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Tab.1 Chromosome numbers of Daphnia carinata
E{E| N PUfE A ZAEK
[tem Diploid Tetraploid Polyploid
Yu SR
RO 16 18 20 22 24 34 36 40 44 72 80 88
Chromosome number
T A R
thILUA 8§ 9 8 13 3l 3 6 38 6 5 12 6
Frequency
A
FIOPR 1% 5.6 6.2 57.6 9.0 21.5 0.6 113 717 113 21.7 522 26.1
Percentage

2.2 [RERIMMEZLBENZE ST

$5 Leven 1A 42 (0, 1A 43 5ot 2, W5 43 B T
10 I SO R4, B A ok B A O,
B 2 AR Y A A T I 10 X Rl e ik, b6

;.,
\x\
7N
7 %

K1 pEZaE gl (x2000)

Fig. 1 ~ Chromosome of metaphase of Daphnia carinata ( x2 000 )

Xt Ry B 22 5 (M) G e fh; 4 X5 0 W R iR 22 5,
(SM) DL 2; BRI 20=20=6M+4SM (& 1,
2,8 2 AR SRR T3 2 YR g S ).

K2 REdis e (R H AR (x 1500 )
Fig. 2 Karyotype pattern of Daphnia carinata ( x 1500 )

x2 BRELRARPHLEENEER

Tab.2 Measurement results of metaphase chromosome of Daphnia carinata n=10; x+=SD
PRy a5 AHXHCE /nm B 2R AREL FeAl
Chromosome number Relative length Arm ratio Centromere index Type
1 14.48+0.21 1.20£0.04 45451145 M
2 14321032 1.01+0.06 49.76£2.75 M
3 14.22£0.26 1.64£0.05 38.00+1.92 M
4 13.92+0.45 1.10+0.18 47.84+0.86 M
5 11.94+0.31 1.71+0.34 31.12£3.21 SM
6 10.84+0.51 1.59£0.03 40.27£2.38 M
7 10.63£0.46 1.1610.03 4727+2.38 M
8 9.63+0.78 2.28+0.27 31.27£0.97 SM
9 9.52+0.21 2.95+0.09 25.10+1.82 SM
10 8.98+0.47 2221045 31.24+143 SM

TE: Hok MO PR 22 e (ufAs; SM ORIl 2 mie (A

Note: “M” for centromere of central section; “SM” for centromere of subcentral section.
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HEBR IS 55 min 2247, ) WL B YL (o AT Lh A 40 B 7
W% 8y, 3E S o 2400 5 BRI 11-7 ), ZHE
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R e CEIRR =12 ), 2 —AN 58 52 AU R o 240 B
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VR B LIk B (0 2 K AL, 5 5 Al
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S T AR AR 040 R, AR S 0 TR 38 A S
PEAT Y A R S3HT , MUMERR HE A T RATROR B 2
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0, HLEP AR SV AT 8 3 SO E e (oAl st
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KCL A BRI BRI TS e, FORNIZ Ak
1A FAR ] e B 48 4 2 A s s £ v 3,

bS] A S (Y e RIS ISP TRIAS JE DU e (o A 5
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Plate I Karyologic observations on the maturation of the summer eggs of Daphnia carinata

1: A short time before the female moults, the chromosomes in the oocytes within the ovary are found at metaphase I ( x2 500 ) ; 2-3: The
chromosomes remain in the stage of metaphase just after the eggs are laid into the brood chamber (0 min ) ( x2 500) ; 4: The anaphase 1
process occurs at 5 min after egg deposition ( X2 500 ) ; 5: The telophase I process occurs at 10 min after egg deposition ( X2 500 ) ; 6: At the
end of telopnase 1( 15 min after egg deposition ), the emission of the polar body takes place ( x 2 500) ; 7: The embryonic chromosomes can be
observed at 50 min after egg deposition ( x2 500 ) ; 8: The embryonic chromosomes can be observed at 70 min after egg deposition ( x 2 500 ) .
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Plate [ Karyologic observations on the maturation of the winter eggs of Daphnia carinata

1-2: The eggs are found in metaphase I (1; the first maturation division ) both at the time of fertilization and of deposition ( x2 500 ) ; 3: Anaphase
I starts at 5 min after egg laying, and after 5 min the separation into dyads with clearly visible chromatids takes place ( x2 500) ; 4: Anaphase I
occurs at 10 min after egg deposition ( x 2 500 ) ; 5: Telophase I and emission of the first polar body occur 20 min after egg deposition
(x2500) ; 6: Forty min after laying the eggs are in metaphase II (II: the second maturation division ), in which 10 chromosomes are

present ( x2500) ; 7: Anaphase Il occurs at 55 min after laying ( x2 500 ) ; 8: Telophase IT occurs at 70 min after laying ( x2 500).
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Plate I Karyologic observations on the maturation of male gonad of Daphnia carinata

1: Prophase I ( x2 500 ) ; 2: Lateral view of metaphase I ( x2 500 ) ; 3: Top view of metaphase 1( x2 500 ) ; 4: Anaphase I( x2 500 ) ;
5: Anaphase I( x2 500 ); 6: Telophase I( x2 500 ); 7: Prophase I1( x2 500 ); 8: Metaphase I1( x2 500); 9: Anaphase I( x2 500 );
10: Telophase 11 (x2500); 11: Telophase I1( x2500) ; 12: The chromosomes of spermalozoon( x2000).
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Karyologic observation on maturation of germ cells of Daphnia (Ctenodaphnia)
carinata

ZHANG Ming-feng"*, ZENG Cuo’, CHEN Yin-shan', ZHAO Yun-long”

(‘1. School of Life Sciences, Fujian Normal University, Fuzhou 350108, China; 2. School of Life Sciences, East China Normal University,
Shanghai 200062, China )

Abstract: Cladoceras, a kind of small aquatic zooplankton, have two kinds of reproduction mode. When in good
habitat condition, they have asexual reproduction; once the habitat condition worsens, have sexual reproduction.
At present, the domestic and overseas scholars do some researches on aspects of population ecology, morphological
genetics, environment toxicology about cladoceras, but the reproductive transformation mechanism for cladoceras is
still unknown. In this study a fresh water common species-Daphnia ( Ctenodaphnia ) carinata was used as the research
object. Using the processing of 0.05% colchicine, a low permeability of 0.75% KClI, fixation of Carnoy’ s liquid,
treatment of Glacial acetic acid 60% and cold drop from high level, karyotype analysis and chromosome number of D.
carinata were performed. The karyotype analysis of parthenogenetic and sexual reproduction eggs were compared by
treatment with Carnoy’ s liquid fixation, phenol magenta, and direct compression method. Based on these analysis, we
tried to clarify the reproductive development rules and mechanisms of cladoceras, for realizing the artificial regulation
of reproductive development. Results showed that the chromosome number of this species was n=10,2n=20, and that
of 6 of these group metacentric,4 sub-metacentric. The karyotype formula of 2n=20=6M+4SM was suggested. The
cytological study of the maturation of parthenogenetic and sexual reproduction eggs of D. carinata has shown that the
parthenogenetic reproduction eggs undergo only one maturation division of equational type. But for a regular course
of maturation, the sexual reproduction eggs must be fertilized. The sexual reproduction eggs undergo two maturation
divisions. Anaphase | started some minutes after laying and emission of the first polar body occur 20 min after egg
deposition into the ephippium. Anaphase Il occurs about 40 min after laying. A brief telophase follows, we presumed
the second polar body was expulsed, but we did not observed it directly. The sexual reproduction eggs were therefore
amphigonic and follow the general scheme of meiosis, with reduction from 2n to n. The spermatogenic process of the
D. carinata also endured two cleavage division: meiosis and mitosis, resulting in reduction from 2n to n. Karyotype
analysis showed D. carinata has 20 chromosomes, just like most of species of Daphnia ( Ctenodaphnia ), which further
verified D. carinata belonged to the classification of Daphnia ( Ctenodaphnia ). Compared with the karyotype analysis
of parthenogenetic and sexual reproduction eggs, parthenogenetic eggs only went through a mature division, which did
not need fertilization and new individual could be developed. While in sexual reproduction conditions, the female and
male must go through two mature divisions and expulsed haploid sperm or eggs, then finally form diploid fertilized eggs.
The modes of parthenogentic and sexual reproduction of D. carinata might be the adaptable strategies to the changeable
environment in the long-term evolution process, and also might be a transitional type from the lower animals to the
higher animals in nature. [Journal of Fishery Sciences of China,2009,16 (6): 868-877]
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