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W OE: N TR EEE S 10 (Thunnus albacares) A F i 816 B9 4 B HRAF , 22 F 2022458 H 1ISH—9 H 9
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H (Scombriformes) fifj £} (Scombridae ) 4 ¥ ff1 J&
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BE )12 50 A T B EE T R RN VG 7 i A
FNE R LR BT S SR L &2
KA E % o 2022 4F AOF-¥ v 74 0 16 duk v
LI Ik 69.53 1 ¢ [E NS B E 4 A
O A KA B 2 Th e R & 4 B
BRI DAL MR R F B SRl A
TR AR . AFAE R AN R R B R
—ANE BB R ], A p AR RS AT A
A A Ay AR S A B AR AR, 7E B AR R
T AR Z A0 A AT 0 R AR 1% A7 TG
R APRE T B A A AR R SET G DR R
78 Ak 2 G HE 28 AP AE f0 B A7 1K B i 3
JD RN ORGP v | 0 S 1 Y S S
SEY IR T RREE A AR IE AT AR TAE
A K HE S AT HE I IE Y B S AT A

ris BHA: 2024-07-01 & E B H: 2024-12-03

SeE Y RN R B R AE R s A A PR X
HoRgm A A R AR R R AT
B sE D . X POTTHOFF #5Y T SR B8 4 40
4. ( Thunnus atlanticus ) F1HE 0 FE K A7 B B % (1)
RKEEN . ARESESHROTHRAEFINAT
AIBIFSE 1 oA LA

ASHIEGE FI 3Ry - Rl i A 8375 I BR , Xof
B G A A 0 AR S B BCR B Y R M AR
AT TSR , B 75 o 68 S 40 f0 B % &R
gt R B AR AL r R K E 0T O R R F B
B aam gt =%

1 MRS INE

1.1 #HRskiE

202248 H 15 HE9H 9 H 78 o P K7
FEHE I (11°N~19°N, 129°E~138°E) (1) 50 > i
7 (7K 3 29.66~30.60 °C , £h & 33.40~34.65) , 2K H
KIBFHE R (042 1.3 m, M H 0.5 mm) LAY
2 kn YMTER A TR Z A HEIN 20 min, REEAIHE

ESTE : EZEF AT (2022YFC2804003 ) s Al AR 22 gl B IR ER S A KL 1 (D-8021-21-0109-01)
TEEBA: THEA(1993—), 53 1t WF5T 7 1) A AT HE fa A 25 5 W T~ I 2 U AR 76 o . E-mail : xiaodonwang@shou.edu.cn

IS f R4, E-mail : jszhong@shou.edu.cn

RERUITAT © (R 2441 S48 (CC BY-NC-ND 4.0)
Copyright © Editorial Office of Journal of Shanghai Ocean University (CC BY-NC-ND 4.0)

http://www.shhydxxb.com



334 SR C S N S SO 34 %

AR FH 5% 1 P SV T 5 o AR C H AR P £ R
Y VOV kY B g 4 M ff, 2 B KENDALL
SRV IR A 2 SRR ot 2R R R B BOR TR
7E Olympus SZX7 i #52 T F I B B2 il i RO it
&K (Body length) , 1ij 25 iy #1 Fn 2 il 30947 £ (2
TER% M AR 25RO T R E
2 K- (Notochord length, NL) , 5 25 iy {147 fo (&
THE%C AT Z 5T A ) I bR
P& (Standard length, SL). #EHUEZ KA 5E
AT % 75 o B (RTS8 VT b 12 ) R
A 12 A K 3.1 ~ 8.0 mm, [&] 1) A i 6E G4
fa At REAI: 33 AR A B BRI 5T R kL
O {72 {47 Preflexion larvae

o 25l {Ffa Flexion larvae
w J5 725 i )4714 Postflexion larvae

&
S

[
(=]

JHE Frequency/%

=]

1 2 3 4 5 6 7 8 9 10
{A%: Body length/mm

E1 #HESRESESHLABHENEKSSE
Fig. 1 Body length frequency of stained and cleared
Thunnus albacares

1.2 R4 E

7% DINGERKUS 45/ iy B - bl B WL 8
B A X E 0 A B B T e . B
AL BRUNE - (WS, R 28 187K 05 Uk B 1 O A7
AR, 1R300 2~3 d, T () BE 46 1 IR ZEIRK ; (2) 5k
B YK RE SR T R Y O (10 mg By ) 357
% Alcian Blue 8GX + 80 mL £l £, + 20 mL K&
fi ) o 24~36 h, B 5 FE 5 08 LA I i
(3) B BEE TR AR S B A 95% LR R
2~3 h, B 5K R A5 A 5 38 08 VR (75% . 40%
15%) [ LB 2R ; (4) AL AL 5 iE
W RE S T IR AR LT (1 g IR A
Tryspin + 30 mL {6 F1 6 0 K %W + 70 mL 7518
A, L EFER B () BB RS A
il B Y 0 (75 & 41 Alizarin Red £0FL + 0.5%
KOH %% ) 1 24~48 h, TL B H e L2165 (6) 14
2 BRI AR 3:1.1:1.1:3 11
0.5% KOH-H MR A il v B = VUK , e 206
s A% A Gl H I A IOk B A 0  ( Thymol ) %%
BT
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7E Olympus SZX7 fiff ) 45 S 4 K134 8 (SZX-
DA) T, % 8 fif 4 4 £ A £ (14 8 AR IR - 5B
ST HESE MG (E 2) IRt kTR . &R
X O, HEE I A

7, //(uv\

-
AN

1 mm
2 HESEEFSALEERN(EEHBFE, K

6.4 mm)
Fig.2 Stained and cleared speciemen Thunnus
albacares (Postflexion larva, 6.4 mm SL)

2 gER
21 BHEHMEE

3.1 mm NLMAERBEW , B EHER, A
7 (1K 3a) ;4.3 mm NL R R Ko b3 (K
3b) ;4.9 mm NL A AR HE 5 78 4 a7 38 A& b3
P, Bk S AEAR PR B (8 3¢) 55.3 mm NL /MRS
5K S B R 2 5 12 ACHRHEHE R T i heE R
b, B 5 I LR BB Ak, K S G I 4R T R
([ 3d) ;6.0 mm SL ™A - 2R M A R 358 16] J2 35
WY B, B 5 RN AR BIAE AL S 3 £ (] 3e) ;
6.4 mm SL A AT T 4h A B 1k, bk = K i i
AT KB (& 35) 5 7.2 mm SL /MRS B 38 50
Wz Wk KO a6 5 £k (] 3g) 58.0 mm SL
AN AT HME D A 1 — 20 Ak, R AE A
538 7 R K S DRI A BE A e SRR
39, I R AE 18 A, R HE 21 B (& AT 1
2, B 3h).
22 BHEMBHEIHEENES

4.9 mm NL MAEE—35 8§ 3 viig 2 08 1 e
B AT AR B (F 3¢) 55.3 mm NLAMARSE — 5 fig
I ity SZ B B RICEEBG 22 DRI 1) R AR O B
(181 3d) ;6.0 mm SL /™A 2F — 5 fif 1 B8 £ 30 i =
% B B0 (1] 3e) 56.4 mm SL S — 5 BEAYEE 1.2
30 i <2 % B I 4 - 6 (181 3F) 5 7.2 mm SL A
RS 95 8 R RS 0 o S BB AR I 2 5 — 1
B ST it S F DAV i 1] T9Uss , E AR T 40 1] 2 AR
WAL (K 3g) 8.0 mm SL MASE — 15 & Fi g
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fig H BTG vty <7 68 E B — ’Jﬂ%l~7$§(ﬂilﬁﬁ§z
58 B FE A 1k, 3 J%;Ey Eiﬁé YR

14 4, 5 B8 /)N 8 30T Sy S B8 8 L, 2 i
M, 88 30 S 10 S S 868 B 14 MG, T 08 /)N 30T S

Fsf A] DX 0 H /NG S B, B — i’z?ﬁgj_lﬂﬁ%ﬂa_lﬁﬁ g 8 M (& 3h)
TEE A 14 ML, B T 658 T i R A iy S 1 4%

m/ Z%??WWW Q& @ @@

IOmm

(h)
(a) A4 3.1 mm; (b) 1A 4.3 mm; () 1A 4.9 mm; (d) A K 5.3 mm; (e) 1A 6.0 mm; (H) 1A 6.4 mm; (g) &K 7.2 mm; (h) 4K 8.0 mm;
App. %‘*ﬁﬁlﬂﬁiﬁ%% s Dfpp. 55— 35 88 15 viis S 88 ; Dp. T3 S 88 B ; Dspp. 5% 5 88 1T v B8 ; Flpp. /)NE& T v S 88 ; Ha. Bk
Hs. ki ;Na. 65 ;Nc. ﬁ’%’,NS BB Us. BFTFH .
(a) 3.1 mm NL; (b) 43 mm NL; (¢) 4.9 mm NL; (d) 5.3 mm NL; (e) 6.0 mm SL; (f) 6.4 mm SL; (g) 7.2 mm SL; (h) 8.0 mm SL;

App. Anal fin proximal pterygiophores; Dfpp. The first dorsal fin proximal pterygiophores; Dp. Distal pterygiophores; Dspp. The second
dorsal fin proximal pterygiophores; Flpp. Finlet proximal pterygiophores; Ha.Haemal arches; Hs. Haemal spines; Na. Neural arches; Nc.
Notochord; Ns. Neural spines; Us. Urostyle.

E3 HESKESHE. ETBHEIXBENRE

Fig.3 Development of vertebral column, dorsal and anal pterygiophores in Thunnus albacares

23 EHEYHEFTNAE
4.4 mm NL/MRFRAR GG F 7 80 140 2
B (Ph) M2 ¥ 2 T B (Hyl .2, K 4a) ;4.5 mm
NL MRS 1 FEE 2 MO F B @ & (Hyl+2, &
4b) ;4.9 mm NL MRS 3 FIES 4 ¥ N8 (Hy3,
4) 3L (Kl 4¢) 55.3 mm NLMEE R A 0 L7 1
B2 MR B (Epl .2, & 4d) ;5.7 mm NL AN
RBTIES5ETE 12 AT HKE (K 4e) ;6.0
mm SL ™A T B AR i 5 ARG 1, 58 3 R AR

KRR B K i At & (Hy3+4) , 5B S M2 T8
(HyS) 80, B F 8 1423 Hfi) i 3045 Ak i, 1)
DY JE 6 B Ak (18] 4F) 6.4 mm SLAMARE T B 142,
3+4 i — AR Ak, A B R R 1) T00 v B R fk
(Kl 4g) ;7.2 mm SLAMARM R N B Al g — MOk
%Mqﬂl‘ﬂﬁﬂﬁ%%ﬁ“@ﬂk BT 3+4 B E T
HaA R SHETFTEN . KRBT EE—%
fifi 4k ([ 4h) ; 8.0 mm SL A RBATH il 2
HME T 1+2 3+ it — L, B L 1.2
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MR & SUCAECE . f&)a 3 BUES Ik S -,
KSR MOl S Mk S A fL . BEEILA R

(] (@

o BT IR T LM R TES
e 4i) .,

(h) @

(a) K 4.4 mm; (b) K 4.5 mm; (¢) /R 4.9 mm; (d) AR 5.3 mm; (e) K 5.7 mm; (f) 4K 6.0 mm; (g) K 6.4 mm; (h) KK 7.2
mm; (i) /44 8.0 mm;Ep. & 45 ;Fo. fL;Hy. B F45;Ne. B ;Ph. il N ;Us. BFFH

(a) 44 mm NL; (b) 45 mm NL; (¢) 49 mm NL; (d) 5.3 mm NL; (e) 5.7 mm NL; (f) 6.0 mm SL; (g) 6.4 mm SL; (h) 7.2 mm SL;
(i) 8.0 mm SL; Ep. Epurals; Fo. Foramen; Hy. Hypurals; Nc. Notochord; Ph. Parhypural; Us. Urostyle.

4 BEREVBEEIETNLE

Fig.4 Development of caudal pterygiophores in Thunnus albacares

24 MEELEENEES

3.1 mm NL A RECE I 9 RE B | 5 5 -JH
JIF i (TR 5a) 53.9 mm NLAMASRCE R
R B R R DA b ) e P i A R Ak (BT Sb)
4.3 mm NLAMARBCE T 0 I 3808 H 30, bR 58
S A A AL, LB R AT A BCE (18] 5¢) 54.5 mm NL
AR B E 8 A A A (8] 5d) 5 5.3 mm NL A4
IR AR AR Y 5 R, R T iR
R, R i 4 5 (18] Se) 55.7 mm NL /MK S5
Jir 3 v ] HH B 2 45 A B i 2444 (&1 3£) ;8.0 mm SL
AR S B8 2% J Ik H B 3 Ak 24 4E , RUE AR ST I G
Tl A AL B, A IR A R T
L (E 5g) .
25 MEHEIHEENAS

4.9 mm NL/MAE 68 Hh 04 5t i 4 /)N S 8
5 (8] 6a) ;5.3 mm SL /4 Sz i 45 5 L
(FE 6b) ;6.1 mm SL ™A 3 68 1 Ji e M [1] ] 7
i 058 B b (151 6¢) 5 7.2 mm SL A 1A S 5 B3 799 i
A REE Ak, BN EE A S (5] 6d) ;8.0
mm SL /M4 S BB PO E RN SMIZE 5K (K] 6e ) -
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31 EESRATEERRFLBNIENM
frREf B ST # N kT 5 HIE S
M A 2838 AN RE T oK LA Kz B 07 X8 YA
K e b R BB A R R B R B AR
A5 A AR AT R B R | S e - R I RO
TS g B S L ] Oy BB AR f SR AL IE RN Y RS Bl
FvfRe . #EAG MG, B N EMIE T &
AN I RAEDE . FHER WG
T B0 R S DK 5, G S AR AR T
WK RE A5 20020 3T o S5 A i I Bl A AR 3
K, HERN A B8 S B8 B IS 2 il AR B i
— A, HE T Ei#—Las M E T
A& W O Kk 7S & i (Hexagrammos
otakii)™" | K ¥ 4. (Larimichthys crocea)® il
L KA1 ( Parexocoetus mento mento)" 1145 #% WL
g %) o i 7% A )& &5 B} (Scombridae) (1) fifi
(Euthynnus affinis)? M1 & + 4 1 (Thunnus
tonggol) Lt T AT BN B it — LA i —
Yoo J548 ah AT i e e 3 AE 5 AU S S, BT
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E N B RSN IL A 2L BT R4t T B R 3k
TET AU 5 ) B kAR Ol DR AR K T

SREN BN T, PRI B ARR 8 T Sk K L
ARET) S TR BER 7 I

(e () (g)

()R, 3.1 mm; (b) 44 3.9 mm; (o) 41K 4.3 mm; (DK 4.5 mm; (e) 14K 5.3 mm; (D1 5.7 mm; (g) 74K 8.0 mm; Cl. #Ld;Co. 5
WH s Co-Sca. W5~ IE HH s Fp. 88 IRk Pel. J5 &LH ;s Pot. JE#H 5 Sc. JAMTH ; Scf. JAM-EFL;Scl. LALH

(a) 3.1 mm NL; (b) 3.9 mm NL; (¢) 4.3 mm NL; (d) 4.5 mm NL; (e) 5.3 mm NL; (f) 5.7 mm NL; (g) 8.0 mm SL; Cl. Cleithrum;
Co. Coracoid; Co-Sca. Coracoid-scapula cartilage; Fp. Fin plate; Pcl. Postcleithrum; Pot. Posttemporal; Sc. Scapula; Scf. Scapula

foramen; Scl. Supracleithrum.

Es5 EESKRBREHENAT

Fig. 5 Development of pectoral girdle in Thunnus albacares

F
p

(@ (b (© (d)

0.5 mm

©

(a) K 4.9 mm; ()& K 5.3 mm; () K 6.1 mm; (d) K 7.2 mm; (e) 4K 8.0 mm;Dw. FMUZE ; Fp. SToEH 5L Tw. NMIZE .,
(a) 49 mmNL; (b) 53 mmNL; (¢) 6.1 mm NL; (d) 7.2 mm SL; (e) 8.0 mm SL; Dw. Dorsal wing; Fp. Fin plate; Iw. Internal wing.

Eo EHESWRGBEFENET

Fig. 6 Development of pelvic girdle in Thunnus albacares

32 ERESREFEERRFZLZEHMEE
MR S R A R oy, ANl A
KHHETBEA 25 . FESERHY H A6
(Scomber japonicus) 31 ML, % (Sarda sarda) 50
M, KE- L7 (Scomberomorus cavalla)51 ¥, ¥ %
H 5k (Acanthocybium solandri) 63 ¥, 44t
A HE B BB 39 M, AH HLYRAE R HE 1 28 1
AT — 7 22 57« WL B AR 0. ( Thunnus thynnus) A
& 4 #6101 ( Thunnus alalunga) 75 18 BUIKHEFIT 21 4L
FEAME 55 o 68 A 2 N — B (HR BE AR fa
19 F4 AKHEFD 20 AR HE' . A IE H fie KA
(8.0 mm) PRI ER 58 —MCRE = bk =5 b (% L AHE I

JEM LA I A AL (1 31) , ZE MK 20 mm DAY
K S A1 A 4 £ 1 B8 440 121114 20 ZHC
HE 5 F1 10 ZHK = AT UL IR /N R
€ 4 A A AP HE 0 (IR 5.1~17.6 mm) A AE WL 2E 2|
XRFLDY, HEE S A TEARK 8.0 mm L E 25 i
K A FL, AH H ) A R 2S H B g L, T
RE AR IZ R LA GG, 5 TR S 2 AR HE T
o AIRFPIE I RES IIE W m A ir 22 5, A
TR 5T v o 068 4 A £ B R A 2 DA I 35 i) 2 3 T
&, R (Lates calcarifer) (B2 e B9
vity [a] o (B & A2 i A . 1 8% (Coilia nasus ) J2: 4.
— DAV ] g A AT R R sk
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g8 10, ( Collichthys lucidus )™ W J2: 228 5 1) A1)
KMo A WAR A (Salanx ariakensis) 7 g WL %2 2|
B PRI B, W] B2 L WA RS T s e

1 A% g B % 0 I — M e i 68 4 ot
TR, R R g, 95 B 6 I i i 58 1. 1
mo, A R A E fih (Sebastiscus
mamoratus)”® | 8 (Siniperca chuatsi)®" | K #
m> o Sk My oY o B IR R f
(Chaeturichthys stigmatias )55 . J] 5% Jif) & £z Jc
R, A TR T A g >, BRI A
AHEER AT BEFIVE B e T I RN, 1
figs S SRy R v ) o 7 i O 5 AR b [ 8 R
- T R 435 A 0 1) 5 — 75 65 AU B S T —
T 08I 1, 5 — 7 8 S AT R 1] 2 BB
PP B AR 0 25 BETE U AR U i B L e
B G — S E R G 5 TS EERVB S NME T
S SR L WUAT R i T HAE B TR, R TS
R Bl (75 oK 0 26 T AR it B T i rh R
5o AN INEEVE R BE R — K3 SRR AIE , H S 6
BRI A5 i AT £ 2 0 v AR R (] B T
B HRE L, ] T G A X )
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Development of vertebral column and appendicular skeleton in larvae of
Thunnus albacares

WANG Xiaodong, LYU Lixin, ZHAO Hengquan, ZHONG Junsheng
(Shanghai Universities Key Laboratory of Marine Animal Taxonomy and Evolution, Shanghai Ocean University, Shanghai
201306, China)

Abstract: To understand its osteological development during early stage, 33 larval specimens of Thunnus
albacares (9 preflexion larvae, 12 flexion larvae, 12 postflexion larvae, body length: 3.1-8.0 mm) were
collected by horizontal trawling at the surface layer by a larval net (1.3 m in diameter, 0.5 mm in mesh
size) in the Philippine Sea from August 15th to September 9th, 2022. The specimens were stained and
cleared for both cartilage and bone to evaluate their vertebral column and appendicular skeleton
development in 7. albacares. The results show that the fins were developed in following sequence:
pectoral fin, caudle fin, the first dorsal fin and pelvic fin, the second dorsal and anal fin, and finally,
finlets. Centrum was formed in a posterior direction. Neural arches were formed in a posterior direction at
anterior part of the body and in both anterior and posterior at the middle part of the body. Haemal arches
proceeded both anteriorly and posteriorly. Hypural 1 and 2 were fused, and then jointed with the
parhypural by cartilage. Hypural 3 and 4 were fused at both ends. Hypural 5 was dissociated. There are 18
precaudal vertebrates, 21 caudal vertebrates, 1 parhypural, 5 hypurals and 2 erpurals in 8.0 mm specimen.
The fusions of parhypural and hypurals could enhance the swimming ability for 7. albacares. This study
can be used as a basis for the fish identification and provides an evidence for the formation of the drift
mechanism of 7. ablacares larvae.

Key words: Thunnus albacares; osteological development; vertebral column; appendicular skeleton;

staining and clearing technique of cartilage and bone
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