl K bk 1 d

BRRE IR MR ET 0.02% BT
SR LY 12 b, B 3 LS 3 6 5 o e ol 1A
TR

HEBLK  REFRAKRIR A 95% . 75%.
40%., 15% SR, ddH,O H ik £ 86 3 i K
BABEEE 2 he
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H130~45 min, B &R LT

A BRI EEA 0.5% KOH-H R
AW G111, 13, RBH) b, A
P, VAL, BAHE 2d, REBA
Hi, FFMA 3~4 KB F I AR

F M205 FCA {4012 f45% (Leica, fEE) X8
BEARAS AT AR, IS B & B B SHHE
PRS- RO 2 (TL) IF 8- F(E, s gk
P& ULV 349 {8 45 fE 22 (meantSD) % /K . i Pho-
toshop 2020 X146 (1) 8y AT S AL 3 o S i
44,2 I8 Harder™ F1 35 PC M,

2 4

21 BHESHELE

1 H 2 ff 4 [TL=(3.87£0.16) mm] B R & HE
R, MR 5 HIRAF A [TL=(6.01£0.17) mm]
FERMMEH 53; 6 Hidfffa [TL=(7.03+0.22) mm]
BRI E, BRE T 1 BET &
MR, EJa— Mk S R 2 T R
AL TRE TSI AR g 5%, N TRR
RSB M TC AR A, 7 H TR [TL=(8.17+0.32)
mm] B R AR S b A A S e, AR
HEHR e o 1 UK S B, B HFHR AR (BT -1).
10 H#A 4748 [TL=(11.27+0.41) mm] Frf3 #1255 Fik
SELEHIER. 11 Bl [TL=(12.33+£0.48) mm]
P 22 55 R K 5 AR i 5 T BSURR DR A 2 R Rk
(R T -2). 13 H i3 HEF [TL=(16.86+1.04) mm] #
MM S WA S | ko @ma 3 1b s,
Bl S AME AR B AT S . MRS ) R T Al
2555 WG v ) TR . AR ) AR Ak, K R
FE AR SR H . AT ) R S ks A R ke
M)A I —E, BNER I R g ik, B
(BB TFRrg = Ak (B T -3). 15 HigHifa [TL=
(23.7142.07) mm] FrAHER . M5 MK S 2E
TE5ERt, BREH 1B -& BP0 2 Bodn & 7
JokoR, A R RORT A 2R L ARl (B T -4),
17 H A HE 0 [TL=(29.67+1.13) mm] 5 [l 1 3k 35 1]
AR . FEE ) R o R k. 20 HIBHE M [TL=
(36.33+2.82) mm] 5 WA L5k, MM HE L,
BT A 53R —%0, 21 H i HE M [TL=(37.39+
2.98) mm] A7 G AU ORI A Y DROBEEAS B A58
B (ERR T -5). 29 H #&$HE A [TL=(76.33+7.44) mm]
B AR 5E B (IR T -6)0 BRAES B, B &
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BRXENF

1.7 H&, 2.11 H#, 3.13 H##, 4. 15 H#, 5.21 H#®, 6.29 H#b. Af &, Df ¥4, Dr. ¥4, Ep. B b, Ha k5, Hs. ik,
Hy. BT, Mhs. @&RBKBE, Mns. @ERBEM, Na #1495, Ns. $H4MH, Pf &S, Ph. ET&, V.HH, VLIEEE, v g, TL.

2K, FH.
Plate |

Vertebral column development timing and progression of larval and juvenile R. canadum

1. 7 days post hatching (dph), 2. 11 dph, 3. 13 dph, 4. 15 dph, 5. 21 dph, 6. 29 dph. Af. anal fin, Df. dorsal fin, Dr. dorsal rib, Ep. epural, Ha. haemal arch,

Hs. haemal spine, Hy. hypural, Mhs. modified haemal spine, Mns. modified neural spine, Na. neural arch, Ns. neural spine, Pf. pectoral fin, Ph. parhy-

pural, V. vertebra, Vf. ventral fin, Vr. ventral rib, TL. total length, the same below.

AL B 24 o R R
22 MiIEEEAE

B 6% 2 H #4741 [TL=(4.03£0.15) mm] £
Jif B D AR B, R A 0 A L I B A
4 H A7 40 [TL=(5.03+0.28) mm] 4 2LH & 46 H 91
AWML Ao 5 HIRAF £ [TL=(6.01£0.17) mm]
By -8 A B B (BRI -1), 7 H A
[TL=(8.17+0.32) mm] % & 6§ At 8L, 9 H {11
[TL=(10.05+0.59) mm)] & 4% i £t 5% 5% 1 6 4% (1 i
1-2), I 17 HAES R P SMI L FR 2 1) 2K o
k. 12 H A7 4 [TL=(14.17£1.00) mm] | 2L 45
FEIG B S B Al Il 5 WS Sl A
TE Vi S g T UL, JE IR AL B (BT -3), 15
H % HE f8 [TL=(23.71£2.07) mm] J5 LB M K355 1]
Ko Ak (F R -4), 18 H 3 HE fi [TL=(31.45+
1.11) mm] S 881 B E H ) RS L fR v ] ) 9 i
WA, SCEEE H AR LI B (B IT-5). 20
H 3 #E 0 [TL=(36.33+2.82) mm] 2 B 5 )8 I &
F R I ) PG Ak, B A T — 3 (B TT-6)
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25 H I HE L [TL=(60.45+5.77) mm] 2 k& F1Jg B
BRI MW T UL, 33 H 3 HEf [TL=(87.60+
6.00) mm] FEEIEAH AL SE L. BRELE IS, M
figs A BB S8 S AR

R 5 HiR{F# [TL=(6.01+0.17) mm]
1R TEHM, 8 HEEM M [TL=(9.05£0.26) mm]
B b T an B, R SR A v AR R B A
(BIWI-1), 15 H#&HE [TL=(23.7142.07) mm] J&
BER) B BRI, Il AR TG AL,
R B 2% e SR I AR s n B Ak (IR -2)
18 H #AHE 0 [TL=(31.45+1.11) mm] BT & &1k 5%
B, BB AR B R ) oK e I il A
(B IT-3), 20 H #3HEfA [TL=(36.33+2.82) mm] 2
B TF IR R e R v A, 2 Ao S AL kOB
HU 1 MU A A 2R AT BT R 6 ST B o8
ik, 24 HHEM [TL=(53.05+4.87) mm] &
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[ hiz 11

1.5 Hig, 2.9 B, 3. 12 H#, 4.15 H#, 5. 18 B, 6.20 Hib.
%, Pcl. JarbE, Pt J5i#iE, Pte. i #EH, Sc. BMHE, Scl. L&H,

Plate II

EEAFHEANEERLENF
CL #&, Cor. 3Wk, CS.ZE-JEMEH T, Fp. XiEH, Fr.fE
SF. EMAEL, FH.

Pectoral fin skeleton development timing and progression of larval and juvenile R. canadum

1. 5 dph, 2. 9 dph, 3. 12 dph, 4. 15 dph, 5. 18 dph, 6. 20 dph. CI. cleithrum, Cor. coracoid, CS. coracoid-scapula cartilage, Fp. fin plate, Fr. fin ray, Pcl.

postcleithrum, Pt. posttemporal, Pte. pterygiophore, Sc. scapula, Scl. supracleithrum, SF. scapula foramen, the same below.

W5 o o 10 H % 47 48 [TL=(11.27+
0.41) mm] ¥ 8 S 61 R PR AR 38 1) R R i MK TG
HEE . 11 F AT [TL=(12.330.48) mm] 75 # fig
B AL Ry B B % (B RRIV-1), 13 H % HE
[(TL=16.86+1.04 mm)] i7C ¥ 3 #& & HH B, 17 H %
{18 [TL=(29.67+1.13) mm] #E T 44 AT I0 5 .
SR E AL, BB IR A (BIRRIV -2),
18 H i HEL [TL=(31.45<1.11) mm)] #& 5% H A 4] )5 .
P LR ) AR I AR B . 20 HHEf [TL=(36.33+
2.82) mm] & T S L H e A e e T A
b, AT EEA AR B AL e R (BIMIV -3), 25 H #EHE
i [TL=(60.45+5.77) mm] 15851k 5eE8 (KRR IV -4),

9 [ ¥ {F 1 [TL=(12.33+0.48) mm] % & % fi&
B A HE S 1) R R O 1 W B, 11 B R AT fa
[TL=(12.33+0.48) mm] JIC %ij ¢ 8§ 15 F1 4 15 i 2% 1
B (EIRIV-1), 17 H#&HE [TL=(29.67+1.13) mm]
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i 2% AT ) S L E R 1] R A (BT RRIV -2)
18 H #AHE 0 [TL=(31.45+1.11) mm] 2 — & BT 44
Bk, 20 H IR HEM [TL=(36.33+2.82) mm] 7 #& &
FiaEte, BIrm5ieE s iEy %, ke
A SE W (FIRIV-3), 25 H A FHE L [TL=(60.45+
5.77) mm] B 5 2B AL (KIRIV-4),

Ji5 8% 14 H 3 HE 7 [TL=(19.93+1.12) mm)]
fig I B AR S B BB A% (IR V -1). 17 H IS HE
[TL=(29.67+1.13) mm] SCi§ & A 2 RLEHAL, 6
WL B 2 el R 1 R e T AR . 18 H S HE £
[TL=(31.45+1.11) mm] 328§ haf i AL,
Hh [ ) 9 i O 4R B A (TR V -2). 20 H W HE
[TL=(36.33+2.82) mm] Wl F &4k 58 i, SMIISE F
WAL (FRV-3), 24 HiBHEf [TL=(53.05+4.87)
mm] 5 65158 B RV -4)
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EhRlll ZFE&{fHaREFELENF

1.8 Hit%, 2.15 Hi%, 3.18 H#t, 4.24 Hi#k. Ur. BFFH

, Umn. BHZ& .

Plate [[I Caudal fin skeleton development timing and progression of larval and juvenile R. canadum

1. 8 dph, 2. 15 dph, 3, 18 dph, 4. 24 dph. Ur. urostyle, Urn. uroneural.

BRIV EE&{fiEa
111 H#, 2,17 HiE, 3.20 Hi#, 4.25 Hi.

:I

BEMBREERLENF

Plate [V Dorsal fin skeleton and anal fin development timing and progression of larval and juvenile R. canadum

1. 11 dph, 2. 17 dph, 3. 20 dph, 4. 25 dph.
3 e

31 RHIEBMAEHENMEX

5 H AR B SR LS, ZE T B AT A
TUERIT, WA i 2R R N5 AR B G L,
[ ZERAT M T 25 Ao At e T DB B B OE
ZHNE SR o B AR ) AT £ R AR K T L
IEEFRARM S 2 F A f8 K 20 i ] A5 Ak T B 7
AR, (E g 8 Jrt T Al e B )y, (K 2 Al T
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ST, MR RO IR R, 3 HiRAT
1) W BERS 4 T T A EKE, EFIRA R . Mg
B0 B AT 02 B B T IR B s A5 Y, 4 B
freafyRed i, RREGRE A2 22k, P
DMREEREE | SRR R shsm i shae 11" .
8 Hitfrfath 5 Mfk= C &b B, M fig i 5%

L8 Mg MR R R 2 %%
H, aMETE. 2B LECA&NM, EiEsE
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BV EEa{fiEalEEegLamF
1. 14 H#%, 2,18 0, 3.20 H#&, 4.24 0. Dw. MR, Iw. A0 .

Plate V  Ventral fin skeleton development timing and progression of larval and juvenile R. canadum

1. 14 dph, 2. 18 dph, 3. 20 dph, 4, 24 dph. Dw. dorsal wing, Iw. internal wing.

EHRET ™, g B, i afralEett S
B J 1 1 B 5 s B S AR B U0 AE OGS
HARFHAT IR S HIESSM . AN
AR,

5 MR &5 (Dicentrarchus labrax)?™ ., 4 /)N
(Pagellus erythrinus)” F 7% s, f1 BE 11 (Epinephelus
akaara)* 8T8 H O SHARL, 428 10 A 7HE O 5
RERIG TS o BHBCE 8 SOE A i B A3 o
TAFMEfIZ SRR T, RN SO BHEC
AU, EEaMEy 13 HRFREfk, 18 HilkE
TRSE R, B ICE s il g . 2 10 8 25 RN T B E
st e, XEE R IE T HEM IR E . 2
S R X ER, g TR T 17, 18 H
B a6 B AL, RIS n B ) i — A0 B OR
MITHEAIA TN, R8T 24 HIR-EL5En,
e AT PR i Bl 2K TR . PHIESE AR, %
O AHEf O B8 1B 3 S AHFRE T .

FFHE fB Y ] 33w DASE e L IR EE Y
M. RER FMER FEARE T, 6 HiRm
fafft R Ll 11 H i SR B s 13
BRI S = g (A iN < S g S S T
B SE gk, MR AR R EE S FE X 5] T
i CUEREE) Sb, HMIESRETCH 255 . |
AT WL, AR Ak 9 328 2 36 BT T4 £ R HE £
WS, ETAMR D EEAaNERAT
FROE, 56 B X4 Ay | HE e
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AR, UCCUME B R UG B AR D 45 £ AHE
R Z —

3.2 BEMMREBREE LT

By SRy s PR AV EZ S 1) SRR R
G, RN M4 S kS & & 17 10 £
25 B, A B4R M (Salanx ariakensis)™® 11
fph SRk S YR EREIRE, §98 By
fifi (Lates calcarifer)™ {1 25 HATIRE KA,
Jok =5 by e ] [ WS B, 2 2 g ]
iRk E, kS HERRIRE, XEPAaEFHE
B B AERA — B R A7 22

A A AN SR AR ) AR OT AR, X
LR R e SO H A E R AT 1 —
., ¥ H (Clupeiformes) J1#% (Coilia nasus)™"
M e8] 1] 7 s B AR, TR S EETE Y S5E Ui PG
(Alosa sapidissima)" W J2 1 & & P sty 1) H (8] B4k
AT | AR, DK 5 OBER 2 H BEER
AR, MBS . M. kS 5k
R A v T T 46 o) B 35 S5 R A AR T
W, HSEEAE R B AR ) 22 57

0 B R B B A 5 R A I AR —
B, Mg RS LU E, REEREMEE H a1k
AR I R W i LTS R R g, S5 dRNRT . 2R
W) 5 ] (Diplodus puntazzo)™ 1 % 3 f4. (Pelteo-
bagrus fulvidraco)™ 02 R FHIAARMLL . 428 0
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Development characteristics of the vertebral column and the appendicular
skeleton in larval and juvenile cobia (Rachycentron canadum)

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

Abstract: Cobia (Rachycentron canadum) is an increasingly important marine fish with significant potential for
aquaculture in China. Several studies have shown that this fish exhibits distinct locomotion patterns, feeding
behaviors and nutritional demands during the larvae and juvenile stages. In order to explore the develop-
mental characteristics of the spine and appendage bones in the early stages of cobia, this paper described the
morphologic ossification characteristics of the vertebrae and appendages of larval and juvenile cobia [1 to 33
days post hatching (dph)] using a cartilage bone clearing and staining technique to obtain information on the
structural development and functional adaptation of larvae and juveniles organs. After cartilage and bone were
stained with alcian blue and alizarin red, vertebral columns were observed to develop from haemal arches and
neural arches at 7 dph. Then, the centrum, haemal arches, and neural arches began to ossify at 13 dph. The
dorsal rib and ventral rib began to ossify at 17 and 20 dph, respectively, and the vertebrae were fully ossified
at 29 dph. The appendicular skeleton developed in the following order: the pectoral fin is the first to develop,
followed by the caudal, ventral, dorsal, and anal fins. The pectoral fin began to develop from the cleithrum at
4 dph. The supracleithrum of the pectoral fin ossified at 12 dph and at the same time, the scapula foramen
appeared, while the coracoid and scapula began to ossify at 20 dph. The hypural 1 of the caudal fin appeared
at 15 dph, the urostyle, parhypural, and fin ray began to ossify at 15 dph, whereas the hypural began to ossify
at 18 dph. The ventral fin plate extended to the cleithrum at 17 dph and simultaneously, the ventral fin began
to ossify. At 17 and 18 dph, the dorsal and anal fins were ossified in the same pattern. The appendicular skel-
eton, with the exception of the urostyle, cleithrum, and pelvic girdle, underwent cartilaginous ossification. The
development of the vertebral column and appendicular skeleton, on the other hand, is accompanied by changes
in feeding patterns and locomotion patterns, such as the emergence of pectoral fin primordia that created con-
ditions for the beginning of larval movement, the development of tail fin folds that enhanced its swimming
ability, and the development of pectoral and tail fins in furtherance of cobia’s quick swimming. The results of
the study show that exercise skeletons were preferentially developed, such as ossification of the vertebral
column and the appendicular skeleton, which enhanced cobia’s forced swimming ability. In addition, hypural
healing has been found during skeletal development. In accordance with this process, this paper considered
that the morphotype transition of the caudal fin is associated with hypural healing. It is suggested that the
osteological ontogenesis of larval and juvenile cobia is closely related to changes in their movement patterns.
At 22 dph, scale outgrowth could be found on the caudal peduncle, the vertebral column and appendicular
skeleton tended to be fully ossified, and the body features of the fish are the same as adult fish except for the
shape of the caudal fin. This study proposes the use of the start of vertebrae ossification as a criterion to distin-
guish between larval and juvenile cobia, which are considered to enter the juvenile stage at 13 dph. The res-
ults suggest that the early bone developmental characteristics of cobia larvae and juveniles are closely related
to their functional adaptation. Research on the development of the vertebral column and the appendicular skel-
eton of cobia is important to enhance the understanding of environmental preferences and functional morpho-

logy.
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