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Tab.1 Sample collection information

TR P age

sampling location 1" 2t 3t
ML Haba River 14 18 5
A5 /R AL Burgin River 22 15 7
WEAR IR 42T
gﬁ(ﬁ/]\ ﬁ‘H{Ef 4 2 1
Kayit River
PEAR IR R 0 ’ 0
Kuirt River
VB R A 0 0 ;
Kalaerzis River
55223 Crane River 1 2 0
1T /g body weight 60.18+13.88 156.43+22.13 253.38+22.07
&K /em body length 15.93+1.32  22.22+1.03 25.48+0.87

1.2 HiEWE
AR N 0.01 g ML T RFI A HE(Y),

i R bR R RO A P2 (K )RR [A] 1 (X)), SR Al
AR AHPLA R ], {1 Motic Image Plus
2.0 B AR ROHR R AR K () . R E(Xa)
LK (Xs) HRFE(Xe) . W (X0) . BB (Xo) FIEEAR
1 (Xo) S5 AE K MR A7 2, K54 2 0.01 mm.,
1.3 SZitoh

SN F RSO )58, (# 1 SPSS 20.0
B Sext 3 ANE I By B b i i £ i 1 8 4 IR
IR G > R AP TIER A K5,
DA s R B A A B M 4 o SR 5 H R 4%
Mr— a3 -2 M a4, DRE AR R, AN
AR B AR AT 2 o0 M S0, AR ST L
FB 5 0 91 2 % R 2 bk A U OV e i S A
k.

2 #R59H

21 JdtREEERERRESHSIT

AT A i B BEA U W T £ R R MR S UL 2.
1Al a7 AR TR (Y)W A8 S REURR, Ol 23.06%,
AR (Xe) 1928 S RBUR /DN, R 7.87%; 2 AL i
AR ENIAERRBEmK, H 14.15%, KK (X)
B SR B/, A 4.64%; 3L £k K
(Xs)IAE S R MR, N 28.24%, IRK (X3) AR S+
RBUR/N, N 3.41%,
22 IEREEFEESSHRE

etk i AR B E AR S A5 R WL AR 3, fiff
Ffl Kolmogorov-Smirnov il Shapiro-Wilk %5 2 iy

£2 FEEHNRILNEEFY RS

Tab. 2 Parameter statistics of phenotypic traitsin Thymallus arcticus

s age  BH parameter Y/g Xi/cm Xa/cm Xs/em Xa/cm Xs/cm Xe/cm Xs/cm Xs/cm Xo/cm
1 I mean 60.18 2.03 0.91 15.93 3.76 3.18 0.89 0.62 1.55 1.32
PrifE% SD 13.88 0.20 0.08 1.32 0.40 0.26 0.07 0.07 0.21 0.13

A5t REU% CV 23.06 9.85 8.79 8.29 10.64 8.18 7.87 11.29 13.55 9.85

2" F-HI{E mean 156.43 2.85 1.21 22.22 5.73 4.13 1.14 0.91 221 1.82
b2 SD 22.13 0.22 0.10 1.03 0.39 0.34 0.12 0.11 0.21 0.11

A5 RZBU% CV 14.15 7.72 8.26 4.64 6.81 8.23 10.53 12.09 9.50 6.04

3 I mean 253.38 3.41 1.39 25.48 6.82 1.31 1.21 1.07 2.35 2.10
PRifE% SD 22.07 0.19 0.09 0.87 0.29 0.37 0.08 0.13 0.19 0.10

A5t REU% CV 8.71 5.57 6.47 3.41 4.25 28.24 6.61 12.15 8.09 4.76

TEY S, X AR, X S IRMEIEE, X oA, Xo A, Xs 31K, Xo HIRAR, Xy WK, Xe RN, Xo N AR .
Note: Y. body weight; X;. body thickness; X,. eyes interval; X;. body length; X,. body height; Xs. head length; X,. eye diameter; X;. proboscis

length; Xs. caudal peduncle length; Xo. caudal peduncle height.
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Tab.3 Thenormal distribution test of body weight in
Thymallus arcticus ﬁ’*ﬁkﬁz o
Kolmogorov-Smirnov Shapiro-Wilk 2.3 AREFEHMEILRE SR ERBX TS
age:, gtk AmE o iR pmE ANTRIAE S By B b A i 1 45 X PR R AH G 3R

statistic _ df statistic _df B 4, 558 B IR AUHE R IR IE (X)) 5 W)
Lm0 ROGOAREXAES, JA 44 XERAHERZ
3" 0:191 16 0:124 0:900 16 0:081 ﬁ]%ﬁ%*ﬁ?él’i(l:’<005), égl& 9 /I\ﬁ/;'jS‘léjlkﬁj

SR R A 5L (P<0.01); 2 iR db i m A
HEXT 3 AMEES I B AN i ik AT IE A4 ke 31 XM 2 (A AR B M e (P<0.05), B
B AR B EMEAKEE AT 0.05, £0 3 ME SHRPEEX) . REFEOG) . HBEKOG) . K&

x4 depEERBMEREXEST

Tab. 4 Correlation analysis of phenotypic traitsin Thymallus arcticus

MY age  JEAMAR trait Y X X, X3 X4 Xs Xs X, Xs
1" X 0.870"

X2 0.808" 0.723"

X 0.930" 0.802" 0.800™

Xy 0.921" 0.785" 0.725" 0.880"

Xs 0.757" 0.643" 0.688" 0.810” 0.749"

Xs 0.632" 0.504™ 0.540" 0.652" 0.612" 0.665"

X7 0.369" 0.225 0.317 0.410” 0.492" 0.415™ 0.445™

Xs 0.647" 0.537" 0.521" 0.741" 0.663" 0.603" 0.558" 0.398"

Xy 0.894" 0.806" 0.753" 0.855" 0.848" 0.737" 0.552" 0.385" 0.613"
2" X 0.667""

X, 0.672" 0.314

X 0.703" 0.374" 0.706™

Xy 0.745" 0.569" 0.528" 0.659™

Xs 0.358" 0.100 0.458" 0.623" 0.525"

Xs 0.221 0.071 0.223 0.246" 0.346" 0.617"

X, 0.114 0.055 0.240 0.280" 0.451" 0.654" 0.480"

Xs 0.213 0.117 0.411" 0.472" 0.216 0.346" 0.337" 0.215

Xy 0.690" 0.489™ 0.4917 0.756™ 0.575" 0.408™ 0.151 -0.010 0.237
3" X 0.748"

X, 0.743 0.409

X; 0.802 0.480 0.719

Xy 0.876" 0.743" 0.722 0.739

Xs 0.650 0.348 0.670 0.734 0.625

Xs 0.425 0.315 0.456 0.461 0.475 0.714™

X 0.461 0.258 0.499 0.549" 0.501 0.802 0.523

Xs 0.377 0.150" 0.356 0.482 0.342 0.261 0.254 0.278

Xy 0.793" 0.541 0.668 0.737 0.764" 0.561" 0.399" 0.345 0.341

TE: **FORAH M B3 (P<0.01), *FIRAH I B % (P<0.05). Y R, X A, X HIRMEEE, X Rk, Xy ke, Xs ki, X IR,
Xo AW, Xs RN, Xo 4 A .

Note: ** indicates extremely significant effect (P<0.01), * indicates significant effect (P<0.05). Y. body weight; X;. body thickness; X,. eyes
interval; X;. body length; Xs. body height; Xs. head length; Xs. eye diameter; X;. proboscis length; Xs. caudal peduncle length; X,. caudal
peduncle height.
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(Xa) Sk R (Xs) Rl AD 5 (Xo) 127 5 1 FE 2 1 f 25 A
KME(P<0.01), HRE(Xe) . W X)) R K (Xs) 5
TG B E AR PE(P>0.05); 3L L . 9 X IE
SHERAFTE B3 AR OCHE (P<0.05), (A IRIRE(X).
1A T8 (Xq) R A 15 (Xo) 5 14 52 A & A OC 1

PR R B 19 B B2 1 F R /MR IR R R (X )> 1
1= (X)> R JEE (X)> A 1 (Xo), (B4 F /MR YR
Ry R A 15 (Ko) >R JE (X > 15 (Ka) > 1A 1 (X3); 271
AU T A LR B BT S R A B R AR R (X)) R 1] iR
(Xo)« R (X)W (Xy), X A 1) B 43 /E IR

(P<0.01), H:A4y 6 WIEEMARSARE IR EME /MR K AR S K)> R 18] B (X)> 1R )& (X)> W) £
PE(P>0.05)0 Z5EA 5B BHAUAR 157 £ 0 IR (X)) (X7), TBIHZAE R/ IMER IR AR JEE (X))> W K (Xo)>HR
TR (X)L 5 (Xo) T TE SR e R, TRIEE OG> R R (Xy), AR A Ar R B Ak 271k

i 3 SR BLA R A G AR THT £ W (Xo) 5 A T 2 35 AR OGAE, (HIY)

24 JeRESEESERSEENBREOHT K (Ky) 3 Ao 5] 432 A FH 40 o PR B 7 A B S
WA AR M B2 2R, XFdut s i RfE @R A b g T LGRS 3T LA fa
REEREIATEE N 5), UiRdelkmifant  BIES féJkﬁﬂ'Jﬁ%V(Xl)%D%Tﬁm(Xg) XA

S R B 10 XA 2 ) 8 R P T S PR 43 1) A 1R R
X)) BEKOG). B X) R (X)), 4 MERS

H A ELAEA T RN O A JBE (X )> R A i (Xo),  [1] 4
VEIR /MU O AR 1R (Xo)> 1A JEE (X))

x5 AREERSERNEENERSN

Tab.5 Path analysis of morphological traits on body weight in Thymallus arcticus
LIP3

GRS I RN ; HEEH [E] 451
age trait zgrerf?lii;le?: direct effect indirect effect
1" X, X X4 X )
X 0.870" 0.225 0.277 0.239 0.128 0.644
X3 0.930" 0.345 0.180 0.268 0.136 0.584
Xy 0.921" 0.305 0.177 0.304 0.135 0.616
Xy 0.894" 0.159 0.181 0.305 0.259 0.745
2" X X X X by
X 0.667"" 0.289 0.120 0.269 -0.011 0.378
Xa 0.672" 0.381 0.091 0.250 -0.050 0.291
X4 0.745" 0.473 0.164 0.201 -0.093 0.272
X 0.114 -0.207 0.016 0.091 0.213 0.320
3" X Xo by
X, 0.748" 0.635 0.271 0.271
Xy 0.793" 0.500 0.344 0.344

T 3R R A OGRS 35 (P<0.01). Y AT, Xi AR, Xs R, Xo MG, Xo o AR .
Note: ** indicates extremely significant effect (P<0.01). Y. body weight; X;. body thickness; X;. body length; X,. body height; X,. caudal
peduncle height.

25 JLREERSHERIHEERRE RE
A [ A 1% i B R T £ 98 285 P PR X 4R 1 e
ERBILFE 6, AR BB, TSR IE)

2 b A T R AR T (X)W Yt s E AR T B OR,
0.224, 2 FHIEASHIRBE G ST, AR5 X)) FIY)
KX)FHRE R EER K, F 0.190; 37#4db

] £ A e A AN I o 1l b 1 £ A4 (Xs)
YHAE M JGEFE &R, 2 0.119, 2 FIEAEMIR
AT, AR OG) R R OXa) XA 1 e s 1
K, A 0.185, i T HAME MR &

R T A AR JEE X )R AR i e VR R B, Ok 0.403,
HEEET 2 MIESMHRIS &0 T e B,
FERIE (X)) AR 370 U b a7 £ i 1 o o
SRPIZ NS
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Tab. 6 Determination coefficients of morphological
traits on body weight in Thymallus arcticus

Iy age AR trait

1 X X3 X4 Xy z
X, 0.051 0.943
X 0.125  0.119
Xq 0.108  0.185  0.093
Xo 0.058  0.097 0.082  0.025

2" Xy X X, X, z
X 0.084 0.778
X, 0.069  0.145
X, 0.156  0.190  0.224
X,  —0.007 -0.038 —0.088  0.043

3" X4 Xo z
X, 0.403 0.997

Xo 0.344  0.250

TE:Y R, X AT, X AR, X AR, Xo AR
Note: Y. body weight; X;. body thickness; X;. body length; X,. body
height; Xo. caudal peduncle height.

26 JbRESEESERIMEENE PSS

R AN TR AT e [ BEAL AR 17 #0076 38 45 0 A sf £ B
AIE SR A AL 4, SRTZE A8 B /4 23 B 5
W, MRAE RN T R b SIA BT L &, AN
A A M i, R ARG AL AT . AN
[ 5 o A AR B ) S AR S o T S R L3 7, Bl T
ARSI B AR, B4R B BL A S AH

KRB RYJBE WG, 3 A4 B Br AR i £ (1 B
SR TE 2T AR B AL, B AR EL
RZM5120 0.970, 0.882 F10.942, iRZEHEHR P 735
9°0.049. 0.019 F1 0.000, H#ikF) B F MK, H
Aot X, T U AR BRI AR S 52 AT
W4 B B AU A i AR ) B ASER

MG E A B g 1, X5 A4 AR
FA) T U 43 A A 5 %) [ =1 28 28501 ] 05 50007 7
FER G (R 8), 1A 2 W LA 1 34 1A ) i 2
IR (P<0.05), 3"l 6% [ £ ik 2 T4 e 2 K F
(P<0.01) FbA 113 23 A A 280 v AN ] TR 25 PR Ay [l
HRBUR IR, AN FAEIE B B, AR & fo {4 5 57 2]
ANFIEAS MR A 52w, 18 0K w8 2 R [
I B R R B MR ORI OG) . R (Xy) . IR )R
X)) B (Xo), 2 i b i fa B 2 PER [0l &R
o KRBV MRUCH IR R (X)) HRIENEE (X)) . )5
X))\ WK (Xy), 3T ALM i I A PR [ H R 5
KB IMK GO IRIE (X)) . B (Xo), BLEH 17
AU T A A B A2 A (X ) R i A AR e v, 27 iR L
R T £ 44 T A2 R 1R (K B2 T B A T e s, 3T b A
[EIRERENG R NS A O i = 3
AR AT IE REC AT A AR . AR AS [FE
AR O [0 09 2R 85, 38 ST N () 47 0% B B A il
LSRR SR E N Z TR 7

R7 ABREEESERKECENERXSH

Tab. 7 Multiple-correlation analysis of the morphometric traits to the body weight in Thymallus arcticus

T A -
FE e st " @ R eime P
age in the model adjusted R error
1 X3 0.930 0.865 0.863 5.146 0.000
X3, X4 0.955 0.911 0.908 4.217 0.000
Xi, X3, X4 0.967 0.935 0.931 3.655 0.000
Xi, X3, X4, Xo 0.970 0.940 0.935 3.543 0.049
2" Xy 0.745 0.555 0.545 14919 0.000
Xo, X4 0.814 0.663 0.647 13.139 0.001
X, Xo, X4 0.864 0.746 0.728 11.534 0.001
Xi, Xo, X4, X7 0.882 0.778 0.756 10.921 0.019
3" X 0.819 0.670 0.647 13.118 0.000
Xi, Xo 0.942 0.887 0.869 7.985 0.000

T YRR, X IR, X A, Xo MR, Xo S AR .

Note: Y. body weight; X;. body thickness; X;. body length; X,. body height; X,. caudal peduncle height.
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Tab. 8 Significance test of partial regression coefficient and regression constant
GRS R D 813 2 %L partial regression coefficient EIEEX 4 . b
age model B FrAEIR2E SE regression coefficient
1 (# & constant) —90.510 6.218 —14.557 0.000
Xs 3.638 0.904 0.345 4.023 0.000
X4 10.473 2.838 0.305 3.691 0.001
X 15.345 4.486 0.225 3.420 0.001
X9 16.884 8.364 0.159 2.019 0.049
2" (¥ constant) —142.449 27.021 -5.272 0.000
X4 27.126 6.414 0.473 4.229 0.000
X 81.082 18.249 0.381 4.443 0.000
X 29.023 9.235 0.289 3.143 0.003
X —47.376 16.947 -0.207 —2.442 0.019
3" (% 1 constant) —228.922 48.553 -4.715 0.000
X 75.063 11.869 0.635 6.324 0.000
X9 107.864 21.667 0.500 4.978 0.000

T YORIRE, X IR, X S, Xo MIARE, Xo 9 AR .

Note: Y. body weight; X;. body thickness; X;. body length; X,. body height; Xy. caudal peduncle height.

1% Y=—90.510+15.345X,+3.638X3+10.473 X4+
16.884X,

27 Y=—142.449+29.023X,+81.082X,+27.126X,—
47.376X;

3% Y=—228.922+75.063X,+107.864X,

A, YRR, Xio X X500 Xao Xq 71 Xo 2051
PRI | HRTAIRE | MR M W AR AR

3 i

31 JtiREEREEREEKSIE

HREY, MR FLREPRBUMRGAEK
FEARSERIE LB, B SR A K AR
— 3, AN R AT I B B 4 () o 28 7 28 700 iR
WA S, Bz oA KL i 6E (Para-
lichthys olivaceus)!'”! . ELff§(Pagrus pagrus)!'¥. 4
A 45 #%(Nannacara anomala)!'* . B4 Lt J& 7 77 g i
(Brycon orbignyanus)!'®! | T (Lota lota)!"® K A i
7l U 6 (Par ami sgur nus dabryanus)! 7145 #4fa 25
FEAS [) A K B e UK 1) 25 57 5L 28 i ik 3] 31
PL B K S, dnfiE B fi(Myxocyprinus asiaticus)4/
AR AR 5 22 R 2, RO wf
FUAS TR AF % B BE AR i fo R RUPEIR ST 25 01, &
AL N TR AE K E 3TIREE, R

AR, A R 2 A AR KRR, LA 3 4
XK 2k 96.25 g/a Fl 96.95 gla, XA
PR 2 B M A A KRR A B 5 A T I ) A
(Gymnocypris przewalskii)%h fa s 45 % B, i
FAE SRR S oK, R AR K
i i 0 R foe F AR A Y 2 AR bR, 7E
25 E W AR S B T S 2 B0 et &
B, B AR R, AT A ] A AR T AR A
B R B AR B T4 —, R REE WS E,
TR 728 5 2B 23.06%1Z W R 2 8.71%, 1K
KA ST R BN 8.29% B Wik R 3.41%. JEA
AT GE S AU fhr AR R FE 1 A K A2 B BE DR FLER
BRI, iR R AR K 2
SEMAR R, AT B DR 3 A A AR R R Y 3
R I T A A, B R R Rk
78 5 RABUCKR; BEE B 038K, PR8I &R
b T AR TR R ) R R T 3 P A R
AR IF) 1) A= A7 PR AT AR T £ (R TR A E 3
—Ak, RIHAEF REERAC FEER, 6k
(AR E N TR A TAE T, 5 & iR N RS %
A JH DR AR 34 e 5 R 3R 2 5 1T P 41 A B
32 Ik EEEESEREFENMEXLME

A 43 BT 2 JHL 7 2478 i 22 [ A B G R 1
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BRF B, AR TR TC A &, 5 BB
I GE TP B e PARE ST T 13 Fn 20 A
LN RN DI Y NS R LN SR P S S N
RSB, RE SRR BRI . B
TR T 8 F 14 A IR A MR S ik
A M, S5RBR 2 AN 6 A A O
TS TR TR, ELAR AR A MR e R )i 5
IR A CE A 22 5, MR HIEIT 25 Rt & 3
T 1% K figk (Phoxinus lagowskii Dybowskii)!'!'rfr, Hy
FAbmemi A K o K, 1 ROR FAE i
W BOE SR A 22 5%, IR AR By Bt
W 1T 5 R T A G AT S RN TR], ELRE 5 47 %
WK, 50k E B A S BB S TR AR > (P<
0.05), M 17841 9 AMESHARFEAR N 37141 3 4
AR, P AR R RN R A TR 4F
I B B U 2 5 1 F AR A B 3 1 A S (P<0.01),
DAL iRk R x gl RIEA y Bl REh z
A ST = AR AR BR AR, U I AU T £ A K T
y S z Bl ) b e BRSO I
3.3 EMkw@ﬁWEMIE%ME%
ARSI T 1921 AE R BHL 25 Sewall
Wright Bk EEH, R B AR &5 AR B2 R
FET B AN SR A R B VR A R R,
Gty Hrn b GOl AR AR AT
Eﬁ@%ﬁ%iﬁ%%%ﬁﬁ% S (] f AH AR
Mg, HmEARRAER, @ikl atr, A
&TUﬁﬁﬁWM%QEME@@ [IER S
Ay AT R FERE - EAT Z o0l A M, ATl EE ST 4 [
P75 B Al R i e B IR SR
REATE AR, HEBR T 5 R B A E (P<
0.05)(H 3L PRAE FHEIAR /N TE S PR, andERR T 17
WA AR I . Sk IREE . MR R EAR
KSR, R T 54 A A SH [ H24E H
HARKIEAMEAR, LR T 2 kb i fa i vy
Ko P RZBOTH TR AT IR B B S
PEAR IR A5 A 52 M b B T £ A F ) S B e R
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Effect of mor phological traits on body weight of Thymallus arcticus
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1. Heilongjiang River Fishery Research Institute, Chinese Academy of Fishery Sciences, Harbin 150076, China;
2. Key Open Laboratory of Cold-Water Fish Germplasm Resources and Aquaculture of Heilongjiang Province, Harbin
150076, China

Abstract: Thymallus arcticus belongs to the Salmonidae family and is a valuable cold-water fish, mainly
distributed in the Irtysh River Basin. However, overfishing and habitat destruction have depleted their populations
and in 2021, they were classified as national level II protected wild animals. Therefore, basic research is urgently
needed to better understand the biological characteristics of T. arcticus. To determine the relationship between the
morphological traits and body weight of T. arcticus, individuals with ages 17, 2", and 3" were used as the research
objects and measured for their body weights (Y) and nine morphological traits, namely body thickness (X)), eye
interval (X;), body length (X3), body height (X4), head length (Xs), eye diameter (X¢), proboscis length (X;), caudal
peduncle length (Xs), and caudal peduncle height (Xo). Relevant analysis, path analysis, and multiple regression
analysis were used to screen out the main morphological traits affecting the body weight of T. arcticus and
establish regression equations. The results showed that: (1) different types of morphological traits were
significantly related (P<0.05) to the weight of T. arcticus at different ages and the number of traits also decreased
as age increased. (2) Path analysis retained 4, 4 and 2 morphological traits for T. arcticus with ages 1+, 2+, and 3+
years, respectively. The body length (X;) had the greatest direct effect (0.345), while caudal peduncle height (Xo)
had the largest indirect effect (0.745) on the body weight of 1'-year-old T. arcticus. Body height (X,;) had the
largest direct effect (0.473) and body thickness (X;) had the largest indirect effect (0.378) in 2 -year-old T. arcticus.
Body thickness (X)) had the largest direct effect (0.635) and caudal peduncle height (Xy) had the largest indirect
effect (0.344) in 3"-year-old T. arcticus. (3) The total determination coefficients of the morphological traits
retained by the path analysis, and therefore affecting body weight, were 0.943, 0.778, and 0.997 in T. arcticus with
ages 17, 27, and 3", respectively. (4) Through multiple regression analysis, the fitted regression equations of the
morphological traits (Xj) and body weight (Y) were found to be Y=—90.510+15.345X,+3.638X;+10.473 X+
16.884X,, Y=—142.449+29.023X,+81.082X,+27.126X,—47.376X;, and Y=—228.922+75.063X,+107.864X, for T.
arcticus with ages 17, 2", and 3", respectively. This study identified the main morphological traits that determine
the body weight of T. arcticus at different ages and also established the regression equations, providing
fundamental research data for T. arcticus conservation biology, as well as candidate morphological traits for future
research on the selection and breeding of T. arcticus.
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