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Tab.1 Breeding season of some kinds of Palaemonoidea
Spesies /C
pecies Areas Breeding season Breeding peak season Temperature
8 4 —9 5—6 .8 21 ~34
. o 4 —9 6 8 17 ~32
M. nipponense
10 4 —9 6 .8 21 ~32
1 4—I11 5—8 24 ~30
M. rosenbergii 12 2—7 — —
13 3—10 5—8 -
- 14 4—10 5—6 89 12.5~26.8 1
E. carinicauda
16 5—9 6 .8 -
17 4 —9 6 .8 18 ~32
E. modestus 18 4 —9 —6 17 ~34
19 2—12 2— .8 13 ~21
P. gravieri 20 2—4 4 —

Tab.2 Comparison of spawning number and egg diameter of Palaemonoidea and other families

Species / Spawning number /mm Egg diameter
Macrobrachium nipponense 382 ~3 055 % 0.60. 0.75 %
2 Macrobrachium rosenbergii 4.6 ~8.8 0.50 ~0.60
» Exopalaemon carinicauda 800 ~2 000 0.49 ~0.56. 0.64~0.73
18 Exopalaemon modestus 31 ~294 1.11 ~1.32
2 palaemon gravieri 220 ~3 162 0.30
% Macrobrachium hainanense 1 200 ~2 000 0.45~0.58
3 Penaeus monodon 50 ~80 0.23 ~0.26
31 Litopenaeus vannamei 13.61 ~26.52 0.25~0.27
Procambarus clarkii 300 ~700 2.00 *
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3

Tab.3 Sex ratio of some important economic kinds of Palaemonidea

Species Data sources Sex ratio Average sex ratio Time
z 0.58 ~3.33 1.48 5—7
M. nipponense 8 0.45 ~5.65 0.80
2 1.10 ~5.78 2.263 4—I10
M. rosenbergii 3 1.15~1.59 — 4—10
3 0.89~1.63 1.12 11 — 10
E. carinicauda 21 0.87 ~1.59 111
18 1.11 ~2.36 1.46 1 — 10
E. modestus o 0.72~2.76 1.38 1 — 1
0.73 ~3.47 1.41
P. gravieri 19 1.083 ~4.700 — 1—12
5 o
2.2
o 2.2.1
2.1 44 -45
2.1.1
47 ( 1) R
36
1 2
«0 ” 45
36 ( M
38 .
asperulum) o ;
39 -40 46
( Parapenaeopsis hardwickii) *' o
© ( Procambarus Hoe
clarkii) ¥ o 2.2.2
2.1.2
48 —49
e
15 5 40 .
4 4. 3 *
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Tab.4 Ovarian development stages and characteristics of three species of Palaemonidae

Species Stage mames Colors Size or relative distribution Internal structure Features

Cell proliferation stage

Slow growth stage g 173

42

M. nipponense  Rapid growth stage

Approaching mature
and mature stage

Convalescence —

Undeveloped stage

Early developmental

stage
15

E. carinicauda Middle and late
developmental stage

Mature stage

Convalescence
0  Stage 0
1 JR—
The first stage
40 ;
M. rosenbergii 2 —
o € The second stage
3

The third stage

53

Tab.5 Spermatophore formation of three species of Palaemonidae

1

Speci Position of Structure of early Position of complete ~ Complete spermatophore
Species X . ' .
P spermatophore formation spermatophore spermatophore formation structure
0 M. rosenbergii
4 E. carinicauda 2
> E. modestus 2
1 .2,
M
Note: ' The appearance of spermatophore wall is the sign of spermatophore formation; >: Ampulla and terminal vas deferens are the same part

this part is called ampulla in M. rosenbergii and E. carinicauda while in E. modestus it is called terminal vas deferens
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1 45(A)\ 44(B)\ 46(C)\ 47(D)
Fig 1 Male reproductive system of M. nipponense * (A) E. carinicauda * ( B)

E. modestus * ( C) and Fenneropenaeus chinensis ¥ (D)

. 28 ;38 4 ;58 ;6! V7 . B.T: , FVD:

; PVD: ; EVD: . C.1: 28 3 4 5 ;6!
. D.1: 2! 3 14

07

» MVD:

Note: A. 1: connective tissue of mesentery; 2. spermary; 3: anterior spermatic duct; 4: middle spermatic duct; 5: posterior spermatic duct; 6:
ampulla; 7: male gonopores. B. T: testis; FVD: anterior vas deferens; MVD: middle vas deferens; PVD: posterior spermatic duct; EVD:
terminal ampulla. C. 1: connective tissue of mesentery; 2. spermary; 3: anterior spermatic duct; 4: middle spermatic duct; 5: posterior spermatic

duct; 6: terminal spermatic duct; 7: male gonopores. D. 1: hepatopancreas; 2: spermary; 3: spermatic duct; 4: seminal vesicle

3.1 ;

13

256

51 53

12
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[13 ”»

3.2

7 51-56
6
Tab.6 Stages of embryonic development
51 52-53 54
Developmental stages M. rosenbergii M. rosenbergii E. carinicauda

] J—

2 2

3

4

5 16

6 32

7

8

9

10

11

12

7 N N
Tab.7 Cleavage patterns of Palaemonidae Penaeidae and Cambaridae
Species Egg types Blastocyst cavity appearance Cleavage type

51

Macrobrachium rosenbergit
53
Palaemonoidea Macrobrachium rosenbergii
54
Exopalaemon carinicauda
55
Marsupenaeus japonicus
Penaeidae 56

Fenneropenaeus chinensis
34

Cambaridae Procambarus clarkii
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7 . 16 ~36°C
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67 68 69
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36
75( 4 .,
) 71
10 ~14 @ 0 ~40
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58 . 73 74
(2 ~30)
o N 15 20
8 58 -62
2 o
60 - 61 pH
6
60 , pH 69 75 .
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3.4
~ ~ o pH
63 - 66
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Tab.8 Larval development of Palaemonidae
/ /d
Shecies Nutrition source for larvae Times of molting in Time required for
pecies larval development larval development
M. nipponense 9~14 38 24 ~32
M. rosenbergii . I I 11 25
' 6 % 12
E. carinicauda ; ol
m 5 10 ~11

P. gravier 11 ¢ 22
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Tab.9 Regulation genes related to reproduction of Palaemonidae

Biological process Names Species Expression difference Functions

() %

Gametocyte—specific factorl ~ Gtsfl

91 >
SUMO-conjugating enzyme Ubc9
Gonadal
development 92
Gonad-inhibiting hormone GIH
93 95 91
Gonadotropin—releasing hormone GnRH o4 %2 93
82
Feminizationd Fem-
96 N
Insulindike androgenic gland 1AG
Sox E
Subgroup E within the sox family o7
of transcription factors Sox E
12 83
Sex Forkhead box protein 12 Foxl 2
differentiation
98
Gonad-inhibiting hormone GIH
ATP RNA vasa 84
ATP-dependent RNA %
helicase vasa-ike vasa
Kazal
Male reproduction—related pepti dase 100
inhibitor Kazal-ype MRPINK
85
Ecdysteroid receptor EcR
. 2
Embryonic and WNT 4 86
larval WNT family member 4 WNT4
development
87
Trypsase TRY
X 101
Retinoid X receptor EcRXR
102
Myostatin - MSTN
103
Molting Adenine nucleotide translocase ANT
process
104
M. nipponense cuticle proteins MnCPs
105 . ’
Chitin synthas Chs
106
Prophenoloxidase  proPO
Immune
defence
107

Hemocyanin
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Research progress on reproductive biology of important
economic shrimps of Palaemonoidea

HU Runhao' > SHI Wenjun®® WANG Pan'?> WAN Xihe’
SHEN Hui® LI Hui’® WANG Libao> YANG Zeyu® WU Xugan'
(1. National Demonstration Center for Experimental Fisheries Science Education Shanghai Ocean University
Shanghai 201306 China; 2. Jiangsu Institute of Oceanology and Marine Fisheries Nantong Jiangsu 226007 China;
3. Yantai Institute of Coastal Zone Research Chinese Academy of Shandong Sciences Yaniai Shandong 264003 China )

Abstract: Palaemonoidea is one of the most important economic shrimps in China belonging to Caridea
Decapoda Crustacea. Reproductive biology mainly focuses on the information related to species reproduction
especially to shrimp artificial breeding. At present Macrobrachium rosenbergii  Macrobrachium nipponense
and Exopalaemon carinicauda have been comprehensively studied and cultured on a large scale. There are
still a large number of species to be explored in Palaemonoidea such as Palaemon gravieri Macrobrachium
hainanense Exopalaemon modestus and Exopalaemon annandalet etc. The purpose of this review is to
understand the common and unique reproductive habits of species of Palaemonidae and to compare the
differences and similarities of reproductive habits between Penaeidae Cambarus and Palaemonidae as the
results might provide a scientific basis for the follow-up study of species of Palaemonoidea. We found that
shrimps of Palaemonoidea had a long reproductive period usually from April to October and there were
usually more than one active reproductive period during the reproductive season. They were able to be
sexually mature multiple times during the breeding period and participate in reproduction. And they had
generally higher sex ratio( usually higher than 1)  which ensured the ability of the groups to breed the next
generation. In conclusion the species of Palaemonoidea had strong fecundity. The female reproductive system
of species of Palaemonoidea showed no obvious similarity according to the existing research data. On the
contrary we found that the gonad structure of some species of Palaemonoidea was similar to that of other
families. By summarizing and analyzing various viewpoints we designed a method for the division of
embryonic development period which might be more reasonable and scientific. There were eight stages in the
embryonic development of Palaemonoidea shrimp which were fertilized egg stage cleavage stage blastocyst
stage gastrula stage pre nauplius stage post nauplius stage pro zoea stage and intramembranous zoea
stage. After eight periods of development the larvae hatched from the mother. Due to the weak motility and
predation ability of early larvae the residual yolk was the main source of nutrition. Then the movement ability
and predation ability of the larvae gradually formed and improved and they could start to filter and feed on all
kinds of algae. The whole development process was affected by many environmental factors such as
temperature salinity and pH value. In addition a variety of genes have been found to participate in the
reproductive process of species of Palaemonoidea. Among these genes related to gonadogenesis sexual
differentiation development of embryo and larvae molt immunity process have been reported and these
genes play important roles in reproduction by affecting group sex ratio survival rate and growth rate of embryo
larvae.

Keywords: Palaemonoidea; reproductive biology; gonadal development; embryonic and larval development



