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Penaeid parental _sh;"imp rearing — ‘I.'_,‘?,;_:losing the

cycle of Penacus penicillatus Alock to F3 generation

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

This paper reports our parts of study on Penae_id‘ parentall,shrimp rearing. We have closed the

full cycle of P. penicillatus to F, since 1986.

1.

" and PLD (age after post larva in days) relationship.

By means of unilateral eyestalk ablation and spermatophore transplantation, the cycle had

_ been closed to Fj, and by means of. spontaneous matu{ation and spawning, it had been

» closed to F2

The growth seems to be no sngnlﬁcant dlfference between the generations from unilateral

. eyestalk ablation females and that from spontaneous spawning females by the analysis of

- covariance for companng the regression coefﬁment Tb and abjusted mean T4 of body weight

The quantity of eggs obtained from pond cultured _spawners of spontaneous maturation is

simiiar to that from w1ld spawners, but the hatchmg rate is lower.

Por:d cultured '86-F females spawned from the end of March whlle the water temperature

zo! salinity increased above 22°C and 35ppt The breedmg season was from March to

November, Ponka females (ready to spawn in Taiwanese) appeared abundantly from Apnll

“to June in 1987. The breeding season in the pond and in the wild is similar.

During the breeding season, few Ponka females were found in the pond when salinity- was
lower than 30ppt.

During the breeding season, GSI of Ponka females fluctuated monthly Showed as Mean
+ SE (range), GSI of pond cultured Ponka females was 5.38 + 0.42 (7.38-3.56), it is signi-
ficantly lower than that [10.36 % 0.46 (13.22 - 6.50)] of wild Ponka females (t=8.16 >t'
=3,19, p'0.0lO). ,
The artificial diet B with higher protein and lipid contain caused higher copulatal rate and
better maturity. The activity “of copulation was guite high from April to June. In April:
and May, the copulatal rate was 100% for '86-F,. '

~ Females 'coltured with low density of 0.2-2.12 'P‘CS/inz grew fast and could spawn

sp011taneou'sly. _There were no large-sized fémales found in the pond with high density of
10 PCS/m?2, unless to ablate the eyestalk unilaternally, none of females from high density.,

could be induced to spawn.
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KLRIR ; & B Penaeus penicillatus Alock » ZE&E (1977 ) [ REIRBEH R A BB
Z— AAHEEBAEEREE ~ ARESR -HJE » BEHERSR - BESBEE - BENHIME
g~ BT ALHE > AMRISHRAR ~ Bl - FESHBEBRERE | - ARBREER B
FARHEYE £ FERBN BB R > REBIERFRARMDLE - EAMERAEBRZHREBENT : B&ZE
(1972 )EXFAHRBRMBREVEREFRB AT %M M8 ; [ Red Prawn |##% » (BF
BHEERRP. penicillatus BRP. indicus o [fIIR] —FARERNEEREBER 2 4 BE AR
(FBF0 6 BT 5 1931) c N REH (B9 F ; 1934) CHERE PEMBAER MHE] ©
B ERBEEMBP. indicus: BT &P (1977 ) R & B ( 1986 ) 7E & M RIRH 4R~ 62
AKe B (1) ERKN_BHTERRBEH PR [KLBIR ( Penaeus penicillatus Alock ) {f1g
SRHREEFBZAE > URRELEF B AR RSB SESRERLTWLBE » ATl
SEYBWZALRIR) » BEALREF AOKRBEZ AL BRed-tail (RHE ;1984) ER-BERR
R flBIR —BlEG6.25 2% GSI 8.99 » SEREENMHIREIFHRIA & - BE (1984 ) i@ FI B

MHEFRIGA K EREBEERE RN BEED » &% (Lin © 1986 ) FlF BRI E&

ZRFMBRBELE TR TR RIRS EFTHS R RMA ( Sub-maturation ) HEIRIE— B
ReRpo R S TT LIS B MR WA AL 30K » /MM T REIW ] ( Copulatal fluid ) YSREFEZERIMBME M Ak Pl
WEPES ( thelycum ) B (LAMB 2N SRHENR o IS (1985 ) K4 M 5 B8 BEIRH HLE
KEMEIL R > BRARREOEREERE o BIRE (1986 DD FILL 84.74 %X 65.93 % Z1EH
B2 AT AR A E BB o B € 1986 ) Flft— HIBR B AR AT WA BB - B ( 1987 ) BIE®
EEAEHARE (122 8,/m ) UEXRERER—4  BEEEN% » BRT (1987) Bl
HRBHEY - SR ATOSEANIREEESERTHE - ASEXRFTAEIFTERE S
BRE TRRER BN~ X% - 47 - RESETBRS K REREIELR » MRRRAEEH
R—SREELTIREED ( Hopkins ; 1986 ) o B Al %AIE S FI IR 1 B4 MR R EE L
HRRRFEBAT BEI~5 ABKABBREY 6 AXSERNDELERRAAFEE &
BRI SR G 0SS ERETEBEEHE ) AERET187EEEERZBE ; RERETFRZEER
S o Y GBS EIR DD B AR BR B R 2 IR0 LR o
ME R E

DI BEET RS 85K '86 “RFf e
"85 F-f¢ : '85—F, 2R 198570 A 260 & # MR FTITH S HEXRBIBIE — RS B 2 SR1% 0 B
B B ARSI IR R B LU B R R T o "85 —F, hHMEREFLHBEOOUARE
1985 4E 4 J 27 F BB » B REIBHE WA 185 — F.o SH REIREMATRM L "85 —F,s o
'86 Tt EASHAHMIMMBRERENTH ‘86 — F» 2 EFREIRSUNEFYENR AR
ERHREH 86 —F2FR o

BRR BT A2 SR R 30 ~ WF R/MR o KR 27 £ 1°C» 343 33 ~36ppt ©

R BM S EREEBEREZHE (KR T ; 1984 Lin & Ting ; 1986 » Lin ; 1986 )o
EEREESKERES « KESBEF ( 1980 )ARBENEY 2 KUY LARERLE « BVER
BAE 60 ~ 35 A5 » EIKZEFABAE 120 ~T0R 5 © WK ERLUE ARG - & VIR THAI B &bk
BEHEE BEMEE SE —AKE - BHEBREEER 3ppmll EVERY ZHA
FK © 198748 70 A BT A SR G 2 P IREAR ( artificial diet A ) » 504 % 61 B §¥} (artificial



diet B )» BﬁﬂﬂﬁAﬁﬂZ§Eﬂ&EsﬂﬁﬁiE A~ Bﬂﬂﬂz—ﬂﬁiﬁmil » B BIE S sk
2> Bﬁﬂ$iﬁk)&"jﬂﬁ ° -

£1 AISRA BZ—RREH
Table 1 Chemlcal composmon of amflcnal d1et A & B
in percentage.

» ' -Crude'_prot'ein C;ude fat Crude fibre Ash  Moisture
A 36 28 3 17 13
B - 40.2. 59 . 25 123 10

#2 AI@HBZEf _
Table 2 Formulatnon .of artificial dnet B .
(in. percentage) "

flour - o - 32
White fish meai - | 42
Squid liver powder 5.
" Cod liver oil - 2
Vit. mix 2

Ca(H2PO4)2 = 38

BER:WES AT HRE 16gLl bR AR EY 3 ZHIBRIPLBE 2 ML | R E IR R ENS
RER > WP (1977 )2 BHBEN LIS EROS ¢ Ponka ). ~ B~ ( Gualeen ) ~ cf= ( Tioléen )
. ~#{Z ( Perleen ) ~22ff ( Kanber ) ;1 °B%%'Jﬂi.i:ﬁﬁ¥#525’2£ﬂ- » 3¢ AR EIE SR L
B GST LIS -

RERR | MR RRRE R R (3 ; 1987) ZH H L o
APRBEZOMEBBR/ENHENELL PLD BFRZ o

o R

EFRZBRE | BFTERS KR R — BB B 2 96 FI SR R B KB A ‘85 —
Fi PL 10 $8 7 0.014 252 10 38 » #£1985.4.27 H{ MR 0.8haDyits » HER 10.41 B/ m?>
PLDSS KRN 6.882 3 ( AXF PLD A PL » PLD RAMMERSE MY BEZ H M ; age
after post larva in days) » PLD92 ZF B9 BE7. 19R5E » ZHFHE 4 XKPHBE » & '85.9.
20 PLD 156 Fs3i8 & (A3 ) LiMean + SE ( range )35 » MMERS 11.43 + 1.27 (16.20 ~8.49
) v HE¥R14.60 £1.44 ( 17.70~11.01 ) s '86.1.8 PLD 266 Mith » B 20.89 + 0.60 ( 27.73
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Table 3 The rate of daily artificial diet supply.

Mean body weight (g) Daily diet supply (%)
below - 1 ' | 15
‘ 1 - 10
2.5 8
6
5
above 16 3

1 & 2: Ponka ; ready to spawn. .
3 : Gualeen ; nearly reap or reap stage. -
4 : Tioleen ; late ovarian developing stage.
5 : Perleen ; early ovarian developing stage.
6 : Kanber_ "; underdeveloping ovarian stage and /ot

spent female.

iz E%ﬁﬁZ#ﬁ%%&ﬁM,l&zﬁﬂ’a §C»4 h
{29 5 % 6.2/ |

Fig. 1 Outlmes of ovarian developlng stage agamst the llght,

named in Taiwanese.
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' AAEIER5.76

MRS 2 BW=0.714+0.08 PLD ( n=165 » r =0.8018 ) ;E20
K2 BW=3.60 +0.06 PLD (n=63 » r=0.5892 ) ; @3 o -
. 2 BW=-4.46 40.10 PLD ( n=68 » r = (.8938 );E3 e .
'85 —F: B8R 100 W AT EIR ( MRS EWQ30AT ) R0~ TAMBLER » LA HEIGRER
RSB '85 — F2 » 11 KR PLD47 @EFH 0.07 2357 ' 86.3.22 HEETES 2 [H4 5
ZD: ity BE11.45 8, /m? o 6 F 20 HPLD 136 Reigzs 33 BRIBE 8 E 10.23 A5 » S

JWh

m ‘-/ T '
¥ o : RG FE) 30 5 4 0
A:  '85-F1 PLD: 10-266 B: '85-F2 , PLD: 47-233
. {'85.4.27-86.1.8 ) ('86.3.22-'86.9.24 )
BW=0:71+0.08PLD BW=-4.28+0.09PLD
(n=165, .r=0.8018) (n=320, r=0.8882)
40-149 D: ‘86-F1 , PLD: 30-5041

C:  '85-F3 - PLD:
’ ('87.7.20-'87.11.6 )
BW=-3.18+0.08PLD

(n=145, r=0.9576)

W2 BEAER' 8 —F >

('86.4.10-'87.8.4 )
BW=~2.77+0.09PLD )
(n=448, r=0.9670)

’85‘sz A ’85“F3 & ISGhFI

Z 9 (BW) S4H i (PLD) 2 EREM

"Fig. 2. Relationship between body weight (BW) in grams and
' age in days after postlarva (PLD) of pond culture
'85-F1, '85-F2, '85-F3 and

Penaeus penicillatus

186 -F,
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85-Fl1-Male, PLD : 96-266
('85.7.22-'86.1.8)
BW=3.60+0.06PLD
(n=63, r=0.5892)

t85-F2-D1-Male,PLD :233-318
('86.9.24-'86.12.18)
BwW=4.42+0.08PLD
(n=38, r=0.6062)

*85-F2-D2-Male,PLD :170-233
1'86.7.23-86.9.24)
BwW=86.63+0.03PLD

(n=68, 1r=0.5015)

‘86~F1-D2-Mule,PLD :116-3504
('86.7.23-'87.8.4)
BW=3.34+0.04PLD
(n=113, r=0.9786)

‘86-F1-D4d-Male,PLD :293-449
(‘87.1.21-'87.7.0)
BW=3.3440.04PLD
(n=78, 1r=0.6985)

‘85-F1-Female, PLD: 96-266
('85.7.22-'86.1.8)
BW=-4.46+0.10PLD
{n=68, r=0.8938)

‘*85~-F2-D1-Female,PLD:233-318
('86.9.24-'86.12.18)
BW=-21.980+0.19PLD
(n=27, r=0.7322)

'85-F2-D2-Female,PLD:170-233
('86.7.23-'86.9.24)
BW=9.8640,02PLD
{n=73, r=0.2675)

'B6-Fl-D2-Female,PLD:116-504
('86.7.23-'87.8.4)
BW=-4.15+0.10PLD
(n=176, r=0.9748)

'86-F1-D4{-Female,PLD: 2938119
('87.1.21-87.7.6)
BW=-11.39+0.09PLD
(n=71, r=0.7506)

B3 ATERABLE - BT 28 E (BW) 5B # (PLD) ZEGMAMN

Relationship between body weight (BWv) in grams and age

in days after postl larva (PLD) of pond culture Penaeus

penicillatus
by male and female.

of '85-F1, '85-F2-D1 & D2, '86-F1-D2 & D4,
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HeHR 5 BW=-4.28 +0:09 PLD ( n=2320, r=0.8882 ) ;@2 °
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N : Individuals of female examined

M4 HLEBIR 85 —F. REHEBL
. Fig. 4 Fluctuations of natural copulatal rate of pond culture’
'85-F2 red-tail shrimp, Penaeus penicillatus Alock,
fed with artificial diet A.
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Table 4 Survival rate, sex ratio, and ‘copulation rate of pond
culture '85-F2 red-tail shrimp, Penaeus penicillatus

Alock, after overwintering in 30-T concrete experimental

ponds.
) * . -
Pond Initial Terminational
no. . . . . .
sy Sex ratio Survival  Sex ratio Copulation

* % %

: Date Individuals M : Frx Date rate(%) M : F**  rate (%)
1 '86 300 1:1 '87.1.23 70 1:1.14 39.79
2 40 1:1 2. 5 100 1:1.30 7.69
3 12 40 1:1 4.10 92.5 1:1.31 23.80
4 40 1:1 4.10 80 1:3 33.33
5 18 40 1:1 4.10 85 1:1.12 55.55
6 40 1:1 4.10 - 97.5 1:1.43 26.08

* BW(g) : Mean + SE (range)
Male :29.89 + 0.50 ( 35.25 - 21.49 ), n = 33
Female : 40.22 % 1.26 ( 51.02 - 29.17 ), n = 22
** M : male
F : female

*** : 15.78 pes/m  for pond no. 1, 2.10 pes/m  for no. 2 - no. 6.

'85 —F, —D, Z BWEH PLD E 440 :
BBW=4.42+0.08 PLD ( n=38, r=0.6062 ) ; 3 o
HEBW=-21.90+0.19 PLD ( n=27, r=0.7322 ) ;@ 3 o
'85 — Fa KU HENRAR BB IR AT RSO T ML 2 "85 — Fs T » 7£ '87.7.20 PLD 40 Fi8 %
0.22 277 11,000 BHBRFE 11 Bz (Mu ) > BE 3.7 B/ mPe '85 —Fy —My %% '87.11.6
R HEIRS 9.55 £ 0.25 ( 11.59 ~6. )RR AMBEE R HESXPHACZRERABER
PLDZHMR : ' '
HEHE7R 5 BW=-3.18 +0.08 PLD ( n=145, r=0.9576 ) ; @2
1986 A RBFENLABRERENTEL '86 —F, » FHIEFRZEPLD 15 K7 '86.1.10
BERFE0.8ha 2 M 1 225,000 » FHEE0.028 2% ° '86.9.24 85 12 K ErFHEE12.61
+0.29 ( 15.58~11.17 ) » #13.34 £0.25 ( 15.06 ~11.09 ) A% ; PLD A 204K » ¥ H
B 2,000 B ARt R 21 X2 0.8haD, g » B0, 2R/ m s BENE 15,000 REpMER
PLD152 K& 48 ( 22.324% » 2,000 ) BERD: Bty » BREE2.12R/m* - REEREE
86 — F\ — D, #RATEEM37E PLD 293 REF 52 » B8 15.25 +0.44 ( 17. 78 ~12.78 ) 1 18.79
+1.57 ( 30.95~13:40 ) A% » FUKERFEREE 2 £ '87.4.7PLD 369 K 4L i M H18.86
+0.81 ( 24.49~16.72 ) » £ 20.82 £ 0.74 ( 25.00~17.73 ) A% » Er EMERETI IR



» '87.5.7 PLD 389 Ki#% 5 20.30 +0.87 ( 29.30 ~ 17.06
"87.6.5 PLD 418 X &y RERSE 19.30 =+ 0.53
'87.7.6 PLD

PLD 3697 4L BB HAR 14.28 % ‘
) o i 22, 13 +0.99 ( 28.17 ~13.09 ) ZEE 50% »

( 22.78 ~14.48 ) » ff 27.51 + 1.60 ( 35.97 ~18.14 ) B XEH 90.91%
449 K8 21.36 +0.66 ( 25. 11 ~18.91 ) » M 33.69 + 0.45 ( 35.85 ~.31.42 VAR HED
BR 0% 7 8 ARBRIIRHRIRE 2R » 27375/@1? Kﬁﬁﬁﬁaﬁmﬁﬁiﬁﬁﬁﬁm TR 4 5%ED
'86 —F, —D, zﬁggﬁpwr&faifﬁﬂﬂﬁ . _
#BW=3.34 +0.04 PLD ( n= 78, r=0.6985 ) ,l3 °
f# BW=-11.39 + 0. 09 PLD ( n=71, r=0.7566 ) HE3 e
FEM, B BRE 15.02 ATk R 2, ,000 EBE % R DIRME) '86 —F, — D, H%W&ﬁ%iﬂﬁ PLDZ#

WS
i’&&ﬂ%}BW-—z 77+ 0.09 PLD ( n=448, r=0.9670 ) ;@ 2 » su&ﬁﬁéﬂ%&?ﬁ 86 —~F,

—D. % '87.1. IZﬁa&BﬁﬂKfﬂ]’E‘ﬂﬁﬁEZ(ﬁ ﬁWEBW—3 34+U 04 PLD ( n=78, r=

0.6985 ) » # BW=-11. 39 +0.09 PLD ( n=71, r=0.7566 ) ; i# 3 °
'86 — F: — D, ZEANME 5 ; % '87.1.21 180 % » 2 A 23 AR H 15.38 %5A L

. . . . R .
PLD: 309 = 342 364 385 415 438 487499 514 551 561 :
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- N ¢ Individuals of females ex,ani‘i.ned.

. M5 '86—F fLRRKEAEL
Fig- 5 Fluctuations eof natural copulatal rate of pond culture
'86-F1 red-tail shrimp, Penaeus penicillatus Alock,
fed with artificial diet B.
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FofE4 A7 AHWE (AN) 2324+ 0.52 ( 25.78~21.73 ) » # 27.43 + 0,98 ( 32.78 ~
2296 )RS A7 HERE(2=) 28.14 £ 0.79 ( 31.05~25.84 ) ~ # 39.51 + 0.91 C 45.00
~25.30 ) B¢ JE D: R AT RIS '86 —F, —D: BEHE B 100% » 5 A EREEEH 9. 66 %
ASHMESL.25% 7 AE~8 A3HBEI~7% 8 AhARBHS 20% - 95305?9&@&
EORBIERERE 23.07% 86 —F, =D, %57 A 6 QWA HWE (23 ) B3 28.80 +0.91
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pmo §8R15.60 245 - T 49.91 ATTH ERETN 1,000 K » ¥E{bE 0% » 55 264.00 +6.29 (
299.2~246.4 ) #m ° '85 — F: ZERA BB 4 5P SR B PR » (RMBE 5 AR B A0
» '86.9.19 WHEM 12 B » 45 3 RS » ZHE SR 200,000 » B 240,000 » FRE 140,000 ML

H64% > MIE0.25%  FH32.41% ° '85 — Fi ERMMMAEEE REIE » AR ( '85.8.1)

ERARAR 1 RUBAATLBIRE KD H I BEREN » £ 1 REABNPABAETLLR
BI2E > HAEN 3B ER LR 6 BERE » BRESIR 200,000 ~ H{E 50,000 » F5#5157,000
Hbh 2 BRLE0% » 4 BRMKY » BEM{LE63.63% > BRER 29.16% > £1527.98 % ;50
SR BEFHBME :

‘85 —F, & '85 — F, Eiﬁﬂ@&ﬁ&§ﬁﬁﬁﬁ§ﬁ » '85 —F, ZEPLD 114 ~ 124 ~125
S 156 #tBIE 3K GST FHE 0.17 ~0.27 8% 0.38 » B/{E 0.05 » PLD 124 ~ 125 2 3: 3:0f %)
HPLD 114 /N GS FHIEARB/N ° '85 —F, ZEPLD 211 & 318 @ 2 K » W& GSI 745 0.22
HEGST 0.63 » MEFHWE 14.86 A% » BEFIHME40.22 2% ;H6 ~7 © ‘

'86 — F, JIE BB LIS LE R ERRIREY AXSERERERLRME6 » 7% '86.10.15 ~
87.2.23 B] PLD 198 ~ 329 % 100 %R » 3 A 31 @ PLD 365 BABA R ARIREHEREZ
WOl 0.83% %4 A 14 APLD 379 2B MARBR G2 A& ®BH 22% 1 587 Eﬁi%l x
-1 ¢ éiﬁﬁﬁx ){£38.09% 6 A3 HPLD 4292 R 6.06% » 6 A 8 H PLD 434X ®R A
322.229%> 6 416 HPLD 442 BB 2 K K(527.58 % 6 ATHET ALWKKXE11.76 %
~9.52%~ 5%T.FE » Z7 AhAPLD 470 RELERRIOHARBR > 8 A W HRBRERE
3.14 %HMARNR s 9 A 30 EMMLBRBRARMAAL R - MK BEI30 BEKE —T Z
NAMER: 11 A1 AW RERES3 B 26 ?éﬁ 68.46 % > Rﬁﬂhﬁﬂﬁ#’ﬁ3 B4 11.53
/ o

%&EE.EW%BUZ@EBQ&%%ZGSI piit]i- 7Z’F$%K » 24 '86 —F: — D: #IRZ GSI [
Mean =+ SE ( range ) #REABCIE 72 L4 5 3R MAIRMIEIE '86.10.10 ~ '87.9.30 » 4 ~
6 AEBEZGS] » 7T ABZGSIBRETE » 9 AEZGSI HRABRBLH ( '86.10.15 )2

'GSI°'9 A 30 B#MLEBE 30 —TABEEREEI A 11 HEEZGSI BRLER7 ~9 A MAT

BEE - SIRABIZGST (W7 T4 ) HAFMIEZBL ° 2% ( Kaober )2 GSIRAH

- (PLD 198 ) B§{# 0.17 » ZERA % PLD 379 ~590 GS I B %% 2.07 ~ 0.55 » H{23% (Gauleen

) Bifhfas ( Ponka Y2 GST6 ARARMZEMESE 1 27 » WK ( Perleen ) ZGSI%6
AZBEEBE - % (Tioleen ) ~ELE~RMARBZGSIZERRAZER; 4 ~5 A
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@ VPonka“ ; ready to spawn.
@  Gualeen; nearly reap or reap stage.
#Z .Tioleen; late ovarian developing stage.
) Perleen; early ovarian developing stage.
& Kenber ; underdeveloping ovarian stage and/or spent female.
N : Individuals of examined female. '
PLD: Age after post larva in days.
@6 '86—F ALRIREIVABEHATGHLAZEBL
Fig. 6 Fluctuations of ovarian developing stages of pond
culture red-tail shrimp, Penaeus penicillatus A lock,
~ in percentages. From PLD 198 to PLD 590.
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Fonka“ '; ready to spawn. :
"Gualeenj nearly reap or reap stage.

tTioleens
Perleen;
Kanber i

late ovarian developing stage. °
early ovarian developing stage.
underdeveloping ovarian stage and/orlapent female,

N : Individuals of examined female.
PLD: Age after post .larva in deys.

W7 k86 —Fi 2EZHHGSILAE T : AMAREHZGSIZ
e 7 - D
Fig. 7. Fluc't.uatio'n of GSI .indicated as Mean SE (range), and the
relationship between GSI and ovarian developing stage of

pond culture '86-F1 red-tail shrimp, Penaeus penicillatus
Alock, from. PLD .198 to PLD 590. : '
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ME2 GSI AR4a~5AZM 6 AAREI 6 ~8 M » 7T AXTHRAE4LEE » 1ARHXEAE

5L REMBZGSIFHERS.38 B® 7.38 » BIE3.56 » B ETFH3.99 » B’&5.02 » &

E3.33 - EEL2.97 B 4.30 » BIE2.14 » W EFI52.65 B 3.17 » ik 2.25 » BRFH

1.19 &% 2.07 » B{50.14 ;%8 o 4~5 AM ( PLD 379 ~ 402 ) 2 (ARBIRE KA IM 8 o
85 —F, BMAAHAM 2 KB ~ B4 #L10M 9 » '86 —F, RI4NE 10 °

F 8 BEALRBIR 86 —F, FPREBIIZ GSI

Table 8 GSI in Mean + SE (range) of virious ovarian
developing stages of pond cultured '86-F1 red-
tail shrimp, Penaeus penicillatus Alock, from
PLD198 to PLD590 ('86.10.15-'87.11.11).

Ponka * Gualeen * Tioléen * v Perleen * Kanber * -
| 5.38 = 0.42 _ 3.99 # 0.22 2.97 = 0.22 2.65 + 0.17 1.19 £+ 0.17
(7.38-3.56)  (5.02-3.33) (4.30-2.14)  (3.17-2.25)  (2.07-0.14)
N=8 N=11 “N= 10 N=9 N=15

*In Taiwanese ;

Ponka : ready to spawn. ,

Gualeen : nearly reap or reap stage.

Tioleen : late ovarian developing stage.

Kanber : underdeveloping ovarian stage and /or spent female.

A8 SiTEISRE AR 86 —F MEMIINAZALERHR
Plate 8 Arrows show spontaneous maturation of Ponka females
( ready to spawn in Taiwanese ) of POND cultured
'86-F1, red-tail shrimp, Penaeus penicillatus = Alock.
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kSB[ 1985 S£ICA 26 B E MR FITHES EXKBRE ' 87.7.20 HH Fs o ﬁﬁﬁzjﬂﬁﬁﬁ
R A B R 0 B B M ST A b MR R B T o 57198643 AH Tﬁﬁgﬂﬁﬂﬂﬁﬁﬁ!ﬁéﬁ
ENFEH TR BRERERER '87.3.31 E%Eﬂﬁﬁﬁ%jﬁﬁﬂj F: o ETEREE (1973 )
BRMF 2 %Qﬂﬁﬁiﬂﬁfﬁz§Hﬁﬁﬁ§Zﬁ¥ﬁ§u%E%%&ZI{’F o Penaeus 7B 4+ 5 H
Aquacep ( 1975 ~ 1979 )FI RS ARAEE MAEIRL & HFA#yH P. monodon £ Fs » P.stylirostris
§Fs » P. yanamei ZF, » P. merguiensisZEF: » Beard et al ( 1977 ) HX P. merguiensis z

o WEAELEHTTLNBEKENESLEE F. & P. monodon B P. vanamei (RBFE) ° FARE

y&;gaa%ggga@ BWE HFAME ; Arnstein & Beard ( 1975 ) ; M 18 B P. orientalis &E
5§ » Alfredo & Santiago ( 1977 ) ; ¥5 23 A P. monodon FEFRL ML » Halder ( 1978 ) ; &
3¥ P. monodon SR E M » Primavera ( 1978 ) ; M5 AW P. monodon EJFAW{L EH K
B ¥ ( Spontaneous maturation ') HTE » Moore et al ( 1974 ) Y§¥GZ R P. californiensis &
ZEESD ; S S B  ESPMEE 63,000 K » B{E 1,500 KL » #—K 4,500 WEH 3% BLEEN,
2 IIET- » Conte et al ( 1977 ) 7£ 0.1ha MusE R EELE IR P. stylirostris B P. setiferus ,
stylirostris B—4EHEIN » P. setiferus BEETFE LM Rodriguez ( 1981 )ﬁmﬁﬁimZP
kerathurus » Lumare ( 1984 ) #§-hRI% B ¥ 26.25 A%l P. japonicus M 510m’ VRERMEHE K
BIRIE REES 098 B/ EHAR  BEXEBELAEAM0 —TAAMK 8 — T ABHE KK R
B W22 P. japonicus TEIP (RKBEER) ° B ETaFARREAIBBEEEF. HRBTME BEX
By ('85—F,> '85—F,» '85~F.)WEU§KE§W§5§§§F, ( '86 —F, -~ '86 —F: ) fE Penaeus §
MEWRE—FHER ° )

FRMzERELE . '85 —F1 ~F: ~ Fs RABAEBHRIREERBEFTER > '86 —F: RiE
BERENFER » RS ZBERPBK (PLD )ESHEMzbE(E2) » '85 —F, /50.08 »
F, £50.09 » Fs £50.08 » '86 —F: 5 0.09 » MM AHHEPIRM ( regression coefficient
S Tb ) ZREFm*E9 > '85—Fs ~ '85 —F: HFIH '86 —Fi HBMEERLR (Tb <1.96) >
185 —F, ~ '85 —F, P8 '85 —Fy LB A BREEER (Th<1.96 ) » RS FREUREE
RAEH/ARRBIE ( adjusted Mean ; Tb ) HAR 2.5T BEBEEER KA 'S5 —F, B4 '86
—F 2MEBREEZZR(Tb>1.96) » B4 HE Rz AFRERTUARE RER DR X
BRBEFEHZFRRBRERENAHE Wz FRMZEELREEER » WIRRTREBREE

| FEECEBAETEETURER -T2

W23 BUTIRZ > B ARS8 T 5 2 T AL R e L R AR (P L SRS R 3 K105
REEAERE D RR AR EEREA (B8 » EEES S KR To R '85 —F. — DEMEE
EHEM (Tb=0.51<1.96 ) » KM HEEEE2ZR - '85 —F: —D: RMEERRR 1145/
m? » ZEPLD 266 By M8 B 20,89 AT » # 23.58 ARERE/N o WREEN '86 —F

D, (0.2R/m’ ) RPLDBAMEM 2 EZREAA » HMPLD 475 % » HMEH 28.80 +

0.91 ( 31.21~25.78 ) » {HEEE 44.85 £ 1.11 ( 52.57 ~38.60 ) ZAWEMIE TR EML
'85 — F, —D: RIEMZ T EFEEXRTRRARE S RMEERH » WHWHE/ATE '86 —F.8
WRR%EZ D M ( '86 —F; —D. 5 2.128/m? ) R D # C '86 —F1 —D: ; 0.2/ m* )
ABEE 2R E ¥ - AHEMSR &  EHRGE » LI BB T 186 — Fi — D BRI BE—
Ffz '85 —F, ML REEZR (Tb=0.76 <1.96 ) ° s Tij'85 —F, B4 '85 — F: M G EEEZE
( Tb=4.47>2.57 ) » '86 —F, &' 85 — Fs HERBREARR - Et@&?‘iﬁv '86 —F, —D, 81 '85
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Table 9 The analysis of covariar_mcé for comparing the regression
coefficient Tb and adjusted mean Ta of body wéight and
PLD relationship among '85-F, , '85-F2, '85-F3 and '86-

F: of pond cultur‘ed red-tail shriinp, Penaeus penicillatus

Alock.

Tb

'85-F1

263 . '85-F2 . ©Tb  1.96, NS: no signific_ant'

** Tb  1.96, * : significant
0.73 1.41 Tb  2.57, ** : highly significant
NS i NS '85-F3
2.08 0.51 0.34 |, 4

“ s - NS |'86-F1-D2
“Ta.

'85-F1

733 185-F2

8;1*9‘ 30.,33 85F3
‘13.54 | 1m04 2923 | .

o xx 9** ';8‘6‘1'-"1

rd

~F, ¢ '85 —F: —D: ML REEER > '85—F, 8 '85 — F; ZMAREEEZR > RE LRl
Kﬁ%?fﬂEﬁEﬁﬁfﬁ%i%ﬁZ%iﬁﬁﬁZ&E%%&/}  H BBz ERK LB
ﬁZﬁﬁEﬁ*b&ﬁﬁﬁﬁ%? s HIBTET Y 16.66 AR R ERBIBLEZTR (BEF ; HRRMA
%E%E’Eﬁ% Zﬁﬁﬁf%‘&ﬁﬁ%) s $8 E 20,89 AEHIHER » BR%—EFY 5.78mg » MAR10.5
mg o ﬁ?‘%iaﬁé 14.5 X'10° ﬁﬂ]ﬂﬁ!& Ciﬁﬁi) ' UREBEENE » REREERRARE
Z BB LARRZERME » Ll 0.2 %/m‘ THREERE BRI 2.12B/m* GHESARE
SR, AEREH 10 B,/ m IEEABINERRBZBIER VAR ERAT R T EEREN - A
KigtERARE 2 ﬁﬁ%ﬁ%gﬁﬁﬁj}vﬁk Ll15.78 B/ m* 2 HELER 4 REHFEERT%
» L 2.10 B/m? S HEEREDEE100% (E4) °
Bz Ek&ﬁﬁ&ﬁ #t'86 —F, RETEFZBHEZ (H5 ) > E2 HE% KEEFAH 20T
DERERERETR 4 AN~ 5 AEXERRE100%* 6 FWJJJ“IZWE 81.25% WAREE
fLRIBE 4 ~6 AMEBRERZESTR &M%Qﬂfﬁﬂ@ﬂ&ﬁﬂﬁZﬁﬁﬁﬁﬁA » KRR (7
VBHWEOIESE E?&A?wﬁ*ﬁ& s TENETE 7 A 2 AR AR EM » MES~12ARERE £
XARER( '86—F, ;@5 '85—F: ;E4KRK4) » BT RERRELERYEE 6 ARKRT
%ﬁﬁiﬂ!&ﬂﬁiﬁﬁﬁﬁ » B HEGE EERTR OB B S BT TR R B
'86 —F1 Mg A%~9A Euﬂﬁrﬂlﬁﬁﬁ s ERREBPLEBEREL00 % MES~I A
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Table 10 The analysis of covariance for comparing the regression
coefficient Tb and adjusted mean Ta of body weight and
PLD relationship among '85-F1- 5, '85-F1- &, '85-F2-D1-
5, '85-F2-D1-¢, '85-F2-D2-3 , '85-F2-D2-¢, '86-F1-
D2-3, '86-F1-D2-9, '86-F1-D4-3 , and '86-F1-D4- @
of pond cultured red-tail shrimp Penaeus penicillatus

Alock. "

Th

'85-F1-3

3.20 | '85- . .

* % F1-9 Tb< 1.96 NS

0.01 |1.20 '85-F2 Tbh>1.96 *

NS. | NS -D1-3 - Tb>>2.57 **

3.33 |3.21 ] 3.05 '85-F2

* % *% *% -D1-¢

1.17 {4.70 2.62 5.96 '85-F2

NS > *x *1 -D2- 3%

1.35 | 4.47 2.51 5.63 0.51 '85-F2

NS *x * **x NS -D2-¢
10.46 1892 | 1.53 |7.31 | 2.87 | 2.96 | '86-F1

NS * % NS ) * X xx * ¥k _Dz_a )

4.50 {0.76 1.04 4.07 4.33 4.29 16.20 |'86-F1

a % NS NS * %k * % ‘** % % _Dz_g

1.97 18.03 2.49 6.71 |} 0.34 0.84 4.78 9.39 '86-F1

* *x * - % NS NS | =*= * % -D4- 3

193 }11.08 0.51 3.19 3.08 2.03 4.67 0.91 5.09 '—86—F'l
NS NS | NS *x ** * ** NS ** -D4-2
Ta '

'85-F1-3

11.74 1 '85- .

** IF1-9Q =

6.17 | 0.24 | '85-F2 ' Ta <1.96, NS: not significant

** |NS | Di-3 Ta>>2.57, ** : highly significant
112.94|28.14| 24.i8 | '85-F2

% T *x -D1-9
©3.56 [27.62| 18.46 | 51.34 | '85-F2

E LI T % *x -D2-3

7.73 32.45) 21.70 | 52.60 | 9.94 '85-F2 -

* % ** Cokx ¥4 * % -D2-¢

7.74 ‘12.14 3.28 52.69 | 29.50 { 36.64 | '86-F1 ,

% x%* LA * % k| * % -D2-3

23.17[15.14} 12.71 | 25.00 | 48.59 | 55.61 31.24 | '86-F1

ke *1 * *ok * % % * % -D2-¢

22.18(7.83 8.02 | 28.10 31.20 | 36.17 | 20.67 {0.09 .| '86-F1

o kx| wx x4 - > ** . NS -D4-3 4
32.37133.66/| 28.19 | 2.97 59.08 | 63.17 | 48.03 | 30.41 26.77| '86-F1

* % Xk . *k * K * ok * ok L2 T Y *% -D4-¢



FAZR A 20 ~ 23.07 % HF 45 '85 — F. IR E2 B TRERESHEEBEZHE (B4 -
5); '85 —F1 ZXRBFBRET ° '86 —F, B '85 — F, BMBRFEELTH (A RIAHBHR > B
BB HEAKMERA » KB~ EABEARATER » OGNk Az ER » EERERTHTAES
B zE AR '86 —F. BED, MEEIHR19874E 1 A 1 HEXBBHEE » MEEHERIEESE
HAGHR (K1) » bl RBEBHF ZEA ; B Lawrence et al (1979) » Adiyodii
& Adiyodii 7£ 1971 B R X8 Parathel phusa hydrodromous J Guary et al £ 1974 RREIR P.
japonicus Z Y B ERIT I Z I8 2K A » Kulkarni & Nagabhushunam (1979) WIE ¥R Para -
penaeopsis hardwickii (Miers ) KRBT ZERE -FE - REEA BN RBBARRYD »
EREX EF » F5 (1978) WRFREERTREFYD A # ( essential amino acid ) ZiE
¥ » Middleditch et al (1979) fEIBZHAPETBRIBATZ I BRI BB CoRCa 2BER
' BUFIAERS B ( Polyunsaturated fatty acids ) » i ABE&H FRRG ZBMH B annelid EREBE
hl P. stiferus 2 GE) SR ERE) # 7 WAESH » Middleditch et al (1980) B /S Penaeid i8> SRS 5L
HEEFHEE Y- M RYB 2 LA B M2 TR (tAM » Teshima & Kanazawa (1983) B3
P. japonicus Z SN BR¥ER triglycerides Z B HE > Galois (1984) ZE P. indicus Z SI&H s i
M ( during vitellogenesis ) HIEIRZEMBILARHANEKXBENNTIER Phospholipids %
triacylglycerols » Millamena et al (1984) AERBEBHANKRUEMN T ERZEI B
BERF®A20 © 406 0 20 1503 R 22 6w3 » HELUEFAE KB 8E REKM (22/8) P, japonicus
» FHEBEHFE3I~6 T B3I~ 4 KREAHROBIBEIF AL EDN ~ BEEFRPLD 20 ZiRH (KB
) ; FAREEEHE Yoon et al (1986) HiE3.5% - ARBIREELERIEESETAZ '85
—F: ~ F, RERBE - ERRBRELEE > AARENEEF, ZEIRP. vanamei RERE 1 BR
EARE > MMEHERERREE CGRER) » ARRE '87.2.23 0% '86 —F, —D: ZXMER
BHAFRBESEE '87.2.29 F 30 — TREMBHBE TR 22 /RMLER » & RREAFES ; &
11Xl » HBEEES A 12 BHEREER2.08%  ARHS 0% %4 AOFHEBEES
46.82 % ( 55.55 % 38.09% ) ~ A B26.87 % (28.75 R 5% ) » E KB HE BEAKK LA
i RE NE_MARRPESBOLA MEREEEF-—RBOA -

B '85.8.1~'87.11. 2R A RRRARBRAREINND) » BIEERREN, » ENBREE
264,000 (%5 ) HERHRAAGEZZ2EN B BEREARRRTFEZ BB E N
130,000 R (F 12 — 2) » LBARK (1986) HELABALBIRE 4 AN ZEIN B 81,480 (278
Fig) AR BHEEFEEZEY 176,000 BE (Fi2— 1) » RIAKXK (1986) 5 ABFHAE
0EF 57 SR# 133,000 AHFE » (B HEEFTHE 9 AHZ 92,400 & » 6 A3 197,000 € » SR
B S REIDROL TN R o (URAT BIERML AL RERE (F12—1 > RA&K1986) o i
BREGER ML - : ,

MAEECER s NERERY » i '85 —F (X6)R '85—F. (87 ) B ERLW

PLD B AR SBERARE  BAXRENYRNEESHE BT RAE YRS B NRE » e
AR B BEE > BRI BWERZ2ZHRESGMIEPLD ; B 67 #LH7 '85 —F, » PLD 114
ZPLD 156 2GS1 & 0.2538% 0.27 » '85 —F. PLD 211 ZPLD 318 £ GS1I & 0.22 %] 0.63
» Btz FHBE R GRS ¢ my AR H - EREREIE (1977) ZIRIRMITHEBORK
2 # ( fused nucleolus stage ) B Z/RERHBIN (KB ) » '86 —F, PLD 198 2 GS1 BWA Rij &
0.17 » EbA HAM PLD 296 ~ 320 B8R 100 %R2E » 3 FEPLD 365 (EIEBEAXNY &
W1IE)FHARBAEGENLARBBLETEREN (XS5 ) »EPLD3I9 (4 AMR) BELCE

H60% » MARIBREEE20% » £PLD 402( 5 A7 H) MARIRER - KE %15 38.09 % '86 —F,
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Table 5 Spontaneous maturation and spawning of pond cultured
spawners of red-tail shrimp, Penaeus penicillatus

- Alock- Data showed as Mean * SE (range)

size . : Eggs Hatching

Date — ' rate =~ pond Note
T B(em  oBw( (2100 (%)

185 14.65 £ 0.66 41.20 £5.95 157 £3.40 27.98 £10.22 W1 **
8 (16.91 - 14.16) (63.86 - 27.00) (264 - 50) ( 63.63 - 0)) & '
. n=6 - n=6 . n==~6 n=6 D1

'86  16.09 %+ 0.57  57.18 & 5.80 200 * 30.55 32.41 +18.40 RS  '85-
9 (17.25 - 15.49) (68.46 - 49.13) (240 - 140) ( 64 - 0.25) F2

- 19 n =3 . = 3 n=3 . n=3

'87  15.55 % 0.13  49.88 £ 1.76 ~ 40 +30.00 34.17 +17.10 D2  '86:
3.31 ° (15.75 - 15.30) (52.94 - 46.81) . (99 - 1) (52.52 -0) & FI

& n=3- . n=3 n=3 n=3 30-
11.12 : , T-2

*W1 : Wintering pond no. 1 ( 100m x 4m x- 1.5m ), R5: Reservoir,‘SHa-
D1 : 0.5ha, D2 : 0.8ha, "~ 30-T-2 : 30-T RC pond No. 2
** Juvinils introduced by chance from wild through water gates..

Rl A~ BENNARIRETESILE

Table 11 The effect’ of artificial diet A and B on the copulation

-rate (%) of. pond cultured red-tail shnmp, Penaeus

pemczllatus Alock.

Date = ‘ Diet A o " Diet B
187.3.12 S e o 2.08
187.4.10 . 26.87 - 46.82

ilZ AR fﬁﬂlﬁ?ﬁﬁﬁZGS‘
Table 12 GSI of wild gravnd females of Ponka stage * of red-

tail shnmp, Penaeus pemc:llatus Alock. Data showed -

as MeaniSE(range) Date : '86. 6. 6.

Body length (cm) 16.93 = 0,43 ( 18.78 - 13.71 ), n = 16
Body weight (g) . ‘ 61.25 = 4.46 ( 83.42 - 29.53 ), n = 16
GSl » ' ) ©10.36 +.0.46 ( 13.22 - 6.50 ), n = 16

* Ready to spawn_ in Taiwanese.
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Fi2—1 HREFELEEZERES

Table 12-1 The fecundity of wild spawners of red-tail shrimp,

Penaeus penicillatus = Alock from Putai harbour*

Eggs ( x 1000 ) Average hatching
' rate
Date Spawners - =
Total Average - (%)
.85.3.20 ] 130%%* 208,000 160 50.22
4.13 45%% 7,925 176 88.17
' Mean®SE  Mean=+SE
(range) (range)
'86.9.2 S** 462 92.40+10.09° 54.21+8.14
(130 ~ 11) (72.3_0 - 29.21)
n=35 ns=3
'87.6.6 12%%% 2,370 197.50£11.22 76.63+1.57
. (260-140) (85.00-66.66)
n = 12 n = 12

* Pote kan in Taiwanese.

** Size . MeantSE (range)
BL (cm) 13.16%x0.23 ( 14.19 -~ 13.07 )
BW (g) 33.30%1.76 ( 38.00 - 29.80 )

*** BL, (cm) 17.75%0.44 (18.20 - 17.31)
BW (g) 71.87%3.94 (75.81 - 67.93)

#12—2 ERR 0 -TNAAKEBLZLEIGREE KB EMER

Table 12-2 Spontaneous re-maturation & spawning of wild spent
females of red-tail shrimp, Penaeus penicillatus

Alock, stocking in 30-T concrete experimental ponds.

Size o Eggs spawned
Date BL. BW IS (RSI) SR*  Quantity Size (um) Diet
(cm) (2) ' ( x 1000) Mean+SE
g (range)
186.4.16  14.38 45.05 CY I 130 A
) 263.1412.23
'86.8.28 15.34 47.92 (1) ’ 91 (275.50-244.89) A
n = 30 -

130 (2) 1.53

* ISF : Individvals of spent females.
RSI : individuals of re-maturation & spawning.
SR : Spawning rate. (%) = RSI/ISF x 100%.



%6 '86—F, ZGSI
Table 6 GSI of '86-F1, indicated as Mean+SE (range)

Date 'PLD (days)  DBedy lemgth  Body weight

(cm) (2) Gl
'85.8. 9 114 . 8.54 £0.14 8.18 £ 045 - 0.25 *0.12
(9-00-8.38) (9.78-7.34) (0.75-0.10)

n=5 . . n=5 n=95
'85.8.19 124 - 8.30 * 0.19 7.43 + 0.48 0.17 % 0.02
(9.20-7.56) (9.65-6.06) (0.26-0.05)

- 8.20 125 n=9 n=9 n=9
'85.9.20 156 10.36'+ 0.35 14.60 * 1.44 0.27 + 0.05
(11.92-9.54) (17.70-11.01)  (0.38-0.15)

n=4 . n=4 n=4

N %77 '85—F.2GSL
Table 7 GSl.of '85-F2, indigated as Mean + SE (range)

Body length - Body weight

Date PLD (days) (cm) (ctn) : GSI
'86.9.2 211 10.62 * 0.25 14.86{.'*: 1.13 0.22 *+ 0.07
- (11.45-9.99) - (18.78-12.86) (0.51-0.11)

n=5 - n=5 n=95
'86.12.18 3_18 14.47 = 0.14 40.22 +.1.26 "0.63 =+ f0.0S
(15.68-13,26)  (51.02-29.12)  (0.73-0.47)

n=22 n=22 n=5

W—E (KEEREEREER—EX 0K ) REREATAEIYL 1 (A% 14 E0k%m 8
EARRZ ARG TES - SRTHEARBREN  BTERMN » BEF% BT ARGERRS L
BERBBREATEREIE L KM Eﬂ.ﬁ{éﬁzﬂa‘ﬁf&z_§tﬁﬂ§xbuu%i ' RMBRRBERES
BEEDZ R ; RS HEKBEAE SR FF 35 ~ 38ppt REBAMAE ARBILEI - £H (1978)
8 Hi Penaeus B A ZE R BB RIRER B/ B MERB B2 380 » R E (1987) #8H P.monodon
ZEENBERET AR10~12 AHE » Hbh—REKERTMES & F 2B A—RIEKEBERE T
BARZEEY AR EREME 13.1 ~41.7 A% »# 10.8 ~32.9 A% » P.semisulcatus ¥
$17 ~12/ » SRR M UM » Hep— S B4R/ BT ( Biological minimum size
) WIBREA AN EAERAB 2~ 4 AEN - IEBABARE 10~12 A ( BEEEHLAS
# ) Potter et al (1986) M NERL B2 Metapenaeus dalli 2 L ERHIE » BEAENERS
By B2 B & » Macfariance & Moore (1986) }E’tﬂ%’EKEPamlirlus ornatus BRIARE IR &) 65
ARE S PRRBRIEFRS B 3 ~15ARRENET GEAMET » Krishnamurthy and
‘Ganapathy (1985) EHHIRA# P. indicus ZHRBEEBREK » EHRERE (2BK) THEXEHE
HERB ( full sexual maturity ) » Muncy (1984) 8 P, setiferus 2 EBE I mBE S E
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I EE 27 ppt Z 3T 0 Knowlton and kirby (1984)7R 51 Palaemonetes pugio MR RS BREZIES
y (B UBHERED LWL E B2 BAKENREL BEELR (1982 ) » Joshi 7£ 1980 $8HI R
A7 33 + 1ppt 2 Parapenaeopsis stylifera THRERREREENERGERE » HEZHARRE
A5 > '86 —Fi BED: 22 FEKERES BRI AR KB W ~ 2B 30t @R E
2 ~5 FiEs T 35ppt Ll BB > 2 A KIEBWIE A 3 AREE 21 ~ 25T ZH o HREIRE R
PAEERMAELEERET L EREIRL » tH Lumare (1984) BEIBE P. japonicus ZHER
HE ; RABKELAE 22C ~ 5 38ppt P. japonicus CHHBERBERM 86 —F. fLERE
D: #R e 4 ~ 5 B KBS L FE] 25 ~ 30C ~ 3RS 36 ~ 38 ppt ¢ MR A RIRAT A LK o
5 A FrAMBREsEEE £ 6 AhaEs BAWERFE 30 ~35ppt HB2EH2REE 6

A~7 AehEAEE 30 ~25ppt BREEIREREILAK » 8 AR LFFE 30 ~ 35ppt MR RN
A% 9 A A TS 30 ~25ppt I RERTE B E PO EERNAEL > FHHRZERBE 30
—TAAKRMER » 545 B 30ppt L HE 3500t B EEHE R 25 ~ 28 CTZ KR * /A MRUABNE
B oA A RB T LS ~ L o B ERRPIES B SR BiEEiR PLDH X8R EME
FRESLIN (RBRRERATRBI ~9A) » EEHER 30ppt B ARG KB H
MERELERREM AT REETREERET ITEbe—HEEEE -

FESLRANRN BEHRCS | KB F EXWRRT & IMEKMMY ( stage ) 2EREH
B (F8 ) MARBETELERAERE (R12) »WEGSI £55.38 £0.42(7.38~3.56
) Tt A8 10.36 £ 0.46 ( 13.22~6.50 ) » {8 45 38 AR B AR OF BUAN 17 ARG /N EE R R
FMIGST B AZESR ( t=8.16>t'=3.19 P> 0.010 ; BEE )RS BRI A/ INRIFTS |
o BEDER N ERFEESE—FZHY o 3— 6 ABAROARBHE » SHEERRHAFF
BB A EEEIRBY UMRES R KEMREEETIE FER A L e BB W] 1T A 18 HE R S BE

BLBEERIBRITR2RMEZER -

& =

A BN 1985~ 1987 EXRBIEE LEREEFFRZBIY B HBEFRZEESN » X

BhIE T MEAE ORI B R IR E SR AN LB

—FIF ER AR RS EE B AR 85 —F: ~ 86 —F: ~ '85 —Fs° IR ENFRATH
/86 —F, » '86 —F, o LA RENRBESRAYREABBRBHAENETH TR
EHRMEAKHYEEKZBE®H (PLD) T HEHWEBES S TR EREEER -

CEEERRBZ BISEEREAE ETRERRREGRIER BB RBET °

SEELEE 3 AEMREREDN 243 ~1AGTEN EHNARBARMEBAMBRI~6A
AR LKRERER  BAETZAR 5 FHB AT 2 LB ET ©

P 55 AR A BB 2 GS | AR (L » 242 GS 1 LI Mean £ SE ( range ) RRE5.38+
0.42 ( 7.38 ~3.56 ) Ik RR¥SFHIR 10.36 + 0.46 ( 13.22~6.50 YHEREBREERET (t=
8.16 > t'=3.19 » P=0.010 ) °

FEOENEESEREZ ANEREARIVERMBRE 4~6 ABALRBR BT RRRER » 4
~ 5 AREAE 100 % © ‘

AEEE0.2~2.12 B/ m* T » [ EAREY IR RTEKEN EF 10 B,/ m? R A
B > 2% BRI 2 T s R o AR BAIREL15.78 B/ m ERMUKEFEETS
P L2 A0 R/ m 2 EEERARE 100 - 36 O AU B S M B T 35 RN RZ IR
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