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W' hut— ¥ IR /R B R (Triplophysa yarkandensis) © [/ 332 Bk o X H R H B 5
BRAEFELNHEXNE, XAARETHEERSFMERESF T E, drH/RENT, fl 7 fodg 2R
T T34 B R EME A S 2 RN ARRHTT it ot ERE T, HRETREME A K
N, EERBEENSTERFZR7P>0.05); "tREGEMFEHSTHRGERK, KE 2B HK
k%, RIGEE 048~0.62; XA AEKHAFE ., FaHANE EFAME M E o+ 947 % 05 7 712
RIEATHI A AT, o B BER G 3 R R A A EF R 0 A 96.0% . 61.4%Fn 82.2%, /K%
T BER G Ao AR BEF R B A 93.0%. 79.5%F0 87.9%, /R ALK G M B KT B KA
FERE TR 96.5%. 77.5%F0 86.8%. " REBREMEAHAL 2R E KK AMAREH K
BT EANARLEAMERIFEWE N, AFAHERET R ETEMT RSB MEEELEZR
(P<0.05), XAXKEERNSFERNA TR R RSB LEN 2, Ht—F T EEREHE
HUrERESE, HEEELHFTRFERPRME T A FKRIE

KA MHREE RS Fa; BAZER; AN

hESEE Q954 TERIRAE A XEHS  2095-9869(2023)04-0201-11

M /R & 5 JR 6 Triplophysa  (Hedinichthys)
yarkandensis (Day, 1877) , 3k J& ## ¥ H
(Cyprinidformes) . f#fk £l (Cobitidae) . 4% @k . #}
(Nemachilinae). 1= R (Triplophysa) . i #5L6H Vg
(Hedinichthys), &3 B R K R Fr A #25 (38 4 55,
2012), FrEmdEE /R HIRIX R E SR KA S,
AT, oY 2R e A K B0 | SR SR
AL 22 REPESE T T, XSS [R) B (R T i 43 2 4 531
I AT 252 S 4y FFBE (Chen et al, 2016, 2020;
MrA:#k, 2019; FHFHEE, 2021; FH A%, 2022), 3
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B, SR AR A 3 S SRS RO SEET T A
ABIFTE LR FE I IR I i R CE A AL, X B
TE 265 2 o8 U [ i JHLTE A 255310 ) A S8R A o
MEHARESERAEBRRICR, HRER
Ji A8k 11 A B B B R PR L PR SRR, i —
A BE AR AL BRI i A K S 2% 5l £ ik
B BRI | GR35 LA R
T IR I8 s BB M A 25 5%, ARSI A SR it
ARANTE, D SR T BT R R R SR AR

1 HREE
11 HREE

2019—2021 4ERKZFAE M /R JET] (Yarkand River,
Y). F1H 7 (Hotan River, H)FI3% B K] (Tarim River,
T), FHHLZE(M B 2a=2.00 cm)RfHLR A MR I 55 J ik
FEAS 734 FE(FR 1), BT AE W20 e (B4 FR, 1995)
IEf R B B, A 22U 10% H VA i [ e,
Il 20 & AT R SR A 3

®1 MHRESEHERER

Tab.l Sample information of T. yarkandensis
(SN PRI
FLETIN SR RE RS ] SRRE S A Body length/mm Body weight/g
Population ~ Sampling time Sampling site Sample number T SES (Y LhRAE 2 5.l S Y AT 22
Range Mean+SD Range Mean+SD
MR IET E 29°90'
HRIEN . 2019.10 120 51.15~133.92  73.42+17.97  2.49~34.03 7.11+£6.09
Yarkand River N 38°00’
7 E 80°80'
AT . 2020.10 321 43.34~137.34  90.41x13.49  1.09~35.11 11.06+4.84
Hotan River N 38°32'
5. N E 10 ’
%E*@ 2021.10 81788 313 48.84~93.70 70.91+£8.61 1.23~12.57 5.58+2.20
Tarim River N 40°80'

1.2 Fi&
121 &HBEF 1 B8 IV 285 2 B0 A 5 1 o o
(body weight), 41 (total length). {&:(body length).
{4 15 (body height) . 14 5& (body width) . 3k K (head
length). WK (snout length), HRF%(eye diameter),
[A] ¥ (eye interval), FEAH < (caudal peduncle length)Fil
FE 4 = (height of caudal peduncle). HEZRL L AL FR 15 18 5
FMAEZBAR AR AR B DLE 1,

SR W b R (CD67-S15PS)il it 4 B OFf i
7 0.01 mm), HLFKF-(LE403E)FR &4 i i O B0
0.01 g).
122 FoHA% fiff R =X W fUBE (SMZ12701)
F1 NIS Element 1% i 7Rk I & S Sk G -4 (18] 2) 3
T OB Te bRl &, 53] 6 MBS B
1 (otolith perimeter, OP), H-f1 [ #(otolith area, OA).
H-f1K (otolith length, OL) . H-f7 %i(otolith width, OW)
H A7 % K242 (maximum radius of otolith, Ryay) . H-A7
fe/P 242 (minimum radius of otolith, Ryi,)o
123 125k ¥ 152 4 5L i 43 7 (Elliptic
Fourier Descriptors, EFDs), &K is4e . —{EALE &

IR 9 fe JrL 55K ) HE S 00

Frame measurement of T. yarkandensis

&l 1
Fig.1

1: Wpsiis 2. #o)E; 3. FREEEA;
4: HWhEIRHE; 5. REEHIES; 6. RBIEERMES;
7: EEEI L 8. BEEE A 9 IREEIE A 10: MBS A
11: Mafgis e, 12 EEEIG 5L, PRALR o IH] BE A4 1 24 1
FERHEAR: 1-2. 2-3. 34, 45, 5-6. 6-8. 89, 9-10,
10-1. 1-9, 2-10, 2-9. 3-1., 3-10. 3-9. 3-8. 3-6. 4-9.
4-8., 4-6, 5-8, 10-11, 9-12, 8-7,
1: Tip of snout; 2: The last end of the frontal maxilla;
3: Origin of dorsal fin; 4: Terminus of dorsal fin; 5: Dorsal
origin of caudal fin; 6: Ventral origin of caudal fin;

7: Terminus of anal fin; 8: Origin of anal fin; 9: Insertion of
pelvic fin; 10: Insertion of pectoral fin; 11: Terminus of
pectoral fin; 12: Terminus of pelvic fin. Twenty-four truss
parameters are constructed by distance measurements
between two coordinate points: 1-2, 2-3, 3-4, 4-5, 5-6, 6-8,
8-9,9-10, 10-1, 1-9, 2-10, 2-9, 3—-1, 3-10, 3-9, 3-8, 3-6,
4-9, 4-8, 4-6, 5-8, 10-11, 9-12, 8-7.
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Fig.2 View of external surface of the left lapillus otoliths of
T. yarkandensis illustrating various features

AREE . TR SREEERS, AANEARRIEA AL 20 4~
M, BN H 4 DR @, b, oo DAL,
455 80 4~ EFDs &%, HWArHEfLAf al B2 R 1,
bl fil cl KFRHITT 0, MENHABIKESRIERE
B—fH 77 A~ EFDs RECR A (RKA 4, 2019),

1.3 #HiEAbE

131 &4/ AR R BRAEAS R 22 5 %) £
RIE A 2E T8 bR RZ IR, B RAEAS B BT AT S04 2 558
K SRR BR DA K | A RRIE B DA 1 5 ik 1
PIRCIE, 79 20 BRAAR BT i AR ARG 31 300 L ik
AR FER ] Excel 4
132 H o &HF4E K H Shapiro-Wilk #5154, %
TR (Sk) . W (Ku)BUE X HA T2 S & HRbr i 47 1E
AR SRPEMPEEQOINM L, ¥ 6 ~HA
AR 6 MIEENFM 7 MEEIEE, W
% 2, KdEkbFER A NIS Element, SPSS18.0 414
133 FoHELEhK KREHXZ SiPUES i
FERY R RO | AR | R ] AR Kkt
BOAILG BA E 2R STE IR 5 MR I8 R R A |
R EAR, i AIC (Akaike information criterion)
PE ) 6 B A s AN, 1H A8 AN R (Burnham et al,
2002):

AIC=nxIn(RSS/n)+2k
Kb, n WHEAREE; k AR SECE BN ER ;
RSS W5k 22 F 5 fl . EHEAL PSR A NIS Element
SPSS18.0. Origin9.0 #f%:,
1.3.4 B HH) KB A FN 5y B, R BUB &
25 SR R i e 3 W Z IS0 S FON A=, A

AR . B AL TR A NIS Element. SPSS18.0
Shape %4

®2 HRESEHERHESEFSESER
Tab.2 Shape factors and morphological indices
for otoliths of T. yarkandensis

Y ZOS L)
Morphological index

[5BF Roundness=40A/IIOL?

JEA ¥ Format factor=4TIOA/OP?

PR Circularity=OP*/OA

F4=(0A)"*/OL HiIEi#aif % Rectangularity=0A/(OLxOW)
F5=(0A)"/OW ##[&#% Ellipticity=(OL+OW)/(OL-OW)

BT
Shape factor

F1=0P/(0A)"?
F2=0P/OL

F3=0P/OW

F6=OW/OL 212 1 Radius ratio=Rig/Ruin
IHIZ Lt Aspect ratio=OL/OW
2 Z#R

21 ERESHE

IR I8 e SR G H A BN, A RO, a4
JE, R A AR, AT g 2L AR . B
AKWHRRTHATE, EMEARE, Ekik, H
ARG N, BEIUE, a5 Rk

BCXTREAS t K36 7, IR 98 i JE sk A A i B A
AW E 2573 (P>0.05), AMRFE—MFHALTA
(3% 3). Shapiro-Wilk £ 4R, H A HF(Sk=0.915,
Ku=1.181), H-f /N F42(Sk=0.499, Ku=0.153), H
1542 (Sk=0.533, Ku=0.182) . F-£7 4 (Sk=0.517,
Ku=0.288) . H £7 K (Sk=0.562, Ku=0.209)HIH- 7 F&
(Sk=0.578, Ku=0.569)35: % 18 b AN FF & IE A0

22 BERESEEK. FREMNXE

WG AIC (HI/NREN(F 4. £ 5), MRERE
Bk E A T AT AR SR R T YOG R DIXHECR B
ARG T RE(E 3. B LI R (n=734),
IS T, ROSEHIFE 0.48~0.62, HHEMEAH,
PIARORTC 1 35 2% 5 (P>0.05), AR 5 MR 96 25 J5 ik
HoA T A TG broAH S PR i 4T

2.3 MRFESEHARRE B H 5 bL 85

JET Shape HPF4& UM R 56 w8 S H-A7 A1 FE
(1% 5), AEIFERM IR m A A e S22 R,
PE—2B T JAN 0 Hr o Hi3 6 AT, AR AT 25
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Tab.3 Morphological parameters of otolith in T. yarkandensis
R I8 A1 Al P& FLAR
RS Yarkand River Hotan River Tarim River

Morphological parameter i FIyfiabimez: R OPE{HebRER W PR

Range Mean+SD Range Mean+SD Range Mean+SD
HA R OA/mm? 0.39~1.54 0.87+0.18 0.29~1.06 0.56+0.14 0.24~0.84 0.53+0.14
A/ Ry/mm  0.62~1.19 0.86+0.09 0.53~1.03 0.72+0.08 0.49~0.94 0.69+0.09
HA R Ry/mm 0.85~1.75 1.33£0.15 0.71~1.49 1.03+0.15 0.66~1.32 1.01+0.14
HA K OP/mm 2.36~4.84 3.58+0.41 1.97~3.91 2.86+0.38 1.88~5.17 2.86+0.48
HA K OL/mm 0.86~2.66 1.34+0.20 0.70~1.49 1.02+0.15 0.65~1.28 0.99+0.14
HA % OW/mm 0.62~1.83 0.89+0.13 0.53~1.05 0.73+0.08 0.49~0.91 0.69+0.09

®4 MREBEHREAESEREERXRUSHREN AICHILEK
Tab.4 Comparison of morphological parameters of otolith with AIC values of different growth equations for body length

JEAZ % Morphological parameter  ZkPE 52 Linear X HUHFE Logarithmic PRS2 Power  $5%0 77 12 Exponential
HAMEM OA -3050.174 70 -3 052.386 64 -3 041.717 08 -321.129 24
HATHR /N Ry -2 080.816 76 —3749.732 48 —3 747.555 44 —442.776 39
HoAm KPR R -3100.088 22 -3120.882 21 -3 111.152 43 114.347 46
HA K op -1512.862 69 —1533.823 43 —1524.229 67 1 598.858 19
HAK OL -2 937.542 39 -2 952.680 46 —2945.122 56 105.191 67
HA7% OW -3 524.074 73 -3 531.114 78 -3 529.892 82 —422.780 94
NE 12+ s A H E 1.0F o o e E L6l :-
3 42 wi
E%O.S- ,\;—_EO'S_ i;812_
£ = g
w5 \ ., B’ é 0.6] ; ®E
o 04r L 04=072n-25024  § S * O Ryyy=0.368 SInL—0.857 2 g 085 Row=0.738 1InL-2.107 6
R™=0.5859 = 04 R*=0492 1 . " R-06168 .
40 60 80 100 120 140 40 60 80 100 120 140 40 60 80 100 120 140
LS Ak K
Body length/mm Body length/mm Body length/mm
E o N g 16 g g o ;
U g 40f 0 >
£ @012_ 25 08}
N g 32t B NE
" 5 k- 0.6 >
S 241 B R OP=1.829 TnL-4.9011 & 08F " "*0L=0.744 9InL-2.147 9 g ’ o % OW=0.385 8InL—0.923 2
©lel T T rosme * R=0.6197 R=0.5012
40 60 80 100 120 140 40 60 80 100 120 140 04 40 60 80 100 120 140
K K K
Body length/mm Body length/mm Body length/mm

A 3

R I8 s R AT B S S R B E &R

Fig.3 Relationship between morphological parameters of otolith and body length of T. yarkandensis

2F I FHERA R KT 90.0%, F T F A7 T A 0 [543
A3 A0 R R4 KT 80.0%, AT g /R 9 i
KR A2 0 531 5 58 T v o

231 FAewm ARG ¥ T R AR LR FF A
AT 285 2 T 1 5% W 2K 98 8 L BRI T Y R 3% BL AR YT

PRIEAT RSB AT, 0 BE 0 3 R AU KIS BINIE & 22
SEHREE, sk, IR, 89, 3-6, 4-8,
5-8. 9-12, 7-8, LA X~Xe f0#E, #arH5t.

Y= —754.363+1 083.724X,+334.874X,+279.518 X5+
272.926X,+267.890Xs+263.520X,—253.284X,+400.190Xs;
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Tab.5 Comparison of morphological parameters of otolith with AIC values of different growth equations for body weight

2P 2 Linear X472 Logarithmic TR 2 Power 5407 2 Exponential

JE A2 %4 Morphological parameter

HAmHMH OA -291.594 16 -3024.812 57 -3013.910 78 -684.761 13
HATR/NERE Roa -3 626.861 08 -3 736.881 90 —3735.044 95 —442.776 39
HAT R R —2911.459 40 -3072.187 51 -3 066.261 07 120.350 09
HAEK op ~1376.495 75 -1507.315 32 —1503.050 33 1598.858 19
HAK OL -2 776.462 59 -2909.166 40 -2904.399 40 111.191 48
HA4 5% OW -3 424.907 80 -3513.422 09 -3512.379 29 —422.780 94
‘E 12} e . . gl.o— . 51.6_ N
B3 W wg
Egog- ;ﬁ.’éo.S' eﬂ‘glz_
S S8 il
LE ® o6 ®E -
© o4} B2 oim0238 80,1690 ] R,,=0.123 3In/#+0.509 4 Sos; R,,=0.242 3InW+0.635 2
g R=0.560 5 R=0.4822 .o R=0.587 8
0 10 20 30 40 04 0 10 20 30 40 0 10 20 30 40
%37 h=0 13585y 1358y
Body weight/g Body weight/g Body weight/g
g 481 16| e e 100 OR
£ 40 R £ R g
®e T X, = =
w32t N3 o=
g A 2 E 0.6
5241 OP=0.605 SInf+1.889 3 g 0.8} OL=0.244 4In/7+0.620 6 o OW=0.128 9In+0.506 6
© e R=0.507 7 R=0.5909 R=0.486 8
OB 1 | 1 1 1 1 1 4 1 1 1 1 |
0 10 20 30 40 0 10 20 30 40 0 0 10 20 30 40
R %3Nty R
Body weight/g Body weight/g Body weight/g
B4 mRERBMEAESSEHSKRTRENER
Fig.4 Relationship between morphological parameters of otolith and body weight of T. yarkandensis
ISP Mean 8D ST H AT AT FI BT , 05 5 R
_— B KNS HBORILER . BIE . WIEL. #fEER
1 C1
Yarkandever @ Q O O F2, LA X ~Xs A0, adtar A
Yu= —44 367.499+26 121.376X,—86 564.057X,+
R @ O Q O ect 51 480.547X;-163 355.968X+39 357.468Xs
Hotan River
Y1=—-44 369.703+26 136.450X,—86 612.301X,+
- 51 471.603X5—16 3426.585X,+39 362.058Xs;
V]
e L) COOCHC ) S L0 IR 91
ABR RIS HOE al3, al6, al8, al9, a20, bl4,
BS NTRIAT L 2R JE v JEL Bk CH- A7 A1 56 B

b15. bl17, bl18, cI5. cl6, cI8, d20, LA X~Xis 1t
B, s R
Yi= —199.932+758.738X,-2 102.559X,+726.672X;—

1 107.394X4-962.014X5—754.826Xs—1 177.008 X;—
940.482Xs+2 193.824X9+1 195.518X,6—918.204X;,—

1 850.064X,,—1 107.443X;5+661.465X,4;

Fig.5 Outer contour of otolith for T. yarkandensis
collected from different rivers

Yr=—-765.345+1 080.053X,+407.084X,+315.256 X5+
238.547X,+238.434X5+231.260Xs—449.899X;:+419.197Xs;;
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Tab.6 Results of discriminant analysis for T. yarkandensis by different discriminant methods

F 3] J5 ¥ Discrimination method

REMA N
Population KL NS HA e 2500 4 2 L R AN A TR
Fish body morphology  Otolith morphology measurement Elliptic Fourier descriptors

I 584 LA . ) 0
Hotan River and Tarim River 96.0% 61.4% 82.2%
AT 5501 4R 5 ] . ) )
Hotan River and Yarkand River 93.0% 79.5% 87.9%
jras W5 R g

LA SR IS 96.5% 77.5% 86.8%

Tarim River and Yarkand River

Y1r=-199.640+783.528X,—1 951.237X,+683.243X;—
1 138.197X4—1 112.959X5—700.998Xs—1 152.762X;—
894.934Xs+2 218.983X9+1 291.767X;6—1 123.028X,—

1 973.454X,,—1 082.204X5+724.591X14.

232 P RAFTEARL fom FARR LA T
AT 285 2 T 3 5% W R 98 8 L BRI I 3 R P 2R S T
PRIEATFN B AT, 0 280 3 R U K S HOR R TE
ARAE. 2-3. 89, 10-1, 1-9, 49, 46, LI X;~Xg
B, g HI .

Yi= —668.713+389.423X,+265.391X,+486.391 X3+
447.592X,+396.093X5+539.875X+570.868X:+675.140X 3
Yy=—681.434+288.918X,+264.054X,+538.090X;+
447 764X+370.297Xs+521.379X+587.450X,+670.824 X 5

T B AT A D& 00 T, 7 358 40 501 R B
KSHEOERE | WIE . B2 F2. F3, DL X~Xs
R, dEar HHI .

Y= —55 356.713-22 149.057X,+62 324.801X,+
42 712.676X5+48 381.766X,~27 766.797Xs;
Yy=—55 394.983-22 190.885X,+62 387.283X,+

42 529.960X5+48 393.094X,~27 767.867Xs;

T TG (AR R A3 A s R A 0 0 3 AT, i RE ) )
ZEUR RIS EOE al2, al3, bll, bl2. bl8. cl4.
cl5. cl6. d16. d18, DL Xi~Xo 0%, 5=t .

Y= —416.030+4 455.567X,+3 352.006X,-3 978.189X;—
5440.704X,+6 959.784Xs—6 403.301 X3 937.816X:—

8 695.303X3—4 967.260X,—7 673.580X0;
Yy=—400.877+4 455.259X,+3 317.600X,—3 809.155X;—
5 480.003X4+6 839.061Xs—6 672.229Xs—4 243.988X,—

8 830.099Xs—4 917.392Xe—7 642.107X,00

233 P RAETEARL HEE AR FTEIRILEK HT

0 AT 2527 5 1 R I R S8 e Bt O 8 TR A RS LR

TTRERIEAT R 50 34T, T e 0 5] R AR KIS BUE R

WS, 12, 2-3, 34, 56, 89, 1-9, 46, LI X;~Xs

R, dEar HHI .

Yy=—459.682+602.652X,+411.037X,+358.023 X+
590.587X,+304.627Xs+281.896Xs+223.528X,+479.519Xs;

Yi= —457.459+472.565X,+358.121X,+338.437 X+
536.212X,+147.591Xs+320.927X+242.390X,+467.632Xs;

FeFH AR A vk 2T R0 434, O 000 2
B K SHCLE AT @B, #E% . F4, D
Xi~Xg P08, a5

Yy=—-36 264.928-21 268.574X,+27 706.671X,+
50 957.276X5+17 1304.008X,;

Yr=-36 120.795-21 251.167X;+27 632.731 X+
50 969.229X;+171 072.841X,;

A0 AR B b A3 A i 2R A 0 50 A A, 2 0 )
ZEUR RIS HOE al5. al6. al8., al9. a20. bl4,
bl5. bl6. bl7. bl8. b20. cl5. cl6. cl8. dl9,
PhX~Xps 108, o 505K
Yy=—189.680+1 031.189X,—2 027.467X,+1 212.271X5—

1 751.883X,—960.044Xs—1 778.774Xs—1 038.040X—
909.234Xs+2 547.771Xe+1 542.394X,0—-1001.411X,,—

1 284.393X,2—-1 640.681X,3—1 034.732X,,—1 121.346X,s;

Yr=—-205.272+1 003.808X;—1 942.790X,+1 100.498X;—
1 975.260X,—1 076.922Xs—1 794.153 X1 024.873X;—
1 089.052Xs+2 650.965X4+1 671.729X,4—1 018.921X,;—

1405.119X,,—1 642.858X;5—1 014.032X,4—1 195.007X;s.

3.1 BEEAESEERKEHEXEE

KANYAEKEF SRS, NS FRESH
YT E AR B TR BT AN A, U AR B
SEREA AL, PEPCH AT SRR AT LLSE AR TR
i, IR 2 M B A RCT B (Sergio, 2007), 2 H:
A5 ) 28 Ak o7 A5 JE PR 5 | AL, sz KOl L 45
AT . MR E B A 2 e (Ding et al, 2019;
Morrison et al, 2019; Milosevié et al, 2021), H-A FJC
RMUTRRYoE A MBS MR, KSR 5E 0 AE
b, B A K 5 a2 A Kl B Rk 1 A C (Souza et al,
2020), MR IE E R EKRG T2 0 A TR ELRTIK &
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Wi B R . AR AR, I A = RS 1k
IKIAREE, FEPRNA: P B PR KRG o, fa iRl K
g, HAatKkWK®E, X5 Souza 5(2020)F
Morrison 55(2019)55 XV firi (Perca fluviatilis) & 16 755 £1
Fi e (Salvelinus malma) JT J& B A7 4= K 53 B} 45 21 )
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Otolith Morphology and Population Discrimination of Triplophysa yarkandensis

WANG Xinyue', CHEN Sheng'aol’Z@ , WANG Chengxin', ZI Fangze',
CHANG Desheng', XU Hao', LI Dapeng®

(1. College of Life Sciences and Technology, Tarim University, Tarim Research Center of Rare Fishes, Alar 843300, China;
2. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China)

Abstract To study the classification, identification, and discrimination between different geographical
populations of Triplophysa yarkandensis and explore the related otolith morphology and fish life history,
this study statistically analyzed the morphological otolith indices and fish bodies of 734 T. yarkandensis
from the Yarkand River, Hotan River, and Tarim River using otolith morphology and fish ecology
methods. The results showed that otoliths were small in T. yarkandensis, approximately elliptic, thicker in
the middle, gradually thinning to the outer edge, and with a prominent protrusion in the center of the
external surface. Otolith length was obviously larger than otolith width while the excisural notch was not
obvious, wherein the rostrum was developed, the ventral otolith edge was smooth with a shallow arc, and
the otolith dorsal had a crest-like ridge. No significant difference between left and right lapillus
morphology was observed (P>0.05). The otolith morphological indices followed a logarithmic function
with the body length and weight (R°=0.48~0.62). It reflects the ontogenetic adaptation to the environment,
and migration behavior mainly affects the relationship between otolith morphology and fish body
morphology. The SHAPE software was used to extract the outer otolith contour of T. yarkandensis,
revealing morphological differences between T. yarkandensis populations. The parameter with the largest
discriminant coefficient, i.e., the one in which the morphological difference has the greatest significant
effect, was screened. Therewith, the discriminant formula was set up to calculate the discriminant
accuracy. Discriminant analysis between groups using fish morphology, otolith morphometry and
elliptical Fourier analysis, respectively. The discriminant accuracy of the Hotan River and Tarim River
populations was 96.0%, 61.4%, and 82.2%; the Yarkand River and Hotan River was 93.0%, 79.5%, and
87.9%; the Yarkand River and Tarim River populations was 96.5%, 77.5%, and 86.8%. Environmental
factors such as water temperature, spatial niche adaptation, and habitat depth were the main causes of the
otolith morphological changes, also affecting the behavior characteristics of typical T. yarkandensis life
history, especially fish migration. In this study, the T. yarkandensis was found to live in high altitude, low
habitat temperature, and high salinity and alkaline waters, so the fish body growth and the elements
deposition rate onto otoliths were low. T. yarkandensis belongs to the sub-cold water and benthic fish
group, which only enters deep water during overwintering in winter. In other seasons, it swims along the
edge and rests in shallow depth waters, so the otolith grows slowly and has a small size. The relationship
between otolith and body growth reflected the T. yarkandensis ontogenetic adaptability to its habitat. As
the T. yarkandensis residence time is short in the migration area, mineral elements in the water body
cannot be rapidly deposited in a short period of time, and the accelerated body growth is not completely
reflected in the otolith growth. Therefore, the short-distance migration behavior under habitat
fragmentation mainly affects the correlation between otolith and fish growth in T. yarkandensis. The fish
otolith morphology is highly species-specific and population-specific. T. yarkandensis otolith morphology
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was significantly different among the geographically different populations (P<0.05). In this study, the
accuracy rate (>90.0%) was slightly higher than that of elliptic Fourier analysis (>80.0%), both of which
could be used as the discrimination basis parameter. However, the traditional fish otolith morphology is
easy to record, as repetitive operations are robust and less affected by the environment, especially in the
contents of a carnivorous fish feeding analysis; therefore, vertebrate paleontology explore has a useful
application prospect in these aspects. Moreover, it could serve as an effective tool to identify fish
intraspecific differences in the case of growth restriction or bodily injury. Therefore, it is of great research
value to introduce the otolith morphology into the population identification of T. yarkandensis. This study
explored the T. yarkandensis morphological characteristics and compared otolith morphologies to
effectively identify the geographically different population, co-relating otolith shape with T. yarkandensis
growth (i.e., body length and quality) and resource management, providing theoretical support to further
researches about the composition and migratory population growth. The T. yarkandensis intraspecies
differences in different rivers were also compared concerning fish body morphology, otolith
measurements, and elliptic Fourier analysis, providing strong evidence for traditional morphological
classification. The effective utilization and cost control of incomplete fish samples was greatly favored by
this study. Otolith morphology was applied for the first time in the classification and population
identification of T. yarkandensis, which laid a foundation for the development and research of its
microchemical features and life history strategy, presenting a reference for further identification and
evolutionary classification of Triplophysa, strengthening the taxonomic foundation of aquatilia, and
providing scientific basis for protecting the plateau fishery germplasm resources.
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