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8, 48 F /K farb 10 iR K e i K A b £170% 11
Ko FEARTK TR W IE], AR AEIE, A, s
AN SRR, BRI S E . S2I6 HA [A) fR R
AN ] W 3 A (5 5 7—8 mg/L) o

MIRE AR BEHLIEEL 20 H #5165 1200,
P o A, A R KR ) 2R B S e VbR I,
g T TE i K RV IR K TR PR 3%, v i 3 K
(20.8+0.3)C, fKiR 9(10.8+1.2)°C, /KRB 5h A #A 5
FWER 1. RIS RN, B BEAPIES0 R M,
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*1 YEFEHEARTICAR
Tab. 1 Experimental design of otolith thermal marking for larval
P. pingi

i o KREDBRA AR ()
= T Water temperature Number of
Group Daily age (d) .
regime samples
12C-(12H:12C),-
1 20 (24H:12C), 300
2 20 12C-(48H:12C), 300
12C-(12H:12C)-
3 20 (72H:12C)-(12H:12C) 300
4 20 XL AR 300

A H mRE C RIE L KRR, B Ee
12, 24FI4BYRHFB NN AL, #6955 T AR R E T2, 4454%
=5 NKIR I SR R R L

Note: H. heated water; C. chilled water; Arabic numbers in
the water temperature regimes were the duration of hours, and
subscripts 2 and 4 were the cycle times from heated to chilled
water

1.3 EBEAREMRID

WHER AT ERI N KK
(Alizarin complexone, AC)H1#5 % 41 (Alizarin red S,
ARS), ¥ N5 M2tk 7, S E Ruibio 77, A HEH
EEMBHEARIME AT 3. WP TR, H
VB 48N DL (19 7K B i) BCRH L3 B 1 9% o ekt
B

LTy 58 1 B A AR I S I AT
R K35 H I [4 K (21.3040.45) mm], M kxR
WCHFFENLIE 80 E, MAFRICZH 2 B HLIEH 100
. BFR24h5, 1f FH ACY R ELARSYA IR i fa 4k,
IRV A N24h. 45 H I [4 K (28.56+1.03) mm],
i AR R 26 A R bR 1R BARFRIC T WK 2.
TESEG B, AR FRE21.5 cm(K)x13.5 cm
(58)x6.5 cm (5 1) IR KA 7K (35058 6 G

®2 HHMEAVOUNEAR
Tab. 2 Experimental design of otolith fluorescent immersion
marking for P. pingi

AL VL N Y
. pprinal  JOURE HEARCR)
O PECALI s Number of

arking Daily age markin Fluorochrome _ samples
order (d) rou € concentration AC ARS
groip (mg/L)

Fobid 35 2 0 20 0
The first 35 1 50 20 20
marking

35 1 100 20 20
35 2 150 20 20
35 2 200 20 20

FUARID 45 2 0 17 0
The second 45 i 50 15 19
marking

45 1 100 20 20
45 2 150 19 18
45 2 200 20 16
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2.1 HARFRL

i B G H A TSN, R SOOI &, R A
AN B AR SUNAS 5 3505 A5 vy il K b 77 J9 1],
B OB 58 1 ads B 1 W3ty ARl S99 8] FE2 Rl 7 i B
(VI 5 5 AN 7] B AR 3 B AR U2 18], SRR e 2t
B B8 FE B B AFAE 22 S (18] 1) vl U R i

K1 SRR LR HRID
Fig. 1 Lapillus of P. pingi larvae, showing the thermal marks
i Sk [ A #GRIE; A 2015 B 4H2; C. 2H3; D. 414
The thermal marks are between the arrows; A. group 1; B. group 2; C. group 3; D. group 4
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() AN R, ok B 58 20 o 5 22 7 A 8 3 (One-way-
ANOVA: S-N-K, P<0.01; & 3), ¥4 % & (Increment
width of lapilli, 7)1 5 il /K T I FF SL I (8] (1) 2 2
ZRME R R, BT FERIW=0.16462+0.24762T
(=450, R*=0.91865, P<0.01).

®3 BRFAaNELARMRCRIEE
Tab. 3 Increment widths of thermal marks on lapilli of P. pingi

Nyl o dRAE R
A PO bEHEZSD  Thermal  FEAEL (1)
Duration of Mean (um)  (pm) marking ~ Number of
heated water M M .
group increments
exposures (h)
12 2928192 0.380770 H1 100
24 5.777552 0.749865 41 100
48 12.64009 1.601168 #H2 200
72 16.70976 1.721748 43 50

22 ACKIEFRIE

TELRYE N, ACE B bric B A ¥ REM 22 24
WA AR bRC I (B 2); 7E R bRIL &, TE
A HIbRIC I B, REA IR, BEEH AL R E
BARH AR (B 3); fET WO T, Re M & 2 H- A

I RFRIC R IEFE BB 2).  J5 ZE 53 BT (Three-way-
ANOVA: RFEEERR, HERILSD) R, Frid
J 52 ACHR FE 5200 5 3 (P<0.05), HEA . REA
AR B (] AR 10 i & 22 7 835 (P<0.05), AN, A
105 5 52 B 4 KR RS A B 35 (P=0.217; 3 4).
TE B bR CET, 55X R AH L, ACHR 1 () 6 AR T
B FHRFRCR, WA HIBETI(K 5).

2.3 ARSKHHRIC

TELRE T, ARSH & bric i 5 A 34 B A 22 3
AMELAARCIN(E 4); FEFRIFERIFR G, T
A REAMEEAMPRCR SRS, ¥ =4(K 3);
FER WOGT, B EE B i HoA I R IC R R AR 2
(Kl 4)o J7 253 HT(Three-way-ANOVA: H % &£
N, FERKLSD) 4 R EIR, brid i & 52 KM
ARSI LM AN 2. 35 (P>0.05), i H- 47« KEA A
B HA TR] AR 10 0T B 22 7 15 35 (P<0.05; 3K 6).

TE T ARG, 55 %5 B 210 L, ARSHRic i) fifi
HEAETRAMAR . EE R ARICHT, 18 200 mg/Lik & 1
HHBI T Bk T75%HIAE T3, AR B 2 M
BBET-(FE 7)o

K2 ACHHCHIB 88 G A

Fig.2 Lapillus of P. pingi marked by AC
A. BHRIT12C-(12H: 12C),-(24H: 12), 5100 mg/LIYACIERIE 240 H5 1K; B. #FRiC12C-(48H:12), 5200 mg/LI ACYEWRIE HH24hH K,
BOMERMF LR R AERL, BOHERRRPRCARL; Z N G, A0 st il; TR
A. thermal marking pattern of 12C-(12H:12C),-(24H:12), and twice immersing in 100 mg/L solution of AC for 24h; B. thermal marking
pattern of 12C-(24H:12), and twice immersing in 200 mg/L solution of AC for 24h; black panes and arrows showed the thermal mark, and
yellow arrows showed the fluorescent mark; the left graphs were taken under visible light, and the right were taken under green laser; the
same applies below
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0 &
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Mark quality

3 ACHIARSHRCH 8L 1 F710 57 =
Fig. 3 Mark quality of P. pingi marked by AC and ARS
L. MEA; S REA; A BHAL EATAMR S T2 AR
L. lapillus; S. sagitta; A. asteriscus; the numbers on the right of L, S and A are daily age

R4 ACHICHEBRIRICREREN
Tab. 4 The results of ANOVA test on mark quality of P. pingi
marked by AC

I UF Source SS df F P
4K Total length 0.375 1 1.645 0217
ACHJE AC concentration 4.125 3 6.032 0.005

H A #2Kinds of otoliths  21.583 2 47.344 <0.001

% #ZError 3.875 17

x5 ACHRICHAERRIZE T
Tab. 5 Mortality of P. pingi marked by AC (%)

3 g
31 EEEEAMRICHEEFRYE
i H AT RR L 22 A AR %3 /Y )

ACHE 35H % 45 H
AC concentration (mg/L) 35-day-old 45-day-old
0 15 0
50 10 0
100 0 0
150 5 0
200 0 0

-

=

-
=

Al FAARICIE I IR P2 R R B £ R SR K AR A
T R A Gl B R G Lol 5 A
Tt A AR AN A f 2 TEH R 2T 2 N, T

4 ARSHRC I 88 G H A
Fig. 4 Photographs of lapullus of P. pingi marked by ARS
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= 6 ARSHRCHSERMARICREHENT
Tab. 6 The results of ANOVA test on mark quality of P. pingi
marked by ARS

4 U5 Source SS dr F P

4K Total length 0.000 1 0.000 1.000
ARSHFEARS concentration 0.500 3 2.833  0.069
H A FPJ5Kinds of otoliths 4,333 2 36.833 <0.001
% % Error 1.000 17

K7 ARSHRICHERZET-Z
Tab. 7 Motalities of P. pingi marked by ARS (%)

ARS 35Hi 45111
ARS concentration (mg/L) 35-day-old 45-day-old
0 15 0
50 5 0
100 0 0
150 10 0
200 20 75

LI 2 e b BN ]t B @ R A
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DAl D 1 44451475

FEAMFEH, FAACHIARS B UChric fifi SR, 1
HILA R FEFET:, BAMY R A IR T AR
e AL AR T ORERE J, RS
BT ) T B, X AT e B AL T R 3 W T
MR IE R R o B, AR AN i O E A T
200 mg/L. 2 [A] AN S 1240, ACHIARSX fifi
filf BG40 P RN /0N, bRl i AR . CEARA i)
(Gobiocypris rarus)” . BHME @, R 4L 6
(Sinocyclocheilus gmhami)m]ﬂl%E(Tanichthys al-
bonubes)"” 4 1 K RFFACHT 50, B 22 A M bRD
W E % H50—150 mg/L. 2 RIT LR 72 ARSHR
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PRBTAA BT 2R G, X ARG Jl 4534 e 6 15 3 1R
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ZF A A B R AN R AT . DR, AHIE RN,
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i BTG I TR A2, S B 2 FH IR AN S g 3 AN
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FEABE T, I ACHI ARSI H — AR
fis SR I, Kb P AH BT T AR AIR(ARS LI = T
ACH), H10d2 J& PR FRICHT, ACHBAT HI AL
T2, ARS ¥ 200 mg/LiX 2HE1 L T 75% 36T
o X AR ACK B 8 L £ 1 T ELARSR —
16, Beckman#1Schulz™ 572 11 Il JIg 1. Catostomus
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B RS A5 xR v 4 4 B BT S B,
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1 R R R PEZE R, AT B AP G R R I K
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SHEFEI . WIS K I, FEAH R 264 T, 340 H
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ACPITRE 6 57 1 s 6 W AL AR AE B A g
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ACH, B RMFFR L. T EACH IS EST, T
ARSII{EE 152, 3 HARSHE 5 i T /K H .
I, A5 PR AR B2 P AR S 60 i 6l B 30 £ 1 2 BE 28 35
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OTOLITH MARKING OF PERCOCYPRIS PINGI AT EARLY LIFE STAGES

YANG Kun"?, LIU Xiao-Shuai’, LI Tian-Cai’, XIANG Cheng-Quan’, ZHAO Yu-Hang’,
RAO Qiang3 and SONG Zhao-Bin™"

(1. Institute of Ecology, China West Normal University, Nanchong 637002, China; 2. Sichuan Key Laboratory of Conservation
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Hydropower Development Company, Ltd., Chengdu 610051, China; 4. Key Laboratory of Bio-Resources and Eco-
Environment of Ministry of Education, College of Life Sciences, Sichuan University, Chengdu 610065, China)

Abstract: Percocypris pingi is an endemic fish to the upper reaches of the Yangtze River. However, the wild resources
and distribution areas of this fish have dramatically declined because of anthropogenic influences including cascade
dam construction and overfishing. Artificial propagation and releasing juveniles into its distribution areas is one of im-
portant approaches to restore wild populations of P. pingi, and has been implemented for several years. Developing re-
sponsible methods to tag or mark released individuals is helpful in discriminating them from wild-born populations,
which is very important to assess the stocking enhancement programs. Otolith marking is an important, cost-effective
approach to massively mark larval and juvenile fish in many stocking programs. However, there is still a lack of robust
research on otolith marking of P. pingi. In order to assess the feasibility of otolith marking methods for P. pingi at early
life stages, heated water of (20.8+0.3)°C and chilled water of (10.8+1.2)°C were used to thermally mark 20-day-old P.
pingi, and 50—200 mg/L solutions of Alizarin complex one (AC) and Alizarin red S (ARS) were respectively used to
mark 35 and 45-day-old P. pingi that had been thermally marked. The results showed that: (1) the otolith increments
were distinct to be recognized, and the regressed equation between lapillus Increment width (IW) and the duration in
heated water (T) was IW=0.16462+0.24762T; (2) The red-orange fluorescent marks on otoliths were clearly identified
under green laser; (3) the quality of AC mark was significantly affected by concentration (P<0.05), not significantly af-
fected by total length (P>0.05), and the mark quality among lapillus, sagitta and asteriscus had significant differences
(P<0.05); (4) the quality of ARS mark was not significantly affected by concentration and total length (P>0.05), and the
mark quality among lapillus, sagitta and asteriscus had significant differences (P<0.05). The results of this study sug-
gested that the methods of otolith fluorescent, thermal and their combinational marking could be used for marking P.
pingi at early life stages.

Key words: Percocypris pingi; Otolith; Thermal marking; Fluorescent marking



