JOURNAL OF AQUACULTURE 4(1) : 31~66(1991) wEAmEe 4(1) @ 31~66(1991)

WAkE AANS, Macrobrachium nipponense (De Haan) 2]
1 - FHHOl BT BN TR

1. AETEAERE BASH BF5E
BER - PRE
RERER EWEERER

Studies on the Propagation of the Freshwater
Prawn, Macrobrachium nipponense (De Haan)
Reared in the Laboratory

1. Reproductive Ecology

Chin-Soo Kwon and Bok-Kyu Lee

The Institute for Biological Production Research
Dong Eui University, Pusan, Korea 614—714

ABSTRACT

This paper deals with the reproductive ecology ¢.g, number of the pre-spawning moults,
morphological characteristics of the pre-spawning moult the common moult, daily ration
druing a molting cycle mating behavior, structures of spermatozoa and spermatophore, struc-
ture of vas deferens, mechanisms of the oviposition and brooding into the egg-chambers,
a suitable time for the artificial mating and fertilization, time sequence of the oviposition
and brooding into egg-chambers from the copulation, responses to temperature and chlorinity
on the egg development and hatching, effect of temperatures on duration of egg development,
physical mechanism of the egg hatching, to make an attempt for the artificial spawning
and brooding to establish a suitable system of the artificial seedling-production for the aqua-
culture.

1. Females molted commonly 8~ 10 times at an interval of 17~18 days at 287, 3.26~4.
35 %, Cl. while the prespawning moltings were 4~5 times at an interval of 13~14 days.
The suitable state for artificial copulation was within 14 hours elapsed from the prespawning
moltings (most suitable state was within 8 hours). Males discharged a gelatinous spermato-
phore and placed it on the females sternum during copulation. Oviposition was seen 6~17
hours after copulation. External fertilization was considered to take place at oviposition.
Fertilized eggs held in egg-chambers forming between pleopods were about 5000~ 6000
in females those sizes about 6.5 cm in body length.

2. Eggs immediately after oviposition were elliptic shape, measuring 0.58X0.48 mm up
to hatching. Their sizes increased with egg development and finally reached 0.85X0.54
mm up to hatching. The relationship between the long axis of the egg{Y in y) and days
elapsed(X) was expressed as Y=5.60194 + 0.007358X. The eggs performed superficial -
cleavage and their cleavage furrows became visible at the 4-daughter-nucleus stage. The
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eggs showed normal development up to hatching at water temperature range of 22~30C
(optimum temperature : 26~287C) and at chlorinity range of 0.00~6.64 % (optimun chlo-
rinity : 2.21 %.). The relationship between incubation period (Y in days) and water tempe-
rature(X in C) could be expressed as Y=50.803~1.3555X. The eggs hatched 12~13
days after oviposition at 28.0~28.6C.

3. The pre-spawning moltings were appreciably different in the morphologic structure
from those of common moltings. Breeding setae and dresses were formed on the thoracic
regions, abdominal epimerae and the bases of the first to fourth pleopods in order to prepare
and support oviposition, transfering and supporting eggs in egg-chambers up to hatching.
These supplementary breeding organs were observed only at reproductive seasons.
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RERRS HEMEA A AN Macrobrachium nipponense (De Hann)-& $-gvtel, HAE, hEEARE
! EES EAIRC 2 & FAtEE Aol BESIE RKEMSFAME Aol Rl 6~7 cmiih7t
© hilfEo] ol EE Lo FEME T e BEEA SevetiM e 45, 43%, 943,
737, &7 Fo mooAd ERAMHL v mAKEASES RENY ook

FfEo HE HEBY L AREEN PIRE Icho(1914), Kubo(1937, 1940, 1949, 1950), Holthuis
(1950) % Kamida(1961) 59 #E7 .o, £ #iish4 54 o B Kwon and Uno(1969)
225 BERAE AR BS Uno(1971) 59 &7 AT, B+ +H B o) ke B o) &35 AJ$-HHd)
RS ATRARES B E IR - FES HET 2 BEo] hEM B Bolu 159 Kol HHH
BKES Brhdye 2 s ol ulr] ghon] (Nath, 1037 s Hoglund, 1943 ; Burkenroad, 1947 ;
¥ &, 1949 : Forster, 1951 ; Rao, 1965 ; Little; 1968 ; Autheunisse, and van den Hoven 1968 ;
Ling, 1696 ; Knowlton, and Williams ; Kamiguchi, 1972a, b ; Fielder and Eales, 1972 ; Ruello
et al, 1973 ; Bauer, 1976 ; Kwon et al, 1972 ; Gleeson, 1977 ; Truesdale and Meymilliod, 19
79 5 Koehler, 1979 ; Lee, 1980 ; Lynn, 1981 : Kwon, 1981, 1982 ; Lee, and Fielder, 1982 ;
Lynn, and Clark, Jr. 19883 ; Fisher and Clark, Jr., 1983 : Berg and Sandifer, 1984 : Kwon and
Han, 1985 ; Ching and Velez Jr., 1985), %§3| §#tkii B (M-$38) T M= Caridealfol &3l A
7 S Hife E3147 &g

FF ol2Y T @ THHe A wE FKke Fios A3 AE) HEE Rt
FfEC) B ABHIQ BEAERMY THELE R B HEY RHE Luigol KRkoMe &
FEHR7 Rl o2 BFEES) BuRBIKo] EEH) vehta gl

upebA] BIFHEE R I RRE Aot A IS ARl BAS pEE slolA ks ook
& ANIEEAEES] BRI HES BILAI717 Ak —Be] s 1 7239 AEEE7) He
ABH RIBS $ERAICE BITE7] g Webo] AlE3E d4lojt)

AEBAME vl EE3Ie WKENSF BARR AAU NS Macrobrackium nipponense
(Caridea, Palaemonidae) ol B3t #7&RIQ] £MARES 4 - e85t ABHQ HRINS 2ol X
o2 BTrst7] A8t SfikEojor & A MRY) ARREEA MRS £ RAEs 2 <R
B ATEE, RECEIIR) w8 WEEY WE, KBRES WAA7VHT ZREHY fiE, it 2
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MRS BE R EE 0E FET ML, PRERETY BEY 0 BMUEE, RS
YIRS o) R LREBIEN (', HEMEARE O] EEORHAC) B - LS BMMIE Q) breeding setae$} breeding
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dressell BT HAERIR] BH 3 I 7]%& BAETI obgd WML kA AFREC e
SEARIS FEREMY BrE RS RAEEHET

Bl Hik

1. kige| AF

FES FRT AANSE, Macrobrachium nipponense(De Haan)v ¥EHIL 0K Bi4EE
Beil 7ol A B&ESt 19864 7H FEH 1990% 10AX/NA RFEAER LHEENERY &
HENA Fig. 19 BIRE vie} 2ol EHEREK(19.38% Cl) 5% = BEAZ HEAE AL &0l
30 cm, 72 45 cm, A2 30 cmZ719] RFHH olZEH BENEEES ABRYR/T $& B
PR ES L A ERENY K7t ¥ FHEERFERAN A BERRS Zo)) # 8.5cm, # 7.3
cme EEEE &% 1B Bl - WEAA, §H 1008 FikelrE R Z A vt Tapes philippina-
nium® POl IR M-S PRGNS RS F oh3d FRToRGEY By 2 MRS
BEFgo N FEEKY FHES HESIG

FEKY foks SA 1Y Baie §4 288 BHRsId o, fiFMde &% E5Z thermos-
tat® heater® FRET $ KRS 28CTE EEMRFAIZ T FH2EY, Tk} F k6K RE st
BEES FAEsIAch BEEEK 5% 8 BRET FEK BWEES #iEA7]7) A3t BROKLE
BT F BE U2 KHEEE QT KVETE SES RKE S2AMERES2 Hinstd AFE XY
EEEEs MHADS SAC BERGFES W ME K EES Mk 2 EHRKT W) BEE
#4& BENER (TS, Model No. 337D E FHHEITCEZN WMEKY HEEHEE HEsHA

4

Fig. 1 Rearing aquarium of adult Macrobrachium nipponense a, Air 5 sf, Sand filtering box ; s, Si-
phon ; h. Heater 5 ra, Rearing aquarium.
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2. RS BRI AE

EEBAKERNY HEREEY B PEMRKDES o asN ®Eshy &3], xRk
ERBES B ARCEA FHRPFEEHNY B ksl NE PRES Zad T ZBA
Aol F-o} fEERRCl HER - MRS THRIEY FES HRToEAN ESAY RRHiREE 3
BT PIEREA A HE SIS HENREEY $A4 B - RIES 39, ofed #Ef XETH
BRE 3 B RERS KRG UE REY #AE - 2E 2 HINRmnEE B8 R
B0 rEd e BHEe MES 2 e ?::%7‘&%1"?—} s Bty

EEDREACN MEMERREE ) Wbk, ARG € 3, 49 5 EHS REHARRMER BaEe
¥MERIEQ breeding setaeSt breeding dress®] BIZ-2 #ull - L Fof MRS AHESI L, Mt
2R ol A TEFLY] (L, MM AREES) RERESY & ¥ ¥ Spermatophore B & bkl BiEES
IES et srEREEMEE (Nikon, SMZ-10%) Foll A camera-lucida 2 micro-meterE &3t B
#sr At

MRS B 3 BT Be HRTPHY YEe T T st EBERMEE T A
camera-lucida® &3l B4 3 FA 9 micrometer24 7S BIESIFT, BT BES Mk
AREBS) FHIFE M BESA JT BAOE PRBMREK mMliste IEBEME TAN Ba
ST MRSt OE A - BN 3 RN (Nikon, SCH) Tl A camera-lucida® 3ty &
#4331 micro-meterE E3tY B4SII micro-meterE2A A71E HIESH T

Al 25.2C~26.0C, B 3.25~4.26% Cl. EHEHETAA BRERIET A HMERE He
AMBERESY RIE - AL & EE] BE ¥ 15% E89) B}?‘]"" AIRE FihebEC S
¥ oed FRONEZA) 9o G BES HHSlY AEBERES BEHSI, #3) REY
BT RSt Ky ES 1R Y3t FlEE 4GHEE 2 "‘°]93r % £29) controlidd ke F—K
ol At o]E9] BT KBl KT WY BES HRICEN REHE B M
BRES BH3d

ppe) BEERS FAESHY) 5t KB 25.2C~26.5CF #fFFAI7|1 EHERK(19.38% Cl) 5
% & BEAT FEK XBE v HHAEES £ F B8 2 s IS mlstd B
$EFoNA camera-lucidaS @8t B4 B8RS B4E T 549 micro-meter2H IS WESHATH

HOpREEe) Mol ME HEKS FEEE 2 AEAAY REEREES BAEV Asto
FOpEke) S FHEKS KBS 28CTE MEFFAIZII K, 5%, 10%, 20%, 30%, 40% R 50
%WARE BAT HED 6BE Yy BRiE MINKES &5 1BY &7 F MEAETRES
REATLE BZERASIAS.

HOpREEe) Aol oE b 2 kol WE FEARED HIFRAAAMY BEERRES H
#3t7] Y8t mONEKS) RIS FAEK HES BRRK S%ES U= #REAZIA KR 22T,
24T, 26T, 28C, 30C 2 32CE Ui 6RERIE &% 1BY &3 ¥ IS4 £TRRE 2 BLEE 9
DIREARE B - /AU

3. Mk \E

KB28CE ##ENT) 5% 840 BET AEHEANA 1B gz ¥y B $4S Fig 2914
B3 v} 2o] E##K(19.38%. Cl) 30% S REANZ HBEKE A$3L thermostat$} heaterE
mEstal 28T/t #FHA FAE 2ol 30 cm, 7HE 78 cm, A2 30 cmA 718 BHH ol AdR
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Fig. 2 Rearing aquarium of zoea larvae Macrobrachium nipponense a, Air ; sf, Sand filtering box 3 s,
Siphon ; h. Heater : ra, Rearing aquarium ; rp, Rearing pouch.

TEREAIEEKENN A FE 2 27]7F 200u! bolting-silk 2 H 204K Y FEFHUE 44 3EY
BRES & WEFHUS H4 S 20084 KEANA 10 BER BILEESY MexicoE Artemia
nauplius® F7H 3 FBEAFIH FFIL, L3 & FAFFUS) Y4 S §H sBEY FE#Y 2o
ABBAS HEFAZ 3008 BAEA 10B% 9 bowl-finger&ol £% &7 F EH 2% HBASIAA
S MRS R 5 WENQ el vt & 41 2 REREYES 3ES Hol 5% ure-
thane &N 0 24 & HHAGIS] PhS vlHAIA XEBEHE TNA HRFES RS micro-meters
Make] JIESEAL of& ESEME Tl &4 muigte s AMBEHES WY T CEEMETE
&AM camera-lucidag st B4 318 micro-meterE2A] 7|2 flEslg ol AELRIEY BE

€ KOEBEEAN HEET WEKY EERES kst dstel SFEENY & KuE
Frg & 2HMEROE BTHE KAE EHEEke 5%2REKE BRI FEMEDM 5
Bkel B of BEaKIFS] B S &% B NIE 23S (YSL. Modal No. 33#!) 2 4 st 2 4 Bk
BRI E et =8 ME k] HE pHiES B8 FHAsH) 9jste sHERL Z pHAIES
(Digital, pH Model 611)24 fEXE HuSIE T

4. BRE A Ko MEHE

P & SEARIShAES] BT R 2 RO MRS EMET I micro-meterE @t PR
%4 30, PES SHHE £4% 10~30RE EEdtd 25 A8 744 mme #oz JiEsts
PR AASIY A4d F218 712 mmfEE FoRstQa, €3] SRIshE e FERFES RiFe £
Rl A FEMER HAERIE7IR S Zo], =3 RS B XM e BERMZIA Y Qo= HIE -
#Forsla

TRBS S AREN RES Y5ty RINEEKY IS HIPENA st bouinko s @&
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EAZ] ¥ paraffin YIH B ke 5p8 FAIZ YIEiste] haematoxylin® eosin® 2 {ufarlA #
=3

T S

1. R eS| R

DK K :

A AT WS-, Macrobrachium nipponenseS] i ohE Ao vl A E HES KET ot
sl BRM K (Common moult) o EINS 918ty RREHK Wt KR (Pre-spawning
moult) & KFIEHA =}, oj9olz LK TR Bste A &9 BES EHES7 At TE
ez Pste B 2 #hE 87 A mRkS RfkstA o Pat= sl AUtk

—Hpo 2 Mol Al 7 el AR REBES Wi s Bio] BIKE Rk
o2 WA fE 3~4 AR Bl Fig. 394 Erd AXH A Bl L& GFt REed
BBREe] ks Uebdo] miBo s HWEETh 3 o] IRt MM E RIS BEFS
Migkp o= P3ha A FBH e SHE=A HA, H1~28A] BT 2 S, BR AR B,
BRE 2 ik 53 22 EEEY BENE SHENeE Hde #fFe KESIL dsE & 71
ow, Mk 2~3H8%) EIH Fig. 4904 BERE A MY SEEREY pEoldlA #idikoel
TR Ro2A #H - ERALolo BiEC] MAKEIL 1 AlelE N2 HAMBREC A= dss
BEHMETAA Bigd 571 ok

9, fRke KiE7 B BMEFS RIET ot X HEkPRe #gsle B 9o
Mol Aol o) dojuAl H3 a2 glEe AEmA F1 2 g5l 2 FARERY
EEe et EHERTFAS oldifeR To] 8iA ydI T2l Fig 5004 ExRE AXNH B
MPHS R s e e BFS RFo A ¢4 HElF S RSy Aot EEHTNE Nz

Fig. 3 Showing of white belt appeared at the dorsal margin of the rostrum in Macrobrachium nippo-
nense(De Haan) druing molt approached. W1, white belt.
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Fig. 4 Showing on the posterior margin of pleopod in ‘the premolting period n, New cuticle ; o
Old cuticle : is, Inter-space between old shell and new shell.

Fig. 5 Molting behavior and its process of Macrobrachium nipponense(De Hann). os, Old shell ; ns,
New shell.
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BN 7 R A BERE SIS E3EHA BhgA Fo 2 dojuie KEpol tkale] BIEBR
B oF3 @ WA ERERY WBRRMLE SA™- T8 WA E. o REEHES
EFERETINE 4~58 Lol dojvte R BffdS BET 471 itk

Y REEKS PSRRI RS REEo)y o$-7] MG dolue KK %
thate] ke FaeiAA A A o]A) gk —ET BAT) A MENEEE Rste FILKEER ot
2% EEEo] AT met R RIS KH5g Bikste] EEHQY LX) BFoR HEol 24
H1 olge REETRd = 10576x2) BifEe) FrEg

T, RS 1~28Hol FEBEHE FibREEC A 3Rl 7] tafFste) MRS sEERIATKYE H4
FAENRRS TELSIA R HE S BLE T AT REER F2EES 7] AXd e BES —BE
Eifdlo) FrEEdE .

2) AEARKY AF W BREEE 2 i

GRS MEERREES] 6 A B WE MAMEEGS Table 1, 2, 3914 ZRg v A3 kil
28.2T~28.8C, 28.0C~28.8C ¥ 256C~26.8C< HfE 3.38~4.28% Cl. {EF FAA upx|et
AAS RESY FFES FSol A3 €95 16~20H R 2 33l A= thitd o)™ g9s
13~15Re = P3iA o2 6@ A AE o MiTRmEgE B gt 4] 2Re
Aot kB2 g~10MEe LS Wt 1 FoMe v & @#E 4~s5mE7F 8ok 3§,
B PR B B Aol A Rondt vk A3 HERES S AREME, 4 2 FEKE wet 228 Jehid
KEZ old RERS AR A8l 3t #5, &3 fEdkisel ot mtEakEgel iRk
FifRe 22X Aok =3, gt kel B KR 25.6C~28.8C HE FollM A4 dulof #3t
HRp R B 8= kiR wet &0 2RE Yy K82 KB 25.6C~26.8C FEd e 1
THfE7F 18 ~20H, Kifl 28.2C~28.8C #HiEA= 16H~180%d thdled muld =g
HifR A 8= KR 25.6C~26.8CHEN M2 FHfEEs 158, Kl 28.2T~28.8TC #HENAE Ty
fie 13H& Jedd.

4, iiEHE A2 wud 29 @#el KT FEEGT B - Y ASde g
fadie] wIgESt™ Table 1014 FRdt vk M3 BT #iEWQ 1nd 295 PFo 2 A HFNQ
RS 3EL Eate A= BEY 4 3ok

Table 1. Frequency of the moults and broodings in adult females Macrobrachium nipponense(De
Haan) during a 6-months rearing at 28.0~28.8C and 3.38~4.26 %, in chlorinity. ¥
and A represent pre-spawning moult and common moult, respectively. J.~D. represent
January~December, respectively.

No. of moltings during

Individual No. .
6-months rearing

Experiment period :
(July, 1988~December, 1988)

1. 9 VAN 4 VAN AIVAN vV AV v
2. 9 vy vy AV AV AN A
3. 8 VYV AV A v A AVANE 4
4. 10 VAVYA VY AV A A A
5. 9 vy va vy AY v A
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Table 2. Intermoult periods in the adult and juvenile Macrobrachium nipponense(De Haan) reared
in the laboratory at 25.6~26.8C and 3.28~4.18%. in chlorinity

Carapace length(mm) Intermoult period(days) No. of specimens
Male Mean sd.
10~12 14.7 2.5 5
12~14 15.8 3.5 5
14~16 16.0 3.8 6
18~22* 18.4 4.5 12
24~26* 27.5 5.1 15
27~28* 33.7 3.6 10
Female(common moult)
7~9 12.6 5.5 15
10~12 14.2 4.5 10
12~14 15.5 2.2 10
14~16* 18.8 2.7 8
18~20* 20.2 2.5 8
Female(prespawning moult)
14~16* 15.8 1.8 5
18~20* 15.4 2.5 7

* marks represent the mature adults.

Table 3. Intermoult periods in the adult and juvenile Macrobrachium nipponense(De Haan) reared
in the laboratory at 28.2~28.8C and 3.26~4.35% in chlorinity

Carapace length(mm) Intermoult period(days) No. of specimens
Male Mean sd.
10~12 13.5 3.5 8
12~14 16.5 6.5 6
15~17 15.8 3.2 6
18~20 20.5 6.2 5
21~23*% 31.5 3.8 7
24~26* 35.8 5.2 5
Female(common moult)
7~9 10.6 6.8 15
10~13 12.5 5.2 12
14~16* 17.2 4.5 7
18~20* 16.8 5.6 8
22~24* 1828 3.8 6
Female(prespawning moult)
14~16* 13.2 3.5 7
18~20* 13.5 4.6 8
22~24% 13.8 3.2 6

* marks represent the mature adults.
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3) XKL MR &

TR R - EIS 317] 98t £fTHE REEA —B mER Kk #R A HRES
HRERIQ) £RES Zhet. 3, KBE REST FAMERC o Rkt AT ANA AstA =,
olu Wit KHEE Fig. 6-a, boll M BT vh MY AN PeitiE = IBRS RIFER FHE - TEA
3t RINERNA B KT 7MA pkre] BR% - B&kES BikEY) HAshe) MEATEALS
B e L #5450 XN L HRF RAKERY —E ERIFES breeding setae”t
FREm B¢ 51, 2, 3 ¥ H4MEES QRPN E MEMRS breeding dress7t HALE 7
ob& ¥ Fig. 7oA B v A &1, 2, 3 © P4k EiRAE FMAIEY breeding setae
HEEl eSS BEY 571 Utk

T, wiReE BET 5l —&HY RERKEZ FE KRIRKE B3cte HkeaA B
Mol HME @t e mEEe Rt erkes BrdozA A5 2ET £
itk

Fig. 6 A comparion of the breeding dress on the thoracic region(a) and abdominal epimera(b)
of female Macrobrachium nipponense(De Haan). b, Ovigerous female 5 n, Common female 5 1-
5ep, 1-5 Abdominal epimera ; 1-5pr, 1-5 Pereioped ; g, Genital pore ; cp, Carapace.

4) ARl 8 AREEES B
BEREY ZRAKEE KRsta B 2715, EEfEe 2R £ SAREEE det R
B SlolM o] AREEENE HEY 2RES BEY 571 A2, KHBE REHC) #I8
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Fig. 7 A comparison of the breeding setae on the bases of pleopods in common female(a) and
ovigerous female(b) on Macrobrachium nipponense(De Haan). 1p-5p, 1-5 pleopods ; vb,
View from behind ; vf, View from front.
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w2} BRSEES B Hs @RS Roltrt KT EESA 2Rs s 558 eyt
BEERJAE A9 WARER 99, 23 BEZHFEE Bk BHEH IERSHA Jedo 89,
Fig. 891 [/Rg vl X 7 885 7.2 cm (B 8.15 ¢) O Mt REE ] H13F IR AOEHIRI S HISBEBS
HiEs] HH KB 25.2C~26.0CHEHTAA HES 89 oA FEFHLY BL= 12~168
fElfge Holw, o] B F<t9] HRIBEES A2 0.6~0.8 g2 YENE Aol iR 1 HETS 0.1~0.
2 g2 SHSIAN MEE RN DRRE €8 ¢ 71 Atk ol 22 HEBER) #tHLS
Bdo2A MENCE REKAS BAE = e HEogs 48 471 Aok

A:Bw=8159

1.0

ration, 0.

Daily

0.5
o.o Lo 1 3 3 3 31 ~l 1 8 3 3 L 1
0 10 20 30 40 50 60

0 10 20 30 40 - 50 60

Rearing days

Fig. 8 Daily feeding amount during a molting period cycle in the adult female Macrobrachium
nipponense(De Haan) at 25.2~26.0C. ¢, Common molt ; P, Prespawning molt : Bw, Body
weight.

2. X%
1) ZBTH
OBS7E & piE HEERIE = RRATIRKE BT T of 8 HAENERC] FHT REE de TLA
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MR O Al 2 B - BB )W MRS T 2 KRATBUTENS HSHP] Table 4914 Rnd vl A
% 5HEIRE St ZE RETHS KT I S MHREY] RRHMKE FH REE Rl
whE CRAME ) AR AT vtoll ol3hH Table 5014 Fnd vk A Y 1 MIIRLE K2 FE
RBE Bl whel RS Jehln AR cRARAY #T F 14RREAC = RRZIR]
50% Ll o] Evt 1 Bk Bfo] MBRE MEAEES MM AR BEIAIY BT ARl
Zol AFE RRMHERE Yolx= Mol BEHA vehdeh $4, Kk § Lad B o2
RRMIR W FH e BRE F sBRILIAC e MHEREES BHRIEAAZ BE) - £
BAIIE Aol ZRO fThRol M4 RIFH KE K F 178HS BET Hlde Ad X
Bz 2&3E& Yehdoh

Table 4. Time sequence on the mating behavior of Macrobrachium nipponense

Item Elapsed hours
Courting displaying About 3 minutes
Mountaining and seizure of female by male 1—2 minutes
Final copulation acting 1—2 sec.

Table 5. Time Sequence on the occurrence of the copulation and brooding within the elapsed
hours from prespawning moults of Macrobrachium nipponense in the laboratory at 28.2~
28.8C and 3.35~4.28 % in chlorinity.

No. of the copulated No. of the berried individuals/
The elapsed hours from o
. individuals/No. of No. of
prespawning moults . g
specimens .. the copulated individuals

1 hour 3/3 3

2 hours 4/4 4

3~4 15/16 15

5~8 5/6 5
10~14 4/7 3
15~16 2/5 1
17~19 0/5 0]
20~21 0/5 0

BRHCF MEVERTRESH BB T HEMEAUEE ) RRBAIMITE Fig. 0olA BIRT vt A3 kit 54T
HE2HHS Fifes Mo REE YR WEHE Bolv £%E WU RS £62 BH
AT HEEARE I A 2 858 SIESHA Hot. oW MBS 2 HasHE HihT R 2579
W EEBFC 2 MHEEES BESH ok 98 HERIA S EEd #itREE H25H )
PHEEA HEGE e Ko BN ¥X W Il MEY L1545 Aol 2 HHHREEE ol
Hol Eole B 3tA "tk oldl xR BEES 71 MMREY S8t HMREY Bidx
AR da BHE o] ARY REZ A BiLIA) MRS BRES WolEoldrt xe
HEMEREE 22 HEEAEE Y] SAMAISEALIZ Z]oBol7t 2 AL M2 2ol nix] R
BRE 1204 3hex AT BfFS 5D Al Mimiis £3E vio] BHiRs ¥
HEVERRRE S| HaRRER oleh 2 misled 710} Sojzit)
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Fig. 9 Mating behavior of Macrobrachium nipponense. 1 —2, Courting gesture ; 3, Contact ; 4, Sei-
zure of female by male ; 5, Mounting ;: 6 —7, Turning of female ; 8, Copulation.

=3 5B o] wehAl = MEMEAEES) SRR ATBITEION 1 WO TS MEERRER S Webk - sBBRSHE A
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R MRS sl EAMMl Bnsty Ut MR AEAE deon 2 (ES
ST FEsel 1 EANE B BfES dTh 697, |2 BfFS M - eI N2 BT
o) HebkREES) 5B EMAEC] MOty Qe MMM BHRstE mBRfEYIS gelatinik
WEZ B 2ol moye] KR} Fig. 10014 BRT ot A itk $2, 3, % 45l el
A FEITE ) 9T BFeE AAXY. 9 ALY BGEE Ft BfFel "W &
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HAE BBE TET olu HEEEEE B BUS £ BB A HEEREES] RPE EEC B
MR B 2 2 A A A BB S who] IHEERE S o 2 ERiAIA B WIS BBV AP kS
SHAIS 3L, oo o) JEih - RE (FE) tkaho] MEMEARRES] EREALNA KR BE - EHEH = X shoh
=Y, ZRTE T MEREI —H3ld 25HS BHeR Me KBE Hite AL HHERE
tkated ZREEMIT REEE St BB T e Bk BHE RIR2E EolA dtv Rot.
P, EERrol lolA HEtEAE REEBHE Bestd A AR M H20HKEE Fig 11904
B vh A 2 AU o) HaFR T HuRERol (FEAIA AL, 2 SeiEt SHL 2 drih e ARREN A

Fig. 10 Ventral view on the thoracic sternum of the female Macrobrachium nipponense(De Haan).
1—5 pr, 1—5 pereiopod : sp, Adhered spermatophore.

Fig. 11 Mating posture of the male fixed with the second pleopods on the posterior portion of
the thoracic sternum in female Macrobrachium nipponense during transference of spermato-
phore. a, Mating posture of the male ; b, Enlargement of fixing with the second pleopods
on the posterior of female’s thoracic sternum ; 3pl, 3rd pleopod ; ab, Abdominal portion ;
cp, Carapace of female ; 5pr, 5th pereiopod of female ; 1—4p, 1—4 abdominal epimera.
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B E Berith ov BEEd RAS) F2hkits Fig 12-d, edl A BERS v} A8 £ A HBE
HEPE Q) oM B MM (appendix internae) @) Kol MakH o) Ae $FE (cincinulld) 7} HE

L/

abc
1Ccm

Fig. 12 Showing of the second pleopod in th mature adult Macrobrachium nipponense a, Female’s ; b,
Male’s ; ¢, Endopodite in male ; d, Enlargement of the distal portion in male’s appendix
intema ; e, Showing of a connected posture within a pair of male’s second pleopods. or,
Exopodite ; ir, Endopodite 5 ia, Appendix interna ; ma, Appendix masculina ; ci, Cincinulli.
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EEEo2 A MY EHERE (appendiv masculin) & T I KIFEHAA ME EEHOZA #2
WokEE el B - Bee n—F 1 BeEeHs w04 "o _

Y$7), REHIEBTENS St T AR olv] Fokid EENEY pResx #AY
T AE KB —#5 ol Fig. 13014 EARS vl M8 v dejuhe gle ol 1, 1 ¥ s
A EHEE WS R BiA 7 IS BEEIFES ATo2M BE7F T&23] B2 Bkl o
HEHERRER O] MREE) B - AT olZ2 XEfTH O] B5F ¥UW BMAET Rk Mtggs
HE 9ojA 7t oju —[mio] RRTEIC A o]l HFESIA RAS W i - HREE M=
ARMESEA] 23 HESH KB A Hk REFTES KESIc EEE BHET 571 v 39, BE=
M - HEMERRE S ZEENFOIRY FTEET B AW 2~38d AR gona 5449 Bl
B RREFISTE L3t €4 g

1pr
2Pr

3Pr

_4pr
5Pr

Fig. 13 Showing of the formation process on spermatophore of the male Macrobrachium nipponense.
a. Rudimental formation phase ; b, Advanced formation phase ; 1—>5pr, 15 pereioped ;
sp, Rudimental spermatophore.
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o 153 SRt Bitetol Bkl e TS MEMEAREE WS SN Bl e EEERTC) A V) TEE -
R B RGOl MRS Bl ofd ELEY] W) fREEIA A B4 - BEdY, xR
HEVERERIISH 9 St SiBole T2 MMARES] B, B € MESS B 571 gtk

2) BEs BF

oln] RRATENA ST ¥ vk X Kbk = Rl 4k3te] Fig. 14-boll BIRE vt 1 #55H<)
ol Bn e HEMAMAS Bt BT B0l A gelatinfke] HEE HitkKIES %2, 3
R 4B fggEel BEAIIA ok BFE Fig 14-do1A BRS dF A Bk S 89 EEe)
HEL # suclx Bi#fe] dole # 10p(FEE2 = EEste) By EHBSTo 2N melfsol %
o, Betel Rl K87} slol ma) #arel g RTholth 9, BT e BT S Khmdts
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ol gelatinfike] #HEN @I - REEAAY, BEES Fig. 14-edA BT v AE e
MEZ =o] Qla 1 KinHie fEtEe] & FRHLE Ho Jde HEeR 4l Mo n,
ZeEEREol MEVERHEZ) MRATIE B - MoiE £ BEREMES 78 o BEHEC] WiEfERCl doiuA
ol 2 #frel ERREOl Y EEE BT ALY 2N P - EEEE ol BEE ol FA)
ot d97), AR BEpEAEALIA BEE BES olv] Fig. 13% Fig. 14-colA BERE vt
Y R A HE g, Egot BRGE A B 1 A7= MRS EiE 7)o uet
Zpo] A7} Qo] I Aol KME 25~38 mm, 1B 18~26 mmd FEFh

N

1Ppr
2Pr

3 Pr

4 Pr

5Pr

Fig. 14 Ventral view on the thoracic sternum and spermatophore of Macrobrachium nipponense(De
Haan) a, Genital pore of female ; b, Genital pore of male ; ¢, Spermatophore ; d, Sperma-
toza ; e, Vas deferens. 1—>5pr, 1—5 Pereioped ; sp, Spematophore ; g, Genital pore ; ed,
Ejaculatory cudt ; sb, Striated muscle ; go, Gonopore ; v, Anterior portion of vas deferens ;
bm, Basophilic matrix ; sm, Sperm mass ; em, Eosinophilic matrix.
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TH, FEEE o] F= WEL Fig. 14-colA BRS vt 43 BT 2R S 48319 haematoxylin®]
F R s M5, £I eosindl REHT BEE GE e MEAPER ESsHAEY, 2
ol M fi2EE ESRo| ETE whel #kE BRE Ve hEte kBT ERKTHRIE B
Eeal S-S BEY 71 Aok

3) B, ZHET P

KRR Fo ZRB7F v G e BIVES @3t Fig. 15-a0lA BERe v 43 i
PERRRE O] 34 ZEE O BinE MM o2 RE MR Pt - EORStI A, 1 B WA
—EA e Fou KEIZ ARIEZRE ®WES T3hd, ABM HUEY BB zcRRRH
FEEA o= BEZAE BREC MGk £FS Bzl EAZ S gtk I, KEKk &
DpEs%ie) Zi7A A, e E A —ES ol Fikdtdd, BEHE Fig. 15-bolA BRE
v Y ARISE EiA7IH B15HY SieE A ALY AT So4Me) EH 2 ke
EEe EEHS MRSEE 5SS MEMeE Re BFS RS RS BEY £ Jon, oL
B)fEL olvtx 1 fffrel 4SS 3+ breeding dress 2 breeding setae® ZEDF-S $iffisho] i -
EHse o2 g

Fig. 15 Female’s genital pore and brooding posture during egg-transference into egg chamber. a,
Ventral view of female’s cephalothorax protion ; b a-b, Bending posture for brooding.

RRHT MUK 2B5fHlo] KUBT MBS HMREIAZ B - BB 5Ed KBENH
EEJBRIAZI Aol FTEESE BHHlS Table 6914 7% v} 29 TRF 8~ 1080 7h8 Bu KjEs
12850 IRl = EII-E st Eich £ kRR T Mtk AR o) 358 EIRo] %R SBIES] o) 205
Plbs BEE BET +7) o '

HEEAETEFLAI A BRESE IR TS BASHOSA, KR HHMBEYE Bl - FED
HEPINA %3], haematoxylin®l] fkste] 2 FEsE ool PIRSHY] 30~404 RISE MM E G
AN ZUEE o1 WE Kt Bk BEEE O] 1 ol AT AW KETFIL vl 2M 11 fhEo)

49



Rk - Fias

Table 6. Time sequence of the oviposition from copulation of Macrobrachium nipponense(De Haan)
reared in the laboratory at 28.2~28.8C and 38.8~4.35%. Cl. Copulation of each speci-
men was carried out after 2 hours from prespawning moult. (No. of specimens : 20)

Elapsed hours from copulation
(hours)
2

3~5

6~7

8~9

10~12
13~17
18~20
21~24

No. of individuals oviposited

C OO oww OO0

EHEEER o, 2% ELE BT SRR MtkmRE") 52, 3 2 45 HLE R4t
A= breeding setae®] MIFEEB)S] MBHE S TR A WIER HA - BHE B ZHo) o
oidth t97] BRHe IR EIPEMKC] 1S DRI LA MBS 2, EI% 5~64 LRde
URKL gl RGOl BES KTV MES e AL BEY 7t Qon, £ HE 19205
Aele #1587 RS A =ohAl Homisrt HEEE BEg 71

w2t SRR Sl MBS Fig. 16904 BIR e ot A& BT 7t el (B2 BfY) S tkes
34 DRl A Jikel Mo HE FRAR 2N FHrd)

Fig. 16 Sections in the egg membrane of Macrobrachium nipponense penetrated byspematozoa, em,
Egg membrane ; ov, Ovum ; sp, Spermatozoa. The scale marks represent 15u.

AL ZRHEFNE THEY BRS BEEA 2o $Ho) dojus i B s RotA
Hompg) HBiste B X381, o] kel JBe 1 PERvt obF ANEHIshy] Wl Jikke S
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=35 A BZEst7)7E ol d k. S BRI PRRS Pikmol kS B ABNEA B S A7 Kifiol
FE - FERYT ARl MR il gt ol KF I ABIFT, WA EMENE R Hl,
2, 3 2 AWKl kT FMINE BFABE S MBEF 2 H5HHS EM kPR EE
) RAE S breeding setae®) MEEBH T HABIE kil EHRY EE Bk
PER BA - B fok ek ik & BfE] IS RIS S IRER BAEE Bl
QoA Iike) MAE BARORZ 2] 3te #EREEE v Fig. 15904 ERT ¥t N3 HES
oz EiAA IO ZRE RMENA Y EH#S GHA7 T, =3 S0 BiE £HE
71&A Fo 2 MR BA - BRET IS KBRS B3 BEH - AR 53] &
BRUE IS IPRIS o) aMES A Y o) & Jrkiol tkale] BA 0o S IHEA st MSE
®EIS & 571 Aok kAl ko] IMER FE - TRET ABNA & WHKRS HAKE T180°]
HZRWES EfREES Mt #HEC RIE) BANE B - ST o2 Jpkro] o™ iz
HA - BREHE st Eo. &8 miEAd A - FRdte e & iiEe] EREES
FRE3E & WEkB (ST B o Xai) Bfedtn A KRS ZRE Hidte EHT K
WHEHEO) Fig. 17914 BIRE vk A3 Ipkre) kmol &% - |ES S BHkS 71 fikel Iime
AR 22X IiK HERE BRste RESE 51, t19-7] o) & IS 2 ki el ATl A=
breeding setae®}, %1, 2, 3 ¥ 4fEEe] QRS FAse BEMRS breeding dresstE A&
iRt mIPER BEAE IS oS BES] #EA &3 FEsel Jpel % - sRIAS Pikste
&ES 3ok 9 WIREY Ak AoA BET HIHS #sSrnkikel Ko HoMEi ik
#ifE1ER ] = breeding setae®} breeding dress7} 2 o] o] ol 2-& BHEA FS5MWIEL KA LY
AY ¥ Opkrel A - FRE o|FoAA des BEY 71 Ao

Fig. 17 Egg attached together with egg-stalk, cement resemble material, which is formed by tegmen-
tal glands within the base of pleopods. eg, Egg s es, Connective egg-stalk.

AT F EIBAMGT-E PR i) BA - #K] TSR ESE B EER
R RS mhet £4R0) 2R7) 01} Table 7914 FRE vl NP 2 28.2~28.8C, 9%
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3.34~4.38% CLO SMEBEATANE K2 6~08fdo] FEAT KB MIMTEHS &R 7
S} 1 s WhE Al —EX7E @, o) u] ERAME Gl E vle} 2ol KR E T3k BiKlel WetA
o= BEE MIEAS ASMOR FAMol WS §9, e KT T MtkRiEe Jiel ol
ERTEOI7HE Botel MRS E H15HS PiEs H o1 IpRML IS BET T oY #
ABEA AN TR IS Bk 2 159 BEd MEY RYESS k- HRSE BFE Wt
A+E BEL 71 Aok

Table 7. Time sequence of the brooding- finished from oviposition of Macrobrachium nipponense

reared in the laboratory at 28.2~28.8C and 3.34~4.38 % Cl. (No. of specimens : 12)
Elapsed hours from oviposition '

No. of the brooding-finished individuals

(hours)

1 0
2~3 0
4~5 1
6~7 6
8~9 4

10~12 1
13~15 0

4) HPRe AR S] B 2 KR B KE

Hope pRgsel fugngehol oM B X = EEEC) RAMEE FMAsHY) Astd mEK
KBS 28.2~28.8CE FEEHEAST BRES KK(0.00%)2 FH EH#HK(19.38% CL)E
50% BAAZ BHREGRENA 6BMEE rol & HEEEd oE S IR% R ML Este
RAINEE FAES HRE Table 894 KR vt A HEHKE 0.00%2] RKAA 5.78% LI
Table 8. Responce to the different chlorinity in the ovigerous females Macrobrachium nipponense(De

Haan) reared in the laboratory at 28.2~28.8C in constant. (No. of initial specimens : 5
in each.)

No. of the ovigerous individuals at different chlorinity( %, Cl.)

Elapsed days

0.00 2.21 3.45 5.78 6.64 8.21 9.85

1 5 5 5 5 5 5 5
3 5 5 5 5 5 3 2
4 5 5 5 5 4 2 1
5 4 5 5 4 4 2 o)
6 4 4 4 4 3 1

7 4 4 4 3 3 0

8 4 4 4 3 2

9 3 4 4 2 2

10 3 4 4 2 1

12 3 4 4 2 1

13 3 H* H* 2 1

14 H* H* H*

* H represents hatching out.
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HEANME HEH IEREA B oj2y o BEi Lo BEdME RE 2o A4S
faingeol MINER RE P9 Bkl SN s BES Jeiddh 38 Rk E ez
5 EE7 AR IIRARES IERSA ETEHY duis SFEKS KEEEVT BHse
BE7E ol ol Aol MIMEMIA HiEE 1A Sk W E FHANLY T e RES U
7171% gk wEbA FERM KEES S-S MHA S ok HIRE i B HREx
ZE3H HE wE FE EMET BRE 2.21~3.45% CLY BEISE 3t

g, failgeholl lol A9 JpiZE] WX+ Kiie RAREE A A5t AF K HES
EiRE 3.32~4.28% ClLo| @EZ EEHHA7IY KBL 22C2 RE 34C7A 7BHEE v
F PR KRS TS IR Y] IIRREINE D LR o) ol2 v RS HERES RS Table
9ol M Fxd vhet ¥t whebr BMLEE S IR RERBEE Rt £REAS 9
Eg e fE W i KRS 24~28C HEIE3IT o] WAL LY & KETANE BEY}
wEoTE REEES w21 B3 BESA Jeidth 398, £k oE s FfEs e
HE zolol FalMe $itstr= o)

Table 9. Responce to the different temperature in the ovigerous females Macrobrachium nipponense
(De Haan) reared in the laboratory at 3.32~4.28 % Cl. in constant. No. of initial speci-
mens were 5 in each.

No. of the ovigerous individuals at different temperature(C)

Elapsed days

22 24 26 28 30 32 34
1 5 5 5 5 5 5 5
3 5 5 5 5 2 1 0
5 5 4 5 5 1 0
6 5 4 5 5 1
9 4 4 5 5 1
10 4 4 5 5 H*
12 3 4 5 5
14 3 3 4 H*
16 3 3 H*
18 3 H*
20 3
21 3
22 H*

* H represents hatching out.

3. BRel &£

1) BAERE

EIEHE lolM Jie] Z71E 0.53X0.46 mme BEFLZ BEKECL NEHIY, #iol
#ATE) whEk 2 3V #ikE 'isy =3 APE A2 FHET Bt Rggtes
el A9t I & $MEEiol ol28 2 Z7)E 0.99X0.60 mmd Fde FETHoE Bt Y
RIb7l ol Fdl PR B4EE AET Ko el RS, Fig. 18914 ERT vl A3 HFKY
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S ERERK(19.39%CL)E 10% BAANZ BRE 3.28~4.15% o] HES AT GRETAM
K& 22.2~22.8CQ @& 20~21H, 24.0~24.8C% #H@NHE 16~17H, 26.1~26.5C2)
BN e 14~15H, 28.0~28.6C¢] #@E 12~13H, 29.0~29.6C1] H#ol= 10~11H°l1
E=F 30.0~30.5C¢] #EiBoE 9~10H ] FIEH 7] W& kiRl e BL7AN FESE BEE
I FgERA RES BEEEYE Y=50.803-1.3555X9] £oZ yerd F7b ATHY 5 #boll
s BE, X KED.

22 |
20 |- |
! Y= 50.803-1.3555X
©
o 18 L
..6 -
o 16 L
3 s
£ 14 |
L.
n 12 |
> .
a 1}
9 1
N
QfL A % A1 8 %3 & & 8, 832 % & i

22 24 26 28 30 32

Temperature (°C)

Fig. 18 Relationship between the incubation period and temperature ot Macrobrachium nipponense
(De Haan) at 3.28~4.15%, in chlorinity under the laboratory conditions.
Days incubated Temperature () Y=50.803—1/3555X

T, K 25.2~26.5C, ERE 3.28~4.15% FEH4 TN Ji5E4 BEL Table 10 ¥ Fig. 19914
Forg vh A3 PRS- 4 2BER AV H8 Y Aol MRES S48 IIE(Fig. 19-2) %
E 71 A3, 22RH § 505 Fde BHHel dojuA 2@y ERASUM (Fig. 19-3)7
FERE, oA #9 505 0] AuE BREEE 42 5% (Fig. 19— 8H A 1 F 105
B8 MRE T&siur S MREo s =AM 4@ iEk7}t HaEh(Fig. 19-11).

3 39 4550 AV BWEE 6~7EZ SRV HiEge W] Rt Rk, Hriik
¥ 4B 455 (Fig- 19-8)°] £KSAE KiBhol ol= 2 49 5E2$ SEER7F MAE T Rk 8@
FEHEE7 REF & Jitkol #ikz IR BN B8 - g5as Uoh(Fig. 19-7). 2 ¥ Sigal
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Table 10. Egg development of Macrobrachium nipponense(De Haan) reared in the laboratory at
25.2~26.5C and 3.286~4.15% Cl. :
Elapsed hours from Process of egg development and Representing

numbers
the oviposition recognized characteristics in Fig. 19
Days, Hours, Minutes.
: 0 Ovipositing. 1
1 40 Starting of protoplasmatic island 2

sppeared(Pre-nuclear).

2 30 Appearing of 2-Protoplasmatic islands
divided(2-Nuclears). 3
3 20 4-Protoplasmatic islands divided. 4
3 30 4-Incomplete cleavage forrows within
4-Protoplasmatic islands. 5
4 15 4-Incomplete cleavage forrows within
7-Protoplasmatic islands. [
4 45 4-Biastomers within 8-Protoplasmatic
islands. 7
4 55 Complete clevage within 8-Blastomers. 8
5 40 16-Blastomers. 9
6 S0 32-Blastomers. 10
8 64 64-Blastomers.
10 20 Appearing of primitive endo-mesodermic
cells. 11
19 30 Appearing of invagination at position of
endo-mesodermic cells{Gastrulation i2
begins). Egg size : 5.05X6.02y
23 20 Beginning of gastropore closed
1 2 12 Appearing of germinal disc.
Egg size . 5.15X6.10u 13
2 20 37 Appearing of prostominal lobe on
germinal disc. 14
Egg size : 5.16X6.20u
5 23 34 Appearing of pigments on prostominal

lobe, and primitive heart-sac appeared.
Egg sixe : 5.25X6.30p
6 3 40 Eifferentiation of primitive brain, optic
lobe, rudimental bends of body segments 15
-and sppendages on prostominai lobe,
moreover nauplius eyes appeared.
6 16 43 More advanced germinal bends of
appendages, and primitive heart-sac
pulsated occasionally. 16
Egg size ! 5.40X6.35n
8 22 45 Primitive heart-sac pulsated frequently.
and absorbing of yolk grains.
11 5 50 Appearing of indistinct outlines in
carapace, antenna, antenule and digestive
duct, while more advanced compound 17
eyes and yolk-sac decreased.
Egg. size : 5.53X6.29u
12 7 45 Yolk-sac decreased more, appendages of
carapace advanced more, almost
complete compound eyes, and structures
of carapace, antenna, antenule, digestive 18
duct more distinctly.
Egg. size : 5.56 X7.75
14 0 20 Occational oscillation of mouth apendage
occurred, and appearing of complete
compound eves in the first time.

14 17 35 Frequency on oscillation of mouth
appendage and flexible motion of
abdomen increased, and yolk-sac 19
decreased distinctly.

15 2 35 Occurrence of abdomen’s flexible motion

frequently more,
Egg size - 5.90X7.80u
15 7 40 Egg enlarged distinctly at large axile,
telson removed at the front of eyes,
flexible motion of abdomen more 20
frequently, moreover removed motion of
telson distinctly more.
Egg. size : 5.95X7.95u
15 8 45 Hatching out immediately. 21

Egg size : 6.00X9.92
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o,

~26.5C in temperature

Fig. 19 Egg development of Macrobrachium nipponense(De Haan) at 25.2

and 3.28~4.15%. in chlorinity.
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ARES SR dojur # 1053 Ao A%H A28 ¢ s#iEk= Yoh(Fig 19-8). ol
WRE & HEEE 19 hOE7 Aol #elA) @I MEmS MApEY: BhE A el dojur]
o) £ ol KEIE A S Lk 8EIER) D BEIREl S SEe mEQ JIEIEA BEIIE 1 5K
40% &A= 16f82] £ER(Fig. 19-9)2 EBRAJATF 1 T 4 185 105 %l 32f8(Fig. 19-
10) 9] HERE AAA = DAl § 18 4050 AU 645EIERE, 12| PRI 719 108
Ri7F S9H oln] EKE o EiEkol It £ 2 HIEREQ FrarhRES ARE(Primitive endo-
mesodermic cell, Fig. 19-11)7} AL 13 # oBkfflo] B FlahlE Mgk dk
Azl A fEAC] oA FIBI(Fig. 19-12)2 At

T, JIEE o] TSRS A ETEE BRI # 23f0) AW BA D (RO Gastropore) &
= 7] tafFste PROIER #5 26WSiE o) RE R e FE M4 (Germinal disc) (Fig. 19-13) ¢}
MBS |12, 2 F ) KGR tEo] PHi% £ 6H 0 AUd L] B LEES HFo]
dojuv, oj¢h 7o) W g Zoldte FipE e BRI KBS 1L 3 ¥ akiiic] RUBE Y FUAksEE,
THHE 2 #E°] BEY nauplus B(Fig. 19-15)0] HREY, 1 3 B5he] gl vlio] maso
B4 - pfbe v E1TEO] PR 9 1180 AuUd EEEol BEME, A1, 2 #7 (Antenna) 2
4485 (Primitive digestive-duct) 7} E$833}74) Jeluo, IR ME —F B2 #E (Fig
19-17) 9] BiHS el 7] $A7ESE AL 12 K6 49 2288 (Fig. 19-18) o] AU iR Ao eakd =
SOl EETE 2 SRR SMUBRT BHEA vYebdoh §98 o] BN EE B R #o
R0 BRE)FO]l LojubAl Hv, 3 IpEKe] Wik #ikE Hinste] ¥ ARE XA
BAOET £ Ptk 14A(Fig 19-19)°] A=A H2/ e MIEBFe oS EEsA 23
Al EATER ] JE MBI EO] IR E doluA =1, tgo] oluy}t =W Pikdme A7) 8L}
F36HA Jebd# FAC) JES Wk B BmEch o) FREE HLBol YA ZEE Py
MShE o] JRRBNE, 812/1\3A2) ROREI(E, LES] W8 L INES) BkE T WiEmoe 2 winsie, £t
EHBR S BAE Ao BLERS piisiE e AT 7o 2L HaEE 2434 Fut oSo] HiR%k
15 B A BfLE A (Fig. 19-20, 21)°) H9 JPIshE o] BHEIF-S O1S iEBsHA 59 aaba] gt
O o2 BZARSEAL 1ol whehx] AEURAG7L OPEk 2 DRREY) HEE R A (OPMghA S KR fEE e
HGHE o173 e g MIRED S Bl Yoju I AN S w@Ete YL S BHEA IES
2b 5ol dle] BHE - BRHESIAM zoea $KEEZ MH{LEC)

2) BLEE(E

o=z ol IR E-2 PR B4 o] sEfTE o] kol o127 1A MRS E Bm o2 E—he)
Beiaoll (kT IS DRSS BeAE - BFIA R0 AR Bdkrhol FERMS URkIe) gk L PRl
W& e EWEES BRESHE BfFS BET F 3o, o] 22 BfFS M) ISP
KULE FAAA Jie) @Ehgehol LEZ b MHFS A WIIE Wo s HlEE ¥ gasS
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Fig. 20 Hatching process on the embryonic larvae Macrobrachium nipponense(De Haan). a, b, ¢
d, e, f 5 Normal phase. em, Egg mombrane ; es, Egg shell ; ef, Egg-stalk ; cra, Broken crack ;
sp, Space s ts, Telson ; cp, Carapace ; ab, Abdomen ; is, Digestive duct 5 mx, Maxillipeds 3
an, Antennule ; at Antenna ; fp, Adhension place.
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Fig. 21 Relationships between elapsed days and egg length of Macrobrachium nipponense at 25.2~
26.5C in temperature and 3.28~4.15% in chlorinity.
Egg length(y) Time(Days) ® : Short axile A : Long axile
Y=5.60194+0.00735788X Y=4.9353+0.002607X
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Fig. 22 Hatching process of the embryonic larvae Macrobrachium nipponense(De Haan). g . Abnor-
mal phase. h, Egg shell after embryonic larve escaped out : i, Escaping phase of larva
on hatching ; em, Egg membrane ; es, Egg shell ; cf, Egg-stalk 5 cra, Broken crack 5 ts, Tel-
son 5 fp, Adhension place.

| Aol fiEol th2 ffzol He3lel Wkgo =X BIHC RAKMGHA MR RhES
] 2 st BRI - WS ol FEFMS BHLEFS ste EEts Baes B
E<tel Table 119 st ub A s BRAJAL o1 RILTAXN Bl HhEe KEy) &
MBS ERMER 2132 ot HRo 2 @i PHIEH LR

o4

O

Table 11. Frequency of the abnormal hatching-individuals in each batch of eggs in the laboratory
condition at 25.0~25.8T.

Number of individuals

No. of eggs in each batch

Normal hatching Abnormal hatching
82 77 5
85 80 2
67 63 4
55 53 4
70 65 5
58 53 5
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Fig. 23 Hatching behavior of the ovigerous female Macrobrachium nipponense(De Haan).
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