54 1 Vol.54, No.1
2023 1 OCEANOLOGIA ET LIMNOLOGIA SINICA Jan., 2023
(Carassius auratus
[ ] [ ] *
gibelio)
1 1,2 1 1 2 1
(1. 316022; 2. 315300)
(M) (Mz) 7 70
(1) M>M,, 21 , My
M, Ly ( ) La( ) Lu( ) NM( ) (P<0.05); (2)
20 ,Mi M, (P<0.05) 16
(P<0.05), M; M, ;(3)
, 5 1 , 80.844%, PC,
s PCZ N PC3
PC, PCs G ;
/ Fulton , Fisher
M, M, , M, P, P, 98.6%
94.5%, M, 94.3%  98.5%, 96.4%
; ; (Carassius auratus gibelio); ;
Q953; 5965 doi: 10.11693/hyhz20220500130
(Carassius auratus) (Osteichthyes) (Xue et al, 2001) ,
(Cypriniformes) (Cyprinidae)
(Carassius), Wagner (2001)
( , 2010)
20 70
(Carassius auratus gibelio) () x Killen  (2011)

(Cyprinus carpiouar singuonensis) (3)

( , 1999) 20 80

, 2013GA701022
, E-mail: 1548117363@qq.com;

s

, 2012C10032

>

13706742262@139.com

s

, E-mail: wzz_1225@163.com
:2022-07-10

5

1 2022-05-16,

, CN201901

s

E-mail:



(Carassius auratus gibelio)

205

( , 2012),
r-K
( , 2022),
1
1.1
2020 12
( M,),
24 h
1.2
(2022)

1L s Ly

EEWN

1

Fig.1 Schematic diagram of morphometric measurement
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1.3 21 (1)
EXCEL(2019) , . Ls( ) L ( ) Lg ( )
M, M, Lio( ) (P>0.05) , M,
( ) ( M, Ly ) Ls( ) Li(
) (Fulton K=100xNM/L,") ) Lo ( ) L ( ) (P<0.05), M,
, Li( ) La( ) Liu( )
(  P<0.05 ); Bartlett (P<0.05) M, M,
(P<0.01) KMO (KMO  >0.700) ( D, Ls ( ) Le( ) Ls(
, 1 ) Lio( ) Li( ) La( ) Lu(
80% (PC) , ) 7 M, )
SPSS23.0 ; (2012 LiC ) LsC ) Lu( ) (@)
, , ,  MB( ) (P>0.05) , M,
Fisher M, NM (
) (P<0.05), M, M,
(P<0.05), M, MB ( )
2 NM ( ) M, ,
2.1 NM ( ) ,
1 , M, M, M,>M, (P<0.05)

x2 ZUBHFENEREMESR

Tab.2 Differences in measured phenotypes between experimental groups

M, (n=70) M, (n=70)
+ /mm 1% + /mm /%
L 106.95+8.26° 7.72 110.08+4.77° 433
L, 38.45+2.37° 6.16 37.51£2.57° 6.85
L; 30.17+1.52° 5.04 29.51+2.05° 6.95
Ly 17.16+1.22° 7.11 17.63+1.14° 6.47
Ls 15.43+1.16° 7.52 15.47+1.73 11.18
Le 12.54+1.06° 8.45 12.14+1.56 12.85
L 6.73+0.81° 12.04 6.00+0.58° 9.67
Lg 21.81=1.21° 5.55 21.76+0.93" 4.27
Lo 82.69+3.18° 3.85 87.65+4.46" 5.09
Lo 78.41+3.28° 4.18 79.01+3.64° 4.61
Ly 29.31+2.1° 7.16 32.48+2.57° 7.91
Ly 30.88+1.78" 5.76 30.20+1.85° 6.13
MB 39.91+4.28" 10.72 38.5+6.65° 17.27
NM 30.37+3.42° 11.26 32.22+4.16° 12.91
MV 4.99+0.84° 16.83 3.02+1.33° 44.04
ML 3.69+0.56° 15.18 1.78+0.85° 47.75
MS 0.22+0.05° 22.73 0.14+0.04° 28.57
MI 0.61+0.1° 16.39 0.38+0.11° 28.95
MG 1.30£0.23° 17.69 1.05+0.18° 17.14
MH 0.08+0.03" 37.50 0.06+0.01° 16.67
MSB 0.23+0.04 17.39 0.20+0.06° 30.00

(P<0.05)
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, Ri( ) Re( ) Ri( )
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Tab.3  Statistical parameters of the evaluation indexes for the morphology and quality of the two aquaculture modes of C. auratus

> 2.3
Bartlett (P<0.01) KMO
(KMO  0.85), 3
4 , 5
1
80.844%, M, M,
, PGy
37.263%, ( p>0.6) 8
) Rs ( )>R7 (
>Ry ( )>Rs ( )>Rs ( )>Rs (
>Ry ( )>Rs ( ); PC,
22.801%, 7 ,
G ( / )>Cy; ( /
)>Cs ( / )>Co ( / )>Cs ( /
)>C ( / )>Ca ( / ); PCs
8.426%,
K(Fulon ) C( / ), a(

gibelio
M, M,
+ +
/ (Ly/Lo) G 1.293+0.079° 1.257+0.031°
/ (Lo/Lo) C, 0.465+0.026° 0.428+0.028"
/ (Ls/Lo) Cs 0.365+0.015° 0.337+0.024°
/ (La/Lo) Cs 0.208+0.014° 0.201+0.014°
/ (Ls/Lo) Cs 0.187+0.013" 0.177+0.02°
(Le/Lo) Cs 0.152+0.012° 0.139+0.018°
(L4/Lo) C; 0.081+0.01° 0.069+0.006"
(Ls/Lo) Cs 0.264:+0.014° 0.249+0.013"
/ (L1o/Lo) Cy 0.948+0.027° 0.902+0.033"
/ (Lu/Lo) Cio 0.355+0.024° 0.371%0.025"
/ (L12/Lo) Cu 0.374+0.017° 0.345+0.019°
(NM/MB) R, 0.761+0.014° 0.817+0.088*
(MV/MB) R, 0.125+0.018° 0.076+0.029"
(ML/MB) R; 0.093+0.012° 0.049+0.037°
(MS/MB) Ry 0.006+0.001° 0.004+0.003"
(MI/MB) Rs 0.015+0.002° 0.011+0.009"
(MG/MB) Rs 0.034+0.006° 0.030+0.029*
(MH/MB) R, 0.002+0.001° 0.002+0.003*
(MSB/MB) R 0.006+0.001° 0.005+0.003*
Fulton /(100xXNM/L,*) K 2.498+0.253" 2.407£0.16"

(P<0.05)



208 54
F4 M, RN M, KU B R R IO IRAE A S DR
Tab.4 Principal component analysis of the evaluation indexes of M; and M, experimental groups
p
PC, PC, PCs PC, PC;s
/ (Li/Lo) C —-0.005 0.333 —0.904* 0.031 —-0.098
/ (Lo/Ly) C, 0.052 0.822%* 0.005 0.112 —-0.094
/ (Ls/Ly) Cs 0.106 0.798%* —-0.094 0.243 0.027
/ (L4/Lo) Cy —-0.038 0.612%* —-0.062 0.197 0.447
/ (Ls/Lo) Cs 0.089 0.205 -0.024 0.851* 0.096
/ (L¢/Lo) Cs —-0.025 0.233 —0.040 0.792%* -0.277
/ (L7/Lo) C; 0.054 0.644%* —-0.061 0.083 —-0.481
/ (Lg/Ly) Cs 0.021 0.726* 0.161 0.328 0.034
/ (L1o/Lo) Cy 0.129 0.790%* -0.018 0.109 -0.036
/ (L1i/Lo) Cio -0.029 —0.122 0.042 -0.115 0.828%*
/ (L12/Lo) Cy 0.090 0.812%* 0.044 —0.124 -0.175
(NM/MB) R, 0.954* —0.161 0.024 —0.030 0.112
(MV/MB) R, 0.919* 0.291 —-0.033 0.026 0.031
(ML/MB) R; 0.732% 0.533 -0.044 0.047 -0.120
(MS/MB) R, 0.917* 0.172 0.016 0.005 -0.115
(MI/MB) Rs 0.928%* 0.236 0.039 0.046 —-0.055
(MG/MB) Rs 0.973* —0.007 0.024 0.023 —0.041
(MH/MB) R, 0.959* -0.078 0.109 0.040 0.005
(MSB/MB) Rs 0.939%* —-0.021 —-0.001 0.016 —-0.004
Fulton /(100xNM/L,*) K 0.102 0.367 0.890%* -0.030 —-0.041
7.453 4.560 1.692 1.262 1.201
1% 37.263 22.801 8.462 6.312 6.006
/% 37.263 60.064 68.526 74.838 80.844

p>0.6 ;
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Fig.2 The scatter diagram of principle component
: A M, , © M, >
) 5 Ry ( ) Rs( ) Ra( ) Rs( )
6.312%, Re ( ) K (Fulton ) ,F
Cs ( / )>Cs ( (P<0.01) 7
/ ); PCs 6.006%, Fisher
CIO ( / ) s 5 5 5 Ml Pl PZ
20 98.6%  94.5%, M, 94.3%
98.5%,
, PC, 96.4% (  6) ,
, PC, 4 ( 3),
1 2 s 3
FAC,
s 3.1
PCI (13 _ 2
2.4
R 3 20
Cs ( / ) (Hicks et al, 2004; Fu et al, 2007),
% 5 Fisher DX B FEA
Tab.5 The Fisher classification function of two breeding modes of C. auratus gibelio
Cs R, R;3 Ry Rs Re K
M, 703.419 -6.418 —165.845 493.606 1617.821 1015.824 —285.263 -71.613
M, 643.804 14.805 -99.634 249.377 293.215 302.516 —468.629 —49.108
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Tab.6  The discriminant classification of two breeding modes of C. auratus gibelio
/ind. /%
/ind. /%
M] PI PZ
M, 70 69 98.6 94.5
96.4
M, 70 4 94.3 98.5
147
13F 4, » M M,
Aa AL
<12 Ha Aas Y . a
A A

5 1.1 " 4 AA M A“M‘AAAA‘A‘“AA ‘0“ A‘AA

@ﬁ 1.0 A o %°% o

O

E 09r o o o O [} o o ’

;__Tf 08 %0 € @ oQ’o omw@ooc’ o°o° (Itazawa et al, 1983; Oikawa et al, 1992) 3
orloo ©° o o o®° %e° o 4 5 . PC 5
0.6 1 L O 1 1 o c|> 1 Q? s Rl ( ) R6 ( )
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NEME (P>005) > R3 ( ) R4( )
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Fig.3  Scatter plot of discriminant scores of typical discriminant ’
functions PC, >
PC2 C2 ( / ) C3 ( /
o7 ) G ) G ( / ) G (
/ ) G/ ) Cu( /
, “ ) , PC, 5
” “ ”(Blaikie ,
et al, 1996; Alsop et al, 1997) “ - ” , PC,
(Toften et al, 2003; Hara,
> M, 2006) ,
R ( , 1998),
» M (Collin et al, 2003)
> ( s
5 1999; ,2012) ,PC; PC4 PC;s
) 2 K (Fulton )
Ml M2 C6 ( / ) M] M2 (P<005)
” s s Ml M2
(Secor et al, 1998; Secor, 2001; , M; M,
, 2008) s M,
B PC3 PC4 PCS
Ml ( 27 3); Ml MZ
M, M, ) M,
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ANALYSIS OF THE DIFFERENCES IN MORPHOLOGY AND QUALITY OF CARASSIUS
AURATUS GIBELIO UNDER TWO POND AQUACULTURE MODES

XU Ying-Jie', RONG Hua-Nan"? ~CHEN Yu', LIU Zhe-Yu', CHEN Han-Chun’, WANG Zhi-Zheng'

(1. School of Fisheries, Zhejiang Ocean University, Zhoushan 316022, China; 2. Cixi Fishery Technology Promotion Center, Cixi
315300, China)

Abstract Exploring the reasons for the differences in morphology and quality of Carassius auratus gibelio induced by
different aquaculture modes, finding the pathways and mechanisms of the difference-formation, and then revealing the
internal logic of the mode inducing the changes in their survival strategy is of great practical significance for guiding the
improvement and optimization of C. auratus gibelio aquaculture mode. Seventy summer fingerlings of C. auratus
gibelio were randomly selected from the pond ecological monoculture mode (M;) and pond ecological polyculture mode
(M,). Principal component analysis and discriminant analysis methods were used to systematically study the differences in
morphology and quality of C. auratus gibelio under two pond culture modes. Results showed that: (1) The growth rate of
the two experimental groups during the pond culture was generally M,>M;. Among the 21 biological phenotypic traits, the
L, (body length), L, (head width), L;; (post-anal body length), and NM (net body mass) of M, were significantly greater
than M; (P<0.05); (2) Among the 20 morphological evaluation traits involved, 16 items were significantly different
(P<0.05) between M; and M, groups, and cluster analysis also indicated that the Euclidean distance between the two
groups had reached a significant level (P<0.05), that is, the M; and M, were significantly differentiated in terms of
morphological characteristics; (3) By the principal component analysis, the five extracted principal components whose
eigenvalues were all greater than 1 had a cumulative contribution rate of 80.844%. Among them, PC,; can be classified as a
common factor that characterizes the level of digestion and metabolism, PC, can represent the geometric proportion of the
space that the organ can accommodate, PC;, PC4, and PCs can be collectively classified as common factors that
characterize the way of food acquisition; (4) Through the stepwise discriminant method, taking the interorbital space
/lateral line length, net weight coefficient, liver coefficient, stomach coefficient, gut coefficient, gill coefficient, and Fulton
index with a more significant contribution rate as independent variables, the Fisher classification function equations
established can clearly distinguish the M; and M,. The discrimination accuracy rates P; and P, of the M, experimental
group were 98.6% and 94.5%, respectively, of which the M, experimental group were 94.3% and 98.5%, respectively, and
the complete discriminant accuracy of the two experimental groups was 96.4%%. The results obtained in this study can
provide a scientific basis for improving and optimizing both the pond ecological monoculture mode and the pond
ecological polyculture mode of the C. auratus gibelio.

Key words pond polyculture; pond monoculture; Carassius auratus gibelio; characteristics of morphology and

quality; multivariate analysis



