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Chromosome studies on the mitten crabs
Eriocheir japonica and E. sinensis

Tar-HunNG LEE,* Nanami NAITOH AND Fumio YAMAZAKI

Graduate School of Fisheries Science, Hokkaido University, Hakodate, Hokkaido 041-8611, Japan

ABSTRACT: In recent years, there has been debate from various perspectives on the question of
whether the mitten crabs Eriocheir japonica and E. sinensis should be considered as two different
species. It has been reported that the chromosome numbers of these two crabs differ from each
other; for E. japonica it is 2n = 148, n = 74, whereas for E. sinensis it is 2n = 146, n = 73. These data
| suggest that E. japonica and E. sinensis are different species. Nevertheless, the chromosome number
| of E. japonica was obtained in 1937 by the method of paraffin section. This classical gonad (testis)
| sectioning method is now known as an unreliable method for determining the number of chromo-
‘ somes. In the present study the number of chromosomes in E. japonica and E. sinensis is re-
| examined using the air-drying method. The results show that E. japonica and E. sinensis have the
| same number of chromosomes (2n = 146, n = 73), which means that the number of chromosomes
| cannot be used as a criterion to distinguish these two species. Even though observation of the
| chromosomes under the scanning electron microscope was attempted, it was not possible to perform
' karyotype analysis in the two species because centromeres could not be identified in some of the

chromosomes.
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INTRODUCTION

The two species of mitten crabs, Eriocheir sin-
ensis and E. japonica, are commercially impor-
tant aquatic animals in China.
sinensis is distributed in northern and eastern
China, while E.japonica has a broad distribu-
tion from eastern Korea and Japan to southern
China.

In recent years, there has been debate from
various perspectives on the question of whether
the mitten crabs E. japonica and E. sinensis should
be considered as two different species. Based on
the fact that E. japonca shares many apomorphic
and morphological characters with E. sinensis, Dai
claimed that E.japonica was probably only a
subspecies of E. sinensis.* Li etal. compared the
morphometric and biochemical variations of
E. sinensis and E. japonica populations.® They sug-
gested that the morphological differences among
the mitten crabs in southern (i.e. E. japonica) and
northern (i.e. E. sinensis) China might be eco-
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phenotypic and synonymized E. sinensis with
E. japonica. Furthermore, it has been shown that
E. sinensis and E. japonica can mate and produce
hybrid offspring.**

However, in other studies based on morphomet-
ric, isozyme, rapid amplified polymorphic DNA
analysis and cytochrome oxidase subunit I
sequences analysis distinct differences were
detected between the southern (i.e. E.japonica)
and northern (i.e. E. sinensis) populations.®!!

Cytogenetical studies provide us with funda-
mental information for examining the taxo-
nomic status of these two species. It has been
reported that the number of chromosomes in
E. japonica differs from that in E. sinensis.
In E. japonica, it is 2n= 148, n="74," whereas in
E.sinensis it is 2n=146, n=73." These data
suggest that E. japonica and E.sinensis are
different species.

Nevertheless, the chromosome number of

E. japonica was obtained by the method of paraffin
section in 1937. This classical gonad (testis)
sectioning method is now known to be an un-
reliable method for determining the number of
chromosomes.

In the present study we re-examine the number
of chromosomes in E.japonica and E. sinensis
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using a reliable method (i.e. the air-drying

method).'*!°
MATERIALS AND METHODS

Adult specimens of Japanese mitten crabs were
collected from Shizuoka Prefecture (Hamanako
Lake) in Japan, and specimens of Chinese mitten
crabs were imported from Shanghai, China, both
in October 1997. Based on their different taxo-
nomic characters,"'” specimens from Japan and
China were recognized as E.japonica and
E. sinensis, respectively. The animals were reared in
a closed circulating system (50% seawater) at 20°C.

The operations of the chromosome observa-
tions were processed as follows.

(1) Male adult crabs were injected with col-
chicine solution intramuscularly at 1ug
colchicine : 1 g body weight twice at an interval of
24 h.

(2) After a 48 h treatment of colchicine, the ani-
mals were dissected. Their testes were taken out,
and pieces of testis tissues were placed in distilled
water or 0.001% sodium citric acid solution for
hypotonic treatment.

(3) Samples of testis tissues were then fixed
in freshly  prepared Carnoy solution
(methanol : acetic acid, 1:1) and rinsed three times
with Carnoy solution, each lasting 10 min, resus-
pending the tissues at each change.

(4) Fixed testis tissues were chopped into paste
using a chopping machine'® on a slide glass coated
with silicone. The paste was filtered through a net
(mesh size: 200 um x 100 um). The cells of the tes-
tes were then rinsed three times by centrifugal sep-
aration (1500 xg, 5 min each time). Afterwards, the
supernatant was decanted, new Carnoy solution
was added, and the cells of the testis were
resuspended.

(5) Two to three drops of the suspension of the
cells were put on a slide glass and were inflamed
immediately.

(6) After the slides were air-dried, they were
stained for 15-20 min with Giemsa staining solu-
tion diluted with phosphate buffer (pH 6.8). The
slides were then rinsed three times with distilled
water within 1 min and then the slides were
air-dried again.

(7) The symmetrically well-spread metaphase
chromosome plates were observed and photo-
micrographed with a light microscope (Olympus
BH-2; Olympus Optical, Tokyo, Japan).

(8) Slides were coated with platinum (8-9 nm
thick) using an ion sputter (JEOL JFC-1100; JEOL,
Tokyo, Japan) for scanning electron microscope
(Hitachi S-2300; Hitachi, Tokyo, Japan) observa-
tions and photomicrography.
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Table 1  Eriocheir japonica and E. sinensis MMC, CN,
and percentage obtained from testes

E. japonica E. sinensis

MMC % MMC % CN
0 0.00 1 119 65
1 1.05 1 119 66
0 0.00 2 238 67
1 1.05 3 357 69
3 3.16 2 238 70
7 7.37 0 0.00 71
10 10.53 4 476 72
63 66.32 55 6548 73
6 6.31 6 715 74
4 4.21 5 595 75
0 0.00 1 119 7
0 0.00 3 357 77
0 0.00 1 119 78
Total 95 100.00 84 100.00

MMC, meiotic metaphase cells; CN, chromosome number.
" Modal haploid chromosome number (n=73)

Fig.1 Metaphase chromosomes obtained from testes
of Eriocheir japonica. (a) Meiotic chromosomes; (b)
mitotic chromosomes. Bars= 10 um.
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Fig.2 Metaphase chromosomes obtained from testes
of Eriocheir sinensis. (a) Meiotic chromosomes; (b)
mitotic chromosomes. Bars= 10 pum.

Table 2 Eriocheir japonica and E. sinensis MMC, CN,
and percentage obtained from testes

E. japonica E. sinensis
MMC % MMC % CN
1 323 0 0.00 130
L 3.23 0 0.00 136
1 3.23 0 0.00 137
1 3.23 0 0.00 138
1 3.23 1 4.17 141 Fig.3 Meiotic metaphase chromosomes obtained from
1 3.23 0 0.00 142 testes of Eriocheir japonica and photomicrographed
1 3.23 1 4.17 143 with a light microscope and a scanning electron micro-
1 3.23 2 8.33 144 scope. In some of the chromosomes, centromeres could
2 6.40 2 8.33 145 not be identified. (a) Light microscope (bar=10um);
18 58.07 15 62.50 146" (b) scanning electron microscope (bar=20um); (c)
1 5.28 2 8.33 149 scanning electron microscope (bar=>5 um).
1 3:28 0 0.00 151
1 3.23 0 0.00 152
0.00 1 4.17 155
Total 31 100.00 24 100.00

MMC, mitotic metaphase cells; CN, chromosome number.
"Modal diploid chromosome number (2n = 146).




214 FISHERIES SCIENCE T-H Leeet al.

RESULTS AND DISCUSSION

Among the 126 well-spread metaphase chromo-
some set counts obtained from three individuals of
E. japonica, 95 of them were meiotic chromosome
sets and 31 of them were mitotic chromosome sets.
The percentage of the modal haploid and diploid
cells was 66.32% (Table 1) and 58.07% (Table 2),
respectively. Therefore, the haploid chromosome
number (Fig. 1a) and diploid chromosome num-
ber (Fig.1b) were considered to be n=73 and
2n = 146, respectively.

In the case of E. sinensis, 108 well-spread
metaphase chromosome set counts were obtained
from three individuals. Eighty-four of them were
meiotic chromosome sets and 24 of them were
mitotic chromosome sets. The percentage of the
modal haploid and diploid cells was 65.48%
(Table 1) and 62.50% (Table 2), respectively. There-
fore, the haploid chromosome number (Fig.2a)
and diploid chromosome number (Fig. 2b) were
considered to be n=73 and 2n = 146, respectively.

Based on these findings, we concluded that
E. japonica and E. sinensis have the same number
of haploid (n=73) and diploid (2n = 146) chromo-
somes. We believe that the difference between the
number of chromosomes reported in Niiyama’s
study'? and that found in the present study is due
to the reliability of the methods rather than the
materials being used, because the crabs used in
Niiyama’s study'* and those in the present study
were both from the same prefecture in Japan. Our
study shows that E. japonica and E. sinensis have
the same number of chromosomes, which means
that the number of chromosomes cannot be used
as a criterion to distinguish these two species.

Even though we attempted to observe the chro-
mosomes under the scanning electron microscope
(Fig. 3), we were not able to perform karyotype
analysis in the two species because centromeres
could not be identified in some of the chromo-
somes. Further research is needed for analysis of
the karyotype.
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