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Tab.l1 The information of sampling
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10
29°46'N, 116°20'E 2019.06
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34°36'N,113°28'E 2019.06
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31°43'N, 121°13'E 2019.06
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30°13'N, 112°07'E 2019.06
10
1.2 10 ,
, 5
) ( , 2007) 1 2
1.3 ) ;
1.3.1 tpsDig32 ,
(total length) (body length) ,
(carapace length) (length of abdomen) (1998) Excel
(carapace width) (segment height) SPSS23
(length of tail-fan)( 1), 1.3.2 TPS
(2014) (2017)
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Fig.1 Morphological measurement index and the landmark
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points of P. clarkii (procrustes distance, X ) 0.996,
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Tab.2 The 10 morphometric indices of P. clarkii
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Fig.2 The average shape and all superimposed landmarks vectorization on the dorsal and ventral surfaces of the five P. clarkii
populations
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Fig.3  Grid deformation of five P. clarkii populations (the variation are enlarged by 10 times)
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Tab.3 Component matrix and contributive proportions of principal components on morphometric indices of female and male P. clarkii

1 2 3 1 2 3

Xi 31 .49 -33 .64 48 -.00
X 47 —.48 =73 .58 —.74 18
X3 =72 53 -.20 —-.66 55 12
X4 12 -.09 51 .03 45 -.43
Xs .81 .38 .01 .87 34 .29
X .34 .85 -.32 .62 .26 -.58
X7 .16 .61 71 41 .88 13
X3 .98 —-.14 13 .96 —-.16 .08
Xo 51 -.51 35 .38 11 .88
Xio 89 19 —-.08 85 -.26 -.43

% 36.62 23.18 16.97 43.05 23.39 16.26

% 76.77 82.70
0.50,

F4 EMNHEMSSE 3 NERSTEHE

Tab.4 The first 3 principal component contribution rates of the relative warps scores

1 54.80% 54.80% 35.58% 35.58%
2 18.24% 73.04% 19.17% 54.75%
3 6.92% 79.96% 12.46% 67.21%

T5 ARIMIFFESMEXTAH > FRBEEE

Tab.5 Relative contribution of each landmark to relative warps

(%)
I 2—5 11 17 23—26 16.69 20.10
I 6—10 13 15 18-22 27—36 78.39 72.70
111 1 12 14 16 4.93 7.20
2.3 (5S¢, 5d),
, 1 2
5 , 2.4
, 5 ,F
, , (P<0.01)
( Sa) 100% 94%(  6)
, , , 56%( 7)

(. 5b)
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Fig.5 Cluster analysis of P. clarkii populations from five different production areas
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Tab.6 Discrimination results of the landmark methods for the population of P. clarkii
10(100%) 0 0 0 0 10(100%)
0 10(100%) 0 0 0 10(100%)
0 0 10(100%) 0 0 10(100%)
0 0 0 10(100%) 0 10(100%)
0 0 0 0 10(100%) 10(100%)
9(90%) 0 10(100%) 0 0 10(100%)
0 10(100%) 0 0 0 10(100%)
1(10%) 0 8(80%) 10(100%) 0 10(100%)
0 0 100(10%) 0 10(100%)
0 0 0 0 10(100%) 10(100%)
x7T EEESNEERREEBIEHAS ARG R
Tab.7 Discrimination results of the traditional morphometry method for the population of P. clarkii
7(70%) 1(10%) 2(20%) 0 0 10(100%)
4(40%) 3(30%) 0 0 3(30%) 10(100%)
0 0 10(100%) 0 0 10(100%)
4(40%) 1(10%) 0 3(30%) 2(20%) 10(100%)
0 2(20%) 0 3(30%) 5(50%) 10(100%)
5(50%) 2(20%) 2(20%) 1(10%) 0 10(100%)
2(20%) 4(40%) 1(10%) 3(30%) 0 10(100%)
2(20%) 0 8(80%) 0 0 10(100%)
2(20%) 4(40%) 0 4(40%) 0 10(100%)
2(20%) 0 1(10%) 0 7(70%) 10(100%)
3
3.1
(2020) #E (2018) DNA,
(Conger myriaster) (Pleuronichthys , ,

cornutus)

(2017)

>

3.2

(Macrobrachium nipponense)
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(Gould et al, 1978) (2018) 10 ,
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(2010) , 5 ¥ (Leiognathus brevirostris)
(Penaeus japonicus)
; (2007) ,
(Macrobrachium nipponense) , fif (2016)
5 (Cephalopoda)
5
, 100% 94%,
X; Xs ,
X7 Xg  Xio,
3.4
, I (2017)
, 1T
(2016)
14 100%
79.49% 79.81%,
(C. grayii)
(2014) 100%,
76.10%,
; , (2013)
, , I
, I
(Bergman 16.69% 78.39%
et al, 2003; , 2010), 20.10%
I
33 I 1 ,
(2011) (2016) , ,
5 4
5

II
(2018)
(Coilia mystus)

E}

Il
I I
72.70%, 11
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IMAGE-BASED MORPHOMETRIC DISCRIMINATION OF CRAWFISH
(PROCAMBARUS CLARKII) FROM 5 HABITATS

TIAN Can', LIFei’, SU Sheng-Yan"? TANG Yong-Kai*, LIU Bo?>, YU Ju-Hua?, YU Fan?, LI Jian-Lin?,
LI Hong-Xia>, SONG Chang-You’, WANG Mei-Yao®

(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306, China,
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture and Rural Affairs, Freshwater
Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China; 3. Key Laboratory of Healthy Freshwater
Aquaculture, Ministry of Agriculture and Rural Affairs, Key Laboratory of Freshwater Aquaculture Genetic and Breeding of Zhejiang
Province, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China)

Abstract To understand the morphological differences of Procambarus clarkii in 5 habitats or populations of Jiangsu,
Jiangxi, Hubei, Shanghai, and Henan in China, and to obtain rapid and effective morphological identification methods,
traditional morphological measurement methods and landmark method were used to analyze the morphological differences
among the five habitats. The results show that first, the relative warps principal component analysis showed that the
cumulative contribution rates of the first three principal components for male and female P. clarkii were 79.96% and
67.21%, and those of the first three principal components by traditional morphological measurement were 76.77% and
82.70%, respectively. Both methods showed that the morphological differences are mainly reflected in the carapace and
abdomen. Secondly, the five populations were clustered into two branches as shown in cluster analysis. The populations of
Shanghai, Henan, Jiangxi, and Hubei were grouped into one, and the Jiangsu population were clustered into another one.
Thirdly, the comprehensive discrimination accuracy of the landmark method for male and female populations was 100%
and 94%, respectively, while that of the traditional method was 56% for all. In addition, there are some morphological
differences in P. clarkii among different habitats, and the landmark method could better distinguish them. This will be
beneficial to the identification of the population and rapid acquisition of shape characteristics for the production and
breeding of P. clarkii.

Key words Procambarus clarkii; landmark method; traditional morphometry; morphological difference;
geographical origin



