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Hybridization of two close-thelycum Pena:eid'spéciés,
Penaeus monodon X P. penicillatus and P i)eni;'illatuslx

P. monodon, by means of spermatophore transplantation

Min-Nan Lin, Yun-Yuan Ting and Isao Hanyu

This paper reports the hybridization of Penaeus penicillatus and P. monodon by means of

spermatophore transplantation.. “The growth and results of mophological observation of hybrids

are also presented. The results are summarized as follows:

L

610,000 N1 of Pengeus monodon X P. penicillatus were obtained, upto PL57 only 200
‘individuals survived. 70,000 N1 of P. penicillatus x P. monodon were obtained, upto PL66
only 2,000 individuals survived. ’ ‘ A - ’
An unusuful abnormahty in eyestalk was found, some hybrlds possess an antennule-like
structure in place of elther right or left eye. One hybrid possessing only smgle eyestalk
with two compound eyes was also found, single eyestalk hybrids could grow to adult
normally It is not significant on the difference of growth between single eyestalk hybrids
and normal ones.

Though the size of adult hybrids larger than the b1olog1cal minimum siZe of original species,
none of females found to be copulated with male during the culture period. The fem ale adult
hybrlds also could not be induced maturation by unilateral eyestalk ablation.

The carapace of hybrids is smaller than the original species, the spine formula is different,
and the rostrum length is 51gn1ficantly shorter too.

The hybrids tended to grow faster than both of original species.
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BB R T » KB Macrobrachium B J7TH » HELE 19744F JREE 7 18 B FRG - Ba

B g R SRIER M. rosenbergii M. americanum > M b b IR 2 RHIRAR R R & R B
Sy 7o i IB—TE R R HE T B B 1) Ml S y LW EER L2 KRBTSR > MR —ERRAE (
kPFE) o FEHMEK (1980) FIBREEE < ( Macrobrachium rosenbergii) 1 - 7 1 & 3 C
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1979) FF B2 BB R MM BT F R ERABEZ AT PEEES MMRRE RRABRER

.Dr. Spencer Malcha %72 & IR HRT - ERAEHSEETH A REES M. rosenbergii [l —1&

' MBRRESER » ARRZBEAELT | » 1980 EXBINLLER » BRE LR BRHIREAS K
SRAUEENO0.5 WP ERLE ( REBE) ° BB Crayfish Ff » Berrill (1985) & REHE
BRE i Orconectes rusticus B O. Propinques 3% T ZE Stage [l ° Berrill (1985) LK
Capelli 75 1980 gLRU B | 2 BHEE & Orconectes genus FIZ 332 » Smith 7E 198145 75 B 42 Hi B4
2t o EWEIRMNFS MR Sandifer & Smith (1979)» Persyn7E 1977 F B35t % S IRE T
RHE BB EBRIF - VMUMEEERSAAABRBE S SR TEREEHIERT » RIBE
UREMST RS ~ (L CKBRK ) © Criddle & Chang (1985) B#t Homarus americanus X H. gam -
marus X R FRETHIABREBZHE » RERCER BB IHELZFH o V
AR SAL AR B M RO T SO SRR R P ( BRASHF 1987 ) » AIBIBFES KA & A © 339553
AL REARTF) 55 PASH et A A AR BD 2% ( BREM BN ) IR » A BA BREMZ LR - KERUFHH
BRBHETEET TR LR FATERRZ BRR YN BREAM AR BELE -

MR E
FERRBEAHNAF KM KAST R ER N A A% » 95 134.06 ~ 186.36 A% »
FIEFESEPS 2.5 Wit BLYERT BB IUAR A » FHOSRURRT ~ Ak (1984 & 1986) 2 ik » JEAL IR

RHEEARRE S (BRI EAREE 1984 K 1986 2 RN E®RE ) M BIBE A GOENE
26.50 ~30.70 AT o ALFBIRZE RS E 37.00 ~58.70 A% » REBEAMSE » HETRBE » s

CRERERN  ENABEEBRETRH IR EA B B BEGERBEGR2E

RUSIR » 8 E 40.73 ~70.86 AT » MR BIRAEBRIENTG (H&T ;5 1986 ) o

MEREOR X REAL RS SAR  » KLERABRESEBME 2 ~ 4 {8 » TIAEMEAL BRI X HERIRRBR » ML BB

B NR B HEA o (A B M~ VS 2 R o

HR T2 TS LA 0.5 W ER PRC AR K271 C ~ 5541 33 ~ 35ppt » G4
BB B tetraselmis SP. ~ B fh ~ BAEIEN, » 7 4h4#I Olympus SZH MRS S o £ BML
S HEP, BBHEA4ARX2ARX 1ARBEARLPEERSZ » BEHBA 0.8 AEEKFE

HAR B o ﬁﬁﬂ&%ﬁﬁf&ﬁ]ﬂ%kﬁﬁi*ﬂﬁéﬂﬂ K1913% | » BEEHI% T - HiE2.8% 1
AR % | BRI | RRAEY 2% | c RIGREY HER B ERMEE - X REARE

SnLlfa - AL BB 2 B » MRS R THS HBBNUELRA B 2R

Rggtrum length

HFAEEM ( Rostfum index ) : RI = -
. Carapace length

X 100

i . Ca length
T R 88 ( Carapace length index ) : CLI= rapace leng X 100
body length

) C idth
SE MUY E 88 ( Carapace width index ) : CWI= ——wopace WIdth . 100
. Carapace length '

BB 8 ( Condition factor of flesh ) RIS HHEB I BEAR ( FB%)

cF= 2V
- BL?

s FIE A 2 BRI 1 o

X 100 » BW : % » BL : 2%

X TEEDBE B FAEERRE SR AERE - BFT - BEE ) GST - .

EREZXRENGRERBU TRFFENZAR - BLFREFHAUZHLEREDPIRETEEY ; 5
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iRk (1987 )ZWﬁE% ’ i%i"fb%iﬁ%@ﬁﬁ%mﬁzmuﬁﬁiﬁ_%éﬁﬁﬁﬂﬁﬁﬁ o it RERFARLAF
HARA S 1985 45 3 A~ 1987 F2 A ° 572 19874E 5 F I B AURE BT 2 SRR ALR IR Z R
R P EfT R AR ©

1 REFE

Fig..1 Method of measurement.

%U%%ﬁ@ﬁﬁ%iﬁﬁ?ﬁﬁﬂ&Z%ﬁaﬁ s B R AT BB SE AT 22K e KT BALE
hERETHET 12.09 % » HEFHE N Fft 610,000 B 6 KpH 4 R EREEE RS B
— R 8 B TEAE0.004% 2 — R 367 B 0 TEHE 0.27 % » ZK3HGPL20 FR375 B
B H S PL57 R 200 B » A 53.33 % (K1) ° 4T BB X B3 AT 10K » E— KK
T » (bR 33.01 % » BNy TR #E»BEPL20 3,500 EHES5 % FEEREPL
66 ZEHH R 57.14 %% 2,800 B(F&2)- J:ﬁIf’F%@El%SEIf A~8HA AT #ﬁﬁﬂ?
%ﬁﬁwvmmﬁsEﬁﬂmﬁ¢aﬁ%%2ﬁwﬁﬁ@m%ﬁ2ﬁﬁlw;ﬁmxﬂ%ﬁ’ﬁﬁg
B M 120 ~ 130 A% » ALRMRREREY 26.50 ~ 30.70 AT LT 8 KAEH S 2,560,000 K
SRZE 2 326,000 KL ° ﬁ@ﬁﬁﬁdf‘ﬁ&ﬁﬂﬂ@ﬁ?ﬂﬁﬂi@ﬁ (#3)° LT 2 R FRERNHE
RI7 4 Nauplius 6 # ~ Zoea 3 #1 ~ Mysis 3§ ik AR AT T BN 20 % 0 KED
#7E PLRTSEC ° EENBRLIERERARS %ﬁﬁﬁZ%&?ﬁEﬁﬂEﬁZ%&&—ﬂ%ﬁ&l%
% ( antennule — like flagellume ) ATEXAR * T MR 2R T REF Bz RAASEER (4
F1—1)> RBRALR BDE ° HeFhzBRgRE—E(HAF1 —2 ) » Lz EBRRE
LEAR %@ﬁg&ﬁﬁﬁﬁmﬁf& P. penicillatus X P.monodon Z%ﬁ?ﬁ—-ﬁﬁ‘dﬁ& antennule —~
like flagellume BAHMTEFH ZR » SR 85K 12.81 A& BE15.23 ARKER 13.00
Ny B8E 14.02 A% 0 P. penicillatus X P. monodon Ei‘%ﬁﬁ%ﬁﬁﬁ%&ﬁS B HE4IE 8
o R E R 13,90 A% 0 3.91 A% 14,52 8% » R 49.05 RFBHEORARP. penicillatic
X P.ﬂz&onodzm FAAAE ERRR E%@B&ﬁ%&%ﬁ%fﬁﬁ?ﬁﬁﬁﬁ&ﬁﬁﬁﬁ%ﬁ?—&ﬁﬂ& » FIR
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Table 1 *Results of hybridization of Peaneus monodon x
P. penicillatus of wild adults by means of

spermatophore transplantation.

Fertilization Hatching - Individiils of Survivéﬂ rate . Survival rate
tate (%) - rate (%) Nauplius from Nauplius. from PL20

EL L ok obtained to PL 20(%) to PL57(%)
(x 1000) *** o

90.00 71.89 190y , 0.004

28.43 3.95 25 0

54.68 48.57 136 » 610 0.27 53.33%x.
27.89 22.12 100 0

40.38 3251 106 0

25.76 15.55 . 53/ 0

** 6 of 22 trials succeeded in hatching.

**+  Ipcluded anteriar 8 individuals of 0.004 % survival rate.

*** Mean=*SE (range) of 7
fertilization rate (%) = 44.52+10.12 (90.00 - 28.43)
hatching rate (%) = 32.45%10.03 (71.89 - 3.95).
Nauplius obtained = 101.66+23.97 ( 190.- 25 ).

%2 HRBBEEITREX SSRRTRZER ; S

Table 2 Results of hybridization of Penaeus penicillatus
..o .. X P.monodon of wild adults by means of sperma- .

tophore transplantation.

Individuals - Survival Survival rate

WT'(?tjalr ‘ Hatching Hatching of Nauplius rate to © from PL20
trials  succeeded -rate (%) obtained . PL20 (%)  to PL66 (%) -
S , ( x 1000 ) : o

0 1 33.01 0 5 ' 57.14
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Table 3 Results of hibridization ol Penaeus monodon X P.
penicillatus of pond cultured adults by means .of

spermatophore transplantation.

FERTEN

iggs obtained (x 1000) : o
= Ilatching rate (%)

Total trials
total. Meanz SE (range)

8 2560 326%27.18  (470-240), u=8 0

q_\-—o.'iz gﬁa

F— 0.32cm —j

=1

BA1 SRR REETTRIRERE
Plate 1. A_bnormality of}hybrids of Penaeus monodon and p, penicillatus

. BH1-1 HBRRFE; ﬁ—ﬁﬁfﬁ%?‘ﬁmﬁ‘ _
1-1 Heteromorphosis in the right- eye : an antennule-like
flagellum in place of the rigth eye.
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St FESEEMEI2.0025  BE20.91 A% (ML 1—3 ) o £88& 5 P. penicillatus
X P. monodon ﬁﬁﬁ%ﬁﬁ%ﬁ%ﬂﬂ%ﬁZ%@ (HR1=2) » BRZBIRISEBE& P. penicillatusZ
BB BERE o 7£ P. monodon X P.penicillatus FERRAE _BERLHAE (AH1 —4 ) ZBE
FA4RARWERET » REZHERBE RPN Z P. monodon FHER o

P. monodon X P. penicillatus B HE PL (AXIREE PLD ; Age after post larva in
days ) 57 R¢H 200 B> X '85.7.17 BN 08 AEZAM » RBERER7.21 A5 » BES5.284
B s '85.8.17 PLD88 ESi8 9.05 443 » B85 11.99 A% » '85.11.2]1 PLD 184 KB it 4 5 14.86

4
1

.

RA1—-2 EEFNEZTFRABRRETLRE—E
.Plate 1-2 In the upper left corner shows the heteromorphsis in
- the eyestalks : two eyestdlks closed nearly.
In the center of plate : shows a lot of red-spots spread
_ around the body. " '
. _ : BH1—-3 HERAHEER 2HBsHELSTFR ‘
1-3 Heteromorphosis in the eyestalk : one eyestalk with two
compound eyes under the rostrum; rostrum was removed

when took picture. Penaeus penicillatus x P. monodon
male, BL = 12.00 (cm) BW="29.91 (g). -
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D mpl—4 SERESCEZESTR -

Plate 1-4 Dorsal view of Penaeus monodonx P. penicillatus : from
the rostrum to telson in red colour. '
scale 2.23 (cm).

A5 B 47 .80 A% BHEBNY » MBS AN RS » BA WHITRARBERARMDIL RE
I R o B 3 Rz K » KEBMBE 7 CZ% BB RER 57.559% » B ( '86.1
Js>mﬁ@ﬁﬁéﬁtﬁ'ﬂﬁamﬁ&¢@§ﬁaﬁﬁaﬁﬁtmga;%&Lw‘MﬁZﬁ%
SHEIE 13.75 A% » HIBRR 14.78 R5 ° BERIES 48.72A% » BREAERESAERL ; QIERZ

PLD 239 K(%4) °

#4 EWEXH%WE%FE?WZ%&Q%%
Table 4° Survival rate,growth in body length (BL) & body
weight (BW) showed as Mean= SE (range) of

hybrids of Penaeus monodon X P. penicillatas.

o ‘ Overwintering
Production pond A (0.8 ha. ) pond A (25-T)
Date - 185,7,17 8'85,8,17 '85,11,21 186,1,15 ‘
PLD(days) 57 . 88 184 239
BL 7.2140.10. 9.05+1:67 14.86£0.85 M: 13.75%0.19.
(em) (8.39 - 6.08) (10.72- 7.38)  (15.71- 11.01) (15.02= 13.05)

n=29 n=2 n=2 - n = 11*
: I': 14.78 £0.24*
* (15.60 - 13.31)

n = 8%
BW ~5.28%+0.20 11.99+0.52  47.80+9.85 M: 38.64% 1.58
(g) (8.00- 3.32) (12.52-11.47)  (57.66- 37.95) (48.84- 31.69)
' n=29 . n=2 S =2 n = 11*

I': 48.72+3.10
(64.79- 33.66)

n = 8%

Survival : . . :
rate (%) — — 97 57.55

* M: Male, F: [emale.




P. penicillatus X P. monodon hRITERZE PLD66 B% 2,000 & » \EFH57.14 % 12’85 .
7.16 RENBH » KR ZBER 40445 BEL0L A% '85.8.17 PLD98 #RR8.% .
B WE9.60AN » BE '85.11.21 2 PLD £ 194 Kl » IR 12.25 25 » HRAR12.63 L
A5 BEE2.00 A% » R 24.54 AREFHF6.2% ° BB A/\AMALX E '86.1.11 ¥t (
KT ) EEE8Y » MEWTEEREK ; EER12.75 1 BR13.36 A5 BIOE 24.97 »
20.41 A% (%5 ) o fd WA 4 Penaeus penicillatus X P. monodon % & K K& R P.monodon
X P. penicillatus °

%5 RBXERETFRZERER -
Table 5 Survival rate, growth in hody length (BL) & body
weight (BW) showed.as MeaniSE (range) of hybrids

ol Penaeus penicilletus X P. monodon.

Production pond B (0.8 ha.) ' "~ Overwintering i
‘ pond. B (25-T)
Date '85,7,16 '85,8,17 '85,11,21 186,1,11
PLD ‘ _ A
(days) | 66 98 194 245
BL 4.0410.18 8.95+0.43 M: 12.25 +0.05 M: 12.75%0.1
fcm) (7.25 - 2.68) (10.72- 7.38) (13.17-11.14) (13.39-11.24)
: n=30 : n=7 n=42 ' n=20*
' [F:12.68 i0.08-_ [F:13.36£0.19
(13.33—11.03) (31.00-20.00)
v "~ n=30 n=16*
BW 1.01£0.19 9.8+1.27  M: 22.00£0.29 M: 24.97+£0.96
(g) . (4.78 -0.28) (15.57-5.27) (24.65-17.46) (14.21-11.89)
n=30 n=7. n=42 n=11%
- IF: 24.54%£0.49 - 29.41+2.07
: (27.89-15.70) (38.00-20.00) _
n=30 n=7* ‘ {
Survival _ _ ‘ ) 5%
rate (%) - - 96.2 8. %
i

*M: male, F: female.

BT ERPLD H 2 MG E 2 s P. penicillatus X P. monodon = BE S
BE(AR)=-7.8716 + 0.1537 PLD ( X#) ( r=0.9489 , n=128 ) ° P. monodon X P. pen-
icillatus ZHMERSME (A®H) = -5.5984 + 0.2038 PLD ( XK ) ( r=0.9508 , n=50)¢°
A Pl REE B 28 BURRRLIE 3 B 4 » P. penicillatus X P. monodon 5 Logy (g) =-1.8664
4+ 2.9550Logx _(’Aﬁ}) ; ( r=0.9980 , n=128 ) o P.monodon X P. penicillatus RLogy (A
%) =-1.9030 + 3.0576 Logx (2% ) ; ( r=0.9898, n=50 )o :
mﬁ%z%_ﬁ?ﬁﬁéfﬁchEﬁ%éﬁm&f&E%%ﬂbiﬁﬂ%ﬁéﬁ&ﬁﬂ?ﬁﬁﬂﬂlEﬁ&ﬂ&&ﬁ?ﬁJ:t@'éﬂui 6
HE IR B AR T T P. monodon X P. penicillatus 7 B BN B H IR IE B H/N 0 P. penicillatus
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kg

Dody Weight in g
3
T

A Ya-55084402038 PLD (r-09508, N=50)
B Y=-18m6401537 PLD (1-09489, Hxi28)

pLDdoys) - 78 7 - i i - ‘ : Ul DL

A P. monodon X P. penicillatus» B : P. penicillatus X P. monodon ~

B2 SEETEEEXTREE(BW) REE (PLD) ZEEHMN

Fig. 2 Relationship between ‘body weight (BW) in g and age
after post larva in days (PLD) of hlbnds of Penaeus
monodon X P.pemczllatus and Penaeus penicillatus

x P. monodon.
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020} Log Bw=-18664+24550 Log BL

L " n=128  1=09980
\

i 1 i N o
- 000 g5~ v 0% 70 T
Log Dody length in cm'

@3 ﬂ%ﬁxﬁ!ﬁ&ﬁ ?ﬁ%ﬁ (BW) Eﬁﬁéﬁ (BL) Z#HHMN

Fig. 3 Relatxonshlp between log body weight (BW) in g and log .
| body length. (BL) in cm of Penaeus penicillatus x P.

monodon.
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Log Bédy Weight in g
7
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S
|

070} . .
i _ o ) Log BW=-149030+30567 Log DL

050}~ ’ : ) n=50 , r-09898 -
| L L ! I 1 1 1 - _
60 070 080 W 1%
Log Body length in cm

B4 IR xRS T8 (BW) B & (BL) 2% Biian
~ Fig. 4 Relationship between log body ‘weight (BW) in g and log

body length (BL) in cm of Penaeus monodon x P. penicillatus .

X P. monodon AR Z SR HAEM BELBET RS » BB ERERER HARSZEE

L]

FERI R T RO BIE RRATT |
B R R (CL) 1.30 £ 0.04 ( 1.84~0.73 ) RHZ P. penicillatus X P. monodon

RSN G ~8 s BT (592.86% » 6 H 8 (NEDMMISTY% 0 THREHMI~1 > SMR4

15 92.86 % » 314 7.14 % ° %£ P. monodon X P. penicillatus FECL2.00+£0.02 (2.30 ~1.71
Y 2R R EEBRFTERES B P. penicillatus X P. monodon SE2 M » T HREBRIAREE
B2~ 4; L 3BAEIL 8572 % 4 RSB E357% 2 e AL 4 BB 10.71 % (KT ) »

KEIEBOE | TEPLDS7 » 66 K 245 KEEAR MR F MR IEM (CLT) ~ FWRE (LWID) ~ -

HAEERK(RI) BRMES : P. penicillatus X P. monodon £ PLD 66 K& CL1 =25.49 £0.17
( 27.23~24.31>)' » CWI=56.53 +1.54 ( 96.46 ~43.11 ) o P. monodon X P. ‘penicillatus
FEPLD57 K CL1=27.77 + 0.26 ( 29.70 ~21.87 ) » CWI=52.70 + 0.89 ( 58.00~30.49

Y o P. penicillatus X P.monodon 7E 245 KEHEIE CWI =53.37 + 1.26 ( 57.27~46.43 ) » K
§8 CWI=51.88 + 3.29 ( 55.64 ~44.28 ) o # CLI =26.07 & 0.93 ( 27.48 ~24.60 ) ~ HEdRt-

CLI=24.88 4 0.16 ( 28.87 ~22.24 ) o BRI =65.51 +0.78 ( 77.19 ~ 60 ) ~ HEWRRI =
72.34 +1.00 ( 87.86 ~55.17 ) © '

L X .



S6 T BORER TE A T 0T B

Table 6 Comparing the siz.é and condition [,acg(-)lr of {lesh

(CF) of heteromorphic singal eyestalk hybrids with

those of noriial hybrids.'Data indicated as Mean

+ SE (range).

_ Pmomodon X P. péﬁici!lzz_tus ’

BL; cm

, (PL.D239)
BL (cm) BW- (g) CF
lleter'omorpvhic: , o . -
Male 13.3240.14 '34.9140.88 -~ . . 19.66+0.48
(13.81- 13.04) (36.83-31.69)  (21.07-18.60)
n=>5 ’ . n=§" n=5
Female 14.52+@:41 * 49.05+ 6.35 22.93+£1.91
: (15.16-13.41) (64.79-33.66) (28.19-19.00)
n=4 n=4 n=4 :
Normal: ‘ . ; . -
Male 14.1140.27 41.75%2.10  20.87+0.41
‘ (15.02-13.18) (48.84-36.79)  (22.04-19.22)
n=6 "n=6 _n=6
Female 15.0540.27 48.40%2.13  © 21.31%£0.29
(15.60-14.43) - (52.73-43.63)  (22.20-20.95)
n‘=4 n=4 ’ n=4 ‘
Heteromorphic: _
Male 12.90£0.09 22.50.%2.50 13.53%1.70°
(13.00-12.81) (25.00-20.00).  (15.23-11.83)
n=2 n=2 n=2 ‘
Female 12.00 29.91 20.77
n=1 n=1 n=1.
Normal: - . ,
Male 12.61+0.18 . 24.97%0.96 .15.69%0.57
(13.39-11.24) (31.00-20.00).  (19.25-11.74)
n=11 "n=11 n=11 .
Female 13.04£0.37 29.33 £2.45 17.08%£9.82
(14.00-11.89) (38.00-20.00)  (20.09-14.07)
_n='6 n=06 n=06
*CF= BW? / BL x 100. DW: g
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Table 7 Rostral spine formula and MeaniSE(range) carapace

length (CL) of Penaeus penicillatus X P. monodon

and P, monodon x P. penicillat'u's.

P. penicillatus X P. monodon X

Hybrids P. monodon S P. penicillatus
Dorsal 'spine 6 .7 8 , 6 7 _ 8
(%) (3.57)  (92.86) (3.57) (3.57)  (92.86) (3.57)
Ventra spine 3 4 2 3 4
(%) " (7.14) (92.86)  (10:71)  (85.72) (3.57)
CL (cm) - 1.03 .i'IO.04_ (1.84-0.73) : .2.00+0.02 (2.30-1.71)‘ o
Individuals 30 - 29

" . observed

£8 HEXFREMFEHRE
- Table 8 * Carapace length Index (CLI), Carapace width Index

(CWI1), Rostral Index (RI), of hyrids, Penaeus penicillatus
x P. monodon and P. monodon x P. penicillatus . Dada o |

showed as Mean 4-SE (range).

P. monodon X

P, penzcz{latus :X P. monodon P. penicillatus

PLD 66 PLD 245 o PLD 57
. 25.49+0.17 F: 26.07£0.93 (27.48-24.60), n = 30 27.77£0.26
CLI (27.23-24.31) M: 24.88+0.16 (28.87-22.24), n = 42 (29.70-21.87)
- n=29_' N n=29 -
. 56.53% 1.54 F: 53.37+1.26 (57.27-46.43), n = 30 1 52.70%0.89
CWI (96.46-43.11) M: 51.88 £3:29 (55.64-44.28), n = 42 (58.00-30.49)
n=30 : ' n=29
RI - F: 65.51+0.78 (77.19-60.00), n=25
M: 72.34+1.00. (87.86-55.17), n = 37
* F: female, M: male.

4

CLI = length of carapace / body length x, 100 A
. CWI = width of carapace [ length of carapace x 100
RI = length of rostrum / length of carapace x 100
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B R ARR TR » T GS T 3 S IE 0.56 77 © 72 PLD 245 TG ERIKE P. penicillatus X P.

monodon 72 K FEIR RSB 9 » GSI=0.50+0.03 ( 0.99~0.08 ) » ¥¥5L 2 31.06 £ 5.03 (
159.6 ~0.9 ) mg ~ERFEE67.21 + 6.26 ( 141.9~25.6 ) mg ~ WHEE 1542 +1.62 (37.7
~1.5 ) mge Bl HRFRERPBE MR R HURRE the lycum IGRERARAE -

%9 BEHTFR GLBRXEIR) AHEREE

Table 9 * Maturation of male hyrids of Penzeus penicillatus
X P. monodon.

12.25 +0.05

( 13.17 - 11.14),

BL(cm) n'= 42
BW(g) 22.00+0.29 ( 24.65 - 17.46), n = 37
TW(mg)** © 31.06%5.03 (159.6 - 0.90), n = 42

VW(mg)** 67.21£6.26 ( 141.9 ~ 25.60), n = 42
SW(mg)** 15.42+1.62 ( 37.70 - 1.50), n = 35
GSI. 0.50+0.03 ( 0.99 - 0.08 ), n = 42

* Data showed as Mean*SE (range).
** TW: Weight of total testies.
VW: Weight of total vesticular seminalis.

SW: Weight of total spermatophores.-

B

ASR R YA B TR » IR X AT FBAR 22KeP R3D 6 K 0 RRFTH 44.52 % > LA
Hm S AIETR 12.00 + 3.09 (2448 ~6.11 ) HEBAEH AR 3 ~5 BEFRK - BHZ R
i 47 2 56 753 610,000 BAMEH R PL20 FR 375 B BRAFBRET (X1 ) » EHAREXEE
BHERER o BETFRDEKE Z: ~MZ T T RETFR FRBMLELZ FEREET
HEGERBREARNGEE o AR AR X BIRR % REIER XL RIE » £ ERIREH (the-

lycum ) NTESBHEFADANS R EMIBEBMERAEEBWE » B4 ERBEHREEZIR

REEERREG ERBTRESES 0.29 10° /mg» KRB BIRBI %2 51.27 5 » FHR14.87
10° /mg( RBE) » B4 X AL RIET BEZALBIBRR 2 ~ 4 fE o B RRR KR # T REDN R

B 4T FRAE X SR T 2 X o B AR o TR E Z M SR SR AT IR MR S HE AT 8 KIGEH RIL

s ERELRER > REBEEARR BRENERHTAETHE 0.81 10° /mg CRER)
RBEFTRWIRZ 1./ 18.35 © '

A TRAREEBIHEN20% » Hh BBl hE XBEZ 2T BEERERBEAS K
BR4AHBRE  SRSMXERTFIR féﬂﬂ&?ﬁﬁ%éﬁﬁﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁ&—ﬁ anten-
nule - 1ik flagellum FFEUfS » M SERBE 2B B % > 5 Ravindranath (1978) » Von Budden-
brock @# % Milne Edwards 47 1984 £ iii—F Palinurus FIR#— KM . antenna - like
flage llum BTE{S » Hofer 7E 1894 it —RBE &R (Crayfish ) HiEg—1R antennule- like structure
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BFEUfL © Ravindranath (1978) #it— B KR Caridina weberi sumatrensis De Man GE#

—BAE—EHRBATS KRR B WEHHTRA © B 3kRavindranath (1978) » Herbst ( Vide
Von Buddesiwrock » 1954 and Bliss » 1960 ) % Palaemon Sp. SJi BRREH TTLIA T 863 it 1 it
B o BEEER S EKFKTIEPengeus monodon, P. Penicillatus ﬁ%%ﬂ&ﬂziéﬁﬂj,tiﬁz
ﬁﬁ%°%%%ﬁ?ﬁ—ﬁﬁAMmmw4meﬂwmmnﬁﬂﬁﬁﬁi%ﬁz—ﬁﬁ%ﬁ§°mﬁ
sh—B P. penicillatus X P. monodor EERERFBENEELAE B—HR » BERRERRE4RNE
AT ETHEBEERAEFABRAL (HF1—4) " : o
5 A MR T Rz I R 7 T P SR R T AU 0 % P. monodon X P. penicillatus

FE RS RSB BIRIEH % » WHEP. penicillatus X P.monodon HEKHARR Z R -
M Az 2 BRI t-test PIEARESEE 7ois 5 T BAAR K HENR RN MR A A2 RN |
B HEE AR S B » [ P. monodon X P. penicillatus HRXHYREET6.84 AR ' XH
EEr R ( t=3.01>t'=2.60 P=0.050 ; %6 BE6—~1) ° Rk Zeleny (1905) TR IR &
s e P » 7ERRNEDT TV 20 A T G R AR 0 LU UK ( Castell etal, 1976 » 1977 ° %
%1980 » %1981 ) (A A ER ch s T A SO 95 30 S 1L #8 © Panouse  (1943) Elabatiiok:)

BAERBE KRR NEMEX — sinus HABRTHREDERMEY BT MBS WINR R K IERE

2 , {i & Castell etal (1976) B $& & ¥k (1980) Brown E’{Cunpingham%E 1939 4E's Passano 7E1960
B Trider et al £ 1979 FERHIRINIR K E DR 3 KRE - ARBTZREHRHLRE
‘ % 6—1 KARBRATERETFAMZEEREEKE » L t-test aH
Table 6-1 Results of t-test..on the size' and condition  [actor of
flesh (CF) of hyb‘r_idsof Penaeus monodon x P.
penicillatus  apnd P. penicillatus x P.monodon.

Between heteromorphsis and normalcy in eyestalk

P. monodon X P. penicillatus P. penicillatus X P. moonodon
BL: M:t = 2.63 < t' =12.04, NS "t= 1.52< t'= 4.52, NS
S F:r=112<t' = 3.18, NS :
BW':F M:t = 3.01>1t' = 2.60, * t= 0.93 <t'= 11.32, NS
F: t =097 <t' = 3.18, NS :
‘CF: M: t = 1.92<t' = 2.68, NS t= 1.20 < t'= 11.57, NS
F:t =084 <t'=3.18, NS ' '

Between P. monodon X P. penicillatus &
P. penicillatus X P. monodon of normalcy

Male - . Female
BL: =483 > t' =377, %  t=205<t's 2.09, NS
BW: t.=729 > t' =444, **  t= 586> t'= 4.80, **
CE:+  t = 4.83 > ' =307, % - t= 4.86 > U'= 4.22, **

NS: not significant * : significant ** : highly significant.
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ﬂ%ﬁﬁﬁAIﬂ%%m%zm$ﬁﬁ&Mﬁ&&&ﬁﬁwﬁﬁﬁ’Eﬁ%ﬁmﬁ%ﬁ@ﬂu&ﬁ%
Ao .

P. monodon X P. penicillatus 7E 8 A AIREE EFHIE 11.99 2% ( 50.04 BT ) K96K »
11 A 21 HELEBEEFFH 47.80 A% ( 12.55 BT ) ; £4- P. penicillatus X P.
omodon fE 8 Feh AR 4T 9.80 A5 ( 61.22 BT ) » [FBEEE 96 X iy i 8D R B 22.00
AE (2721 BF) ~ R 24.54 D5 (4.4 B « &Ll FA MM L, P.monodon X P.penicillatus
i ek 0 BT MR RAEREERA ERER ERES EEEEER (HERBW: t=7.29> ¢
444 s HEt=5.86>>t =4.80 » CF: t=4.83> t'=3.77 » # t=4.86>t' =4.22> P=0.00
Y o #i3s P EARMEE R (BB RAERIRHE AL RARYE © 211987 ) © HB AT 1K P pen-
icillatus X P. monodon ﬂﬂ*ﬁﬁlﬁﬁ%‘gﬁ%ﬁ’ 186 —F, —D: ALEIBEE (B#EF ) ZPLD ( 1%
e SRR 2 B i) B E S Y =a +ox BFERPZ b E '86—F, —D: bfE 0.0900 * P. penicillatus
« P. monodon bt 0.1517 ([8 2 ) HEMEZER (t=12.6554> t'=3.2905 » P> 0.001 ) »
o4 £ A7 oS SR BB B2 4% © P. monodon X P. peniicillatus ZFEBARR '86 —
Fi —Ds 2 bfli ( '86 — Fy —Ds B> B ) £/ 0.2038 % 0.2016 » AMZERLTRECL=
0.1333 » P <0.500 )» e |- b B B 5 T 2 AT AR R 2 0B S TR AT L AT R 1

s FRERRBERBERHRESRBBRAREE © LUP. penicillatus X P.monodon 13
B AR B F R B FEHAMIS A R4k P. ponicillatus TREREYR/NBRES (%9 ~10) AHRER
A AR o Sk R AT IR E 15,98 AT G RA LR B 16.66 AL BIBRE » BREREL
FA KIS GST /8 0.50 AR/ MBREER0.95ET (K9 ~10) © BT T AR BTY BRRE 5 0 F
S EE 15.42mg AW R/ BRI £ 14.97mg HE EHBRBEEFH67.21mg IR
Ay BB 5 36.63mg 2 1.83 {5 » HEREHE ( t=4.43> t' =2.88 » PR0.010) THLE
MR R SR B AR HEUE & T RS 3K » RS o 2 B B G BRS SRTF A Z K T ( KR
i | B AT DL SR M AN AT A R A B R RBRRETR B B B R RIR
CBETEAKZERAYE HeZs e RS 7 B RR WO IR B B OD L R 0 R A LR SRS E R
A FITT REMRAETEEED © '

FAEH T » BT P penicillatus X P. monodon X P. monodon X P. penicillatus HEEES
M6 ~8 » L7 B5E  HIEEASR (1986, Motoh 1981 ) AR » BFsES AT EAR (
27 )HBEABEREGS (F7 —1) cETEBIEP. penicillatus X P. monodon SEEHEARR B
BT 3 —4 (AL 4 (SHEH B 92.86 % ) AN 3 (56%) Hi4 (44%) Bz HRER » BARS

(5 83.34 9 » WEWIR/RA o P. monodon X P. penicillatus T2 — 4Ll 3 BEB(ET))RARNK

BR(FEFT—1) HKS RHERTTHEZARES — 1 TaEEA BB (RI)FE P.penici -

latus X P. monodon HESR B F/MEEER FK (AL BRI 86.44 > AT 72.34 >R 68.45 ) K
R RS RAL IR R EEE (t=7.34>t'=2.77 < PR0.010) SR REIB AR EEEER (
t=2.72> t'=2.04 , PE0.050 ) o HURERTFRAARBISHANET (LRIKE82.79>F
i 68.40 >HAs 65.51 ) » MEAKR REWHEEER (t=2.20>1t'=2.09 , P/0.050) gL A
BRABEZER (1=17.10> t' =2.77 , PA0.010) fé& LR RERHTFRZEARLAN
EREZR] > T BT AR BB REIR M ;%8 ~10—~1° £ S B2 B (CL1 ) HEP. peni-
cillatus X P.monodon HEAET ( Zi 29.20 > AT FER 26.46 >H3525.49 ) 5 R10.~ 10 —1

Y ALABEEsER (HEREK t=18.55>t'=2.73 PR0.010 ° BT RIBRE t =4.04

>t'=2.75 , PR0.010) > e 5 SRR B (E M BT RO A > BB RS E—E FEEE
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%10 BLREEYRIEE (BRTERENE) » ZERER - BTFEAE
Table 10 * Biological minimum size for sexual maturity ; enable
to copulate of pond cultured red-tail shrimp, Penaeus
penicillatus . Data showed as Mean+ Se(range) '86,6,20.
Pond 2. '

Female - Male

BL(cm) 11.3940.09 (12.06-10‘.97), n=12  10.99+0.23 (12.13-10.30), n=7

BW(g) 18.12+0.72 (21.31-15.98), n=12 16.66+1.17 (21.92-14.75), n=7
CWI 56.00 £1.20 (57.95-52.87), n=4 ' -
CLI 25.42+0.04 (25.54-25.36), n=4 -
I 101.13£1.97 (104.76297.56),n=4 -
TW(mg) | - 33.02+7.27 (57.80-16.60), n=5
VW (ing) ' . | | 36.63%9.86 (81.70-17.70), n=6
SW(ing) - ' ' '
GSI. - 0.95+0.15 ( 1.49-0.62), n=5
scs( x10) - 282.08 +163.89 (1096-56), n=6
SCV (x10) - 352.22 £153.07 (1540-28), n=11
SCT (x10) 152, n=1 |

* BL: body length. BW: body weight.. TW: weight of total testis.
CWI = wi‘dtﬁ of carapace / length of carapace x 100.
CLI = length of carapace / body length x 100
Tl = width of thelycum / height of thelycum:
VW = Weight of total vesticular seminalis.
SW: Weight of total spermatophores. ‘ _
SCS: Spermotoza contained in the spermatophore.
-SCV: Spermotoza contained in the vesticular seminalis.

SCT: Spermotoza contained in the thelycum.

BE(S /N LI ©

P. monodon X P. penicillatus 2 CLI HEE N AEEER (t=5.32>t'=2.04 , P £30.010
) &Eﬁiﬁ?ﬁﬁatﬁﬂ%ﬁz%ﬁ TIGESE SR 88/)s o ZEERE B (CWI ) Kl » P. penicillatus X
P, monodon i@k?ﬁﬁﬂﬂ%§7ﬁﬁ%( BN t=0.83<t'=2.04 , PR 0.050 o SAL RiR I

t=1.31<t'=2.04 , Pﬁo 050 )° P.monodon X P. penicillatus HAZF42 CWI fagig g '

RN HEEEER (RERLt=10.54>1t"=2.66 , P/ 0.010 ° BBATEIRIL t =6.28 > t' =
2.66 , P/ 0.010) B B 02 B R B SR R T AR AL BB T8/ ) oFE B 3 T P. monodon

x P. penicillatus WEBRSEE » RAREZR > MIRERERARSE  BROEGHRM
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H£10—1 MEE - LM > HIPRB  EARBR
Table 10-1 Body length (BL). body weight (BW), carapace width ‘

" index (CWI1), carapace length index, and rostrum ipdex

“(RI) of pond cultured male shrimp, Penaeus monodonand

P. penicillatus.

Data  showed as Mean.SE (range)

P. monodon’

P. penicillatus -

BL (cm) F: 9.95%0.11

: (11.00 - 9.20)
M: 9.87£0.10

(10.96 - 9.16 )

BW(g) F: 13.88 £0.50

' (19:40-9.20)
M: 13.5140.40

(18.21-9.99)

©CWI F: 55.23%0.34
(58.75-51.09)

M: 55.23%0.36

(58.88-50.00)

CLl . F:29.26%0.19
" (32.50-27.71)

M: 29.13%0.11
(30.15-28.13)

RI F: '68.49 +1.04
©(75.32-61.24)
M: 68.45+1.03.
~ (77.90-54.48)

n=30

n=29

n=30

' n=29

n=30

n=29

nh36

n=29

n=18

n=25

9.78£0.05 - -
(10.26-9.17) n=29
9.94+0.05
(10.65- 9:19) n=31

12.76 £0.21 ,

(15.29-10.15) n=29
12.67 +0.21 _
(14.55-9.33) . n=31

54.52£0.22
(58.09-51.26) n=30
54.43+0.60
(65.09-51.44) n=22

. 26.90£0.12
(28.20-24.44) n=34
25.81+0.25
(26.80-20.52) n=23

. 82.79+0.65

(92.93-76.76) n=35
86.44 £1.65

(112.26-67.31)n=24

+ BL : body length. BW: body weight.

CWI: width of carapace / length of carapace x 100 -
CLI: length of carapace / body length x 100
RI : length of rostrum / length of carapace x 100

$7—1 LR~ SHEZHE AEARMean £ SEFRAR

_Table 7-1 Rostral spin’e‘formula and Mean+SE(range)

carapace length (CL) of Penaeus -penicillatus

and P. monodon. -

P. monodon

(12)

Species - P. penicillatus
Dorsal spine 6 7
(%) (16) (72)
Ventra spine 3 4

(56) (44)
CL (cm) © 2.11%0.05 (2.93-1.57)
Individuals | 2

observed

6 7 - .8
(4.76)  (94.48) (4.76)

1 -2 3
(2.38)  (14.28) (83.34)

"2.86%+0.02 (3.17-2.53)
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BIES LR » SN BEENDHG AR ESYTZRA S BMI G EE < A RIBRETSE
BUBRETH  BHRRARRRAYREME » B (FERTA BRRERSE) » ARRSR
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By LR ERREREGT I 4 BEHR - C
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R T AL R BEAL BIRAS R IR R E » AR R MES ERR o
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