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i E: 2014 426 H 22015 4 5 7 FEFUMNIE L KIRECE 10 ASRAER. T4 H 1] (8 O T4 7 £
A TP AE RS L4 ) 120 Y, SR AEA WIAR 1 (Salanx ariakensis) (FAEf 1 972 o AR5 il A8 15 -1
KR OTA AT AT WIS AT RE AR (AT D 9.7 ~ 34. 2 mm ) 4% K2 B IR O TR 25 40 T ARRAIE . A7 4R
g G g ISR SRR BES KRS AERENECE . Rl BRCE JEEE B TR BT E S RAERE A
N o F B B U SR 47 R SCBE T MR D B, T B SR Y Bk R 5 IR B SR AR B
i e S R G JA RL o BESRCH D T3 kS B H e 22, R R (AR IR T ) B H D 7, B S EE T ROH
27, SR RCE Dy 130 AWFTEERENIA WIAR 0 HAT AR AR 2R DU B iR R G B U R BE S 1~ 4l A5 4

SR

KR AU A; PUNEILES; A MR BRkE

hESES: S917 XHEIRERG: A

A B4R ( Salanx ariakensis) 3¢ J& & )\ 8 H
( Osmeriformes) , ] JA 4 5} ( Osmeridae ) , 45 a1 &
(Salanx) o R UTHFUETE S 1 2 BR K ) /N3
28 R T TR R i b R OK S, g A
b AT L TR B A H A UM PG ER
B BB, AT BT 3 AR T e A
A SRR AR W 2E AR A A B )
BT APt R U A A A i E A 2 Ok
w7 SRR A S, ENANE T
WL 007 45 2R G0 B IR SE , 1 MIZUTAN i
IR T AFHE A B T Y A LD B (R] B 5
JC 1] 5 S g B RO H | 2 A B AR 108 B R G
FEHERIY B IE A2 058 . AW FEAE R BT BT M
T8 G AT R I 25 03 A R B b, 1) FH A -4
G HAR A B AR B0 & F o A
SIS RR R B MR AT T OSSRl I
B TEN A DR fa A1 HE 11 03 28 5 M0 PR I AR T
AR AR

i A 2018-04-16 &E HHA: 2018-05-29

L MRS

1.1 @BEFE

2014 426 J] 2 2015 4= 5 A, fEbTMNIE AL AR
JKIRIZE 10 RALESE (S 1-S.10, B 1), & H
RIS A T R BAFHE A R (42 1.3 m, B H
0.5 mm) FATRZIKF-HE M, i3 2 1 H/h,
i W O 3 & 3 ( KC Denmark A/S Model
23.090) ic s Hi P9 i i B, SR AR BB AT 5%
P VA TR I 7 o A P AT RS v B 32 1 A R
2 KENDALL™ A f7 R £ % 75 43 Wibs il 43 %
BB ORI B (R/m®) o i A
5 394 2 ) %5 % K (notochord length, NL) ,
J& 25 i BT 0 5 bR E KK (standard length,
SL)

e EARIE AT, =N/ (S - L - C)
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Fig.1 Location of sampling stations

1.2 WEEREALLE

%% DINGERKUS F1 UHLER""™' [ % & -hii £
LR AE7 BRI TIESE, (1) THBE: 221K
THVEFH 5% WY VR[] 5 19 A W AR 0 A FE F0 A
AR 2 ~3 d, R 2R ZE K (2) 3E
Yty A FHE AR A IR I TR G B 24 ~ 36
h, B B ARA g 25 530 PR B0 W (s (3) BRI
Ve PR AR IE A 95% S R I
2 ~3 h, fli 5 IR BE A 3 R B2 (75% 40% |
15% ) 1) LW B 2R A S 2 TUR G AT —
WREERL R (4) HEMTHAL S SN B AR T
0. 5% e [ B AL, B 2 AR AT AL
SERHACHAEW] 5 (5) S5 g TH B I S 1Y
PRARFE AME B Y A3 h 24 ~ 48 h, 2 -5 YL il
212t R 1k 5 (6) WA - 285 Ju A A0 B A AE S A
K, IEMAC T ~2 3% H,0,, 5UCE T ROE T #
5 (7) RAF R AR AR 3: 10101,
1:3 19 0. 5% KOH-H iR G il i, B — M 2
PRASE UL RAT — 0, s 2R hr A %
ASBEHH A B B ORAE, IE A UKL B 5L B % B R
{7 7E Olympus SZXT fif#)5a T , XA IR 1 &
ML B AT E L WE I hl k7 Bl I
Photoshop FiI Adobe Ilustrator 3 {4 %1 & #% &% & K
AT IR AL T

2 4k

2.1 H=EHH

2014 42 6 H % 2015 45 5 A HoRE R 2447
MEF 96 118 J2, Hrp A IRt A Al fa 1 972 )&,
SRR 2.04% o A W AT E AL BT
2014 4F 10 H F 2015 45 1 7, F-3% B 2 Je 8 n
G RS, 11 AR AR L, FI%
FEA 6.06 F2/100 m’ (1), &bl 544 Ul
B AT S 3 P B f R (2. 59 /100 m?)
St. 7 F-Hy B R AR (0. 52 F2/100 m*) . Fif s i 1)
ff0 B O AR TR 530 R A 1) St 9 FISL 10, 25
ATt =B AR AERE T S 10 St 8 I St 9, 5
i HA A7 f0 32 B A 7RI B R I Y St 6, HEfh F2 2
SR FARIERAF B St. 3 A St 4 (K 2) . M
HE I R B BEEE 10 B LIRS 7
F(63. 42%), 11 H LL2Z i WAk =
(47.07% ) .5 il A7 fa RAE 0T 07 Eu i) T
12 AF 1 A LAREfA 32 (8 3) .

*1 FRRBFHRENMESEHEE
Tab.1 Quantity and mean density of S. ariakensis

larvae and juveniles

FFRESA %L

gk B 7 TR
Cruises Date No. of larvae /(E/IOOH? )
and juveniles Mean density
1 2014.6.21 0 0
| 2014.7.2 0 0
I 2014.8.21 0 0
v 2014.9.18 0 0
Vv 2014.10.18 473 3.27
M 2014.11.15 905 6.06
VI 2014.12.18 588 5.49
VI 2015.1.15 6 0.05
X 2015.2.12 0 0
X 2015.3.13 0 0
XI 2015.4.15 0 0
XII 2015.5.12 0 0
2.2 K5

A7 W £ i 25 R0 A £ R T T A 4. 55 ~
12.56 mm, 25 i B A AR KRS H O 11,47 ~
19.28 mm, )5 25 i 147 f 4R R g 18. 20 ~
24. 14 mm, £ A K JE D 24. 13 ~49.70 mm,
PEHM AL 10 ~20 mm, 54 BIAR £ B4 AR %K
¥ 47.76% .
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Fig.2 Density distribution of S. ariakensis larvae and juveniles in the north of Hangzhou Bay

100%

ORI I Preflexion
75% o Flexion
& a5 & i Postflexion
ﬂé 50% oftifE 3l Juvenile
RE
o g
2 25%

O 7 8 9 1011121 2 3 4 5
H4r Month

3 ZRERAREFHEEREMERAR
Fig.3 Development stages composition of S. ariakensis

larvae and juveniles in different months

2.3 BHEE

AT I8)9. 7 mm AR FAHR 2 E R
(K 4a) . 13.77 mm MEFRA G IR B2
g, ARIPEE R (K 4b), 13. 94 mm, 16. 08
mm,15.99 mm, 14. 88 mm MEH R ICHH B 251k
(B 4cf) o 22.81 mm MEH I 18 kS 5 19
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SCHERTR) BT JR BRE R A NG, #8555 KD KA
EA, RATE 0 SO iR A AL, 28. 93 mm
AR H I S F)JBKOBRORI B R , T G i Ll
FOIRGBES 71 ASBUEF R A A% IS 21 4,
fkSER ML AT, BRI RaA,
CEfbse s, BREMH ZIME AR B R
AIARBGAE , TEHE = Rk =5 B9 Al L, 56 A0 K R
PABRCE TS T 6 0 B, (R D335 10 B (1
4h) o 34.2 mm PMAHEATIABIL B85 MBS |
BB RO e T2 8 B85 73 A, kS 22 4~ (1
4i) o BES KT E LI A LUE U B, IR
R ey 5 A i o Sk ¥ 6 A, RS R AR e A P R S
5Bk LT[R B, AR AR BE AR AT . A
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(a)
b
wi HYI/—Z
AnPt/

B4 FARRSEFTHNMEEBRLETER

Fig.4 Development of the vertebral column and

the appendicular skeleton of S. ariakensis

(a)fA£49.7 mm; (b)fAK 13.77 mm; (c¢)fAK 13.94 mm ;
(d) A, 16.08 mm; (e) &K 15.99 mm ; (f)fAK 14.88 mm;
(g) K 22.81 mm; (h) &K 28.93 mm; (i) {4 K 34.2 mm;
AnPt. JEHES 5 DoPt. TREESCEEF s EP. R b HA. fik
5 HS. kG HY. BT H; NA. 85 ; NC. H%; NS. fif
s PH. MR T # 5 UR. RAFE: UN. AR ML X
FORPA s MR XN (RHE) 5 2358 KIRERR BE5R
HOER) M (CUEE RS

(a)9.7 mm NL; (b)13.77 mm NL; (¢)13.94 mm NL; (d)
16.08 mm NL; (e)15.99 mm NL; (f)14.88 mm NL; (g)
22.81 mm SL; (h)28.93 mm SL; (i)34.2 mm SL; AnPt.
pterygiophore of anal; DoPt. pterygiophore of dorsal; EP. epural;
HA. haemal arch; HS. haemal spine ; HY. hypural; NA. neural
arch; NC. notochord; NS. neural spine; PH. parhypural; UR.
urostyle; UrN. uroneural; big point areas were cartilage; small
point areas were bone in urostyle; blank areas were notochord,

bone in pterygiophore

2.4 MEBREE
2.4.1 [
9.7 mm A 2 g LU g 75 =X B, R DL

HHA(E 5a) o 13.77 mm MEER 2 K2
TE AETE2-3(K S5b), 13.94 mm MEAF
4T, METH 1 -4(E 5¢), 16.08 mm
MG 4 BT B [l 2 2T S8 s s A8 il
ez BEAETR T E L RE LI IR L EERE (&
5d), 14.88mm FI 15.99 mm MAEH B E T &
I MR A S Ml Se-f) o 22,81 mm A RH
B LSRR, TSRS 1 B .S
METHE, B TNE 1 Wh iR, B3snN
A0 N N U el A = WS O ) R D =
Rra1 -2 4%, Erd3 -5 HAl(KE Sg).
28.93 mm MAM I A S H R HRE
WA e kg 4. e MET &, MET
HHIEMTESHE 22 B TE =8 RKmEdas
BECE TR TESH2 ETEMERS2EE,
6 HUR T B 1 A) R ER o i i 4k, BAFE B 5
B BCCE B R B (8 Sh) o 34,2 mm A
REEEMEANA,E3RTHSH 4R THEN
Ko EI A G &S, 5 M6 BTN,
B Eaioh 1 . BB atlifl, K EJr i
1 A RAHERE(AR (uroneural ) , -0 B T & F 2
L -2 B R b R A, AR E 2
i R T E 3 -5 BRI T 51k
RBT&6 ke (’l S,
2.4.2 Hg

9.7 mm AT g DLEERE X 2 (18] 4a) .
16.08 mm MAFF AR I 2L 6 A i) 7 g = 6 1
(K 4d) o Bl )R HERS , T 68 5288 1 1) i 7%
3 Bk 2 LA, 15. 99 mm A4 B 11
MOCEE R, IS8 &) 2 SRR ([ de) o 14.88
mm MASIEE A 11 B, (B8 RE T 78 iU 22
(& 4f) , 22.81 mm SL MATF4A I EE B,
I S R R O 13 MG ORI U
Filg sk (Kl4g) . 28.93 mm AT g S g 41
BEFRON 2 13 B U5 el B (& 4h) o 34,2
mm A g S 68 68 B BCR E TR 13 L
(Kl 4i),
2.4.3 g

13.77 mm AMALEALT] e v 30 7 BOCE B
(G EE S B (K1 4b) o 13.94 mm AN T 11
MUE i S g (18] 4¢) ,16. 08 mm AN H 15 £
(& 4d) ,15.99 mm A 16 #(E 4e) ,14. 88 mm
AN 19 B (18 4f) o SCEEE B BCE, HAR i &
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A Y i 22 22. 81 mm A A B 4H
5 I B 1) S 08 1 0 $H 85 B 24 B, BOH
o 26 A, SCBEE A K LT 2% AT
P IVIRRE B Rl G SR R — MOS RR
— M B A R A 2 Mg 2k LA 26 Mol
28 Mgk (K 4g) o 28.93 mm A i 1H g

HITIRRE AL, SR B Ak . R B Y SCIE
AEEE R 26 ML (15 4h) o 34.2 mm A
SR SRR T S8 AL, SCHE BT R FRAR
o SCHE R MH BE B BOR R ARSUE 27 A (1A

ES5 HHREAEHEZHETALE
Fig.5 Development of caudal fin in S. ariakensis
(a) K 9.7 mm; (b) A 13.77 mm; (c) A4 13.94 mm; (d) &K 16.08 mm; (e) {4 15.99 mm; (£) &K 14.88 mm; (g) &K
22.81 mm; (h){A4 28.93 mm; (i) {44 34.2 mm; EP. & L& ; HY. R F#; PH. MR F&; UR. JBF-&; UN. RHEREI; Rl
DIRERR T s 405 AR R S (AT ) 5 25 A KSR I B (2R Bl (8E1)
(a)9.7 mm NL; (b)13.77 mm NL; (¢)13.94 mm NL; (d)16.08 mm NL; (e)15.99 mm NL; (f)14.88 mm NL; (g)22.81 mm SL;

(h)28.93 mm SL; (i)34.2 mm SL; EP. epural ; HY. hypural ; PH. parhypural; UR. urostyle; UrN. uroneural; big point areas were

cartilage ; small point areas were bone in urostyle; blank areas were notochord, bone in pterygiophore

2.4.4 [yl

it fi A FHAR £ F b R PR B 9.7 mm >
R S8 AT 01 O 1) FeE L 5 Wk e R S R
BFRRKAR(E 6a) . 16.08 mm MARE F
P LK, DR R GG i Ak, B0 R B R
‘B (K 6b), 22.81 mm MARLE S FRCH O &8
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o SCEER IR AL B 3 4 2EE, TR AN I 32,
ToJe e (B 6¢) o 28.93 mm MR | B
— L, A IR (& 6d) o 34.2 mm M4
Sgd FH B AL, ERE E e, iR
BRI S AN REE U3 03 3, g g 2% 1
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o,

E6 HHAREBEHRE
Fig. 6 Development of pectoral girdle in S. ariakensis
(a) R4 9.7 mm; (b) A 16.08 mm; (o) A4 22. 81 mm; (d) A1 28.93 mm; (e) {4 34.2 mm; Cl. RLH; Fp. SCEER TR
Co. DI ; Suc. FRUE; Pot. JFHUE. 4 sl IXHFRAREEE 5 25 11 SRR s
(a)9.7 mm NL; (b)16.08 mm NL; (c¢)22.81 mm SL; (d)28.93 mm SL; (e)34.2 mm SL; Cl. cleithrum; Co. coracoid; Fp. fin

plate; Pot. posttemporal; Suc. supracleithrum; small point areas were bone; blank areas were cartilage

2.4.5 fE#E

22.81 mm MR KNG R 28. 93 mm
AMATENL T HT 75 7T UL BT I 6 S 0, SR AR
ORI E S BUERE BilE 4% 34.2 mm A i
SCEEBATI N R R B SRR H Il 6.

WU A AR 1245 8 R 8 W AR UK N - M 4
ORI, R g S B EE LT R 1 B, s S
H B, R L B ,49. 7 mm AMA Y BUAR E

3 ik

3.1 SHAEHESEHRELLER

B AEES 13,77 mm A HEL 2 BT
510 H A B 12,8 mm AR HBLE
T, 5.2 mm MERE LR T &, MBI
AU R T T R LA W A AR fa Rk
B R FUM AL A AR R SR b
10 Mg % T 9 AtE 4%, 154 Wi = A W4
A . HOMEILEREY 13,77 mm MARLERLT] S
i B 7 MO TR R A S, 34. 2 mm M
T H SR A B SRR IR BIE E I 27 0 A W1
7 12.8 mm A 7 6EF H ;23,5 mm M
VA 2 T 584, BB AR 290 8 4% H AR [
T REZHE ARG T AR A %o BN IS 16. 08
mm A B 6 AR BT A g S g, 22. 81
mm ASRTF 8 B 8 | 1 75 6 7 i | fH 6
BRUEE 13 M, AW 14,5 mm AMARTE TS
BEJFIE,23. 5 mm AN SE S8 N E E 19 13 Mo
ATIFSE T FH B9 A0 M 25 A T 40 £ 11 i 6 0 G G
SARKEB A, WA I 38.9 mm A>T B

LS B M g g 5%, 44. 1 mm AN G 68 S5 K0
KE) 9 M, MEEETE S S T (23. 5 mm) AY5 28
2220 AL ) L 38,9 mm ASRTT LB
WEEF 44,1 mm A G g 25 %50 H 3% ) E & 1)
7R, RS
3.2 S5HMFRILER

#it ROBERTS'™ #f i, K 48 fa ( Protosalanx
chinensis) | & FSAR A ( Salanx cuvieri) 7)1 H 4387
R £ ( Neosalangichthys ishikawae ) | I+ B 357 41
( Neosalanx jordani) %F 1 -2 §65 A dm @4, kS
S U HIE AT LI RIR . A IR AR 1
55 2 6 [A] AR AL T A A6 7 DA, R s O
RAG (B 41), Bk S 5 5 R0k, J0HE Bk
S+ (E 4g ~1) o MAEHAAE 4 TR
b % Uy Bk B SE A BT R A ( Neosalan
oligodontis ) WIEAEHEAAL BAUAFAE — B R, &
AR BRE A E o AN EE 3 B A
KA AL o FE b i A WAR o R AL E I
AW EF 3 BBCE W AETE, HE K
ROBERTS A5 15 55 B FIAE AR 0 it 56 T4
R 05 ME 2 5 2 1 23 R A AR AT 2t — 2P ot
FEHEIH

ROBERTS "' i 48 H 4 #1111 FE A4 52 5 Ak
3 AHEM R HEREIR 1 5 2 M, B7EA WI4R
R ILE) 3 A E R HENR , (e AR B
WA B AR (& 51) . AN ]
WeRENMETH B 1 ETHSH 2 ENE
= ARmEREGER R I ERTEESN2 R
THEERE2ES. WA EIRTHSH4
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B TFEMAmB SR @aas. £S5 M6 BT
B R, A, W — R b N H AR M
( Salangichthys microdon) FEEE[) 6 F R T B W AH
HOrE . BN S BRAT W AR fa Ah , i A7 AR
o, KM T E 1 -2 B FHE5 -6,
HRETNE3 -4 M ARmESG. R aRE. A
g, HE TENEGRL T L, H, i
BRMETESRETE 1 -2 R E@sE
FGRTE -2 M3 -4 AL mE, RIEEN
PR — D EE ) == T R BIE R 2 i G, n
RPN R N EE MR LR R AR, T iE
HHE I ZREMERIREA L, HE, N2
HOHAWBRERNE T HEH FRE, A
HRFFE 6 MR T &, XNk 7 iX—FL BT
HECHTEIZ YT T RESS B BE RS RY
3.3 ARREEHREFIEKRE

T2 B R LT, P
EEFYHR 23 B S 2 8 Al o o A ) KA
B33 TR T AR AR, LA P4 79 3 114 26 45 IR
15z o HEGR s ] P MDA, MEAR R 1) 1 % s
TR REe, R R, s ot o BE . A6
RIS T BE OG5, J5 5 A Ja DG TY 585 HEAA
RN BT 4 28 RV ME R B 28, 5 0 I s
MRS BRI, ASBIF 53 38 2ok -2 B L 2
HOR S IR 0 A7 HE f05 A 1 T AR S5 1 I ¢
1 DU A0 AH ] A M IR 254 5 LT ORI BEAIE
FWLLE, AR 6, JLT 5 W] T ARk iz 1.
Ui HA B AR 8 FETE A BSR4k
HEHEAAS, TR AR I 58 42 IR AL B AR 4 AR AR (AT 58
R TORIE R =N T A0 1 E R
£ AELH SRR 2H 2 BT R ok, 50K ] <= 3 A 98 275
CLERAN RN, I HE g T 68 2 g O L
KRB TEER R LIRS 5865 R A
2k A 8 G A2 A 130 [ P51 1) 45 A
LSO Erglk s SHES 7RG S MU 1 22 5.
AR A B8 BT, B AR A I BT 45 4 1
ks SHED R KT MEE & 1R 3K
B B AA B RRCE S, AUTRER S
1925 4, JORDAN 7E & B4R fa 81 0 28 (1) & 8% JL-F
WA B4k ; 1940 4, BERG 45 Y A9 4R 1 25 01T &
ST 02 s DL M 1965 4R, {1k SC7E 52 Fr W
S I A ) £ S TR M R I o R A
MR BT AR R IE A B A SRR 1Y
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Development of the vertebral column and the appendicular skeleton in the
larvae and juveniles of Salanx ariakensis in the north of Hangzhou Bay

WANG Xiaodong, HE Mingdi, ZENG Jiao, LI Lianfei, ZHONG Junsheng
(College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: From June 2014 to May 2015, 10 sampling stations were set up in the north of Hangzhou Bay.
Monthly collections were held by a larvae net. 120 trawls were carried out and 1 972 ind. of Salanx ariakensis
were collected. The development of the vertebral column and the appendicular skeleton of the larvae and
juveniles of S. ariakensis was described. A series of wild specimens of 9.7 —34.2 mm in body length were
cleared and stained for both cartilage and bone. The dorsal, anal, pectoral and pelvic fins supports, neural
arches and haemal arches were cartilage. The cleithrum, supracleithrum, posttemporal, hypurals, urostyle
and uroneural were bone. All the skeletons developed in the following sequence: pectoral girdle, anal fin
supports and hypurals, dorsal fin supports, haemal arches and neural arches, pelvic fin supports and epurals.
According to the observation, the postcleithrum was absent in S. ariakensis. The number of neural arches was
73, haemal arches was 22, hypurals (including parhypural) was 7, pterygiophore of anal fins was 27 and
dorsal fins was 13. This showed that S. ariakensis had the phenomenon of neoteny that the ossification of the
skeletal system was not all bone, which was similar to other salangid fishes.

Key words: Salanx ariakensis; Hangzhou Bay; vertebral column; appendicular skeleton; osteological

development
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