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Tab.1 Breeding season of some kinds of Palaemonoidea
3K Speci Hi X BN BRI Y/ C
7% wpeaies Areas Breeding season Breeding peak season Temperature
- IR 4 Jtg—9 A ehty 5—6 H.8H 21 ~34
M Ej‘;{isn;se it 4 A Fa—9 A TH 6 H.8H 17 ~32
' ' 2 il 4 Jpt—9 fl iy 6 1.8 A 20 ~32
% G r‘ﬁ’fiﬁ"j[“] 4—I11 H 5—8 H 24 ~30
M. rosenbergii A TR iy L2 2—7 H — -
g 3—10 A 5—8 A —
Lista) *EHE)‘?”T?E[”] 4—10 A 5—6 J1 8—9 1 B 12.5 ~26. 8115
E. carinicauda fh > = 7 : :
(CE AN R 5—9 A 61.8H1 —
75 F1UF PN/ 4 A F—9 ATH 61 .8A 18 ~32
E modestus okt 4 A9 AT 4 Jirt—6 g 1734
BRKEIF  ARlmigegss 2—12 A 2—5 A8 A 13 ~21
P. gravieri T s 20 2—4 A 4 f _

*x2

KEIRERES B RHERE I ER IPEXTLE

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

Fh2& Species

7P/ L Spawning number P E A2/ mm Ege diameter

H ZYBUF Macrobrachium nipponense
B TR IR Macrobrachium rosenbergii
I R e Hp Exopalaemon carinicauda

KRR EHIE !
Pt F5 1 (iRt Exopalaemon modestus
I K"E)’*H{me Palaemon gravieri
R TR R Macrobrachium hainanense
. BEA5 X R0 Penaeus monodon
XTHRRE

JLAR XTI (31] Litopenaeus vannamei

FEMFR) oL QR MR Procambarus clarkii

382 ~3 0551/ 525060 K25 0.751)

4.6 77 ~8.8 7 0.50 ~0.60

800 ~2 000 55 0.49 ~0.56 4 0.64 ~0.73
31 ~294 1.11~1.32

220 ~3 162 £70.30

1 200 ~2 000 0.45 ~0.58

50 75 ~80 7 0.23 ~0.26

13.61 J7 ~26.52 Jf 0.25~0.27
300 ~70032] 2.003%
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Tab.3 Sex ratio of some important economic kinds of Palaemonidea

Fik Species B U5 P He AL RElcRd 0 s ]
opecies . . .
Data sources Sex ratio Average sex ratio Time
e et 0.58 ~3.33 1.48 5—7 H
HZYBUF M. nipponense iy s 0.45 ~5.65 0.80 A
i 2 1.10~5.78 2.263 4—10 A
B ETBHER M. rosenbergii iy g (28 1.15~1.59 — 4—10
- N Ky 37 0.89 ~1.63 1.12 11 A—W&4 10 f
HEEEF E. carinicauda Kegrr 0.87 ~1.59 11 N
=gk S 1.11~2.36 1.46 11 A—&4E 10 A
F5 N IR E. modestus H i 0.72~2.76 1.38
9] a~ — W
A Ditibe 0.73 ~3.47 1.41 SRS N
WIRKIEER P, gravieri RGBT R 1.083 ~4.700 — 1—I12 A

T R A2 (8] F 8 BEROR, 5 SO S0 B 3h
PRI, Tt 37 77 B ) 1) 0 s 1) 25 B2 /S Bl e it
BB o

2 HBEARZRE

2.1 BEMEERS
2.1.1 SpHAHRAEMN

K IR MENE A 58 3R G0 2H LA AR B, B8
YR S5 R B[R R Z B AF A —E 22 57,
FERHUE OS2 A W B HRE
RIS T IX Fh 4t 1 22 S AT BE-S 200 532 ) 1) 4R 18
e VPR AR B AR G 1 X B S 2 AR
ZH A, BEA B BL R O7 F B i S v AL A TR,
HaE] B B — A 2 BRUY, 5O R W IF (M
asperulum ) "** G GLAHADL, B G VH MR O L A7 A
L RFOR, B AT 5 o B, OSN3 A
A O A 5 2 B AL E T 5 0 R X
( Parapenaeopsis hardwickii) "' 5L AL, H A8
BN B 55 S B , i s I 2, I s B30 6, T 8
XFL RS = o TE SR S I A5 A — A5 T
TR 00, 5 TR R 2 IR ( Procambarus
clarkii) "' B BLEEHAEAL
2.1.2 PREF

WFFEN G T AR IR 5L €, /N BORE XA
B T P O A S DK AR TR A R R
FF B0 S % 75 4 5 AN, B LG R
AIOR B 7 500 4 NI, Wk 40 B4 3 Mk
RS O S I AR A5, B A R RO

S5 A KA RHI R R 7 A 44 5 A B
2.2 HEMEERSE
2.2.1 MM AERGLEH

KA AR HEE A= 5 R G HIE TS T AR P e
W SLAEH NG T 2R D5 B AR A M A
G ZR G0 EE R SRR A AL B g xS
VEAEBH 2R GEA7 76 W A0 22 e, BOAT 0 WA 8 IR 4
3K P S5 A TEAEAE XS R AR R g R E
PEFST (1) o RESLPY O RO R N L
BE AT JE R A9 AR b RRIAE BE B BRI, A=
K b AN 2R IR A, 2 223 3, —
A D AR M K RS [RD B B 8 M A SR A i, T
AR — KB AR N RS T R R
A TR A5 A8 , AT LAGRAIEAE B0 BF ) P9 7 A K
i JIEAS 5 AN [ DX BERORS 1 19 K AR AN TR A 18
AR BHAT REAE B 3] A IR RAS I 3t 7 A 0
SR T A A MR BT 2 BT KR
URIHTRS A R I I R O A ML, LAY J2= 3 ml LA
B A BB R T BOREIE, (R AR B LA 2
RETESTRG I 25 7 FIr s 1 0 i, LA F T BB T
XU AR 6 A S BRS RURPARG O S Dy
2.2.2 HTARE

KA IRT e B3R, b S oo 11 |
R B A AE AT RS SERELL I 0 LI
FRPHE i T2 2 PR I R i, Eh A b e 73
FHZ WA RS T A SN 5 Bl e o A B B o0 i
T BURGIERE | B 28 72 /R SERORG 3 0 HASTR IR
R AR F5 0 IR IO S R R S
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Tab.4 Ovarian development stages and characteristics of three species of Palaemonidae

i i P 7 g P AN PR AL PR R
Species Stage mames Colors Size or relative distribution Internal structure Features
s Jote, QU EA SR T IR 1 LR KRG FE I O A T
Cell proliferation stage D EEORTIE xmz - FESRAERR S BRI
" BT 5 3 g PRI 112 T 11
v e Rriemise  wrazisw, EEAETENE g,
Son o e JESHAE I R 3 g e SRR
[ ’ A i 5 R
Wi UERE B A (5 S o A G0 SRR A
. nipponense apid growth stage R
He Y A Y « )
. . e e G SR ARFRIEA
Approaching mature I (A, FERACREA KNG PO F RO i il g
and mature stage IBFIRIRE
WA alesc . pap— _ i e
Pk 52 3] Convalescence priaif] G125 45 B I R L EE B
AT e _ —
Undeveloped stage AEFED] Skl
KE R
Farly developmental LI R e SR KAl
stage
R FE KEHEH - VARV ML ¥ SuE 3
E. carinicauda Middle and late RS DI R IX R )R] DL g EEN SRRk R iG]
o ‘ B K S FEl?
evelopmental stage JEAR P
I Mo e e g LT TEAER 15 4 B
Y Mature stage  BRECE, [HAF R LR HEIR LK BIRLYE A7 T L O TP 7 3 (M )
LR ST ARHRSE 5 A RS S 1 P RS R
0} Stage 0 & [N PR AR TR BT T L AP
513 N . _ RIH IR,

) The first stage e / (ERRER &
G " o — . [
M. rosenbergii 2 e BEFEEN s - B H I SE A

' The second stage - — AR A 1 L CIPPVE-<:I[TiE 8
%5319 2 [F i SEE AP S350 61055 — _ G 2 A s e
The third stage LA th 45 R TR YL 584 R A
VR A EE B I A AR
RS IMKBGEIEERM
Tab.5 Spermatophore formation of three species of Palaemonidae
ok P ALAVA N IR LS5 SERERTIEI AL SERNIELE
Sneci Position of Structure of early Position of complete ~ Complete spermatophore
Ppecies spermatophore formation spermatophore spermatophore formation structure
H ZIK‘R}{EF[SO: M. rosenbergii Hh R K JEF Ji JEiAE AT TR
HREUF ) E. carinicauda AR A By ek T LB HF I FIRG T
T AUF ! E. modestus JEikE R R ARHRIE? L H I FE T

Tt DURESERE HBOMRS SEREATE MU bRk s o ARMORS AT 5 TEIEOA [F] —F00L, (E i 44 AN ], 76 H AR TR IR-5 5 2 (1 IR P A B O A 1
1375 W 4 P2 LA o A KA

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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E1 BABES (A) BFEAF™ (B) FWAL™ (C) hEBXME (D) EiEE RS

Fig1 Male reproductive system of M. nipponense'™' (A), E. carinicauda (B) ,

E. modestus™* (C) and Fenneropenaeus chinensis™’ (D)

TEAL L SEAR A SV 2 G883 AR A 54« sPAORTAY 55 SR RS A 56 AR, 7  MEVE AL B. TGS FVD . iffii A s MVD .
HREAS s PVD SR s EVD  SERE o C. L S54RI 2  REEHE ;3 f MRS AT 54 AP HIORTAY 55 5 RS A 5 ©  ARHIORT A 5 7 - MM 2L 3

flo Do VBRI 2 5L 53 AT 54 - (D 26

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 BRMHEEE

3.1 MR EIRE

IG5 8 2o A A A ) 2 E ST
2 R R F AR, BRI R /N AR K
BERESG & B B . RIS iR & F O R
A3, DA I O 4006 32 0KG 7 AR 1) 32Ok B Ry i
B, BN 1 A 20 J ; B9 24559 52 4 B 1 104 44 i T
UG53 5L U U 248K A M 225 5 8 W o R
HINE] 256 4>, AN, AT A i 4R RS
AT SZHRG B 2 1T, F R R 2 5 32K U0 o0 0 W 4 e
WA YA PN B T LR T, b 25 25 D 0 1 O
G5 IR BN /D, E AHT TS SR, P

S £ B T — X A S 1) TG R T G T 40
IR R S TR SR, T R X R
ST /) 0 53 5 AT 33 0K <0 1 0 1 R
W DX A B — % IR B PR, 2 200 4
F1 B e SRR 4 5 58 R T T o AR B A 1 A
TR AR, ISR g 386 0K 40 00 8 326 0K 40 kA0
JVERE S M3 13 %ok B e % 7 LA 52 K, B 40
BT £ R AR A TR > o3RRS IR A
BRI I W 6.

IR B R 1A % 77 10 R AR, IR MR 28R i
B EEA T DY 8 kT 12
PR 12 Wk kB 2L A R i TR AR
TR H SR RAR 7 3k LA SZ 8 O O 2446
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WERR A TS LI X S E AT SRS A
LU, 8 JUIIL S I e 3 ELIE T, JLER 6 Wi e 44 o e
ToAT AT 55 S BTG A A T LA
WIXTEE ;55 8 i 4% O I AL VIR 4 (30, A LE
JEIRRA I 14 i 4 T REABEA X — I A 4
{18
3.2 RAX

JURHE 2B RS Y B 207 A — 2, (1
SRR | 2 AR BRI (LR fR] AR X R 288 | 25 0F
2R) N AP e 5,3 BHIRR AN AT X
DI 757 o3 gy 2 32 3 A2 3 0P i

*x6

SN, 3 RHIN S I O T 2 TR e O ( H AR
Z U0 ) HICBRIE B AT AT AE 22 57 - X RS
U= B R, BN B A /D 4 28 ] B o8 4
SrEDE KBRS I > BN S R, oy
FHANRERE BN 5E 4200 HIT 5 BRI = B A D,
IIE SRR, R LI SE IRy . 1AL,
FHIRSCHR R W 95 Hh A e 1 R A B3R5 50, fH
456 B TR AR AN 2 TG A 50 24 05 =X 0 A 1 28
HRIETTE , A R RN R T5 30 s T 58
LGP ZFNA S A TN R 0] (4 1 T

R EE 52

Tab.6 Stages of embryonic development

asiig H A i LRI L= R
Developmental stages M. rosenbergii M. rosenbergii E. carinicauda
1 AT — A0 SO0
2 R IR R 2 i
3 4 2 a1
4 8 4 it
5 16 24 3]
6 32 i
7 NI EIN Y H NI L]
8 Y 7)iS 71 Y 70iS i
9 BTG 15 4h A HIJE 144 [HIPFRERIS RG24
10 EE AR JRJE Ak EPVREEILS TE 4RI
11 [iRESRALEN BHER S [iURESRALEN [iRE SIS
12 I Ay 32 R S 1A 10 JI5E Py 9 AR 4 143 JI5E PN VAR 4 143 JE AR 4 1A
RT KEUERE ITHRE EFEPPRAR
Tab.7 Cleavage patterns of Palaemonidae,Penaeidae and Cambaridae
i GRE R e I UNEYIE:N
Species Egg types Blastocyst cavity appearance Cleavage type
H A R 1 - B S B
Macrobrachium rosenbergit - - ANGE A G 2Z [ ok Y 2 7
REFURF % [ e * SEA IR
Palaemonoidea Macrobrachium rosenbergii a " ANGE 4R B [  3at 2 AR
M [54]
. THECHE st & —
xopalaemon carinicauda
F A i i SENE?
Xt iRk Marsupenaeus japonicus A 2 I
Penaeidae . THERNEE s Eé 21
enneropenaeus chinensis
PSS e [34]
L JEIRIREAT o # AT 2 I
ambaridae Procambarus clarkii
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AR RZETE TG P RE 2o 54 B ] S
B R L R 25 DA B S R R TR S
ARG Y o 0 R 2 AE TG 40 A% 300 i s Al JE T
M T R IR T S A S AR R R o
(DR — IR ROR AN R o R R 2K R B g
VRRANARIE S RE 1B, FAR AT, R
KPR AR £ P, T2 R A i SR AR U 3R,
T SRFE 40 T 2 B0 i s TR 4 4l R 45 g Hi 4R
PR L IRRI AR L T N SR T, AR
IR 4R 22 [T A5 5 E 22 SR, S 1 A T 25
E T A 3% 23 P45 R A AR AR R P H AR TR
YIRS T ATAE P (A1 05 B2 G, N Z5 (283 4 vkt
B I R 4 ) T U6, PLAR 88— W i 7 7 52 I
— TR 25 A Wy, HL A — YR R S, 4 fik
FAANHETE 25 T 18 A8 Ak, DR TE 25 L RNV (AR
R, B H A 58 R AR DU P R — i oAt
KB AR T A AR G HGH , PRk A T R 86 2 vk
B0 T HA K IR . % IRIR IR | H AR R T
S RAFI YK L T R L 85wt
YNGYOR 9 AS LN AV S Ve b A=A nEIF e )
FIoULE 00 i R R T HEACAE SR 0 A
SEA ), — RS A S A 223 6 Uit B A A
R SERFIEAAFIRI ) 5 1 57 —Fh O s A 22
S WK EZ I , AR B R 1 SR AR
3.4 FEBEFMERISGEEHEMN

HRBE R T3 KB AR AR AL B A
ST AR R X TR A A AR K
FIE I A W S S2, E JL 90 BT DAY, 3L s , K
FESYIERG S QR R 7 R bR, A K AR A
AR, YEREE IR A S B TR RE
30, 5 T30 3 9 R, AR R B o, RE R TG
VR B L B R 1 R W R 5 M1 T 3 R 3
i, H AR I B M AR, HE 2 T B Ko R

1810000 IR 2B A AN B IR IR A B ST g
H L B T v A R TR I i & R 3 fH
PP URy IO A= U N A= X s A A
SE TSN B TG T R AR 110 05 A 2% R A I
. B A AZIARLE 16 ~36°CE F N, L
R R R R, R RS B R R 2 AR A
K H KRB HAHIR ™ B R
F I K B UL R B S ) 3 o ) 2 R 5
SEMERZE 4 IR BRI BT ok m g ik & &
[ 38 < ,

R R K IR R IR R R I R Y 5
—FEH R T G R ARG & &S &
IR BT BRI AR C T . 3 MR R R A A 4l A
X A A o U B TR R A i
ELERIE N 10 ~ 1450 Rk U fE A £ 15 0 ~ 40 [y
IKHATET . BASTRIRAIRTE SR N 12 A K
SRR, S R BRSO, R
RIERIE T (2 ~30) % 2 IR EAR S 1R B 728 2 2 1
FRUF AR R TC B 3 25 5%, (A3 B 15 A1 20 R AF
HF T SR TR B 4, 3 X7 R
TR R,

TKIRAEE R pH BARS I (W E LA R
Z— B R L 2 B T A AR AT R 3 B
F R G pH R HR £3 MEAR 20 1K 1 17 3% R
Tz AT RS R IR AE BLR pH £ 7.0,
A TR SEE 6F R I 9 5 W0 B8 A IR o 3 B P
BRI . pH (B S (L RS 5 R MR A P B 1 Y
PR, DT 522 W R 1) 4% ol 2 BTG 20, & Ak T 5
TR % B 4% A 4 2B W A5 IR A R 2
pH {E 75 (L B 5% 00 BB i . KAWAMURA 277
BFFE T AR pH 7Kk BRI 065 B G T R 40 1A fih 5 1 5%
Wi, 45 H AR pH T, S A fih 5 M 6 v 14 FR 52 2%
Al BB IR A , 22 T HLARIER 2 2R P ]

®8 KENRXHNELEIR

Tab.8 Larval development of Palaemonidae

Pk
Species

1A% F7 5K I8 Nutrition source for larvae

UL 3= RN RN

Times of molting in

kR ERA/d
Time required for

larval development larval development

HAYHEF M. nipponense

9 ECHAR M, rosonbergi TR T IIHE 1 5

B s R A A T T FE B LAt

BIHE , 320 9 1 2 SR Tl U ; R
YA 5 5E N IP R

HEBUEF E. carinicauda
B IR IR P, gravieri

9 ~ 1403 24 ~32
11059 25
6L 12
slet] 10 ~11
11162 22
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BEAI B RBERRAIBE L0 F1 KK 755 2 PR
R 2 B T 14, R TR ™ b
PRSI 2 T B A
PR P AR WA ™ TR -
B AL R LR K, B |
WKEER 0.5 g - g™ HEHF 8 LT 9 K AR St
"

4 ZHEMBAXFEEE

KR IR 2 10 B A 1 7222 B 22 Fh i R 4%,
R & F ERME G L2 E Ak kE
2 A PR R A D, O DL AR B KR R R B
(92 5 SR R A R R L3 91 901

PRI % B A G B AT R ARGE IR & 1 58
FE AW, TR 58 40 S0 B4 ) ke 2
PG AR TSI, B IR BE 5 7 WA 4% B P 3
ZAET B P ABLESL, T 51 A A A 4
GUSEPE R T, BOE PR E 73X ol
WS8R R B R o 28 22 8 1) 43 A ) o 3
THEBE AW X U W E T 039, 1k 4y
Ak p J5 PR Bk e 1, B S D3R T IR 4, 1 )
IMEA S E W R B R R, HETE R B
o SRR k& ER 2 R
vasa'™ SEHERS L TEIR K 7, B 5 IR L F BTk
art.

ARG5Sy 4 1 AR A 3 238 L S T % Al 2 IR
RETHAE IR B W, X — i % L R AL
P, AT KR AR AL B LR GE 9 EcR™
WNT4" TRY"™ S50 i A Al ik A K sl
XPIHE R EAEREER, kg Kidfd,
T B2 S5 R B, 056 B R R b SR
AR AR TR ME S B = EIE A4 R A S
P ) S BE A, AL AR 577 80 s 7 A0 5 I R S 1 [l A
LA R, SRS REE 1 BB 1 e K
JEHLAE AN A RE ), gl R B R B 4ad 2 AR K I
Bz, R Bt A 2 Rk S 3 RE s, 4R UF B
IRZEF B AN BLE, X A5 it 37 58 01 #8559,

TRIERE T 2 A A A < 0 5 B I 0 A7 % 2R K
B R 2 — — 28 5 K R 5 5 T REAH
AR AT R TE A 1A Kk B A v R HEAE T,
o2-F.3R7E [ (alpha2-macrogloblin, a2M) C-%I%E
SEF (C-type lectins, CTL) ™" % 5 S HE K X 4y
PR A A S 8] g DO RE Y 2 0 A 1 i — 2D AF SR

5 BESRE

KA UNRL LD E 22 28 55 IR 28 1 S50 0 — M
S A ALAL, S R — e S—8 H Ay, — ik
A Z W BRI . FIEH 175, P IR IR LK
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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, Yantai 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 annandalei, 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



