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WEE: ARWRIET 2014 4 6-7 A BTN S LK R AUFHEMM (T4 1.3 m. WH 0.5 mm)#E173% 2 H W TR
£E (1 S H 7 £6 (Collichthys luncidus)ff-HEfFEAS, SR FHFCE -0 B SO B R, SR Tk Mg A7 HE 0 (PR
Bl N 3.3~12.7 mm) A KB 85 0 B 300 R & B AR AR AL BT SR 45 SR 360 BB L Z BT A 2019, T2 i ai 1 )5 %
W A B IR R 3T, B AR BRI AR S AT S B S AR R L AT SE TR, AR Tk
RS 0 2B 5 A5 0 2E AT ) 2 DA I o Sk B8 R DS Il HiFEA T, Sk A A B S R AT 1) S AR, JE AR R A A
F AR g St B R B e R I R R BE L O REAS 1 Hy b D B N A P TR 7 IR A AR O S R IR A
BETPRER o 5SROI AR ARk, B UM AN 5 0] S Y T B S BB R IR AR I RS AR, R EE L
858 B B fR e T HAB B B, DR T S5 AR SRR B AR T  O3E 3R A, A HIR IR AL TSRS B ) o X ST
SERAAT LR FE A8 2 0 AR A 5 R 1 2 O T R AR, Xk gt N T A R 2 A s R

AR ER RGO EAEENSEME.

KR PR S (PHEM; B BHRCEES BBAE
FE DS S912 MERFRARAD: A

93k 45 2% £ (Collichthys lucidus) 3t & 8% H
(Perciformes), f1 1 A F} (Sciaenidae), #ff # )&
(Collichthys), Sl K/ NRYER)Z @S, 7340 T
SEFNH ASPUMIPEELX, DL S E A s A v 2,
PR B0 A T HIE AN ARED), AR RT3,
HHESAHEFEENEAR ., 44 Z ek H R F
Jff SE MR SZ I P H 0B % . Ak, Bkt
0 R B AL T BE R HPIRAS, AT SR ST M B
St JEIRET N THIEHA, HMRBRS . L%
HRTCL M A IR IG ST . AR
AR | AT ERRAE LS ST T,
TEA7 1 R I K & i, 7 R AN
1R 25 M43 %K # £ (Larimichthys crocea) Flfid
fii(Miichthys miiuy)IE A% BT TS, H7E

K BH: 2022-07-15; &I1THHA: 2022-07-17.
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11 HERRE

P FREA T 2014 4F 6-7 H AEHUMN IS AL R K IR
(120°45'~122°09'E, 30°45'~30°51'N), %K AT
A4 1.3 m, W H 0.5 mm)i#E17 K2 R3R
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ESTH: Llb A m FH 7L i Il B W B8 26 2 % 3 H (D-8005-18-0061).
EEB N RAOH(1996-), Lo, WA, BFFETIT I AP HE f TR 2% . E-mail: zjwcy1996@163.com

BEEE: R4, #dZ. E-mail: jszhong@shou.edu.cn



%10 #

AT Sk M 0 £ A R BRI ) R R 1501

PEH R SE LT . TR FEALL 75 B, #%
Kendall!* {0 A7-HE 1 % 3 40 bR R 20 & & o BX,
THEOE AR R R OGS E] 0.1 mm)dll A K: /Y

5l B AN A il 3 A A & A & K (notochord
length, NL), J5 25 i1 39347 £ FIHE f I o bR R AR
(standard length, SL)( 1),

x1 BMIBEEFHREILENREANERKCEANYEE

Tab.1 Length rangeand quantity in different developmental stages of Collichthys luncidus larvae and juveniles

K B BBt developmental stages

i H
tem TS 99 25 151 JF 5 9 e e )
preflextion stage flextion stage postflextion stage juvenile stage
K Gl /mm length range 3.3-5.2 5.4-6.7 7.1-8.5 10.7-12.7
AMAEL no. of larvae and juveniles 31 20 18 6
12 REEERNREER
. ) 2 GRESH
% Dingerkus Fl Uhler [ 5CHE b B XY (0155
AR, X Pk i OREAR HEAT I e, ik 21 HH

LRI

(1) THYE: BHRIETE 5% VA 0 rh o Sk Mg
HAATHE @A ZRIB K H R 2~3 d, #F1TIHUE;

Q) e ta: BV M ER AR TR
YL (10mg BRI A8 % Alcian blue 8GX+80 mL 4fi Z,
420 mL PKEERR)H 8~48 h, T 2 WL R brA g
AHHRA B B i,

(3) MBIV B HCE P 58 U BR AR IR A
95% L BEVR IR TR 2~3 h, SR)5 L 95%H) 2 I
W ER 1R, 5RO B I B (75%
40% . 15%) L EEV W BARA SE 2 T UL, e
15% 1) BRI 11 /N L L

(4) HLUEI: BB A IO B 1 I A
(1g JBE#E 11 /3 tryspin+70 mL ZE48 7K +30 mL 1 F1 5l
WRB)T 1~2 d, HEASE A HiBH;

(5) B Yt B G A bR AR A B R
O (PR L Alizarin Red $0Ri+0.5%KOH )
W1 24~48 h, HEME Y O M,

(6) TRAF: B4 YL b I bR AR U AR L Ry
3:1, 1:1.1:3 1 05%KOH-Hli&Hh, &
FEREARSER T, A4l H il 2R A
13 £BWE

FIH Olympus SZ g #l58, X 58 g 5 >4
(R A DA B B BB R AT T A g, il
BRERE., SRR KB R, = A XA
i, 2 REIA Harder! Y9175 88 45 44 o

3.3 mmNL MEFRIEH, oo msig, Hil
T H—m FE (A 1a), 3.6 mm NL MEAEHRR
HUERIT 46 1 B2 —MeE =5 (8] 1b), IFmE T AT .
% 5.2 mm NL MEERIF G, BRI BT
e T 3 MBES, MEHBEEAT s, HfEs
TE IR E AL, WA — MRS 5 I 1R 190 )5 T L
T3 AMREERCERIE, BRARmTEASH, B
THIFHEERE 1c), 5.4 mm NL MEASHED &
FEER AT, A T SRR B IR, B R R i B S
] 2l 3 AR O 4B T e 4 HLIG e, T PIAR
BES AT A TR E (- 1d). 6.2 mm NL A MAR
FoRuE— A, BFEWNE ., KT H#EEIE
B, (HAREES. 28 HMBES B e M, N
55 6 MRS 5 TP IR Z 5 AT e . NEE 7 ke
IR T MEAREZE; AR 12 THER TR LR, HAE
B 17 RS, B 6 bk 5 B4 MIEFR I R Ak
(Kl 1e)o 7.1 mm SL BJAMA T A 25 i 4, HEfA
PR BATEC e w i, 2885 fiks MR
HAL(E 16), 12.7 mm SL ME, HHEE 524 H51k,
NER 3 FTHERTF Rl 5T A 8 MUERD . B T e
3 HHE S A, HAHE 5 SRR ) s 2
FARBE S Bk SHEARB R 280 E (& 1g).
22 BEMBHEIHES

5.4 mm NL AN H B 9 AT 68 SZ B8 Fil 6
Fo R i S g B, SCEEE YN ACE (B 1d). 6.2 mm
NL AT i g5 OB AL 22 M, Horpiare
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H BRI 656 86 A% s R S — MO 6 S B A A
B MO SR AT EE LA o B SR O A
I, BrEln 3 Booh, Horsiga K g
HREES, F—AUE R SR R Y R, M
AbdiAT —SERR, ) A — (B B A g 2%, {ELL
LA A ATF IR 5L (E 1e)o 7.1 mm SL A~
T S0 B Mg SR TR, 9 LSRRI 4h
KE, HP AT SE R S5 1 RO,
P B I (W) i, MRS 6 S MR L (] B

a //‘\\ ;NC

AR T 4B A FEERTE RS 3 M BB,
KA. GG HE T | (B S AR S B O AR
Kogd, B 1 Mosg s 2 = MR, Har FEdh
IR — Mg, I T A B N T 6 O 4 B AR A,
T8 LA E AT e (B 16, 12.7 mm SL 94>
AT 6 % 0 S e AR v AR, YT IR B4k, BT
AT 4, TEETEE LB R B, TR EE A
B EES T S A T 68 R IR — A g

RS0 ST (B 1g).

K1 kg mArME AL | W EERVE MR T
a. K 3.3 mm;b. KK 3.6 mm;c. K 5.2 mm;d. &K 5.4 mm;e. KK 6.2 mm; f. FREARK 7.1 mm; g bRifERK

12.7 mm; EP: B 14%; DR: 18§45 HA: BK5; HS: BRBE HY: B R NC: % NS: #; PH: MR T 1%,
PLR: MEffi; PP: HEAREZS; PR: SCEET; PRD: I EEHTEE AL R 865%; S: 9B UR: AT, HLHIL: 1 mm.

Fig. 1 Development of vertebral column, dorsal and anal fin in Collichthys luncidus larvae and juveniles

a.3.3mmNL; b. 3.6 mm NL; c. 5.2 mm NL; d. 5.4 mm NL; e. 6.2 mm NL; f. 7.1 mm SL; g. 12.7 mm SL;

EP: epural; DR. median pterygiophore; HA: haemal arch; HS: haemal spine; HY: hypural; NC: notochord;

NS: neural spine; PH: parhypural; PLR: pleural rib; PP: parapophysis; PR: pterygiophore;
PRD: proximal radial; R:fin ray; S:dorsal spines; UR: urostyle. Bars:1 mm.

23 MEEZEEE

3.3 mm NL A MARTFFUh 90 e g =2 g
TR T RE | JE MRl SO s o R A
ECE FEEAE R, THEARREMES, H
W5 98 Ry —IalRHE T 7 i R SCEE AR
EWEE, A —fLJ% 2a), 4.4 mm NL 4K |
BB REHE I RAET, LR & —4im /N

o I

N

B, SRCE L ESET AR, R A — I,
J S TG V8, BT BRLE bR R JE MK
(A NN T E T S AN T A B 1 S
R ARTE, BT BRI AR (K 2b). 5.7 mm NL
RIS R, 5 E 1 S T R ) B — /N
JEWRECE AR B — S AL, ERLE T ]
RITHR A, e R T iR A (B 20).
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6.7 mm SL AMAH, JFHEE BECE P 10 ) R
MHE#E N, e 28k, FEHE TS
2% 5 45 A — 0 SCEERE Bl 3 AL
(Kl 2d), 8.4 mm SL MMAKJEHIH C 458 2 H1k,
L B A R d 1) Je S, BB AE TE; S BB K
IR E sy, HumE K 7 MUl ig; T gk
g TG I — S EfL(E 2e). 12.7 mm

Co-Sca

SL YA 380 5 000 7P 0 2 T ) (M1 4 28 3 1)
AR BARE, SR BERR, R 4R A R R
EIETE, B =AIR, TSR AR R O5 5 Kol
BE SR A D ek T e, H EA S-S 15 8
Jr R EdE e sE A, JH IS R AR T P A
Fab . w RV AT RSN E AL, HIE S A
Tk 8 41 S B (51 26).

P 2 Sk A T £ A FE 1 114 R 7
a. KK 3.3 mm;b. K 44 mm;c. K 5.7mm;d. K 6.7mm;e. K 84 mm;f ALK 12.7 mm;
A: Fi%E; BL: CHEFCHE; CL: &H; COR: SkH; CORF: ZkEfL; Co-Sca: JHMHCH; DR: $HEEH; P: 55,
PCL: JamlH; PT: Jas#if; PR: SC8EHE; SC: JEMH; SCF: JEMAL; SCL: ERbH. IR :1 mm.
Fig. 2 Development of pectoral fin in Collichthys luncidus larvae and juveniles
a.3.3mm NL; b. 44 mm NL; ¢c. 5.7 mm NL; d. 6.7 mm NL; e. 8.4 mm SL; f. 12.7 mm SL;
A: anterior; BL: branchial fin cartilage ; CL: cleithrum; COR: coracoid; CORF: coracoid foramen; Co-Sca: acromiocor
cartilage; DR: median pterygiophore; P: processus aborolis; PCL: posttemporal; PT: postcleithrum;
PR: pterygiophore; SC: scapula; SCF: scapula foramen; SCL: supracleithrum. Bars: 1 mm.

24 BEHEYHEE

6.9 mm SL MM TT UL H] 1 XHAH/IN 8 g
fi BB (8 3a) 7.5 mm SL Y/ A 88 L 50 B 19 K
I 0T UL rp S AT H AN K 1 6 4% (B 3D).
8.4mm SL W MELHHFCIHIHEAT, LHHN
M K M4 7 B EOIR3EE, AMIERSE B 1 K
&S 4 At 2% (K 3c). 12.7 mm SL 9 MATC 4

BOKRE A, Joui iz S ORI T &%
] JC 44 B S, i 2B — 0 1) 668 5 & o B 1Y)
4 Mg T AT Z 1, 5 MRS T4
B 38 2o () 6 AR 2 (K 3d).
25 REEZEET

5.2 mm NL /MAEH 1 HOR T8 1 AR
T (K 4a). 5.4 mm NL MAEIE AL 5 M T35 0 1
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K3 ekt afrRE g A E
a. KK 6.9 mm;b. &K 7.5 mm; c. KK 8.4 mm;d. &K 12.7 mm;
CP: Jo4#; EDW: SMUZE; IW: MM, IR: [H#EHE. AR 1 mm.
Fig. 3 Development of pelvic fin in Collichthys luncidus larvae and juveniles

a.6.9mm SL; b. 7.5 mm SL; ¢. 8.4 mm SL; d. 12.7 mm SL;
CP: Innominate bone; EDW: dorsal wing; IW: internal wing; IR:inerygium. Bars: 1 mm.

EP 1-3

K4 ekt afrriaRgN R E
a. &K 52 mm; b, &K 5.4 mm; c. KK 6.2 mm; d. FRAEEK 7.1 mm; e. FRAEMARK 12.7 mm;
EP: B B HY: BT H; NA: FEBRE=; NC: #4; NS: Bl PH: T &
PU: HijEAMER; RC: fSTPRECE; UR: BAFE. HAIR: 1 mm.
Fig. 4 Development of caudal fin in Collichthys luncidus larvae and juveniles
a. 5.2 mm NL; b. 5.4 mm NL; ¢. 6.2 mm NL; d. 7.1 mm SL; e. 12.7 mm SL;

EP: epural; HY: hypural; NA: neural arch; NC: notochord; NS: neural spine; PH: parhypural;
PU: pleurostyle; RC: radial cartilage; UR: urostyle. Bars: 1 mm.

Fefl B F & (Kl 4b), 6.2 mm NL A MR LE i 5 —
MgEs J5 BAME R 3 M b, M FESH
AR BT ST ih A& (B 4c)o 7.1 mm SL
R T B AR i S AR Rl P L, BT
HE5H 1 2R T EESYEE, BETEaRE.
TS FEAHE 3. 4.5 B TR EAHK, VT

Rh B8R, MHE RS, 55 3 BTN E AR %5
JUF 475 T 263 40 W) 3L 35 A v 2 T 8
581, 2 B FHA 4d). 12.7 mm SL MEKE
RO A BEES, WEEHRE ZTFEL,
EBFEEFFHEEk, HETEIER LGN E
H (K 4e).
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31 BHEBEHEAENERSHL

B RE RSN AT IR, IR Eihz
A, BRI EIES 0 & A, WIAT LAk B
N —HBE =S T A R R . (HXIFAS
BB — L NBES ST HFRIF R, mAS
HEA, I AT R Y 8 A 0B IR,
S8 B (AT T — A A T 46 ) A S RS
) S, 5 T R A BB R R, W — &R
7 B3 T 1 ) R N M — 11, T A 22 e o ) e
PEAT, B AUE B IR R 3 R —, 6.2 mm
NL (AR A] WS —MORE 5 F 7 B HEATS AR TP
PR R R 2, LR b A S R4 O AR I
K ET G o AHARLAY 225 5 1 A & AR A )R
F A R Rt rp A g RN M, X AT BEA Bl
TR B AT HE A IR RE T o 1A 3 S b o 55
AR H T18% (Coilia nasus)H I 2 81— i A
wh i) i) BN AT, I AR 4 B AR £ (Salanx
ariakensis) 1] BESZ G S FFEE 5L, AR REWLEE H]
B R R IE B, HA R 2 22 g MR 1 A )
(#2).

B 15 R O A A 030, BB . RERRRY AR
K 5HEMEM I ZRRE T, $65 %K E,
SR J A 12 T P AT 1) S5 T B AE 2R, 5.4 mm NL
AR 3 MBS, (R0 B IR & AR R L 4
HEBHMEG . MEES . BEHINEL T, HE
M TR IR A, 6.2 mm NL AR BE
5. RO &L K, BEgHRUAEE
T RARER . BE S B4R AT E i, B
AP 2 P R ) J5 1 o ARSI v i Tl B AR AR
A G S T R D s AR o 9 15 e = e
6.2 mm NL (MK B ST 17 M0k S & 240
K, B e HEARRE 5308 78 4k S8 1) Ry () 8 A 2 I
F O T 5k 55 A T AR R AR I A Y, 3
IR s 7 5 22 S B IR TY . 2RI BE S
BERE . bk 5 AR BEAE By e AT I 5, (HAES)
A AR T B RN BHAR fa rp, LA L 1)
GG DS = N E R R S

TSI A B £ £ e 28] DL 8 X AE AR 28 I 16

bk =, (BEefEiy 3 -E b aim s, 6.2 mm
NL~7.1 mm SL (/A rh 8 a] g3 ik =5 5 423
K, SRJE AT G TR GG Bk, B —Hok s 3t
0 ) OO 4R B e, SRR B K AR H D
ZB A TE 4, (ARG LT HEAR L HEAR RS 28 i R K
W o HIOME N R 4 42 A 11 3K L HER B 28 R &k
Kbk 5 5 ko

ARG E Ak R S R AR R L
fig J2 REE B R A KB MR R BN, KiEM
HHEFEIE LBE = Z BT SE T R 41, B0 i e
KIZ O AT, YHESLKEMN 4 1, B
TEMEE 3 e, A7 A E mME R SR K S b
AR B, AR A 41 58 4, SRR R 3 fa (4
HE AR IR B, (ARCk i W E ALz
HIHF RS BT 40 TS, S Bl 7 A A i
IR A B i B A A, X — R 5 R R B
> AR
32 MEEREHEZENERSIHL

RS A 02—, Sk g 26 £ 19 i 6 <7 BB
HRFIF G KT, g 7e ek it & 4%
& o EENER, RS A BNk d
2 PN TR 85 7 B AR R AN B 3R 1 — A KA 4%
4:.3.3 mm NL MR B RE R BA —FFR, H
Mt O 2e th I, R B S B B 1Y R A R 5 At S
fig B ORI, H e DA — S RO 15 = 68 4 1R I
R, B S B R TP A T B R 0
] 24 T, R R 24 1140 38 22 48 K, 1) R0 4E
LU A R = S R W i Y e g T b ST
2 5 MOCBEE S840 8, T AE A SCHg B il b
KA B, [R]85 T 28 FF Uy Doty 315 H (] [
WK,

AT RS M B A B 2 Rk T A A
i, NG REFEAE NG 28 T, 11 MUE gL
& B 32 AT B S R S B B R AT
ol MMETE.s HETHE.3 HELS, &
2 HRMEE R 3 HTRAMEE AR, oA s
1t £ 2% 2 0 S 0 1 AR O R g
Uik g fa [5)JR 0w AR, [HME a8 E
BIEOA AR, REAWMETNESHE 1.2 8
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TR, 23 MR L 58S AT
frE S pCEk R AR, ek anr 3 U2
FEREALTE 2 AiRMEE R Oy, ok
A 3 MR LB RN TE 2 Wi R HE A R
BRI FE B, kRl TORE A HEE 27 1, AR
MR B Y 4~5 £, B — AR R R
R E A KR Z
Wkt E T 5% 1.2 BT AR
A, WEETELMETBmG RS
T UL, A PR 4 B fill(Sebastiscus mar-
moratus) . K # | 4 @/ i (Microspathodon
chrysurus) . 4%k ffi(Scatophagus argus)~5 (£ 2).
4% W i frk (Tanakia himantegus) il & B 550
| BT Hm AR, S0} Al osasapidis sima)
1 BTESE 2 RSP iMaa, Johnson

TR I RE fl A T LA e £ 4 vk BE Y, X REY
WS 7 K AL K 8 (Parexocoetus mento mento) &
AR TR, HE 1 2 BV ERMA N
BIEHE R, 95 3.4, 5 BT EINEAIT; KAHIE
O 7E R CHT T E A K R M T — B, mh G
R N o HAR AL TR s sh 0, imiAE s 2
{7 5 7 R 22 ¥ (Scophthal mus - maxi mu) A3 3 45 7
fiifi( Takfugu flavidus) 1, flle ~E N5 T HEKS .
RS Mg 20 1) 0 S R A e kA T AR,
i I 320 1o 9 i 2B R, AR IR T B S B B LE S
FeAE KA, RWE BB g 08B A K Ty,
i F7E 5.4 mm NL B9 AT LA B, 58—
g 5 R FBUR R, SRJE B/, HL LB i 5
(1) 32 B B IR AR M, O A B S 6 1 T R Pl I )
JEHERK, BTSN Rt —28iE

xR2 AEMFHEEERMEBRERKZTHIER
Tab. 2 Comparison of growth and development in vertebral column and the appendicular
skeleton among several larvae and juveniles

HEATE 7 Tl

I BN

JFE. S AT A BB R 5 O

szjis direction of ver‘tebral order of fin number of §evera1 b0r}e and j;:iii\
bone formation formation fused in caudal fin

T 85% i i 7 P,DA,C,V HY:6, PH:1, EP:3, PH+HY1", EP1+2 [17]
Coilia nasus form middle to both ends
AR 1 AW ELF) P,CA,D,V HY:6, PH:1, EP:1, PH+HY1+HY?2 [18]
Salanx ariakensis not observed
AR AL ARde A4 K HY:5, PH:1, EP:3, HY 1+HY2, [19]
Parexocoetus mento mento  not mentioned Not mentioned HY3+HY4+HY5
B T T P, C,D, AV HY:4, PH:1, EP:3, PH+HY 1+HY2 [20]
Sebastiscus marmor atus From anterior to posterior
fiff MRS P, CD, AV HY:5, PH:1, EP:1, PH+HY 1+HY2" [21]
Siniperca chuatsi from anterior to posterior
K#E 2 5 a1 B 3 multipoint P, C, V HY:5, PH:1, EP:3, PH+HY 1+HY?2, [12]
Larimichthys crocea from middle to both ends HY3+HY4
NN T P, CDAV HY:5, PH:1, EP:3, PH+HY 1+HY2 [22]
Microspathodon chrysurus  from anterior to posterior
o BUF g 4 MHT ] P,C,DA, V HY:3, PH:1, EP:2, [23]
Chaeturichthys stigmatias ~ from anterior to posterior HY2+HY3
Gkt ENiilohE P,V,C,DA HY:5, PH:1, EP:3, PH+HY 1+HY2, [24]
Scatophagus argus from anterior to posterior HY3+HY4+HYS5
K226 TS P,C,D, A,V HY:3, PH:1, EP:1, HY2+UR [25]
Scophthalmus maximu from anterior to posterior
A 7R T T P, DAC HY:2, PH:2, HY [+HY?2 [26]
Takifugu flavidus from anterior to posterior
S A o £ % & M I B9 multipoint P C, DA, V HY:S, PH:1, EP:3, PH+HY 1+HY2 KRG

Collichthys lucidus

from middle to both ends

A 65 C: B85 D: 768 EP: B bEs HY: B R P Mg PH: MR T8 UR: BATE; Ve B8 + KBRS * B
Note: A: anal fin; C: caudal fin; D: dorsal fin; EP: epural; HY: hypural; P: pectoral fin; PH: parhypural; UR: urostyle; V: pelvic fin; +: fused;

*: temporarily.
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Development of vertebral column and appendicular skeleton in Colli-
chthyslucidus larvae and juveniles
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Abstract: Collichthys lucidus is a demersal fish with a high economic value that has demonstrated an ability to
adapt to warm water. Many scholars have studied the embryonic and larval development, morphological
differences of geographical groups, feeding habits, and genetic structure of Collichthys lucidus. In this study,
specimens of Collichthys lucidus larvae and juveniles were collected using a larval net (mouth diameter, 1.3 m;
mesh size, 0.5 mm) in the north of Hangzhou Bay between June and July, 2014 to evaluate vertebral column and
appendicular skeleton development. A series of wild specimens (body length, 3.3—12.7 mm) were stained for both
cartilage and bone. The results showed that the larval notochord did not appear segmented until the first segment
was formed by the bone rings gradually growing out from the front to the back. Ossification occurred in an
anterior-to-posterior direction. The neural arch also grew in this direction and was completely formed before the
ossification of the notochord, while the neural arch of lower fish grew from middle to both ends or from posterior
to anterior. Therefore, the growth type of Collichthys lucidus belonged to relatively higher fish. The pectoral fin of
fish plays a very important role in swimming, wherein being able to swim and eat freely is a key condition for the
evolution from endogenous to exogenous nutrition. The pectoral fin supports of Collichthys lucidus were first to
develop among the appendicular skeleton, and the post-temporal had four spines protruding in different directions.
The dorsal fin supports first developed in the middle of body, before gradually growing to both ends. Furthermore,
the dorsal fin supports in the front of the body were longer than those in the back. The ossification of the caudal
fin supports occurred subsequent to that of other appendicular bones, and the lateral inferior caudal bone fused
with the bases of two adjacent inferior caudal bones. This type of fusion can enhance the swimming ability of fish.
For example, the flying fish Parexocoetus mento mento glides quickly on the surface of the water before taking off,
with this type of fusion providing power for the flying action. These findings not only provide a scientific basis for
early morphological classification in bone development but also provide insights into the role of bone
development in the process of artificial reproduction in Collichthys lucidus.
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