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TE : LU A8 I8 ( Spinibarbus sinensis ) 3 0 A B BE, 76 55 55 58 FR 5 45 10 LN LI A6 14 5 4F 1 ( Eubranchipus
vernalis) AT FEFVERL, 3820 O 0 B #878 UE ELBA s, i e B3R URRIE . &5 SRR A7 FEA IO
AFIRE A — e 1A ruOAZRT 1 AS A R, DB 2 A PO SR SIS, B A P DA R SE X 4
AR MEOMREA O BRI N (37.73 £5.34) pm F1(39.78 +7.11) wm, B 5 A EH R I35 0
(16.29 £3.46) pwm F1(17.09 £3.88) pm, KEA AR A REOEWEE LA 8 WIS MR KME A
A 1 A HR et RS 55 2 RIZAL, UG AR UTURL 1 8. 30 HIHE M A 808(N) S HIR(T) Y
KB AT A N =1.0016T -0. 8753 (R* = 0.9961,P <0.01,n=197) , MRS 1 I
BEWZER(P>0.05) , FEREA R EAREAR P IR BRI FRiC e MR bRic s 2 F, Ha i ibiric e i
AR5 78. 68% FI 83.33% | FEREARICHE 1 ) BUAR 37K 29.95% F1 48.98% , 60 F& 33 H WA HE A H-£1 11
He KA BE RE AR ARG R 0. 522 ~2.244 pm, 4507 (1.087 £0.231) pm,

KRR : AR R HA s TS 5 HARARAE
FESZES:Q174 XEIRE:A

HAT s 1 3 B CAE AP HE B F i 5 1A 2K
T A NI B AN A T EA H % b B AR
1R B | P2 DR 345 ( Ohshimo et al, 1997 ; Song et
al,2009) ; (HFESE BRAGIN o , oA 56 800 H TR AL
FES 1 2500 H I ]2 1 e/ S 2 A4k
AP ¥ ( Campana, 2001 ) ; 7ESR} £ 2 b — AR B P
HoAy  HOCIIRIEFE IR SE T VA E 2 B EA BRER
PO R HAR, 56 | R HAR I I AEA T th IS 46 2
K (5755 ,2006 5 KA ,2014)

A (3 3iI] B8 ( Spinibarbus sinensis ) J& i  H
( Cypriniformes ) | # £} ( Cyprinidae ) | il \[V. £} ( Barbi-
nae ) (4 82 & ( Spinibarbus) , {5 FR“ F ", FE 53
AGTEARYL b 30 S LS, N i 4 i 8 57 F e IR
TE A S TR S S U S ARk, TR
T RN AT e S5 DR 3R A s ), HC B A D R
C s, T, X b A £ R 68 Y IF Y 32 AR
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ALY IR B BT B SR M T AR B (FE
JAESE ,2003 52005 ; AR/NESE ,2009 5 Dan et al 2014 ;
Ma et al,2014) ; M HE 00 AR B RRAE 1 R DL AIRGE . AR
S A TN TR 4 v e {0 ] SR B 2 SR A S F 5
XFG R H— AU H A Bl K e A H S TR
AT T 208, BAEAN S HAE W2 R AL B BERE, O
N TSGR O RIS A B 5 A 4 L i S s

1 #B5H®

1.1 #RR&E

RIE T 2014 45 7 H 7S VL2 K AR B K il
BN TIEFE R, BEAT , 284 R it it N Ak Bl
AR AR (HERER 1 R IRE 735005 2.8 kg il
2.2 kg) o @ N TA#E” (77528 HCG F1 AHRH-
Ay IRAR) N L2 KGRI Z KGO0, 22 78 h 2
JE, H AR 2 R A 9255 % /K 46 (100 em X 60 cm
x60 cm) 55 4 K (B WISERT 1 d) FFR MR A
TR F4E L CHE 20 60% FAS T2 20% KL
JKAY 25 10% ) o WS BRF AR BURE B K 19 ¢ 00 22
BPEORE 1R, & 12 Hig A E R s L), BaR
19 2 00 B 1k, RRIRHURE 10 B FEARHUE IS 57
RIE T XTL-165 {400 B B8 T W8 & B,
EEK B ZEMME A R E AR, R R
THIRE L EL, 95 % kG B Rg , — W 2RE W, bl J5
PR IS R [ TR R b DA A
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1.2 $5ERUE

G HAME], &K 7 2 00 115 00 IR 1 &
AMRFKIERAS 1Y, ] TES-1332A BE B T4 I 5O
HERSRE 1 W, 4 S d ) pHS-3C IR EZTHIISE pH {H,
DDS = 11A 7 f 5%

SR SR 21,5 ~29.0°C, SEH(E (26.1 +
2.0)C ;7Kg 21.0 ~27.5C , SFH{E (26.1 £2.0)
C;YEHEREE 124 ~ 791 Ix, FI{H (441.3 £195.6)
Ix;pHE R 7.12 ~7.36 ,SFEH9(H(7.25 0. 12) ; 11§
#.0.245 ~0.312 S/m, F3{EH (0.281 £0.34) S/m,
1.3 BEREKBRITHSNE

HA BRI E s Pk, Sl
J755(2006) B9 77 1k, 0 [F] —REAS T 403 U, B 3 Ik
HHE RAE 10% LA AR A SO BT S8 1E 5
AR, 25 KT 10% ARBTG5 BA
#5578 OPTEC DV320 RIS HEAH RS, I RS0
7 BRI RO i H A R BT
1.4 St

TEABUEH A FRE RT3 T, B R ] Adobe
Photoshop CS3 & ¥ J5L 46 545 3 1 Excel 2007 ]
ARG , GE TR SPSS 17.0 J3#fr .

HR

Hh A (I A7 6 B9 £ RORS | 7E KR 20
~2ICTFREERTH IR 78 h, 5 e 05 4
HFE 68 ~75 h, P74 (7.5 +£0.3) mm, 4
B MR SR Ao, i i SR L s B, B AR HA 4%
1XF; 29 Hitk fFa R A ;33 Hik M4
Sy, AR ILREE, 24 (15.7 £0.9) mm,3 X
HATEEARBIY o 256 R A v A 48] ol 6 - £6 H-
AbRAS 540 #C, A i HA 197 Mo, R HA 198 #,
AEH A 145 1
2.1 HAWYEH

REAAEAT A 1 AR SO R 9 AR K
HuG B % (nucleus) (& 1-L1,S1) R EA7 UG
% B % 25.54 ~ 55.34 pm, F 4 {H (39.78
7.11) pm, BEHA H 4% 24. 68 ~49.50 pm, F 3 {H
(37.73 £5.34) pm; O ERA — A I R AR R
TR R BT 2544, #% B J5 3 ( primordium ) (& 1
-L1,S1)  REAJRILEE9.28 ~25.74 pum, FH4{H
(17.09 £3.88) wum, s H- 77 4% 8.98 ~26.40 um,
FRIE(16.29 £3.46) pm, —f 1 BHAHA 1
ASHUDERN T AE A R, WA DR 2 AL
EUR RIS MG Wk 1

2

+

*1 XEAMREAEROZAEERRASH ST
Tab.1 Statistics of sagitta and lapillus with

different numbers of nuclei and primordia

D% (N) il WMHA KEA/
JEUHE (P) 215 R [ #
INIP 170 161
IN2P 12 19
IN3P 6 1
2N2P 9 16
3N3P 0 1

N B, P A . LA, L1 oA 15U (3
HER) 12:1 o 2 J5EE(4 HIR) L 13: 1 P 3 AL (4 HilR)
LA:2 o 2 JEEE (10 Hilg) o S:RHA7,ST:1 HubAZ 1 (S H
W) ,52:1 A 2 k(3 HER) ,S3:1 A 3 5k (4 HIilR) 34
22 SR (14 HR) ,S5:3 Wb 3 JREE(4 HilR) o BaR =
100 pm,

B1 AOESEESAENRERRIEER

N:nucleus, P;primordium. L:lapillus, L1:INIP(3 dph) (otolith
with one nucleus and one primordium, three days post hatching. the same
as follows) , 12;1N2P (4 dph), L3;1N3P(4 dph), [4.2N2P (10
dph). S:sagitta, S1:1NIP(5 dph), S2:1N2P(3 dph), S3:1N3P(4
dph), S4:2N2P(14 dph), S5:3N3P(4 dph). Scale bar =100 pm.

Fig.1 Otoliths with different numbers of nuclei or

primordia in S. sinensis

TR A A L8 PP O A ] LA A S B I A ] 4
[l LR AR, He A 17 1 52 W, i 2 ELIRE IR
LSBT A0 1 AN A 0 4L B R — A AR K 4
(growth ring) ; Il TR JMUPK o H AR IR, B R fi il
RO 2 1A H A ARILEHE (I 2-L) o R H
A AR SCd B 2R A RRAE (A 11 H S A
Ja X AR R, JEH S X AR RAR T, R BURIE
AU, =z e REAE (K] 2-S) .

BHAWA - ERRERAERPL, 258
YRR BEPOIR, I EE AT PO X AR . HoA b
LI, (AL L0 M BE LA A S A oE 38
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PEA B HAT (B 2-A) o R HCEFEROEA VRN H 38
TR KL

S R AR oLl U —
LA, A B HA LS RE A, AR =100 pm
2 24 AiRpEARIEFEESR

L:lapillus, A:asteriscus, S:sagitta. Scale bar =100 wm

Fig.2 Otolith from a Spinibarbus sinensis juvenile of 24 d
2.2 ERBRMIE

WA 8.2 30 HRHE M A RCHA , 3R A5
197 BCHATREAR . SEEUGE T4 R B, AR 4
BN) G HE(T) MR RAT A ELBR (& 3)  H%
KZAHN:N=1.0016T -0. 8753 (R* =0.9961,P <
0.01,n =197) ;e R ER AUE R BoR , RIET R Y
1 LREEZR(P>0.05), & T=1,N=0.1263,
UL S A BRSO RIE ., H RS H
BB EZRIAE Y 1, BUNEE 2 BT iR, 53 KT
M1 &HE.
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Fig.3 Relationship between the number of lapillus
increments and age (d) of S. sinensis larvae
and juveniles

2.3 HAamick

TE 197 i H-AT A1 198 KR BATREAS LR ¢
P R IR T AR ICHE 2 (I 4) o b i
PEHRICHE A Ao Y R UTR, T IS 45 2 R
3] AR IC R M A B RS 56 2 TR SE S A1 R
Fers 2 NEESRAT B E PR U o FRic e FE 2
W B SN 58,2 Pl A A E AT b A ST A AR [R]

fAAE2 M7 A AR LB HER AR 2. fER
FA MO 2% A ARIC i b, e fepnicie i o
% o HEROR ML R Z . REA L2 Fiks
ICHE I LB i i EAR R i T A

WCHAT (£2) MR EAT (A7) bRidde
HC B ebricis, TC. HRric4t . AR =100 pm
4 12 BigthEpREFENERIMCRE
Marks on lapillus (left) and sagitta ( right).

HC : hatching mark; TC transition ring; Scale bar =100 pwm
Fig.4 Hatching marks and transition rings on lapillus
and sagitta for S. sinensis larvae on 12 d
xR2 RBEAMIEARIERSGIT
Tab.2 Statistics of hatching marks and transition rings

on lapillus and sagitta in S. sinensis

bR WHA RKHA
d/% BHBR/um HH/% EZR/pm
W bbRicse  78.68  88.67+9.06 83.33  90.97 +8.44
RGO 29.95 106.85+10.09 48.98  109.72 £9.55

2 el 24.47 - 42.93 -

2.4 WMEREKREENTWL

X} 60 J& 33 HIBHEM B A AR K FE e R i AT
TWE(ES), 58 exR, %1 MERREEHD
DT HAR MRS, KR (1.192 £0.296) um,
2 ~16 MK TEE N ZEMLAK, J(1.085 +
0.021) pm, 55 17 MERKBZIEHIT 1 MU
MO IR, e 25 AN AR EE B il e 0, I
H1.160 wm, &5 31 A K& bl PR AR, A
1.016 wm, 60 FEAfE i H-f 1Y A 48 90 1 A8 4k
0.522 ~2.244 pm, F-3H(1.087 £0.231) pm,

1.207

— —
— —
[\S) (o)

AKBEE um
Increment width
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[ee]

7 14 21 28 35
EKBFS
Tnerement num her
ES5 fEfREBEGERREETL
Fig.5 Width variation in lapillus increments

of S. sinensis
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HoAr tpub B R NS R 72 5 0] T3 00 A [m]
FRSERYAS [F FPHE o R I A F0 B SCE (2003) 9T &
B, ¥ £A ( Ctenopharyngodon idellus ) 1% ( Hypoph-
thalmichthys molitrix ) 1N\ T E 58 R e 1) H-A7 F 0
AR B/ T B AR R R, 30 T X 43 R AR KA
AR A AR SR AL T SR i 45 Ty
s 2R AR YD 2 3 (1995 ) 72 WL H AN 68 i ( An-
guilla japonica) N T.FNEF A= A1 68 H Ay i o 0 4 3] 2k
RIS, I3 Al BB AR /K IR Y 25 S B, AN [a] 1) Al
KHEA PR AT BRI AFTE 22 57, B A DF T 1Y
ME-AMEREA PO ERR R K A" M,
HAB Y A R, 72— B FE B AR 1 i [] 22 S
(KM ,2000) ,

HATH AW U2 N 23 I FH R 58 PR R 1) A ] 52
e, AR T A H DU , X — fFETR K 2
WAFH) TUESE (F ET5F,1999) o Bl H-A7 s 1)
5% 07 200 B g 8, B B A e p e B AL A7 £ HE
g R AT R FERE EEEN . @ H A
H 50O 45 S WAL ], w] HESE 0 S i S0 1k
A= oA AHARE ST 5T B 15 2 0 E A H
WU, B H 4 5 HIR R SC R FIEE — H 48 m)
DURITA] , ASBHEFE AR EBIRIEE 25 1 2% H AR TEAT
S A 2 RIE R, e H 8 DU S 45 K T7T
158, X 5 E AR E B9 88 ( Cyprinus carpio ) (I ( Car-
assias auratus ) 5§ ( Aristichthys nobilis ) F15 J& T ] £
( Chuanchia labiosa ) 5515 /K BRF} £ 28 1) WF 75 45 SR AH
[Fi] (FE UMK, 1986 5 [l 7 55, 1997 ; fiff 15 A 2R )
1999 ; 2 HH4E ,2014)

3.2 EHRFCRIEHRINE

HY T BR5E E J) FRR AR AR I SR e, 7R A |
SR SR R B AL, TR USR8 PR IC e £
TNIFAEARICHS AU ER B 5 AR B RS 25 s HOE A
Ji PR 52 N TE AR BLDR 3R RN AME BR B TR 7 2 W] 29 542, 4
WEAL bR ICHE & TC U] B 2F A48 SR BB SR AT, 1448
SR BB AT FAE H N 52 3 BRI PR 3R A8 A 1 52 )
AT 5 | 6 85 B 7 U0 FRURT 452 0 o A 1Y) (2= 5%,
1992) , jdiid H A7 B4R ARICHE, Rl 4 W7 28 1Y
FLIBIAE I S B B O IR AR T A KRR
T2 (Radtke & Dean, 1982 ; Cieri & McCleave,
2001) o f3iln g b ( Anguilla rostrata ) 1€ 22 ¥ Ja H-A1
o B A AR T A KARIC#E ( post-metamorphic

growth zone ) , MITEI /K AR KT 1Y 3 A2 vh b 252
RS AL IE RS BRICHE , 3 X AFF 5T F0 28 B 0 A 7 sl 4
7 BRI s

456 B AR ICE R, AT OCHEFE C o H
AR B2 N THEFE O b, SR A2 25 ) PR
TEE T AR SRR B 2R AT AL B, A B FREIE
BURFER I N TARICES , TR HE AR 10 14 A A ik
ATk I, BR PH G A 81k (1999) KA B 7R 4
(2005 ) V6 R 4865 W) RS IR DU 3R K 43 Bl bRl 1
A 80 ( Gobiocypris rarus) (5 ( Carassius auratus
pengze ) FIHAE 1 ( Myxocyprinus asiaticus ) 4  HE £
HoAT e B A1 B RETE i R 8 96 FR IC #6225 Song
45 (2009 ) 3 /KL BUERRI L BE A 0 45 A [ B 05 T
JIWALBE, 7E W A fa ATt HA BIE U E AR IC4E

AT WIE L T R S AR IC e, e R AT
AEJEAE S B f0 A4 il [ S 95 28 B SR AR A4 1
PR IREE ) R A T s, AR T A JS I AE H-
A BRI R R AR S
3.3 BREKREESELXEFENXAR

AR AR T FE A2 At 23 SO HE AR 2R ) LR A 0
g FEXT B8 A L v) T 4 ( Sardinops melanostictus ) | JX|
JE £ ( Engraulis japonicus ) 1 BA 35 14 £ ( Choerodon
schoenleinit) WIBF 78 v & 3, 7272 6 A K A, B
A AR T B2 IR B RAE, ) BE— > I A g e
1] (Arai et al,1997 ; Ohshimo et al,1997 ; Takahashi &
Watanabe ,2004 ; Hideaki et al,2009) ; Rice %% (1985)
A8 1 7 B A £ ( Coregonus hoyi) BTSN , A1
S B RE IR S A A G AR I SE (1995) TAH
W 2> 1 ( Hypomesus olidus ) K H-A1 58 8L 58 FE 1Y 728
165 HR B R B R B SR A R A O

BT, A B 1 R A KA SR
PR 55 17 2 AR KRFE R S0 Bt B 1 W/ IMEL, R
AR R B RN IR 8 B 5 25 A KA I v I
IRE 1K e R E, s AR SR B . R I A
(2000) 438 T RAR“ R F 7 A i Hoa i R K
o, EAa AN 1.35~7.24 um Ef N 1. 19 ~
6.52 pm, fi A 0.99 ~ 6.10 um, & K 0.94 ~
3012 s A ECERT 5, AR A AR K FE
JEEI AR /)N 33X A] BB ] 22 S T

B2 ik

BEIGME, AT, BEMETR, 25, 2003, v AR i 61 2 125 W)
BRI, oKk, 33(3): 16 - 18.

SEIAME, SEMEnR, T = 2005, Fh AR (R R BE T S5 HOR
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WFFELI]. okl 35(1) : 35 -38.

AR, FE4, TEH, 4. 1986. # (7 FEAMLh Y
HAEHEMOEIWELT]. KgAK R, 4
(1).58 -61.

fYEAR, i, EHEN, 5. 2005, 6 BRI CH

R MEREA[T]. shiadeil, 40(4): 60 -65.

RN, 229, EERE. 1995, wiBEAAE A H iU
FELI]. WS HIE , 26(4) « 402 -408.

i E T, 2290, 1999, YUHRAIY R B4 B Ay UARR H 48
R[] KSR 2Bk, 14(3): 1 -6.
Al RN, X SUE. 1992, 68 &) B H S S

LJ]. ShmoT, 24(4) . 335 - 349.

IR, PhIh. 1995, FAE g I BOH A1 H A KRR TE
BRI ] RS W, 26(4) ¢ 408 -413.

MM, BN, B 2009, AR I 60 4)) £ fRDRL R B
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Otolith Microstructure and Daily Increment Formation in Larval and
Juvenile Qingbo ( Spinibarbus sinensis )

LI Zhong-li', HUANG Hui*, RAN Hui', LIANG Zheng-qi', HE Yong’

(1. Department of Biology and Agro-forestry Engineering, Tongren University, Tongren 554300, P. R. China;
2. Department of Fisheries, Southwest University, Rongchang 402460, P. R. China)

Abstract; The analysis of otolith increment deposition has been broadly applied and developed in age validation of
larvae and juvenile fishes. The rate of otolith increment deposition, especially the time of the first increment deposi-
ted, is indispensable for determining age. In this study, we examined the otolith microstructure and daily increment
deposition of laboratory-hatched larvae and juvenile Spinibarbus sinensis of known age, the first generation of wild
Spinibarbus sinensis in Wujiang River. The study will supplement the biological information on Spinibarbus sinensis
and provide data for artificial breeding as well as for resource surveys of wild populations. In July 2014, the experi-
ment was conducted at the artificial breeding and releasing station at Pengshui Hydropower Station on Wujiang Riv-
er. The artificially fertilized eggs of wild Spinibarbus sinensis were incubated for 78 h until all the larvae had re-
leased from the membrane. The larvae were then placed in an aquarium (100 cm x 60 ¢cm x60 c¢cm) and fed Eu-
branchipus vernalis from day 4. Ten larvae of Spinibarbus sinensis were sampled at 19 : 00 each day until day 12 and
then at 19 : 00 every other day. The development stage and full length of the all specimen were assessed under a
stereomicroscope. The left sagitta, asteriscus and lapillus were extracted for increment counting and width measure-
ment. The results show that there was usually one nucleus and one primordium in each lapillus and sagitta, and a
few samples presented multiple nuclei or multiple primordia. However, the nuclei and the primordia in asteriscus
were difficult to differentiate. The diameters of the nucleus for each lapillus and sagitta were (37.73 £5.34) pm
and (39.78 +7.11) wm, and the diameters of primordia were (16.29 +3.46) pm and (17.09 +3.88) pum, re-
spectively. The lapillus deposits displayed high clarity, regularity, periodicity and completeness compared with de-
posits on the sagitta and asteriscus. Increments deposited on the lapillus daily after hatching and the first increment
was observed on the second day. The number of increments on the lapillus (N) for Spinibarbus sinensis of 30 d
showed a linear relationship with age in days (T): N =1.00167 —0. 8753 (R*> =0.9961, P <0.01, n=197) and
the slope was not significantly different from 1 (P >0.05). Hatching marks and transition rings were also observed
on the lapillus and sagitta, with occurrence frequencies of 78. 68% and 83. 33% for the hatching mark and
29.95% and 48.98% for the transition ring. The width of lapillus increments for 66 juveniles of 33 d ranged from
0.522 pm to 2.244 pum, with the average value of (1.087 £0.231) pm.

Key words: Spinibarbus sinensis ; otolith; microstructure ; daily increment



