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Fig. 1 Schematic diagram for measuring the framework of
silver carp, bighead carp and their hybrid
1. origin of pectoral fin; 2. tip of maxillary; 3. origin of dorsal
fln; 4. forehead (end of frontal bone); 5. origin of anal fin;

6. origin of dorsal fln; 7. termination of anal fin; 8. termination
of dorsal rin; 9. origin of ventral side of caudal peduncie;
10. origin of dorsal side of caudal peduncle.
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Tab.1 Comparison of the countable traits of silver carp, bighead carp and their hybrid
fi% silver carp 722 hybrid i bighead carp
A item F-HI{H mean  JuFE range  FI{H mean UM range %ﬁqﬁﬁ 41 mean L range
hgbrid inelex

T HE TR 3 3 3 3 - 3 3
number of dorsal fin spines
88 2K 7 7 7 7 . ; ;
number of dorsal fins
ik Tk 1 1 1 1 — 1 1
number of thoracic fin spines
fil i 2% % 17.5+0.6 17-18 18.0 18 - 17.8+0.7 17-19
number of pectoral fins
T2 8 2 2 2 2 - 2 2
number of spinous ventral fins
i i 2%k 7 7 7.6+0.5 7-8 63 8 8
number of ventral fins
FRE G ik A 3 3 3 3 - 3 3
number of gluteal fin spines
B 2K 13 13 12.0+0.5 11-13 — 12.1£0.4 12-13
number of gluteal fins
] £ 55 %5 107.7£2.5 105-110 100.5£2.5 97-105 67 97.0+2.8 92-102
number of lateral line scales
2% w5 30.3+1.5 29-32 28.0+2.9 24-30 74 27.2+1.7 25-30
number of scales above side line
)28 w5 20.0+£2.3 17-23 21.8+1.5 17-23 - 21.1£1.0 19-22
number of scales under the side line
- HE AT AL 541.2432.5 495-577 370.8+12.9 357-367 59 252.6+£30.2  215-290
number of first gill rakes
R 2 K 172.4+10.8 156-181 187.6+4.5 183-194 98 157.0«11.2  145-170
number of first gill filaments
AT 1 1 1 1 - 1 1
number of tooth rows
AU 4 4 4 4 - 4 4
number of pieces per row
5 2 2 2 2 - 2 2
number of swim bladder chambers
B HE B 37 37 36 36 — 36 36
number of vertebraer
RS0 e 16 16 15 15 — 14 14

number of ribs
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ARIGFFAE B 3525 5(P<0.05), 2ot fe RS | 2
W, R . MBI . 3-4. 3-5. 4-5. 4-6
X8 ARG BEAEEAEAE 3 25 7 (P<0.05); 1M
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8-10 X 9 MR G ACAHA 3 25 5(P<0.05),
xR K56 SFEAREEER
(P<0.05), HENTERBM, Wi ARTEEBERK, 2458
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R 0.43, Wi B 0.47 A1 017, BEAb, AR
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Fig.2  Principal component analysis of silver carp,
bighead carp and their hybrid
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Fig. 3 Typical discriminant analysis of silver carp,
bighead carp and their hybrid
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Fig. 4  Surface and peritoneal characteristics of silver carp, bighead carp and their hybrid
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Tab.2  Color parameters of the body surface and peritoneum of silver carp, bighead carp and their hybrid
R4 position BER population L* a* b*
fi Hypophthalmichthys molitrix 57.24+2.98° 4.64+1.03¢ 22.24+1.14°
#B back ZR32 4t hybrid 55.83+4.08° 6.83+0.75" 20.42+1.57°
i Hypophthalmichthys nobilis 48.76+5.15° 8.47+0.94° 21.48+1.35%
fi Hypophthalmichthys molitrix 79.6+1.67* 5.44+0.66° 23.78+0.74°
& abdomen Z22 41 hybrid 73.85+4.05° 6.33+0.38° 26.36+1.98°
i Hypophthalmichthys nobilis 67.45+4.78° 7.85+0.6" 30.14+1.8°
% Hypophthalmichthys molitrix 18.7+£2.55°¢ 2.68+0.84° 9.04+1.68°¢
JEHE peritoneum Z&32 i hybrid 25.05+4.94° 3.23+0.62% 11.87+1.44°
% Hypophthalmichthys nobilis 38.79+6.77° 4.71+0.82° 16.84+2.19°

T [ EARTBEA [ 2R 41 R AE7E 35 22 53 (P<0.05).

Notes: Different superscripts in the same column indicate significant differences between groups (£<0.05).

23 SR ERMMEE

3 Pyl F o mARARMM. EE
AN AT, HERMMAIESHEL . 7E
R AR RN T, e AR AR
21 JifL N € 2R 40 I R 4 il Ok (6.43+3.33) > Al
(40.14+12.87) 1>, Wb 3 & T 65 [(3.19+2.75) 1> .
(28.79£14.9)1], H/DFHE[(7.93:4.11)1> . (48.4%
19.0)4>, (P<0.05)]. 432 £ i &5 1) 8 0, 28 41 i 1 v
6,2 40 043 53] 49 (0.8+0.75) 1> F1 (18.8+7.3) 4,
F D F 0 [(2.36£2.14) 1> . (25.7£14.84) 1>, (P<
0.05)], fifEfEHBEE A K &M B AR, AWK
RS HEORMM, s mimBaRupR
/NA(72.81+33.95) um g /N T (87.56+£36.7) um
A1 (98.21+58.89) um, fif B {4 K 41 il (22.63+
12.3) um i 3 K F%(13.89+4.1) pm FIHH[(16.65+

5.76) um, (P<0.05)]
24 EEFERSLLE

et AT S SO AR G, SRR, HESI
HIT(E S), 5804 B BRI ], A458
£ 110 SR BN AT ] B A OR8], H
25 1 3 (P<0.05), 1M EAR AL F X E, (HE82
BOR 8 22 K 3 5 25 78 T WGE (P<0.05) (% 3).

B A A0 W BEAE AL 5 6 AR, 5% NS
P, AiEEE R, JREEE/N, (HE 8RB AR K
ANEBE SR I 25 5, BRI (A 5).
Fea a5 AT, S0 W Tl esc
F0) I 882 5 5 K 3 22 LA T B R B =2 ], i i
5 )5 6558 8 2 e 56— B, W = T (P<0.05);
F A2 A0 1) S RN B 2 A i S BRI, TN B
T, HEEEAEN TRCEZE(P<0.05)(F 4).
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5% Hypophthalmichthys molitrix Z33 A hybrid % Hypophthalmichthys nobilis
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Fig. 5 Characteristics of gill and swim bladder of silver carp, bighead carp and their hybrid

x3 i, EREZTHNE-BSHESH
Tab.3 Characteristic data of the first gill arch of silver carp, bighead carp and their hybrid

) BEATE | F RIS " 822 % fiffl 22 1< 8 22 [i7]
rou number of gill gill harrow i1l rake spacin number of gill  gill filament gill filament
group rakes length & P & filaments length spacing
fi% Hypophthalmichthys molitrix 541.24£32.5° 5.64+0.3" 32.5+0.5° 172.4£10.8" 3.23+0.3° 122.246.5°
4348 hybrid 370.8+12.9 4.8+0.4° 48.4£0.5 187.6+4.4° 4.5£0.3° 100.8+10.5"
i Hypophthalmichthys nobilis 253.6+30.2° 5.2+0.6™ 65.4+4.2° 147.2+12.4° 3.8+0.5° 99.6+8.8"

T 3 AR REAN R 30 20 (B A7 7E B 35 25 5+ (P<0.05).

Notes: Different superscripts in the same column indicate significant differences between groups (P<0.05).

#4 8 HERHERZANENHERSEILE

Tab. 4 Relative parameter comparisons of swim bladders in silver carp, bighead carp and their hybrid

WK K TR S5 O oy . .
- gk PVERRORIRIC HIBOLIRENE b e g s peitimL 4807 % 5 /L
RN Wi /g front swim front swim

. swim bladder total swim anterior chamber posterior
swim bladder bladder bladder .
group - length/body . . . bladder = volume of swim chamber volume
weight length length/rear swim width/back swim capacit bladder of swim bladder
& bladder length  bladder width pacity
fit Hypophthalmichthys —0.24+0.03" 0.33+0.05 1.254+0.06" 1.48+0.2° 2.01£0.31° 1.46+0.24° 0.56+0.09°
molitrix
242 hybrid 0.22+0.05% 0.31x0.01 1.75+0.6" 2.03£0.16*  2.15+0.09" 1.86+0.1° 0.2940.14°
9§ Hypophthalmichthys ~0.15%+0.06" 0.33+0.02 2.23+0.3" 2.03£0.16°  1.34x£0.24"  1.25£0.22° 0.09+0.03°
nobilis

T [R5 AR BN R 30 20 ) A7 75 1. 35 22 57 (P<0.05).

Notes: Different superscripts in the same column indicate significant differences between groups (P<0.05).
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KM, (B 2 L. A E KRR TEE, (8 7),

6 i S 2 S o R P R 2 Sk B 2R 2 LR
ab. cd Ml ef 735k . A ANGE; ace: 1. BLF; 20 WA 3. MUGRE; 4. BiES; 5. B0 6. LALHES 7. BRHE; 8. 3T 9.
BHAE S 10, MUBRHE S 11, ZEB0E 12, M5, bdf: 1. 1698 2. K998 3. LA, 4. AUfE, 5. FHEE; 6. HE; 7. LIEH; 8.
FIMER 9. 2w 100 J5is 11 B 12, SLH; 130 Arsais 14, MISEEH, 15, 804, 16, BRaE#; 17. MHlZEa,; 18, i
B 19, SRR 20, RAR 210 RITES 22, JERLHES 23, RIS 24, R 25, AT E; 26, B 27, A E
Fig. 6 Observation on the skull and the surface bone of the left skull of silver carp, bighead carp and their hybrid

ab, cd and ef were silver carp, their hybrid and bighead carp, respectively; ace: 1. plow bone; 2. middle ethmoid bone; 3. lateral
ethmoid bone; 4. frontal bone; 5. parietal bone; 6. upper occipital bone; 7. sphenoidal ear bone; 8. wing sphenoid bone; 9. anterior ear
bone; 10. lateral occipital bone; 11. base occipital bone; 12. keratin pad; bdf: 1. tooth bone; 2. joint bone; 3. maxillary bone; 4.
premaxillary bone; 5. lower orbital bone; 6. lacrimal bone; 7. upper orbital bone; 8. periorbital bone; 9. bone renewal; 10. square bone;
11. corner bone; 12. pterygoid ear bone; 13. anterior operculum bone; 14. interbranchial operculum bone; 15. gill bone; 16. operculum
bone; 17. lower operculum bone; 18. clavicle; 19. posterior temporal bone; 20. upper clavicle; 21. scapula; 22. posterior spoon bone;
23. parasphenoid bone; 24. tongue tail bone; 25. interhyoid bone; 26. upper hyoid bone; 27. angle hyoid bone.

8 Hypophthalmichthys nobilislom "~ Z432 f& hybrid .« 8& Hypophthalmichthys molitrix

K7 S S St R
Fig. 7 Characteristics of pharyngeal bones of silver carp, bighead carp and their hybrid
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Study on morphological characteristics among hybrids of silver carp
(?) x bighead carp (&) and their parents

LIU Kai, ZHANG Zhiyi, HOU Xin, WANG Jun, CHEN Xiaowen, WANG Chenghui

Key Laboratory of Freshwater Aquatic Germplasm Resources Certificated by the Ministry of Agriculture and Rural
Affairs, National Experimental Teaching Demonstration Center of Aquatic Sciences, Shanghai Aquaculture
Engineering Technology Research Center, Shanghai Ocean University, Shanghai 201306, China

Abstract: Silver carp (Hypophthalmichthys molitrix) and bighead carp (Hypophthalmichthys nobilis) are endemic
to China, with few natural hybrids found within their native distribution ranges. However, a significant number of
natural hybrids emerged when these two species colonized the Mississippi River in the United States of America.
To comprehend the morphological differences and biological characteristics of hybrid fish resulting from silver
carp and bighead carp, comparative observations were conducted on external morphological traits, body coloration,
pigment cells, and morphological changes in some organs and bones among silver carp, bighead carp, and their
hybrid (silver carp @ x bighead carp &). The results indicated extremely significant differences (P<0.05) in six
traits out of 18 countable traits between the hybrids and their parents, with an average hybrid index of 72.2,
indicating a slight bias towards paternal bighead carp. Utilizing 39 quantifiable and truss traits, principal
component analysis, discriminant analysis, and cluster analysis revealed evident differences among the hybrids,
silver carp, and bighead carp, although the hybrids exhibited closer proximity to maternal silver carp.
Morphological disparities among the hybrids mainly centered on the head and trunk anterior to the dorsal fin.
Body surface and peritoneum colors of the hybrids were intermediate between those of silver carp and bighead
carp, leaning closer to silver carp. Nonetheless, the number of melanocytes in the scales was significantly higher
in hybrids than in silver carp (P<0.05). Moreover, gill rake characteristics of the hybrids resembled those of
bighead carp but noticeably differed from those of silver carp. The shape and size of posterior swim bladders in
hybrids differed from those of silver carp and bighead carp. While most skeletal characteristics of hybrids
resembled those of silver carp, hybrid skeletal size ranged between that of silver carp and bighead carp, offering a
scientific foundation for understanding the biological traits of hybrid offspring from silver carp and bighead carp,
their ecological adaptability in migration areas, and the germplasm protection of both species in China.

Key words: Hypophthalmichthys molitrix; Hypophthalmichthys nobilis; distant hybridization; body color; organ
shape
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