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Abstract：Trdditional morphological data and truss network data were combined to conduct a multivariate analysis to study the 

morphological variations and phylogenesis of four strains in red common carp(Cyprim~carpio)：C．c．var．color，C．c．var． 

singguonensis．C．c．vaY．wananensis and C．c．vaY．wuyuanerLsis． e results indicate山at：(1)In the aspect of meristic 

characters．there were no significant differences(P>0．05)among the four strains；(2)In the aspect of traditional measurable 

characters plus truss network characters，there were significant differences(P<0．05)am ong the four strains．Cluster analysis showed 

山at C．c．var．wuyuanensis was separated from the other three swains which are close to one another；discriminate functional analysis 

based on 28 ratio variables showed that there were highly significant differences am ong the four strains(P<0．01)；discriminate 

functional analysis with 8~lected morphological ratio variables gave a synthetic diseriminating accuracy of 92％ ；principal component 

analysis indicated that morphological differences am ong the four strains were mostly due to variations in the frontal part of the body． 

(3)Using various multivariate analysis techniques to analyze the combination of traditional morpholo~cal data and truss network data 

greatly enhances the study capacity for morphological variations and phylogenesis am ong populations or strains under a species of fish． 
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l Introduction 

Common carp(C?prinus carpio) is the oldest 

cultured fish species in the world．It is one of the 

principal aquaculture species ，with the production of 

2．37 million ton in 2004 accounting for 12．5％ of 

total freshwater aquaculture production in Chinaw
．  

Red common carp is a special group of common 

carp，with red color as the common character．The 

three red colIgnon carp strains，Xingguo red common 

carp (C． carpio vaf． singgtumensis)， purse red 

comm on carp (C．carpio vaf．wu)~anensis)，glass 

red common carp (C． carpio vaf．waFl~Ften,sis)， 

generally called “Three Kinds of Red Comm on Carp 

in Jiangxi Province”，were established by the Chinese 

fish aquaculturists in Jiangxi Province[ ， 
． Besides 

sharing of the red color，Xingguo red  comm on carp is 

characterized  by a spindle shape with a ratio of 3．38 

in body length／depth． Purse red comm on carp is 

characterized by a purse shape with a ratio of 2．0— 

2．3 in body length／depth and a shorter caudal 

peduncle length．Glass red comm on carp is very close 

to Xingguo red comm on carp in spindle shape ，but 

with some transparency，especially in juvenile stage． 

Since the 1970s，“Three Kinds of Red Common 

Carp in Jiangxi Province’’have been introd uced to 

many parts of China． Besides being used in 

aquaculture，they are widely used as excellent genetic 
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and breeding materials，many hybridization combina— 

tions were produced between these red common carps 

and local strains of common carp or crucian carp， 

some of them have played a significant role in 

increasing production of carp culture and economic 

development in the local areasl 
． 

Oujiang color common carp is a regional species 

in Oujiang River basin in Zhejiang Province．It has 

been cultured for more than 1200 years， mostly in 

paddies and yard ponds．Recently it is found that it 

could be an excellent candidate also as an ornamental 

species because of variety of colorsl 
． 

In order to reveal the biodiversity of the red 

comm on carps，and to exploit their genetic potential 

for edible fish and ornamental species， a 

comprehensive study has been conducted since 2000 to 

compare the morphology， aquaculture performance， 

biochemical and molecular variations of the four 

strains【 ’ 
． This pape r reports the results on 

morphological variations and phylogenesis． 

2 Materials and Methods 

2．1 Measurements 

Over 30 fish from each of the four strains of red 

common carp all tw o years old were collected from 

Aquatic Genetic Resources Research Station of 

Shanghai Fisheries University．Their body weights 

were measured to the nearest 0．01 g (Tab．1)． 

Tab．1 Body weights and sample size of analym t four strains in red common carp 

’two sets of data were collected  from each fish． 

The first set of data was the traditional morphological 

data， including meristic characters and measumble 

characters．The meristic group includes 8 characters： 

scale number above lateral line(SCA)，scale number 

beneath lateral line (SCB)，scale Rumber on lateral 

line (SCL)，gill rake number on first gill arch 

(GRF)，spine Rumber on dotsal fin(SPD)，soft ray 

Rumber on dotsal fin(SFD)，spine number on anal 

fin(SPA)and soft ray Rumber on 0J'1al fin(SRA)； 

The measurable group includes 9 characters which 

were measured to the nearest 0．1 cm：total length 

(TL)，body length(BL)，body depth(BD)，head 

length (札 )，snout length (SL)， eye diameter 

(ED)，inter—orbital width (IW )，caudal peduncle 

length(CPL)，and caudal peduncle depth(CPD)． 

Th e second set of the data was composed of 20 truss 

network[ ， ]data (Fig
． 1)．Landmark points for truss 

measurements(Fig．1)were followed by Li[ 
． 

2．2 Analytical methods 

Th e differences of meristic characters am ong the 

four strains were analyzed using 一test_9J． 

Three kinds of multivariate analyses，including 

cluster an alysis， discriminate analysis and principal 

compo nent analysis were conducted on the combina— 

tion of 9 measurable parameters and 20 truss network 

parameters． All analyses were perform ed using the 

statistical package SYSTAT 。version 4 ．Considering 

the fish sizes were quite different even when they were 

at the same age (Tab ．1 )，all parameters were 

converted to the ratios of total length to reduce the 

bias from statistical analysis，totally 28 ratios． 

Clus~r analysis Euclidean nearest neighbo r of 

joining hierarchical cluster~ was used for the analysis
． 
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Fig．1 Tress network of common carp 

Th e tress parameter measurements are the distances between two of 

the 10 landmark points For example．D3—4 denotes the distan ce 

between landmark po ints 3 and 4 The frame on the down right 

indicates the philom phy of truss netw ork 

1 most posterior po int of maxillary；2 tip of snout；3．origin of 

pelvic fin；4 most anterior of,scales oll skull；5 origin ofan al fin： 

6 origin of dorsal fin； 7 terminus of anal fin；8．term inus of 

dorsal fin； 9． ventral origin of caudal fin； 10．dorsal origin of 

catudal ” 

Discriminate analysis Stepwise discriminate 

analysisllll J was used
． Eight ratios．which showed the 

most contribution to the total vailation，were chosen 

from above 28 ratios，to establish a simple discriminate 

formula to distinguish the four strains． 

Principal component analysis Their 

contribution rate and accumulating contribution rate 

were calculated in accordance with Will(insOn【l 
． 

Discriminating accuracy (P 1) = fish number 

discriminated correctly for strain／ observed fish 

number of i sUain 

Discriminating accuracy (P2) = fish number 

discriminated correctly for strain／ total fish num ber 

discriminated into strain from all strains 

tl n 

Synthetic discriminate rate(％)= A ／ B 
l I t I 

A refers to fish numbe r discrimi nated correctly in 

strain，B refers to the total fish number in i strain，n 

refers to the total number of fish studied ． 

3 I sults 

3．1 Meristic characters 

Means and standard deviations of 8 meristic 

characters of the four strains of red coiIlinon carp are 

shown in Tab．2．The values of y 一test are shown in 

Tab．3．A1l of them were less than the critical value of 

2．17( 9 )．It indicates that there is no significant 

difference in the meristic characters among the four 

strains of red common carp． 

3．2 Measurable characters and truss network 

characters 

Cluster analysis C．c．vat． M m朋瑚 was 

separated away from the other three strains which are 

close to one another(Fig．2)． 

Tab·2 Means and standard deviations of meristic charac~ of four strains in red common carp 

Tab．3 Values of test of meristic characters between two strains of red conlnlon carp 
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C． c．var color — 

C．r．var ．singgonensis 0
． 50-24 一 

C． c．var． “ l，W， 0
． 096O 0． 2977 一 

C．c．var ．wuyuanensis 0
． 574／0 0

．2048 0．3976 一 

Notes：All values in the table are less than the critical value of2
．17( j．95；7)．It denotes no significant difference between each two strains 
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CC．VaL~olor 

C．~var．singguonensi 

C．~var．wuyuanensis 

&O &5 ＆O 5 7．0 7．5 &O 

Euclideandisklr 

Fig．2 Cluster dendrogram of four strains 

in red common carp 

Discriminate ana lysis When 28 ratios of 

morphological parameters，were used，the discrimi— 

nating accuracy reached 98．06％ and the discrimi— 

hating efficiency wss highly significant(P<0．01)． 

when 8 ratios(D1—4／TL，CPD／TL，IW ／TL， 

D7—8／TL，D7—9／TL，D5—7／TL，D6—8／TL， 

D2—4／TL：Tab．4)were selected from the above 28 

ratios， much simple discrimination formulas were 

produced． 111e discriminating efficiency was 92％ 

(Tab．5)．In this case，the discriminating efficiency 

lost 6％ than 28 ratios were used，but abo ut 70％ 

time and labor can be saved because of simplicity． 

By abo ve formula，any red common carp can be 

discriminated into their own strain，iust input the 

required 8 ratio variables into abo ve form ula，and 

calculate YI value， the greatest Y1 denotes which 

strain it belonges to． 

Principal component analysis Four strains in 

red common carp were separated from each other 

clearly(Fig．3)．There was some overlap between the 

C． c． var． wananenesis and C． c． var． 

singguonensis，and betw een the C．c．var．color and 

C．‘c．var．singguone~is respectively． C．c．var． 

wuyuanensis was separated from abo ve three． 

Factor1 

o c．v~t．r．singguonensis · c．c．var．color 

· e c．vsy．wananensis ▲ c．v83"．vmyuanensis 

Fig．3 Map of principal component analysis of 

four strains in red  COrO．mon crap 

Tab．4 Ratio variables with high contribution in ff~scrinfination analysts 

C．c．vox 

color 

C．c．vat． C．c vat discriminating accuracy 

Pl P2 

synthetic dscrimi— 

nating accuracy 

舭 “m m “栅㈣  m凡e Ls (％) (％) (％) 

(1)For C．f．var．“ r '，1= 一346．259+555．980 V12—38．807 V9 +270．664V7+912．235V21+789。484V22+931．519V18+ 

526．620坦 8+ ,566 71l 6 

(2)For C．f．voy．singguorwnsi．s y1- 一354．4,56+792．374V12+31．235 +76．927 +703．330 I／21+772．85OV22+1075．698 V18+ 

456．372 j+671．961 6 

(3)For C．c．voy．／~'zru'zrzertes／,s YI= 一3,'38．620+660．9381／12—135．667V9+263．83l 7+6,51．7l3 坦 l+836．390 V22+l167．934 V18+ 

512．386 j+ 573．782 【／26 

(4)For C．c vat． “w“z， ，"厶 Y1= 一393 076+1055．406VI2+ 14,5．245V9—77．,58OV7+690．097 l+560．439V22+1285．818VI8+ 

418．371 V28+ ．425 V26 

吕。 
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Truss network The truss dendrograms for 4 

strains in red common carp were constructed as Fig． 

4，in which the similarity and diversity can be seen 

clearly．Again，C． c．var． wuyuanemis is slightly 

far away from the other three ． 

2 

2 

6 

A 

C 

2 

6 

2 

B 

D 

Fig，4 Fitted truss network offour strains 

in red common carp 

A ：C，c var．singg~merLsi．s，B：C．c．vat．wananensi~ 

C：C，c．vat． color，D：C．c，var wu)Tumer~s／s 

4 Discussion 

4．1 Morphological differences and phyiogenetic 

relationship among the four strains of red common 

carp  

From the point of view of genetic diversity， 

qualitative study of morphology is not enough to study 

the genetic variation within species，such as the four 

strains of red common carp．Quantitative data and 

analysis are necessary to understand their differences 

and then phylogenetic relationships． Th is study 

reveals that C． c． var． color． C． c． var． 

singguonensis and C． c．var．warumenesis are close 

to each other，and C． c．var． wuyuanensis is far 

from them． 

Th e variations in morphology could be related to 

evolution history of species． C． c． var． 

singguonerasis is a local strain of comm on carp 

produced from natural selection first and then artificial 

selection ’ ．C．c．var． 0删 mi ght originate 

from natural mutant of C．c．var．singguonensis and 

occasionally found and then selected． C． c． var． 

wuyuanensis was introduced into Wuyuan County， 

northern part of Jiangxi Province，300 years ago，and 

inbred for a long period ， then stabilized through 

selection for short body shape ． C． c． var． color 

came from the Oujiang River originally，where it is 

isolated from the area(Yangtze River basin)of other 

red carps． 

Considering that the morphological characters are 

usually more influenced by the environment，it may 

not be enough to study the phylogenefic relationships 

among po pulations／strains． Th erefore， a parallel 

study on biochemi cal genetics and molecular genetics 

was carried outl’、．It is encouraging that the results 

from morphology are in agreement with genotypic 

study． 

4．2 Value of multivariate analysis when it is used 

for studying subspecies relation 

Three multivariate analyses， nam ely， cluster 

analysis， discrimi nation analysis an d principal 

compo nent analysis，were used in this study．Th ese 

three method s have been widely used in many fields 

because of their s~ong capacity in solving realistic 

problems L ． 

Objects could be clarified preliminarily and their 

differences could be quantified by cluster analysis．So 

it is often used for analyzing degree of simi larity of 

objects analyzed． This work demonstrated that 

morphological distances am ong four strains of red 

comm on carp could be found and clarified by using 

cluster analysis．Discrimi nate an alysis is a method  that 

searching objective discriminate eyidence for 
classification under category knownl 

．
It has been 

used for identifying wild po pulations of blunt snout 

bream (MegalobramaⅡ舶 ~hala)successfully ． 

This study demonstrated once again that this method  is 

very effective(P<0．01)for identifying population／ 

strain of red comm on carp with close phylogenetic 

relationship． Principal compo nent analysis is a 

statistical method optimi zing more indexes into fewer 

indexes ．Results of principal compo nent analysis 

in this study indicated that morphological differences 

am ong four strains of red common carp are mostly 

caused by variations in front part of body，then by the 

caudal bar． 

From this work，it can be seen that analytical 

results were basically identical by these three 

analytical method s．But they couldn’t be substituted 
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because they reflected morphological differences from 

different angles and depths． The synthetical results 

acquired by these three methods used synthetically 

could have a stronger demonstration power． 
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系的形态差异和种系关系 

李思发， 王成辉， 程起群 
(卜海水产大学农业部水产种质资源和养殖生态重点开放实验室，上海 200090) 

摘要 ：综合传统彤态学数据和框架测定数据，通过多元变量分析，研究了我国红鲤四个品系(兴国红鲤 、玻璃 

红鲤 、荷包红鲤及瓯江彩鲤)的形态差异和种系关系。主要结果：(1)可数性状方面，4品系红鲤无显著差异 

(，】>0．05)。(2)传统叮壁性状和 架测定数据合在一起 ，4品系红鲤『HJ有显著差异(P<0．05)；聚类分析表 

u』]，瓯fI 彩鲤、兴同红鲤及玻璃红鲤一者形态相近，而荷包红鲤与这二t种红鲤的形态差异明显。在28项比例 

变 琏础 i 所作判}jlJ分析表明，红鲤4品系问形态差异极显著(P<0．01)，用优选的8项比例变量判别，综合 

判别准确率达92％；主成分分析表明，4品系红鲤问形态差异主要系躯体前半部差异所致。(3)把传统可量 

性状数据和框架测定数据结合在一起 ，使用多种多元变量分析技术，町大大增强鱼类种内不同群体间差异 

和亲缘关系的研究能力。 

关键词：形态；多元变量分析；差异；种系关系；红鲤；品系 
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