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Tab.1 Male Holothuria scabra samples collected at different times and the water quality index at the sampling location
/- - / /g /C
2013-11-03 2 31.149.3 27 26
2013-12-08 2 81.0+6.7 25 29
2014-01-07 2 80.345.1 20 26
2014-03-02 2 126.5+20.5 23 29
2014-03-21 2 125.2+32.4 24 29
2014-04-25 2 131.6+10.7 28 26
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Fig. 1 Transmission electron micrographs of spermatogenesis and sperm morphology in sea cucumber, Holothuria scabra
1-1. : Bm. , N. , Ch. , Dg. , M. ( ); 1-2, 1-3. . G. ;
1-4, 1-5, 1-6. . F. 3 1-7. ; 1-8, 1-9. : Pav. , Npf. , F. ; 1-10.

: Ac. , Pam. , Agm. , V. , Pm. 5 1-11. : Pc. , Dc. 5 1-12.

: De. ; 1-13.
1-1. Longitudinal section of spermatogonia: Bm. basement membrane, N. nucleus, Dg. dense granule, Ch. chromatin, M. mitochondria (same
below); 1-2 and 1-3. Longitudinal section of primary spermatocytes: G. Golgi complex; 1-4, 1-5, and 1-6. Longitudinal section of secondary spermatocyte:
F. flagellum; 1-7. Longitudinal section of conjoined phenomenon; 1-8 and 1-9. Longitudinal section of early spermatid: Pav. preacrosomal vesicle, Npf. nuclear
posterior fossa, F. flagellum; 1-10. Longitudinal section of the mid-spermatid: Ac. acrosome, Pam. periacrosomal material, Agm. acrosomal
granule member, V. vesicle, Pm. plasma membrane; 1-11. Longitudinal section of secondary spermatocyte, Pc. proximal centriole, Dc. distal
centriole; 1-12. Cross-section of mid-piece: Dc. distal centriole; 1-13. Longitudinal section of flagellum

( 1-1, 1-2, 1-3) (- ”) , 2.6~3.0 pm,
2.2.2 2.6~2.4 pm; ) 2.0~
2.2 pm, 1.8~2.0 pm, s
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Fig. 2 Scanning electron micrographs of spermatogenesis and sperm morphology in sea cucumber, Holothuria scabra
2-1,2-2,2-3,2-4. : Bm. , Sg. ; Ps. ; Ss. ; S. ; F. 3 ( );
2-5. : Ac. , H. , Mp. 5 2-6. : Ac.

2-1, 2-2, 2-3, and 2-4. different stages of spermatogenesis: Bm. basement membrane, Sg. spermatogonia, Ps. primary spermatocytes, Ss. secondary
spermatocyte, S. spermatozoon; F. flagellum (same below): 2-5. early spermatid: Ac. acrosome, H. head, Mp. mid-piece; 2-6. spermatozoon:
Ac. acrosome
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Fig. 3 Light microscopic photographs of spermatogenesis
in sea cucumber, Holothuria scabra
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;S s F.
Longitudinal section of male gonad: Bm. basement membrane; Sg. sper-

matogonia; Ps. spermatocytes; Ss. secondary spermatocytes; S. sper-
matozoon; F. flagellum

[12]

Tyurin ,
[15]
[8]
; (Roweia ste-
phensont) (Holothuria cinerascens)!'"

[15] [8] [13-14]

(Tegillarca
[16] [17]

granosa) (Pinctada maxima)

[18]

(Chlamys farreri) (Haliotis discus

hannai)"”! ,

[15]

Popham!*”’ ,

Marine Sciences / Vol. 40, No. 5/2016 53



e IRkE REPOATS

[21]

( )
[15] . ..
, (Cucumaria mini-
ata)!"” [13-14]
[22]
“9+2” s S
2 ) [13-14]
269+2’7 s
, 2 Atwood
[9] 3 , c‘9+3,’

3.2 0N e B AR E SR T RAK R
A2 4945 A

(Cyclina sinensis)?!

(Ruditapes philippinarum)*"

(Babylonia formosae)[zs] (Bullacta ex-
arata)?®
) ( )
, (Macrobrachium nip-
ponense)t?”! ,
[13-14]

54 /2016

Bst: RS BRFERHEERE, MRAANERE T M
BB B,

[1] . [M]. : , 1997:
115-117.
Liao Yulin. The faunal monographs of China[M]. Bei-
jing: Science Press, 1997: 115-117.

[2] Conand C, Byrne M. A review of recent developments
in the world sea cucumber fisheries[J]. Mar Fish Rev,
1993, 55: 1-13.

[3] Beni G D, Grisida 1. Australia’s first commercial sea
cucumber culture and sea ranching project in Hervey
Bay, Queensland, Australia [J]. SPC Beche-de-mer
Information Bulletin, 2005, 21:29-31.

[4] , , , .

[J]. , 2011, 7(1): 40-44.
Yang Xueming, Zhang Li, Li Youning, et al. Primary
test on artifical spawning induction and larvae rearing
of Holothuria scabra[J]. South China Fisheries Science,
2011, 7(1): 40-44.

(5] ; , .

[J1. , 2011, 3(1):

111-114.
Chen Shuichun, Mao Haifeng, Cao Junming, et al.
Advances in reproductive biology and artificial
breeding of Holothuria scabra[J], Guangdong Agricultural
Sciences, 2011, 3(1): 111-114.

[6] , , , .

[J1. , 2009, 16(1): 8-14.

Ye Sulan, Wu Changwen, Fu Zhengwei, et al.
Ultrastructure of spermatozoa in Sepiella maindroni[J].
Journal of Fishery Sciences of China, 2009, 16(1):
8-14.

[7] Atwood D G, Chia F S. Fine structure of an unusual



[10]

[11]

[12]

[14]

[17]

e IRkE REPOATS

spermatozoon of a brooding sea cucumber, Cucumaria
lubrica [J]. Journal of Zoology, 1973, 52(4): 519-523.

Atwood D G. Fine
spermatocytes, and spermatids of the sea cucumbers

structure of spermatognia,

Cucumaria  lubrica  and  Leptosynapta  clarki
(Echinodermata: Holothuroidea)[J]. Journal of Zoology,
1974, 52(11): 1389-1396.

Atwood D G. Fine structure of an elongated dorso-
ventrally compressed echinoderm(Holothuroidea) sper-
matozoon[J]. Journal of Morphology, 1975, 145(2): 189-208.
Chia F S, Atwood D, Crawford B. Comparative
morphology of echinoderm sperm and possible
phylogenetic[J]. Implications Integrative and Comparative
Biology, 1975, 15(3): 533-565.

Hodgson A N, Bernard R T F. Spermatozoon structure
of South African Holothurians

1992,

of eight species
(Echinodermata)[J].
211(2): 179-186.
Tyurin S A, Drozdov A L. Spermatozoon ultrastructure

Journal of Morphology,

of two holothurian species of the genus Cucumaria
(Dendrochirotida, Holothuroidea ) from the sea of
Japan[J]. Russian Journal of Marine Biology, 2001, 28
(1): 61-64.
[J1. , 2006, 27(3): 26-31.

Pang Zhenguo, Sun Huiling, Yan Jingping, et al.
Ultrastructural studies on spermatogenesis of sea
cucumber Apostichopus japonicus[J]. Maring Fisheries
Research, 2006, 27(3): 26-31.

[J1. , 2009, 24 ( 1):
73-76.
Yao Hongwei, Song Guannan, Guo Jin, et al
Morphology and ultrastructure of the spermatozoon in
sea cucumber Apostichopus japonicus[J]. Journal of

Dalian Fisheries University, 2009, 24(S1): 73-76.

7. , 2012, 47(5): 66-73.
Peng Weida, Jin Chunhua, Su Xiurong, et al.
Spermatogenesis and sperm morphology of sea

cucumber Acaudina leucoproctal[J]. Chinese Journal of
Zoology, 2012, 47(5): 66-73.

[11. , 2000, 24(4): 297-302.
Sun Huiling, Fang Jianguang, Wang qingyin, et al.
Ultrastructure of the spermatozoon of Tegillaca

granosa[J]. Journal of Fisheries of China, 2000, 24(4):
297-302.
(1.
( ), 1996, 42(2): 219-224 .
Du Xiaodong. Studies on the ultrastructural changes in

[19]

[23]

[25]

[26]

spermatogenesis of Pinctada maxima Jameson[J].
Journal of Wuhan University(Natural Science Edition),
1996, 42(2): 219-224 .

] (
28(3): 387-392.
Ren Sulian, Wang Rucai, Wang Dexiu. Ultrastructure of

), 1998,

spermatozoon of the chlamys farreri[J].Journal of

Ocean University of Qingdao, 1998, 28(3): 387-392.

(Haliotis discus
, 1998,

b b} b

hannat) [J].
28(2): 283-287.
Bao Zhenmin, Hu Jingjie, Jiang Ming, et al.
Ultrstructure of the spermatozoa of the abalone
(Haliotis  disc ushannai)[J]. Journal
University of Qingdao, 1998, 28(2): 284-287.

Popham J D. Comparative spermatozoon morphology

of Ocean

and bivalve phylogeny[J]. Malacological Review, 1979,
12 (1): 1-20.
[D].
,2008: 15.
Wu Yingying. Spermatogensis and fertilization process
of Cynoglossus semilaevis Gunthe[D]. Qingdao: Ocean
University of China, 2008: 15.

[11. ( ), 2003, 30(6): 681-686.
Zhu Junquan, Yang Wanxi, Zhang Haiqi.Reproductive
evolutionary characteristics of spermatozoa in Barbatia
virescens[J]. Journal of Zhejiang University ( Science
Edition) , 2003, 30(6): 681- 686.

, . [J1.
, 1991, 13(4): 547-551.
Zeng Zhinan, Li Fuxue. Ultrastructure of sperm cells
differentiation in Cyclina sinensis[J]. Acta Oceanologica
Sinica, 1991, 13(4): 547-551.
[J1. , 2004, 39(2): 26-32.
Dai Rao Chen

Ultrastructural studies on spermatozoon and sperma-

Peifang, Xiaozhen, Yinshan.

togenesis of Ruditapes philippinarum[J]. Chinese
Journal of Zoology, 2004, 39(2): 26-32.
[ , 1992, 38(3): 233-238.

Ke Caihuan, Li Fuxue. U ltrastructural studies on
spermatogenesis and sperm mrphoology of Babylonia
formosae(Sowerby) (Gastropoda)[J]. Acta Zoologica
Sinica, 1992, 38(3): 233-238.

[J1. , 2002, 23(5): 400-404.
Ying Xueping, Jiang Naicheng, Yang Wanxi. Ultra-
structural studies on spermatogenesis of Bullacta ex-

Marine Sciences / Vol. 40, No. 5/2016 55



e IRkE REPOATS

arata (Philippi)[J]. Zoological Research, 2002 , 23(5): Yang Wanxi, Du Nanshan, Lai Wei. Changes of golgi

400-404. apparantus during spermatogenesis of Macrobrachium

[27] , , . nipponensel[J]. Acta Zoologica Sinica, 1988, 44(4):
[ , 1984, 44(4): 377-383. 377-383.

Spermatogenesis and sperm morphology of sea cucumber,
Holothuria scabra

YANG Xue-ming', WU Ming-can?, ZHANG Li', YANG Qiong", PAN Ying?,
CHEN Fu-yan'

(1. Mariculture Lab of Guangxi Academy of Fishery Sciences, Nanning 530021, China; 2. College of Animal
Science and Technology, Guangxi University, Nanning 530004, China)

Received: Dec. 19, 2014
Key words: Holothuria scabra; spermatogenesis; morphology; ultrastructure

Abstract: The wild sea cucumber, Holothuria scabra, was sampled monthly at Hainan Island from November
2014 to April 2015 to understand spermatogenesis and sperm ultrastructure. The testis were removed and fixed
in situ to prepare histological sections. The sections were observed under a scanning electron microscope, a
transmission electron microscope, and a light microscope. The results showed that spermatogenesis in H. scabra
included five stages of spermatogonium, primary spermatocyte, secondary spermatocyte, spermatid and
spermatozoon. Differentiation of spermatids was subdivided into three stages of early spermatid (formation of
the proacrosomal vesicle at the front of the nucleus), mid-spermatid (periacrosomal material in the acrosomal
cavity), late spermatid (cytoplasm shrinking and formation of flagellum) and spermatozoon. The mature
spermatozoon was flagellated, approximately 60 um long, and consisted of a head, mid-piece and tail. The
head was spherical, and the acrosome was a U-shaped cystid. The periacrosomal material space was crescent
shaped, and the chromatin in the acrosome was condensed into a nucleus. Large mitochondria and the centriole
complex were located in the mid-piece of the spermatozoon, and the flagellum in the tail had the typical “9 +
2” microtubular structure. These results will provide a theoretical reference for reproductive biology and

artificial breeding of the sea cucumber.

(R Xthih: T H)

56 /2016 / 40 / 5



