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Fig. 1 Sampling sites for G. pachycheilus in the middle reach of Yalong River
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*1 BEIEERERESHRERER
Tab.1 Basic data of G. pachycheilus from different sampling sites in the Yalong River

AN RAL I 8] (R R AEREA S R

PR number of samples collected in different months FEA SR K /mm fhH/g
sampling sites total number of samples body length body weight
10H  October 11H  November

I 7 8 15 186.0~432.0 73.80~929.20

II 6 5 11 176.0~382.0 65.70~1 159.30

i 6 6 12 203.0~270.0 86.80~218.10

I\ 10 6 16 184.0~382.0 72.40~743.10

\ 11 18 29 184.0~446.0 74.00~1 068.10

A A B EERIGE 5 4 RS ik
U T I S HL AR5 -
1.3 FiREEMRIAIE

WAL EA RS AR SR, ik
S T 40 °C MER TP ERE 24 h, P ROPRRER
(PRt 3k, BOPME, K= 0.1 mg), HI/KMK
F PO T (BPEROT-RE— 1) ) B e R R 1
JH 600 #7KAPATHLES , FH 1 000 #A7/K DAL
FTRE o R PR, IR R A BB (Olympus
SC180) FWL%E, Bk S Ime s i, B2 P i
YU, FEA 3 000 #KEPACHEITIYG, BE
FE LR B TSR, JERERIKR.

AR BUREARES 5~10 A HEE, 7R
K& 3~5 min, HIERKEERNLA KR EEERHL, Z
JE ¥ H T 2% KOH %W i 24 h, W) 45 b
6 h MESIE BRI AL, 5 L2 RE . a5
JE WA BT IOKCEERMHL 6 h, A 60 °C
PEFHET 4 ho S5, A R RENE,
TEM 5% (Moticam 2306) F W%, JFRERE,

Hek RRHAIATEG 14~17 5 F 5
MRS % E . MEEHE LN —F T, F 80
°C H/K IR 3~4 s, RS /N0 BUR X1
B, SR IR 24 h, BB SRR A
SN FRREESE, BT8R L. RE1ER
HI%BE (Moticam 2306) T MM%E, FJFRAEEL,

2R BENIEEA K 30, RE
FH, DIBRMEE R NLA KL Ls 4508, FRfH A
oK PR 4~6 h 5, B T##15E (Moticam
2306) B FHE T, H-RERIE.

1.4 HESH
FHb R R F R T R |EV=2: Sy~
0 AR WS 2 5 MAR RS R kS BB Y, 1R
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Fig. 2 Annuli characteristics of lapillus (a), vertebrae (b), anal scale (c, d), and

operculum (e) from G. pachycheilus

Dots indicate annual ring.
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RZEMRL SRR, JERREIR 606 %
HHKRHE, A5 SV ETRER, 280
SURNTEM, Iz E R ME B, LLRJE SR SUHES
B HIZE, PR ERE AR 2 B ARG (K] 2-¢).
22 4 MFREEMRERTEER
AWFEIREERREIRM 83 B, HAKE

Bl A 176.0~446.0 mm, A5 65.70~1 159.30
g Hirf, BUEA U EFERRE N 411 1%, BHE
B AR VO A~11 8, R A o AR IR Y
R 3~11 1%, SRR Y AR 3~9 1, N[
AT S 5 R JIT S5 52 A A I 2 T SHE X g AR A AT
REAF B IZ 2,

*2 ERERERES 4 MEREEMHAMEENE N FRENHEARBMEK

Tab. 2 Number of specimens and body length of G. pachycheilus corresponding to
different age identification materials mm
. WA lapillus HHEH  vertebrae % anal scale #835H  operculum
age %{OE meantSD 230% meanSD {%0% meanSD %{OE mean+SD
3 3 193.3+22.6 3 193.3421.6
4 9 195.0+13.1 10 193.9+15.6 13 202.0+£12.6 15 206.1+15.4
5 27 219.6+18.1 26 220.9+16.9 16 222.2+16.8 30 233.0+43.7
6 24 259.7£24.7 28 261.3+23.3 31 258.4+24.8 23 273.4+44.9
7 15 281.8+20.0 11 285.8421.6 12 280.9+£27.1 4 298.3+31.0
8 3 364.7£7.5 3 364.7£7.5 2 364.5£75.0 1 357.0
9 3 384.0+3.5 3 384.0+3.5 2 376.5+60.3 7 395.3+31.1
10 1 432.0 1 3 398.7+28.9
11 1 446.0 1 1 446.0
SAF total 83 83 83 83
2.3 4 MFREEMRIBEMEITS LR 24 FIREIE—HMS
A GO i A 1 S T8 AR M BE T O A e Bl AT b e R A0 Bk i JRIRM
] T SRR RS 0 ) 4 FPAE I S AR I EA T TSRO L EMERT L TR A e [

AN, SR 3 Ui, Hrp, EAR80NE
BT fee i, BT 1 ORI 2 G LB 4 Rl AR IS
WEM R, N 89.16%., HIEE MR, B
PER 1M 2 L 83.13%. SR, RS
8 55 B B VA 1R 2 Ry e Bl g AR, 4R
68.67% 55 65.06%, I HAFERLUBMINE AL, B
VN 4 G L5351 2.41% 5 6.02%.

*3 EEREEETEFREEMBIBMEITS

Tab. 3 Distribution of readability scores for different

age identification materials of G. pachycheilus %
. 7 T E B4 EL A
RIS E MR proportion of readability score

age identification material

1% 2% 3% 4% 5%

MEA  lapillus 49.40 39.76 10.84
HHEE  vertebrae 4337 39.76  16.87
R anal scale 1928 4940 2892 2.4l
B35 H  operculum 6.02 59.04 2892 6.02
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Gt CEAES R 2 RIS R A R IR A D
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H BRI E o iR 22588, o 1.38%, BiH
TCH AT B R LA RS B A o B AR 2 IR 2
RO ERINT A R, R 73.49%, Bk
MF 34 H o LR 228K, R 2.45%. B 2 R4
W 2 AR 21 (<5 1) PR B B m W&
B, HERYIGRBRAL, S 63.86%, SR
HAr R 2R 3.04%. 8355 2 WIS 25 RAE 45
RIS TP WA R EAL, BB SRR 4 AR RS
WEM B R, 1N 53.01%, MASESE
RN 4.53% (3% 4),

RE RS R A B i BT
o B R BT T BE VT 43 5 A % RO BE 8
ARG LA E- A 0 A 0 S BOCR e, R
B BR3P AR R RS AT A
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R4 E-URE2RFRIZHOVEENTEHEDRE
Tab. 4 Coincidence rate and index of average percent error between two age readings by the same observer %
. WMHEA  lapillus HHEH  vertebrae Rk anal scale 835 H  operculum
i
age ii% CR IAPE %%OE CR IAPE %%OE CR IAPE n OE CR IAPE
3 3 3 33.33 9.52 66.6 4.76
4 15 77.78 2.47 13 80.00 222 10 92.31 0.85 9 46.67 5.93
5 30 88.89 1.09 16 76.92 233 26 87.50 1.39 27 55.17 5.04
6 23 83.33 1.46 31 67.86 2.92 28 51.61 3.99 24 54.17 3.99
7 4 80.00 1.54 12 54.54 3.50 11 58.33 3.12 15 75.00 1.92
8 1 100.00 0 2 100.00 0 3 0 6.67 3 100.00 0
9 7 66.67 1.75 2 100.00 0 3 33.33 3.72 3 42.86 3.27
10 100.00 0 3 100.00 0 1 50.00 2.38 1
11 100.00 0 1 100.00 0 1 100.00 0 1
=it total 83 84.34 1.38 83 73.49 2.45 83 63.86 3.04 83 53.01 4.53

H: CRAVIAR, IAPENTEH S HIRE.
Notes: CR is coincidence rate, and IAPE is the index of average percent error.

T AR W 5 5 D 22 P (18] 3) FHER BREC S T
BV A AR, N 96.39%, AR E 4L
BRZENUN 0.52% (B 3-a). BB U H A 24
W) HN 62.65%, HHTE 4~6 W T 51 B 124k
W) RIS, AR T~11 W I 22 85K H WA R 45
i, BARFBE S LR 2E R 5.14% (K] 3-b), 655
A AW A S TOH A A R IR A BB A R
T2, Br 8 #dish, HARFERHBEII ML, &
WA N 5422%, BRI E S HIRER
8.29% (& 3-¢).

MEAEESFRENXFR

AR RIS A H A () 5H
RIS (A) A B 4 R, R E R A Tl
Hop & 5 O A B R s 80m] a9 G 1A 7
RUE L . FEB0REL . REPRECRN Z I 4 FP4UL5 Y
KEMES . g R, ZHANMEAE
(W) SHARWR (4) U5 Tr B YA R BUR =
BT Wy=0.334°-1.844+6.73 (R*=0.806 2) (K] 4),
P e, R RSB S i H A S AR
B —E A, (AARIR TCIE H 4 A H A
AR

2.5

3 Wi

iy AT 5 R AE T 9T R 0 S AR I M 08 I AT
AR S R I ME R MR T 3 e R B RS R AE K S
B T SRR T X SR A K Y U
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REA . Bes . By, Sme 61y . K
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AR5 S RIS TR R E R iR R
{CH B i AU %, Bk B R EIREE 5 i
TR 0 ST 36 B B e % 1[5 30 3l 95 F 2 H A A Y HE
iy 7 AR IS 550 AL REEAT LA SE . W20 L%
JE R, ISR 0T 68 SRR R
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K LA e 3 ICE A B AR . T
i H 4 AL 2T R S LR .

HAE RN B i g ik, E24E
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N8 (Pleuronectes platessa) H-41 I W4 2| Ji] 4 P
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24 6 8 10 1 23456 7 8 910
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lapillus age
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E4 EEREEENBEAEESFRIS
Y Dwas cr:e2.65% L F R L TAM AL
12 | THEAWRE IAPE: 6.71% Fig.4 Lapillus weight distribution of G. pachycheilus
, 101 for different age groups
é\ff 3 Trendline indicates the polynomial fitting function.
= o 8t
< SO A
LA WLCIRIREA DRI 2 LA Y 5 41 48
=L L0 WEBf . TR BER, R T LLAIAR HR 2
, AU S A W PE RO LI SR AT,
N HLAT EL AR A 609 S ),
0 2 4" é 8 1'0 1'2 1'4 RUTRIE A 45 21 PR P iEAT T LA,
S ELH AR e bR (2 6). 5 LIRSS
lapillus age Fl, U TR R A U A B 0 BT
(b) oy, O EROUEW, AFR RO R, 2
. VKAL) 45 S I, T A IR A,
AN . %, N N —= = I N al
L PRt TapE: 829% AL JEE S TS £ 1 B LEARA S AR, T
PR HAL B AL A SUF e BB B . sk, BEA
§§10' BF 502 W 0K A T S AR I 2 I AE R VI
HE 8 KB, SIHTEAT T AT A — L A I
fH”é S 6| SE LR AT R, RIS AR R R
S0 - TSN N N
88 41 A H R AR R A — s AR, B
21 *5 EERERENEAEESFREAMEXRANER
0 . L L L L L L ! Tab.5 Results of the fitting functions between
2 4 6 8 10 12 14 lapillus weight and age of G. pachycheilus
WHA R /a
: W& T MERANX >
lapillus age fitting methods fitting functfons R
(© BV W,=2.484 - 6.65 0.7547
3 %"1‘&5‘ @) gﬁ;’* () %uﬁmz‘l‘i-ﬂ © '% linear fitting
- F iy B ) AmE 0= R A Wy =159 0.791'5
MEAFRRIRBXIE exponential fitting
11 BERFRREES R TG W,=0.474" 0.766 3
. . . . power function fitting
Fig.3 Age reading comparison between lapillus and )
ZIAME Wy=0.334"-1.84 4+ 6.73 0.806 2

vertebrae (a), anal scale (b), and operculum (c)

1 7 1 dotted line indicates the identification results are completely con-

sistent.

R E K7 2: 2 E /) sponsored by China Society of Fisheries

polynomial fitting

e WONHEAER, AR,
Notes: W, is lapillus weight, and 4 is age.
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T6 REETNERFRETMR KRG EMTHCRER A

Tab. 6 Literature review of studies on age identification materials and comparison methods for Schizothoracinae fishes

FER Y EM Bl age identification materials

- . ) BT gy
T4 HA  otolith . i /i scale ) O SRR R
species name " P—— - BHEE 5 l o R E% gpqp  comparison Sl
MHEA BEA KEA vertebrae BB operculum finray cleithrum Methods
lapillus asteriscus sagitta anal scale general scale
S RE v — — Ny — — x — — I,1,IT  [30]
S. oconnori
F A - - = = A — - - = v [34]
S. prenanti
A - - = =+ — - - = v [35]
S. sinensis
2k SN N+ _ _ —N(S3y o - . - v 6]
S. chongi
IR E V+ — — — — — — — — N [36]
S. nukiangensis
IS 2 fir V+ — — J — — X — — [LOLIV  [37]
S. curvilabiatus
TSRS — — — — v+ V J x v I [38]
S. lissolabiatus
TRAL NG f \+ x x N \ x — v — 11 [12]
S. (Racoma) pseudaksaiensis
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Comparative studies on age identification materials for
Gymnodiptychus pachycheilus from the middle reaches of Yalong River

WAN Zhuokun ', GAN Weixiong’>, ZHAO Chunxian', ZENG Rukui’>, DING Yuwei ',
LI Tiancai >, FENG Xue', BAI Yunpeng', FUMei', YAO Weizhi", LU Hongjian "
(1. Research Center for Aquatic Biodiversity Conservation in the Upper Reaches of Yangtze River,
Research Center of Fishery Resources and Environment, Ministry of Agriculture and Rural Affairs,

College of Fisheries, Southwest University, Chongqing 400716, China;
2. Yalong River Hydropower Development Company, Co., Ltd., Chengdu 610000, China)

Abstract: Gymnodiptychus pachycheilus is an endemic schizothoracinae fish in China, which is mainly distrib-
uted in the upper reaches of the Yellow River and the middle and upper reaches of Yalong River (tributary of the
Jinsha River). In recent years, the wild resources of G. pachycheilus have declined seriously, and it has been listed
as a second-class state-protected animal of China since 2021. In order to determine the suitable age identification
materials for G. pachycheilus, we studied seven age identification materials of G. pachycheilus (including lapillus,
asteriscus, vertebrae, anal scale, operculum, dorsal fin spine, and cleithrum) by using 83 samples from the middle
reaches of Yalong River in October-November 2020. Preliminary observations showed that there was no obvious
characteristics of annual rings on the dorsal fin spine and cleithrum, and the rings on asteriscus were too dense and
complex to be counted. Thus, it was concluded that dorsal fin spine, cleithrum, and asteriscus are not suitable age
identification materials for G. pachycheilus. Moreover, the lapillus proved the optimal age identification material
for G. pachycheilus, which had the highest clarity, as well as the highest coincidence rate (CR: 84.34%) and the
lowest index of average percent error (IAPE: 1.38%) between two age readings by the same observer. However,
the weight of lapillus was not suitable for age identification of G. pachycheilus. Due to the similar age readings by
the vertebrae and lapillus (CR: 96.39%, IAPE: 0.52%), the complementary readings of these two materials could
make the age identification results of G. pachycheilus more accurate. In addition, the anal scale was only suitable
for the age identification of low-aged G. pachycheilus (aged < 5 years), and the operculum was unsuitable for age
identification of G. pachycheilus. Our results have filled the research gap concerning age identification of G.
pachycheilus, and provided applicable age identification materials for the basic biological studies on growth, feed-
ing, and reproductive characteristics of G. pachycheilus.
Key words: Gymnodiptychus pachycheilus; age identification; lapillus; vertebrae; anal scale; middle reaches of
Yalong River
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