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Fig. 2 Morphological measurement landmarkes of the studied mitten crab

I. The measured point on the back of the carapace (A1-A7; B1-B4; L1-L3; S1-S7). II. The measured point on the side of the carapace
(C1-C4). I1I. The measured point of the breastplate (L4, L5). IV. The measured point of the length of the fourth pereiopod (F1, F2). V. The
measured point of the length of the fifth pereiopod (F3, F4). Al: 1-1', A2: 2-2', A3: 3-3', A4: 4-4', AS: 5-5', A6: 6-6', AT7: 7-7'; B1:7-8,
B2:7-9, B3: 7-10, B4: 7-11; C1: 12-8, C2: 12-9, C3: 12-10, C4: 12-11; L1: 13-14, L2: 13-15, L3: 15-14, L4: 14-16, L5: 16-13; H: The height of 16
point, S1: 12-17, S2: 12-18, S3: 17-3, S4: 17-4, S5: 17-5, S6: 17-6, S7: 17-7;, F1: 19-20, F2: 21-22; F3: 23-24, F4: The
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Tab. 1 Results of morphological character of the four populations of mitten crabs

n=191; x £SD
character population
TR P YR LR

Al(1-17) 0.082+0.011*° 0.085+0.009° 0.085+0.010° 0.079+0.011°
A2(2-2") 0.254+0.012° 0.25440.011° 0.243+0.009° 0.239+0.013°
A3(3-3") 0.620+0.020° 0.617+0.022% 0.618+0.037* 0.607+0.019°
A4(4-4") 0.902+0.015% 0.891+0.020% 0.906+0.035" 0.884+0.023¢
A5(5-5") 1.026+0.015° 1.015+0.022° 1.040+0.024* 1.023+0.022°
A6(6-6") 1.079+0.017° 1.058+0.022¢ 1.108+0.034 1.09540.024°
A7(7-7") 0.547+0.036° 0.505+0.032% 0.499+0.044° 0.516+0.032°
B1(7-8) 0.571+0.021° 0.569+0.017° 0.597+0.017° 0.605+0.022°
B2(7-9) 0.674+0.020° 0.676%0.018° 0.699+0.019° 0.707+0.024
B3(7-10) 0.804+0.021° 0.799+0.017° 0.822+0.018" 0.832+0.022°
B4(7-11) 0.886+0.015° 0.881+0.016° 0.888+0.017° 0.895+0.020°
C1(12-8) 0.234+0.018" 0.227+0.014° 0.241+0.016" 0.283+0.025°
C2(12-9) 0.369+0.017° 0.367+0.017° 0.379+0.019° 0.424+0.027°
C3(12-10) 0.516+0.017% 0.511£0.019¢ 0.525+0.020° 0.571+0.030°
C4(12-11) 0.646+0.018° 0.642+0.019° 0.637+0.030° 0.682+0.029"
L2(13-15) 0.547+0.011% 0.545+0.011% 0.544+0.013° 0.584+0.012"
L3(15-14) 0.513+0.013° 0.484+0.023¢ 0.519+0.016" 0.555+0.015°
L4(14-16) 0.737+0.020" 0.721+0.019° 0.735+0.039° 0.770+0.018"
L5(16-13) 0.437+0.025" 0.457+0.030° 0.428+0.018" 0.384+0.027°
H(16 ) the height of 16 point 0.514+0.020" 0.502+0.041" 0.541+0.035° 0.542+0.018°
S1(12-17) 0.518+0.009° 0.505+0.034° 0.533+0.016" 0.523+0.011°
S2(12-18) 0.472+0.014° 0.461+0.013¢ 0.488+0.019° 0.554+0.013°
S3(17-3) 0.410+0.016° 0.410+0.009° 0.410+0.012° 0.539+0.014*
S4(17-4) 0.385+0.010° 0.383+0.009° 0.381+0.013° 0.507+0.017*
S5(17-5) 0.375+0.034° 0.369+0.010° 0.373+0.011° 0.460+0.014
S6(17-6) 0.415+0.009° 0.405+0.011¢ 0.429+0.012° 0.470+0.016
S7(17-7) 0.600+0.015° 0.588+0.022° 0.623+0.014° 0.535+0.018"
F1(19-20) 0.688+0.046" 0.656+0.044° 0.729+0.054° 0.696+0.050°
F2(21-22) 0.453+0.037" 0.412+0.024° 0.464+0.035° 0.481+0.030°
F3(23-24) 0.436+0.024° 0.408+0.017° 0.459+0.037° 0.431+0.035"
F4(23 ) the width of 23 point 0.062+0.004° 0.062+0.005" 0.067+0.008" 0.062+0.007°

( : TR, 30 ); ( YR, 59 ); ( LR, 75 );

( 2JP, 27 ). (P<0.05).

Note: Mitten crabs in the Tumenjiang River (code: TR, 30); Chinese mitten crabs in the Yellow River (code: YR, 59); Chinese mitten crabs in
the Liaohe River (code: LR, 75); Japanese mitten crabs (code: JP, 27). Different letters in the same row denote significant difference between
different populations of mitten crabs (P<0.05).

R2 ANEBAEAEBNIINSNER

Tab. 2 Results of discriminant analysis of the four populations of mitten crabs

population /% 1%
population TR TP YR LR accuracy of discrimination accuracy of synthetic discrimination
TR 25 3 2 0 83.30
JP 2 23 2 0 85.20
YR 3 1 55 0 93.20 93.20
LR 0 0 0 75 100.00
total 30 27 59 75
( : TR, 30 ), ( : YR, 59 ) ( LR, 75 )

( $JP, 27 ).
Note: Mitten crabs in the Tumenjiang River (code: TR, 30); Chinese mitten crabs in the Yellow River (code: YR, 59); Chinese mitten crabs in
the Liaohe River (code: LR, 75); Japanese mitten crabs (code: JP, 27).
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Fig. 4 The 13 highly different morphological traits in the Tumenjiang populations compared to the Chinese and Japanese mitten crabs
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Tab.3 Normalized Euclidean distances of morphological difference among the four populations of mitten crabs

population TR JP YR
JP 4.661
YR 6.158 7.858
LR 8.820 10.242 8.939
: ( : TR, 30 ); ( YR, 59 ); ( LR, 75 ),
( :JP, 27 ).

Note: Mitten crabs in the Tumenjiang River (Code: TR, 30); Chinese mitten crabs in the Yellow River (Code: YR, 59); Chinese mitten crabs
in the Liaohe River (Code: LR, 75); Japanese mitten crabs (Code: JP, 27).

TR
P
_ YR
LR
| | | | |
4 3 2 1 0
5 4
(  :TR,30 ); ( :YR,59 ) ( LR, 75 );

( :JP, 27 ).
Fig. 5 Cluster dendrogram of morphological difference among the four populations of mitten crabs
Mitten crabs in the Tumenjiang River (Code: TR, 30); Chinese mitten crabs in the Yellow River (Code: YR, 59); Chinese mitten crabs
in the Liaohe River (Code: LR, 75); Japanese mitten crabs (Code: JP, 27).
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Fig. 6 STRUCTURE cluster analysis of the three populations of mitten crabs
Mitten crabs in the Tumenjiang River (Code: TR, 30); Chinese mitten crabs in the Yellow River (Code: YR, 59); Japanese mitten
crabs (Code: JP, 27). Red represented Japanese mitten crabs population; Green represented Chinese mitten crabs population.



561

, 30%
[21]
[22-26]
(  STRUCTURE ),
( 2
4, 6) ,
[27-28]
[29-33]
STRUCTURE
[34]

[35]

[36-39]

S 3 -
[1] Zhao N G, Bao X S, Zhang L S, et al. Artifical Breeding,

(2]

(3]

(4]

(3]

Propagation and Cuiture of Chinese Citten Crab[M]. Hefei:
Anhui Science and Tecnology Press, 1988: 1-10. [ S
) s - [M].

, 1988: 1-10. ]
Sakai T. Crabs of Japan and Adjacent Seas[M]. Tokyo: Ko-
dansha, 1976: 111-112.
Xu J W, Chan T'Y, Chu K H, et al. Phylogeography of the
mitten crab Eriocheir sensu stricto in East Asia: Pleistocene
isolation, population expansion and secondary contact[J].
Mol Phylogenet Evol, 2009, 52(1): 45-56.
Xu J W, Chu K H. Genome scan of the mitten crab Eriocheir
sensu stricto in East Asia: Population differentiation, hy-
bridization and adaptive speciation[J]. Mol Phylogenet Evol,
2012, 64(1): 118—1209.
Zhu W H, Cao G L, Li Y, et al. Research on the health as-
sessment of river ecosystem in the area of Tumen River Ba-
sin[J]. Acta Ecologica Sinica, 2014, 34(14): 3969-3977. [

s s >

0. ,2014, 34(14): 3969-3977. ]



562 23

[6] XulJW,Ren MR, LiSF, et al. Morphological identification Journal of Fishery Science of China, 2012, 19(1): 84-93. [
of population of Eriocheir sinensis from Changjiang, Liaohe s s , . 3
and Oujiang River[J]. Journal of Fisheries of China, 1997, “ ” [J7. , 2012, 19(1):
21(3): 269-275. [ s s , 84-93.]

[ , 1997, [15] Sun HY, Zhou K Y, Lu J J, et al. Mitochondial 16 S Rdna
21(3): 269-275. ] sequence variations and molecular identification markers of

[7] LiC H, Li S F. Phylogenesis of populations of mitten crabs Eriocheir sinensis[J]. Progress in Natural Science, 2002,
(Eriocheir sinensis, Eriocheir japonicus) in six river systems 12(5): 485-490. [ R s s
of mainland China: morphology discriminant analysis[J]. 16S rDNA [J]1.
Journal of Fisheries of China, 1999, 23(4): 337-342. [ , 2002, 12(5): 485—-490. ]

S . ( [16] Sun HY, Wang G Y, Zhang D Z, et al. Mitochondrial DNA
) : [J1 , sequence variation in two geographical subspecies the mitten
1999, 23(4): 337-342. ] crab Eriocheir japonicus[J]. Acta Zoologica Sinica, 2005,

[8] Wang C H, Li S F. Advances in studies on germplasm in S51(5): 862—-866. [ R s s
Chinese mitten crab, Eriocheir Sinensis[J]. Journal of Fish- DNA [J].
ery Sciences of China, 2002, 9(1): 82—86. [ s , 2005, 51(5): 862—866. ]

[ , 2002, 9(1): [17] Lin M X, Wang J, Wang J, et al. Applicability of molecular
82-86. ] population genetics methods in analyzing common carp

[9] SuiLY, Zhang F M, Wang X M, et al. Genetic diversity and morphological data[J]. Journal of Fisheries of China, 2015,
population structure of the Chinese mitten crab Eriocheir 39(6): 769-778. [ R s R
sinensis in its native range[J]. Mar Biol, 2009, 156(8): [J]. , 2015,
1573—-1583. 39(6): 769-778. ]

[10] Wang W, Xu C, Zhang W B, et al. Comparative studies on [18] Pritchard J K, Stephens M, Donnelly P. Inference of popula-
morphological differences among four local population of tion structure using multilocus genotype data[J]. Genetics,
mitten crab[J]. Chinese Agricultural Science Bulletin, 2007, 2000, 155(2): 945-959.

23(6): 648—653. [ s S S [19] Falush D, Stephens M, Pritchard J K. Inference of population
[J1. , 2007, structure using multilocus genotype data: Linked loci and
23(6): 648—653. ] correlated allele frequencies[J]. Genetics, 2003, 164(4):

[11] He J, Xu P, Zhu J, et al. Morphological variations and spe- 1567-1587.
cies validity of Eriocheir sinensis in the north and south [20] Rosenberg N A. DISTRUCT: a program for the graphical
drainage systems of China[J]. Transactions of Oceanology display of population structure[J]. Mol Ecol Notes, 2004,
and Limnology, 2009, 20(3): 79-86. [ S R s 4(1): 137-138.

[J]. s [21] Sistrom M, Edwards D L, Donnellan S, et al. Morphological
2009, 20(3): 79-86. ] differentiation correlates with ecological but not with genetic

[12] Wang Q, Li X D, Dai W, et al. The morphological discrimi- divergence in a Gehyra gecko[J]. J Evol Biol, 2012, 25(4):
nation of population of mitten crab in different river sys- 647-660.
tems[J]. Fisheries Science, 2006, 25(3): 125—128. [ s [22] LiZ X, LiJ, Wang Q Y, et al. The comparison of morpho-

s s logical charateristics in selected new variety “Huang hai No.
[. , 2006, 25(3): 125-128. ] 1”” and the wild population of shrimp Fenneropenaeus chinensis[J].

[13] Zhou L. Study on genetic variation and introgression of mit- Jouranl of Fishery Sciences of China, 2006, 13(3): 384—388.
ten crab in the Minjiang River[D]. Shanghai: Shanghai [ , s , . “ |
Ocean University, 2012: 1-54. [ [J1. , 2006,

[D]. : , 2012: 13(3): 384-388. ]
1-54.] [23] GouH, Chen L Q, Yang G L, et al. Morphological variations

[14] Yang W B, SuY P, Liu H B, et al. A comparative study of analysis among eight populations of cultivated and wild and

morphological characteristics and elemental fingerprints of

Chinese mitten crab Eriocheir Sinensis from three lakes[J].

hybridized in Macrobrachium rosenbergii[J]. Journal of
Fishery Sciences of China, 2006, 13(4): 530—-535. [ S



563

[24]

[25]

[26]

[27]

(28]

[29]

[30]

M. , 2006, 13(4): 530-535. ]
Can X P, You X X, Zeng F R, et al. Analysis on morpho-

logical variations among five populations of Marsupenaeus

Jjaponicus from coastal areas of China[J]. Journal of Fishery

Sciences of China, 2010, 17(3): 478—486. [ s ,
;. 5
3. ,2010, 17(3): 478-486. ]
Zhang F X, Liu Y, Zhang X M. Morphological diversity of
sagittae of Patagonotothen ramsayi in the southwestern At-
lantic Ocean[J]. Journal of Fishery Sciences of China, 2014,
21(3): 581-592. [ s ,
[J]. , 2014,
21(3): 581-592. ]
Ding J Q, Liu P, Li J, et al. Analysis of morphological varia-
tion among four wild population of Charybdis japonica from
coastal waters of China[J]. Journal of Fishery Sciences of
China, 2012, 19(4): 604—610. [ . , ,
i34 [1].
,2012, 19(4): 604-610. ]

Hewitt G. The genetic legacy of the Quaternary ice ages[J].
Nature, 2000, 405(6789): 907-913
Li T G, Jiang B, Sun R T, et al. Evolution pattern of warm
current system of the East China Sea and the Yellow Sea
since the last deglaciation[J]. Quaternary Sciences, 2007,
27(6): 945-954. [ s ) )

[J1. , 2007, 27(6):
945-954. ]
Hidetoshi O. Geographic patterns of endemism and speci-
ation in amphibians and reptiles of the Ryukyu archipelago,
Japan, with special reference to their paleogeographical im-
plications[J]. Res Pop Ecol, 1998, 40(2): 189-204.
Misuzu A, Tohru N, Cheng J H, et al. Low genetic variabil-
ity in an endangered population of fiddler crab Uca arcuata

on Okinawajima Island: analysis of mitochondrial DNA[J].

[31]

[32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

Fish Sci, 2008, 74(2): 330—-340.
Yoshiomi K, Takashi Y. Biogeography of the subspecies of
Parides (Byasa) alcinous (Lepidoptera : Papilionidae) based
on a phylogenetic analysis of mitochondrial NDS5 se-
quences[J]. Syst Entomol, 2004, 29(1): 1-9.
Takehana Y, Jeon S R, Sakaizumi M, et al. Genetic structure
of Korean wild populations of the medaka Oryzias latipes
inferred from allozymic variation[J]. Zool Sci, 2004, 21(9):
977-988.
LiuJ X, Gao T X, Wu S F, et al. Pleistocene isolation in the
Northwestern Pacific marginal seas and limited dispersal in a
marine fish, Chelon haematocheilus (Temminck & Schlegel,
1845)[J]. Mol Ecol, 2007, 16(2): 275-288.
Zhang M M, Chen Y Y. Late mesozoic and tertiary ichthyo-
faunas from China and some puzzling patterns of distribu-
ton[J]. Vertebrata Palasiatica, 2000, 38(3): 161-175. [
[J1- , 2000, 38(3): 161-175.]

Jiang D B, Liang X Y. Attribution of East Asia climate at the
last glacial maxmum([J]. Quaternary Sciences, 2008, 28(3):
491-501. [ , .

[J]. , 2008, 28(3): 491-501. ]
Wang [ J, Bradburd G S. Isolation by environment[J]. Mol
Ecol, 2014, 23(23): 5649-5662.
Zhang H X, Zhang M L. Genetic structure of the Delphinium
naviculare species group tracks Pleistocene climatic oscilla-
tions in the Tianshan Mountains, arid Central Asia[J]. Paleo-
geogr Paleoclimatol Paleoecol, 2012, 353—355: 93—103.
Pujolar J M, Jacobsen M W, Als T D, et al. Assessing pat-
terns of hybridization between North Atlantic eels using di-
agnostic single-nucleotide polymorphisms[J]. Heredity, 2014,
112(6): 627-637.
Wielgoss S, Gilabert A, Meyer A, et al. Introgressive hy-
bridization and latitudinal admixture clines in North Atlantic
eels[J]. BMC Evol Biol, 2014, 14(1): 61-78.



564 23

Morphological differences and genetic admixture in mitten crabs in
the Tumenjiang River

KANG Wei, WU Lian, LIU Jinsheng, ZHANG Canyu, LIN Mingxue, WANG Jun, WANG Chenghui

Key Laboratory of Freshwater Aquatic Genetic Resources, Ministry of Agriculture; Shanghai Ocean University, Shanghai
201306, China

Abstract: The Tumenjiang River is an international river linking China, the Democratic People’s Republic of Ko-
rea, and Russia. However, there has been little research into the mitten crab in this river. In this study, mitten crabs
were sampled in the Tumenjiang River and their morphological traits were compared with other populations of
Chinese mitten crab (Eriocheir sinensis) sampled in the Yellow River and Liaohe River and with the Japanese
mitten crab (Eriocheir japonicus) collected on the Japanese mainland. Thirty-two morphological traits were ex-
amined with three kinds of multivariate analysis and a genetic cluster analysis. A discriminant analysis identified
the lowest accuracy of discrimination among the Tumenjiang River crabs (83.30%). A principal components
analysis revealed that the 12 largest differences in morphological traits in the Tumenjiang River population were
between E. sinensis and E. japonicus. A traditional clustering analysis showed the smallest differences between the
Tumenjiang River crabs and the Japanese crabs. The results of a genetic clustering analysis also revealed that 60%
of the individual crabs in the Tumenjiang River clustered with E. japonicus, whereas only 10% of individuals
clustered with E. sinensis, and the remaining 30% of individuals may have been an introgression type. These re-
sults indicate that the mitten crab population in the Tumenjiang River comprises overlapping distributions or a
genetically mixed population of E. sinensis and E. japonicus, and that its morphological traits are closer to those
of E. japonicus than to those of E. sinensis.

Key words: Tumenjiang River; mitten crab; morphological trait; multivariate analysis; admixture
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