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Prevention of fungal infection in the swimming crab Portunus trituberculatus larvae by

high pH of rearing water
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Table 1-1. Infectious diseases reported in the seed production of crustaceans
Causative agent Host Reference
. Baculoviral mid-gut gland
A% K S tal 1981
TS hecrosis virus (BMNV) trima prawn anoerat.
Penaeid rod-shaped DNA
virus (PRDV) = White spot Kuruma prawn Satoh et al., 1999
syndrome virus (WSSV)
P don-t . .
b;:jlzl\i?r:xrslo(rll\(/)[};?/) e Tiger prawn Manivannan et al ., 2002
Hepat ti i
epatopaiicreatic pavrovirus Korai prawn Lightner and Redman, 1985
(HPV)
Baculovirus penaei (BP) Pink shrimp Couch, 1974
Infectious hypodermal and
hematopoietic necrosis Blue shrimp Lightner, 1983
(IHHNV)
Bacteria Vibrio sp. Zoea Swimming crab Muroga et al., 1989
Vibrio harveyi Tiger prawn Karunasagar et al., 1994
Fungus  Haliphthoros philippinensis Tiger prawn Hataiez al., 1980

Haliphthoros milfordensis

Haliphthoros sp.
Haliphthoros sp.

Halocrusticida okinawaensis

Halocrusticida panulirata

Halocrusticida sp.
Halocrusticida sp.
Lagenidium callinectes

Lagenidium marina
Lagenidium myophilum*
Lagenidium scyllae
Lagenidium thermophilum

Lagenidium sp.
Lagenidium sp.
Lagenidium sp.
Lagenidium sp.
Lagenidium sp.
Lagenidium sp.
Lagenidium sp.
Sirolpidium parasitica
Sirolpidium sp.
Atkinsiella dubia

Kuruma prawn
Greasyback shrimp
Marine crab
Mangrove crab
Swimming crab
Mud crab

Marine crab
Swimming crab
Spiny lobster
Greasyback shrimp
Mud crab
Mangrove crab
Blue crab

Marine crab
Mangrove crab
Tiger prawn
Coonstripe shrimp
Mangrove crab
Mangrove crab
Tiger prawn

White shrimp
Dungeness crab
American lobster
American lobster
Kuruma prawn
Swimming crab
Mud crab

Tiger prawn
Swimming crab
Japanese mitten crab

Hataiet al., 1992
Izumikawa et al., 1999
Nakamura and Hatai, 1995a
Roza and Hatai, 1999a
Hamasaki and Hatai, 1993a
Hamasaki and Hatai, 1993a
Nakamura and Hatai, 1995a
Yasunobu et al., 1997
Kitancharoen and Hatai, 1995
Izumikawa ef al., 1999
Hamasaki and Hatai, 1993a
Roza and Hatai, 1999a
Couch, 1942

Nakamura and Hatai, 1995a
Roza and Hatai, 1999a
Karunasagar et al., 2004
Nakamura et al., 1994a
Bian et al., 1979
Nakamura et al., 1995
Muraosa et al., 2006
Lightner and Fontaine, 1973
Armstrong et al ., 1976
Fisher et al., 1976

Nilson et al., 1976
Katumata and Tamaki, 1987
Hamasaki and Hatai, 1993a
Hamasaki and Hatai, 1993a
Karunasagar et al., 2004
Hamasaki and Hatai, 1993a
Roza and Hatai, 1999b

* Lagenidium myophilum changed to Pythium myophilum (Muraosa et al., 2009).
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Fig. 1-1. Changes in the annual catch and the number of

released juvenile swimming crab Portunus trituberculatus

in the Seto inland sea of Japan.

bz, Z0%, EOBREWATL TERTHAY
OFEAEEERICERY My L 512y, FMERHTILE
L, 1970 fEE E Tldfe b g B
WEFITHETE AR 1M’ 4720 1,000 BREEICE &%
0, REAFEIZIIESRo7 (BH,
%1972 FRIT, & - idE (1971,

S W A I XY RY A Brachionus rotundiformis (LA

FITEH LI, L

1983) , =D

1972a, 1972b) I,

TULY) ETNT T Artemia salina % HBERTEL &
LT, 74U, ik, marine-G (7727 ki
MR, KT SOFEMEREKIIMZ S Z L
XY (FHREpIE) , fEKE Tm’ 4729 10,000
~15,000 B b OHEH =D EREE PRI LTz, 72

1973 4RI WIS IR EH 2D MEH 7y 2
ERAWEHET, FEKE 1 m’ %720 B X% 10,000
DR TRABAEFERANTZBIZE L, 1T 100 5 H

NEDOHEN = EPENFTRE & 72 0 | T O KRB i
SNDICE T (AARFBEHS, 1983) , TOREHE,

T B DS\ E SR RS R L, BRI D i
BEOEMAREPIFTE D RS (L
I, 1984) , HASHSSSE T2 ORI A e R B & Wi~
WD T IR E R 5 & (Fig. 1-1) , FEMAEER
BoOBMEREROMNECHEL TNWEZ LN
IMD JBRFRE ORI RS TiE 31.3%IC b K&

ATWEG (FIL, 2000) . UL EoORREIC 2007

FeE UKPEMR) 241 5 (2010)

EFEZII Y L OfE ST 12 B sz v
THEBSNDETIZRY, GFF 44,136 TRNAES
N, 29,542 FRNFIHRENTND

L LAR LRI L2k 512, V¥ IfEE o KEE
FENAREIC 72 o =D & —I2 L C, B RE M TEAE

kT2 L9187 o7z, 2T, 1971 RITHERR S &
D CHY IR AEPFEDO MM M AEZ HA L LT
AV IFEHEFEN RSN EE L, ZOWREHHL L
725C 1983 I EINFE TORY AEFEH T 2P L 7
(Y I FE OBEEN 23, BAKEGRIAEHS
MHRIT STz, ZOHD TR &) O TIET
29, ENBIE, @, MEAMPRY LFshTnd
72T, WEBAEYIZ L 2RI bDA T RN, £
AUCHT =R &8 LT T
Tl B AR PERRI O Baw & FEBR) A% B ARSI E W =0 &
BTSN, T0O TP &R OFEITIE, MEPERR
EEEENRKECEY BT TS, FRICLD
&, AEMERRTE 1~2 A TORRENBDO bNT
WAHITIEE WA, BEEAEILN 2 Bl AL FEMRE T
INTWD, EEENFA LT HBE CI3m & Fl o
BULETHEALTWDLELH Y, HEEIITY IHEE
EREIZBWTROEBERFEH L2 ONTVWDS (k&
I, 1997) .

AW IO A PECHRAET L HBEE CHRRI L
TWLERERIE, WInb 2749V 77l v ICE

L, #2350 Haliphthoros sp., Lagenidium sp.,

D%, 1997 FEI2 2

Sirolpidium sp. (&, K3, 1993a) 3 & OY Halocrusticida
okinawaensis (ZZfE 5, 1997) 23, XA T AP I

o VX Haliphthoros milfordensis ,  Halocrusticida
okinawaensis ¥ J OV Lagenidium callinectes (Nakamura
and Hatai, 19952)%%, / a ¥ Y 7 I Scylla serrata H>
1% Haliphthoros sp. 3 & OY Lagenidium sp. (ziFf, *H
H, 1993a) BERZERHE SN TND, ThHDHE

Wb, HENTOLHET DM AR T

HD L, WEFEARCITIHRHE 215 T4~ R S



R
G
o

jan

H, ZIbEEEFEZARPICHEISELDOR/HUTH

2 (G, 1996) . HH S AToilEE I3 IS L

TRIRIET- &£ 7220, F3FE L TEEERNICE R Z L L
WCEL LD D,

ZOX DAY I OMEHICRAET 2 HEEL, &K
YR 24000 L7280 =00 b SMES ISR YT 5 & HE
EINTE, ZOxKE L TITB LS eshAEIcEs
FHHEN< Y mpaET S (IG5, 1991 ; IRk -
JEFE, 1993b) . ZORER, SMEKfETORAL<Y
WORNENRRE S, FEHEEBSIZBNTHEM
Entz, LasL, o=l vinaEERLTH, B
EIEDREZRBRTCER2WHIN LIFLIEAR ST
% (i, 1995) MRS < Y e (IH
SR RS, DT O x 2 B Lid) T
HER, IPBLOSMhEIZBN TR U a3
ML CHEFEENSRE L, BERENLWEEZZ Tk
(HRNTS, 1995) , #EHERIL 1FH720 %) 1,000 J7
b ELE, <A T, 2003 FFIThL~ U U 33EE
EOWEIC L VI E o722 &b, HLEAIC
EBRWHE ThRbbLEFRKETHLRIATE Dk
EORERR RO HND K DI
AR, HY I OB EEFE CRE RfEELZ
70 2 BRoKEELZ T ThE -7, BMIXEE
KEETH ARE e, FABBREOHIEIC K 2 EEREBR
OB TH D, BYPIBRIEDOBEREICOWTE, 7
BRI CIIEBEIEDHE N D272 2 LITEHR
Lz, E0%, BAKEIIRER L, fMEKIZHRM
SNTWDHHEW T T v 7 b U BNEFIEAR LT, il
BAKD pH BNE LS RIZNTWD Z ERNGhoTzizw,
pH % MW oA BRiE & et L7z, AR CTIEE T,
Ok 5 EWicI T 2 4 I A PE T O ERAE D%
ARBUZDONTIHR~Z (I E) , RIZ,
FHIKEE OB, FER L OEBRZOMERICOW TR
L, BIVETH,

iy
BB

OxrHTE

otz

=T,

STBESNIZEE Halocrusticida
okinawaensis D 7 I PAEI KT HIFIEMEEZ T H
DFEEBBERNARET L, F 7RI KT E KR

T LD TP

ELIEAE D B BR 5

DB L OE ERRMEIC PO TOL R L7z, BV E
T, 2D H. okinawaensis EG5 D REL L
TO pH FEEIZOWTEEMICRF Lc, £TH 1T
IX, H. okinawaensis DABRZEPHAR 2 FI A L7 EE K
D& pH FEENZ L5 TV I E~DRRILBLBRIC DWW T
WD, 52 HiTE, SEKOG pH B EEEEY
BIOWW T T 7 b or~b 2 5582 20Tk,
53 {iCIE Y ISAEDAEFRICKIET pH L KIEOHHE
HAERZREL, 2o RICESWTERIZm
J7=m pH FEEEOM M ELRA~D, IHIT, F 4
i Cldm pH FHIER D ERE K ORI T T I
WC, & 5 i Tl H. okinawaensis O /ETENEIC BAET
pH OREIZ OV TR L7z, i< SBVIE CILE 1 i
T, H. okinawaensis L\SND 27 4V 7 7 v J € HEEIC
X2 pH FREEBLARIEDISHMEIC DWW TR L,
2 HiT, & pH AENIGHTE 2N 77ahEe
H @ Lagenidium JBILHE OB FRIEIZ OV TRRET L7z, &
KEOBEVIE T, BAEEREIToT,

BIE VLHTENMNEBIKYBRITHETEAYIDE
HEELEREDHRERKR

AR L7k 512, O x58HTIE, FHFIgED
BEEEXRE LT B L OSMshEDFR L~ v~
W IE 5, 1991; ik « M, 1993b) Z %k L T
BEIENSH L, B ek
Bz, RETIE, TOBROTY IFEAEES
& BEREDRAIRDUZ DNV TH D,

7225, 1992~1993 4E(Z

iy

¥

MRELVAE

O X DB 1992~1993 D HH I Fll £ EE
MRz MV, FEAEGE, FEROKE ST H
Mo&) , pH (V=THEOL) , HREIEDRKEAED
HiE, HEREERERO T INEOREBRE, 4%

RIpEEEF L, 2B, 1992 B8LON1993 D=



6 JLJd ST R MK FE RN & v & — e UKEERR) 45 41 5 (2010)

ST 100 m® KA 2 N R AR RE IS W TR
FENBUT LR » 7o, FBE KR, pH 72 & O
MIARHATH B,

HREFUBE

BEEERE

O D BWICBIT 2N AESEIIROLEEBY T
b, Tihbb, BEA=IZIE, 2~7 AT TREE
BN (BRI LR & R OMCER G D
AN RL &, /NEE RS K ORI TR S 4
TeARFIME AT L O EAR 2 A L7, ARfaIrE
(RSFEEINT D 7o DITITW A LB 722 72 8D (IIRF, 1996) ,
RADIME AR 2 BN AR IR L, TE& 7Y
BLOowmb 7Y 252 THE L CEFSE
Too RAEBE L CTEREOBENRA LN VET =%
3m’ AR ) S EENHRTLRTOEL, 1§
TV BIUOMEDEET Y 25X THE L
72 S AR OAFER MR HIEIZ 4 A 20 HETEND
IREBAL, 1 A 2~3CT 2 EF I, 20°CHI#%
FCINE L7, IRORAEDHEIT L=, IO —H
RS CHEABEL, SMUEMORIETH D/
TIRA v SBABIC A o T2 O & SLKRE (0.5
m’ B8 FRP /KM) (XA L, IKTHEBERL, 5
fbxffolz, BEIEXRDIZ, SMEAKREIZIEA L
~ U V% 25~30 ug/mL 1272 D K O IR L=, i
AEPEITEN 100 m® IS (B 8m kS 2.5m) 4
HAxEboEOMH L (Fig. 2-1) , 1992 4213245
100 m® K (7X8X2m) 4 Hi%, F72 1993 4EITi%
AR 70 m® ATEAME (7X7X1.2 m) 5 & &S 100
m’ KA (7X8X2 m) 4 fibHBIAICER Lz, &
LA COSMER R SN D &, ShAEZBEMBET T
BEL, WHORWLOORMH Lz, KA ED
THRHMEMZILT &, KRR EIT > TRMW 2 BRE
L7z, 30 mm ROV A 7 1 > THEK Z & Sk %
BAMICE Lz, BEKMTIE, 5 cm MR TERE 2

mm DA 72 13 mm BOE L E =)L TR
TA R ERWTHAICER LTz, VAT S B
mHRL, waMictr vy 7arr 7y R
Nannochloropsis oculata & MgEERE72 & Tz Tb
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BLUTCRBGEMA LIz, 77 I TIHACKPEA L
AL, 59z Rat 65E (N w{bpk) THaE
BAL L CHRRfE L7z, AflEE LT, 7H U, %73
BLOT I0mHEmME A7 A —"THIV, 50 HDX
v NCH-TZb D&KL, ZhubUsNe, Wil
F MRS oo R A AR B250, B400, C700 72 & OFid
AR MBI Lz, fMEKICIETY 7 m
a7y A% 50~100 SMIla/mL 12725 KoL
oo BAKEIZINENFRETH D Z LD, Ukl
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AEELR B DA% Table 2-1 (278 L7z,

Fig. 2-1. Facilities of seed production of swimming
crab in Hyogo Prefectural
Mariculture Center (100 m® indoor tank).
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Table 2-1.
Mariculture Center

FREEI X B T I BRIEDOBSRR

Procedures for seed production of swimming crab at Hyogo Prefectural

Water exchange

Days after ~ Developmental Volum of . . . . . Artificial Minced clam
. . ratio by running  Rotifer Brine shrimp .
hatching stage rearing water water food  and mysid
() (%) (inds./ml)  (inds./ml) (2) (kg)

0 Zoea- 1 60 - 5 — 50 —

1 " 65 — " — " —

2 " 70 - 10 - 60 -

3 Zoea-1, I 80 — " — 70 -

4 Zoea- I 80—70—90* — " — 80 —

5 " 90—70—100 - " — 100 —

6 Zoea- 1, I 100—65—100 - 15 0.5 150 -

7 Zoea-TI " 50 " " 200 -

8 " " " " " 250 -

9 Zoea-II, IV " " " 1 300 0.5
10 Zoea-IV " 100 " " 400 1

11 " " " " 2 " 2

12 " " " " " " 4

13 Zoea-IV, Megalopa " " " 3 500 6

14 Megalopa " 200 = " 700 10

1 5 n n n - n n n

16 " " " — /i 800 12
17 " " " — " " 14
18 Megalopa, Crab- I " " — " Vi 16
19 " " " — " 900 "
20 Crab- I " " — 1 900 "

* Volume of pond water was changed.

ERFERERR

Ok 9 BBV TEBEEIX 1990 £ TH
A LTy, & OBEX 10 [BIR T 2 [Bl0 Z TR T H
o7z, LAL, 1992 8 LN 1993 FITiE, EFEE
DFAERBRE BRI E LT, SMEAREIZ 25 pg/mL & 72
LI ERAL TV D E
TP, HEENEZF LT- (Table2-2) . T72bb,
Feb 5 AT AEFELBIA LT, HIFIEDR
FEIXEOLBYN LD B, 1992 FIXAEFERENR 34
M 32 |IC, FE7z 1993 403 37 BIF 21 B THEE
WAL, Z< DYEFREER 2~3 H TRBEURRE L 72
>7,

Fig. 2-2 |2V =7 HOfE KR & EikR & OR%
R, ZOREHOFY IIE 20.8~26.9°COHiH T
fAE SATEY, FFZ, BIAKEIIKERHERTE
RN DIKIBIRII R & o7z, AEFRED 0%IT7->
7B IE 1990~1993 4ED A4 pE 88 [ H 24 [H1IK
T, ZD 5B, 19 ERPEFEICL DD ThH T2,

HEREIL 21.5~25.6°C TR L=, KA L BH
JERAFIZ OV T BT R b hoTz, 72
B, AEFERIL 23CHIE TEVMERAFRD S,

Table 2-2. Occurrence of fungal disease in larvae of
swimming crab at Hyogo Prefectural Mariculture Center
in 1990-1993

. . . Mean
3 Production Trials with .

Year Tank (m’) trials funcal di survival
gal disease o(%)*
1990 Indoor (100) 10 2 159
1991 Indoor (100) 7 0 229
Indoor (100) 27 26 0.8
1992 Outdoor (100) 7 6 4.5
Total 34 32 0.3
Indoor (100) 20 17 1.3
1993 Outdoor (100) 6 4 4.6
Qutdoor (70) 11 0 4.3
Total 37 21 2.6

*Survival rate = (Number of surviving juvenile crab- I
/Number of zoea- 1 ) X 100 (%)
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1989 36 KUY 1992 4FIZITAE o A7 X Fli s AL FEAK Y
D 2 Elfit: CEBEIEOR AR STV D (IR,

1997b)

FOIE RREROSH, RESICEEZHMER

AR L72 & 512, O X 5 8BWiciT 2 84
FEEAEICBOTE, A~V v E2 AWK E#
Clilbnb b, BREOHEAEZ I LAT
Ephotz, i, BERKERG CORL<Y v
OFEMITEEES N TWAEDT, FHi-RBiREL %%
TOHMERD Tz, TOX RN EEEIL,
YO AEWNT R AT 2 EEAE OB 7= 22 B R 5K & X
272D OIEMERAIFIGE L LT, 1993 4R35 LUV 1994 412
Ok 9 BRI T L EGE R ) & IR %
SEEL, TNODOERERFEIMHEIRICESWTEE % [F
ETDHEL DI, FOEEPHMEREZR T,
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MHELVAE

HRODBIES

1993 4F 7 AB XN 1994 45 5 HIZ, Ok 5 T
fABE SN TWEAY 2 =7 A I EEEA %
B LRI, ERICEAPREO b ENGER

DEEER RS T, BREREN S OAR= ) U
VoL (FtMELE) BLOA LT <A
TiledE (FOLHIZE ) 2 Zh 2 10% & TR T
3~5 [ Lictk, HF~A vy (Ftiisirs)
ZIRNIN(60 mg/L) L7z PYGS ZEREFHL (7 b 1.25
g, WARF=F2125g, 7ROl g #XK12g
K 1L; LR A F~A 2 PYGS ZERE; ) (R
L, 25CTHs& LTz, 7pds, Ko fERUZMER L7
WK, FY A% 1%I12722 X 2 IR L 72 @b iR
g7k (5 31~34) ZHgle T pH % 8 ([ZFH#E L 7= (LA
T pH OFEH D 72 K E L ORI DWW TidpH %
SICHHEE L= b D LT 5, pH DN H S DI
WCITHERR I L OUKE(L T b U U AEHK TR D
pH IZFREE L7z) , Begthk, BEHICIEGE L @ 0%
WOWUBE AATEZ mm BEY VML, ThE
10 mL OJREMEAKICHEARE L, 25°C T8 L7, #A
Wt S eliEE & B~ A T UM PYGS X
ICERR L, 25°CTH#ER, O eoDam=—4k
A TTHIRUER Uiz, RIEEO LoD an=—%
AWTClET 2 EASYE, ZOlEET 2R IC B
T B HETIToTo, T~ A U ARG T/
EOBRBAB IR S, 4A— 7 L—7 WL T
HENRBFHE T D720 (A AHBRE T2, 1990) ,
HESHELNT N EISA L, BHuc A v
EWNMULEZ, <A v OBRET— BRI
% AR Bagle's MEM (= v A2 A) IZIRINEH
TW5 60mg/L & L7,

FREEI X B T I BRIEDOBSRR

HEOMK

TR MEIK

PYGS XM LOBEEK ORBRUMZ R &
AZTHIDEY , EROFHEZ BIMEBE T CRlZE L7z,
F7o, BR/NR ZBEEBEAKIZEN L CHEETF O
MR A B LT,

E PR

1) BERE ) ~A 20 PYGS ZERIEH T
25°C, 10 AfiisEER L@ OER O (B3 mm)
Z 10 mL OB T~ A > iRIN(60 mg/L) BEHEKIC
PERE L, 25°CClEE L7, HEFE HITH Sh7oilE
A% 10mL O A7)~ A > )1 PYGS {RIREF HulZ il
ETHN 10°fH/mL L7225 X 5 ICERL, 10~35C
DEREFAN D 6 BefEDIREE T 10 HFFHERE LT, Z
O & BE B (B ARHESLERT US-300) |
X0 300 pA T 1A L CREIRZRE L2,
S EERE (R 600 nm) TWRILEE A HIE L C, H
Bl A bl U7z,

2) HIEES  MEATUEK (R4 312) , 3/4 (234) ,
2/3 (20.8) , 1/2 (15.6) , 1/3 (10.4) BLO 1/4 ¥
&K (7.9) TER L7z 10mL B F~ 1 >l PYGS
TR RS US4 T80 10° B/mL & 725 X 5 (C
L, 25°CT 10 HH#ER R L, a7k THEE
wI Lz,

3) #IEpH pH % 5~10 OHFPFHAPICHE L= H T
~A VUM PYGS iR M2 ERL U7z, Rk L7ad
BT, EnbciliEE T ASEEL (10 f/mL) , 25°C
THEE L CHMEL R L., ok, &% O pH

VLEIE LT Zauy,

ERDRE

SEES N T-EE DR EIL, Nakamura and Hatai
(1995a, 1995b)DFEHIHE S T, EHDOIR, KEK
DIERE, AT OR RIS L O FEALR & oM
RIZE 0 ToT,
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ERDODHIEE

BELECIRYE U727 LRI IRIIC TS0
<RA D, TS T CIXFBRNBICERNE S LY
Felili LTV 5 O3 #EE X 5 (Fig. 3-1,3-2) . 1993 4
& 1994 R TN ENBE S AL7- U & ZH93 #hds &
WZHY B & LTe, ZENoOlEETFE DT~ A
N PYGS ZERKFHUCERE L, 25°CT 10 A& T
L&, WTRLERE3I~Smm O/NE e, ORRHEA
DIEROEE Z Ak L= (Fig. 3-3) . LLF ORI
b ZH93 KK, ZH94 & v e,

Fig. 3-1. Zoeal swimming crab with fungal infection.

Scale bar is 0.25mm.

Fig. 3-2. Fungal hypha in abdomen of swimmig crab.

Scale bar is 0.125mm.

Fig. 3-3. Yellowish small colony of the fungus grown
on PYGS containing kanamycin agar plate after
incubation at 25°C for 10 days.

HEREOMIK
R REF RIS

FERITE L, 10~30 pm OKWER Z BT
% (Fig. 3-4) , B APEBICITMo TISBEIEE F TX 5
INE 7R FERISER O B VT (Fig. 3-5) , /KT TIXE %
WZAEE D TR S 4L, F OE) B AT AL AN iE A T
D&MD, WETFDIIEEFVBRIND &
—ODWHETD I Do, —DEITHARDOHE R,
Z DS ETITMERD RS 5, EhuC, WEETF
D5 OFL THIE LIZBEENRROND, BEEN
TN 2 FILL EEA ST, —HFICEE T
HEd (Fig 3-6) o A S L7z liEdFIdEREs &
% 5~7.5 um OFER LT, fIERO 2 KROEX 9
um OHiEZ A L, WKk 5Q kKINEET), BT,
2 ROWERITWE L, KR+ 725, IRIRRIE
BIREEES~75um O H L < IZ00FEM T, 1
& OIRBREE 77> & FF ORI O ilEdE T7-(2 WHREEE T)
P D (2 [EERYE) o HEH L 72l IR E O
REIR L, IRERAET2 IRV 75~120 pm D7 1 T
AV FRMRIRLC, ZORIICREREFRT D

(Fig. 3-7) . AMAEIITHER SN2 o7, 7o,
WEAE XM AR R AT IR (SR 2 2 & 350

>7,
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Fig. 3-6. Discharge of zoospore. In seawater, hyphae

divided into subthalli with septa. Z i
Fig. 3-4. Moycelia in PYGS broth. Hyhae were stout, wete dlvided into subthaty With septa oosporangla

non-septate, irregularly branched, with a 10 — 30 um
width.

were the same in size and shape as subthalli. Discharge
tubes (arrows) 1 to several per sporangium.

Fig. 3-5. Granules in hyhae. Hyhae have numerous
shiny granules under differential interference contrast
microscope.
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F ®

Fig. 3-7. Schema of life cycle of Halocrusticida okinawaensis*

® E

* Source: Nakamura and Hatai (1995a) with a minor modification

A: Hyphae in PYGS broth; B: Zoosporangium in seawater, C: Zoospores released from each discharge tube; D:
Zoospore; E: Encysted zoospore; F: Zoospore released from cyst; G: Zoospore; H : Encysted zoospore; I: Germination
(firament formation from encysted zoospore) ; J: Production of hypha (vegetative cell formed at the top of firament)

REBRITNMFAEMEDO 2T T, R\l L7z
RERT D, EERITERERL, WEFIXEETO
ST, ¥, EBIL%, EETOINTHEDS
T LR, EOEFHEFO I NOELT D,
—DDWEETD I N D, —DETITHARDHINE A,
DY E T ATMER D HAPIRT 5, WEETIT 2 [EF

VKPET, IAERD 2 KOEREEZFT 5, FEHFITM
W7 4 T A MROBFEZMED, T bORE)
b, AKREWIL Halocrusticida JEIZ 53 S 7= (Table
3-1), B, FELEBHERRD HEND Z L,
W T NBEHENIC 2 FILL EICEESIND Z &h

5, H. okinawaensis \Z[FE &7~ (Table 3-2) .



R
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Table 3-1. Key to genera of the holocarpic fungi
(Lagenidiales) from marine crustaceans*

1 Colonies filamentous, mycelioid To2

1 Colonies lobed, bulbous To3

2 Vesicles produced on the orifices of the discharge tubes Lagenidium
2 Visicles not produced To4

3 Zoospores encysted in the zoosporangia following the first  Atkinsiella

motile stage

3 Zoospores in the first motile stages released from the
zoosporangia

4 Zoosporangia disarticulating from thalli

4 Zoosporangia fragmenting from thalli

Halocrusticida

Silorpidium
Haliphthoros

* Source: Nakamura and Hatai (1995b) with a minor
modification

Table 3-2. Key to species of Halocrusticida.*

1 Colonies filamentous, less than 2 tubes produced from

. H. awabi
each sporangium
1 Colonies lobed, bulbous To2
2 Encysted spores more than 9 um, parasitic on insect eggs H. entomophaga
2 Encysted spores less than 9 pum, parasitic on crustaceans To3
3 Branched discharge tubes present To4
3 Branched discharge tubes absent To5
4 Zoospores generally formed two or more deep in the H. okinawaensis

discharge tubes

4 Zoospores generally formed in a single row in the
discharge tubes

5 Pigmentation from gray to light brown, optimum
temperature for growth 30-32°C

5 No pigmentation, optimum temperature for growth 25°C

H. parasitica
H. hamanaensis

H. panulirata

* Source: Nakamura and Hatai (1995b) with a minor
modification

a2k ULE VN

1) HAERE  ZH93 HROIRE & Bl & ORfR %
Fig. 3-8 (27”7, HAGE ATREIR BESBIT 15~35°C D #iPH
Th o727, 35CTOMMIIMmD THIITH -7,
HEFH IR B 1 25~30°C &Il S e, 7Rk, HE
IR IZOWTIE ZHI3 BT O i~ Tz,

0.12

0.1
0.08
0.06
0.04
0.02

Relative growth
(OD 600nm)

10 15 20 25 30 35

Incubation temperature (°C)

Fig. 3-8. Effect of temperature on the growth of H.
okinawaensis ZH93 in PYGS broth (pHS8.0). OD was
measured after 10 days inoculation at each temperature.

: pH FAHEIC X 2 0 W I HEAE OBGBR 13

2) HBIEE S ZH94 HRO#ER % Fig. 3-9 1TR L7,
BB T IR M 22 D IS LW L, 1/4
Mk (M5 7.9) TORFHIIAD LR o T2, B
13 3/4 8K (23.4) THEIET L7z (Turkey’s test,
P<0.01), 723, ZH93 BRIZHOWTITRE W DRk
DREENBIE MR T Lo OMET L TRy,

o
- I
W 8]
T 1

Relative growth
(OD 600 nm)
<

0.05

ok

0@ L
0 5 10 15 20 25 30 35

Salinity

Fig. 3-9. Effect of salinity on the growth of H.
okinawaensis ZH94. OD was measured after 10 days
inoculation at 25°C.  The vertical bars show standard
deviations. **: Significantly different from undiluted
seawater (Turkey’s test, P <0.01)

3) #FEpH ZH93 KRI% pH5~9 O #i[H THAGE A GRS
HALTZAS, pH9.0 #Z 2 & #AIFR D bien o
77o ZH94 KEIE pHT~10 12O\ T D HIEET L7273,
ZHO3 #E LR U X 51T, pHI.0 TIXAMKIIE T
L, pH9.5 T4l L7327 -7- (Fig.3-10) .

02
=

£

S 2 015
¥
23 0.1
£ 2

< 2 005
&

=

0.25

Relative growth
(OD600nm)

0.05

Fig. 3-10. Effect of pH on the growth of H.
okinawaensis ZH93 (A) and ZH94 (B) in PYGS broth.
OD was measured after 10 days inoculation at 25°C.
The vertical bars show standard deviations.
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z =B

BEOSHEERRIL, 12 A EDNERZRIC
SWTED, MEO XD AR L OB
PERICES S RIS A EBRA ST e,
o7z (G - TEL, 1976), LA L, EFRITEEOR
oG, A FRR, & LRI FEREETRY

FUC K0 PBIRRRE LB LTV D, D
Ainsworth and Bisby’s Dictionary of the Fungi % 10
W (Kirk et al, 2008)TlL, HERDOERN 7 0 I A4
B, HRBLOREBYRO 3 Slipflsh, EHR
BT LORETREREE L THbL T2 (Fig.
3-11) .

Previous kingdom fungi

Chromista Protozoa Fungi
Oomycota Hyphochytriomycota Labyrinthulomycota
—— Albuginales
——  Ascomycota
—— Leptomitales
— Basidiomycota
—— Myzocytiopsidales
——  Chytridomycota
— Olpidiopsidales
——  Glomeromycota
—— Peronosporales -
— Mycrosporidia
—— Pythiales Zygomycota
— Rhipidiales
—— Saprolegniales

Fig. 3-11. New classification scheme to the order in Oomycota (Kirk ez al., 2008).

%< OfRNEEE RO R K E %2 & T 0@ M
Oomycetes 1%, HLWWORETIZZ v I 2AZ ROINHE
i Oomycota |2 STV T2%, BiFICIZEE &
LTHEONRNZ LD, LIER>TIEIZ LD
PRI EEE TR <, Bl TIXINEIE & MRS L
DTS, LavL, FEEAEBERO BN Y
HESNDWREDIF L A EDE L TV LI/ D 27
HVU 77 H Lagenidiales 1%, HTOHFETIE

HERLTEY, HLOAA BIRE SN THRVWAR L,
HEVICRERFERZOET, B>, RIEZ
AHEERE DL H D Z &M (Muraosa et al., 2009)
AMFFE TIX o BEE R E B D 4384 %  Ainsworth and
Bisby’s Dictionary of the Fungi % 7 hi{(Hawksworth
etal, 1983)& V5 Z L L L7 (Fig.3-12)
LT LD &, BREORRNEIZE OREFAIF
B HE M E S, HEMIE s HM, $hb



215 pH HEE
L #f & B %4 Mastigomycotina , ¥ & W M
Zygomycotina, 3EF%H Ascomycotina, fH ¥ F%H

Basidiomycotina, 5242 F%H Deuteromycotina (245348
IND, PRIHDOWFEE DL  (THEEE A o IN
EHC BT S (I, S Al o NN

I XA B H Saprolegniales, 7

2004)
4 B Leptomitales,
V7 7uBvHBILRY 5 EH Peronosporales 73
Ho (I - T,

OB D 5 HHEREORFERE & LT

1976) .

Z, IRxHE
D Saprolegnia J& (Tiffney, 1939 ; Srivastava, 1979) ,
U % HEWED Achlya J& (Tiffney and Wolf, 1937;
Tiffney, 1939) , 77 7 / <A & ZJ5D Aphanomyces
J& (Scott and O’Bier, 1962 ; JT&% « 28, 1971) A3 E
{EBNTWD, MEOHFEEREE LTL, VD
RS SIE D Pythium J& (Filky, 1947 ; BRH - 8443,
1976) , F4K IR O Olpidiopsis J& (i, 1960)
REPFDBIN T\ D, Tl g A R FR D HBH 0 & 5
Hesh s HEIT T~ CINEMo 7 ) 77 e vl
VSRS (I, FH O ORI
APRT R TUEEF D 5 ITE{bT D25 M Holocarpic
THIBNTEE CTH D Z &, AR CHEAE L,
BUAEMEBE 2R LN & Th D (I, 1998),

T B

1998) ,

bk, Ay =377 =¥ Pandalus
borealis 3 X OV N ¥~ = ¥ Pandalus hypsinotus 7> O
Pythium ( =Lagenidium ) myophilum (Hatai and
Lawhavinit, 1988; Nakamura et al., 1994a,; Muraosa et
al, 2009), 7 )b~ T E » & O Haliphthoros
milfordensis ( Hatai et al,1992), B LA =t
Panulirus japonicus 7>%® Halocrusticida panulirata
233 5 —Jj(Kitancharoen and Hatai, 1995), 7% 3 %

IR WTIE, H¥ 3 5 % Haliphthoros sp.,
(il « JB,
¥ X O Halocrusticida panulirata (B AREREAMFF
R I E RIS FME) BoBEsh, 247>

YR

Lagenidium sp., Sirolpidium sp. 1993a)

Portunus pelagicus 7> 5 X Lagenidium

callinectes , Haliphthoros milfordensis, Halocrusticida

WL DAY IHEE

iE DB R

okinawaensis 73 5y Bff & 11 7z (Nakamura and Hatai,
19952a), %72, / axX VU AY I Scylla serrata D> 51X
Haliphthoros  milfordensis,

Lagenidium  callinectes,

Halocrusticida sp. 73 77HE S 41TV % (Roza and Hatai,
1999a), ZALDHITT N TIEMO 7 Y 7 rudh e
BT 5,
AHFFEI srBfE sz
ZH93 #R & ZH9 BRI, Wb s %V 7 7 m R

BT 1993 36 LT 1994 41253

@ Halocrusticida okinawaensis (Nakamura and Hatai,

CRE &7z, AEREIE 1994 IR O
AT UAFIOYV T hb b altEn Ty,
P T 2 EBREYT, 7YV 77 eHD

1995b)

Haliphthoros
callinectes & 0 & IFJFIEN TR T

B X O Lagenidium
& D B D

milfordensis
fabsge)
T\ % (Nakamura and Hatai, 1995a) .

U EDSNG, 1993 FHB L1994 FEOO 1 H &
MIcBT DT INEOEEEEORRIT H
okinawaensis FEYLIZHK L7z b 0 L HEE Siviz, H.
okinawaensis 1ZH AN T X TlEET D S IZZEML,
LD DR S T i 7 B i 1M il &
N5, Bt S izilEEFIRIR L, RIRIEF & 725,
RIRRE 205 1 BB &R OWEETRERINT 2
[E] B OBk E4T 9, 2 B H OWEEF IV IPAIC
FHE L C 2 BB ORI £ 7285, THIHHEO
RIRRA T2 5 1%, M7 ¢ 7 A2 b GE3FE) 23
C¥ 39 5 (Fig. 3-7, Nakamura and Hatai, 1995b) .
T4 7 A MIFEEEILL, PV IBEANTT 4T
AV NOEWRCEAPERSND EEZEZHBNTVWD
CFFRAME) o 7eds, WEETFO D> ORTE D b i
SN WEET & ARIRAE T2 Bl 3 2 il 1 ] 3l
TTERWVWOT, ERCTHEM LELEFD 1 HFE
kOB D732 B HEEKD & DNTER]I L THZRY,
AR T D H. okinawaensis DOYEFRERIETL, #
SRR OB WEAEEY DWW E 2 ES 5 2 & TiTo
Too ZRUTERIENRERAR OBERIZR [EET D
TENEL, FOFETIIHHELRE TE 0o
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eleThD, ks, HEETIRMELRLEL LW
B BB WO I TAHBE RN D 2 L AR L T
%,

%) 77 a5 EE T TN
TEETHDZ LD, BPEOBFITEELE S 2
DAL, BERE T ENEE LB IND,
Yelhilk o 2 97 & LCIE, H okinawaensis OAETEER
EEHED Z EBREARE D, KERCHEET AR
B, HE KO pH & 2 CHIKEGHECHE48 L CHY
FHEZIE L7y, WRARES I S BefE S 7 ilie e+

I, IRER, Rk, BRER, RIHEE L TESROER
SV EFF TATEEBRAE > THIO THiRiAE LTH
THERSNLD L D127 %, BERSMD E DM 2 M
Hil LTV D 2T DN TTERIR T 228, AGBRE R
H, AEHOWIMAZK FTIEL2E REEZD &
20°C A Fdo 5T 30°C BALEO/KIRIZ T I O
BN D D12 FEhu LN TH 5, MEKOE
5y (3/4#K) © L<iZpH (pHY.25) ZFHE+ 5 2
LTk, HEREIEZBIBRL 5 D ATREMEN H D,
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: pH %I &

Kingdom fungi

Ameboid stage

Myxomycota

Hypha more than 10 1 m, aseptate

Non-ameboid stage

Eumycota

Hypha 1~2 u m, septate

(Basal fungi)

Motile spore

Non-motile spore

(Higher fungi)

Sexual reproduction

Non-sexual reproduction

via ascus via basidia
Mastigomycotina Zygomycotina Ascomycotina Basidiomycotina Deuteromycotina
Ichthyophonus, Mucor Trichomaris
| Fusarium
Uniflagellate zoospore Biflagellate zoospore Phoma
| Ochroconis
: . Scytalidium
Chytridomycetes Hyphochytridiomycetes Oomycetes
Dermocystidium | Plectosporium
Hourglass ~ hypha Non-hourglass hypha
Dimorphism zoospore Monomorphism zoospore
Holocarpic Eucarpic
Leptomitales Saprolegniales Lagenidiales Peronosporales
Saprolegnia Halocrusticida, Lagenidium
Achlya Haliphthoros, Atkinsiella
Aphanomyces Sirolpidium
Fig. 3-12. Classification scheme to the order in Oomycetes (Hatai and Egusa, 1976; Hawksworth et al., 1983; Hatai,

1996; Hatai, 2004). The blue characters show the genus name of causative agents of representative fungal diseases in
fish and shellfish.
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$INE Halocrusticida okinawaensis  DIRIRTE

BIEIZFHNT, 1993 FER L1994 DOV L H
BB IT DY IAEEEES H. okinawaensis )3
BIG L CnD EHEE LR, Z D H. okinawaensis H
REBEOFRKETH S Z L 2HET 5722
SBES N BEEO TV IR T DEEMEEZ I 5
MZTHUERS D, Fio, KEFHETHREEMRED
BN IGETHET D2 0D, ARIEDHARE
Weakmas ECHY IWEORBEM I L 0%
WRDMENDH D, Fio, H okinawaensis L [6 L7
YV 7 ahCHICBT S Atbkinsiella dubia,
Lagenidium  callinectes ¥ X % Haliphthoros
22 L, BEoREHE~

(Tharp and Bland, 1977 ;

milfordensis 1375 T4 B

DIEPMEDPHEEE S LTV D
MG 6, 1991) , 5 ERFREDIT & A ERVEEIT,
ZOBEBRIKFNINL AT D At 2w L, &
YRR OHEEIZIB W CTEERER A RO, IbHIT,
R A FEORBUC £ - TUE, FAKRIIC D5 ATHE
Peb b D7, KR EFRIEE ORRLEE L 25,
ULOESNS, KETIITFIBLIOZOMOE
WNZxd B H. okinawaensis DIRFIEIC B 2 et &
1To7,

MRELVAE

HYIHEITHT HHEE N

O x ) EWTHE SN T deh Iy =7
I i AR KOS A% vy, H okinawaensis
A7z, K 30
VT A% 25 @
RIAE L, HMER L FETRE L-EET %
10', 10, 10°fE/mL & 725 X 5 8 L7z, xHRIX
(IXFEBEOWARZ R U, % ITEGE, M
KT COERBNICEE L, 3 ARBICERLEAS
FORCER A L, BRERREOFEDL, HhE
DR THEAR I L TWBENTHE L, 7

ZH93 #EI X O ZH94 BE DI B4 %

mL (70 mL A&7 7 X 3) (T

B, 7I7AINOWKIZIFR O =v ) B
TABLIOAR NV b A U URERE R, ThER
400 pg/mL 3 X V500 pg/mL & 725 K 5 ICHN L7
(AR, HiC THEmERn L RiLT2) o &R
BriL 2 B9 21T o7,

BEERHEM

H. okinawaensis ZH94 ¥R & A L, FsESIE L L
THY I, XYL H= Chionoecetes opilio, 7 VT
7, A ¥ H = Charybdis japonica 3 L O €Y ¥ 2 f}
(Crangonidae) O Crangon cassiope % A\ iz, T
2, RUAH=, TATITEBLIOA =325
B2, Crangon cassiope 135 BV, ZhEi
SN H O EEZ R LU, RBUKIRIZ, T
I, TATIT, AVH=BLDVC cassiope IZD
TIX25CE L, BARMEDO XU A H=1F15CE LT,
AW, XA A=, THATI7 TiEEit & RERIC
Wl 1A 10 fB/mL & 725 X 5 IS HfR L Ol &
H, AV H=BLOC. cassiope TIFEIEARICEE 3
mm D EFFR PR & BT T 2 5 TR & XM -

7o

KiBERR M

RITED RO T VT I T T DM R
bNToTe®, T2 TR KR T COEE A AT HE
RTNT ITEZANT, KRR T TOSEERE ZH4
BRI RPEIZ DWW TRGET L7z, KiR% 10, 15, 20,
25 BLN30CH 5 BEfEE L, g 1% 10° fll/mL &
B XIS A L TR ER ST, KRBT
2 B ATV, YRS E T HE 2 HIRITRD T,

®w R

AYIHEITHT BRRNE

V7 1 & MAsh ATk 4 2 2 B o KRR
D&% Table 4-1 (TR L7z, WTFHOKEL Y =7



2245 : pH FHEEIC X B H Y I BEREIE D PBR
I Hi & MEAShAEIC R U TR L, ZFHUSfE S T Table 4-1. Mortality of swimming crab zoea-I and

zoea-1Il experimentally infected with Halocrusticida

I DA, RIS S VI (Fig. 4-1), 172, % okinawaensis ZH93 and ZH94 strains

19

FElEE T OEMME & IR LML, BEE Stwain 8% of Numbe of (zoos.?srseeymu Infec(t‘i/oo;n rate M(zl;;z)i)]ity
BTkt $ 2y =7 1 H] & A AE D M, . ’s :gz "; Tg
ZHO4 B % N =R BR o> 10° fH/mL B K 0> 1 [3] 71193 = 2 2
HORMBTIZS 7 T2 A & bR U ToE v
#AERL, 2 BEORBTY =7 1 HICHk~S, % Trial 1 - v - I
A2 T TR O F7 AR 2 LT s i T
A3, 2@ 10* ffl/mL KX TIE 2 FORBROVT I T Z 10 § %
b =T MM O ARZ IS F L7, ZHO3 R S C—
i VTR YRR 1 2 B ORBR L b1 =7 1 - 0 : ’
ST, BEBHEAT Y =7 IE DI A s w o
PR T U7z, 43R K G AR S & 7= (B I ret> — 0 TR
DNT, ZIHO—HbEREEH OB/ Z{T o7 7o 5 EE; Z‘i }j
L Z A, H okinawaensis INEBESIT=, Tk, — s 25 :g? g 8
O R X 5 L OV = 7 LS 26 o st JRIXAZ 350 Control —f——22 - 0 .
T, BEORBREICESRWEERH ST, Zoeal crab were exposed to zoospores of H.
okinawaensis and observed at 25°C for 3 days (water:
pH&.0).
| |

Fig.4-1. Mycelia (arrows) in swimming crab (zoea- I ) experimentally infected with H. okinawaensis ZH94 strain.
Scale bar is 0.5mm.

BEEIHER F7-, BRFENRE ST =B X0 C
#B % Table 4-2 |5k L7-, BRBRIC V- 5 FHH

OFBEST X T CREREDHERE SN, ABIZT VT
X7 (Fig. 4-2)IZxt LCHY I & RI%ELL LR M:
R LTz, KR 15CTIT» 7 XU A = (Fig. 4-3),

cassiope TIIEGFRIT 12~20% LK o772, W
@i“‘l‘ﬁg\lz%/g@ﬁg( wu&) %ﬂfcﬁﬁ)o 71:_0
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Table 4-2. Susceptibility of larvae of five crustacean species against Halocrusticida okinawaensis ZH94

strain

Incubation Number of Test

Infection rate

Species temperature  larvae  period (%)
(’C) tested  (days) Experiment Control
Swimming crab”' (Portunus trituberculatus ) 25 25 3 92 0
Snow crab” ! (Chionoecetes opilio) 15 25 4 12 0
Brine shrimp” ' (Artemia salina ) 25 25 2 100 0
Shore swimming crab’ 2 (Charybdis japonica) 25 25 7 16 0
Crangonidae* 2 (Crangon cassiope) 25 5 8 20 0

* 1 Each animal was exposed to zoospores of 10° zoospores /mL.

* 2 A fungal colony with a diameter of about 3 mm was inoculated into culture bottles containing each animal.

Fig. 4-2. Hypha (arrow A) in brine shrimp experimentally infected with H. okinawaensis ZH94 strain.

Encysted zoospores (arrow B) adhered to carapace of brine shrimp. Scale bar is 0.5mm.

Fig. 4-3. Hypha (arrow) in snow crab experimentally
infected with H. okinawaensis ZH94 strain.  Scale bar
is 0.5mm

KiR&mER M

AKIE 10°CTIET AT 2 TR S h o
7oo 15CT 12~16% DB H B 4L, KRR < 72
DI LTeiio CRERE L E L 2, 30°CTiX 84~
96% DIEGHR & o Tz, KR 35CTHRER A FhE L
2B, MBEXOT AT I T HEAICHT LD TE
BRIZANL L 72 D> o 72 (Table 4-3)

Table 4-3.
pathogenicity of Halocrusticida okinawaensis ZH93

Effect of water temperature on the

strain to brine shrimp

Temperature Number of used Infection rate (%)

(©) nauplii Challenged Controled
10 25 0 0
15 25 16 0
Trial 1 20 25 36 0
25 25 56 0
30 25 96 0
10 25 0 0
15 25 12 0
Trial 2 20 25 36 0
25 25 64 0
30 25 84 0

Brine shrimp larvae were exposed to zoospores (10°
zoospores /mL) and observed at each water temperature
for 2 days.

R

1993 4235 K OY 1994 4 0> BRI 76 A2 R LS RS 7 4
IV T Do EEE VT H okinawaensis ZH93 #£13
LUV ZHY4 Bk D 7 X AT 2 I U A RS &
, AENO X D BHO 1993 F3 L1 1994 FEDE
BEIEDFIRETH D Z E MNP LN T2, REIE



R
o

B (ZH94) |2 X - CidiiEE 1 10" fH/mL OIRETH
T GhAITK L TBAEDB AL T B 72, ZHUEEE
W7 BV 77k e BEETE DT 2 3IER
PERE (iR - JHHE, 1993a) IS D LBER DI
Too BMAEDOFEEMO I HEMMITlikT 2L,
7 T B A TR RN WMEM N L STz,
YRy - W (1993a) (X Haliphthoros  sp., Lagenidium
sp., B & O Halocrusticida sp.AZ 3\ T b YR A
P IGAEOEMDETT DI L b RVEL 22 B
BooZrifE L TWD, £z, FEROERNT
A Y 1> a T A K —Homarus americanus $h £
Lagenidium sp J&EYE (Nilson et al.,1976) <2, =T A
k< =Y > 7 Penaeus setiferus $1/E D Lagenidium
callinectes [EYIE (Lightner and Fontaine, 1973) T
RBHENTND, FUETHERZLHIL, OxHE
W COEREERERDAE R THRWEEEM CER
FEDRADN LN, Il - MFE (1993a) 1, FHI4h
AT LIS THVERE RS 20, Zhas
IRIRRF- DFEH A HIT 2 LB L T 5,

7%V 77 ak e BICET I B R RS
< Ik & TV A (Tharp and Bland, 1977 ; A
5, 1991) , ZEFIL H. okinawaensis DY5# AR T
HTARKRY Fa v L7 & DR GOMIEIiEEF
DEEE L, KR LTl 7333 2 2 L 282 <

AL TEY, H okinawaensis DilizE T D I1Z1X
FEBRPIEII 2N B2 b0 D, SEIOE ERFRM
BT Y H. okinawaensis |395 FHREFADNEN T & D3l
BINTz, B, HWERBRIENE R ST-72®, &
YeBD 10 BA HIRSED H. okinawaensis \ZxH3 2 &
ZHEORKRERRD Z LIETERY,

KRR IZB N THF I oY =7 ghEEBBsR
459 HITHELL (i,
VETHAEITS A9 A UM, 1997) , £7=C
cassiope [T Z 18 U CREIR & S &M D R LT
% (&H, 1956) , ZDOZ LI, AREMNSREAREIA
DOIHHAENERIE T 5 2 & T, R CHEM %8

1996) , £ v H=D

: pH FREEIZ L 5 T S HEE OB

CTATFLRT 2 Z L &R L TR, FEifAEEIC
T WK~ OBEETOIRAS, ARHE ORI
ELTEZLND,
ABFFRIZENT, H. okinawaensis DEBRFE L L
TTNATITMERTEDL Z ENRHEEND LN,
SC, TATITERNDLZ LIk, ¥HFIoy
T YERE LN D —RHTZ T T, FREZEL

TARERE DG ER P ATRE & TR o T,

EVE fHE/KD pHRAEIZKS H. okinawaensis DB

EqUTES

BMFE Tk _7= X 512, H. okinawaensis B HHIE D
Bk & LT, JREEREOEF 2RI HES < v
CONDHEREZBND, AARS (1973) 1TAH
I GAEDE ST DWW TG L, HEBRUKIE 19.8~
22.9°C &) HEHEKIR CEIE L 72> =7 1 #lo
oy PERRBR X, HE 16.3 (1ISCHEE ) : 22.4)
PIRFMETH S L@E LTW5, —F, @HERKE
ARy (I RKERERY, 1968) MFEM L7z, 25
~29C D KRR TOYE T IERER T, b 15.20
~18.70 (15°CHATIHISY 1 20.9~25.4) THEERNE
Mol LRESN TS, ITRHEDOZEND, HE
FEDBBRIC AR PMEFA FIRE L B2 b b, 228,
3/4 (HESy :23.4) L 23 Mgk (20.8) IZHITD H
okinawaensis OEFHEIFIZIZFR L THDH Z &b,
T IGE~ORIE S OB LRWT D L2 BE
TDE, 341K sy 234) BDEEEZ bR,
UL, B EDRIZH 2 &3z 3/4 MK TO
HIHIT 75%RE DA ICHEEDICTE RN &
B, FRUEK DI CEERE DR A Z 522 BiRT 5
DITINEE & FIlr S e, RIS, 7BERIT 35°C TR
EAEBERRD BT, FY IS4 OKIRmHE S
Dl M42CETIHHRAINTWNDLZ 2D
(FiAG - /9F, 1972a) , JMRIC X0 A5 & il %
FikbEZ BN, LoL, FY Tk L COmRER
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EHLOHEBEO D, CTHHIHT 5 b OBTFEET
HZ R (i « MIFE, 1994) , ANRICES 5 A
DliEER D L, FHEAPETOIRITEE L Hkr S
niz,

pH IZ2WTIE, WFhofkd pHI.25 T4 < HisH
L2y, B L CTHHEII DT o722 & h
5, H. okinawaensis BEIEDOBAERIE L L CTHBE KD
pH # BT 2 TEPRFLELEZEZ DN, O X D&
TEEENZH LT 1994 4212, AAITKEE(LT MY
U LATEIBKRO pH % 925 ICFHEE LI 25, =D
[T R O BFE e < AFET D Z LN TE I, &
ZCARETIE, MEAKES pH IZT5Z LIk B
BRIEIZ DUV CEERIICBRGT L 72,

EEH AFIPE~DREICRITT pH DEE

KETIXES, HEKkD pH & 925 ICHETHZ L
\Z & D H. okinawaensis O 1 I ShHE~DIEGE B BR%)
R FBRRQUZ L BEt L7z, kIZ, AUE»BHE
LT TV SMbshA % 2 ORI T, —HiE
pH Z %3, © 5 — 5L pH % 9.25 % A ZITiH%E
LR bfE L, HEEDBRRBEICHT Hm pH
DB R % 2272,

MHBEIUAE

RBRBEEITH T HELEHRUE

pH % 8.00 33 L TY 9.25 IZFH%EE L 72187k 30 mL (70
mL AEE 7 5 2 2) (T =7 1 9% 21~26 {8
RN L, H. okinawaensis ZH93 #¥5 L O8N ZH94 bk
DL T % ZNEI N E/MLIZ 72D K ) 8fE L7z,
AR A AR, MEESK T 25 COERSRNICHE
L, 3 A% OREGEERSR X O Rk % R T,
HEEROA Y, DEZEMSECRIEL, Tok
PICHESRDEIE L TV D &0 THIBT L, 7eds,
77 A aNOWKITITHAEWE 2RI LTz, &38R

132 B4 297 57,

BRBEECETIRELEHBRUE

B 1 BroSMMELEAESE 15000 BT
0.5m’ KHEICINE L, — 7 IZfE KD pH % 9.25 % H
ZIZHREL, b O —HITFE Uo7 (pH7.95~
8.09) , fABHK~DFT v/ 7 aaS v AOERMOK
fNE, Ok 9B RO FTEICE 72 GEIE) ,
KiR & pH DHIE R L O AED LKL OFHuLm H

1To77,

LS

RERBEITHTIHR

fil B KD pH % B&MEK L 1ZIXF U pHS IZFH% L
72X ClE, ZHI3 ¥k & ZHY4 DWW T DT H 50%
PLEDREGL RGO H AL, ZHITHEIFET HRA LT,
—J5, fBEKD pH % 9.25 I[ZFHFE LXK T, ZH93
RCIUERE LT RO ONT, F/2 ZHM KETH
1[E1H OB CIIERREEN 4% THEED 4% -7z
2, 2 ERIEREB LU ERALNR ST, —
¥, WEETFEBRMLUZOREIL, 2 [BIHOERD
pH9.25 [X T 4% DI L 38 H V=78, pHI.25 KT
Y T ORI P BE S, ECOR LR
MoTo pHS X & Ll LT, S1AEDIEINZZEITRD b

72y - 7= (Table 5-1-1) .

Table 5-1-1. Effect of pH on the mortality of
swimming crab zoea-I experimentally infected with H.

okinawaensis at 25°C

. Number of  Infection rate ~ Mortality
Strain pH

used zoeae (%) (%)
7193 8.00 24 58.3 37.5
9.25 25 0.0 0.0
Trial 1 7H94 8.00 23 82.6 60.9
9.25 25 4.0 4.0
8.00 25 0.0 0.0
Control
9.25 25 0.0 0.0
ZHO3 8.00 21 61.9 57.1
9.25 22 0.0 0.0
Trial 2 7594 8.00 26 88.5 84.6
9.25 24 0.0 4.2
8.00 24 0.0 0.0
Control
9.25 24 0.0 4.0
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BARBREITHT HHBRME

EBRHIM P OB KEOKIEE pH % Fig. 5-1-1
2, SAEOAFEOHER % Fig. 5-1-2 127~k LT-, pH %
T L 2o 7oK TlE, RBRBHLA 8 H 2 ITH DK
PIZEARDRO BTz, HARPHRINTZEAND
REJFFEDIAE D, 10 B BITITEW LT, —F, pH
Z 925 TR L K CIEIERIED R AL R bz )
STz, 72E, FRRERD D EE OB RS,
OSBRI Lie o To iz, JRINEE 2 e+ 51
EEL RN ST,
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29 @
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Water temperature (C)
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Fig. 5-1-1.
in the experimental tanks.

Water temperature and pH of rearing water

100
80
S
3z 60
g
=
E 40
- —O- pH not adjusted
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0 2 4 6 8 10
Days
Fig. 5-1-2. Survival rates of swimming crab larvae in

the pH adjusted and non-adjusted tanks. Hyphae were
observed in swimming crab larvae in the pH
non-adjusted tank. In the pH non-adjusted tank, hyphae
in swimming crab zoea were observed from day 8.

pH

: pH FAHEIC & 5 Y I EREOBLBR

R

IR IR AR &0 2 VIR IR 7 A L A D AR AERY e e
ZFAL, MBERELMET L2 & TRMEOER
DI 23 FTRE 7241 % Table 5-1-2 |27 L 7=, BRBEiH
DFEE U TIKRREEN R L, AL A
BIR TV o B O(R Yt 2R SESE (Amend,
1970) , 7 AT 7 FUA VAR (KD, 1988),
A DAV AT A L APEFLEANE (Sano et al.,
1993) , ¥ ¥4 o fLEkE ARGERFFE (EIBS) (M
5, 1994) BROT A NV AMEMENRZESERE (H
5, 2008) 23025, MEVERE TIEY T FOMRA
J7 (FEH, 1978) W U< UK DIEW deromonas
salmonicida JEAWE (RE D, 1984) 73, E£7-FHAEMR
JETIET 2D 7 V47 THE (Takahashi and Ogawa,
19 BLRTF¥Dv2— ¥ 7 Fux)LR0E(H
H5, 2009 36D, ZhbiE, WTILHEEKIE
Z EH X5 2 L THRFEOIENR X OBERIC RS L
TW5, KIRFREILACIE, o xkaERWEEK
EHAWDZETUFEOREN (85, 1978) 73,
Filo, MRMKERWD ZETI vt YEDER
AE CRJID, 1999) OFEENMH S, HDUVMT,
A VAR FIEASE (lida er al., 2008) 1 E KD
eyt sE EF D52 ECHRUEELERTIELZ LN
AlEEE STV,

AERERTIL, B AKD pH & 925 ([CFHET 52 L
C, H. okinawaensis ELEIE DA LR TE 5 2 &
e EBURYR L O HNEAC K VA L, A
OFEFTEHEKRD pH 2T 2 Z L1 k> THFE
ZHBR LG ETIZARL, HRRMIZHE#IH T
DRATH D, RFET, MKW T TREF
KHMTHITR DI 0D, FYVIFEEAERGICE
D EEIEOBBRSIE E L CEMAERE N EEZ D
ns,
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Table 5-1-2. Prevention methods of infectious disease in cultured fish and shellfish by environmental manipulation

Prevention method Disease Causative agent Host Reference
Herpesviral papilloma of carp Cyprinid Herpesvirus 1 Carp Sano et al. , 1993
Infectious hematopoietic necrosis Infectious hematopoietic Chinook salmon Amend, 1970

necrosis virus

Hirame rhabdoviral desease
Temperature rising of

Rhabdovirus olivaceus

Erythrocytic inclusion body syndrom  unclassified (Togaviridae ?)

Japanese flounder  Oseko et al ., 1988

Coho salmon Tanaka et al., 1994

rearing water
¢ Red spot disease

Head ulcer disease

Pseudomonas anguilliseptica

Atypical Aeromonas salmonicida Japanese eel

Japanese eel Muroga, 1978

Ohtsuka et al ., 1984

Glugeosis Glugea plecoglossi Ayu

Pseudodactylogyrosis

Pseudodactylogyrus spp.

Takahashi and Ogawa, 1997

Japanese eel Tanaka et al ., 2009

Rearing in fresh water  Red spot disease
with no influence of
sea water

Pseudomonas anguilliseptica

Japanese eel Muroga, 1978

Dilution of Oomycosis

rearing seawater

Halocrusticida panulirata

Greasyback shrimp Izumikawa et al. , 1999

Haliphthoros milfordensis

Hyperoxia Viral epdermal hyperplasia

Flounder herpesvirus

Japanese flounder  lida ef al. , 2008

E 28 pHAAYIBELVEOMOEMIZRIFTTEE

M IZB W TE pH AEICLY TF IO H
okinawaensis FLEIE DREIBIBRIFRETHD Z & &
oMz Lz, L, ZoOFHEZEEOTYIME
WAEICHIAT 5120, A IE0 - shE), fERAE
MTHDILIRT AT T, EFEEKCHEMT
HDHEWMT T hoThb Tty rvaa YR IxRt
T2 pH OFBEHOENNITLHILERDH D, £2T
AHEITIE, THbITxT 5 pH OBEHEEL, %
T I B OV TIREMM O pH 2T OREIC
ONTHRHF LT, EHIT, TALERAELT, =
R T OB pH FE DI SV TR LTz,

MRELVAE

HYIHERBICRIFT pH OEHWLEZE
AHIIPB IO =7, LAY, Fr s ranR
T ADEFEA~DE pH OREEZ U TOEBIZON
TR LIz, VIV =T8I OEHEAEDIC T 5
W TI, pH & 7 UV E=THAEDOEEIZOWTHKR
Lz, 72, AFIFPCHONTIEE, RWINTY I %
BT 25 G TR E 52 720, 52 5355 T
BIGE TV 25X LBETHD L, IHITHK

Ry 1 REYS -0 1 EELLET, TS TREN
EHT2 X0 7pRiE
T OEBIZOWTIIRET Lis o T, £z, T/

WZRBRNWI b, TUE=

7au 7Y RTONT Y, EOBEEICITELT F
SULERBRRRL LTHRINLTEY, 7UE=T iR
JEREWVIREBCHEEIND ZENBH TH DL Z Lh
b, TVE=TOEBIOWTIIME Lo T,

(1) AYSE pH % 8~10 (23 L7=#E/K 30 mL {2,
PEIR3 A OIREIH O INEs X OVEIN 14 A # O SMKE
ATDIN % Z 241 100 BLIAE L 7=, #iRK T, 23C,
24 WE[E1#2 (Z BEIREE T TR & B2 L, JRIEC N G
WCHRE RO O o Il Z EFHAEINE LTIER
TR AT,

) AYIVIF7 pH & 8~10 OHFAT, £7-2ih b
LT VRS ATT VEST ERREE 0~8
pg/mL D HEiPH CHLAA oW THHEE L 727K 500 mL
EER U, £RBEKICHF I =7 1 4%
20 AR DUV L, HEER, MHATT23°C, 24 I
M DEFRR 2T~ -,

3) Fo/yaRFIR EKEERLEFV/ sua sy
WA THIRL, =
D% 300 mL oK L, pH & 8~10 IZFHE L 7-,

Z A& 1 X108 Hla/mL 1272 % &

IR 25°C, FRJE 1500 1x, BWEJEH) 12hL:12hD D4



2245 : pH FHEEIC X B H Y I BEREIE D PBR
TR LN DEFE L, BRI YOLER N T LD D X 91l PR 2 3% L7, & pH
£ 560 nm) TWOREERIE LT, YR =7 IVEL LS IZ AT e " #lETce L
770 SIS DI B B TR A & LT 30,000 i {£/m?
(4) BEREY  LFC LRI pH & 8~1012, 7> E EL, fEELE LTU LAY, TATITHAELLON

=7 EBHEER 0~8 ug/mL ITHAEDETHRE LZ
WK SmLIZ, UAVEIOSEE 24 RN O T
VT X T AR 19~24 fEIRINE L, S8, BEAGEE
24 W& DAEFRR AT, ok, ULy
AVTHEIMERDAEAE L, 24 R ICIZ 4 HI O #
REE VI 5 2 &b D72, EFRERIT 24 Wi
DEEREI T D AR EOEIG & L TR LT,
WA E 2RI LTz,

T 23%C,

AFIHERFICRIZT pH ORENGEE

pH %3R3 L 722\ B SRR 3 5 WX pHI~10 1278
B U 72K 100 LS9 X SbEAE 2 3,500 fE A1
KL, FEAEEIHEL, /v VR, TA
v, THAVT ITHAR L OEAREZ 5 2T 23CT
B EZITV, BRI AERBEREEIC I VEEL
Too 7ok, BWEHMITY =T IVHIEREETE L,
50% L2EAKERILT R U & L%
KT 01~ 1%FEEE AR L 72 TRl L

FAKO pH 1L, fEif,
R % KB
72

FEXLEERBETORR

A A E AL CORBR T 100 mPD
ENMFAME AV, ShEofEKICETy 7 nm
07 Y A% 5~10X 10° Mif/mL £ 725 X 5
fABEAKIL 23°CICHHIE LT, BEKOE pH ML

WOFHOKEALT U 7 LVEIRE, 5 KE O
IZHELE L 72 0.5 m® FRP K2 6
NF2—=TE2 R, FA 75 o HFR LT K
WM T 422 L2k 0iTol, B, KBt Y
U AEIREAERLL, Sy FHOKD EROR (BLZ
YITMMET) FZOHDOHYFIZ, KBFKEE
WIEBEIE TIE, £2TOER

BEA6mm DL =—

DOE (V=7 IVEILIFE)

zasme,

etz b2, T0oRT Y IUFREEEATH
1 e = £ TRIH L7z,

LS

AYFIMELVVITICRIFY pH DEHNGEZE
HWINCHKT D pH OFBEE L7228, FEIR 3
H % O INEIH D IR E & A EREET, pH

DL & & HICINDEFRAERNE TR T L RE

Th o7z, FEIN 14 HEL O SMEERTOINTIE, 5K

MO OHBHEE OB L b 2 EFRERDOLNK

M7 IR T 23788 b LT, pH O _EFITFE S TR AR

DOIETIE pHI.S ETIZE A LERBD BN D 2T,

ZLL ETIHE T L7 (Fig. 5-2-1),

¥ pH X

100
80
60
40
20

Rate of development (%)

Fig. 5-2-1.
swimming crab eggs.

Effect of pH on the development of

Closed circles indicate eggs at morula stage (3 days after

spawning at 23°C). Open circles indicate eggs with

purple point formation (14 days after spawning at 23°C).

TP IOV T HhAICKT 5 pH ORBEE KT L
7= & 25 (Fig. 5-2-2) , 7 & =7 &HILSE 8 ng/mL
TIE pH9.25 TOIRRLEMN 20% ThoT-, £/- 4
pg/mL OFA S, pHI.25 TIEATORETBFRD HiL
Too LU, 7 B =7 %55 2 ug/mL LT Tl pHI.50

ES Tﬁj]ﬁi@ﬁ[it o ERe)) %i’w’aﬁ?ﬁ*o 7"_0
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Survival rate (%)

Fig. 5-2-2. Effect of pH on the toxicity of ammonia to
swimming crab zoea-I at 23°C.

Survival rates were determined after 24 h incubation.
Symbols indicate 0 (e), 1 (0), 2 (m), 4 (O) and 8 (A)
pg/mL ammonia-N concentrations.

F2/9RaT S RIHT S pH DEE

T rmu Ty AT S pH OREEZRBRL
7R (Fig. 5-2-3) , 8535 1 A BICIE, WT o pH
BV T MK OBMARD b, &2 A
HIZIZ pHS8 & pHY.25 T, #3383 H H 1213 pHI.50 T,
I HICHEFE 4 A BIZiX pH9.75 THIA% D 378
b7z, UL, pHI0 DA, MldidsE 4 HA
WZBWTHEINT S HmEZ R LT,

0.12

o

=3

o
T

Relative growth
(OD560 nm)
o
®

»

0 1 2 3 4

Days after incubation

Fig. 5-2-3. Effect of pH on the growth of
Nannochloropsis oculata at 25°C.

Incubation was performed under illumination of 1,500 1x
with 12hL:12hD photo-cycle. Symbols indicate pHs 8
(®),9.25(0), 9.5 (m),9.75 (@) and 10 (A).

EERAEMITKTT B pH DEE

BEBHEM TH AT LY ET AT ITICHT S8
pH & 7 VB =T REDOEB LB LR, WTh
B THAERETIL.0%U ETHY, FpH, &7
VE=TIZR D AEFRREAORBIIR NI T,

FeE UKPEMR) 241 5 (2010)

F, VAV ETAT ITOFENTHEITRD S

7272 (Table 5-2-1),

Table 5-2-1. Effects of pH on the survival rate of
rotifer and brine shrimp at 23°C

Survival rate(%)
Ammonia-N concentration (nug/mL)

pH 0 1 2 4 8
Rotifer Br.me Rotifer Br.me Rotifer Br.me Rotifer Br}ne Rotifer Brvme
shrimp shrimp shrimp shrimp shrimp
8.00 100.0 97.5 100.0 97.5 98.0 100.0 100.0 100.0 100.0 100.0
9.00 100.0 100.0 100.0 100.0 100.0 100.0 98.0 98.0 100.0 100.0
925 91.0 91.0 100.0 100.0 92.0 92.0 100.0 100.0 97.0 100.0
9.50 98.0 98.0 100.0 100.0 100.0 100.0 100.0 100.0  95.0 100.0
9.75 100.0 100.0 100.0 100.0 100.0 97.5 100.0 950 90.0 97.5

10.00 100.0 975 100.0 97.5 100.0 100.0 100.0 100.0 100.0 100.0

Survival rates were determined after 24 h incubation.

HYIHNERBICRIFT pH ORYINLGEZE

KR 23CIZBNWTEAL S pH FTHYF I DY =7
WAEEGERE L, BESCERBA~DEELR EICoNn
TR LIZEZ A, fBEKD pH % 9.75 BLU 10
R LK i, fERAE 1 H BIZ, pHI.50 2
AR LI XTI B BARTR 2 A BICKEIE LT 25380

itz (Fig. 5-2-4) . —7J7, pH9.25 ICFRFE L= Xz
BT DAERFL, BREKE W@ ERE L F L

EOHERE L, SAEDIEIRME, B L UOMERZE

BICOWTHIBTHEE L ED L RN T,

Zoea— 1 Zoea-1 Zoea-II
| |
+ +

Survival rate (%)

0 2 4 6 8
Rearing time (days)

Fig. 5-2-4.  Survival rates of swimming crab larvae
exposed to various pHs at 23°C.  Larvae (zoea-I) were
fed rotifer and brine shrimp in rearing water supplied
with Nannochloropsis oculata. Symbols indicate
untreated sea water (®), pH9.25 (o), pH9.5 (m), pH9.75
(o) and pH10 (A).
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TELEEZA, AT SHORETEHR LN L 7
o572, 6 BRI BITSMEAME NS Y =T IVHIE TO
M, @& pH FHEA kG L TITo 7o, EREEOF
EITBOLNT, HV =1 E TOEFREN 15~

50%& 7r o7,
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Table 5-2-2.  Effect of pH adjustment in production of swimming crab larvae
Number of
Production Appearanc.e of Priod of pH value before pH adjustment pH value for pH adjusted period S}.Lrviv%rlg SlerlV:'il

. zoeae with . juvenile rate*

trial hypha pH adjustment crab. I
min. max. mean min. max. mean (x 104) (%)
1 73 73~M 8.05 8.30 8.16 9.20 9.40 9.31 25.1 7.5
2 72 72~M 8.04 8.21 8.13 9.00 9.35 9.27 20.8 6.8
3 72 Z3~M 8.09 8.22 8.14 9.23 9.34 9.30 13.6 33
4 72 72~M 8.07 8.23 8.15 8.96 9.42 9.24 20.3 5.8
5 72 72~74 8.13 8.26 8.18 9.02 9.39 9.24 38.7 11.9
6 Hatching~Z4 9.08 9.33 9.20 57.8 15.2
7 Hatching~Z4 9.01 9.34 9.22 64.6 31.2
8 Hatching~Z4 9.24 9.35 9.28 105.5 50.0
9 Hatching~Z74 9.12 9.32 9.22 96.1 39.2
Total 442.5 17.1

*1 Survival rate=(Number of surviving juvenile crab-I / Number of zoea-I) X 100(%)

Water temperature : 19.4~26.1°C  Z: Zoea,

% %

BN T LB KD pH 1%, HE, v/
ran AR EOHMT T 7 b ONERIC X
EECE s
DLW EI3 pHI.0 2825 Z &b HDH(FnH - FF
T, 1983), H¥ 7T 7 b DIERIT K DERFED
RAT, IWFMBED 121~145%ET D L, B
IV ZTHEILCHARBRET LD D (50,
ZD LT, FBKOEAFEEFE & pH fEIC
5 DREEMBENENRS D720 (%, 1959) , H A
B IEE & L CAIBE /KD pH % 8.5 LTI HFIEMN

0 3@% pH7.9~8.8 OFIFH THER L T\ 2D

1968) .

M: Megalopa

mEIN (FHE, i AEEBS TR h
F CHEIB /KD pH % 8.2~8.6 I[CFHIET 5 Z & 2 H#ESE
ShT&k (Fnl - F+F, AWFZETIE, 2
NETHI, FEKD pH 2 925 IC LA SHEH L
W& EREEZRT S 2 Lot Lz, ZOHE
TldpH OB IIKEILT R U A TITOND T2
AL D pH O EF L TR, BRFEORAEN
NI END pH ERICE AT AFOREITRLZ &

1969) ,

1983) ,

2N,
—J7, pH O 5L, EKPICEENLT VE=
TOmEEENSES (Hu, 1962) . Y =TIk

TBHT =T ORPERMEIZ OV T pH8.2~9.0 Dl
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FHCRETSNTERY, Y7 I #IshATlE, 24 R
IR ENT =T EHFEE LT, pHI.0O T5.9
~6.2 ngmL THY, V=T IVHIHETIE 12 pg/mL
Lo TWD (W% - FFTF, 1978) . O x 5 EHIC
BUF5 1994 FEOFEAEMMPOEEKRDOT
T T EBRER, V=7 THRE 0.68 pg/mL,
A H e ST 1.82 pg/mL &SRR EVWETH - -
2%, EHIL 0.5 pg/mL LI THR T2 Z L3mbh
TWd (FnlE - F+F, 1983) , A#FFRIZIBVT, pH
ETUER=TOHY I =T Mg AEICRHT 22
FBHEEZMB LR, 7B TREEHEEE 2ug/mL
TIE, pH9.25 12 & 2 @ IEIIE e &l S 4
2o LML, YZTHIMOT =T EBHEN K 3.5
pgmL [ZET LB HLND T 0D (BFS,
1993) , FABKD pH & 9.25 [CHET 54T,
TR THBOREIL 2 ug/mL L RIS M
HURd D LI,

HY I HPAEFEFICKIFETKIE 23CIZBT 5 pH O
FEWIM R AR L 25, pHI25 ISR LZK
& pH ZFREE L\l OB K & OERRICER
TR LT, BRSCEEA~DEBR U L
B BN oTz, — T, BURUA DR OS54,
VT AL pH6~9 IZFREE L 7oy K IC 24 R
SN THARRISEBITBD IR0, iR
13 pH7~8 LIS CIRBMEFRMEN I, AFREPET
T2 PR ENTWDUEE - Fili, 1975), =
AU, BRI ERE KD pH 2 AL SE 5 LAk
BHENBNDZ EERLTWD, E-T, IV
T pH 9.25 B 24T 5 BRI%, pH 22 & S E722 0
EOATHORERH Y, FrCHEFIEITEET 54
DD,

F72, pHO.25 WELIAERI A CTHH T LY, TV
TITRKEREDT=OIZIRMENLE v/ 7an
TUACKH L THEEELRIEIS NI &b, E
BROFEE AEPEICIB W THOFITE D Z &R B0
27257z, 61T, SHMEERTOINIR L TH pHI.25

MBI E RIT SN2 e D, SMEkflicisn
TH pHI2S BRZATH Z ENARETH D, 2 H D
R Z B &S, Ok 2 BWiE, FEARERET
S B Y =T HE TORIM], HifE L T pHY.25 AL
Bifole, ZOR, HEEOCHKAEITRDLNT,
F 1M =ETOBRREEY R 15~50%L 720, F
HAEPERIE COR MDD D b LT,

728, REICHT DRZIER TV I A DR EE:
BEASHETRIC LT o TR F % 72 BLE D FESE 1T
YETHICRONTWA Z &, A a#ET
pHO.25 MLEL AT 5 L HEDIE K TR D LTz
T Lh, pH A AT 5 HIMIZ Y = 7 HINCIR > TR
W &I S ATz

EI3H HYIOERICRIFT pH EKEDHEER

AIE (GF 2 1) IRV, MEKFOT v E=T
REZE RO 2 pg/mL LLUF T, pH9.25 TH AW
IHEIKT D EM TR BT, FEA
FERBETORMFATICE N THL Y Iy =7 o
WINWZ & aB Uiz, Lo LZDBEOFEFHKIRIL
OX OB TEFIThN TS 23C ITRE L
b, ZH LSO KIE T O pHI.25 il E DI ARH T
HD,

Y OfEEAEEITEENIIThUTEY, —#
BRI 4 AFA0nS 9 A FRIENTCTHD
N, FTORHHRLHENCOWTIIFHE S ESETH
% OKEA, 1997) . AV IFE A RE O E A E KR
O ERRIT27CEWME SN TEY (kIF, 1996) , &
WCHEAELT O HAE, 24~26'COHMBHA B
R LT AR Z . (FF E - 36/, 1997) .
LA L, 7H FRLREICE, SIBOREIZLY 29C
A CHEENTOATWARLH D &b,
pH9.25 THE INHBED TV I hEITKHT 5 KiR
DR DVENR D D,

T I TAREITIE, TV IMEDERIIHT S



: pH 7%

R
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pH9.25 FAER B /K OB & ORI & 2
2% KIE TR LT,

MRELVAE

AYIVITITHT S pH EKBDRHNFE
KEEF NV LA NTpH & 8 1 L <X 9.25
WL, oIy v E=v 2 2lIML T v
ToTREERRE 0~8 pg/mL LB L HFELE
/K 300 mL T OE{ER L7z, ZhbHOEWKICH
FI =T LA E S0 ERTOIAEL, ERR
HEHEEE T 20°C, 25 CHR L VB0 CHEKIRIZI T 5 24
et DAEFRR 2P~z ERUL 2 BT o7, 2%,
AT TITRPIE K A2 vy, FEERII R T o S
SIRIEIX 3045013 ThHho T,

HYIVITIZHT S pH LKBEDORMMTE

pH % F3% L 722 W iR K (pHS.07£0.01) B L O
pH %59 9.2 (2% L7=#EK 100 LA W I SbohE
% 3,500 AN L, FEAEEICHED (BB 1997) ,
FroruurUR, ULY, TATITHERL
OB Akt a 5.2 T, 52225 3 BEOKIRTOEE
2 [T o7 (55 1 HEHAIKIR 19.940.1°C, 253+
%5 2 [81H KR 20.8+
il H IR
ST IVHIGE~DOERENRETT5ETEL1I~14
A, ABRMEREERICL VIR, ok, fME
KO pH X4 50% L3RR b Y 7 AEIRE
WU TR LT,

0.1CH L T* 29.5+0.1C,
0.1°C,27.3+0.1CH L 1} 30.0£0.1C)

IKIE KT 0.1~ 1%F2BE | A

B R

HHYIVITITHT B pH DIEHEZE

2 [T o e FEBRDWEEFRHE % Fig. 5-3-1 1T L
oo B, TUESTIRMBAKPTIIT v E=T LA
Fu LHEEET R =T O THEEL, TOEMEIX

W2 & DY EEE O 29

HMEET =T OF NN E STV D (A,
1962), LT, Z0EEIE pH, REB L OS5I
LB B LD, Bower and Bidwell (1978) DJF
B XV EM Ul e =T B RIRE
(pg/mL) I DWW T HRIHFIZR LTz,

pH8 IZFHHEE LZRBRX D 5 H 20CK L 25CK
X, 7= T RREROEINIENARRIT DT N
AR T L7228, BRI TS 89%LL ETh o7z,
30CRICBWCIET V=T EERZTIML2VIX
TH 16%DFETRFED BV, T E=THEER
DML D AFF DO PARRZ2K T IZFR O LT 80%
ATt CTHER L7,

pH9.25 ITHHFE L7-iBRX ClX, 7 v =T HBER
FEDRE IR DITHE- THFRRITILT L, FFIZ30°Co
FEDEEREORTIIEETH- 7=, T72b5,
20°C, 25°CIXCld pH8 XIZEE~ pHY.25 X1T 20%H(
BOEFRFROK NI E o720, 30°CKTIE 60%LL

EOETEHW,
20C 25°C 30C
H8.0 H8.0 H 8.0
100 » 100 2 100 o
S g 80 80
2
E 60 pHO25 60 prozs &0
g
£ 40
g 40 40 pH9.25
2 20 20 20
0 0 0
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
A N (ug/ml) A ia-N ion (4 g/ml) A ia-N i (uyml)
L PR Y

L

0 073 146 219 291 0 091 182 273 363 0 109 209 327 438

pH 9.25 un-ionized ia-N  pH9.25 un-ionized ja-N pH9.25 d
concentration ( 4 g/ml) concentration (f g/ml) concentration ( # g/ml)

L L L L , L . L L ,
0 006 012 018 025 0 009 018 027 036 0 013 0.25 039 051
PH 8 un-ionized ia-N H 8 un-ionized ia-N H 8 un-ionized ia-N

concentration ( 4 g/ml) concentration ( 4 g/ml) concentration ( 4 g/ml)

Fig. 5-3-1. Effect of pH and water temperature on the
toxity (survival rate in 24h) of ammonia to swimmig
crab zoea- I .

AYFIVITITNT S pH OREVTZE
2 [T - 7= FEBR D Y = T IVHIRE IR 1) D AERR
% Fig. 5-3-2 IT/RL72, WO pH TH 20°CHHT
& 30°CHHIE CARENMK <, pHS X TIX27°C, pHI.2
XTI 25 CThERERE Mol £z, 200K
Tl pH9.2 KDOAEFERIL pHS KOEN LY Th
W@ o2y, 27°CLL RIZB W T2 pHY.2 Ko
EFRRIL pHS KL VKL 72 o7z, 27°CLL L pHI.2
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ROAFRFORTIZY =7 UHICENGD, FEEAR
WO, B TOEGNEREL 2ol
7B, ARIORBCTY T IVHICETHETICEL
AT 20 CHEXKTI2BLV14 B, ZOMmOX

T — U

X 7~8 HTHV ,20CKDOEREREITENT-NZED
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Fig. 5-3-2. Effect of water temperature on the survival
rate of swimming crab larvae reared at pH8 and pH9.2

during zoea- I to zoea-IV (7-14 days). Zoeae were fed

rotifer, brine shrimp and artificial food, and
Nannochloropsis oculata was introduced into the rearing

water.

5 =B

TR TRERIRE &Y I EOERERORM
2% pH(9.25 & 8) LIRJE (20°C, 25CH LUV 30°C) 5
P2 2 TR~ 7= & 2 A (Fig. 5-3-1), pH THRNIE
pH9.25 DA pH 8 £V, KL THILIL 30°C O
BB 20CTH DV 25COBE L0, w7 v
E=T OBUENRRD T ENEND BN, 22
L, 30CRIZOVWCT v E=THRRERZRM L2
KTHHECHRO LN &0 D, KRB EDRE
LENZEBZ B,

Ok ) BB TRBERDOT VE=THEEHELNE L
AR A E, Y7 I#T027 yg/mL, Y =7
MHT 0.66 ug/mL, ' =7 IVHIT 0.68 pg/mL &5
FEB/BOLATVD (YT IVHEERT £ T
F7o, MO THIE
X 0.5 pg/mL LN THER T2 Z & RAmbnTn5

(Fn| - PETF, 1983), KRR TIET o E=7TEF 1

pH9.2 IZFA%E, 7KIR 23°C) .

FeE UKPEMR) 241 5 (2010)

pg/mL LU F TRV OKIE TS pHI.25 & pHS @
AFRBICPHERBENLRO DN holz, O L
Mo, BEOMYEAEEICBIT DT U E=T BEHRR
T pH9.25 OH Y I Y =7 OAEFRITH T 5 E
7o BRI VW E B b,
—J7,pH9.25 OH Y IV =T OAEEICKT HEW
R7e AT, JKIE 27°CLL EICRB W TR D bz
(Fig. 5-3-2) , IR 2B RO BB & FUKIR
27CLL ETHEENBNRIR & LT, £37
E=THEERORENEZ X LD, pHI.25 D 27CLL
ETRY =7 TSROV TT TIRARROE TG
DTN, V=T DD pH9I.25 DEREKDT > %
ST RERBEIIANRO X H1Z 027 pg/mlL BETH
b, TOLIBREBREOT v E=TRERTHLEN
MBRBEINDZEICk Y T =T OFENENT
LEZONTED, SHITHOER LG LTS &
ExbnTz, Tbb, AL (1996, 1997) 13¥
~ b Y OSSR O KR FEmMEE, KR
DEFRICEVRTTEZ2WE LTS, it
UL CH Iy =T ORI pH iiED, 7K
RO BRI TR T L7z TR L HEll S
7o TNHDZ EMND, pHI25 D 27°CLLEIZEBIT D
EERROKTILT =7 0@t E KB ERIZES
HHI V=T O pH MHPEDIE F R E IR LT
WZEabnbEZX DR,

723, 20CHHETIIWT D pH THAEFKRENK
7pofz, A RNHEARERBRIGIE, KEMNMELS,
P INEOERMENEND &, FEFITETT
DB H D Z L HWEL TS (L0 RRNHEKE
R, 1973) o SEIOFRBRTH 20C K TEEME
BENTEY, W H EPNEKERERS O W & FEE,
ZTNNERBOR TR NR -1 E2bND, F
7o, KIROBRN BB MRS R 722 L EROF
HEMEDEIML, FREMELS 2D 2 LBHE S
TV D (IR, 1997c¢),

UlkozZ bnd, BEEOHRIIRE L THEK
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@ pH % 9.25 B ICHEST DIC Y- - TIE, FWEK
BB 2TCRMTHDZ EREEEEZ DL, fid
AEMBO®ZEICBNTIE 27CLLETHF I o
HAEELIT> TWDBEERH L7, b O
T EAKIRRF O EREIEX R & R L2 BLER D
59,

R

E4H pHREBLVAFKOMERICRIFTTEE

W

pH ZFRFE L2l O T I Fl A PERFOfRF K
TIE, MR E LT Vibrio B % & O Pseudomonas
JEBMEEAME L LT\ D (Suzuki ef al,, 1990) . MEEIC
VIESSEETE pH 25D 5720, fAB /KD pH NEANIZ,
M D BB RN B B, Vibrio JEMEIX pHI0
EWHmEpH BREE T CHATE - B CE 5 (RiH S
1979) . L7z oT, fEKD pH % 9.25 IZHHES 5
&, Vibrio BRSNS GIZELET D ATHEMER H 5.

Vibrio JEMBE 1T A I SR L CREM &R
LObHDL (BEG, 1989) , £z, T IV =74
WS AE, fEKPOMEZBBNICERT 50
(Nogami and Maeda, 1992 ; RiH 1994) , Vibrio J&#l
WS 2 L ZOMEHMEMIZITA S B2 5N T
V% (Yasuda and Taga, 1980) , ¥ 72, Nogami and Maeda
(1992) I "A Far ba—EIC XY Vibrio JBAIE
BEBD S, EBRFON EICEHLTNDE, 2ok
2L, EBEKRPD Vibrio B Z B> S5 2 & T
Y IMEEENLET D ENEZNN, FMEKD pH
925 CHHEET D & Vibrio BANE MBS T D Z & MR
BENDLZEND, AETILEEMHTE & & pH fHIC
B DB RO & Vibrio WU B LT,

MRELVAE

B pHRABLEASIOREE

FEAEFEIT 100 mPORNME= 7 U — MKIEE
H\WCitbh, v/ 7an 7y A% 50~100 5 {im

: pH FAHEIC X 2 0 W I HEAE OBGBR 31

/mL 722 XM L7 K 60m? 125k =7
300 HRZWAL, e LTU LY, TATITEH
A=, BEE SRR (b Ao g B L SR 1 BB B250, C400,
C700, C100 35 & OERAF & & X o+ 1 8I F F ks 7
Rt Z 5 ) 1~4 %) , 7HY, TIDIUTE
AP IDOFEIIECTH 2Tz, AN Y =7 T
BHFETIE, 10~35m> DNy FHKE LN HKE
NS E 5 1EKEE, FO%IIBEIEISm Oy
FHK &G LT 50~200%% ik 9~ 2 fiiKEE %217
Sz, Fiz, MNRAAERIC XV SEEUKIRIE 23.7~25.6°C
DOHEPHICH > 7=, pH HIEICIZ pH A — X — L EER
7 A EE) S 72 B ) pH R EE A UV (Fig. 5-4-1),
0.1~1%D KT ~ U 7 A TpHI.25 & H Z2ITUN AT
EE LTz,

Al

f

Oy T T#nG Y =7 M E T pH &

Fig. 5-4-1. Device of auto-pH adjustment used for the
seed production of swimming crab.

FEKOHERRE

fAEKOMEEROREIL, & pHREE LahoTz
mIk% 1 [\, @& pH A L7k % 2[5 L7z,
fBERKDOY TV 7%, MY ZTUENPGE 1 #
HA=FTORLZ 20 BOR, FHIE LTI BRE
\ATo 7, B AETT 7 hrrxy b (BA 58 um)
TAEL, TNZEFEKE L THEEKEZHWE 10 £
TRRINEER L T=, £ ® 0.1 mL % ZoBell's 2216e £
#35 L OVBTB 7 o AR—/VFEREEH (HK) (CHERE L,
25CT2 HMBERICan =—Ha2 i L7z, i %
fAH KR OREEL (ZoBell #%0) , %#E % Vibrio J&H

¥ (BTB H#) Ofs#EL L7, 7238, BTB T 4 A—
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VEEREEH (RK) 13BUE, BGERTE STV,

HEtnzs
pH ORE2 DY =7 1 ~IVHE TOREKE~ ViR A
v h=—D UMETHEEEEZRE LT,

#w R

B KD pH, ZoBell i L O BTB Wi DOH#eR %
Fig. 5-4-2 \Z7”7 L7z, @ pH %% L7gWWREE, Y =7
I ~C1 #1% T pH8 fiifs TR E REITFRD HALR D
7z, pH R Z AT > o 8561%, ' =7 I E T pHY
A CHEB L, W pH A ZEILLE Yy =T IVHTH
E pH 8 A2 LARAWEA L 0 0R0EWMEETRL, AN
2 TR pH A LR WEGA SIRER U L 72 o
77

= pH FH# % L7V ZoBell H#%I%, Y =71,
O T 5.2~6.0X10° CFU/ML T, K& R Zbid7e >
s, YT, IVHITRE 6.8~8.1X 10 T L 7=,
ZOBITERATEML, C1 HT 3.4X10° CFU/mL
IZE#E LTz, pH 2V =7 M F T L= ZoBell
EHIE, Y =7 18T 25%X10° CFU/ML T, pH ¥
Lo BB L% 100 (EOEEARL, £0%Y =
TIVHETIMTNTHR L, & pH L LRWE
A EIFIERLT pH fEE 2o /e A A a SEIcH#mL <
22X10°CFU/mML L7go7z, YT IVHIE T ZoBell
WEUZIE pH L R MICAEEZPRO b
(P<0.01) ,

& pH %% L2240 BTB WL, Y =7 1 H
@ 4.1X10°CFU/mL 76> = 7 IVl £ THEARAIEEM
L, Y=7IVEIZIE 42X 10°CFU/ML IZE LTZ, D
#ix, A e EIT—ERED T8, Cl #ICTHUME
U7z, pH % =7 # & THHHE L7=5HE50 BTB H
Bix, pH RREOHEOZNL Y V=TIV TH
BIELSHER L= (P<0.05) , A A a1k C1
TIE, pHRAELIZIZEFR UEE 2o 7,

FeE UKPEMR) 241 5 (2010)

pH

Z1 Z1l Zi ZIv M Cl

7.0

ZoBell
6.0

5.0

4.0 r

Log number of bacteria
(CFU/mL)

Z1 ZIl Al ZIV M Cl

55 1

5.0 r BTB
4.5 +
4.0 +

35

Log number of bacteria
(CFU/mL)

Z1 71l Zm  ZIiv M Cl

Stage

Fig. 5-4-2. The number of total bacteria with ZoBell agar
and vibrios with BTB agar between pH-adjusted and
non-adjusted rearing waters during zoeal developments (Z
I to ZIV stages) of swimming crab. Closed circles (@)
and open circles ( O ) indicate pH-adjusted and
non-adjusted rearing water, respectively.

5 =

WO IS AFEICRIT D T IE, fEEL
FRE AR DOMEHE TSV TIE Suzuki ef al. (1990)235F L
<HFETLTWD, EhUT kB &, THFIYE, FMEK
BLOEWEEOWTAIZEBWT S Vibrio B &
Pseudomonas JEMENME D TR Z 2L, IFH
ROBLEEEL T Vibrio BME 1T 72 <, MEH S EY



: pH 7%

R
o

SR L VARV, RIEORER A EICE
EIZOWTIE~F A, 7 XA (Muroga et al., 1987) ,

V2 B K Ol

t F A (Tanasomwang and Muroga, 1988), 5 77, 7
0 YA, %/ 4 (Tanasomwang and Muroga, 1989)72 &
THRRLENTEY, 7 ad A 2REENLOEEFEKD
HEE ¥ b E 72 Vibrio JEHIE & Pseudomonas JEHM B 738
HLTWn5,

AR CIL, fE KD pH % 9.25 TR ICFiRE 45 &,
TFABICI L C pH fR#E L2 WKL Y Vibrio JEANE D%
372 poie, ZOEMBE LT, pHIO THHEFEA]
RE7R Vibrio BAIE X2V, T b OER pH X 9.25
FobiknieweEZE2X o5, Thbb, RERHZ
Vibrio J&MHE O %3 pH % 7 % &, V. anguillarum 1% pH7
(Larsen, 1984), NAG Vibrio {23\ Cix pH8 (1LEH,
1980), & v 7 U ADORKETH D ¥
parahaemolyticus I+ pH7 (Beuchat, 1973), =2 L7 OJFA
W CT®H B V. cholerae 1% pH8.5 (Huq et al., 1984)C, \\ 9"
b pH.25 LV HIKW, &
BTHDZ DD, WBEOEBIEDH N Vibrio JEANE
OHFHIZITH L TWD B2 b, ThHDZ &M
5, FBEKF DO Vibrio BABE X pH9.25 CIXIEHH A
flShDw, fFEE KD Vibrio BHIEE S EHF E LY
b LTz B2 b, MEiEEOTYF Iy =7
WK Z G| B ZFMBEMREE LTE 7Y A9
DHONTEY, REEIIRLHE TH 2 NRBEFE T
V& Vibrio harveyi & OFEHIBHNEETH D Z &0 b
Vibrio sp. Zoea & ST\ 5 (EHH
ABE XA pH 23 7 C, pH
\ZHGE A B
1989 ; Muroga eral.,1994) , ZDZ &

W O E HEK O pH 1% 8 Hi

1989 ; Ishimaru
and Muroga, 1997) ,
N OIZ7 % & pH6~8 [ZHE~TH 5
5 (BHED,
NG, mpH R, FY IEBEELRT H7E0T
T2 <, Vibrio sp. Zoea D¥FFEZMHIL, €7 U 495
DIAEDBIFIZ S DRN D LHERI STz,

i pH AL 2 il L CLLk, Ok 9 B HicknT
ITEFEIEMT & A ERE L TR, BREIENREE L
TEHT, @ pH HELFERL TWRnoTz 2 W

W2 & DY EEE O 33

(1990~1991 %) DAPERAE & = pH AL Z fESL L
7o% D 2 J4F (1995~1996 4F) DAEFERKE % Fig. 5-4-3
IR LTz, 2E LTARESHES, MEICAEEERD
SRRV, & pH AR ARIT, MR AR
F VIR BEED DRV ERNSNDE, TRIZIEE
pH BNERFEOBIAZMEI L TWD Z Eicmzx T, <
OMOERNEDL->TNDEEEZ LD, &I
B KO Vibrio BHIE OB TH 5, V=7 415
AEVIERE K ORI 2 EBPICER T 52 (Nogami
AT, 1994)
Vibrio B O R BAMIZE N B2 5N TV D
(Yasuda and Taga, 1980) . £7=, HLHFEOEZ HY
SN AEOFREKICEZERNT 54 a3 e
—IVEIZ KV Vibrio BME B 2R S, LEEORM
FIZEH LTV HlEH 5 (Nogami and Maeda,
1992) , @& pH %L L 2D L [RIBRIC Vibrio JEMIH
WA SEDZ LG, I E U TR A R
ERTIENTE DL EEX LN,

WX, ABEKICENESND T/ 7aa v 2A0%
EHFECTH D, pH 2EODHZLICE-TH v/ om
0y RN BAFICHER S L (Z1E D, 1997) , KR
EHRELER, JroRINR S EL<Tbh (§ L,
1997) , FBEKDKERENLEIND LB BND,

BRI INEOERTH DT L2 DORFERL
Thd, FBEKDF Y ) 7 anr v ZAOREERILY

and Maeda, 1992 ; Maeda et al., 1992 ;

LT ~O -3 RAE E AR FiENIEE (LT n-3HUFA)
DR b L E
ULy OHEFRIET I A a X Y Y I THEEENN
L9252 &0 HEND BN THE Y (Hamasaki, 2002)
HHFICBWCTHREBEOBEMRH D & Vb T
(R, 1997b) . & pH SREEIIEIBEKICIRINE L5 7
v a7y R e ERNCHERFT S O T, n-3HUFA

SHDH(ERD, 1995), n-3HUFA 230

MENT LT MG+ 25 2 L1200, ARO[
FEH-TWREEZ BN,
WCINAE TS & RN FOMBE 2 B ATe = & 3

BT/ > T (Muroga and Yasunobu, 1987) , &

F72, ULUITHEIK



34 S B R ST R MROK PEEARTHRE &

b, FEMICHEESNZZICH, UL UITHAKE
DHIE ARV IAATND EEZ BIND, VAV D A
HWEIX pHY ICBWTHEELZ TRV 1D

(Hirayama and Ogawa, 1972) , pH # &< 7252 & T
T DA E o TREMMME Vibrio BHIE (ZH - %
B, 1980) N7 2b,
WHEIFELVEINT 20T, UAYORBREN B
720, TOMEL L TUAVEEBHT LTIV
TORBRELRI RDEB2OND, UL LR
BIfR L&V, @& pH REEIIT I IR E > TR
BEZEVHL WD EBbild,

AHFIE T, BE SR £ O Vibrio JRAIE OFEFLKIC
b HMOME (PM-4 #K)
EEBKICENTEZ 810X, TP IhEDERSE
BRI ETAHZELEHHDOLNTNDZ &5 (Nogami
and Maeda, 1992) , pH % 9.25 (Zi§%& L7z & X (TS
LTL MEIZHONWT, 26 DTV I E~DRE
EHARDHZEIZLD, & pH REEIZ L D LEAFEDM
DOHBZHGLNICT L ENTELNE LAWY, &
BOETH 5,

BT v H U PED MO I EE A3

DWTITRFT L TWH 2R,

60

50 ®

[
O

40 r

30

20 |

Survival rate (%)

O O OO0 O

o
A
.

pH-adjusted Non-adjusted

Fig. 5-4-3. Survival rates of seed production of
swimming crab to C1 stage in pH-adjusted and

Closed circles (@) and
open circles (O) indicate pH-adjusted and non-adjusted

non-adjusted rearing waters.

rearing water, respectively.

iy —
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5 581 H okinawaensis DEYEEIZRT HpH DEE

H. okinawaensis Ol 7% pH9.25 DG HUZ AN
5 EHEARDERBTED HIRNT ERFSNTRD
(FME) , FMBEKRD pH.25 WEIZ L H¥ I Hh4
(2R3 D H. okinawaensis DIEY B HBRAIEETH 5 2
LM BN o 72 (B V EH 1 i) . H. okinawaensis
DATEBITIEAE A &4, RIRL, (RIRIE7H>
52 BB OlEEFAER L, ZOilEE T8 Y %)
BN E L THOMKIRL, RERE T35 3F L THER
Z Y IRNICIERT % (Nakamura and Hatai,
AE T Z OATFRIZpH 3 ED
WAER L TW D2 igEt L,

1995a : Fig. 3-7) .

F1H BEEFBIMKRRRFICHNTIEE
YA T —VTh D

IRERE 52 DOMPITONWTRER LTz, T ISE

WAETIZ pHI2S BED L D

(2%t % H. okinawaensis ReG\ B % 5.2 3K &
LTI, (1) & FolERE (g - A,

15 5, 1997; Roza and Hatai, 1999a) ,

1993a;
(2) WEE+ D
WK TOAERNE, 3) WEE T OMEEME: NG 6,
1991), X BHITIE@) WEEF O T I HiR~Of &M
RENBZ NS, ARHETIE, 24D OREYLERIC
3% pH9.25 DB SOV TR LT, 7eds,
W ITRF A T D ERIRI - & 22 5 0T, BRI
BN R OWHREBRIC OV TIE, RIClEETZ20m LT
& LT HIRIRIE 6T D A i~ 2 L 1T/
%o

MRELVAE

HEE
1994 4F\Z3BfE S 37~ H. okinawaensis ZH94 ¥k %
PYGS #RKIEEMIT20C THERIEE L TIREFLTZH D

Z Wz,



2205 : pH FEEIC & 2 4 I FTEHE O PR

BEFOBEHBADEE

PYGS FEREFHIT 10 AfHIEEE (25°C) L= D%
% A A CHEAZ3mm FBZEYIVIRY, 7mL OWEE
ARITHAR LT 25°CITRRE LTz, SR RIER S H
7-iiEE % 1.0x10% fH/mL & 725 X H1Z 30 mL @
PYGS i {&s5H (pH HEFH4%, pH7.50) % & Tp 50 mL
BNATNTF 2 — 7 SAKRICHRE L72.25CT5 HIFE
EER Lotk BERAIRE, HikzZzhZth
5 E¥BE o pH (8.00, 9.00, 9.25, 9.50 % LT 10.00)
(CEREE U 72 BT /K 10 mL C 2 [3Ei L 727%, 4% pH
DEEMEAK 10 mL 2RI L72,25°C T 24 B L1 48
WEREE %, 4 pH OWEKHICEEH Lizilid T %
PYGS % KI5 (pHS.00) (2 0.1 mL #fE L, 25CT
10 HHIRFEE1E, WA U 72 SR 34500 B K Pz i L
TlEETEARE Lz, 3BT 3 ETT- 7,

WEEEF DESE~DEE

ik 51z, 5 BB pH IR L 7 BBk 5
mL DA 72 = Vil T% 5.0<10° fH/mL & 72 %
XoumL, 25CTHE L7z, 0, 30, 60 35 KT 180
Gy AR SEBAEE T A BB o O JEB) M A
B LT, BISLEMEEOREEA 100 DORFIC,
R CTEBMEEL AT DMEEDS 1 EEL EFEO b
LaaEHHEE Y EHE L,

D 1

BEFEICKRERFOBKITOERADEE

5 BEBED pH IZFHEE L 7= K 10 mL % 6 X
L— RO U =/WIZ AN, & ZICRROFIETH L
7oiiEdE A& 1.5x10° fH/mL L7225 X5 ICHIN L7z,
25°CTO0, 24, 48, 72 38 L ¥ 96 R EZIZE Y =
b5 0.1 mL % PYGS &R (pH8.00) (ZHFE L
72,25°CC 10 H[ME5E %, H0 L 2SR a3 L,
HEK TR L T RKIRE 452 B L=,

BEFEIUOREBRFONB~DZE
AFNE 14.6cm DY I ORBEGHESE, BX

Z lem® [ZE10 HIL, HEGOHEEE (AART B4 =
7 AR EXCEL) CHEfEZHI L, Z0H
PR A EEARSIRE L, pHS.00 & 925 [T L
50 mL PRI IC AR, BROFETHE LN
WEEF % 1.0X10° fH/mL & 725 X 51245 pH OfEK
IR U7 AROPRERE (231 =2~y 7 43
NR-1) T25C, 3R (70 [HEs/4y) L72#%,
Erty PTHERAZERY L, 10 mL OJEEK
(pH fEGH%E, pH8.38) 1T 10 B[] B F ST
L, Hz/RBEK TS DICREROTEEEZ 2 [l
WL, ZOHFA % 10 mL @ PYGS iEiARs# (pH
MG, pH7.50) ICHEFE L 72, 25°CC 6 AMtEE LT
%, HREkCHE LIEERE L, lom® O
(AT Uizl 40 RIRf 730 2% L7z,

HEHRTE

W OFEHBIC XITT pH D8, B L OEE
T OUWEKP TOAEFFIZKIET pH OB - Ehk
DIEE T A YT L ZXDJ5E (Williams® test) THIE
Lz, F£7z, #EET (KIRIET) OFYF IFHE ~D
MBI RIET pH DB t REETT -T2,

L

BEFOBEHBADEE
WP pH DOHEK T § 24 B4 £ TICHEE T O

WA BEZE SN (Fig. 5-5-1) . pH8.00~9.50 D#
PH T pH 285 < 72 B 1S L7228 » CliEH k3 ied
FELDNTID T DI E /2o 7223, pH10.00 TE
FATHD Lz, 7238, pH10.00 Ol I D B &7

(Williams' test; P <0.005) 2338 H 7z, 48 I F
TIZEWTHRO pH T 24 B4 L 0 2o+
DSHE U7z, 33T pH10.00 TR e <, oD
pH TIXFRIRE DB TH > 7=,

35
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6.0

50

30

Log number of zoospores (CFU/mL)

20 1 1 1 1 L,
8.00 9.00 9.25 9.50 10.00

pH

Fig. 5-5-1. Effect of pH on discharge of zoospores of
H. okinawaensis ZH94 strain. Closed columns (l) and
open columns ([J) represent the zoospores discharged
for 24 h and 48 h inoculation, respectively. Vertical
bars show standard deviations.

**: Significantly different from pHS8 (P <0.025) *:
Significantly different from pHS8 (P <0.05)

WEFDEHENDZE

% pH #EAKIZHEE T 2 W00 L CREEFICIES I 2
B LI 2 A, 30 HHICiE
AT OEIITRD b Ao (Table 5-5-1)
£7-, 60 5T pHI.00 LA LT, 180 43#1IC

pH9.25 LI E DX TiliE

pH8.00 LA b Tl 7 DEE 3 FR O b Ip o7z,

Table 5-5-1. Effect of pH on motility of zoospores of
H. okinawaensis ZH94 strain at 25°C

Exposure time (min)

pH

0 30 60 180
8.00 + + + -
9.00 + + - -
9.25 + - - -
9.50 + - - -
10.00 + - - -

+: Motility was observed.
—: Motility was not observed.

BEEFESICRERFOBEKPTOERKICRIFT pH
NEE

WEKIZHIN L7258 13V o pH IZBW T
R ORI & & b ICAFRBD A LT (Fig. 5-5-2) .
pHS8.00 TOAFEIKIT LT 24 KEH# D pH10.00 T

DEFRBIIAE IS (Williams' test; P <0.025), 48

FeE UKPEMR) 241 5 (2010)

#4121 pHY.50 5 X OY pH10.00 THEZE (P
€0.005) 2B LTz, AEAETRO LT
DD 48 FEFEIHIZB W TIE pHI.25 TOAKREIE
pHS.00 bk 33% A L7, 72 BREEIZIZR W TH
48 WML & [AER DM 2F8 O By, 72 RIS

pH10.00 T, 96 FE#IZIT9XTD pH TIRIRFLT-

@éyf FI‘L)&) Eﬂf£< falof;o

Log number of viable cells (CFU/mL)
- o

o
o

0 24 48 72 96

Incubation time (hrs)

Fig. 5-5-2. Survival of zoospores of H. okinawaensis
ZH94 strain in sea water with different pHs (8.00~
10.00) at 25°C.  Vertical bars show standard deviations.

*: Significantly different from pH8.00 (Williams' test,
P <0.025). * *: Significantly different from pHS8.00 (P
<0.005).

BEFEICKRERFOFE~DFEE

pH8.00 & 9.25 DWFATIZENT 1 em®> DAY
A Lo liEE 7+ OBIXIZIER U 30 ML T
H Y, WX TEITRD B )y 72 (Table 5-5-2) .

Table 5-5-2.  Effect of pH on the adherence of
zoospores of H. okinawaensis ZH94 strain at 25°C

No. of adhering zoospores

pH per lem’® carapace™

(Mean + SD)
8.00 29.6+2.6
9.25 293+7.1

*carapace of swimming crab
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B2H BRISHTIHE

ATE TILEE R OHEFEIZX T 5 pH OFEIZ DN T
Rt L,

MHEBLUVAHE
BARDEMEICRIZT pH DEE
pHS.00 (ZF74E L 7= PYGS IR IAKE HILZ Ak 0 515 C

SoNTlEE AR L (10° fil/mL) , 25°C T4 H
8 L CHR 2T S B4,
DAF~A TN PYGS MK CER LT, HIZ
6 G LT,
L7,

R8I % pH5~10

M TR 7= )75 TR &

BADEIEICRIZT pH OFE

pHS8.00 T4 HEFHRZ IR BRI P IZE R IR iR

, WIEFEIT 0.018 2R L7z, D, % pH THE
B Ll A, 3XTo pH THHED 0.018

Z BEY, B RE AR ORI bz, FRD
H4%IHIE pHS.00 X ¥ pH9.00~9.25 TK & <, pH10.00
TH pHS.00 & HF VAL LRV %E R LT (Fig.
5-5-3)

0.08

0.04

Relative growth (OD 600 nm)

<o

8 8.5 9 9.5 10

pH

Fig. 5-5-3. Effect of pH on the growth of mycelium of
H. okinawaensis ZH94 in PYGS broth. OD was
measured after 6 days incubation at each pH, following 4
days incubation at pHS. Incubation temperature was
25°C. The vertical bars show standard deviations.

5 =B

T INAEICKT D H. okinawaensis DR,

:pH AR L D2 H Y I HE

iE DB R

W& A HN B NEE T 2D 20D (IVE) ,
WL T 5 2 BUEA I HEH & h 2 E T O 3K
YDA B 52 5 BERO—2EB 2 b,
WEFOWHEIZOWTIE, FiEZ% pH OHEKIC
Bt 24 BERE T, pHS.00 O#EKFIClEH L7-ilF
ETH & pHI2S DK DZEN LIXFIFEE Th o 72,
F7o, B 48 ReHIZ I\ T B [AIERICTE pH ] TH
BEEITRO N oTc, 2D T LMD pHI.25 LB
X, BEET O S BN SR D EE TR IR Y
2720,

WA TIREKT 5 2 & THY IShAEICHmML T

Rkl T5LExbND, 5T, THI%
AT AR AN S E D 2 LR HilEE T O
MR IR 52 5 ERNO—2EEX b
5 (IE S, 1991), AFRERD 5 pHY.25 LB TiE AT
DEFRE OB R EZ LT Z EAP LN
Too T OMEHENRES) DIE L IR DIEW A T D
T2 <, KIRRF~OBITTH D
T DEFRME 2T~ ERIZ IV T pHI.25 DIfEK
CHEETEBRIML T, 2 &b 72 R AEKR T
LB bHLNTHD, TRbL, HEETIE
pH9.25 T TlXalLCoMTEBNE 2 Fifz 2 MR IRfe 7
WZBAT L TAKRT %,

WA EIN U 72l 1 o A R BRIC D T
I, WEET-AS pH8 T b HRF ] TIRIRIA1- 12 BATT 5
ZEMmD, EEIMMRRIET OAERMRER S VWR D
% pH @ H. okinawaensis ORI F-1XFF I O R &

BB L 72Dy, EOFEREFH L pH B iE &
o T, FFIZ, pHI.50 1 KUY 10.00 TIEE D\

272 -

o ZOOZ LITiE

NEETH-7-, LiL, pHI25 #E/K TiX pHS.00
IRIRAAF D AT D 1T 48 BFEI#Z TH 1/3
BRETHDLZEnb, BYHEICE 2 5 RE8I3D7
WS S HL 7z, Ao ds, IRERALT-I30E E Ok O pH
ThHd8TH 96 FEZICIFFI L= Z &b, IRIR
faF DOMAMEITIRN & FE 2 BTz,

I BEA~OAEMEITINT, pHS.00 & pHI.25

TS,

37



38 S B R ST R MROK PEEARTHRE &

Tl T OMEBZICENRD SR oToZ Lo
5, pH9.25 MBLEE T DA BRI IT B A 5.2 C
WhWeEEZ NS, 7272 L, SRIORBRTIITY
UREOHHREHNTND Z D, PECHT S
71T pHO.25 AEEREE L TWieWn LT FWElh
AN

551 O FEBR TG L 7= H. okinawaensis DA 1-
2R3 2 4 DOEROH L, BHFEICE pH AEOE
Bh2\TD0EEFOEHETHY, BHETITR
WS A 52T D DITEK F T ORI N 0 A 7R
LI STz, WEE T OEBETIE pH8.00 & 9.25
TEPBEDOLNTNDIZE2ND LT, Hgk~Oft
EMICEREO Lo Bl & LT, (RIRKT
DHB~DfENEZ BN D, Tharp and Bland

(1977) ITARIRAEF DA EHEIZ DOV THE LTV 5,
AREBRICBNTE, BET5Z LIk o TlEEFIT
HE LD RIRETF L WTIO pH THHZRICHEL
- ATREVEAS B 1 pH9.25 DN RIS/ > 7= D
b LR, FEKOHENREN TN HTY
FlvE A PE B BV T, pHS.00 T % pHY.25 T [A]
U LIl TOoRIRIA TR I E T 5 TH A
976, pH9.25 DRI HEI L U THEEPEDIHED
VTR &l ST,

pH9.25 FH#&(Z X % H. okinawaensis BB B OFEFF
L LT, HIMETH SN LI H okinawaensis Dl
AT % pHI.25 DOEEHUZHIN L TH E A DK
HHNRNT L DOMIT, RIRIEF DK T TD A5
RE OBRENTER LT b SISz, Lo,
PRIRAE 70> pHY.25 MK T 5% 48 BFfR T
pH8.00 DI L% 1B RRETRObNZ Link,
AT DOUEK T O AETRRE ] O FE TARBIRICER L
TWhEEx b,

H. okinawaensis O T- % pH9.25 OEHUZ AN L
THHEAR DR TED IR NBRIZ OV TR TIC
, EE T DMAIR
L, RIRfET2>6 2 [B1H Ok 00EH L, ZoilE

WD, H. okinawaensis D/EIRER I

Y2 —TfgEERE KEMR) 41 5 (2010)

EFPHMMRIRL, RIRIBF2EHE LT, EREIE
M3 25HDTHD (Nakamura and Hatai, 1995a : Fig.
WA 170 B B8 DFEMEIZ 2 5 Be g
DWW D E pHI.25 MLERNBLET 5 72 DICH AR D

37, ZDO5b,

FEPEDFRD B2, pH9.25 TiE, 713 pHS
[ U Tl NTIRIR R 1272 523, IRIRfaF- %
BIRL TN ERBHLMNIR- 2GR 1 H), +
(ZHEFRAE ) R A o
TEE2H), Lo T, KIRAET25 2 BIH Ol
AT B B & ARIREE 72358 259~ B BB o U
T, bLEmE L BHEHELTWDLEE DN
%o WIS KIRAD 1 2 Yk 0 Be B3 2 R
Th 5, pHI.25 DHHICIRIR D 72 BEFE L, FRIEHY
IZBIZE L, 1B ORIRAE T 72 & 1XF ONEE T 005
T 28 h, 2 [ HOKRIRIF 72 b I3V 4 F
AV BB EN DG E EERE T & Tho
7eds, Jedk Ui & 38 ) AR 2 BIEUKYE T, IRARAE
FH1EIBO DN, 2EBEO DN, EZFRE
L7 DOMIERBTERNP-T2Z &b H T, £0
BRI L TR, ARIRE -2 & O E 1 D itE
HBRFLMEEIND 2 ERH D (EH, 1994 ; # 1
b, 2004 ; BEH D, 2005) , L7223 ->T, IRIRKET
EHWERBRIZL TR 5T, RIRK T O %8 i o
ERNRFEIL CTE Rd oz b Do, BB Tl
A% pH9.25 OEFHIIZEINT 5 & BRI
D HIIRWEER T pHY.25 12 & B ARIR I+ 00 %8 3540
Hlicd 5 EHER ST,

bz &b, pHI.25 FHHIC L S H.
okinawaensis EYBHBRAEMEIZ, pH9.25 12 X B IKIE
T ORIEMHNZE O TR E 72 L, lEE 1 O EFRREH
DIERERHBIRZER L CWb EE 2 bz,

72 pH9.25 IXE R ITxE LTI

SBVIE pH REMFREDGA

£18 29U O0AEHERICHT AR



R
o

B TR~ 7= X 518, H JFHORE A iR
Tk a7 U 77 v v HOEBSHES LT
%, A CIL Halocrusticida okinawaensis LIS+ D i
EIZKE % pHI.2S FHIIEDHDMEEZ ST D
Z L %&BMWE LT, Halocrusticida J&, Haliphthoros
J&, Lagenidium J&7> & WA FEADNEF 7 4 FEO
9 2RO, HEEOKIRE - ORIFICKIET pH
OEBEMEF Uiz, £z, T INEBIOT AT
ST EFELE LT pHI.25 FHIRIEIC X B IRIEBL R
BratT ol

ot

A

MRELVAE

HEE

A AERE AR R E R L 0 o 5%
\F 7= Halocrusticida parasitica NIM9537 (2 = &
Metapenaeus ensis SR RKR) , Haliphthoros sp.
NIM8986, Haliphthoros milfordensis NJM9434 (L1 177
W IGEHKE), 38X O Lagenidium callinectes
NIM9831(/ = U A4 2 Scylla serrata $hE HSKER)
OEFHAFEO 7YY 7 7 vl v &2 R BRI
7.

BIEICRIZY pH DFE

PYGS &R 5 BT 25°C, 5~10 HIEIEE# L7=%
AR DK Z A A THEAE 3 mm BETIVIRY, 10
mL ARBRE O 7 mL JREHEAKICER L, 25°C TH#&
L7-, BEFEE B2 S vz ilf 7% pHS, 9, 9.25,
9.5, 9.75 B LUV 10 IZFHEE L 72 10 mL © PYGS 1K
WMz, R T30 Lagenidium callinectes {22 NC
1% 10"/mL, Halocrusticida parasitica & Haliphthoros
SpAZOWTIE 10¥mL, Haliphthoros milfordensis 12>
WTIE 10°f/mL & 725 K9 LTZ, 25CT
Halocrusticida parasitica 1% 6 Hf#, FOMOEIZD
Wi 4 HIEIFRELS R LT, 2000 2 S i

(A AFEHERERT US-300) 12XV 300 pA C 143/

: pH FAHEIC & 5 Y I EREOBLBR

JLER L 72 %%, 0 tEERt (K 600 nm) THROLEE 2
HELT, HEEEZRDT,

R RLPREER

Halocrusticida parasitica, Haliphthoros sp. % J T
Haliphthoros milfordensis ® pH 925 128175 Y 2
YT TS D RGBSR 2~ T, &
H Lagenidium callinectes & NF LT-73, REYRERIC
RWD T IGENRATTE o olclcd, HH
WECRDS T AT IT REEL LTHEMLE,
ZOBIT RS 3 fl b [ HERA L 72,

pH8 35 LU0 9.25 ICHA%E L 72 PkEE K 9 mL 2 Ah
726 K7 L— RO < VIZHEE TP I OHEIE
23~27 8k, 7T T OBFEIT 10~20 ERNE
L, BRIl EFZIER 2 1 mL, F72xtRIXIC
WK 1 mL 2300 LTz, 887803, Halocrusticida
parasitica , Haliphthoros sp. ¥ X Y Haliphthoros
milfordensis T 10°* {8/mL, Lagenidium callinectes ©
F 10 fA/mL & Uiz, SBUTMAGEE, MiBs T 25C
DIERAENTIT, HYFIGNEDHEILI HE, 7
VT ITHEOEEIT 6 A RICERERIOH 24
E LT, 2B, WAKCIIHEMEZRN L, &
YL OH ML, SIARNIZE R AHEHE L TV 5D 1
MCHIMT Uiz, BRI Y I SEOHEE 1 [HE,
TNATITHEOHEFIFAE LT 2 EfT -7,

LS

HEIEICRIZY pH DEE
FURE O E T2 D EARDOBIHICEDL ETO
pH O % Fig, 6-1-1 (28 L=, SUEAE OB5HIT
Halocrusticida parasitica “Cl3i8# #E/K 0 pH8 Tht B
DOYEFE A L, pH 235 < 72 D1 DIVHFE R 1 E R
FIZAR T L, pHY.5 TITHFENERD Hiv7e 72 o7,
Haliphthoros J& & 13 pH O _EFIZHEWEIIENRR & 72
0, BT pHY.25 LA TIREHZE ([CHIFH A IIH] S 7=
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—7, Lagenidium callinectes DIEFHIZ pHI.25 7> 5
9.75 OFLH TIZBAZE I ITHH S g dr > 7275, pHI0
THE LI ST,

0.016

Halocrusticida parasitica

0.012

0.008

0.004

0.004

0.003

0.002

Haliphth Sp.
0.001 alipnthoros Sp

0.3

0.25

0n Haliphthoros milfordensis

Relative growth (OD600)

0.15
0.1
0.05

0.14
0.12

0.1
0.08

0.06 Lagenidium callinectes
0.04
0.02

Fig. 6-1-1.  Effect of pH on the growth of four species
of Lagenidiales in PYGS broth. OD was measured 6
days (Halocrusticida parasitica) or 4 days (the other 3
species) after incubation at 25°C.  Vertical bars show
the standard deviation.

R HBREAER
Halocrusticida parasitica ¥ 3. O° Haliphthoros J& 2
ROV I AT D ERFARIT O THOR b

pH8 K TEWEYL AR L7z, pH9.25 K TiX
Halocrusticida parasitica 1% pH8 K DA D 1/3 12
DREYLH T > 72H, Haliphthoros J& 0 2 BRIT Y
BEGED BNV, DT Th o7 (Table
6-1-1) , Lagenidium callinectes D7 VT I T HhAIZ
*F 2GR IE, WO pH TH 100 % DY
rRL, BAEMBRIRIIERD BB T
(Table 6-1-2) , £ 7=, Halocrusticida parasitica 1 &
W\ Haliphthoros J&® 2 HRIZOWTIXT VT X T H4A
THRYRABR AT 57223, pH8 THIERYLENMEA -
72o F7z, pH9.25 X T Halocrusticida parasitica

ZhrE, pH8 KD 12 BREDRLEN A LT,

Table 6-1-1.
with three species of Lagenidiales under different pH

Infection of swimming crab zoea- I

conditions
Strain Species Source __ Infection rate %)
pH 8 pH 9.25
NIM9537  Halocrusticida parasitica  Greasyback shrimp 100 333
NIM8986  Haliphthoros sp. Swimming crab 72.0 0
NIM9434  Haliphthoros milfordensis ~ Swimming crab 84.0 4.0
Control 0 0

A group of 23~27 swimming crab zoeae in each well
was exposed to zoospores (10° zoospores /mL) and the
infection rate was determined 3 days after inoculation at
25C.

Table 6-1-2.
species of Lagenidiales under different pH conditions

Infection of brine shrimp with four

Infection rate (%)

Strain Species Source
pH 8 pH 9.25
NIM9831  Lagenidium callinectes Mud crab 100 100
NIM9537  Halocrusticida parasitica  Greasyback shrimp 30.0 0
NIM8986  Haliphthoros sp. Swimming crab 20.6 12.5
NIM9434  Haliphthoros milfordensis ~ Swimming crab 50.0 225
Control 0 0

A group of 10-20 brine shrimp in each well was exposed
to zoospores (10%-10° zoospores /mL) and the infection
rate was determined 6 days after inoculation at 25°C.

zZ =
Bl U7= X 912, Halocrusticida okinawaensis K
RAET-1% pHY.25 Tl & A ERIFEET, HH I94
OFIEKD pH % 925 ICHHFET A Z Lz kv, ARHE

PR OBRPWHETH -T2 BV E), H

===}

BHY
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parasitica X3 X O\ Haliphthoros JR T O 2 Mk D E 1%
pH9.25 O HERE U 7= 454, Halocrusticida
okinawaensis 1% £ TIX72 W OERIROFIIL, pHS

WA S A7z, T ISR T BL R
BRIZBWT Y H. parasitica Tl pH9.25 DY BA
Zhi: pH8 O 1/3 F2EETh - 71278, Haliphthoros J&Hi
D 2 BRIZ®E LT pH9.25 TORYTIZ E A E 72 <,
H. okinawaensis & [RIFEE D K & VWV EYRS 1 2h 358
HoNT,

—J5, Lagenidium callinectes (233 Clix, pH10 T
I3 LVERPLLE 2532 B 7= 2%, pH9.25 T% pHS
ERIBEOWSNARL, £, TATITHEEH
V72 pH9.25 ALER T DL BB R I < B b
Rtz Y EAEO pH MPEI pH.S BLETIZE
LIETFTDZLnd (BVE) , L callinectes @
B BAbRT A 7= DICHE KD pH 2 E HIZ EH X
LI EIFTERNY, L3> 7C, L. callinectes D&
YLBABRIZEE L Cid pH9.25 FHRIE LIS O X R A5 U
HILENRD D,

TOT T AR RO TR BRI L. callinectes
DOIZ H. parasitica ¥ X O Haliphthoros J&TE 2 £R1Z
DT HIT o7, pHS X & =T pHY.25 X TlEYeH
MR T 2T Y I AR E 7RG & )
CTH o728, pHI.25 TORYDH N H Y I shik
DA LRI 0, H parasitica TGN 72 <,
Haliphthoros J&H O 2 #:C pHS [X & Fb_7C 172 FREE
DGR oo Tz, ZHUIKEHEOT VT I THAER
K9 DY OE N E B Z LT,

AP IFEOREEAEFEITBW L, H okinawaensis
DK% 2R TS T D, AR L7227
FUT7ruanHERE 4 BRICOWT, TRHO%
B LHEADHEMELZ 100 & LG EO
B 5EHE
DT NT LTI DR AR & ORI @ EB D
Boh (r=0.937) fiE-> T, pH9.25 BikRiENFIA
TXDDEMNE, 2o OfEE -0 pH9.25 TOHLE

pH8 (T

pH9.25 |Z351F 2 B R G & &, pH9.25 1T

W2 82 HY I EEAE OB 41

DHEBERFITAZ LICEVHfEETEDLEZ LR
%, 70k, HH DS 1997 421 pH9.25 FREIE DA M %
WMELTLR (ZED, 1997) , ZTNETHHAASE
HLONMT 6 BERE TABABRIEDFIH S LTV I FlEH 0%
EAEPEICHG L TCND Z ED, ARIEE Lagenidium
BEEITRI & LT, H okinawaensis LA OREETED
HEIZH LTHBRMREZRE L T2 sl s

¥

<]

H

% 2 81 Lagenidium callinectes DBFFRED R 5T

WA1EIC/RLIZE DT, L. callinectes 1% pH9.75 T
LIBHEOWKEHE Y ED L THIAT D720
pH9.25 FREIC L IR BIBRIZ T E e dr o T, FERS,
O & 9 BTl Lagenidium J& OB RE DS S pH iR
TTLEHBEMICEEL TS (D, 2007) , BifE
D& ZATFERIREEIT 26 LTHRVA,
Lagenidium JBEEEILE/KIE T TRAE LT W20
(A, 2004) , SEWIRARGIVE & & UikE
DILRT 2NN D D, A TIL Lagenidium J&EH
MIRIZET B2, L. callinectes L T DAL
PR (pH, IR, W5y 2H OO THND
N Y S

f

MRELVAE

HEE

A ARBRE A mB PR HE R LY v 5%
%0} 72 L. callinectes NIM9831 (/ 22U 4
Scylla serrata S EHKkR) % H\e,

HIEICRIFTIE pH OEE

PYGS #EX s T 25°C, 5~10 HREEE L=t
REOERE A A ATHEHZ 3 mm FZEL Y EY, 10 mL
ZARBRE O 7T mL WEKICHERE L, 25°C TR L
Too BEREE R ITHUH SVl T % pHA~8 (ZFHE
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L7210 mL ® PYGS i 2 24 1-% 10/mL 12
A OBHEL 25°CT 8 HRFFERE LTz, 2hb
S AR (B AR RUERT US-300) (XD
300 pA T 1 [EALEE L 722, S0t EERt (& 600
nm) TS ZRET HEIC R Y, HEHERRE % H
E LT, RT3 EITo72,

BECRIFTEEOEZE

B O pH % 8, BEEIRE % 10~45CL L, 8
HFIFHERTE L7ctk, Al & RO 7B K 0 HE5E
BELHE Lz, BBRIL3EIT7,

BIEICRIZTIEDDFEE

BRI AR 3 2 MK 2 R K TR L, BRI
Wk (s 31.2) , 34K (M43 24.2) , 12K
(5 17.2) , V4K (5 10.0) , KEKOH
(PYG 55#l) & U CTHBIREFR LT, ok, B
WO PpHIZ 8 & L, 25°CT 4 AMHEE#E L Cand
& RBROD 71 CHEGE R A bl U 7-, BRI 3 [T -
7=

Hw R

HIEICRIFSIE pH OEE

pH4~8 IZF 1T D HFEDFER % Fig. 6-2-1 IZ~ L
72o pH MEL 22 DI oI EIZIL T L, pH6 Tl
FLA LG L 2o Tz,

025

B

E o2

=3

=

S 015

e

Z olf

on

2 005

g

5

2 0

4 5 6 7 8
pH

Fig. 6-2-1. Effect of pH on the growth of L. callinectes
NIM9831 in PYGS broth. OD was measured after 8
days inoculation at 25°C.  The vertical bars show

standard deviations.
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BIEICRIFTEEORE

10~45CIZH T DHIEOFER % Fig. 6-2-2 1277 L
7o 10°CTITFEEJ, 15CTITL I Il L,
LUK 40°C £ CIZIFEMAYICHFHE S L, 45°CT
IZHAE L 72 Do T,

0.5 1
04

03

Relative growth (OD600nm)

10 15 20 25 30 35 40 45
Temperature (‘C)

Fig. 6-2-2. Effect of temperature on the growth of L.
callinectes NJM9831 in PYGS broth (pH8.00). OD
was measured after 8 days inoculation. The vertical
bars show standard deviations.

BIEICRIZTIEDOEE

WK D5y & YEFEDHE R % Fig. 6-2-3 1ZR” L7z,
V4K (HE57 10.1) % AW BT E DS
Wb Uiy, 788K %E Hvwizss (PYG Bi) T
T TS R b T,

0.060
0.050
0.040
0.030
0.020 -

0.010 -

Relative growth (OD 600 nm)

0.000

0 5 10 15 20 25 30 35
Salinity

Fig. 6-2-3. Effect of salinity on the growth of L.
callinectes NJM9831 in PYGS broth ( pH8.00). OD
was measured after 4 days inoculation at 25°C. The
vertical bars show standard deviations.

R

Lagenidium JEE IR~ O v, T =FDRKYIN
BILUOYELGHBESIL TS (Table1-1) , Ei
5D 9 B, L. callinectes NIJM9433 (Nakamura and

Hatai, 1995a) , L. thermophilum NJM0031 (Muraosa et
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al., 2006), L. scyllae (Bian et al., 1979) 3 L X
Lagenidium sp.(Nilson et al., 1976) {22\ CEHL22f
PERARE STV D,
Lagenidium JEE R OYEFEIZ KIE T pH D3,
LEEOEKED 5 B L. seyllae TORHWE SN TND
(Bian et al., 1979), L. scyllae [3AE THEA L 7= L.
callinectes & [REEIZE W pH TH 143 ITHITH 5 2%,
L. callinectes X ) & ¥5E pH i 235 < pH7 38 L T8
ZHRR & L CpHS~10 TRAF/REEFANFE D HAL TV
b, DT 2ROV TORERTH 5 M Lagenidium
JBELE XAV pH i THIGE T X, pH6 LL T CoOHY
FHEIIFEIC RV B D L5 THD, pHS IIHY IV
=7 I HVEDEBICHE S 209 2 (BIE - L,
1975) , fiPBFCdH 5 U AU BAELFTE 720 (Hirayama
e

F72U LY (Hirayama

and Ogawa,1972) ., —J7, pH6 THAUIHT Y I
b (FHE- i, 1975)
and Ogawa, 1972) 2T D T, H. okinawaensis
WK pH 582 L Y L. callinectes [&4x % B
TEDAREMED & D,
Lagenidium JBEH OMEFEIZ K IE TIRE O8I
WCHD L, BEHOD L. callinectes NIM9433 (34 [a]

) L7z L. callinectes  NIM9831 D7k & 1ZIFH L
PSR EENE A A L (Nakamura and Hatai, 1995a) , %
HRA LT S 5 B 3 AN
L, 45°CCII¥5i L 72 by o 7=, L. thermophilum 1% 30°C
IR E LT35CE THAL, 40CTHHIET D%
23 & % (Muraosa et al., 2006), L. scyllae 1% 16.0°C~

31.8°C £ THIFEEDHIM L, FILARITA ~ 12

NI 15C~40CE TIFIFHE

L C 44°C CHEFE L 72> > 7=(Bian et al., 1979),

Lagenidium sp\Z 2O\ TiE 22.5~39C T < HifiE L,
42°C £ THAGE R 5 T A (Nilson ef al., 1976), =
D X 512 Lagenidium JBE 1L 25CLL EORE T
RS DN L, EBRIC, RIFTY I 00
FEER A LI L b L,
BHFIL 7 AR OKiREEs X% 23°C) Lo fagis

DINZFBH B AL, FFIZ 26 CLL ETHFEIZZ W

Lagenidium J&

M

&
///

WL DAY IHEE

iE DB R

(B, 1994) , —J5, 22°CCEB I NI fagiy
I OIH B I Lagenidium BEFITERD LTV
v (RRE, Tl AR PE 130l B O T AR PEBR 48
K Cd 5 5 AT B KO KIRITHK 20CTH 5,
ZOKIR 20CHE, fAEKIRE LTRSS, T I
EOERERENEN, ERBIRTT28MH 572
B (b H RAMEKERERS, 1973) , O x5 8WH T
FUKIR 23 CITINR U TR AR PE 21T - TV D, FERR

1994) .

2, I TRz L DIZ, 23°Cilrid Ol g AR
REDI RN,
A2 BHBR T D ICIHMEAGR R IR L CTKIR 22~

23C L L, SKIRDE < 7R DI E > TRIE KRN

IR AEPER R D &L D AT
AREDTHA 9,

Lagenidium J&E1H OYEFEIZ R IF TR0 O 2N B

bz E0n, Lagenidium J&EH D%

23°CLL EIC 72 D Hi

LCix, AR L7z L callinectes NIM9831 & [f]
B, LR L7 oEE S NaCl iR E 0% T b HiH
L, NaClIREE 2% T % RAFREFENRD HN TN D
EARD (1973) (ZAY I NAEDHEIITHIEC SV TH
FL, HRBR/KIR 19.8~22.9C O K AKIE TD
7 1 ot C1%, E 163 (15°CHE
WOy 0 22.4) BIRFYELHE L TWD, —F, @
BOKPERBRYS (1968) TIHEMi L7z, 25~29CDEIK
IR C OIS T PERER T, FE 15.20~18.70 (15°C
BBy £ 20.9~25.4) CTHEBRENE P2 &%
WELTWD, Y INEIZE o> TIRKIE, Sk
BpE BT E LD 200 LIV ETH D, T
T B OB EER BRI AR KA L ST
L (MM - &R, 1997 516,
JEEE OFARIEAKIC L DBBRIZTE RV LR S
o

LD Z &0, Lagenidium J&EH O B B 55 i
N & 2RV BABRITIER I LW,
R DEERENSHT D5HE1T
B /KD pH % 6 FRE T 5 H kB LN 22~
23 C O THFET D HIETIHRFHEST 5 TH A

1999), Lagenidium

Lo,

Lagenidium J&E

43
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9. 728, H. okinawaensis |\Z
DOUEAKIZ AR THIFE I 60%FRE K T T 5720
pH6 % H. okinawaensis DFAEMEFNZ b7 b EE X5
ns,

BT H pH6 TIdilE

ARFETIIHY IFE AR 5 HEEDOF AL
BIZOWTHRL D L L bic, MBEAETCERTE S
& pH BiFRIE D EFRIC OV TR~ D,

O 9 BT, 1992~1993 FED 4 I i £
ICRWT, SMEEEFEBAKEICNE L2 A% (5
fb#%2H) OV =T I ERRIR L2 — AN 4
Bld 5, EYRER C H. okinawaensis DG D
DWEET OFBTITHE S HRICBO bz, £z,
PRy - 03 (1993a) 1E Lagenidium J& B Tl 1D
BB 2~4 FRICARONT-Z L EREL TWVWD,
- T, S 2 HEIZEW L7z 4 HlickBvW i
SRR 7> & OB F ORI X 0 B 7= 20’ e
0, REERICESLOTII/ AW LB LT
%, BYABREICHENITERNED SN DD
B THHEB2 HE ThH o7z, k- M (1993a)
KR 1I~3 A TCThoTo W L CWVDHZ Enb
SEAEZINAE LT 2 BRICEESE 572012
SRR S U < I3 B A B IS LT
LREND D, Y, SR T 25~30 pg/mL
DOFEN< Y CIREFERL TS b b, fil
BARIZSEIAEZNE L T2 HZITEK L 72,

in vitro (2 41F 2 SMENE~DOEFEEGIH T D
A= U DRI OUNTIT Haliphthoros J& 2 £k,
Lagenidium J& 2 ¥R, Sirolpidium J& 1 ¥k, Halocrusticida
JB& 1ROV TGP BRI R G TS (N
156, 1991 ; Il - JHH:, 1993b) . H. okinawaensis
ORI D3R X OBEFHIT AL~ U v 25
pg/mL THIH S D Z E MR EINTWD (L5,
2006) . invivo IZHBWNTH, SMEAKMEHTHELY

FeE UKPEMR) 241 5 (2010)

V25 ugmL 8% B 2o B O SMESEE v
—LIZINA L, BAGHECEIZE LR, BT
IZEREEOREN LN o TDlZRt L, *HHX
TIHEREBESE VR CRRINTWD  (RIF -
JEFHE, 1994) . LLLEOFERRERN D, SMEAREAT
A=Y 225 pg/mL & FEhE AU, SMbshAITxt
TOHEEBREZVRTEL EEZEZOND, LL,

FHEBCEBICHE S LT D & EEIENZHET

Do ZOXJEIX, AL~V BB Kb BOSME
AT LT, RRTIIV LY AR L0 %2 52T
WRWDITKT L, FlEARETIIEERZRML TV
TENBAETLDLEEZEZBND,

WBRARMDOU L D>6 Halocrusticida parasitica
SEESI, ZOBEBIETY ISEIFEREEERTZ
LD S (Nakamura er al,, 1994b; Nakamura
1992 FED Ok 5 BBV TH
VIAEBEEIEN SR LSS, N7 44
M6 2D H. parasitica 557EES TV D (JFE, FA
8) o« £72, TNOOFY I AEMEICENT
U Ly &Y INEDOERFER LD T 5
ZEbWmEINTND (EIK, 1997b) , AWFFEE &
OVEIRT - A (1993) B B Lz K 51, Skt
3HTIEE A EDTY I ENERIEIEET 51T
i, ety 10° f/mL OWETHIZSHEND
VERH S, 100 m® 5K T 10° fH/mL OiliEE 1
TREE 72 2120F, BHE O REGIR D S AL AKRE > & fi
BAMIRBALIZE LTH, TOX D RIBEITIEA

and Hatai, 1994¢) ,

DR, —07, U AT 5 BIR/mLIZ R 5 kO A
BARBICEINEND ZE0D, TAYPEREICEYE
LCWizdhélx, Y UEE AT 10° E/mL D
EFREICRD Z L3 HDICEALNLD, ThbD
ZEnD, SR S O EE KIS L
EEOBERPEFELT D K57
WelE, R LTHEXLNTND Y AVHRHRE
WEFHIAA TV D ATREMER mW EHERI S 1 5,
V7 NHLBICERENHEGR SN D X 2 s

THESIZ, 13F
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%, BERL7EUADREREbHVED, O LD
SMEAKFE B BB KA~ OGS DIRATH Y,
B D O LD, BUKEKD D OWEETORATH 5.
TN U728 = 13N DS AR R O %
PARD 7201, BRI E TN D EENEEETT b
5, BRINL CHEOFEMBE SR TH, Sk
B ORI X E IR L7 5EIR Y, 4RI 7 A4
DB ICm O ER TR ST D (I - i,
1994) , SMEAKMETOSMER R SND L, BRE
IEDTHMM LT S, ERBREZIT > TR %
Brak Liztg, WA 74 2 Tk Z LA fE KR
BT 5, ZOBIC, BEEICEYE LB i E
KIEIIRAT 22 L3 B2 bND, ZOHAEITIT,
HI O BGAR ET 2 < 1TV, YD B
HENDEEETICE Y, e Y8 A S By n 4
HHDEEZBND, TDOXOIL, KPEGIZLY
BYEDER T D72, B KM ~DUE I EGL
IERDETIZES LBEORMB LD EE BN
Do

WIZ, BUKHEARD B DEEF DR AT DN TR~
Do 7H V77 uhvRICET HEEITE RN
IR 222 & A D (Tharp and Bland, 1977 ; IiA
1991) , RENMBRIZB W T E A DAY EFETE L
THAEFELTWDO RSN D, BT =Z WA LIz
12, BEIZIZE A EOEERPSERE IR L2 & Ff >
ENHND,
REOHEEFVREESND Z LIZED, ZRNTEE
AEPENERR O & 2 RIS D fih o FRBESN A IR L C,
HIELT D2 LN EZBND, 9 LIzl bk
B U 72Kk & B A9 uE, R AT
LDFMRTH D, ZOBUKMKIZY L OEEFEK
ELTHHEHEINDTZD, ZhBT AT TV I
EOBEEREREDRH N -T2 K> TV5
EEBZXBND, ZOX SRR T A 72T
TIEHERROBELZ T ERRNETH D7
O, RE O IR TR I ERE A

TV ZEMRHY (IFNT, 1995) ,

W2 82 HY I EEAE OB 45

FETHICE-T-EEZON
fAB AKAE C b Fhii T X 2 E R EYBABRIE OB A 2
FEEHLHETHHT,

% (Fig. 7-1) , %t~ T,

Waste
- - water - -
Introduction of female Release of zoospores Infection of wild
crab brooded eggs =P | from infected eggs =P | crustaceans around
infected with fungus hatchery

} l

Contamination Contamination of Contamination of
of infected zoospores to incubation | <= | supply water with

eggs to the tank of rotifer Zoospores

rearing tank 1
Infection of Supply of infected rotifer
hatched crab to the rearing tank

larvae (Zoea- 1)

in hatch tank l
> Fungal infection of crab
larvae at zoeal stages

Fig. 7-1. Infection routes of Halocrusticida

okinawaensis to swimming crab larvae in the rearing
tank.

ATFFECHRFE L 7= il B /K O i pH FREEC L D 7
IHEDOEBEOMBRIEL, EROMBEE —E DL
WX THLIVMRRT D2 HDTHD, —EDRMEL
3 1) fEAKEN27ICRmTHLZ L, 2)
BRHENRNZ ETH D, FE
KR 27°CARIM &V D GefthiL, AEEMRRR VD, b
DVEIPHBIR O K 5 7em oMU CRIE & 72 D, E
FHBAZE LB KO & pH FAEIC X 2 7V I 504k
BLEHE DOBFBRIEIL, — I 1% pH 8%k £ 7213 pH =
Vb E—EE IR TV D, ARENER S T
Be, Ok 5 B CIXERIEO K & 2 FITELS 2y,
AFERRES 300 5 205 500 5 RIC EHFIBEES T,
Fio, EEAREZHLE LAY M A KR CIA
SHHEN, AERELTHD

, AWFFEDOBIRDOBE R ZIR~D LLLTO X

INThe B, 1) FEEAEEGOT YV INHEICERE LE
FIEORKEE 2 BERE L, REEH TH D
Halocrusticida okinawaensis DB EIVER 2 8] & 2>
2L, EOAFZRNREEFIE LT, Kl 27°CHRE
BN, FEKD pH % 925 ICHHET 52 L TH
okinawaensis BEIENPIFRTE 2 Z L2 BT L

Lagenidium J&E. 52
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720 2) pH9.25 ALER D YL BRIERE & L C, RREHE
DORIRIA T OREEMHNZ O FERTHDHZ EEH L
M LTz, 3) fBEAKD pHY.25 BT I Sk %
TLO, EHEMICOEREL 5T, LLATY
IHEDOEBREY RIFCT 29 R 2/ bAEDET
WD ZEEPHMIC LT, HIZ, 4) pHI.25 ALFIT H.
okinawaensis SN OBEFEIZOWTHLEHTHDHZ &
EHLMC L, Lo L ZOJEE, Lagenidium J&
BRI BRD 72N, 5) Lagenidium J& L
JEDRYEBLRIE L LTIE, fMBE/KD pH & 6 F2EE I
TS D0y, b L <K 22~23COKIRTORE M A
BHEETHDL L ETRE LT,

SO E LT, FEMHMZ Lagenidium JBE
W OBGBRIEZ NS 2 2 &, Fiz, EpHARE L7k
OME#EZFEMICRNT 22 Lok, Ik
DEFEICBITHAHMEOABREZHLNNCT LI L
Thod,
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Abstract

Sea farming fishery of the swimming crab Portunus trituberculatus has been conducted to
increase the fishery resources. Because release of artificially reared juvenile swimming crab has been
effective for the increase of the catch, it has been conducted in various areas of Japan. However, the
consistent seed production of this species was inhibited by frequent disease occurrences. Especially,
occurrence of fungal disease was reported in many seed production facilities. It damaged more than
50 percent of the production in the facilities that fungal disease occurred. Some facilities could
produce no seeds of swimming crab due to severe occurrences of the fungal disease.

The objective of this study was to develop the method for prevention of the fungal disease based
on physiological properties of the causative agent. The results of the present study are summarized as

follows.

1. Occurrence of fungal disease in larvae of swimming crab at Hyogo Prefectural Mariculture Center
The occurrence of fungal disease in larvae of swimming crab at Hyogo Prefectural Mariculture
Center (HPMC) was examined. The initial outbreak in 1990 damaged lightly. In successive 1992
and 1993, however, despite the bath treatment with 25 ppm formalin, which was previously suggested
as an efficacious method to control fungal diseases, heavy mortalities due to fungal infection occurred
frequently, resulting in destructive damages on the seed production of swimming crab at HPMC.
When fungal disease occurred, no relationship between the rearing water temperature and the disease

occurrence were found, but the mortality was less severe in zoeal larvae of rearing tanks showing high
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pH levels. Epizootiological investigations also revealed that the disease occurs at zoeal stage of

swimming crab but not at the megalopal stage.

2. Isolation, characterization and identification of causative fungus

Fungi were isolated from infected swimming crab zoeae at HPMC in 1993 and 1994. Two fungal
isolates obtained, ZH93 in 1993 and ZH94 in 1994, were identified as Halocrusticida okinawaensis
(Oomycetes: Lagenidiales) based on the morphological characteristics. Zoospore of H. okinawaensis,
which is infectious stage to the swimming crab zoea, encysts with time, germinates from cyst and then
produces hyphae. Physiological characteristics of the fungal isolates, i.e. temperature, salinity and pH,
were investigated by culturing the zoospores. The fungi grew well in the range of 15-35°C, but
growth at 35°C was slight. The growth rate of the fungi decreased with the decrease of salinity, and
significantly reduced in 3/4 (25%) sea water. They grew in PYGS broth at pH5-9, but the growth was
remarkably reduced at pH9.25. From these characteristics, it was suggested that the seed production
using diluted (3/4 dilution) or pH adjusted (pH9.25) sea water will be effective to prevent this fungal

infection.

3. Pathogenicity of H. okinawaensis

In the experimental infection using zoeal swimming crab, the fungal isolates produced mortality
against swimming crab both at zoea- I and zoea-1Ill stages, but the susceptibility of crab to the fungus
decreased at zoea-Illstage. Moreover, from the fact that the inoculated fungus was re-isolated from
infected zoea, the fungus was proved to be the causative agent of mass mortalities at HPMC in 1993
and 1994. Infection experiments also demonstrated that the fungus has low host specificity because
the isolate showed pathogenicity to five shellfish species other than swimming crab. The infection
established under water temperatures ranging from 15°C to 30°C, and the infection rate increased with

the increase of water temperature.

4. Prevention of the fungal infection in swimming crab larvae by pH adjustment method
1) The preventive effect of keeping the pH of rearing water at 9.25 was first examined against
experimental infection and then against spontaneous infection. In the experimental infection, both
infection and mortality were observed in larvae under pH8 condition, but not under pH9.25 condition.
The spontaneous infection, where zoeae from the same brood stock were reared separately either in
pH9.25-treated or non-treatment sea water, resulted in mortality with fungal disease only under
non-treated sea water condition.
2) Effects of pH on swimming crab (eggs, larvae), a phytoplankton Nannochloropsis oculata to
be added to rearing water and live diets (rotifer and brine shrimp) were examined. pH9.25 gave no

negative effects on the developmental rate of eggs at early stage after spawning and almost hatching
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eggs. Toxity of ammonia to larvae of the swimming crab increased with the increase of pH value, but
ammonia at normal concentrations (lower than 0.5 x g/mL) was not toxic to larvae. Concentration of
N. oculata in culture increased with the increase in pH. Negative effects of pH8-10 to survival and
activity of rotifer and brine shrimp were not observed. Because the swimming crab larvae was also
unaffected by long term rearing at pH9.25, the seed production keeping the pH of rearing water at
9.25 was operated. As a result, occurrence of fungal disease and negative effects to survival and
activity of the swimming crab were not observed, and thus the seed production was successfully

practiced.

3) Influence on the swimming crab larvae of pH9.25 under high water temperature was examined.

In the experiments of the short-term (24 h) influence, high water temperature (30°C) has little
influence on the survival of larvae under ammonia concentration of 1 u g/mL in the rearing water
(Ammonia concentration of the normal rearing water was about 0.5 1 g/mL). However, the survival
rate in the long—term (7-14 days) above 27°C decreased even in normal ammonia concentration.
These results indicate that the prevention method by high pH (pH9.25) of rearing water should be
performed when water temperature is lower than 27°C.

4) Since a lot of the genus Vibrio species can grow even at pH10, pH9.25 adjustment of rearing
water may change the bacterial flora of the rearing water. It is known that the swimming crab at early
larval stage eat the bacteria in water and the nutritive value of Vibrio is comparatively low. However,
when the number of total bacteria and Vibrio was compared between pH-adjusted (pH9.25) and non
pH-adjusted rearing waters, the pH-adjusted rearing water was higher in the total bacterial number but
lower in Vibrio number than non pH-adjusted rearing water. In addition, number of N. oculata, which
is added as a water stabilizer, increased in the pH9.25 rearing water. Therefore, the dietary condition
of zoeal swimming crab zoea is kept well in the pH9.25 rearing water.

5) The mechanism to prevent fungal infection by adjusting pH of rearing water to 9.25 was
investigated. There were no difference in the number of zoospores discharged in water between
pH9.25 and pHS8. Survival rate of zoospores at pH9.25 water was about 1/3 of that at pHS8 water.
Zoospores were actively motile for 60 min in pH8 water, but motility was not observed after 30 min
in pH9.25. No different was found in adherence of zoospores on carapace of adult swimming crab
between pH9.25 and pH8 sea waters. These results, coupled with previous findings, indicate that
inhibition of the germination of encysted zoospores and reduction of the number of surviving

zoospores are important to prevent fungal infection with H. okinawaensis in the pH9.25 method.

5. Application of pH adjustment method to other fungal infections
1) The availability of the pH 9.25 method developed for H. okinawaensis infection of swimming
crab larvae was examined against four fungal species of the Lagenidiales. These fungi, all pathogenic

to crustaceans, were Halocrusticida parasitica isolated from greasyback shrimp (Metapenaeus ensis),
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Haliphthoros sp. and Haliphthoros milfordensis both isolated from swimming crab, and Lagenidium
callinectes isolated from mud crab (Scylla serrata). The in vitro growth of H. parasitica,
Haliphthoros sp. and H. milfordensis was reduced at pH 9.25. The infection rates to the swimming
crab zoea-I and brine shrimp exposed to zoospores in the sea water at pH9.25 were reduced
significantly compared with those at pHS8. In contrast, the growth of Lagenidium callinectes was not
arrested at pH 9.25 and the infection rate to brine shrimp at pH 9.25 was 100%. Therefore, the pH9.25
method can be used to prevent infections with H. parasitica and two Haliphthoros species in
swimming crab larvae, but not for the infection with L. callinectes.

2) Fungal diseases caused by Lagenidium spp. sometimes have occurred even under pH
adjustment of rearing water to 9.25 at HPMC. To find the prevention method for Lagenidium
infection, the biological properties (pH, temperature, salinity) of L. callinectes were investigated
again. Growth of L. callinectes decreased with the decrease in pH, and the growth was hardly
observed at pH6. It grew well at higher temperature up to 40°C and even on PYG medium prepared
with distilled water. From the these results, it is recommended that swimming crab larvae were reared

at about pH6 or at lower water temperature (22-23°C) for prevention of Lagenidium infection.

The present pH adjustment method (the pH9.25 method) for prevention of fungal disease in
swimming crab is now commonly used at many facilities in western Japan and has greatly contributed
to a stable seed production of swimming crab. Therefore, it is supposed that the pH9.25 method is

beneficial against multiple pathogenic fungi other than H. okinawaensis, expect for Lagenidium.





