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(1. EDKF=R2AVT ST B BT K PRI A TBIRVT A v /K £ 2R ol o W U8 R 18 5 3 o s T i S 6 =8
BT WIREE 1500765 2. BIRVTAEKFEHAME By Byl BIRE  150010)

WE eV TEINFE &8 Thymalus)& XA =%, LEAITE (T grubii), bk e &
(T. arcticus), 7 4% L7 & (T. yaluensis)fn T iF 2 4. VL 1 # (T. tugarinae) # A £ 3t 4., XAt AR A ¥
FEAEREBEEAN TR, A B &K 10 T B 32 TR T B R#4T T it
M. BEREFR: (VBRI 22BN THESBALIH 2T L EMEZFP>0.05), BALH &,
O A T U B R T T W E AR S UL B W ARAE £ R B 3 (P<0.05), (2)F 5 A B
Br, REWK/EKS, BRIEA5EATEHAZABSHMEZFHEHFNHEMBE N ZF
AP, Q)ERDOMEF Y STEMHEAT I WERL, ERTHERL 81.170%, H, T %
RENE—, _ERONEFERBETHaBa X AN B THMLHEZR, WEE -, —FRL
HEERN, BEIHE5E2AIH A NI XBRERGALEEMHATR Y, THELLIHZE
BRAIEENNMIXBERZ, TUBPHE 2T, R E 27T UK 2. G)H A2
MrEEfE 14 TURR AL T B Mk B T2 5L Fisher % 2 5 & 30, AMES E# AN 8 R0 5
EHEIE 9730%. DREQET, 5BALHEML, BEIHESHANERS, THEAL
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M, HELANBITHEALE &, QB ALHE, WIREERMTHELALIHENBAZFFIER
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RIEESE,
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A TE TR B T K T R B A R L (Zuey et al, 2017;
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6%, 2009). BT W, R BUAE i 408 £0 2 ) il
RV, T RE A RN A G 55 Y b DX (i
48,2013, 2011), {HERIFFSEAYIr G RAA FL .
Horp, 4328 A B 2 B A Hw 45 JC 4 U 40 50 R e ik
WA (T. arcticus) (%45, 2013; SHl4E, 2022), My
TL7a f7(T. grubii) (Sh9% 5%, 201 1) F1F 7 22 Jp 11 e 1
(T. tugarinae)(Knizhin et al, 2007; %4, 2007), AT
8L NS SRV TR #(T. yaluensis)(Mori, 1928), T94%YT
WHifAH Mori (1928)f44, FE/A TSGR, I
55 A 3 A a8 37 /e b HR PR ES . Knizhin 45(2007)
OYMT IR, S Sk VT T A Y Pl ECHE R AL T SR e VT fURT
Wiz A, I HA A R T E
L4 (2008)FI FHERRIR DNA i X e i 2R 40 &
B, BRILRYTE o BT AR 544 5 Ma 55
(2016) 7 FH s A 35 [P 4 5040 Pk EDIE 1 5 4R VT 1] £
ST A X, SR, LAk, E R
PR ST Al ST A (55 2245, 2018).

TV 252 7 1 2 W ol 45 531 e s L 1 (R R M
%, 2013), Ao MGG TR FIRELL S vk (Sl
85, 2023) LG A2 D7 10 E o B F AR 1) 7K 7 2
BT AR bR, H 2R RT3k R R AR, Toik it

S A PR TR AT 4 o I RE 4R R R ) L —
B 0 i ) 2 A b N R SRR, 2207 () M R RN £
A, AT DL A 4 T b B MR R T 2 25 S (T H 4,
2022), &4 A1k, A5 E B g a5 Fh ) 25
SR ZHEH T o FEYFE (DA, 2008 .
2011; PhFEBEAE, 2011), MR FEZFIRE LD, L
D PR VL Ta] 8 R Ui SR e VT A (D 4SS 2007).
I3 TR AR B PO &R WAy SR T
BT B, (BRI A 24 22 AT R 2 2 TA ) e B
() 4 43 28 FEREAK 38 (Zhang et al, 2021; b 4%,
2007). AWFIRLEGis AL GE I8 A8 5 07 15 FIHE 48 B+t
2, X E ARG 4 R £ m 0 28T SRR T £ 00
St A, BEMUIIR EE AR AP ZER, N
)& YR oy SR E E RF R RIS

1 MR57EZE

1.1 HEAXRSER

4 PhifaJm R Dbk Tl SR -5 30555
PRI R AL [ A SRRV M SR YT RVEUR S5 i i
B, HEATEAER IR 1,

&l 1
Fig.1

4 Folry 11 @ £ 2
Four species of Thymallus

A: BIpiliifa; B: WEIEf; C: FUREBILHf; D: Juikmif,
A: T. grubii; B: T. yaluensis; C: T. tugarinae; D: T. arcticus.

x1 HEEBXEAER

Tab.l Sample information of Thymallus
Ciiiksid SR A b iR e AR [1] it (USN NG
Population Sampling location Code Sampling time Number Body length/cm  Body weight/g
By mifa T. grubii IR Hailang River ~ HL 2022-04 67 19.47+1.79 90.27+28.34
BIJEITH fa T. grubii AR Emur River  EM 2021-05 30 18.66+1.94 79.60+24.65
T2 g VT H 4 T, tugarinae MEFSYM Huma River HM 2020-05 35 16.58+2.31 65.21+34.36
WIS 44V 1 £ T. yaluensis HSZR7T. Yalu River YL 2020-04 29 20.64+1.53  102.20+20.79
bk i A T. arcticus A /R Burgin River  BE 2019-09 23 22.88+3.09  198.45+75.30
btk i T. arcticus Iy [ Haba River HB 2019-09 35 18.86+3.60 99.50+62.86
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1.2 #HFNZE

KA 8 BRI i2 BT,
UK L ff R G TR R OK 4y, T RO AR R &
(FETREE 0.01 g), FRRFAARIRYOK P FIEE BRCE,
FEECHS AR AL XS Fa A e A 7 S0 AT 40 R, SR JE R
Motic Image Plus 2.0 &4 R b bR R & BT A A
ALK (body length, BL). £ (body height, BH) .
3k K (head length, HL). HR4%(eye diameter, ED), W
(snout length, SL). ARJ53k1{(head length behind the
eye, HE). FEWi{ (caudal peduncle length, CL). EH#
= (caudal peduncle height, CH). HR[A]I# (eye spacing,
ES)HI{AJE (body thickness, BT)% 15401 &= 804 L)
KDy o(FRER S 1 E2 Z M, TRH).D .
D3, Dyjo. Dygiv D3gy D3g. D3go. D3 gy Dy,
Dss. Dsg. Datov Dss. Dsg. Dsg. Dso. Dgs.
Dos D7s. Dso. Do 1o. Dio1y FFHELREIL A EE
HE 2R R T8 S B ) 12 5 5 2) 2 %5 Sl 45(2023) 1Y
TR ICE . BJE, THRAEAR B WiEL, B
BE . G, AT E S FAE B RS TR

P2 T 2 HE SR s A
Fig.2 Truss network of Thymallus

L Wpdiigs 20 BB ARG 3. TEEREARE AT ;
OGS AR ;5. DREEIETR AL 6. IR AR AT
FESEMTREL AT 8. EEEIETIA; 9. FEHEREAR AL

10: JREEHGRE A 11 BOsEEERRE R

1: Tip of snout; 2: Distal tip of occiput; 3: Origin of dorsal fin
base; 4: Terminus of dorsal fin base; 5: Origin of adipose fin
base; 6: Dorsal origin of caudal fin; 7: Abdominal origin of
caudal fin; 8: Terminus of anal fin base; 9: Origin of anal fin base;
10: Origin of pelvic fin base; 11: Origin of pectoral fin base.
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7:
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T BRAE A AR Y 22 52 X A e 45 SR s ), T A
Al PRI B MR DL AR AL AR PR (AT et al, 2021;
Hashemzadeh Segherloo et al, 2018), iz SPSS 19.0
A, e @ e 6 AN FREERS 2 FAR AL T P
RIEAT T Z TR, RI5 T R R T 25007
(one-way ANOVA), HAG 772257095 4 Tukey
2, AEA I 258 R ] Tamahane’s T2 32 i

T Ve, RETEKFRN 0.05, FFHRIE Mayr 55
(1953) A9 23 356 o Y1117 #0070 S8 VI THT #0022 [ A 2
5 FRHU(CD). SR 25 A W2 1 ] 2= IR G (BELAF,
2023), XTI AR AT MRS T E R0,
WORFIE(E R T 1 89 £ AR 28 — A2 — o)
o2z il AR 5 SRTZ A AT 6 A FhiE2E
S 3025 R A AT B MERR AT S 20 AT MR O T2 1
AbR AL AT BEPERREE ST 6 S FIRERY Fisher £ M5 51 o
B B, BT 22 5 B RO AR EAL n] BRSP4 4H
THEE A TR REAAR 2Z 18] 9~ 05 BT B g 2 2 i SR 2R 1

2 H#R

2.1 S A4RE

X T R 2R A A T R AT ST b, R
F2, M, BIeVE A2 A B (HL 1
EM) ) 45843 5 A E B X R 4 A B2 S0, HHAF
PIE T M 2% 5 (P>0.05); AU E £ 2 A b FEAD
HEH] (BE 1 HB) W 4358437 R i 14 B0 X [a] B, 34 41 B
X, HHAPE T 8 3 22 53 (P>0.05) . FiE] 7
T, e VL (HM) 5 88 R 43 S BE 5080, %
fig 43 57 88 SRR B AL K 0 3 = T AL 3 R fa (P<
0.05), {H CHEE 55 b KT HoAth 3 FhiE £1(P<0.05);
JbAk iE f(BE F HB) R 1] 5 #6450 0 35 5 T HoAth 3 Fb
[ 01 (P<0.05), {H HAY 65 AN 53 57 5 S BRIV B8 AN 73 52
B8 S80I 2 T Al 3 Al £a(P<0.05); SR VLG fa
(HL F1 EM) M2 45 i 2 1 T T i SRR VT . (HM)
LA f(BE A1 HB)(P<0.05), AR W 25K T
TR VT £ (HM) IR 157 £4.(BE Fi1 HB)(P<0.05);
WS &5 YT i £ (Y L) 000 28 6 50 b 5 v T T DR R Y £
(HM)(P<0.05), {HIHAF 715 FRAIE -5 R e VL f (HL Al
EM)XTG i 314 25 55 (P>0.05)

22 BEERFEDW

X i g a2 32 WAR AL IS AT PR 2R T B
2250013 3), L2571, & B HL/BL.,
ED/BL. ES/BL. CL/BL. D, ;;/BL. D, ;¢/BL. D5 o/BL.
D; 11//BL. Ds ¢/BL Fil Ds o/BL % 10 WK S4F (A B
B, WA Tamahane’s T2 EHFfTE RS
BT, SRJ5 R Tukey YA X5 4% 22 S50 J2 J7 25 55 M B A
HEALJE T E MR T 2 E AR . BR Dyoo/BL AE, THi
8 a2 2 [H] i HA nT R IRER TR 2 A LA
2 I8) i M 25 5 (P<0.05) o HL RIS 47T 1 £85 B Jp VT i
MIESFE 22 R 28R HEB, PSLRITE MIFE
CL/BL 5 Mgy ks 7 FoK ¥ Epy2:iE
(CDcLpi>1.28), HATEAFHERI2E SN FFLL T Ao
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Tab.3 The results of one-way ANOVA for morphometric characters of Thymallus
PEIR Character HL EM HM YL BE HB
g /KK BH/BL 0.24+0.02° 0.22+0.01° 0.25+0.02" 0.21£0.02° 0.27+0.02% 0.25+0.01°
R E/fA K BT/BL 0.15+0.01% 0.1440.01% 0.15+0.01% 0.13+0.01° 0.1440.01° 0.12+0.01°
Sk KA K HL/BL 0.20+0.02° 0.20+0.01% 0.19+0.02% 0.19+0.01° 0.18+0.01° 0.19+0.02°
WK /&K SL/BL 0.04+0.01% 0.04+0.01% 0.03+0.01° 0.04+0.01% 0.04+0.01% 0.04+0.01%
iR 42/fA & ED/BL 0.06+0.01% 0.06:0.00* 0.06+0.01% 0.06+0.00° 0.05+0.00° 0.05+0.01%
AR [A] # /& ES/BL 0.06+0.01° 0.06+0.00° 0.07+0.01% 0.07+0.01% 0.05+0.00° 0.07+0.01%
IR 53k K /& HE/BL  0.10+0.01%° 0.10+0.01% 0.10+0.01° 0.10+0.01%° 0.10+0.01° 0.10£0.01%
B /MR K CL/BL 0.10+0.01° 0.10+0.01° 0.12+0.03° 0.14+0.02% 0.15+0.02% 0.15+0.01%
FEANE /A CH/BL 0.07+0.00° 0.07+0.00¢ 0.07+0.00° 0.07+0.01° 0.08+0.00° 0.08+0.00%
D, /& D,,/BL 0.17+0.01° 0.17+0.01° 0.16+0.01° 0.16+0.01° 0.17+0.01% 0.18+0.01%
D,_/#¥ D,_;/BL 0.19+0.01% 0.20+0.01% 0.19+0.02% 0.19+0.02° 0.18+0.01° 0.19+0.02%
D, y/#&& D, 3/BL 0.19+0.01¢ 0.20+0.02¢ 0.18+0.01% 0.17+0.01¢ 0.2440.02° 0.22+0.01°
D,/ K D, yo/BL 0.39+0.02" 0.39+0.01° 0.40+0.01% 0.39+0.01° 0.42+0.03* 0.40+0.01°*
D, /&K D, ,/BL 0.15+0.01° 0.14+0.01° 0.15+0.01° 0.14+0.01° 0.15+0.01° 0.15+0.01°
D; /&K D;4/BL 0.27+0.02° 0.25+0.02° 0.31+0.02% 0.28+0.02° 0.24+0.02° 0.24+0.02¢
D; o/fiH D5 o/BL 0.47+0.01° 0.45+0.03° 0.49+0.01% 0.48+0.01° 0.47+0.02° 0.45+0.02°
Dy o/ Dy o/BL 0.28+0.02° 0.26+0.01¢ 0.30+0.02% 0.28+0.02" 0.30+0.02% 0.27+0.01¢
Dy /#AK D;,/BL 0.24+0.01° 0.23+0.01° 0.23+0.01° 0.22+0.01¢ 0.29+0.02% 0.26+0.01°
D, s/fkK D, s/BL 0.24+0.02° 0.24+0.02° 0.20+0.01° 0.24+0.02° 0.22+0.01° 0.22+0.01°
Dy /IR D, ¢/BL 0.29+0.02° 0.29+0.01° 0.27+0.01° 0.29+0.02° 0.30+0.01° 0.29+0.01°
Dy o/fK Dy o/BL 0.24+0.01° 0.24+0.01° 0.23+0.01° 0.23+0.02° 0.2620.01* 0.24+0.01°
D, 1o/ Dy 1o/BL 0.26+0.28* 0.21£0.01? 0.24+0.02% 0.20+0.01* 0.25+0.02% 0.22+0.01%
Ds o/ffH Ds ¢/BL 0.11£0.01° 0.11£0.01° 0.13+0.01% 0.12+0.01° 0.13+0.01% 0.13+0.01%
Ds /{k& Ds ,/BL 0.14+0.01¢ 0.14+0.01¢ 0.16+0.01° 0.16+0.01° 0.17+0.01% 0.17+0.01%°
Ds_g/fA K Ds¢/BL 0.11£0.01° 0.10+0.01¢ 0.12+0.01° 0.10+0.01°¢ 0.13+0.01* 0.12+0.01°
Ds_o/fAK Dso/BL 0.16+£0.01° 0.15+0.01° 0.16+0.01° 0.16+£0.01° 0.17+0.01* 0.16+£0.01°
De7/f K D¢ 4/BL 0.08+0.01% 0.07+0.00¢ 0.08+0.00" 0.07+0.00° 0.09+0.01* 0.09+0.00?
Des// Dg g/BL 0.13+0.01° 0.12+0.01° 0.13+0.01° 0.13+0.01° 0.14+0.01% 0.13+0.01%
D, o/fkH D, ¢/BL 0.09+0.01° 0.10+£0.01*  0.10+0.01*® 0.10+0.01% 0.10+0.01% 0.10+0.01%*¢
Dg o/fkH Dg o/BL 0.10+0.01° 0.09+0.01¢ 0.09+0.01¢ 0.11+0.01% 0.10+0.01% 0.10+0.01°
Do_1o/& K Dy o/BL 0.26+0.02 0.27+0.01 0.27+0.02° 0.26+0.02° 0.28+0.02° 0.26+0.01°
Dion/f&¥K Dyoqi/BL  0.3240.02° 0.31£0.01° 0.32+0.02" 0.32+0.02" 0.35+0.02° 0.33+0.02°

AE L 5, SF— L PR IR 3 U A48

2.3 ERSOTH

iR fEm &AL ZR AR EDN
Dy-1o/BL, X HA 31 79122 55 4k 25 A b oA AT 1 R 3
0T, ARG 8 WURAEME KT 1 A 4y,
BN\ FERREREE S5 8.017, 4.528 .,
3.962. 3.334, 1.845, 1.275. 1.184 1 1.018, Bik%
SRR 25.860% . 14.607%. 12.781%. 10.754%
5.952%. 4.112%. 3.820%7#1 3.284%, RETTHLE N
81.170%, AikZE| 85%MImFAE, FHH M A
JE DU R B IR S £ 5 . & FRUT I T

¥k BH/BL. Ds i/BL Fl1 Ds¢/BL, fifaff{e 55l
0.815. 0.806 A1 0.871, F T LML T AwE, P EILES
AT, 2 Jik £ 35 5 1 G £ 3 50 A T 5 £ R ity 4
AKFREAE o 58 — R R AE oK 1Y 3 TR &S24 48 b
4 HL/BL. SL/BL F1 D, »/BL, fAfii{H4%14 0.691 .
0.715 1 0.719, FZRME T k4 . W AW v 2= R0 B

Uity 8 Sk FRARRAE o KA HEEE — AR 32 A4 O A
(A 3), Wondbimifa ik 5B E A, TR
P RAN G RS SN R AR AR < W K LR AN
Wiz A EAE X, Jok X . Ak, iR T
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BT 31 TIARAEAL 22 5 30 25 1 m B RO T A
JE AT AT, HEBR T 17 IXE A ZE SRR
BN AT R, AU BH/BL, BW/BL, EI/BL,
HE/BL . CL/BL., CH/BL . D, 3/BL. D3 4/BL. Ds_;¢/BL .
Dss/BL. Ds+/BL. D;¢/BL. Dso/BL. Do /BL 2§
14 AT SR A TR 0T, BB 2804 A X
MR R 255 FNTER R 97.30%,, AR 30 51| 45
o gt T £0 )& 1025 Fisher ZePEH 9 R B0 T

Hp VT 0 . Y=—549.706X,+503.02X,+2247.397 X5+
5239.563X,4965.426Xs+3510.189X+1910.455X,+

2333.521Xs—1488.075X9+3315.455X,0+3104.822X,,+
1021.002X,,+996.723X,5+1737.933X,,~1747.534

™ B VT T A . Y=—589.305X,+556.465X,+
2412.827X3+5060.006X,+1091.988X5+3546.538 X+
1965.723X,+2507.512Xs—1544.726X5+3174.05X ¢+
3273.014X,,+965.189X,,+672.41X,3+1761.716X 4~
1763.517

WS VT TR £ Y=—802.54X,+492.769X,+2432.131X;+
5456.299X,+1304.799X5+3519.915X,+1919.53 1 X+
2382.576Xs—1488.604X,+3363.979X,4+3321.772X,+
820.561X,,+1089.721X,5+1891.672X,,~1862.049

UM ff . Y=—476.043X,+205.976X,+2274.694X;+
5369.535X,+1385.915X5+4521.623X,+2161.709X+
2330.669X5—1808.551Xy+3221.036X,0+3426.268X,,+
609.723X,,+917.91X,3+2008.009X,,~1900.021

Xf, Y WeR4UE, X8 BH/BL, X, BW/BL, X
>N EI/BL, X,>& HE/BL, X5/ CL/BL, X¢>& CH/BL,
X} Dy s/BL, XsH Dsu/BL, XoH Ds 1o/BL, X1
D, s/BL, X;; N Ds4/BL, X; A D,g¢/BL, Xi3 A4
Ds o/BL, X424 Dig11/BL;

25 BERERZBHW

I AR fa2s 31 T2 5 2 AR AL A ]
PR EE DA T RIS A0, FEARTE PRI P REAAR 2 (8] )
7 R G EE B F 2 UPGMA BB (K 4), 4550 8K,
4 Fppi @ SR N 2 3, 2 ANAUH T R B
RA—37, e T fa T A R T RS SR VT
R RS —32, BT R BRI i, MLy A
5 RIp VL A S AR T

3 i
3.1 MEIE&MNSEMA

g 25 Y1 ] £ 43 S M A7 B 32 22 e 0t 2 H 5 R
VLI LI R o 0 0 RPN A TR 2R S e 1
BHARIEIRZ —FNERLEE, 2020), LRGSR E
55 BIp VT p £0 B 431 R AE & B, S 4R T T 40 40715 AR
FIEUE X ]S 2 AR VT AR A B 28 S, Sy
ZE(2008) 3B A M2 dh . BEAC BN TY £ 2% B At fe
BT RRIMLGERGR 2), A, PGLRYTE 5 BT
045 53 1T R B PS4 38 T i 31 25 7 (P>0.05) .

x4 BRIBE5ZERTIEHERSHERERREY

Tab.4 Coefficients of difference of morphological characteristics between T. yaluensis and T. grubii

PR Character YL/HH MR Character YL/HH
/R K BH/BL 0.576 D3-10/{& & D3-10/BL 0.031
IR/ BT/BL 0.654 D3-11/#K D3-11/BL 0.630
kK& /MK HL/BL 0.407 D4-5/{fk K D4-5/BL 0.029
Wy /4K SL/BL 0.167 D4-8/# K D4-8/BL 0.061
AR 12/{& £ ED/BL 0.444 D4-9//& K D4-9/BL 0.464
AR R ¥/ 4 ES/BL 0.727 D4-10/{&1 D4-10/BL 0.178
AR5 Sk K /44 HE/BL 0.100 D5-6/{& K D5-6/BL 0.765
B MK CL/BL 1.808 D5-7/f& K D5-7/BL 0.688
A= M CH/BL 0.100 D5-8/f& K D5-8/BL 0.182
D,/i&¥K D,/BL 0.167 D5-9/#K D5-9/BL 0.059
D_./fk& D, /BL 0.259 D6-7/1&K D6-7/BL 0.100
D, y/i&¥K D, 4/BL 0.741 D6-8/# K D6-8/BL 0.125
D, /&K D, ¢/BL 0.065 D7-8/f& K D7-8/BL 0.389
D, . /f&& D, 1/BL 0.375 D8-9//& K D8-9/BL 0.500
D /iR K D; 4/BL 0.289 D9-10/{&{ D9-10/BL 0.167
D3 /&K D5 o/BL 0.235 D10-11/{&& D10-11/BL 0.171

TE: YL: POZRVLEH MLy IR HH:

R i £ T TR A R TR A

Note: YL: Population of T. yaluensis from Yalu River; HL: Population of T. grubii from Hailang River and Emur River.
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Tab.5 Factor loadings of principal components extracted in Thymallus

PEIR F 4T Principal component
Character 1 2 3 4 5 6 7 8
PR /AR BH/BL 0.815 0.037 0.260 0.314 -0.077 0.091 0.107 -0.052
R /fR K BT/BL —0.001 -0.379 0.257 0.449 —0.450 0.186 0.184 -0.078
%K /MK HL/BL —0.554 0.691 0.325 0.214 —0.017 0.055 -0.005 0.052
Wy /&4 SL/BL -0.117 0.715 0.059 0.192 0.122 -0.106 -0.190 0.054
iR/ ED/BL —-0.571 0.312 0.356 0.120 —-0.190 0.289 0.313 -0.055
HR [H] # /1R 4 ES/BL 0.018 0.122 0.313 -0.340 0.274 0.410 0.206 -0.525
MR J5 3k K /&K HE/BL —-0.384 0.534 0.310 0.186 —-0.012 —-0.141 -0.112 0.082
EM /&K CL/BL 0.593 0.214 -0.224 -0.497 0.291 0.055 0.016 -0.067
FEAlm /A CH/BL 0.743 0.324 0.240 -0.022 0.212 0.114 -0.119 0.089
D,/fkK D, ,/BL -0.032 0.719 0.176 0.214 0.178 0.216 0.018 -0.148
D,_/&K D._,;/BL —0.544 0.605 0.400 0.110 0.006 0.024 -0.013 0.066
D,_s/#k D,3/BL 0.577 0.458 ~0.342 0.309 -0.116 —0.244 -0.035 0.083
D, /KK D, 1o/BL 0.509 -0.091 0.352 0.231 0.031 -0.531 0.215 -0.172
D, /#&K D, /BL 0.201 0.177 0.647 0.318 ~0.069 0.148 0.125 0.107
D, /¥ D;4/BL —0.142 -0.596 0.691 —-0.234 —-0.026 0.006 -0.098 0.073
Ds o/fffK D;o/BL 0.197 -0.669 0.440 0.036 —-0.190 0.188 -0.156 0.012
Dy_o/t&K D;_o/BL 0.550 -0.381 0.633 0.185 -0.020 0.019 0.085 -0.049
Dy /#kK D;_/BL 0.806 0.271 -0.161 0.382 -0.067 -0.082 0.054 -0.011
D,s/ff¥ D,s/BL -0.242 -0.188 —0.663 0.409 0.224 0.220 0.259 0.075
D4 /IR D, ¢/BL 0.326 -0.098 -0.62 0.356 0.217 0.320 0.021 -0.105
D4 o/fi¥ D, o/BL 0.568 0.067 —0.427 0.506 —-0.166 0.242 0.101 -0.049
Ds ¢/IfK Ds ¢/BL 0.503 0.201 -0.053 -0.607 —-0.223 0.039 -0.165 -0.163
Ds./ifK Ds 4/BL 0.707 0.247 0.089 -0.488 —-0.072 0.091 -0.153 -0.142
Ds_g/fkf Ds_¢/BL 0.871 0.233 0.242 -0.059 -0.118 0.071 -0.108 0.036
Ds_o/fff Ds_o/BL 0.605 -0.170 0.298 0.232 0.277 0.082 0.142 0.456
Do/ D4 4/BL 0.793 0.257 0.184 -0.08 0.226 0.140 -0.121 0.126
Deg/Ii# Dy ¢/BL 0.490 0.267 -0.084 —-0.491 —-0.235 0.052 0.386 0.360
D, g/ffK D, ¢/BL -0.008 0.124 -0.173 -0.695 —-0.202 —-0.007 0.524 0.210
Ds o/ff1K Dg o/BL 0.007 -0.493 0.086 -0.027 0.688 0.135 -0.139 0.238
Do_1o/f# Dy_1o/BL 0.299 -0.117 -0.317 0.091 —-0.616 0.235 -0.405 0.088
Do/ Dyo11/BL 0.624 -0.221 —0.005 0.203 0.133 -0.386 0.216 -0.309

Mori (1928)%HSZRIL I i Tap i, LMk, IR
K. RESFRARE X S TR e, (AT Y
SHTEE RS Mori (1928)Z518 A —E 2 HE
FESMER TR, WETEifi) SL/BL 52T
mifafr) HL BEA2Z R AR E . 5 EM kR B E,
ifi ED/BL H'52 BT mi i) EM B A2 A2
5 HL BA2ESFWEGR 3), WA SILH MK
AR 504 8 T2 Jp T 0 HL 1 EM BEIR 948 5391
FlZ Mo S 5008 LIS K ke, W TR
PN R RS ES SAN RN DS NI/ S | DS S LY e
SRRy T R N & =3 WS LS SUNETRER LN ]

BB AT BT, BRI LIS, A
L IEI 25 52 (1 1), 1H 2535 55 (2008) R A4E 1 B Je VT
FFAAETTREREN 7R, AR BB A 5 5 0 4R VT
2], 3 T3 I S T T £ %) R ot 5 2l Y £ G
A & X

Mayr %5 (1953)8f5E T 25 5 R B IG AAE R 1.28,
TR Y PTRER E] ) 25 5 RBCEE IR A DL |, R
HIRE T WA R A 22 5K, B2 T R R A ]

ML 25 . LT 4Ry e a5 B Ip VT mi A Y 32 1
Fruefb AR ) 22 5 R B B, B8 LRV a7

CL/BL b5 Mg VL 1a] (A7 7 ML LL A 25 5%, oAl m]
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£ 5 JB o VT A s AE 22 R TR N KT . Ma S
(2016)F1] JH £ s i 4= 35 R 41 51 FEUR 43T 1 S 2 V1]
5BV A RGO R, FEL R RSN
P/ G N S L SAN = SRRy AR W KR BT K o )
0.013~0.018 , /INTF 2 Y11 £ Fb N AR 22 [] ) 338 A% 1
B9(0.019), FHURENUE T PSSR VT 1) £ 15 2Ry VT 1 #8114 352
16225 @ TR NIKF 456 S5 55(2008) Fl Ma 45(2016)
(B AL 22 BT 4 SR LA B A IS IR 52 i &6 %, 45
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YL)FIALHL E AR PI(BE F HB)AYA> 5 HRE 153 T Ep
UE, ZHT & B, AS [ i R e () SRR VT A b AR o £
(435 HRAE 22 S YR 1835 (P>0.05) . FI] 7 1D, SR RTT
i, T R ORI T o RN A 1 £ P 22 ) A A 2
S A R AE (P<0.05), PRI T RN B9 25 bk

R TR A T M4 T A A S T SR E 22
Xof HAR e AL ] R T 200 i i . BRI R 22
ISR R (R 3), BleyTmifa, NIRRT A
A AL A% E P P 2 Bl A Dy o/BL 2 5 OR W E
(P>0.05), W 3 Bl f )@ a2 [ Bk T i g 5K
Uity MR B IR S A BE R AN, AR Al 31 TiArvEfk T
R EEAE 2 LAY 1025 5 2 (P<0.05), B
SRBATR 2R T 25 40 M 4 S L s 0, (H G 45 1 i 4k
TERABR, SEIM4E RS TR, Wik, A% Z5mE
)@ a2 Z [ B S 25 F ik it — 20T

FE RS AT AT LK A 2% R B A T R A N R 4
S —FE N 2 A8 B HT TR (B SR, 2020), 1)
DA o 4 M AR 400 D 5t DA v 4 s i) e S5 3 41K 4
23], DU BEE i S Ay 22, DUEAE R
ACBHR A Fr i R (D4, 2023), HTE &) Zis T
fiJ5(Ai et al, 2021). HSEREELMEE, 2021; MRS
4, 2021; Du et al, 2022), JeFrZE(FBLRI4E, 2023)F101
FE(ABIREE, 2021 K EYIEAS 24 Mrdh . XF 3 iy
2 5 WM 31 WbR AL nT & R AT 3 o
Mr, JEOfiE 8 WUAREE KT 1 M E sy, H, 53
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g 50%L b Y i B T TR f0 2 By VT i 4R
E—ie, XA RES F MR RYER 5. F s
A3 BT B 32 BT AL T B B R AL R R, A T
BT R, SRR AR HOS R A,
T T O o 1 3 R B B AL ST AR R I AN 85%
(Resende et al, 2016), K, FRE—, —F W0
ERUTTHR R A 85% L) b A RE i 21 4 AR 19 43 A 3%
W, 83 R )@ AR AR — . T F RS R BT
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Comparison of Morphological Differences Among Four
Species of the Genus Thymallus
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ZHAO Cheng', HE Baoquan', YIN Jiasheng', ZHANG Yongquan'"

(1. Key Open Laboratory of Cold Water Fish Germplasm Resources and Breeding of Heilongjiang Province,
Heilongjiang River Fishery Research Institute, Chinese Academy of Fishery Sciences, Harbin 150076, China;
2. Heilongjiang Province Fisheries Technology Extension Center, Harbin 150010, China)

Abstract The genus Thymallus, belonging to the Salmoniformes, Salmonidae and Thymallinae, is
distributed in three main areas in China, namely, the Irtysh River Basin, the Heilongjiang River Basin and
the Yalu River Basin. Research has shown that the diversity of extant Thymallus in China is much higher
than that in the vast European and North American regions, but the taxonomic results of some species are
still controversial. Among them, those whose taxonomic status has been clarified and whose nomenclature
is not controversial are T. arcticus, T. grubii and T. tugarinae, and the one that is still controversial is
T. yaluensis. Named by Mori in 1928, T. yaluensis is mainly distributed in the Yalu River Basin and is
geographically isolated from the T. arcticus, T. grubii and T. tugarinae. In 2007, a study on the
comparison of countable traits of Thymallus found that the countable traits of the T. yaluensis were in the
middle between the T. grubii and T. tugarinae, and the validity of the taxonomic status of T. yaluensis has
been formally questioned ever since; in 2008, a study using mitochondrial DNA control region sequences
to study the evolutionary relationships of fishes in the genus Thymallus pointed out that the T. yaluensis is
synonymous with the T. grubii. In 2016, researchers used mitochondrial genome data to confirm once
again that there was no difference between the T. yaluensis and the T. grubii. However, this conclusion
does not seem to be accepted by the academic community, and in recent years, there are still some
scholars who regard the T. yaluensis as an independent species. Morphological methods are the most
commonly used methods in species identification, which can be categorized into traditional morphological
method and framework measurement method. The traditional morphological method mainly analyzes the
horizontal and vertical traits of the fish body, and it is mostly limited to the head and tail traits, which can't
measure the whole surface of the fish body comprehensively. The framework measurement method,
however, is based on a certain number of anatomical coordinate points and measures the entire fish body
in multiple directions, which can provide a more comprehensive response to the morphological
differences of the fish body. So far, the studies on the interspecific differences of Thymallus in China have
mostly focused on the molecular biology level, while the morphological differences have been less
studied, only in T. grubii and T. tugarinae. The rapid development of molecular marking technology
provides an important auxiliary means for species classification, but the apparent morphological

@ Corresponding author: ZHANG Yongquan, Email: atai0805@]163.com



108 woooor B % 3 R %45 %

differences are still recognized as the most intuitive basis for species classification. In order to clarify
the morphological differences of Thymallus in China, this study comprehensively used traditional
morphological methods and framework measurement method, and took the T. grubii, T. arcticus,
T. yaluensis and T. tugarinae as the research objects, Statistical analysis was conducted on their 10
segmentation characteristics and 32 standardized metric features. The results showed that: (1) there was
no significant difference (P>0.05) between all the subsection characteristics of T. yaluensis and T. grubii,
and there were significant differences (P<0.05) in more than five segmentation characteristics between
T. grubii, T. arcticus and T. tugarinae. (2) The coefficient of variation analysis showed that except for
caudal peduncle length/body length, the differences in morphological characters between T. yaluensis and
T. grubii were at the level of differences between geographic populations within species. (3) The principal
component analysis screened out eight principal components with eigenvalues greater than 1, and the
cumulative contribution rate reached 81.170%, among which the first and second principal components
with the highest contribution rate mainly explained the differences in trunk and head between Thymallus,
respectively. The construction of scatter plots of the first and second principal components revealed that
the individual crossover between T. yaluensis and T. grubii had a high degree and could not be
distinguished individually, while T. tugarinae and T. grubii show a lower level of overlap and partial
distinction. Only T. arcticus can be distinctly separated. (3) Discriminative analysis was used to screen out
14 standardized measurement features to establish the Fisher linear discriminant function, and the
discriminative rate of individuals being correctly assigned to their respective groups was as high as
97.30%. (4) Cluster analysis showed that compared with T. grubii, T. yaluensis had the highest degree of
similarity with it, followed by T. tugarinae, and T. arcticus had the lowest degree of similarity with
T. grubii. The comprehensive analysis showed that: (1) T. yaluensis should not be designated as a valid
species and its scientific name should be revised to T. grubii. (2) Morphological differences among
T. grubii, T. arcticus and T. tugarinae are mainly reflected in their segmentation characteristics and the
measurement characteristics of trunk and head. The results of this study will provide a reference for the
study of species classification and evolutionary relationships of the genus Thymallus.

Key words Thymallus grubii; Thymallus arcticus; Thymallus tugarinae;, Thymallus yaluensis;
Morphological differences



