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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 

Host Reference

Virus

Baculoviral mid-gut gland

 necrosis virus (BMNV)

Kuruma prawn Sano et al. , 1981

Penaeid rod-shaped DNA

virus (PRDV) = White spot

syndrome virus (WSSV)

Kuruma prawn Satoh et al ., 1999

Penaeus monodon-type

baculovirus (MBV)

Tiger prawn Manivannan et al ., 2002

Hepatopancreatic pavrovirus

(HPV)

Korai prawn Lightner and Redman, 1985

Baculovirus penaei (BP) Pink shrimp Couch, 1974

Infectious hypodermal and

 hematopoietic necrosis

(IHHNV)

Blue shrimp Lightner, 1983

Bacteria Vibrio sp. Zoea Swimming crab Muroga et al ., 1989

Vibrio harveyi Tiger prawn Karunasagar et al ., 1994

Fungus Haliphthoros philippinensis Tiger prawn Hatai et al ., 1980

Haliphthoros milfordensis Kuruma prawn Hatai et al ., 1992

Greasyback shrimp Izumikawa et al ., 1999

Marine crab Nakamura and Hatai, 1995a

Mangrove crab Roza and Hatai, 1999a

Haliphthoros sp. Swimming crab Hamasaki and Hatai, 1993a

Haliphthoros sp. Mud crab Hamasaki and Hatai, 1993a

Halocrusticida okinawaensis Marine crab Nakamura and Hatai, 1995a

Swimming crab Yasunobu et al ., 1997

Halocrusticida panulirata Spiny lobster Kitancharoen and Hatai, 1995

Greasyback shrimp Izumikawa et al ., 1999

Halocrusticida sp. Mud crab Hamasaki and Hatai, 1993a

Halocrusticida sp. Mangrove crab Roza and Hatai, 1999a

Lagenidium callinectes Blue crab Couch, 1942

Marine crab Nakamura and Hatai, 1995a

Mangrove crab Roza and Hatai, 1999a

Lagenidium marina Tiger prawn Karunasagar et al ., 2004

Lagenidium myophilum* Coonstripe shrimp Nakamura et al ., 1994a

Lagenidium scyllae Mangrove crab Bian et al ., 1979

Lagenidium thermophilum Mangrove crab Nakamura et al ., 1995

Tiger prawn Muraosa et al ., 2006

Lagenidium sp. White shrimp Lightner and Fontaine, 1973

Lagenidium sp. Dungeness crab Armstrong et al ., 1976

Lagenidium sp. American lobster Fisher et al., 1976

Lagenidium sp. American lobster Nilson et al ., 1976

Lagenidium sp. Kuruma prawn Katumata and Tamaki, 1987

Lagenidium sp. Swimming crab Hamasaki and Hatai, 1993a

Lagenidium sp. Mud crab Hamasaki and Hatai, 1993a

Sirolpidium parasitica Tiger prawn Karunasagar et al ., 2004

Sirolpidium sp. Swimming crab Hamasaki and Hatai, 1993a

Atkinsiella dubia Japanese mitten crab Roza and Hatai, 1999b

Causative agent

 

* 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. 
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Fig. 2-1.  Facilities of seed production of swimming 

crab in Hyogo Prefectural 

Mariculture Center (100 m
3

 indoor tank). 

 

 

 

 

 

 

 

 

 

6 ��������	
��
������������� 41 ��2010�



ê[�pH\]5�?� !%&'m() 

 

Table 2-1.  Procedures for seed production of swimming crab at Hyogo Prefectural  

Mariculture Center 

Days after

hatching

Developmental

stage

Volum of

rearing water

Water exchange

ratio by running

water

Rotifer Brine shrimp

Artificial

 food

Minced clam

and mysid

(m
3

) (%) (inds./ml) (inds./ml) (g) (kg)

0 Zoea-� 60 � 5 � 50 �

1 � 65 � � � � �

2 � 70 � 10 � 60 �

3 Zoea-�, � 80 � � � 70 �

4 Zoea-� 80�70�90* � � � 80 �

5 � 90�70�100 � � � 100 �

6 Zoea-�, � 100�65�100 � 15 0.5 150 �

7 Zoea-� � 50 � � 200 �

8 � � � � � 250 �

9 Zoea-�, � � � � 1 300 0.5

10 Zoea-� � 100 � � 400 1

11 � � � � 2 � 2

12 � � � � � � 4

13 Zoea-�, Megalopa � � � 3 500 6

14 Megalopa � 200 � � 700 10

15 � � � � � � �

16 � � � � � 800 12

17 � � � � � � 14

18 Megalopa, Crab-� � � � � � 16

19 � � � � � 900 �

20 Crab-� � � � 1 900 �
 

* Volume of pond water was changed. 

 

"#$%�&'� �

ÙÚ�Ü~5Ç�Q%&'0 1990 W5jkQ�

#89p$¹mâí0 10G�� 2Gm�=g�=>

_9@8M8$1992 WÇ�È 1993 W50$%&'

m�#()RSIe8Q$Ñ@�×5 25 µg/mLe�

?��5Ô��{�Rhi8Q�95�MMNà

ü$%&'pÑ�89�Table 2-2�@x�Nº$�

We� 54Mà+,#�R�]89p$%&'m�

#0¹m�jMà�kàt$1992 W0#�G� 34

G� 32G=$^9 1993W0 37G� 21G=%&' 

p�#8$ÑÒmo��#â 2,3�=�á�je�

_9@ 

Fig. 2-2 5!�ÊömbP��e#��emzk

R÷x@umÀöm� !0 20.8,26.99mlm=

bPstQÇO$Æ5$dÂ�×0��\]p=ï 

��9k��n03ïM_9@#��p 0o5�_

9G�0 1990,1993 Wm�#� 88 G�� 24 G�

=$¹m�º$19G�p%&'5�?�m=>_9@

%&'0 21.5,25.69=�kàt9p$��e%&

'�#Ð5ù�Q��mp�0Eàt�M_9@�

Ç$#��0 239 â=m�p�p�kàt9@ 

 

Table 2-2.  Occurrence of fungal disease in larvae of 

swimming crab at Hyogo Prefectural Mariculture Center 

in 1990-1993 

Year Tank (m

3

)

Production

trials

Trials with

fungal disease

Mean

survival

rate(%)*

1990 Indoor (100) 10 2 15.9

1991 Indoor (100) 7 0 22.9

Indoor (100) 27 26 0.8

Outdoor (100) 7 6 4.5

Total 34 32 0.3

Indoor (100) 20 17 1.3

Outdoor (100) 6 4 4.6

Outdoor  (70) 11 0 4.3

Total 37 21 2.6

1992

1993

*Survival rate = (Number of surviving juvenile crab-q

/Number of zoea-q)J100 (%) 
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Fig. 2-2.  Rearing water temperature� and survival 

rate of swimming crab at Hyogo Prefectural Mariculture 

Center in 1990-1993.� Closed circles� (2) and open�

circles (3 ) � indicate indoor tank and outdoor tank, 

respectively. 
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Fig. 2-3.  pH of rearing water and survival rate of 

swimming crab at Hyogo Prefectural Mariculture Center 

in 1990-1993.�  Closed circles� (2) and open� circles 

(3) indicate indoor tank and outdoor tank, respectively. 
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()�*+,-�

�

"#�78@A�

� 1993W 74Ç�È 1994W 545$ÙÚ�Ü~=

bPstQ�9� !!�Ê�ö"#5%&'p�

#89�5$Ì[5&Íp�kàt?"#Mà%&

mß�R��9@ÎÏ.ÌR�����µÆ{�ø

{´tHaþ�ë�LIÇ�Èû�����ÁÆ�

��UHaþ�ë�LIR¹t¹t 10o¤a��=

3,5G��89â$ø¶�ÁÆ�Haþ�ë�LI

Rû��60 mg/L�89 PYGS�ÖV*H���� 1.25 

g$YZ��û 1.25 g$��´� 3 g$�Ö 12 g$\

� 1 L; ½uø¶�ÁÆ�� PYGS�ÖV*I5�+

8$259=VS89@�Ç$V*m�b5Ø©89

\�0, �{ûR 1o5�?��5û�89-�ù

\�HUß 31,34IRU�= pHR 85\]89H½

upHm��m��\�Ç�ÈV*5ù�Q0 pHR

85\]89�mex?@pHm��p>?�m5ù

�Q0U�Ç�È��@¶�{´t��=��m

pH5\]89I@VSâ, V*5�T89%&m#

�m��RÄû=>G 3 mmúl�O78$¹tR

10 mLmá&\�5�+8$259=VS89@��

5§7st9½¾¿Rø¶�ÁÆ�� PYGS�ÖV

*5�+8$259=VSâ$Ùeùm·Éµ�R�

�=��VS89@�X0=GÙeùm·Éµ�R

©�Q½¾¿R�#sÅ$¹m½¾¿RV*5�+

x?i*=�_9@ø¶�ÁÆ�0��VS�=�

&m�i(ï5Ø©st$p������y¨8Q

���p äx?9kH�-��VS4�$1990I$

%&ß��j0utR�©8$V*5ø¶�ÁÆ�

Rû�89@ø¶�ÁÆ�m¡l0�¢5Ø©st

?��VS� Eagle's MEMHµ�ûÁI5û�st

Q�? 60 mg/Le89@ 

� �

�

�

"#�?&�

BC=>?&�  

� PYGS �ÖV*¾m%&#�m��QR�ÖÛe

Äû=�OáO$&Ím¢jRc�<u=5�89@

^9$�Ö(£Rá&\�5û�8Q½¾¿m¢_

ùúR5�89@�

�

�<=>?&�

1D EFGH� ø¶�ÁÆ�� PYGS �ÖV*¾=

259$10�åVS89&m#���H>G 3 mmI

R 10 mLmø¶�ÁÆ�û��60 mg/L�á&\�5

�+8$259=VS89@�+��5§7st9½

¾¿R 10mLmø¶�ÁÆ�� PYGS�ÌV*5½

¾¿Ðp 10
3./mL e�?��5�+8$10,359

mlm[m 6�	m�l= 10�å¤rVS89@u

tàR¥¦§¨©yH�-ªyb�« US-300I5

�O 300 µA = 1 ßåy¨8Q&ÌR¨à89â$

ßþþlOH§¬ 600 nmI=­þlR{�8Q$�

T¿RÎ®89@�

2D EFI7� "¯°\�HUß 31.2I$3/4H23.4I$

2/3H20.8I$1/2H15.6I$1/3H10.4IÇ�È 1/4 \

�H7.9I=�b89 10 mLmø¶�ÁÆ�� PYGS

�ÌV*5½¾¿Ðp 10
3./mL e�?��5�+

8$259= 10�å¤rVS8$¾¡mi*=�T¿

RÎ®89@ 

3D EF pH� �pHR 5,10mlm[5\]89ø¶

�ÁÆ�� PYGS�ÌV*R�b89@¾¡89i

*=$¹tà5½¾¿R�+8H10
3./mLI$259

=VS8Q�T¿RÎ®89@�Ç$VSâm pH

0{�8Q���@�

�

"#�:;�

� ß�st9%&m��0$Nakamura and Hatai 

(1995a, 1995b)m��5�_Q$#�m¢�$[SÌ

m¢j$½¾¿m¢_�±Ç�È�Ë�±�Ëm�

�5�O�_9@�
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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 259 for 10 days. 

�

"#�?&�

BC=>JK�

� [SÌ0ßº8$10,30 µmm»�&ÍR¢_x

?�Fig. 3-4�@&Í[Q50�ß¼½c�<u=þ?

(s�¾¿p�kàt9�Fig. 3-5�@\��=0&Í
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¹mÁÂ^90ÃQMàÃÄx?@^t5$½¾¿

m�mÄÒ=ßº89§7ÁpEàt?@§7Á[

5½¾¿p 2f½¾�#stQ$�Å5½¾¿p§

7st?�Fig. 3-6�@§7st9½¾¿0>GÇ�

¹ 5,7.5 µm m��8�=, Ã#¢m 2 -m¬s 9 

µmmÆÇR'8$½Èx?(2��½¾¿)@=pQ$

2 -mÆÇ0É�8$ÈÉÊ¿e�?@ÈÉÊ¿0

Ç�¹>G 5,7.5 µmmÊ¢�8Ò0==Ëé=$1

.mÈÉÊ¿MàÌÈ�¢m½¾¿(2 ��½¾¿)

p½7x?H2 G½È�I@½789½¾¿0ÌÈ

ÈÉ8$ÈÉÊ¿Mà�¬� 75,120 µm m�ÍÃ

Ä��pÃÄ8Q$¹mÁÂ5[SÌR¢_x?

�Fig. 3-7�@'�#T0¶�st�M_9@�Ç$

½¾¿0\�ÎH®Ä5¡Ï5½Èx?uepÑM

_9@ 
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Fig. 3-4.  Mycelia in PYGS broth.  Hyhae were stout, 

non-septate, irregularly branched, with a 10 – 30 µm 

width. 

 

Fig. 3-5.  Granules in hyhae.  Hyhae have numerous 

shiny granules under differential interference contrast 

microscope. 

 

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

were divided into subthalli with septa.  Zoosporangia 

were the same in size and shape as subthalli.  Discharge 

tubes (arrows) 1 to several per sporangium. 
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Fig. 3-7.  Schema of life cycle of Halocrusticida okinawaensis* 

* 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) 
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��ÍÃÄ���m�ËÁR��@utàmÆÇM

à$-%&0 Halocrusticida�5ß«st9�Table
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Table 3-1.  Key to genera� of the holocarpic fungi 

(Lagenidiales) from marine crustaceans*�

1 Colonies filamentous, mycelioid To 2

1 Colonies lobed, bulbous To 3

2 Vesicles produced on the orifices of the discharge tubes Lagenidium

2 Visicles not produced To 4

3 Zoospores encysted in the zoosporangia following the first

motile stage

Atkinsiella

3 Zoospores in the first motile stages released from the

zoosporangia

Halocrusticida

4 Zoosporangia disarticulating from thalli Silorpidium

4 Zoosporangia fragmenting from thalli 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

each sporangium

H. awabi

1 Colonies lobed, bulbous To 2

2 Encysted spores more than 9 µm, parasitic on insect eggs H. entomophaga

2 Encysted spores less than 9 µm, parasitic on crustaceans To 3

3 Branched discharge tubes present To 4

3 Branched discharge tubes absent To 5

4 Zoospores generally formed two or more deep in the

discharge tubes

H. okinawaensis

4 Zoospores generally formed in a single row in the

discharge tubes

H. parasitica

5 Pigmentation from gray to light brown, optimum

temperature for growth 30-32�

H. hamanaensis

5 No pigmentation, optimum temperature for growth 25� H. panulirata �

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

modification�

�
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Fig. 3-8.  Effect of temperature on the growth of H.

okinawaensis ZH93 in PYGS broth (pH8.0). OD was 

measured after 10 days inoculation at each temperature.�
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Fig. 3-9.  Effect of salinity on the growth of H. 

okinawaensis ZH94.  OD was measured after 10 days 

inoculation at 259.  The vertical bars show standard 

deviations.  **: Significantly different from undiluted 

seawater (Turkey’s test, P <0.01) 
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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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à (Kirk et al., 2008)=0$�ám&âp�É!û�

â$&âÇ�È�#²³âm 3ù5ß´st$&â

5�x?�m�Ùp%&e8Q°NtQ�?�Fig.

3-11�@ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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

 

ÑÒmªã«%&çm�î&R¤a3&ä

Oomycetes 0$�8�ß«=0�É!û�âm3&

å Oomycota 5�stQ�?9k$æÏ50%&e

8Q°Nt��ue5�?@89p_Q3&5�?

æç0%&'=0�Ò$hÄ=03&'eçèst

]kQ�?@8M8$+,#�ùúm¬­«Màß

�st?ç�&m�e�Ëp�8Q�?3&äm�

z{��Éø�S Lagenidiales 0$h�mß«=0

éá8QÇO$�8�S)�ê�stQ����Ë$

>^O53ï�ß«Ìemß@=$�ÇMù$-�

&¶��H�>?ueMàHMuraosa et al., 2009I$

-��=0ß�&��Àmß«Ìe Ainsworth and 

Bisby’s Dictionary of the Fungi� � 7à(Hawksworth�

et al., 1983)R©�?uee89�Fig. 3-12� @ 

¹t5�?e$%&'m�î&0¹m¢j4IÆ

ÇMà%&å5ß«st$%&å0 5ëå$x�N

Previous kingdom fungi 

Chromista FungiProtozoa

Hyphochytriomycota LabyrinthulomycotaOomycota

Albuginales

Leptomitales

Myzocytiopsidales

Olpidiopsidales

Peronosporales

Pythiales

Rhipidiales

Saprolegniales

Ascomycota

Basidiomycota

Chytridomycota

Glomeromycota

Mycrosporidia
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º Æ Ç & « Mastigomycotina $ � � & «

Zygomycotina$¿ì&« Ascomycotina$í¿&«

Basidiomycotina$&î�&« Deuteromycotina5ß«

st?@¬­«mç�%&mÑÒ0ÆÇ&ëåm3

&ä5�x?Hôõ$2004I@3&ä50���!

�S Leptomitales$!qø�S Saprolegniales$�z

{��Éø�SÇ�Èrïø�S Peronosporales p

>?Hôõ�çÚ$1976I@ 

3&äm�ºª«mç�%&e8Q0, !qø�

çm Saprolegnia�HTiffney, 1939ÍSrivastava, 1979I$

��ø�çm Achlya �HTiffney and Wolf., 1937; 

Tiffney, 1939I$Ê�ð·�Á
ûçm Aphanomyces

�HScott and O’Bier, 1962ÍçÚ�ñD$1971Ipj

Ò±àtQ�?@\òmç�%&e8Q0, ·{m

ó�st&m Pythium�H�
$1947ÍþD�ôõ$

1976I$ö�&ç�î&m Olpidiopsis �H�
$1960I

�Ëp±àtQ�?@+,#�ùúm¬­«Màß

�st?%&0xÏQ3&äm�z{��Éø�S

5ß«st?Hôõ$1998I@¹tàmÆÇ0$&

ÍpxÏQ½¾¿m�5ß@x?�v� Holocarpic

=��[¼#&=>?ue$"�#T�Ù=÷T8$

'�#TøùR¢_8��ue=>?Hôõ$1998I@ 

��«Mà0 , Ô�·�Êø�� Pandalus

borealisÇ�È�ú���Pandalus hypsinotusMàm

Pythium H =Lagenidium I  myophilum (Hatai and 

Lawhavinit, 1988; Nakamura et al., 1994a,; Muraosa et

al., 2009) $ � � � � � M à m Haliphthoros

milfordensis ( Hatai et al.,1992)$Ç�ÈÁ
��

Panulirus japonicus Màm Halocrusticida panulirata 

p>?�i(Kitancharoen and Hatai, 1995), � !«

5Ç�Q0 , � !Mà0 Haliphthoros sp.,

Lagenidium sp., Sirolpidium sp.H	
�ôõ$1993aI

Ç�È Halocrusticida panulirataH�-ûu#üý4

34 ôõþ���� �[Ipß�st$�Á��

�  ! Portunus pelagicus M à 0 Lagenidium

callinectes , Haliphthoros milfordensis, Halocrusticida 

okinawaensis pß�st9 (Nakamura and Hatai, 

1995a)@^9$··¸{� ! Scylla serrataMà0

Lagenidium callinectes, Haliphthoros milfordensis, 

Halocrusticida sp. pß�stQ�?(Roza and Hatai, 

1999a)@utà0xÏQ3&äm�z{��Éø�

S5�x?@ 

-��5Ç�Q 1993Ç�È 1994W5ß�st9

ZH93 ¶e ZH94 ¶0,�üt��z{��Éø�S

m Halocrusticida okinawaensisHNakamura and Hatai$

1995bI5��st9@-%&0 1994W5���m

�Á��� !m!�ÊMà�ß�stQÇO$�

 !5�x?v¹ÎÏ=$�z{��Éø�Sm

Haliphthoros milfordensis Ç � È Lagenidium

callinectes �O�ç��pñ�uepAàM5�_

Q�?HNakamura and Hatai, 1995aI@ 

½¾m�Mà$1993 WÇ�È 1994 WmÙÚ�Ü

~5ÇÙ?� !"#m+,#�m&j0  H.

okinawaensis ÎÏ5	î89�meÒ�st9@H.

okinawaensis 0&ÍpxÏQ½¾¿m�5ß@8$

½¾¿m�5¢_st9§7ÁMà½¾¿p§7s

t?@§7st9½¾¿0ÈÉ8$ÈÉÊ¿e�?@

ÈÉÊ¿Mà 1 GSe�¢m½¾¿p¢_stQ 2

GSm½ÈR��@2 GSm½¾¿0� !"#5

®¯8Q 2GSmÈÉÊ¿e�?@� !¬­¾m

ÈÉÊ¿Mà0$���ÍÃÄ��H�ËÁIp7

Q�Ëx?(Fig. 3-7, Nakamura and Hatai$1995bI@

�ÍÃÄ��0¬­R
�8$� !Ì[=�ÍÃ

Ä��mÁÂ5&Íp¢_st?eB�àtQ�?

Hôõ�[I@�Ç$½¾¿m�m§7ÁMà§7

st9½¾¿eÈÉÊ¿Mà½7x?½¾¿mÓÛ

0=ï��m=$v¹=Ø©89½¾¿p 1GS½

Èm�mM 2GS½Èm�mM0�Û8Q���@ 

�ÌV*=m H. okinawaensism�T¿{�0$&

ÍÌm¥¦§¨à³m­þlR{�x?ue=�_

9@¹t0&ÍÌpVS1øm
H5ñÒ�¯x?

uepÑÒ$¹m^^=0�T¿R{�=ï�M_
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99k=>?@�Ç$½¾¿û�¿e­þlÇ�È

VS�Ðe­þl0�zp>?ueR¶�8Q�

?@ 

�z{��Éø�S5�x?%&0xÏQ��[

¼#&=>?ueMà, ÎÏâmÖ�0��eB�

àt$ÎÏR�(x?uepÜÝeÓÔst?@Î

Ï(ïmB�ie8Q0, H. okinawaensis m#ýõ

RÔº�?uepv-e�?@-v¹=½¾¿R�

l$UßÇ�È pH Rß�Q�ÌV*=VS8Q�

T¿R{�89p$�ÌV*�5�+st9½¾¿

0$ÈÉ$Ì½È$ÌÈÉ$�Ë¹8Q&Ím¢_

e����=#ýõpG_QjkQ&ÍÌe8QS

=¶�st?��5�?@VS��pËm�	R�

÷8Q�?M5ù�Q0â¡x?p$-�¹��M

à$-%&m�TR8usÅ?ÝîRB�?e , 

20˚C ½u>?�0 30˚C ½¾m��0� !m_¬

5�
p>?9kvw0��=>?p, bP�mU

ßH3/4\�I�8Ò0 pHHpH9.25IR\]x?u

e5�O$%&'R()8�?ãä�p>?@ 
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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. 

Eumycota

Mastigomycotina Zygomycotina Ascomycotina Basidiomycotina Deuteromycotina

(Basal fungi) (Higher fungi)

Hypha more than 10�m, aseptate Hypha 1�2 �m, septate

Motile spore Non-motile spore

via ascus

Kingdom fungi

Myxomycota

Ameboid stage Non-ameboid stage

Sexual reproduction

via basidia

Non-sexual reproduction

Biflagellate zoospore

Chytridomycetes Hyphochytridiomycetes Oomycetes

Leptomitales Saprolegniales Lagenidiales Peronosporales

Uniflagellate zoospore

Hourglass hypha Non-hourglass hypha

Dimorphism zoospore Monomorphism zoospore

EucarpicHolocarpic

Fusarium

Phoma

Ochroconis

Scytalidium

Plectosporium

A i

Dermocystidium

Saprolegnia

Achlya

Aphanomyces

Halocrusticida, Lagenidium 

Haliphthoros, Atkinsiella 

Sirolpidium

Ichthyophonus, Mucor Trichomaris
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���� Halocrusticida okinawaensis� ����

�

��«5Ç�Q$1993 WÇ�È 1994 WmÙÚ�

Ü~5ÇÙ?� !"#%&'5H. okinawaensisp

z�8Q�?eÒ�89p$um H. okinawaensisp

-%&'m�îÌ=>?ueR¶�x?9k50$

ß�st9%&m� !"#5�x?ç��RAà

M5x?/Ýp>?@^9$-%&'0�P�	m

��� !"#5��x?ueMà$-'m�#y

ÛR±?¾=� !"#m�P�	ÛemÎã�R

\Ï?/Ýp>?@^9$H. okinawaensis e�¯�

z{��Éø�S5�x? Atkinsiella dubia�

Lagenidium callinectes Ç � È Haliphthoros

milfordensis0º»Æ��5�8Ò$�Ðm¬­«�

mÎÏ�p¶�stQ�?HTharp and Bland, 1977Í

�Öà$1991I@º»Æ��p�e�Ë��o�0$

¹m&pÖ×â51Òß�x?ãä�R÷�8$Î

Ï��mÒ�5Ç�QÜÝ�Ö�R ù@sà5$

+,#�m��5�_Q0$m��ö5MM?ãä

��>?9k$��eç��emzk�ÜÝe�?@

½¾m��Mà$-«=0� !Ç�È¹m�m#

³5�x?H. okinawaensismç��5zx?ÔÕR

�_9@ 

()�*+,-�

�

���P��QR�S5?�  

ÙÚ�Ü~=bPstQ�9 ��� !!�Ê

qö"#Ç�È�ö"#R©�$H. okinawaensis 

ZH93 ¶Ç�È ZH94 ¶mç��R\Ï9@\� 30 

mLH70 mL1VS�Ãû·I5!�Ê"#R 25.

Ì�18$��«=÷89i*=\b89½¾¿R

10
1$10

2$10
3./mLe�?��5�+89@�ú�

50�¿m\�R�+89@�+â0"Wx$"E

F= 259m!�ø[5¤r8$3�â5ÎÏ.ÌÇ

�Èé".ÌROÐ89@%&ÎÏm'"0$"#

mÌ[=&Íp�T8Q�?M#M=ÓÔ89@�

Ç$�Ãû·[m\�50�����µÆ{�ø{

´tÇ�Èû�����ÁÆ���UR$¹t¹t

400 µg/mLÇ�È 500 µg/mLe�?��5û�89

H½u$�5Rð#³>û�UeÎ�x?I@£�

¹0 2Güù�_9@�

�

TUJV?�  

H. okinawaensis ZH94¶R$�8$¬­«"#e8

Q� !$q�Á�µ Chionoecetes opilio$Ê�Õ!

Ê$ÁÆ�µ Charybdis japonicaÇ�È���%·ý

HCrangonidaeIm Crangon cassiopeR©�9@� 

!$q�Á�µ$Ê�Õ!ÊÇ�ÈÁÆ�µ0 25

¼üù$Crangon cassiope0 5¼R©�$¹t¹t

Ñ@��m"#R�¹5$89@�¹��0$� 

!$Ê�Õ!Ê$ÁÆ�µÇ�È C. cassiope5ù�

Q0 259e8$2��mq�Á�µ0 159e89@

� !$q�Á�µ$Ê�Õ!Ê=0¾�e��5

½¾¿�R 10
3./mLe�?��5�+8QÎÏs

Å$ÁÆ�µÇ�È C. cassiope=0bP�5>G 3 

mmmVS&ÍR>��+x?i*=ÎÏRë_

9@ 

�

WG!S5?  

  &mv¹MàÊ�Õ!Ê5�x?ç��p�k

àt99k$uu=01Z���u=mbPpãä

�Ê�Õ!ÊR©�Q$£��u=mß�& ZH94

¶mç��5ù�QÔÕ89@��R 10$15$20$

25Ç�È 309m 5�	e8$½¾¿R 10
3./mLe

�?��5�+x?ue=ÎÏRë_9@£�¹0

2Güù��$ÎÏ�0½¾¿�+ 2�â5òk9@�

�

.� /�

�

���P��QR�S5?�  

!�Êqöe�ö"#5�x? 2Gmç���¹

m��R Table 4-1 5÷89@�ütm¶�!�Ê
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qöe�ö"#5�8QÎÏ8$¹t5��é"p

�kàt$ç��p¶�st9(Fig. 4-1)@^9$�

+½¾¿Ðm��ee�5ÎÏ����89@%&

ÎÏ5�x?!�Êqöe�ö"#mÎã�0$

ZH94¶R©�9ÎÏ�¹m 10
3./mL'(�m 1G

Sm�¹=0!�Êqöe�ö"#e�5�¯ÎÏ

�R÷8$2 GSm�¹=!�Êqö5ÎÏ$�P

pe��!�Ê�ö"#mipm�ÎÏ�R÷89

p$¹m 10
2./mL '(�=0 2 Gm�¹m�üt

�!�Ê�ö"#mipÎã�08u89@ZH93

¶R©�9ÎÏ�¹=0 2Gm�¹e�5!�Êq

ö5ÎÏ$�Ppe��!�Ê�ö"#mipÎã

�08u89@£�¹�=ÎÏp�kàt9.Ì5

ù�Q$¹tàm�QMà�+&mÌß�R�_9

eu)$H. okinawaensispÌß�st9@�Ç$�

QmÎÏ�Ç�È!�Ê�ö"#m�ú�5Ç�

Q$%&mÎÏ5�à��é"p>_9@ 

�

�

�

�

Table 4-1.  Mortality of swimming crab zoea-I and 

zoea-III experimentally infected with Halocrusticida

okinawaensis ZH93 and ZH94 strains�

Stage of Number of Dose Infection rate Mortality

 zoea used zoeae  (zoospores/mL) (%) (%)

10
3

68 36

10
2

0 12

10
1

0 0

10
3

44 36

10
2

0 12

10
1

0 12

10
3

84 72

10
2

24 20

10
1

8 0

10
3

84 92

10
2

4 8

10
1

0 8

� 25 - 0 0

� 25 - 0 4

10
3

56 52

10
2

0 0

10
1

0 0

10
3

4 8

10
2

0 4

10
1

0 0

10
3

64 52

10
2

52 28

10
1

0 4

10
3

84 92

10
2

0 0

10
1

0 0

� 25 - 0 0

� 25 - 0 4

�

�

�

�

25

25

25

25

� 25

� 25

� 25

� 25

Trial 2

Control

ZH94

ZH93

ZH93

ZH94

Control

Strain

Trial 1

�

Zoeal crab were exposed to zoospores of H.

okinawaensis and observed at 259 for 3 days (water: 

pH8.0). 

 

 

 

 

 

 

 

 

 

Fig.4-1.  Mycelia (arrows) in swimming crab (zoea-�) experimentally infected with  H. okinawaensis ZH94 strain.  

Scale bar is 0.5mm.�

�

TUJV?�

� ��R Table 4-25÷89@�¹5©�9 5+«

m¬­«xÏQ=ÎÏp¶�st9@-&0Ê�Õ

!Ê (Fig. 4-2)5�8Q� !e��½¾mç��

R÷89@�� 159=�_9q�Á�µ (Fig. 4-3)$

^9$ÎÏi*p��_9ÁÆ�µÇ�È C.

cassiope=0ÎÏ�0 12,20%e8M_9@�üt

m�ú��%&mÎÏ0�kàt�M_9@ 
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Table 4-2.  Susceptibility of larvae of five crustacean species against Halocrusticida okinawaensis ZH94 

strain�

Incubation Number of Test 

temperature larvae period

(˚C) tested (days) Experiment Control

Swimming crab
* 1 �Portunus trituberculatus � 25 25 3 92 0

Snow crab
* 1

(Chionoecetes opilio ) 15 25 4 12 0

Brine shrimp
* 1

(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

Infection rate

(%)Species  

�

* 1 Each animal was exposed to zoospores of 10
3

 zoospores /mL.   

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

 

A

B

B

A

AA

B

B

A

B

B

A

 

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 

�

WG!S5?�

� �� 109=0Ê�Õ!Ê5ÎÏ0�kàt�M_

9@159= 12,16%mÎÏp�àt$��pmÒ�

?589p_QÎÏ��mÒ�O$309=0 84,

96%mÎÏ�e�_9@�� 359=��¹Rvw8

9p$�ú�mÊ�Õ!Ê���5é"89m=v

¹0_�8�M_9�Table 4-3�@�

Table 4-3. � Effect of water temperature on the�

pathogenicity of Halocrusticida okinawaensis � ZH93 

strain to brine shrimp�

Temperature Number of used

(�) nauplii Challenged Controled

10 25 0 0

15 25 16 0

20 25 36 0

25 25 56 0

30 25 96 0

10 25 0 0

15 25 12 0

20 25 36 0

25 25 64 0

30 25 84 0

Infection�rate (%)

Trial 2

Trial 1

�

 

Brine shrimp larvae were exposed to zoospores (10
3

 

zoospores /mL) and observed at each water temperature 

for 2 days. 

�

0� 1�

�

1993WÇ�È 1994Wm%&'�#À5*ç� 

!!�ÊMàß�st9 H. okinawaensis ZH93¶Ç

�È ZH94¶m� !"#5�x?ç��p¶�s

t$-&pÙÚ�Ü~m 1993WÇ�È 1994Wm%

&'m�îÌ=>?uepAàM5�_9@-&0
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¶HZH94I5�_Q0½¾¿ 10
1

 ./mLm¡l=�

� !"#5�8QÎÏp_�x?9k$ut0+

�m�z{��Éø�S%&=,NtQ�?ñç�

�¶H	
�ôõ$1993aI5ß«st?eB�àt

9@"#m�P�	mqöe�ö=Î®x?e$!

�Êqö"#=ÎÏ�p==m�p�pEàt9@

	
�ôõH1993aI0 Haliphthoros� sp.,  Lagenidium 

sp., Ç�È Halocrusticida sp.5Ç�Q�ÎÏ�0�

 !"#m-öpe�x?5e���8Ò�?p�

p>?ueR��8Q�?@^9$��mp�pÊ

Ä{ø�É�û��Homarus americanus"#m

Lagenidium sp.ÎÏ'HNilson et al.,1976I=$Ô�Á

�Æ.{�� Penaeus setiferus"#m Lagenidium

callinectesÎÏ'HLightner and Fontaine, 1973I=�

�kàtQ�?@��«=¡Ï9��5, ÙÚ�Ü

~=m%&'�#��REQ����P�	=%&

'm�#pÑ�@	
�ôõH1993aI0$� !"

#0-öpea5ùtQÂ/0p1Ò�O$utp

ÈÉÊ¿m�ËR�÷x?e2A8Q�?@ 

�z{��Éø�S5�x?&«0º»Æ��p

ñÒ��estQ�?HTharp and Bland, 1977Í�Ö

à$1991I@3�0 H. okinawaensismVS�¹=$

�Ãû=@{�É4���Ëm1ømÃH5½¾¿

p®¯8$ÈÉ89½¾¿p�Ëx?ueRÐÑÒ

¶�8QÇO$H. okinawaensism½¾¿m®¯50

v>�5�0��eB�àt?@6Gmº»Æ��

�¹=�H. okinawaensis0º»lmp1�uep¶

�st9@�Ç$©�9�¹*p��_99k$Î

Ï�m�Mà£¬­«mH. okinawaensis5�x?Î

ã�mm8R¡Ï?ue0=ï��@ 

Ö×\Z5Ç�Q� !m!�Ê"#0ÇÇa7

44Mà 9457¥8H	
$1996I$ÁÆ�µm

!�Ê"#0 54Mà 94H(c$1997I$^9 C.

cassiope0WåRE¯Q�3eÑ@R8O98Q�

?HêD$1956I@umue0$-&p£+¬­«

m"#5��ÎÏx?ue=$Ö×\Z=WåRE

¯Q#%8äÙ?ueR÷�8QÇO$+,#�5

Ø©x?\��m½¾¿m�i�$-&mÎÏ��

e8QB�àt?@ 

� -��5Ç�Q$H. okinawaensismv¹º»e8

QÊ�Õ!ÊpØ©=ï?uep¶Mkàt9@�

_Q, Ê�Õ!ÊR©�?ue5�O$� !m!

�Ê"#p:àt?�Àö�Ù=�Ò$WåRE¯

Q-&+mÎÏv¹pãäe�_9@�

�

�X�� YZW� pH[\�*� H. okinawaensis�]

^_` 

�

��«=¡Ï9��5$H. okinawaensis%&'m

()*e8Q$�î%&m#¨4I��5vÝÒ�

ÒùMmi*pB�àt?@;-àH1973I0� 

!"#mUß<�5ù�QÔÕ8$�¹�� 19.8,

22.99e��Î®I8��=vw89!�Êqöm

Uß<��¹=0$ÎÜ 16.3H159¦=Uß�22.4I

p�â>=>?e��8Q�?@�i$?õ���

�¹oH?õ����¹o, 1968Ipvw89$25

,299mm��À=mUß<��¹=0$ÎÜ 15.20
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t�M_9�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 259 

Number of Infection rate Mortality

used zoeae (%) (%)

8.00 24 58.3 37.5

9.25 25 0.0 0.0

8.00 23 82.6 60.9

9.25 25 4.0 4.0

8.00 25 0.0 0.0

9.25 25 0.0 0.0

8.00 21 61.9 57.1

9.25 22 0.0 0.0

8.00 26 88.5 84.6

9.25 24 0.0 4.2

8.00 24 0.0 0.0

9.25 24 0.0 4.0

Trial 1

Trial 2

Strain pH

ZH93

ZH94

Control

ZH93

ZH94

Control
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Fig. 5-1-1.  Water temperature and pH of rearing water 

in the experimental tanks. 
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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 tankm� nn the pH non-adjusted tanko�hyphae 

in swimming crab zoea were observed from day 8. 
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�à$1994IÇ�È´Á�û�JÁ[±àé'HD
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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

necrosis virus

Chinook salmon Amend, 1970

Hirame rhabdoviral desease Rhabdovirus olivaceus Japanese flounder Oseko et al ., 1988

Erythrocytic inclusion body syndrom unclassified (Togaviridae ?) Coho salmon Tanaka et al.,  1994

Red spot disease Pseudomonas anguilliseptica Japanese eel Muroga, 1978

Head ulcer disease Atypical Aeromonas salmonicida Japanese eel Ohtsuka et al ., 1984

Glugeosis Glugea plecoglossi Ayu Takahashi and Ogawa, 1997

Pseudodactylogyrosis Pseudodactylogyrus  spp. Japanese eel Tanaka et al ., 2009

Rearing in fresh water

with no influence of

 sea water

Red spot disease Pseudomonas anguilliseptica Japanese eel Muroga, 1978

Halocrusticida panulirata

Haliphthoros milfordensis

Hyperoxia Viral epdermal hyperplasia Flounder herpesvirus Japanese flounder Iida et al. , 2008

Izumikawa et al. , 1999

Temperature rising of

rearing water

Dilution of

rearing seawater

Oomycosis

Greasyback shrimp
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(2) ���wxy� pHR 8,10mlm=$̂ 9¹tà

RU@Ê�^µ´t=Ê�^µÊ`X¡lR 0,8 

µg/mLmlm=���NÅQ\]89\� 500 mL

R�b89@£�¹\�5� !!�Êqö"#R

20.Ìüù�18$"EF$"Wx= 239$24À

åâm#��R\Ï9@�  

 

(3) z{|}~~���� VS89¶�·�ÉÉ�Æ

ûR 1J10
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Fig. 5-2-1.  Effect of pH on the development of 

swimming crab eggs. 

Closed circles indicate eggs at morula stage (3 days after 

spawning at 239).  Open circles indicate eggs with 

purple point formation (14 days after spawning at 239).�
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Fig. 5-2-2. � Effect of pH on the toxicity of ammonia to 

swimming crab zoea-I at 239. 

Survival rates were determined after 24 h incubation. 

Symbols indicate 0 (●), 1 (○), 2 (■), 4 (□) and 8 (▲) 

µg/mL ammonia-N concentrations. 
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Fig. 5-2-3.  Effect of pH on the growth of 

Nannochloropsis oculata at 259. 

Incubation was performed under illumination of 1,500 lx 

with 12hL:12hD photo-cycle.� Symbols indicate pHs 8 

(●), 9.25 (○), 9.5 (■), 9.75 (□) and 10 (▲).�
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Table 5-2-1.  Effects of pH on the survival rate of 

rotifer and brine shrimp at 239 

Rotifer

Brine

shrimp

Rotifer

Brine

shrimp

Rotifer

Brine

shrimp

Rotifer

Brine

shrimp

Rotifer

Brine

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

9.25 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 95.0 90.0 97.5

10.00 100.0 97.5 100.0 97.5 100.0 100.0 100.0 100.0 100.0 100.0

pH

Survival rate(%)

Ammonia-N concentration (µg/mL)

0 1 2 4 8

 

Survival rates were determined after 24 h incubation. 

 

���P�YZ�deR pH��u>�fg 

� �� 2395Ç�Q��? pHu=� !m!�Ê

"#R�äbP8$É±=ßj�m�
�Ë5ù�

QÔÕ89eu)$bP�m pH R 9.75 Ç�È 10

5\]89�=0$bP�]â 1�S5$pH9.505

\]89�=0bP�]â 2�S53¿é"p�k

àt9�Fig. 5-2-4�@�i$pH9.255\]89�5

ÇÙ?#��0$z×\�R©�9EabPe�¯

��5Ò�8$"#mýL=_¬$Ç�ÈÉ±=ß

j5ù�Q�EabPeßNà�M_9@ 

0

20

40

60

80

100

0 2 4 6 8

Rearing time (days)

S
u

r
v

i
v

a
l
 
r
a
t
e
 
(
%

)

������ ������ ������

 

Fig. 5-2-4.�  Survival rates of swimming crab larvae 

exposed to various pHs at 239.  Larvae (zoea-I) were 

fed rotifer and brine shrimp in rearing water supplied 

with Nannochloropsis oculata. Symbols indicate 

untreated sea water (●), pH9.25 (○), pH9.5 (■), pH9.75 

(□) and pH10 (▲). 
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Table 5-2-25÷89@bP 1,5G�0$m pH\]

R�N���ámi*=+,#�R�_9@¹m�, 

%&'()�¤e8QÑ@�×=mÔ��{�ÓR

�_Q�9p$�QmbPG�=!�Ê�ö=%&

'p�#89@¹u=, %&'�#�×mbP�m

pH R 9.25 5\]89eu)$!�Ê�ö50$%

&5�?é"0�kàt�Ò�_9@�Ç$1,4G

�=0m pH \]RÄ�É?ö^=�_9p$Ä�

É?ßjâ 2�S½V��µßjö^=é"pÑÒ

�kàt9@5G�½V0m pH\]R!�Ê�ö^

=e89eu)$Ä�É?ömé"0�àt�Ò�

_9@6 G�Mà0Ñ@�×Mà!�Ê�ö^=m

å$m pH \]R�ä8Q�_9��$%&'m�

#0�kàtü$��µqö^=m#��p 15,

50%e�_9@ 

Table 5-2-2.�  Effect of pH adjustment in production of swimming crab larvae 

Number of

surviving

juvenile

crab-�

Survival

rate*

1

min. max. mean min. max. mean (x 10

4

) (%)

1 Z3 Z3�M 8.05 8.30 8.16 9.20 9.40 9.31 25.1 7.5

2 Z2 Z2�M 8.04 8.21 8.13 9.00 9.35 9.27 20.8 6.8

3 Z2 Z3�M 8.09 8.22 8.14 9.23 9.34 9.30 13.6 3.3

4 Z2 Z2�M 8.07 8.23 8.15 8.96 9.42 9.24 20.3 5.8

5 Z2 Z2�Z4 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�Z4 9.12 9.32 9.22 96.1 39.2

Total 442.5 17.1

pH value for pH adjusted periodpH value before pH adjustmentProduction

trial

Appearance of

zoeae with

hypha

Priod of

pH adjustment

 

*1 Survival rate=(Number of surviving juvenile crab-I / Number of zoea-I)J100(%) 

Water temperature : 19.4,26.19  Z: Zoea$ M: Megalopa 
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Fig. 5-3-1.  Effect of pH and water temperature on the 

toxity (survival rate in 24h) of ammonia to swimmig 

crab zoea-�m�
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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-�to zoea-� (7-14 days).  Zoeae were fed 

rotifer, brine shrimp and artificial food, and 

Nannochloropsis oculata was introduced into the rearing 

water. 
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Fig. 5-4-1.  Device of auto-pH adjustment used for the 

seed production of swimming crab. 
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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

� to ZIV stages) of swimming crab.  Closed circles (2) 

and open circles ( 3 ) indicate pH-adjusted and 

non-adjusted rearing water, respectively. 
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Fig. 5-4-3.  Survival rates of seed production of 

swimming crab to C1 stage in pH-adjusted and 

non-adjusted rearing waters.  Closed circles (2) and 

open circles (3)  indicate pH-adjusted and non-adjusted 

rearing water, respectively. 
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Fig. 5-5-1.  Effect of pH on discharge of zoospores of 

H. okinawaensis ZH94 strain.  Closed columns (ª) and 

open columns («) represent the zoospores discharged 

for 24 h and 48 h inoculation, respectively.  Vertical 

bars show standard deviations.  

**: Significantly different from pH8 (P <0.025) *: 

Significantly different from pH8 (P <0.05)�
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Table 5-5-1.  Effect of pH on motility of zoospores of 

H. okinawaensis ZH94 strain at 259 
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9.25 � � � �

9.50 � � � �

10.00 � � � �

pH 

Exposure time (min)
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½: Motility was observed. 

¾: Motility was not observed. 
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Fig. 5-5-2.  Survival of zoospores of H. okinawaensis 

ZH94 strain in sea water with different pHs (8.00¬

10.00) at 259.  Vertical bars show standard deviations. 

 *: Significantly different from pH8.00 (Williams' test, 

P <0.025).  * *: Significantly different from pH8.00 (P

<0.005). 
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Table 5-5-2.   Effect of pH on the adherence of 

zoospores of H. okinawaensis ZH94 strain at 259 

8.00

9.25

29.6 ± 2.6

29.3 ± 7.1 

pH

No. of adhering zoospores

per 1cm
2

carapace*

 (Mean ± SD)

 

*carapace of swimming crab�
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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 pH8. Incubation temperature was 

259.  The vertical bars show standard deviations. 
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Fig. 6-1-1.   Effect of pH on the growth of four species 

of Lagenidiales in PYGS broth.  OD was measured 6 

days (Halocrusticida parasiticaDor 4 days (the other 3 

species) after incubation at 259.� � Vertical bars show 

the standard deviation. 
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Table 6-1-1.   Infection of swimming crab zoea-� 

with three species of Lagenidiales under different pH 

conditions 

pH 8 pH 9.25

NJM9537 Halocrusticida parasitica Greasyback shrimp 100 33.3

NJM8986 Haliphthoros sp. Swimming crab 72.0 0

NJM9434 Haliphthoros milfordensis Swimming crab 84.0 4.0

Control 0 0

Strain Species Source

Infection rate (%)

�

A group of 23,27 swimming crab zoeae in each well 

was exposed to zoospores (10
3

zoospores /mL) and the 

infection rate was determined 3 days after inoculation at 

259. 

�

Table 6-1-2.   Infection of brine shrimp with four 

species of Lagenidiales under different pH conditions 

pH 8 pH 9.25

NJM9831 Lagenidium callinectes Mud crab 100 100

NJM9537 Halocrusticida parasitica Greasyback shrimp 30.0 0

NJM8986 Haliphthoros  sp. Swimming crab 20.6 12.5

NJM9434 Haliphthoros milfordensis Swimming crab 50.0 22.5

Control 0 0

SpeciesStrain Source

Infection rate (%)

�

A group of 10-20 brine shrimp in each well was exposed 

to zoospores (10
2

-10
3

zoospores /mL) and the infection 

rate was determined 6 days after inoculation at 259. 
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Fig. 6-2-1.  Effect of pH on the growth of L. callinectes 

NJM9831 in PYGS broth.  OD was measured after 8 

days inoculation at 259.   The vertical bars show 

standard deviations.  
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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. 
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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 259. The 

vertical bars show standard deviations. 
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Hatai, 1995aI$L. thermophilum NJM0031 (Muraosa et
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Lagenidium sp.(Nilson et al., 1976)�5ù�Q#¨4I

��p��stQ�?@ 

Lagenidium�%&m�T5�
x pHm�
0$

¾�m&¶m�º L. scyllae=m���stQ�?

(Bian et al., 1979)@L. scyllae0-�=$�89 L.

callinectese��5m� pH=�Vß5�Tx?p$

L. callinectes�O��T pHlmp1Ò pH7Ç�È 8

R73e8Q pH5,10=j§��Tp�kàtQ�

?@NüM 2+5ù�Qm��=>?p Lagenidium

�%&01� pHlm=�T=ï$pH6½u=m�

T¿0+5�O��?��=>?@pH50� !!

�Êqö"#m#P5Òs����H~����$

1975I$xy=>?�tÆp#%=ï��HHirayama 

and Ogawa,1972I@�i$pH6=>tÚ� !"#

5�H~����$1975I$̂ 9�tÆ5�HHirayama 

and Ogawa, 1972I�
0"�m=$H. okinawaensis

e0y58 pH\]5�O L. callinectesÎÏR()

=ï?ãä�p>?@ 

Lagenidium�%&m�T5�
x�lm�
5ù

�Q�?e$+�m L. callinectes� NJM943306G

Ø©89 L. callinectes� NJM9831m�¹e�
�¯

�T�lZR'8HNakamura and Hatai, 1995aI$¹

tà0 159,409^=�
>}I5�T¿p��

8$459=0�T8�M_9@L. thermophilum0 309

R73e8Q 359^=�T8$409=��Tx?¶

p>?(Muraosa et al., 2006)@L. scyllae0 16.09,

31.89^=�T¿p��8$¹t½V0ÒÉ5;<

8Q 449=�T8�M_9(Bian et al., 1979)@

Lagenidium sp.5ù�Q0 22.5,399=�Ò�T8$

429^=�TpEàtQ�?(Nilson et al., 1976)@u

m��5 Lagenidium�%&50 259½¾m�l=

jÒ�Tx?+pÑ�@v�5$23� !m3m

%&ÎÏR\<89��5�?e$ Lagenidium�

%&0 74�5H��0Ç�¹ 239I½Vm23�

 !m35�kàt$Æ5 269½¾=cd5Ñ�

H	
$1994I@�i$229=Á¨st923� 

!m3Mà0 Lagenidium�%&0�kàtQ��

�H	
$1994I@+,#�0Eam+,#��]

Àö=>? 5450bP�m��0Ì 209=>?@

um�� 2090$bP��e8Q08Ò$� !"

#mßj_¬p�t$#��08ux?p�>?9

kH���[\���¹o$1973I$ÙÚ�Ü~=

0�� 2395��8Q+,#�R�_Q�?@v�

5$��«=¡Ï9��5$239Ä�=+,#�_

ipj�@½¾mueMà$Lagenidium�%&m�

#R()x?508��À50��8Q�� 22,

239e8$ÂF�pmÒ�?5�_QbP��p

239½¾5�? 5+,#�R��?e��#�i

±p'�=>)�@ 

Lagenidium�%&m�T5�
xUßm�
5z

8Q0$6GØ©89 L. callinectes� NJM9831e�

�$¾¡89�ütm&¶� NaCl¡l 0%=��T

8$NaCl¡l 2%=�j§��Tp�kàtQ�?@

;-àH1973I0� !"#mUß<�5ù�QÔ

Õ8$�¹�� 19.8,22.99mÎ®I8��=m!

�ÊqömUß<��¹=0$ÎÜ 16.3H159¦=

Uß�22.4Ip�â>e��8Q�?@�i$?õ

����¹oH1968I=vw89$25,299mm�

�À=mUß<��¹=0$ÎÜ 15.20,18.70H159

¦=Uß�20.9,25.4I=#��pmM_9ueR

��8Q�?@� !"#5e_Q8��$m��

Àe�5<�Òe�Uß 20½¾0/Ý=>?@ÅÆ

��m%&'()�¤5¯°\�p'�estQ�

?pH®D�mE$1997Í�cà$1999)$Lagenidium

�%&m¯°\�5�?()0=ï��eÓÔst

?@�

½¾mueMà$Lagenidium�%&mbPõö÷

ø5�?��I�()0Sa5�8�@8M8$

Lagenidium�%&5�?%&'pÑ�x?o�0$

bP�m pHR 6úl5\]x?i*Ç�È 22,

239m��=#�x?i*0ÔÕ5>x?=>)
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�@�Ç$H. okinawaensis5Ç�Q� pH6=0Ea

m\�5ÎÏQ�T¿0 60%úl58ux?9k$

pH60 H. okinawaensism�#�÷5��?eB�à

t?@�

�

�¸�� ¹º01�

�

� -«=0� !+,#�5ÇÙ?%&'m�#y

Û5ù�Q.¯?ee�5$bP�×=vw=ï?

m pH()*mÖÓ5ù�Q¡Ï?@ 

ÙÚ�Ü~=0$1992,1993Wm� !+,#�

5Ç�Q$Ñ@"#RbP�×5�189 2�âHÑ

@â 2�Im!�Êqö"#p�á89I�ûp 4

k>?@ÎÏ�¹= H. okinawaensismÎÏ"#Mà

m½¾¿mÌ§70'( 5�â5�kàt9@̂ 9$

	
ÔôõH1993aI0 Lagenidium�%&=½¾¿m

Ì§7p 2,4�S5Eàt9ueR��8Q�?@

�_Q$Ñ@â 2�S5�á89 4k5Ç�Q0$

ÎÏ.ÌMàm½¾¿m§75�O�9�ÎÏp	

uO$3¿èé5�_9m=0��ue0AàM=

>?@ÎÏ�¹â5"#[5&Íp�kàt?m0

�ÒQ�'( 2�â=>_9@	
ÔôõH1993aI

0'(â 1,3�=>_9e��8Q�?ueMà$

Ñ@"#R�189 2�â5�ásÅ?9k50$

Ñ@�×[�8Ò0bP�×�1>â5ÎÏ8Q�

?/Ýp>?@�À$Ñ@�×=0 25,30 µg/mL

mÔ��{�ÓRvw8Q�95�MMNàü$b

P�5Ñ@"#R�18Q 2�â5�á89@�

in vitro5ÇÙ?Ñ@"#�m%&ÎÏ5�x?

Ô��{�Óm��5ù�Q0Haliphthoros� 2¶$

Lagenidium� 2¶$Sirolpidium� 1¶$Halocrusticida

� 1¶5ù�QÎÏ()��p�kàtQ�?H�

Öà$1991Í	
�ôõ$1993bI@H. okinawaensis

mÈÉÊ¿m�ËÇ�È�T0Ô��{� 25 

µg/mL=�÷st?uep¶�stQ�?Hê[$

2006I@in vivo5Ç�Q�$Ñ@�×[=Ô��{

� 25 µg/mLÓRÇu�_9�¹�mÑ@"#RÆ

%��5�18$"Wx=5�89��$�¹�=

0%&'m�#pEàt�M_9m5�8$�ú�

=0%&ÎÏpm�¶�=5�stQ�?H	
�

ôõ$1994I@½¾mv¹��Mà, Ñ@�×[=

Ô��{� 25 µg/mLÓRvwxtÚ$Ñ@"#5�

x?%&ÎÏR()=ï?eB�àt?@8M8$

nLJK=v�5+,#�x?e%&'pÑ�x

?@umÕÖ0$Ô��{�Óp�N_9âmÑ@

"#5�8Q, �¹=0�tÆ�ËmxyR��Q

���m5�8$+,#�=0xyRû�8Q�?

ueMà#¯?eB�àt?@ 

VS&\m�tÆMà Halocrusticida parasiticap

ß�st$um%&0� !"#5ç��R÷xu

ep��st9HNakamura et al., 1994b; Nakamura 

and Hatai, 1994cI@1992WmÙÚ�Ü~5Ç�Q�

 !"#%&'pÑ�89�5�$*ç� !"#

Màum H. parasiticapß�stQ�?Hôõ$�

[I@^9$utàm� !+,#�yz5Ç�Q

�tÆe� !"#m%&'�#mÀöp�{x?

ue���stQ�?H	
$1997bI@-��Ç�

È	
�ôõ(1993a)pAàM589��5$Ñ@â

3�=�e�Ëm� !"#p%&'5ÎÏx?5

0$<�Òe� 10
3 ./mLm½¾¿�5sàst?

/Ýp>?@100 m
3bP�×= 10

3 ./mLm½¾¿

¡l5�?50$ÐV.mÎÏ3pÑ@�×Màb

P�×5�i89e8Q�$¹m���¡l50�

O:��@�i$�tÆ0 5.Ì/mL5�?��b

P�×5û�st?ueMà$�tÆp%&5ÎÏ

8Q�9o�0$� !bP�×= 10
3./mLm½

¾¿¡l5�?ue0Vß5B�àt?@utàm

ueMà$Ñ@"#RÑ@×MàbP�×5�18

Q>�5$�
�Qm.Ìp%&5ÎÏx?���

o�0$xye8Q��àtQ�?�tÆpç�%

&R º­�=�?ãä�pm�eÒ{st?@ 

!�Ê�ö½V5%&'p¶�st?���o�
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Release of zoospores 

from infected eggs 

Infection of wild 

crustaceans around 
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Introduction of female 

crab brooded eggs 

infected with fungus 

Waste 

water 
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supply water with 
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Contamination of 
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hatched crab 

larvae (Zoea-�)

in hatch tank  
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Fungal infection of crab 

larvae at zoeal stages 

 

Fig. 7-1.  Infection routes of� Halocrusticida

okinawaensis to swimming crab larvae in the rearing 

tank.�

 

-��=��89bP�mm pH\]5�?� 

!"#m%&'m()*0$¾¡m¢£R��m�
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&'m�î%&Rß���8$�î%&=>?

Halocrusticida okinawaensism#¨4I��RAàM

58$¹m#¨4IÆ�Ræ©8Q$�� 279-µ

5Ç�Q$bP�m pHR 9.255\]x?ue= H.

okinawaensis%&'p()=ï?ueRAàM58
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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�, but 

growth at 35� 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-�and zoea-� stages, but the susceptibility of crab to the fungus 

decreased at zoea-�stage. 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�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�) has little 

influence on the survival of larvae under ammonia concentration of 1�g/mL in the rearing water 

(Ammonia concentration of the normal rearing water was about 0.5�g/mL). However, the survival 

rate in the long–term (7-14 days) above 27� 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�.

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 pH8. Survival rate of zoospores at pH9.25 water was about 1/3 of that at pH8 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 pH8. 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�) 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.
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