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DVEZAR A, MA B UKL (SS, 37h28min). HHFBUOAESXEATLOEQHETA
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L, 1411 (Opsariichthys uncirostris) y&— 2% £

I R B PR R /N BIIR K X B 2, SR8 TELE H
(Cypriniformes) i £} (Cyprinidae)#1 ilV. £ (Danion-
inae) & 1 i1 J& (Opsariichthys)", A KA
Yk, FRE NI S 2RI TLE & A A 5
A, P E R 2GR e gk, S ofa)E TS
FI g — AN, R i A 2 % 7 B0 2 S vl ik —
ARG RS, S35 A S TR E AR A R
Je TS ACTTIK R BB e V15 H £ (O. uncirostris
amurensis) R {25040 TR UL LI s K R 1)
7 5 A (O. uncirostris bidens)™ (I 1), PIABE
WA LAE—ENZES, K5, BNk
e Ty T fa AR TR, M fa S IR B ek, T e
J7 5 FAAARTE /N, i R 5 I R i Ak
PR TE R U LA IS b A T 22 51,
eyt a1 AELL L, MEfIEE 2 4FLL 1O
TP 7 o 1 i b HUFs 14 s R O A iy
BB T, X2 R By A0 B AR R
A6 75 A [] 1 P A3 7 ) ARG 2R

(®)
El1 EA30&@MELISOE b KEaER
Fig. 1 Adult fish picture of O. uncirostris bidens (a) and

O. uncirostris amurensis (b)
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(FFRIFJ-DW-2023-020), 556 i 2 rh 4 A 51 ™
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AT -

1.2 ATEFEFRIWNF L3z 216

PEREME IR R ELSE A EAE R B R T S
F 0 5 e VT 1 A S SR AR AT N A 7 O
G ZRAC S0 o He FEOWH 4 22 77 ik BV e 77 ) H A6 3
7 E M Q(SS), BEILD K xBTS 1
1 QNN), B 7 L [0 xS Jp T 5 171 48 Q(SN) Al
BRI O Sxpg 7 B 1 QINS), 45l 4T A
THHKE, WIS H RS ik, Ot
TPERBHAESE, I KEHE 1 min, FHEE
B, TR AL AT R B A . R KR R
24~26 °C, pH7.0~8.0, ¥ffE4E+r 6.0 mg/L L) I

1.3 SO&aaRsEEERNE

PRLEARAY T | R TCRE A R 7 A LR
JEVLE, I R A 30 2, it 120 i
RS rT  RFE bR (17 ) Al B R As Fril
(10 1),

WA AR e T R 17 MK
PR, BIEIRE BW, g). &K (TL, cm), KK
(BL, cm). 1A% (BH, cm). & (BT, cm). 3k
£ (HL, cm). k% (HH, cm). k% (HW, cm).
4% (ED, cm). Wi % AR5 VAR E /25 (VDSPO,
cm), HR[EHE (EC, em). YK+ (TRL, cm). ¥
K (SL, cm). MK (PFL, cm). &K (CFL,
cm). FEAHK (CPL, cm). JEHAf& (CPH, cm)(&2).
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D 11

B2 SO&RSHENEREE
I.TL, 2.BL, 3.TRL, 4.BH, 5.HL, 6.HH, 7.SL, 8 ED, 9.VDSPO, 10.PFL, 11.CFL, 12.CPL, 13.CPH, 14.EC, 15.HW, 16.BT.

Fig.2 Schematic diagram of morphological feature measurement of O. bidens

1. total length; 2. body length; 3. trunk length; 4. body height; 5. head length; 6. head heigh; 7. snout length; 8. eye diameter; 9. vertical distance from

snout to posterior orbital; 10. pectoral fin length; 11. caudal fin length; 12. caudal peduncle length; 13. caudal peduncle height; 14. eye cross; 15. head

width; 16. body thickness.

¥ (GR, F). HEABU(GP, %%). IFEESE % (D,
). Mok g 2% P, W), IR (v, W),
TEHERE SRR (A, ). REEEE R (C, ). MLk
%0 (LLS, 4>). Mgk B840 (SALL, 4>) Ak
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14 WIERZF FERLZENFMFEEKNE
KA 22

NEG Al T G5 A BEE 4 41 (SS. NN,
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S, RFEZAE RIS, B 1k 2R I A B
I, AR Bk R, R Ak R R s o AR
24~26 °C. R )5 IR0 L s AL AT 90 d, oA F
H A R AT e g WS, A 1 oKk, & H
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KBS BIIEARHER AR B R, HARL
Wik 52 X550 1 32 Ak AR Ay i BR
243943 10 min BUREWLZE 1 ¥R, ZEREA%E 30 min A
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A UL B FLAAR S A]

WEJE AT B L R R RORT
KP4 R 0 sk R B S 0~90 d SS. NN, SN,
NS %5 4 NMAA FAFH) TL F1 BW, FH%E 0~30d
SS. NN. SN, NS %4 MH 4 F, /79 BL (mm).
BH (mm), HL (mm). ATHi{A# (PBL, mm). ED.
DI 4E K (YSL, mm) FIBP# 45 (YSH, mm) 55

8 WiAKZHL,
1.5 HIEAIESHREL

ZRE R (%) = (52 UKL A K B 01 H50)x
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EAbEE (%) = (B B0 50U 2K D1 B0 < 100%

PSR (%) = (F,—P,,)/Pyx100%
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Krf, Fy A FRAEE—RIREFIE, P, I
e E— PRk EME, P, RBCE A — MR
K SEAR R S (E
1.6 Zitoth

K SPSS (Ver. 27.0) BAFIHE 5Tk R ) 21t
TTER AT 535381, R Shapiro-Wilk 45 46
FEEAT IEAPER S, 12 A Levene G50 7 ki
1107 2255 A g, R BRI 3R U7 229381 (One-Way
ANOVA) Duncan [CKi B TAMZ E L, P <0.05
WEA S F 0522, SRR 2
B, R Pearson BAXTSSEIAIA 7504,
18 o % BAE 58 = F & (http://www.cloud.bio-
microclass.com/CloudPlatform) il /FAH 33 A]

2 4R
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164 14 MrifEALFEFR (TRL/BL. BH/BL. BT/BL,
HL/BL. PFL/BL. CFL/BL. CPL/BL. CPH/BL.
HH/HL. HW/HL. SL/HL. ED/MHL. EC/HL,
VDSPO/HL) #4748 122501 (35 2). TE 14 DHRifE
feFebr, S E YT O fa M S AR ) TRL/BL (2
T HAL 3 4, HL/BL KT Hfth 341 (P<
0.05). F§ 7 4 i A 4~ {4 %) BH/BL. BT/BL.
HW/HL. VDSPO/HL & 1% R IE V1.5 11 fh i
AN, CFL/BL & 2 i T 8 e VI 15 1 0 M Al AR
(P<0.05), F§J7 50 fEdE MR R PFL/BL %
T HAL 341 (P<0.05), {HREGH 5 a4~
RSS2 M RfEE R E LS. M7
T [0 fr M M S A TR] Y CPH/BL A W 3% M 22 &
(P<0.05), {H-5 50T o 1ol b A A G 3
25, B H kAR HH/HL B3 5 TR
5 Sy T 1) O A A A Bl VT 1T ) P A
(P<0.05), A[FIFEAEMHEAAR CPL/BL., ED/HL,
ECHL ¥WAfFIE R EM 2R

22 WM RERER ST
ARG AT IREE R, BT S 1 AR B0

. D. I~M, 6~9; P. I~1I, 6~11; V. 1~1I,
5~9; A. I~ 6~8; C. M~IV, 13~18, Fg 5 & 11
oM AR EER . D. 1, 6~10; P. [ ~1I, 7~10;
V. I~1, 6~8; A. II~Il, 6~9; C. M~IV, 14~18,
RPN R EEC . D T~ 6~10;
P. [~I, 7~11; V. I~I, 7~9; A. 1~1I, 8~11;
C. T~IV, 15~19, BB JpyT o O fa M PSR g X
D. I, 7~9; P. I~ 8~12; V. I~1I, 7~9; A.
[~10,9~11; C. T~IV, 16~20.

P YTy 1 ) MERRE S AR SALL B 3%
%5, {H GR. GP., LLS Fl SBLL ¥J AR ZBEAAME
DR (R 3). FAOT Ot MEIEAS AR GR B
FRIBILD O a4, LLS B38BT
T [t ERE AR (P < 0.05). BBy 3T 5 1 47 i A
K1) SALL % = F M4 & (P < 0.05), HEE
VL5 O fo e A SALL ¥ 8 &5 TR 5 10
i BEAS R (P < 0.05) BRI YT I 11 fa e A A )
SBLL i # £ TR 7 & 1 ta M lfEMA (P < 0.05).

2.3 EROOH
F PN BRI [ 4 14 ASFrifE b a] 5 ekt

R1 1REAFSOSMIRELISOGRENESFERTEN RS

Tab.1 Analysis on the morphological measurable traits of 1-year old O. uncirostris bidens and O. uncirostris amurensis

CIERERIN M S O. uncirostris bidens HORILY 44 O. uncirostris amurensis
measurable trait HEf male Hff female M male MEf female

BW/g 69.076 + 13.549° 50.938 +10.074¢ 140.248 +30.615° 112.830 +24.614°
TL/cm 19.470 + 1.521° 18.092 + 1.286¢ 22.679 + 1.303° 21.553 + 1.199°
BL/cm 16.622 +1.318°¢ 15.428 +1.104¢ 19.486 + 1.058"° 18.584 + 0.884°
TRL/cm 7.537 +0.594° 6.930 £0.582° 8.783 £ 0.493* 8.628 £ 0.435°
BH/cm 3.995 +0.393°¢ 3.390 + 0.286° 5.107 +0.447° 4.847+0.313"
BT/cm 2.012 +0.166° 1.814 £0.159¢ 2.582+0.228"° 2.448 +£0.237°
HL/cm 4.138 +0.294¢ 3.799 +0.261° 4.803+0.273° 4439 +0.366°
HH/cm 3.190 + 0.252°¢ 2.740 +0.270° 3.591 £0.282° 3.429 £0.207°
HW/cm 1.768 £0.141°¢ 1.617+0.121° 2.208 +0.149° 2.084 +0.165"°
SL/cm 1.206 + 0.137°¢ 1.051 £0.123¢ 1.691 +0.176° 1.483 +0.306"
ED/cm 0.818 £0.048° 0.764 £ 0.050° 0.970 + 0.067° 0.904 + 0.087°
EC/cm 1.567 +0.124°¢ 1.436 £ 0.105¢ 1.899 +0.218° 1.702 +£0.232°
VDSPO/cm 2.024 +0.147°¢ 1.815+£0.142°¢ 2.662 +0.235° 2.387 +0.384°
PFL/cm 3.017+0.216¢ 2.608 +0.153¢ 3.393 £ 0.306° 3.196 £ 0.233"°
CFL/cm 2.848 +0.300° 2.664 +0.236° 3.193 +0.303* 2.968 +0.378"°
CPL/cm 4.947 +0.541°¢ 4733+ 0.386°¢ 5.900 +0.528* 5.517+0.533"
CPH/cm 1.402+0.114°¢ 1.252+0.101°¢ 1.602 +0.121° 1.544 +0.082°

W FATARE bR R R A N A B 2 7 (P<0.05). T IA.

Notes: Different superscript letters in the same row mean a significant difference between groups (P<0.05), the same below.
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Tab.2 Analysis on the standardized morphological measurable traits of 1-year old

O. uncirostris bidens and O. uncirostris amurensis

R IR L2 AL O. uncirostris bidens HOpVLE O O. uncirostris amurensis
standard measurable trait HEfE male WEf  female s male Mifs  female

TRL/BL 0.45+0.01° 0.45+0.01° 0.45+0.02° 0.47 £0.02°
BH/BL 0.24 £0.03° 0.22+0.01° 0.26 +0.02" 0.26 +0.01"
BT/BL 0.12+0.01° 0.12+0.01° 0.13+0.01° 0.13+0.01°
HL/BL 0.25+0.01° 0.25+0.01" 0.25+0.01" 0.24+0.01°
PFL/BL 0.18+0.01° 0.17+0.01° 0.17+0.01° 0.17+0.01°
CFL/BL 0.17 £0.02° 0.17 +0.01° 0.16£0.01° 0.16 £0.02°
CPL/BL 0.30+0.01 0.31+0.02 0.30+0.02 0.30+0.02
CPH/BL 0.09 +£0.01° 0.08 £ 0.00° 0.08 £ 0.00° 0.08+£0.01°
HH/HL 0.77 £ 0.06" 0.72 £ 0.04° 0.75 + 0.04° 0.78 £ 0.06"
HW/HL 0.43 £0.03° 0.43+£0.02° 0.46 +0.02° 0.47 +£0.04"
SL/HL 0.29 +0.03° 0.28 +0.02* 0.35 +0.02° 0.33 £ 0.05°
ED/HL 0.20+0.01 0.20+0.01 0.20+0.01 0.20+0.01
EC/HL 0.38 +£0.03 0.38 +0.02 0.40 +0.03 0.38 =0.03
VDSPO/HL 0.49 +0.03° 0.48 +0.02° 0.55 +0.03° 0.54 +0.05°

##: TRLBLIRTK/MAK, BH/BLA&m/M4K), BT/BLAAEMK, HL/BL.LK/M4K, PFL/BL#EK /&K, CFL/BL.E#EK/M4K, CPL/BL.
MK/, CPH/BL.EM /K, HH/HL. kwm/ kK, HW/HL. K%/ kK, SL/HL.MK/Sk K, ED/HL.MRAE/kK, EC/HL. MR/ LK,
SVDSPO/HL. Wy 2 i 5 4 FLER B9k 4G, R

Notes: TRL/BL. trunk length/body length; BH/BL. body height/body length; BT/BL. body thickness/body length; HL/BL. head length/body length;
PFL/BLpectoral fin length/body length; CFL/BL. caudal fin length/body length; CPL/BL. caudal peduncle length/body length; CPH/BL. caudal peduncle
height/body length; HH/HL. head height/head length; HW/HL. head wide/head length; SL/HL. snout length/head length; ED/HL. eye diameter/head
length; EC/HL. eye cross/head length; DSPO/HL. vertical distance from snout to posterior orbital’/head length; the same below.

*3 EASOENEaS5ERTISN&MENESETRERS R

Tab.3 Analysis on the morphological countable traits of O. uncirostris bidens adults and O. uncirostris amurensis adults

MO O. uncirostris bidens MOpVLE 0 O. uncirostris amurensis

BIE/SERN

countable trait e male MEf female e male Mt female
GR/J 11.67+1.11° 11.67 +0.79" 11.13 £0.85 10.87 +1.02°
GP/% 8.00 + 0.00 8.00 + 0.00 8.00 + 0.00 8.00 + 0.00
LLS/A™ 47.30 £ 1.00° 47.43 +1.43° 4920 + 1.83° 48.83 +1.19°
SALL/A™ 9.27 +0.85° 9.43 +0.84° 10.50 + 0.89° 9.97+0.87°
SBLL// 4.90 +0.30° 4.87+0.34° 5.13 +£0.43° 4.93 + 0.44%

T EW 0 (R 4), T3 /I\J‘I_ﬁiéj\ﬂﬁ%ﬂﬁ
kIR F] 59.15%, Pt n] DL 5 oA 32 557 o
34\5?5%%9@%??5)(%%%'!5@ 27.21%., 18.77%.
13.17%. F BT 1 i R4 45 4 BH/BL .
BT/BL. HW/HL 4%, fyiﬂﬂ%TfMZIiWZliE’ijJ\ FAIE 5
F LS 2 5 far B K W 4§ 45 A SL/HL. VDSPO/
HL, BT ARSI ARE; 5 3 7
KW HE bR HL/BL,

24 ZEZFIHISHT

Xt 120 J2 Rg 5 b 11 A0 TR s v T 1 2 f i I
A 14 AFRUEACHIR T 4 A TTERR, 7%
AN A3 0T o 3BT AT IR TR A A Ty
FETTHR B K AR i, AR T AR HI G Ay A8 |,
ZHHE T 10 G848 5. BH/BL (X;). HL/BL
(X,). CPD/BL(X3). HH/HL(X,) . HW/HL(Xs). SL/HL
(Xo). EC/HL (X7). GR(Xg). LLS (Xo). SALL (X;(),
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*4 ERDTTRMERZHSHERIETNARTE
Tab.4 Contribution percentage of
the principal components and load capacity of

each morphological trait indicator

B AL AT Stk FEi4r  principal component
standard measurable traits 1 2 3
TRL/BL 0.544 —0.581 —0.076
BH/BL 0.754 0.224 0.369
BT/BL 0.757 —0.032 0.203
HL/BL —0.422 0.119 0.797
PFL/BL 0.161 —0.099 0.397
CFL/BL —0.511 0.151 0.116
CPL/BL —0.323 0.513 —0.458
CPH/BL 0.489 —0.353 0.282
HH/HL 0.704 -0.169 -0.214
HW/HL 0.811 —0.042 -0.171
SL/HL 0.298 0.810 0.335
ED/HL 0.190 0.346 —0.525
EC/HL 0.417 0.508 —0.271
VDSPO/HL 0.334 0.859 0.169
TIHRE/% contributionrate  27.212 18.768 13.167
B TR /% 27.212 45.980 59.147

cumulative contribution rate

EigcavaZ bl By

F=38.881.X; — 53.252X, — 59.503X; — 7.545X, +
22.466X; +22.387X, — 20.866X; — 0.306X; + 0.228X, +
0.376X;, — 6.082

R A T 8 7 1 ) VA ARy R R 9 T A 1 1
R B R A3 Ai L a5 T 1 A 4 B 45 4
J-2.130, By a2 ) AR 4R 2,130,
I A5 5 X 2 4~ MU B REAA 120 JB 5256 b 47
BRI 0T . R RN 10 MRHESEA
I, TR P, FAEEEE-2.130, W R
Ot 25 FAESEHEGE 2,130, WA RIS O
i, Zex F B R IAE,, B 7 D Ao ) i R
M 98.33%, SR VT Ih [ fa ) B 5 R 98.33%,
LEA B LTI N 98.33%,
2.5 HXMSH

BT £ 17 A AR 1 A G 53 BT AN
BEMRREE IR, Al RKERS BW MR
= VERS 56 24 A i 3 OE A 56 (P<0.001), Hiv BL
5 TL (A % R K (0.992), BT 5 BW., HW
F1 PFL 119 AH ¢ ¥ 43 135 2 0.929. 0.906 F1 0.903

(1% 3-a), BIpITE 17 AN A KRB B A 6
PESS BT R G 25 PERG B0 45 R R (B 3-b), TR AR
AR5 BW 11 5 35 1 46 56 1 O B 3 E AH G (P<
0.01), HH1 VDSPO 5 SL fAHX R EE K (0.993),
BL 5 BW. TL WAHC R £ 410 0.931 A1 0.920,

2.6 FKMIRXT BW HBRES

A 3 X AR T O Rl AR T R B, O
1 fa R XF BW I B # /E B AR A BT
(0.93)>BH (0.85)>TL (0.84), % W 5§ J7 & 11 ff iy
BT X BW i B4 52 M i K5 M54 K BH
(0.596)>TL (0.512)>BT (0.451), 18 BH X BW [y
[ FE R i K, SRR VT L O BN BW B4R
FH M ¥ TL (0.92)>BH (0.83)>BT (0.40), TL %I
BW M B R s [ A BH (0.482)>
TL (0.282)>BT (0.259), ¥iH] BH X BW [ [H] 4 5%
M5 K (3 5)-

27 BERRAEWE

1E 24~26°C, 1044 744 (SS. SN, NS,
NN) 132 45 B0 M B 25 45 B A #0095 ) B> ok A2 T
iF 435 7 37 h 28 min, 38 h 6 min, 40 h 57 min.
42h 8 min, ZRIZAEOIN] . IATE UM . DI
PR FE IR . s R IRFLI A, 2R
BRAM . OB BIIE 10 MESE BB
MG D iR & B R A B BT | RSzt (]
KB B ZAREN, A KT 53R 28 Hf
WG, K. 41 SLIAIRIG & B BT FLES:
KB BARHEY C B2 57, REERETER
MRBEBBIEH . SS ASCAMIG & & R,
RHAY A 37 h 28 min (5 5), 1 NN H 34k
kB &S, MATKIAE] 42 h 8 min, b SSZHAE
KT 4140 min; IERACHAMNMG & T KA H
BT WAL, Horh SN 4 IRIA KR I K B
SS 4, SN 38h6min, NSAIRMKLT BH %
T NN 4, 440 h 57 min, MAIE & B BB
KrHr, NNAFEARZ G 2.00EEY, It
G & H MK R SS AHFEK T 6 h 34 min~7 h
33 min, #FAH A H B AL B LIS NN A1 SS
R IEIG K B R 22 00 W 4/

2.8 MREFBEEKEFSH

4 ST B2 AE R AL R I b 2
5 (P<0.05), NN FlI NS 4 /3245 % . 3 = T HoAth
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o > 0.8 w2 :
| 0.7 0.6
-H- 3 06 304
- B 4 102
5803 5
I6 6
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B R 1
-8 15 IIIM
, - -l 16 16
H--"EN- - - -EHHl . : bl BV,
1234567 891011121314151617 1234567891011121314151617
(a) (b)
B3 BmAI30& @ MELIDSO& Ob)EKEREXERE
B F R AR, PR, MR A, *For B, “REERMEE, *P<0.05, **P<0.01, ***P<0.001, K. 1.BW, 2.TL,

3.BL, 4.TRL, 5.BH, 6.BT, 7.HL, 8. HH,

9.HW, 10.VDSPO, 11.ED, 12.EC, 13.SL, 14.PFL, 15.CFL, 16.CPL, 17. CPH.

Fig.3 Heat map of growth traits between O. uncirostris bidens (a) and O. uncirostris amurensis (b)

The color of the column represents the correlation coefficient, and the darker the color, the larger the correlation coefficient; * indicates significance, the
more *, the more significant the difference, *P<0.05, ** P <0.01, *** P <0.001, the same below. 1. BW; 2. TL; 3. BL; 4. TRL; 5. BH; 6. BT; 7. HL; 8.
HH; 9. HW; 10. VDSPO; 11. ED; 12. EC; 13. SL; 14. PFL; 15. CFL; 16. CPL; 17. CPH.

=5

AAESOEMELTISOE BEE KK BW HEE S

Tab.5 Path analysis of significant growth traits on BW in O. uncirostris amurensis and O. uncirostris bidens

[B)48Z3 M. indirect effect

FEN E2TN R R BB
population trait coefficient direct effect TL BH BT &iF sum

5 TL 0.84 0.328 0.157 0.355 0.512
O. uncirosiris bidens BH 0.85 0.254 0.203 0393 0.596

BT 0.93 0.479 0.243 0.208 0.451
Liy AR uE ] TL 0.92 0.639 0.244 0.038 0.282
O. uncirostris amurensis BH 0.83 0348 0.447 0.035 0.482

BT 0.40 0.141 0.172 0.087 0.259

e G S A KMIR I BW I B AR IEAE R E IFTIRL, R ZE R R ENTERP<0.05), BIBRZERAEE BIREP>0.05).
Notes: The direct and indirect path coefficients of each growth trait on BW were analyzed and tested. Traits with significant differences were retained
(P<0.05) and those with no significant differences were excluded (P>0.05).

Pidl (P<0.05), H SN ZHK R W E & T sS4l
(P<0.05), NN 4/, B3 m T 3
~4H (P<0.05), SS I NS 2 WL RA%, H B
FAET SN 4 (P<0.05) (% 7).

A A A e A S R I A B
FRAE, T 4 21 R 0% A K AR fh R 3 0] s EE AR AL . 7
0~4d, TL, BL. PBL. ED 4 ME&IEF G K
BRSO GE, A 45dE B, A
BH 4B K 28 - M- iy e e s, 7 4d 200
WK, 45d2)5 BHIEK MBS mtk, 17d
JaAE%% . HL fEAF S 16 d Z i3 K phes

17 d J5 8K W AR 2% SR8 ek AT A

Mediist (4.5 d) A%, 45dh N YSL 25T

TR A a3, YSH SRR B (K 4),
ANy

R FRPFEMBRMBRMB LR

NS 42438 FAR7E 30, 60, 90 d #4JFH BW Al
TL HoEMHR, 7E 30 F1 60 d Bf LR BLH BW Al
TL DR, e 90 d I RAKEL BW Fil TL #3%
#4590 H R HF SN 44238 T HA BW rfogfl
FA, (BAE 30 F1 60 d I H39A BW Hil TL HEAR
PR EMIHAR (K 8),
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Tab. 6 Embryo developmental time schedule of the O. uncirostris
REM B ZAEJRISIA] post fertilization time
development stage 33 SN NS NN
GRZLH]  cleavage stage
240 2-cell stage 52 min 1 h 2 min (+10 min) 1 h 9 min (+17 min) 1 h 31 min (+39 min)
A4 4-cell stage 1 h 31 min 1 h 34 min (+3 min) 1 h 50 min (+19 min) 2 h 17 min (+46 min)
SYMJfIHA  8-cell stage 1 h 44 min 1 h 52 min (+8 min) 2 h 14 min (+30 min) 2 h 43 min (+59 min)
1641 16-cell stage 2h 5 min 2h 5 min 2 h 38 min (+33 min) 3 h 2 min (+57 min)
220 32-cell stage 2 h 26 min 2 h 35 min (+9 min) 3 h 3 min (+37 min) 3 h 38 min (+1 h 12 min)
64411 64-cell stage 2h47min  2h 53 min (+6 min) 3 h 26 min (+39 min) 4h 7 min (+1 h 20 min)
ZAMI  multi-cell stage 3h53min 3 h 55 min (+2 min) 4h 21 min (+28 min) 4 h 44 min (+51 min)
FZMMH  morula stage 4h26min 4 h 34 min (+8 min) 4 h 54 min (+28 min) 5h 21 min (+55 min)
BN blastula stage
PR E ] carly blastula stage 4h52min 4 h 56 min (+4 min) 5 h 39 min (+47 min) 6h (+1 h 8 min)
FEM A middle blastula stage 6h21 min 6 h 29 min (+8 min) 7 h 19 min (+58 min) 7 h 57 min (+1 h 36 min)
IR late blastula stage 7h18min  7h 25 min (+7 min) 9h20min (+2h2min) 9 h 49 min (+2 h 31 min)
SR gastrula stage
JRIAIER]  early gastrula stage 8h30min  8h45min (+15min) 10 h 24 min (+1 h 54 min) 10 h 56 min (+2 h 26 min)
JRBE I middle gastrula stage 9h55min 10 h22 min (+27 min) 13 h 13 min (+3 h 18 min) 13 h 41 min (+3 h 46 min)
JRIEHEH]  late gastrula stage 12h1min  12h23 min (+22 min) 14 h 39 min (+2h 38 min) 15 h 13 min (+3 h 12 min)
MW neurula stage 13h18min 13h45min (+27 min) 16 h9 min (+3 h9min) 16 h 44 min (+3 h 44 min)
JRFLIAE ] blastopore closed stage 14h34min  15h7min (+33 min) 17 h47 min (+3 h 13 min) 18 h 14 min (+3 h 40 min)
MEREM  organogenetic stage
LA I sarcomere appearance stage 15h49min 16 h 25 min (+36 min) 20 h 20 min (+4 h 31 min) 20 h 57 min (+5 h 8 min)
ARIEH]  eye primordium stage 17h42min 18 h 15 min (+33 min) 21 h 42 min (+4 h) 22 h 19 min (+4 h 37 min)
MRFEH]  optic vesicle stage 18 h 10 min 18 h45 min (+35 min) 22 h 8 min (+3 h 58 min) 22 h 49 min (+4 h 29 min)
M tail bud stage 19h10min 19 h 56 min (+46 min) 25 h 31 min (+6 h 21 min) 25 h 57 min (+6 h 47 min)
JEEERS L] caudal fin fold appearance stage 21h23min ~ 22h4 min (+41 min) 27 h 21 min (+5h 58 min) 27 h 57 min (+6 h 34 min)
WA muscle effect stage 23h21min 24 h 14 min (+53 min) 30 h22 min (+7 h 1 min) 30 h 54 min (+7 h 33 min)
AR iR H B eye lens appearance stage 26 h32min 27 h 12 min (+40 min) 32 h 45 min (+6 h 13 min) 33 h 17 min (+6 h 45 min)
DEJFEIER  cardiac primordium stage 28h35min 29 h33 min (+58 min) 35 h 12 min (+6 h 37 min) 35 h 54 min (+7 h 19 min)
HAEIA  otolith appearance stage 31h15min 31 h56 min (+41 min) 36 h 16 min (+5h 1 min) 36 h 47 min (+5 h 32 min)
OBk heartbeat stage 33 h 21 min 34 h (+39 min) 37h 28 min (+4 h 7min) 38 h 56 min (+5 h 35 min)
PEHH  hatching stage 37h28min 38 h6 min (+38 min) 40 h 57 min (+3 h 29 min) 42 h 8 min (+4 h 40 min)

T SANRE BRSSO L RS T s 185 N BRSO A ASSZH R EAE, R B SLR Y B 75 2 2 FE B AN [H] o

Notes: The corresponding translation of every developmental stage can be found in the note of the Plate; data in parentheses are the additional time

required to reach the corresponding stage of development, using the SS group as a benchmark.

3 itig

Wi 5 1 Aa IR A B R R, R B H AR Y
F MOk &, T S R A By AR Y 2 2SS
(AN EF 7 R SN NRRL [F1 3 1) = B ]

TA7, T R T AR R B e Y 1T £ S SRR A
MR Z S AL B RHEE AR .. &5 shniIE

AR T R TAF T A B4R, XA
o BERE AR 25 22 S BN AL B0l 03 3 ok
RAGAX L, MELIMER S th Rk 2, £2
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()
(]
()

Bk DO&ERAEARERE (24~26 °C, LLSSHAH)
13ZAS00; 2.2 00, 3.4 403Y); 4. 8 4HMuiYl; 5. 16 MIEM); 6. 324000 7. 64 4HMf1lY]; 8. AN, 9. ALK, 10, FEIE R,
11RO 12, BARREIW,; 13, EM RS0 14 R ;15 RGN 16 MR 17, IRFLE & ;18 MLATRIN, AL
(—): 19, IREM, JRIRJEEE (—): 200 IR, RIREE (—): 21 RBEFEM: 22, BEER B I 23 LA 24, IR G AR BN, SR &
i () 25 O AEFEIE, ROMEREE (o) 260 BAHIU, REA (o) 27. OB 28 fFH.

Plate Different stages of embryonic development of the O. uncirostris (24-26 C, take the SS group as an example)

1. fertilized egg; 2. 2-cell stage; 3. 4-cell stage; 4. 8-cell stage; 5. 16-cell stage; 6. 32-cell stage; 7. 64-cell stage; 8. multi-cell stage; 9. morula stage; 10.
early blastula stage; 11. middle blastula stage; 12. late blastula stage; 13. early gastrula stage; 14. mid-gastrula stage; 15. late gastrula stage; 16. neurula
stage; 17. blastopore closed stage; 18. appearance of myomere stage, indicates myomere (—); 19. eye base stage, indicates eye base (—); 20. eye saccule
stage, indicates eye saccule (—); 21. tail bud stage; 22. appearance of caudal fin folds; 23. branchial arc stage; 24. appearance of crystalline lens, indic-
ates crystalline lens (—); 25. cardiogenic stage, indicates cardiogenic (—); 26. appearance of ear crystal, indicates ear crystal (—); 27. heart beaten; 28.

hatching stage.

®7 BEALOMERIIOGNIIRAZZHRMPULE

Tab.7 Fertilization rate and hatching rate of in O. uncirostris amurensis and O. uncirostris bidens diallel crossing

—
i ss SN NS NN
index

SHEZ/%  fertilization rate 68.50 £ 3.75° 79.18 £ 323" 9424 £ 0.88° 92.96 + 0.98°

WALZ/%  hatching rate 50.00 £ 4.55° 5932+ 2.81° 4724784 70.06 +0.73

BEHMANREREERARY, Wik, 2AEK KRS0 T RN TR SCEIRTT, Hx
TR R A FEAR T AT SRR S SRR BRI A AT S 2RSS T R AR AR R T
WP Z B PEAR2E 5, U 2 Tt O, M S G RIS D A A S F AT
&M TAERT BTG 24 Beoh, IR RE  fEREEEES %,
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E4 SOaFHazasdENESNE
(@) TL, (b)BL, (c)BH, (d)HL, (e)PBL, (f)ED, (g) YSL, (h) YSH; 0~4d NfF#EE WM, 4.5~16d MTRAKRKEMI, 17~30d MHEf .

Fig. 4 Morphological measure of larval and juvenile development of O. uncirostris
(a) TL; (b) BL; (¢) BH; (d) HL; (e) PBL; (f) ED; (g) YSL; (h) YSH. 0-4 d is the early larval stage; 4.5-16 d is the late larval stage; 17-30 d is the juvenile

stage.
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REBLJE, 25

A B T O RS 2 LA e X R TR IR B B A K

50 %

=8

TR 90 HIR R R B RMBERBRLE O

Tab.8 The comparative analysis of mid-parental dominance rates and super-parental dominance rates in
90-day-old hybrid offspring

bR RN AMH A Hit/d  day

index trait F, 30 60 90
FRILAR% BW SN -14.28 -16.24 1.51
mid-parental predominance rate NS 2381 16.24 151
TL SN -3.01 —5.47 -0.10
NS 3.01 4.74 1.65
TSRS /% BW SN ~18.18 -16.95 -4.72
super-parental predominance rate NS 18,18 1525 a7
TL SN -3.86 —-7.38 -1.15
NS 2.11 2.62 0.57

ABIFFE R B 7 By 11 SR YT 5 1 2 A
LN e ot T o e 2 1V Y- L 5
Ry 17 4> HE PRI E R 25 7. o,
P BEAR R GP. LLS. SALL Al SBLL 45 n 1
R Z B b FEADFE A R W R, H
Ht GR. SALL 3 5I7EA A AR 52 30051 1 5%
M R B EEE R . ERaaE R TR, ft
far £ 5 K B 48 A5 A fE 4 AT A PR B9 BH/HL
BT/BL. HL/BL., HH/HL. SL/HL #1 VDSPO/HL,
VAR 7 B O 5 B py T o a2 R EAE
HPE AR RS S /NSO S 55 T . AWFR
WA H R AT, N 2 ASEEAR RS 10 >
AR, £ T W SR Bl (Takifugu fasciatus)
(5 M) F1 2 il JE s . (Acrossocheilius hemispinus)
(@A) AR R O AR (] A TE 547
FERRMZES . IR T 0] UPRGHE X 53 S B4,
AT S T R 1 5 B T 1 Y 2 [
FIMEHY , LS W =5 98.33%, & T M|
fi#k (Mastacembelus armatus) (97.0%)°"). ] JI| ¥
JE 6% (Odontobutis potamophilus) (89.5%)** . Bt &
2 % (Hemibagrus guttatus) (95.4%) 1 & qF f
(97.5%)* 1 25 & 1 1 R, K T 8% (Siniperca
chuatsi) (99.4%)™ B &5 G WERR R, 15 42 3k Vi 6l
(Eleotris oxycephala) (98.3%)" [ 25 & ER R AR AT

XTRAFER 17 A AR B 2R 1 7 AH DG
Br, ZMARKMRYS BW fAER S EF IEA K, 5
J7 5 DR R S BW A 3 ANk 43 50k
BT. HW Fl PFL, RIJpiL5 Otk 5 BW &
MM 3 ARS8 BL. TL FEC, X £ W
J7 B A AR BW EEEGLT BT, Bl n

SRR BW EZHT BL, SEARMER ] ARG
PEST BT RESS 4R S AN R PR Z B A OC R 8, (HE
JCIE 343 W WP AR 22 (B ) LA AR R R . T
T B vl DK R 2 e 5 [ 728 B 22 (8] 8 AH OC 2R B0
G3R B4R e (RIS AR 2R 400 RN R1 42252 e (B ) 42
AR REL), HEERIR I B ¢ R Ae A 2 TE B RIRA
Mo BT 25 3L FEARMFFE T, XA REAR AR K
G TE AT, B E O X BW BAEEH]
KXy BT, BH. TL, MJpiL5 % BW Hi%
PEHIMKY R TL. BH. BT, i#f—580F T A5
ORGP BT IS5 5, X JR SL s 1% B AR AR
HRRL T HE S
NG K B REAEAE S, o JR ot i Ik
PE o R FIF S Y 0 2 28 5 AR LA IR G & 78 B B
B JEASTR] B B B BT 47 2 R B[R] 20 25 AN A TR, R 501
SETESR B LS G, AR A TE R K
Z5 . AR E OMGE TSRS R H 86
(Coreius guichenoti)®” . i i (Zacco platypus)?™ .
AEBE AR B (Gymnocypris eckloni)™ ., 22 ¥R #8 (Oxy-
gyvmnocypris stewartii)>” . K £ W) fif] (Rhinogobio
nasutus)®" . #i 88 (Percocypris pingi)®>. 5 ] i
(Cyprinus carpio)™ 45 H A 88 R} 0 35 (1 IR iR & B i
FEAHZEAL, AU BeA e 22 5, F2EHRET
TE W R b 3 K a3 5 -5 2 2 b 07 22 BR AR 1Y)
th 4E ] (Acipenser sinensis)™ Fl HR BE XU & A
(Amphiprion ocellaris)™ [ fiG K B 1 F2 W) A7 7E B
WZESE . FJT S E AR IR T O A PSR
H 22 RIS B D AR R 22 5, AR
BHE IR (24~26°C), B B H AN AZHE 3 H
LTI 37 h 28 min, SEER SRS &P S 4
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R@ETh R, MEBTLOMALREBEET
SISk 42 h 8min, HRFT S A HZRIERK T 4h
40 min, SCHEEH 5% /NEAEY (1) (18~20°C, 62 h
6 min) 2= F4EK, X ATRESWHELIREEA I, MiF i S0
i S BIp YT 48 QAR IETT D 1 a1 g )y B 1
1 QPN AR IR G & B AT 43 314 38 h
6 min 1 40 h 57 min, 4 T AL ZE], Hrh
B S < BV o 40 Qe S H S5 7 B 1
i [ AT, BRIV OSxSO Q4R
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() F2 B P 2Ok A REAC AR AS R T 4
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J5 B 1 Ex B e V5 1 8 Q458 4HAE 90 d A BW
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4 ZHw

B 7 5 10 40 B e YT 5 1 A S BEA ] B TE
SEF EBREPFEAREERE ., LTES,
RN T o W RS20, RS T
BT T 11 A 5 B VT T 1] £ 9 SRR S TR =
38.881 X,—53.252 X,—59.503 X3—7.545 X,+22.466 X+
22.387 X¢-20.866 X7—0.306 X;+0.228 Xg+0.376 X0
6.082, ZiA FIHIHERG Ik 98.33 %, 12414 B
Ward 7 S O fa ) BW EZEERLT BT, Bk gn
1 BW F5HE T BL, N5 2R & f ek
B T EES % ELWIN 42 FAAY 90 d
HERERRER, AEZRSCHAEWRE B FE
FLZ AR, NS A7 (74 BW Il TL H 5
PR R —E LT, R i ik F 52
WEESF,
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Abstract: Opsariichthys uncirostris is a small, omnivorous freshwater fish with slightly predatory behavior. It has diverged
into two subspecies, O. uncirostris amurensis (northern China) and O. uncirostris bidens (southern China), with distinct
physiological adaptations to their respective northern and southern geographic climates. O. uncirostris amurensis is character-
ized by a shorter maturation cycle (precocious maturity), whereas O. uncirostris bidens exhibits faster growth rates. With the
growing consumer demand for stream fish, aquaculture production has intensified. However, this has led to increased inbreed-
ing, resulting in declining seed quality and disease resistance, which has impeded sustainable industry development. To address
this issue, there is an urgent need to develop new strains with superior traits. This study aimed to conduct a comparative mor-
phological analysis of these two subspecies and perform a diallel cross to evaluate heterosis in embryonic development, larval
viability, and growth performance. The ultimate goal was to produce a novel hybrid strain that outperforms both parental lines,
providing a genetically improved stock to support the high-quality development of the industry. In this study, we measured
morphological trait indices of O. uncirostris bidens (Minjiang River Population) and O. uncirostris amurensis (Songhua River
Population). Through path and correlation analyses, the influence of each trait on body weight, and the embryonic development
and growth of the offspring of the complete diallel crossing between two populations were evaluated and analyzed. Morpholo-
gical quantifiable trait analysis showed that the morphological differences between different genders in the two populations of
O. uncirostris amurensis and O. uncirostris bidens were mainly concentrated in aspects such as the overall contour of the fish
body, head shape, and fish body size. Among them, the TRL/BL standardized index of female O. uncirostris amurensis was the
largest (0.47 £ 0.02). The PFL/BL standardized index of male O. uncirostris bidens was the largest (0.18 + 0.01). Stepwise dis-
criminant analysis identified 10 significant traits, leading to a discriminant equation with an overall accuracy rate of 98.33% to
distinguish the two populations (F = 38.881 X - 53.252 X, - 59.503 X; - 7.545X, + 22.466 X5 + 22.387X; - 20.866 X7 - 0.306 X;
+0.228 Xy + 0.376 X - 6.082). Correlation analysis showed that the 17 growth traits of the two groups were positively correl-
ated with body weight. Path analysis showed that the correlation coefficient between body weight and body thickness was the
largest (0.93). In O. uncirostris amurensis, the correlation coefficient between total length and body weight was the largest
(0.92). Embryonic development times for offspring from shortest to longest were as follows: self-crossed progeny of O.
uncirostris bidens (SS, 37 h 28 min), progeny of O. uncirostris bidens male x O. uncirostris amurensis female (SN, 38 h 6
min), progeny of O. uncirostris amurensis male X O. uncirostris bidens female (NS, 40 h 57 min), and self-crossed progeny of
O. uncirostris amurensis (SS, 42 h 8 min). Analysis of the growth differences and mid-parent heterosis of the complete diallel
crossing progeny showed the progeny of NS group hybrids exhibited heterosis in body weight and total length at 30, 60, and 90
days after hatching, with superior parent heterosis observed at 30 and 60 days after hatching. The SN group hybrid progeny
showed mid-parent heterosis for body weight at 90 days after hatching. The study demonstrated the hybridization between the
Minjiang River population of O. uncirostris bidens and the Songhua River population of O. uncirostris amurensis has certain
heterosis, providing a valuable reference for new breed development.

Key words: Opsariichthys uncirostris; geographical populations; morphology; heterosis; path analysis
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