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Mass Mortalities of Cultured Kuruma Shrimp, Penaeus japonicus,

in Japan in 1993: Epizootiological Survey and Infection Trials

Heiji Nakano™', Hiroshi Koube*', Statoshi Umezawa™’, Kazuo Momoyama™?,
Midori Hiraoka*’, Kiyoshi Inouye** and Norihisa Oseko*’

*!' Kumamoto Prefectural Fisheries Research Center, Senouchi, Ohyano, Amakusa,
Kumamoto 869-36, Japan
*1Seikai National Fisheries Research Institute, Kokubu 49, Nagasaki 850, Japan
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* National Research Institute of Aquaculture, Inland Station, Tamaki, Mie 519-04, Japan
*$ Nansei National Fisheries Research Institute, Maruishi, Ohno, Saeki,
Hiroshima 739-04, Japan

(Received March 3, 1994)

From March to October in 1993, high mortality of more than 80% occurred among Kuruma shrimps,
Penaeus japonicus (0.015-25.0 g in body weight) at farms in Hiroshima, Yamaguchi, Ohita, Kumamoto,
Kagoshima and Okinawa prefectures in Japan. Abnormal red coloration or discoloration and white spot
of the body were characteristic signs of the diseased shrimps. The high mortalities were noticed in all the
shrimp farms that had imported juvenile Kuruma shrimps from China. This fact together with spreading
pattern of the disease in shrimp farming areas suggested that the disease transmitted horizontally from the
imported shrimps from China. No parasite or bacterium was found to be correlated with the disease. The
disease was reproduced in healthy shrimps by injecting filtered (at 0.45 zm) homogenate of lymphoid
organ of spontaneously diseased shrimps, suggesting the disease was caused by a virus.
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Occurrences of mass mortality of the cultured kuruma shrimp in Japan in 1993

Intraduction of foreign

. Mass mortality Dead shrimp
Total No. kuruma shrimp
Prefecture of farms
No. of - Export Month Occurrence No. of Mortality  Month Num:) er B(?dy
farms country farms (10% weight
Hiroshima 1 1 China Apr. Yes 1 o0t Apr. 42 0.02-13.0
Yamaguchi 11 2 China Mar.-Apr. Yes 4 100 Apr. —Sept. 161 03 - 8.0
Ohita 5 1 China Apr. Yes 1 86.8-100 Apr. —Jul 1.8 535 -11.0
Kumamoto 68 10 China Apr. -May Yes 50 50 —100 Mar.~Oct. 38.7 0.01-225
Kagoshima 15 i China Mar. Yes 1 90 —-100 May —Jun. 34 08 -40
Okinawa 19 1 China Apr. Yes 1 100 Apr. —Jun. 10.2 2.0 -20.0
Others*? 31 0 — - No — — — - —

*!' Qurvivals were killed with chlorine.

*! Others include following prefectures; Niigata, Ishikawa, Kyoto, Wakayama, Hyogo, Ehime, Kagawa, Tokushima,

Saga, Nagasaki, Miyazaki.
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Fig. 1. Spreading of the mass mortalities of kuruma shrimps at Iwa-island region in Kumamoto prefecture.
@, The culture pond the introduced kuruma shrimp from China;-», presumable transmission route of
the disease. Dates in the figure show the days when mortalities occurred.
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Table 2. Detection of Vibrio sp. PJ from moribund kuruma shrimp in farms in Kumamoto and Yamaguchi prefectures
Detection rate (%5)
Month Number O.f d Body weight (g)
shrimp examine Vibrio sp. PJ Other Bacteria Total
April 12 9.4-16.9 0 0 0
May 63 3.9-25.0 1.6 333 349
Jun 102 0.3-21.2 13.7 15.7 29.4
July 56 0.1-18.6 8.9 41.1 50.0
August 39 0.3- 44 0 46.2 46.2
September 28 0.9-22.5 357 17.8 53.5
October 5 19.3-22.9 0 0 0
Table 3. Mortality of kuruma shrimp by intramuscular inoculation of the filtrate of lymphoid-organ homogenate
prepared from various sources
Experimental Sources of inoculum No. of Number of dead shrimp Total Mortality
group Shrimp Sampling place Shrimp used 1 3 3 4 5 6 7 8 9 10% (%)
Spontaneously diseased shrimp Yamaguchi 10 127 10 100
I Spontaneously diseased shrimp Ohita 10 2 6 2 10 100
Control (Hank’s BSS) 10 0 0
I Experimentally infected shrimp  Yamaguchi 7 Pt 111 1 7 100
Control (Hank’s BSS) 7 0 0
Spontaneously diseased shrimp Kumamoto 9 36 9 100
I Control 1 (Hank’s BSS) 10 0 0
Control 2 (non-infected shrimp) 9 0 0

*! Days after inoculation
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In 1993 very high mortalities of cultured kuruma shrimp, Penaeus japonicus, outbroke in Japan,

forcing many shrimp farms to be temporarily closed.

Moribund shrimp exhibited red coloration or discoloration and small white spots on the body.
Degenerated cells characterized by hypertrophied nuclei, being stained homogeneously with hematoxylin,
were observed in various tissues originated from meso- and ectoderm, such as cuticular epidermis (most
frequently), connective tissue, lymphoid organ, antennal gland, hematopoietic tissue and nervous tissue.

" Hemocytic encapsulations, ranging from 20 to 50 #m in diameter, of necrotic cells were also frequently
observed in many shrimp examined. No difference in histopathological characteristics between sponta-
neously diseased and experimentally infected shrimp was recognized. Moreover, the same histopatholog-
ical changes were observed in a kuruma shrimp which was sampled from the imported package from

China, sacrificed one day after arrival in Japan.

Histopathological comparison of this disease with the already-known diseases of penaeid shrimp
suggested that this is a new infectious disease in penaeid shrimp of which etiological agent might be a virus.
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Table 1. Source of spontaneously diseased kuruma shrimp used for histopathological examination

Group Origin of shrimp Date of sampling Number of shrimp examined Mean body length (cm)
I China May 10, 1993 4 7.8
11 China May 14 3 8.8
Il Japan Jul. 26 3 38
v Japan Aug. 30 6 8.7
y* China Apr. 9 7 1.5
VI* China Apr. 27 2 8.0

* Group V and VI, showing no external clinical signs, had been imported 3 and 1 day(s) before fixing, respectively.
In these populations no mass mortality was observed when shrimp were sampled.

Table 2. Source of experimentally infected*' kuruma shrimp used for histopathological examination

Shrimp
Experimental Origin of
group inoculam™® Mean body Number Days after Condition
length (cm) examined inoculation of shrimp
I China 5.6 5 4-7 moribund
I Japan 6.9 6 10 survived
-1* Japan 6.9 3 1
1-2% 3 2
*! {ntramuscular injection.
*2 | ymphoid organ, heart and gill were pooled.
*3 Shrimp were randomly sampled.
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External appearance of spontaneously diseased kuruma shrimp. Note many white spots on the body.
Photomicrograph of the white spots. White spots usually consist of larger outer transparent layer
(OTL) on and smaller inner opaque layer (IOL), which is darkly seen in the picutre, in the
exoskeleton, as shown in the right white spot. But in the left white spot a part of the opaque layer
protrudes out of the border of the transparent layer. Bar length =200 zm.

= g o sin

Figs. 3-6. Photomicrographs of some different tissues showing degenerated cells having hypertrophied nuclei

(arrows). HE stain. Bar length=20um. 3: Cuticular epidermis under the cephalothorax exoskeleton
of an experimentally infected shrimp. CU: cuticle. 4: Cuaticular epidermis in the gill of an
experimentally infected shrimp. CU: cuticle. 5: Stemn cells in the hematopoietic tissue of an
experimentally infected shrimp. 6: Glial cells in the brain of a spontaneously diseased shrimp.
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Fig. 7. Photomicrograph of hypertraophied nuclei of
cuticular epidermis in the stomach of an exper-
imentally infected shrimp. An arrow indicates a
typically hypertrophied nucleus stained homoge-
neously with hematoxylin. A bold arrow indicat-
es granule-like particles in the center of the
hypertrophied nucleus. HE stain. Bar length=
10 1em.
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Figs. 8 and 9. Severely affected cuticular epidermis in the stomach of a spontaneously diseased shrimp. &:

Nuclei of the epithelial cells are hypertrophied (arrows).
CU: cuticle.

the cells of loose connective tissue.

Such nuclei (bold arrows) are also seen in
HE stain. Bar length=20um. 9: Hypertrophied

nuclei (arrows) are densely and homogenously stained with Feulgen reaction. Bar length=10um.
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Fig. 10. Lymphoid organ of an experimentally infected shrimp. The sheaths have markedly degenerated, while
typically hypertrophied nuclei (arrows) are not so many as in some other tissues such as the stomach

epithelium. HE stain.
Bar length =30 y#m.

Fig. 11. Lymphoid organ of an experimentally infected shrimp fixed 1 day after inoculation.

Bar length=20um.

Inset: Lymphoid organ of a healthy shrimp. HE stain.

Note the

collapsing of the right sheath arround the degenerated connective tissue cell having hypertrophied
aucleus (arrow). Lymphoid organ cells look normal. SH: Sheath. HE stain. Bar length=104m.

Fig. 12.
epithelium.

Antennal gland of a spontaneously diseased shrimp, showing hemocytic encapsulations (HE) in the

Inset: A hypertrophied nucleus (arrow) can be seen in the hemocytic encapsulation

formed in the antennal gland epitheliumn. HE stain. Bar length=20 um.

Fig. 13.

A hemocytic encapsulation (HE) in the gill sinus of a spontaneously diseased shrimp. An arrow

indicates a necrotic cell having hypertrophied nucleus. CU: Cuticle. HE stain. Bar length=10um.



Figs. 14 and 15. Lymphoid organ of a spontaneously diseased shrimp. 14: Severe hemocytic infiltration is seen
at the collapsing peripheral area of the sheath. Nuclei of many lymphoid organ cells are hypertrophied
(arrows), but the nucleoplasm does not show a homogeneous appearance as found in the degenerated
cells of the cuticular epidermis as shown in Fig. 7. HE stain. Bar length=25/m. Inset: Foreign
bodies laden phagocytes. HE stain. Bar length=10gm. 15: Mass of cellular aggregation in the sinus
is seen lower half of the picture. Boundaries between the cells are indistinct. HE stain. Bar length=

20 ym.
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HURIME  EldEVRTEEZR L, 3 BRICEEL
RPERETRYT T & 5. 25 CTORYAER 3 F IR T
WEHFON, TANVZADANEALPLEFEBRICE VT,
YRR BNIBEEVI KD,

L

YA WAEEITO 1oDIE. YA VRAZROBEL -
HOHHEHER, KDy 4 V2 DGR HES LI R o
BAEEIIC 2O TOHIRODUEN MIETH B, Brik
Ml THEERIRER v 4 v A ThNIE, HibMRERIAL
TINSOHMADNENTIETH 245, PRDV IZHFEH
HAREIS B LIS A LIS Ve B - T, MRS HER
MARERERI I DB I T ILENE S, Dk
DA NVAOMREZEW ST T 37D ICHEIR, BIFHN
WET, FEAEASE BRI SV TR LT,

%9 PRDV i BfE5E Y 4 XBIRSZM > W TS
Lico ZORR, BI1HETHRRIK L C OBERHE A
EHRPIcEET 5 LT, $hE062g~18.1g D ¥ A X
ORI VT T EFRTCERBIENTE L, FLER
HHEAKDZ DY A4 XOx Licxtd % LD50 ik 1072~
107 Tdh -1,

DEICEPERTHRET NEKRHEHERF T 120
I, KRN ORPEERREITV, 2 V22 O PRDV T &
BAWIEE FHEKROBIREIETH & R & b Bt
Lico 7Kif% 20°Cy 25 CRREE L HBRX T 20 CK
BULBHETIR, 25°CXIZ 6 HE& TIm73% DFET-H
ZRL BREROERTIREE3 BEIIZKEE20 °C,
25 CITERE L e B TR N2 60 %, 100 % D IRHL
FERLI, THSoRER,S, BBRERAET TR T



BE BAIKE25°CTT HMNE S 2 0808560 | &
Fo B I YR T LR T 2812 25°C T3 HEE ¢
ZENRRY S,

PUb&p, BIEDEET, ERUR®R . Kof
IEDAEHHB RS o WIN T, FBIEAYE O R ER R B s
BUTolETHBEEL DN, ¢, BYPEEBRICH
WBIZ VT EH A ZRROAEEEZERLTREEN B,
3735 PRDV QR & 134KTE 22, 5g ko= £ %
HO 2438085 0 | HRNISK T © O BEVEE 5 ik % 3
e a0 TRy Xh o 3AHEH g Pk, FEEK
OB DED 5 13AREH 100 £ FRE QKM T 10 BEE
R EHEL 20g 4 X COMPAD = €&V 3 $HE
WH Do FIRPHEREDRINCTT S o I M AR
WU, MEORHHBIEETILENH 2, TDIdIT
BERMSBEL 58 BES A XEHVALENS 5, Ll
X o e obERIRI 1~20g 0T, T0iEH
IR A P E R O BIIic £ vtz v o 4
RIFREEN B,

RICEEBA AL, BRRIRE LT 1 ETahchEET
W OB A e KIRIT/ER L, —80°CTR b v
7 UTRGS e 0 B0 BRE G 2 v= 2 EDEHH
ARIC, 5T & ORISR A 10 LLE O IREE T R
TBIET, BEIBYESEIIT 5,

F 1 RERI®R O 2 Ve  E OB REEKEE 25
CIREEL., FECRTHRT 2551TH, BRYSRTHE
T A58 3 HREEET .

RRAMER AR, s ve s Bim o 4 VR AR 3
HERGSWL 4B, s BRE, 7 v=x %Wy
FEO LR F MO MSIHE LTV, B
LR O RO S LS iy Mo v 4 v
BT 2R LB mEHRET 5,

51 R Ck

BN (1990): 7 v=x bEHFO N+ s o9 4 v 2t
rRIGBRESEEE (BMN) B3 2050, LLOAAKEER
BISHE, 3205,

R B, BIESE (1973): v A4 VAR HERHED
TG, T4 V2 LR, BN TR fiE e
R, MBS, W, 479-480.






BOE JEYROHEE, R A NVZDOARIEL
R OEHREDFE






PAVO Z PR O fcdicid. BPREHEEL. £ o
BAEY DN~ DRAZ S T EAPTETH 5,
FRE B OHYH & PRDV s & el & LT PA
V B4R SERIN L foy 4 ¥ A= Hemigrapsus sangui-
neus, A ¥ x ¥ Palaemon spp, BEEHhTWSE (K
F5, 1996), L L. HEBATRSZSHFAEL, PRD
VIBYT 24 ThH 57 vex RO EHEICHA
AN BH[D PRDV SERAFAER RSN TOHIR N, KE
TREMGICEA S 2RioMNEES cHEho 7 v
<X eyl RO v=x eZHRW, Izt P
RDV SRR EFAE L, 7 v= x eFEfPHA S AR,
HRBN T OB & 73 B EHEM I > WTRRE L 72,

—H, BN TEOLI B A I =X LA TPAVICEK
BZREFEBFET 2P RBOELRNFTH D BIRM TR
ZIRDMEMER E LT, Bt HRERoMEETV.
PRDV %—1#77 3 T & ST, BRI M#EEE O Bls
BEKTH -7,

T Dfesd, PRDV S fed Sk a hic o dgkh T
OBLRETHERT D FIRE IR EHEE L . v 4 v 2 Ol
& AANE LR EFN, Fhithh o507 Ve EQ—
Fy B & ERBOWERD PRDV NEEHRIC2 L
THRE L7 E o SEBRC SRR . e OB
WA HERIAZBET B )i, PRDV Xt 4 2 KRS
HIDFHRIC >N TR L, ERIEHEERIERE L2, &
51T, PAVIC & 2 KESLORWELR/MRICR VLIRS 37
By PAV BZA L 755 RD & e b i BRYhE = £ %
WO B 7o DI BERERIT>WTRE L, £ 0EHD
BER S0 AW 5 2 280, MEBROFEMII> W
TR L 720

B 1E RBEIRDHERE

FEIBTHRRLEFEHB T PAV OFRLE R, %
WABRICFEE T 20, BIFERICRE Lo EERKD
xRN EF &, ERRAR S X HEBEEITDTE
FHAEBAE LEFEL 9P, Sumo®mEMX T, —20
i FAE U fcit, ROUIRDIC B U otic AT 23503
§ A TIAHEN D, BAOHHIL PRDV BEEE O
R L, 52 oHGlIREMtrho PRDV RE £ D
FIEEIKPTD Y A WA DRRGHEN S HER S h 2 0T HEME
ERLTWS, FBEoII3#KEN LIRSy
A W 2 REEYOBINC K 5 508 O ik © vkt % TR
LTW3,

PAV OFEEETRT 2103, v 4 VI DOIEREA~

DIRABIEASARIRTH O, R, $E5 o o AREHE &
BEYPE D IRRIROHEEZ TV, o 4 VA RIFHEY % 5%
R5END SHD BR BEEH B B,

RN THET 3 2 ve x ELIA QLY ERIS O
il RS EOMBIc X VIR RS S & MTfETH B
B, HBHREAT S 2 v CHIA PRDV 2445 L T
WG, Mo, RSO YRMED S h
12 IR ARREMEASE W, £ O TARI TR, A EERRY
THREAR. @ & 0 EVARKR, 28 KRIEEOR
WSROy v=x e & £ ORIRAEE R Vi
FIA 2 V= x B> W T PRDV A OB MOMER % 1T
W, EN5OHEEGO 1 BRI W TS AR B
HEET o 1o S0, HEOHMAEERRITBVLTE
WPNCIFERA 2 v= e B 7 v x EYA %N
WIERIL PRDV RO EMETIA L, EHEEN T O RS
TREB BRI D WTHRET L ic, R BATA OBLAIC
Hiz-> T, WEIL PRDV OFEERHTIRER PCR &
AR S (1996) ik VRS hic, REOMHIRA L
Nested-PCR BULZEIT-> 78, 9424, 5 E LT
W2ZOKRICRIERICEEEZ Shi, £ T, #E
@ PRDVOMIHNM LI L B8 & PCR #% i T PRDV
DOBHEIT» o

MR UAE

1 EHEERETOPAVRERKRAR

1) w4 vARRHAL

7 A VORI, KEESKRFEEDEE R, AR S
(1996) @ PCR # T @ PCR & Nested-PCR @ W5
EfTo1ce Ty FHAESICE O TR AKRIE,SFE
Ly vy I nvico>nTiR, KEERROHEN HLET
HEEEZ NS, 2T 4 TRETO A VAKT
OWERS L 135 3 E TR~ BRI 2 M <8 o LM
ha o RBAuRL TR L 120
2) Ry I

1995 4F & 1996 FFICH R AR, #HE & 0 EVAERR,
REMUARREOREOSED SN MMNBBRICHEET S
HpARESOHL ¢ (HAGHTRKARRR  hEXE
BERHLTHASOR), 2= P4 (V=7 D
A, V27, AP —NOERF— V) EREAF VT
e Ul, BBRAY ¥ 7 VIBE & L IERIRET
BAZhI,

PCRIRL -7 vidz € 10 BOBAW Y L
UEEEHRLTIFYINEL, /=T U9 R, V=



T BRSSP ZOLEERTERTO. g3t FE
EDRLTIHYTIWE LI, ey 2 HF 4 7RER
PR LA RR PS5 - 20LkEBERT0. g%
tELpcLTiHryIvE Ll

o, HRETREB ATy Y IV REES
HOHETHERATLH%1T > 10
3) R AA

PAV H3Fst: L e BERR N O M4 EES o2, i
ANEH. KR, BEREKEO 7 v= 2 €ISV
THERDFAEZTV, 512 PRDV OREMSERZ N
et o VWT, KEEOFAOFEMIC > W THEW L H#
HBEIT- T
2 HEEZEBRIETO PRDV 0%
1D w4 VvROBEHE

BRAMEBNE VA O vz EWHETH BT S
KU, 2RO v 7 vE—EL LT 3068 85H 5T
LLREY VIR A VADEEHEVWE IR
122 &M S, RO PCR & TRERT» 1,
2) Bkl

REAR RS 2 THRIFAICREA U 7o 4K 122.6
gD vwx b 283 (EEOPMAAE L 1B 56 B2, IR
JEURE 22 BB, SREEDNBE 205 ) BB T LAkcH

EWoHL. I~MO0RT2E2V EFEHIRLT, —2D
Hr e Ui, $EHAR VAN (6 KHE5)
L. FOBEKMTHE LIz ve byt s -0y
w2, VLT, IVR, BRI -NDFRATF - VICHE
THHIICENL, 202k ERE IgRE 17N
ELT, PCRRRZICHL L 1o
2) PCR BUR&

PEEMEHIAR & (1995) DJ5ET, BB PCR &
PR L oo 7B, PCR B3R @ PCR & Nested-PC
R Tfr-1,

= R

1 EHAEMETO PAV RERKRAE

FERAFK 51 IR LTz, 1995 ~1996 Fo T, &
WA ERMCOREFAEH T, PRDV BHERS itk
THIT, FAEHIZ4H, TH~10 AT RAESHR
hid4 ZEYHEORF—vRBIz e, /-7 Y IR,
V7, #RES-NTHol, THH PRDV OMER S
NPT T HIT 6 PITREBIESFELE L T,

& o RAEBIhO G A BRI SWTRERROHM
WD EFTVWEFOREERS-2 IKRL, COHEMEET
BERRLOEBH-z %248 1THRHAL, IHBE

#5-1 EEEEHBTOPAVREERR

K& H RS A-RE LS Btky 4 X PCRRBFER 3474 7REEE KBEREOGE
19954 7H A EZA L5 —N26HS K fEt 'Y
19954 8 B B BL : 3cm 1st+ KEHs Y
19954 8 H C BL : 15~25mm Ist+ KL =)
19954 9 A D HZF5—N22ES KREHE BB Y
19954 9 A E HAPF—/¥33HES K Rtk E=1))

1995 4F 10 A F BW : 4.82g Nested + HKERE K
1996 55 4 H G B/ —=TYvRv/x7 1st+ ASEHE By *

1st+ : 1 EB® PCR RIS T, Nested+ : Nested-PCR BUS T

* . ZHMIZE5-2 ITRT,

%52 GCHEHEALEESBILEIIPAVREERR

. Nested +PCR #3
AH R ] \ ] ,
+ VI B v A Btk v " v
96,74/15 BREREL O cERA Bl 30 3 3
96,7417 80 b vK#SIER%E 1000 ThilNA NT *
96,7419 J =7y o gk J =7 TR 1 1
96.74,721 VT EE NT
96,74,/23 Rz EAHEREN S NT
96,/4,25 FTxedn, I VRIREELAL, NT
96,/4,/26 KRFEFEA 4 1 1
NT * : Kitx



HEONARD 5 fFiciEV, 80 Ak 3 Hiczhth
1,000 GRINABE Lo 4HI9 K /=2’ w2, 4 H 21
HicVz7icZBLE, 423 HL VAT x EEIE
Ahic, 42 BRVI7ERESHTHAIhHERHIEI v

BT BT H AN O IcBVT L VY ARE

BLEVWEF, KEFESFE L, 4 A 26 Hicld 3 7Kig
D55 1KEPLE L. 2 7KEIE 50 LI T ORI -
feo TORBDD2/KEDS B 1 KEBLBL. Kofo
K34 A2 BIc Y v AREHEL, CORRTOEER
26.7%Th -t COFIIPCRRAOKER, Bz,
/=T VIRV ITTTY A VRBHRIEH Nested-PC
RTEH NI,
2 HHEEBETOPCREICKLS PRDV ORKRH
BRERSIICAR LI, REY v 7 VIR £
31, SREREAS20, /=T U x4, VT THI, TV
22y RA =23 THY, IEIEOPCR TP
RDV ORISR TE L » 7, L L. Nested-
PCR TR, Bz D31 v v 7 uth2 4+ v B LU
SREIN20H Y TN LH YT S =T Y 9 RAF Y TN
Fly v, RRAMS—N239 v PAh3S Y NT
IR 2 TERR U fzo $RIF T & @ Nested-PCR KIG D
I id, BIRRET LB TH » 0

%£53 PCREILDPRDVEMY (RFAERILRERS)

- S[Z 3] v *
ma S me R

WOFH Y 79.1~154.4 B 31 2
S¥EH - 2% 20 1
=Yg - 2k 1
V7 - e 0
IVR - 2tk 2 0
R kS5 = - £k 23 3

Nested [t : RREBH D Nested-PCR B & TOBM Y — WL,
SHEPOY v 7B LKA L Iih 5 8IkES 0. 1g
219 vTE L,

£ ¥

il BHAESMTO PAVEERIAEOER.
BREABPREFEMFELE LBt B VT PRDV R H
EhkIitho s Vv CHEESBREFEO—2TH BT
LOHREINE, Vv tB v BHICRET B394
RIEDRRGIRIZ DWW T Chen et al. (1989) A3, #EkER
gT, RROM = tRUBHAEROB = £ D MBV B
Zueids U, Bhil (1988) i3, BMNV OREHAREC 81
BRGRE UTRFRE, MEBE, 30thidEkoER

B, HxEOFERERFETHE L LTVWE, 4P
AVORIEEL s v= s CBHE ORI VWTRE 1 E
T, 1993 FEICHAERNTO PAV OFRIEWR. PRDV #ih
HEEEE L bIcEbATNAEENEVW L 2RL
foo & SITHER (1996) 13 1995 FFicfT- oy v= = B3
FEE~DT v - HABORRD> L. EHAERMT
D PAV OREEIC>WT, FEOHEHAES CTHEE L
Iz EHNREBEETPAVREEL M 4 s
BILEHELTVS, FABERLAHLE D L HEE
KEAShi 2 vz cBESRRE L L ->-TVWE LD
EHEbit,

FEAEAE TORERRERN T 5 &, KEESRE
HL, HxthsVxz7ETPRDVEBHERIESED O
BYIP, KEFMBARRET, X F— Y THE PRDV |5
HRIEHED SN EFME -Fco TN OH S, FEMEARE
BB TRESED O T, PRDV RS vox
ERESHAE NS C EMHERlEN B, L7ods - TR
BoENO D3, MEAERICBLVTHEEOR 7 —
VTPCREILLD v VARBPOFEEFAEL, —BT
b A NABHRIEPEBD SN BEIEAERTTOR VT
EWBETH B,

DT, BRBEOBEMOIDIERR L& B b PAV
RS, S /o4 v & = Hemigrapsus sangui-
neus, A ¥ I Y8 Palaemon spp, 7» 5 PCR kI & D PR
DVagH&Eh s (KKS, 1996) T & o5k, HhM
BRAOEMIC>WT & PRDV OEHEOE R LR T 5
MEHBHLLEEZIONS,

B 2H HKkHTOWEYAERY

A NVZ2RELEOEERD GBS h 3 & —ELE®%
ICIRRBBEN AR S T EHFB 0, PAV IR E LTHRMM
DOEETHZ I VT ERLTRY L, BHEbLRO
PRDV ARGt €5 EMBEZL NS, TOBAEDY
W= URY HFHRERET 320, PRDV BEE
OEED SR & hickodpkhTo EHEHERI B
Eng e

MERUFE
1 @ onext
REREARO PAV REARMMS SJAL LG E
7.0g~12. 3g DL 7 V= x EA KX 10~12 BRIV 2,



2 RO RE

Ry 4 VAR REIE TR HETHER L, —80
CTRE L 7 BRI % A 5 87k © 200 AR L. it
KA vz s LEBEER MO A 7 0F 2 — 7 Ind
FToOMEL, T IBETENK, 156°CL 20°C, 25 °C,
0°CITHELIA vFax—F—HNT4H, 10H, 20
H. 28 HREREF L 1,

3 REAE

oA WVRKOERIZ, Rl %A1 4, — v 100pp
m T L 2%, ZOMARNIC0. InfBERE L 7o, #E2
= x B3R, 100 2 KICIRA L. HEKEE 24
~25 CICRB IR THRE L, BRI 3R wL 4
He& L, SEURRRBEEITORED - 12,

4 RREFER

53 TR R HE R & 0 BREMHEETT - 7,

& R

ERER G-I LI, il THRAE L X3 LIRGE
TIHERRRRIEE L 30 CTREL X (LITF 30 CR &
FOHE) TIX 4 BRI 100 BORRERER LA, 10 Bk
121325 %, 20 BRDIFEIZ 0 6 E R IBIET Lo K
25 CTHRAFLEK (LT 25 CREGTH) Tid 4 Bk
B e LELBEO LR EMBORRFEEIC LS
FRAHEE SR o foo THEIE, 10 BT 20 %
ORRYR, 20 B, 28 BRI ZNTH 20 B DRRERT
Hotio 20°CTHRELKLK (LT 20 CREFTH T 4
H#%i3 100%. 10 HE& X 60 %o DGR, 20 HEE, 28 H
BT 20 HORBETE »Tro 15 CTRELLX (LT
15°CX EG0HR) Tidd B#RIZ 100 %, 10 B#1X 40 %D
JRYSR, & 51T 20 B3 40 %, 28 H#IZ 20 % DRRGLR
ERL. RFREMEC B33 E, BREHENHFIDIRIZ
RLRBERERL '

100
80
60

B 40

20

0

4 10 20 28
Featy R (R

5-1 BXKRORERENMERN - BB BHGIREER

£ B

PRDV @ #g7krhd RRAHFETHERFARIZ 30 °C T3 20 B
PIA., 25°C. 20°C. 15°CTIR28 ALLETH » 720 BL
I VT EDY A VRIETH BBMNVOHEEIKH O 7 HEHE
BRico> W Thkil (1989) i3, & IE & ER hIRNE
{fbah, 30°CTIR4H, 25°CTRTH, 20CTR 124,
15 CTIR20 BRI ANELE N B T EE2HEL TV 5,
PRDV & BMNV iz b #37krh o RRAHERHERT I E O
BEMEONL, LMLCTT20 BRIAIZY A v
FEELzT &3, ZHifER©n. BKBEOREMICH L
HAKRETHE VA VZOFERRRESCBD, o0k
FRICAFE e b0 LEbhd, kL, EEKzv
KA WABWBEEIE, Ko EMY 4 Vv aAHERE
TAHAREMEAT R E L,

B 3H PRDVICXHT 2/ MEHEA
DR

ERBORP, b, EHICAV 5 HE, B 0 NS
ERINIT S 7o, SEMBHO PRDV e 51
LSBT W TR L, PRDV HEIcH WV 3 M#HHO
EEET2 12,

MR UAFE
1 @HovvxtE
REAR, (HOBMNO PAV RIEL B » S|A L 12
SEHkE 0. 8g~9. 9g DL 7 W=z EE KX 6~10
ERWi,
2 @#HHIsNVRE
1) Bk, 3~ F, KB b Y s - BB KR
& BATEL
HRY A VABRIEIFEOHETIER L, —80 CTH
F L7 R I A 87K T 4, 000 AR L&, it
Ao A vaEE L,
2) =¥ —VTEBANELL
HER 1 ERIL 80 CTRE U 1 BRYR Z BB A B K
TAOFERR U o, HEy 1 v RERE Ui,
3) BRI & A AE{E
HER 1 E[F U —80 CTHREF U 7o BREEE & I A 8 sk
T 100 AU ok, v 4 vRiE L,
4) {RIBRIESR, BB 2 — Fic X 5 R7EE
AR 1 EEIL-80 CTREL-BYLEE, WE» 84
KT B FIRUER LI, BRBHE Y1 vARIE



ThAEHYOEEB LU I — P 2885 Z L.
oMU, lppm OHEFER T 2. 5ppm @ 3 & R HK
LRI B8y 4 W RIEOTBHUE R Z JE L 745 R
o, Y 4 V2RO FEETRPREEEREL 1,
3 HEASRICLANERE

Wi, s (E9RR3% 12 %8a IR
FMF P U oA FEREHD. 2R (BYa vk
KEH AV IVE WEEEM). 25/ - (= F
VT Ia—99.59%), UitkAER B r Y xFuT v
=Y AXFULYIOBER Naw -1 HD).
K& b Yo L BRKERMNINY (HE& = 94
FOBR) LURPC-P &3dik) @ 5#IE L, MBIBLIToFE
BTtT- 7o
1) HEsH

THHEFIOWAE X 1, 2.5, 5, 10, 25, 50, 100ppm @ 7

MEAREL, A VARERIMEREF + Y v L%
BOREOREICE2 L) KAROMD x 27 522
NTEA L. 25 CIZHRE L 2 fERKSIXA L, 10 231
MUE U fe i ic iy B, o UHFH L 2hfn
WKHERRON/10FE RN BED F A REE+ +
Do LEZREAL, FHEEILE S, BE L EHEH.
RN 74 VRBEOEEES5SAIRLE,
2) a-— KAl

HERORE A2 v RIRE T 2.5, 5. 10, 25, 50
100ppm @ 6 FBEEERRE LU, HEWHEH| & Bk ic LB %17 -
too BE LT3 — FHL TFIHL 91 VRABEOKRAEZK 54
Rl T,

%54 EWESHICLBPRDVEIEER  ZHZFOGHE

OB BARE v A VRS HEANE HEAER AR
H#EAl (ppm) (mf) (9%) (mﬂ) (mf)
1.0 49.50 0.01 0.50 0. 14 %
2.5 48.75 0.01 1.25 0.35%
5.0 49.75 0.10 0.25 0.72%
HFRH 10.0 49, 50 0.10 0.50 0.14
25.0 49,50 0.25 0.50 0.35
50.0 49. 00 0.25 1.00 0.70
100.0 49,50 1.00 0.50 1.40
2.5 48.75 0.01 1.25 0.10*
5.0 49.75 0.10 0.25 0.20%
- 10.0 49.50 0.10 0.50 0.40 %
25.0 49,50 0.25 0.50 0.91 %
50.0 49.00 0.25 1.00 1.75%
100.0 49.50 1.00 0.50 0.40

*  NIOOBUEF AWREEF P U o A SEHIE N/ 10 HEF
FWEEF P Y v AE i,

Ny /—-n

iR ORI 10, 20, 30, 40 %D 4 BIEHREL . =
¥ =WEI A VAR ERGBRTIEDORE I3 LI
AZX7S5ZaNTRA L. 25 Cle i@ U o fd IR 7k ki 1Y
AL IORKEL, Zo®ksericiy L, 100 {55
WULIEHZELE T,

4) g (va=)

THHAFAIOBREE X 50, 100, 250, 500ppm @ 4 HUFAIGLIE
EREL, Mo E 04 VREEFEDBEICNB LD
AR 2SMD A 27 5 23 TRAR, 25 CREEL o8
BERRNCA U, 10 SRIBEE U ok, B A 8487K T 10
EHRT 2 i L EREEES E 1,

5) PC-P

THEEAI O BREE 1 100, 500, 1,000, 5, 000ppm @ 4 B4%
BEAREL, ¥4 V2K 50 EPC-PEFNRE N 0,005,
0.025, 0.05., 0.25g AR 50ml D * X 7 5 X aNTRE
Bk, 25 CIEE LERVKENIC A L 60 Sy HIME L
720
4 RPEFHE

iz vaxd 44— 100ppm THEBEL 7088, ATE

IS OMBRITUE L ey A VA ZEHHE = EOBHARN
O ImfBREL 720 AL ERIEREE LS S
ERP I v= 2 CIC BB ER T A 100, Al
KicE N E N OFEX TOREEE O N & HERX &6
BRicTT O, HFRLUAEZEZ 0 I LAY 54 T3 v
Fo—e L, #YF4Ta v bo—& LT400 45,
1,000 f%, 4,000 £%, 100,000 fEicHFR U1 v %
R LR EH Y oo
5 RWRSE

KB TH (04 VRERER3 B®) WERLTOE
TEERMIERICSE CEBRMOBEREK c02R)
0 B, F3FETRNIEHTSHET, BO LK
oy 4 VAR S MIBRNO Y 4 v 2R T % [
Lo

s R

BRAESS5IRLI, 25°CTI0DRER S ¥ 3 &4

T, BEAE 7 - FRIRERETHRESZD O N, &
3%E lppm, 29K 2. 5ppm & IEF ISR T PRDV
BAREILENT, $hxy /) — VTR %LLE, HiERA
i (#¥3<) T 250ppm. PC-PTI3 5, 000ppm D #EEF
TPRDV @R bahic, ghxFFo7avio—u
DIHRRIBZ 0% TH - 12,



HE o BIEHE, ML EErcRIGL T,

%55 EBHICLBPRDVOTELHE e
——— R — ] R — ThEBL- SedsvEdaiabL, v 4
Mg B Tpedeme on) %ﬁ@%d@@“%E WA DEYEFHIEEERbE S E L, U4
e 72,000 3 0 s 1 W R DTEERIES T Y 4 wx@f?&fﬁa:ﬂé}
50 1,/4. 000 3 0 05 + ML, A4 Vv & b IRZHIIRS
S b D 1,/4,000 3 0 05 + 5éﬁfﬁ¥§i:®ufﬂbme&B
N 10 1/100,000 3 11 05 +  NMVOMHMCHT 3ito®y 4 v
(ppm) 5 1,100,000 3 0 05 + zoOHEERNTZEELLNE, A
2.5 17100,000 3 20 075 4 RERoORES O ERICHHEET O BA R,
L 17100,000 3 0 075+ mmmhcomERiE. FUBEE~OLEE
SN 8 U urspseeoenaon
0 Lot 3 0 ors 4 HETROBRMOBERERNSEHT
25 1,/4, 000 3 0 05 + HBEEIoNI, T, NEBITHIKBH
Radd 10 1,74, 000 3 0 05 + NSRS ER OB S . KERGL
(ppm) 5 /4,000 3 0 05 + @ CRAENOMETHETSPCP %S, 000p
2.5 1,100,000 4 29 05 + pm THEAT 3 HiksEgicd LTk
0% 1,100,000 4 86 11 —  zecsziEibhid, POP MR
25— 38 i; 3 ggg g : g; 2 : ERE ) - EEETBCE - BSRBAH & L TR
(%) 20 L4, 000 3 13 55 — fﬁén\it?ﬁmleﬁ%mﬁmfﬁ
0 Lt o0 3 oo T HHERE LTS AT 5. AHIRK
WA 250 1,71, 000 3 0 0,5 + WKRCHET . B~ »DE < K
(32) 100 171,000 3 0  3/5 — @ IBE~ORKRMIEHR 1.8, BECT YA
(ppm) 50 171,000 3 10 2/5 — et LT oAREERIZ 2.8 SIREES
0% 171,000 3 30 45 -  fH¥3, shBAROFREOMHBR, T4
B Y A 5,000 174,000 3 0 075 + /=% 30 BULLEDORETERT 55,
waiokre o0 Th00 D 0 20 T BT 250oom MLEORILTHAT 5
(PC—P) 100 L/4000 3 0 L5 - CEBEYTH B, SORPHICH-T
(ppm) 0% 1,74, 000 3 20 0/5 — . HERIGERYOEREE, KOBEE.

+ /% (05 Bz v v D
* 1 EYRERE *2 SRy A VR
W3 vk o— VXORRERIZ0% (05 TH,

Z =

PRDV i, & 3 vRioHd 2 ERSUAIEEITEL.
5/ -, BHORTOANELLENZ 2 MBS M
12720 Bkl (1989) @ BMNV ic>WTOHETIR, B
MNV i249 3 ZREEHAOARTEESIRIc> W T, 25°C
T 10 PEWER & 7354, 5% Sppm. 2 25 25ppm.,
WG (b HFva =y A) 100ppm, ¥/ =V
0%TIANVABRELENE EHWEL TS, PRDV
IIBMNV & e 2 &K & a o RITESZMAE VW &
AbNtke COEIRIA VAR & - CTHB M 5
AT 3 Z & LT, H ik (1994) HEHIO
A WRITT BUEHIIT R HRIS O A vxD 5 vey

pHIC X2 EHETHRETERIT®
(L5, 1990), ARYSIEF IS VWM
P DHEEP. B, SEBHEIRCELT
BEECERINEBE N ZRERAAT
AT RE, THERTIHNEND B, HlZ i1 Amend
(1974) By rRfABHoEREEIMBERIEY 1 v (1
HNV) osdEoga. B33 9% 12ppm TY A VAR
AEfbsh sy, ERYOFEEEEE L. AloMHEIC
Bl - TER3 v % 50ppm TOHHEHEL TV 3B,
—h. B4 ERBcBVWTE I itk
VT T IR MA S PRDVEBRH I TV S, Bk
(1988) & BMNV ko BT a — FEhC & 5 HHEIE
2oWT, 7= x ESEEENL 25°C, FE2 ¥ 3 Sppm.
10 R & ciEESED NNV EHE L TV 3,
R4 EES © D PRDV ORRMO » # = X2 B3AHTH 5
M. BMNV TR, 3 — FRIC T 3 BREHEME W T &

— sy (1,/5~5,/5)
*3 . {Ea o FE



M5 PRDV BRI E LTER 3 9K Sppm LLT T
OEBETD 3~ FRIC L BUMMTIRETH D EEX S
hd,

WA ERICX A PRDV OARTEIL

Brily (1989) 12, BMNV O icstd aiiftic >\,
WERR 15 I 3RIRAE L SEBRAS BMNV it LT
BUTHHEHELTVWD, # 2 v=x D PRDV 5t
HERGTT 26, BMNV &EBkic szt d st b
Bouochhid, BMEoRKEHK L. o hic
R E R 5 T Ltk b, BN O PRDV ORE(L
DEREL B LN B, £ I Ty EBITX 5 PRDV ORFE
{bic> LTS L 72,

HMHRUAE

1 #Ksexe

TEARRN O PAV KR4 5 BA LS 4kE
8.5g DHEEL 7 V= x 2K 10 BRIV,

2 #HHOMIRE

kY 4 VR | TR G ETER L. —80
CTRE LB E BRIy f v e L,
3 iR ‘

Bhil (1989) OAHHEIHEEL T, THb B, 4K 0.5
mé% E 9em DA T LU, AikEI~L A S ZFO
FR@EE, 7Y —yRUyFRTERL TEBE L, FIER
MiEE%., BEHTHEERM L. 584K 20m 0 hic
BAK. 29 -5 THIHEEY, TOLBIHEE RS
BE Ut YRR, BREREM T L AloERE%:
—EEEICERE L, ERIGELZB2 0EBil&E L. ©
NRIMA TR & Lo, TS BEERIZ, KR 26 “Cic J98f
SNERNTIT> 1o o, WRAESHHE EicE L
DREERETT A0, AERNIL. 288K 20ml D
HUCEAB, R 9 — 5Tl b X LBSH R E R
WE L. oo, BAREHER Iom OAHMLIH TR, B
LIt AEEN L, A8AK 20miPic AR, R 5 —
5Tk S EEE. To LBAEE LB & U,
4 RFEHE

BRI 7 Ve 2 €% A A 4/ — v 100ppm THEREE.
T AV REEHRRII 0. IndE/E L 1o,

5 RERWRFE

FERR TR (oA WAERE3 RS KAEFL O
EZERc 5 GREROHAR4AK T o)
Wy b, 83T~ I T. B o LR

Mad o 4 vz RQE &, RN D A v 2T A2TER L
7o

w2
RZELR 56 1R L s, MK TIRERE Lo i
HoNG| MALPIX T 100 %6 DGR, 0 Kl Tl
60 % 1W:flEk, 2 KRR T 1 40 O RYPELTH Y, 3
B T 0 RORYERTH - 12,

£56 FRICEKBPRDVOFREL

RERX DA PR e AR
3hr 0.5 +
2 hr 2/5
| hr 2/5 B
0 br 3,5 B
EALER 5/5 -
aviha—w 0.5 -
+  RESIRS D
—  RNEEIE R L
Z =

PRDV EREH#2E ] & TIRIBRRGE N2 MR L TV
w. 3WOER TR AE/LEhic, PRDV i 1.5 K
DR TATELT 5 BMNV (Bhili, 1989) ickb~x, %
R ATMEREVWEEL o, L LR
RUOBEER 7 vex CHEEBICBVTR, vz
BT, ek L, BERELRCEY L —E
WRRERRT B2 1EEMTTh NV B, PRDV i3 3 Bl w e
TRELET BT EhD, COFEL 1 HOATIREL
iR L., FHSOEDET2EREEBILT,
PRDV ic & 2 KEFEMSFEAE L 25425, R 7 v
< X EERMEINO PRDV OBEAE T &4 5 LK TX
B, COWRICKB A VADOREIR, EERIEEEH
WaHHIC AN fEEDERESD IR AR~
WESRWAHLEEEZA 6N D,

5 E AT EOEMMLA, D
DErE

HER OB SETL L L HIX T PAV it & 3 K&
T Uiy, REMERET 2 &, By
ANWAEGRES TR LR, Y EBETHE 5, C
D& ARG, B LB 7 v AL TRE



T5EPRETH D,

7=z Eolfkid, REM, BEHMELL I B
55 e 50, fTolhEKL P, #THINTER
WHA XD R, COHEOATRETINYHT S
TERTERV, ZITINHOTRORK, HEREANIIC
Am ERAGUERLTOWE 7 v EE RN E LS

B, A cREROER D 7 v = Cicx T A HE
komT&TL BRLSE 2 1o w0 i A 78 SEHIIRIE &
HHEICHDWTIR L,

MERUFE

SR 1 BB DG
1 @Kot

AT 15, 6g DREIEER 7 v= 2 A2 R 4 BV,
2 HREARUVRE

R L 2o 28RN, PC-P (A& —F F4 4 F(H) -
120, 000ppm~ 12, 000ppm. 1, 200ppm). Bk
(300ppm+ 30ppm. 3ppm). (Killitik# Y — % (Sppm.
0.5ppm) ®3HIBHERE L Lo
3 {EAFE

BY A —F x4 bBIAR 30 £ OKEIIRAE A fo

IT20£ K78 B L DI AlilikEAN, EDOHRICs v x
EENAUNEOREHRA LI, 0k 2 REuEE
THGE L 7B, AWK Lok T 24 BEREES L /e,

EHIOERI Ak, PERETOMMEMEL THREL
too T O LEGRERICB VT, Kb TFHKESE
WEERERL T I R R O HTE 2 By Tk s A i S A
T35, Lo TERIRR2IKRI & Uic, BRI DIKIR I
12.9°C~13.2°CTH » 1z,
4 FHhEFER

B ORI, FEHDIER 5 53k, 15 738, 00
P REfEBR, 2 ReRiIR, 24 Iefilikiciiiz L e o v=x B %
HELTIT - 7
&R 2 . A O
1 Ko nexzkE

SEEUEE 17. 0g DR 7 v B2 EZ K 4B H LKL
5 RV,
2 #HEMRUEHE

P LA, PC-PEHV, WA E I 630g,/ of.
316g/uf, 158 g/ /nf, M9g/ D 4X&E L,
3 ERFE

HERIOER R, FERIE TR T 2 5% BE

LBELI, T0bb, #UI—Fx 4 +WARINLO
KD 2em DR S Kb &M E, AMK%E 204 Ah.,

7T EEKIICNAL, o LH I vz Exil
Wagi, Wiz, Ko s KEWTIAEILT 5 % THE
HU, Bifiiic PC-P 2NERBARK. Kilizw - < 0
EHEE, B, AR, PCPERAL. 2HRMMK T
B Utco 2 FERESE, oK licsve ek
W0 L, BIKRRC R Uik T 24 BHBRISE U 7o aABRNg
DOKEI 125CTH -7,
4 R

BB oM, ROV 10 H8. 30438, 1 KR
. 2 Wi, 24 RRRICHIER Lo s v= z R FHEL
TfT» 720 %7 Behrens-Kaerber #:1C4E U C TLm24 &
R U,
SR 3 ¢ AVEIKIR OB
LR - 7 g o

SEHATR 22, 8g OIS 2 V= EEARKR S BRI Wi,
2 HABERHRUHGS

L 2 35Rid. PC-P & V. st id 200g/ nd
100g/nf, 50g/ nf, 25g/ MWD 4X&E Ui,
3 AIEKE

TKIRIZ 20°C, 25°Co 27Kk & L,
4 {ERAE

EHIOVEM AR ARI0LDT52F v 78l v T
F DK 2em DES I EHE, AKk%E 10L Ah, 7
VeI EEKECNAL, 3o UH 7 vex €2 B
€, IRIT, KO ABKERT AR T 5 % THEH
L. Wiz PC-P 2EERBAAE. KiiZw-< biRke
&4, B A8k, PC-PEESL. 2 AR TH
EOBBIRE LA v+ ax—FRIRBEL 2
5 ZIREF

BOVR oM. ERIOIER] 1 R, 2 Rl bk
Bal ez V= T EEFHLTIT - 1

& 2

RER 1 EERoRET

BREEKSTICR U, PC-P % 120, 000ppm TIE &
AR NRIC 1R, 302%Ic 3EMIEL, 4 B2
THBT Lo 7212, 000ppm THIEEET 5 i 1 &,
ISR 1B, 2RI 2 BRER D ETHTE L,
PCPRID2-DERETIERHE A, 7 v ER
XU TEWEEERL 2o B{L/KF%E TIE 300ppm TIE
M E e g%k 1 BRE L 7o, 2 h LI
g 2E RSN ThEIT O RE T REEME L
Rohiiis -t IRMEHREE Y — 4Tl S5ppm. 0. 5ppm
TR R RO NG D - 1z, 2 BHIE L 2 M40



£57 EEROINTIEENTEIER

TR ek R .
MEE (ppm) 54 154 304y  LWEM 2ERY 24 K GRURE/MGRED
PC-P 120, 000 1 0 3 - - - 4,/4
12, 000 1 0 0 1 2 0 4/4
1,200 0 0 0 0 0 0 0/4
BT L U 300 0 0 0 1 0 0 1./4
30 0 0 0 0 0 0 04
3 0 0 0 0 0 0 0/4
R — & 5 0 0 0 0 0 0 0/4
0.5 0 0 0 0 0 0 0/4
£58 HEROINTIERCHTEEM?
R [ E(i KPR | ) ,@ﬂ;_L T L my
g/ 104y 304  1WERY 2 ME 24 BER]  GLCRHSEEZE) (gD
PC-P 630 0 1 1 1 1 4,4 102. 7
315 0 0 0 2 2 4,/4
158 0 0 0 3 2 5/5
79 0 0 0 0 2 2/5

BULARL ST,

R 2 B RO RE
FERAELR58I1TR LI, PC-P st ds 630g,/ nf O3
BTN 30 Stk SRERAAAS IHBI L. 1 ReRER | R
2 MR 1R, 24 MRB: 1 RTOELUSKI 100 % 7315
g/ . 158g,/ of DWATRC I3 2W R A & REfin 8 (R 3
. 24 RERRIC I3 TR LIETRIZ 100 % TH - 7,
19,/ BOBMERTIR 24 BR%Ic 2 BRE L, B8
HUHIZABTH ~1co THIc, TOFERMSEHLL
TLm?24 fiiid 102. 7g/ T - 120

SR 3 BKIR OS]

FERAEK 59 1R Ui, PC-PHEA200g/ of DIFE IR
WBKERAS 20 °C, 25°COVWThOEE & #BAh 1 B
BTHR Loz R THIT L, £ /4PCPHAS 100g

£59 RIBAEINOPC-POIITTECHT HEM
MUFEKER B FHIREL =8

(°C)  (g/mb) Jum | WefFlide JLBE 2 Wi CRUTREL R

200 5 - 5/5

20 100 0 4 4/5
. 50 0 1 175

25 0 0 05

200 5 - 5/5

100 5 - 5/5

2 50 t 0 175
25 1 1/5

/i DA IZMBKIRA 20 °CTId 5 B4 B L., 25
CTRETDO T EMNFLT L, LUFPC-PED 50g,/ dd®
Bie, MBKIERA 20°C, 25°CoWwWEnd 5 Ed 1 BT
L. PC-P&i# 25g/ nf OIS G AMEIKER D 20 °CTIISE
LAz, 25°CTIR5BIRBIEL L,

£ E

PC-P, KMiEFHEE — &', AR{LKEDOIs v=x EIC
Mg BHmEic oW TRE Lic, T 3 FlIIEBRICHE M
LHHT 2B BELTEES R, T78bb, PCP
i3 EEAL, EERERE LTRVShTED, KEBS
T 5 EFHEMOBBRERB L. IhHRE., HEEH%E
b F RGN Y — VAW EES S & TRER
A NZDBBICHVWORTWS, BBLkFER. fEH
B PC-P &L[EBET. IR TV T 1,

A& - CRFRNBHM T v = CORMAL %
THHEAIR. kARG ER LRSI, A
ORI OERIERET 2 0EH B 5 A, JKEERIK
Heat (1965) TIIEFHEANG 10ppm THBELMB L < HEH
L. 7% 7Ti30.01~0.05ppm TAIKEIMRLT 2 &8
BahTos ki, ERARREESERICHV, <
D78, RERTIEFIRBRMAMICHAR L e, Ak s
BAELT, AEsHER RO BWwWEEL SN BRI
FRENBHEAEE T vz i T 2B 2R
L7eds, T BEEMRBB o hEh -1,



B U BRI T, PCPOAMI VI LT
L2 Ve 2 ERSBD SN O T, BUSTER
REHRERET 20, B2 21T-7c, COER.
TKIEA 13 COBE TR WHEASBEH L. KIsdh 3 IRE
T158g,/ D PC-PERMHT AT E T v ERNT
ZERVRIRENBON, BEMTO 7 vz EORLS
Kle LToEMERERTE I, F o MBEKEBRIOED
Bizo0WTHEBR 3 TR L, CORR, 25 COMBEK
BT 100g/ B THAL -2 TO EHBFET L, LB
BORRVEEBVEETRDIREPES NS CEMHS L
i ot EH. EEOFRICY » Tk, AIBIEA~
ORBENRZ TN THCEEZERL, FHESE
W TBIEBBETHD, Lith-THRI Ve
AUERIZ7KIR 20 CLLEoBEKRICHA L. T ORMRI
100g/ rfZl LS E LWEEZ bhi,

W6H PC-PODAHICHT AEE

BSHTEMBTO I Ve EOBMAFIE LTEY
UHPHETEX L PCPIt>WT, EROBRMCHEAT
Bicdic, Bk mciRE L cRET, tho Y
X3 BRI O VWTHRE L,

HERUAE

1 HREY

< ¥4 Pagrus major (£ TL 13.5cm)\ t 5 * Para-
lichthys olivaceus (¥ TL T 8cm) & 4B, 74 Y
Tapes (Amygdala) joponica (F353#% & 2.0cm). &3
+ ¥ A # 4 Mytilus edulis (FE3E 3. 0cm), 7a¥H
4 Pinctada martensii (%K 4. 0cm) & 4 % H#HHE
Lo

2 HEESERUERE
PC-PAEAMK200L DH ) H—F 2 A b KIEOETR
(0.38nd) KHbETESHTRD Shic TLm O 2
ZEBTH 5 200g nfB (76g) 2T L 1,

3 {ERAE

BR200L D0 LR Y H—F R A FRKHOBIES 3
emicEHEFEYD, fKEWEE TEAL, PCP %2
ALt ARBE, 2BEKBELUPCP % XIES
L. 2HGRIIE U tco 2 RSREEBHEA Y H — K X 4 b kil
Iy HBEKY 2 BRITEIKICEB L Sic, THb B,
INTEBYE & A BRI TRIKIC I D A — N =70 —F 5 &
ST AHBIIKEEA L,

100 DRV A —K x4 FAKRKEICRSLMUDH T

HZEL, cOPIHAEYENBEL, =7 -2 bV THE
K[ELEMBOEHBRAERNEERES 1, RBRTokE
iZ. AFHMA = vEFOMBHEEMOKRIaHLE T 18
CREEL o

4 FHOBEOHE

U BREE L, HEEYORTOEEEHER L1,

m R

510 ICHRER L, £/1:K5-2 K ERPOBEER
& pH OZEALER L1z, PC-PHIKDBHEN AL KIE D
FH#REI38.3~8.Tmg/ £, pH 128.15~8.30 DR TH
DEFICRERED Shdbh - 1o, TBIRER, 30 9%
1Bl 2 IRk, 24 BRI OBE T L &Y
REGHT, BRERcHKL, REEFcARE
B bTatkFrRrRRonEd -7,

% 5-10 PC—P O#hDEMI(CxIT IRE

MPREEEER (hr) BBEOTETHK
HERM 0 |0.5] 1 | 2 | 24 |BE
0

HAEY

<54
B3
THY
ASHFAH4
TavHA

A S S -

0
0
0
0
0

[ T e R ca B s B wo

o100

001070
0[O0} 0 0
0000
0,000

8.7 r —o— BT R
- (mg/ £)

—&— pH

0 0.5 1 2 24
@R (hor)

H5-2 HBRAORREEL

£ =
FERABMBTHEHELTHOBA. RBVHEEDT
EET RS S 2 RRICHKRBHAT 5, D7 PC-P
THERNBWEHE T 5154, NEBEBEA4ERE %
A PC-PERASIHH L 12 B &, Aot mEE
AEHEEEZROIEPEHORBTH 5, SHEOR
BRTREBROBMEMISEWIRE T, &WERIN%D PC-P
FERTHEEL . %O PC-P SEMMNIcEYIcE X 3



ARG U o T OFRSIRS Bk SRR IS &R0
SN, 2T,

mIE PC-PIz X AHNAE

WEHL, FOWTH S MIT - 72 PC-P EZWT D}
IR o ME Ao VW, ERICEMb T
AREREFTO, HEHoKkAEIIc BRI 51 283
DWTHE Lo

M RUAE

1 HEREES

HEARL K BRI BT o0 i 2,600 of D 2 SRBR TR Rl
TRBAEER L 72 MEAFRMMDEOKMA 2 @b b, &
L SN o Sl e a2 A 17 107 | S OR AP A
O EHIFIERIAL T 5 X 130em T FlD S o fllicb
Do TRENBEL B EHETH » 1o, thoHEEERX] 5-3
IR L,

D V= T CL

°ST1

.«,
A o b

2

SO

M5-3 HREESHFHD

2 BERE

W KON TIT » 7oo ETIRT MO 2 iR &
R o Rk M ic L3R LK E B Wi, Ric, R
Moo E < WIS U5l 54 i, PC-P 2T
T 100g,/ rf DEAETHAT L oo A0 L A Biiniddiesic,
A —nvo—-5T, PRl fiIkEBEPCPERAGSE
1o '

5B, AERILKIRK 14 CTIT - 72,

3 HEYNORE

RO PR AW 2 KK O EIAL D KA S 4m
B oA, R 40ecm. B E 2lem DI Mic < 5 A
Pagrus major (JBXJz100cm, 6F). 7477 Takifugu
niphobles (EXJ 8.0cm, 1 ). 74
(Amygdala) japonica G#z2.0cm, 40 ), 72 v #
4 Pinctada martensii (%% 4.0cm, 4 ) . 7+ 7%
4 Uiva pertusa ({85 200g) 2INA L. JBRBHE» S
27 Wil & T AT > 1o,
4 SEANOFK

A (STD. KO (ST2) RU, #HRHA
SHKMHRHY 57kBE (ST3) TiMzbils 20 20Hi. =Rl
AR, WAL, 1,50 20 34 5.0 7 94 170 19, 21
ok, IAFERSE. pH. BB KRR 2 E L
foo KUY — ¥ R ZKERGT. AERFRR A VS =k
DO *— % —, pH i3H 5 R EEIUKFEA & BB
AR bk 2 T RMEETUEL 72,

wm R

HTRNALAEYRETREOA T, =54, 7%
I5, FTHY TAVHA, AFL, =5 ad bHAELLE
OB TIERBBARRER Lo $RTFTAVD
eSO RERR o0 - 1,

IKENE DR A 5-11 1R Uiz, ST1 TR, 7kKilds
10.5~14. 1 ‘CoHuPR, AHEBHED 9. 2~25.5mg./ £ |
pH 43 8.21~9. 24, BEEIL/KSEHELAH 0~169. 8mg.” £
TH Y. AEMFHE PC-PHAG 30 2% SHML. pH,
B LKL 3 PC-P 8 | KRS, SHML ., #h 5
B TE W AR Ui, ST2 Tid. 7K 10. 9~

Tapes

13,6 °CORPT. EEMENT. 1~10. 0mg/ £ pHH

8.15~8. 32, MWEE{LIKFRIREA 0~4. Tmg/ £ TH D |
AT PC-PiAG 30 Hkicb b imL &, #
RO IR - oo BB LK TR & PC-P ¥ 1 Iy
R h SN L . 76 3 B E TP PEVIRE Z R L
2o ST3 TRIAHFRSRE S HAM2II#I 10mg/ £ 12k
AU RBCEER O - T,

£ =
WAERICEWT S, SN BAEY~ORBIEE 6
DG FIRET. PC-PHKMHAT 2B A L1
P SRETHIRED Shiih - T, Thid, PC-P oKk
Ed 28568, FEAENOBREBRHL T, ZOREDD
FE AR « MBER R oo, RIEBEDL B &, B
KIZBEREOE WK E LB D EEZ OGNS, £,



F5-11 FHAHBKERERRE

ST1 ST2 ST3
MGERE v W ok ek SR o w0 SR e wmes o BEE
(°C) (mg/2) P me/ )| (C) (mg/ L) P (mes 2)] (C) (mg/ 1) (mes £)
WARbRkAT  14:10 220 12.1 9.8 8.23 0.0 |11.9 98 83 00 |1i1.6 9.8 824 0.0
WAnbAtAEN] 14:30 185 12.2 9.6 827 0.0 [12.3 9.7 83 0.0 |26 9.6 825 00
Wm304% 1500 148 14.1 10.7 816 0.0 [13.6 10.0 83 0.0 (120 6.6 826 0.0
A 1 KRl 15:30 120 14.1 19.3 9.24 169.8 | 12.2 8.4 82 4.0 |11.6 9.2 820 0.0
WA 1. 5 Wi 16:00 90| 13.8 23.5 9.20 104.7|12.1 89 8.2 40 ;1.9 9.4 822 0.0
WG 2 IRk 16:30 70| 14.0 23.8 9.13 81.2 |12.7 9.6 8.2 0.0 [ 123 10.0 825 0.0
wAG 3, 17:30 50 | 12.8 25.5 9.05 72.4 | 11.8 9.0 83 47 [i1.8 9.8 827 0.0
fn 5 sRg# 19:30 120 10.8 21.0 8.94 356 {109 7.1 83 0.0 [11.4 93 823 0.0
A 7 Rk 21:30 2604 11.0 9.5 8.28 0.0 {11.O0 9.1 83 0.0
WA 9 MRk 23:30 3400 10.7 9.2 826 0.0 [10.9 9.1 82 0.0
WA 17 kR 7:30 160 10.5 9.5 8.28 0.0 |11.0 9.6 82 0.0
WA 19RI%k 9:30 276 11.1 9.4 825 0.0 |11.0 9.2 82 0.0
4G 21 WEfdlR 11:30 336 11.8 9.2 821 0.0 |11.0 9.2 82 0.0

IRETGEIC R 2 R EROKERKEETRENE D
pH 27.8~8.3, 7.8~8.4, DO & 5mg. £ Ll L. Tmg
JLPLEEENTVS, KRS W THAR L 7Rk
NTIRIEFM%E, pH. BB{UOKRBEO ERVZED o
fedss Yk AdE~TRHIT 2TE RO ST2 BL U 3 T,
T~ O PC-P B0 E R on s kKEE{LREE
AEEDHLNRT, pHE ST2 : 8.15~8.32, ST3: 8. 20~
8.27. DO ST2 : 7. 1~10.0mg~ £, ST3:9.2~10.0
mg/ £ EBREEEAEE TR LT,

L

PAV QR AENT 2 1o0ic, BRBIRLEHE
L. PRDV KRR 24 Thbs 7 v CHHO P
RDV R ERGETE Ulco HEIIFERAERERBI TR S
FetE U7 iflic 0T PCRRE & RARABE 2TV,
T HFHAERRO I VeI EORRF— JiIKBWVT PC
REEICE DS A WAOBEEAXTAREZ Elc Lk »
THr-7ce TOFER, BBPx v, R, / -7V v x|
RS —NTHEURINERR LI, & 5o, M4
BT PAV BAERGTAEICHB VT 7§l PRDV 2%
Band, RERI4A, TA~10 AT, By 14 X
WSRSER, / —7 0w R, V7, £#X b 5—-"Tho
feo TR IFIRBOVTIREE £ 5 & PRDV S HH &
Nice Tho PRDV OWERMS S NAHHITIZ 7 Hith 6 4
TREEMBFELELCTB b MHEERKETO PAV B3
M ST 5 12,

Ty PAV ORI OTHRE L 12,

¢, HL»SEETHE I vz ik 2T Lk
. BRIt AN O BREYET 2 RET 2 & T PRDV OR
TEEDTIHETH 2 2 METT 570, PRDV 8tthin &
T & h - B oKk © o BRYME I HER A T GE /2 Wi
DOVTHE L, TORR, Bl THRE L X3 &R
REIHERIIRIREE < « 30 CTHREF L KT 20 Bikic
Ak h, BAETXORD B o@EgsRB S i,
o, BRHFEOMHBERINCTT > edic, BHEHE
#HlD PRDV ISR 2 NELDRICOVTRE L, T
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YA NVRIFE L TR R VIE EFETEMBIED,

AR T OKREITROTEE:, WERFEIL>WTHH RS
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BREVMOEBEREOHRBOSSHETH 5, K4 Vi
ALK CORSEBHRIE Wi, BREBRTIh OO
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BREFETH B LHEES NI,
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HEEROERC>VTRE L, AARE~OEESD
0T EAHER L (B5E),

BEOY A VAR TR, @AEEOAE OREES.
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KX ORI HERESN, ThoDERED S 2 BIEEE
EBERBEIEDORR TS 5 T EMRES N,
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A I X DIE S

AHEE « hEBFE= - ghlFik

WWEFEH - HE &

FURWTZE, 30 (4), 287-288 (1995)
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Ttk & DRNCIEIRDZE RFHCED S it h - 12, FEEA
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AR B 2T A OHIMOKDIEKA & MRS LA £ S
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