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Timetable 
 

 
Mon 26th Jan 08:30 Registration 

09:00  Opening Ceremony 
   Tour of AAHRI  
10:30 Coffee 
11:00 Lecture  -  EUS and its spread across Asia (SC) 
12:00 Lecture  -  History of research into causative agents of EUS (JL) 
13:00 Lunch 

 14:00 Discussion - Present status of EUS in participant’s countries 
15:30 Coffee 

 16:00 Discussion - Present status of EUS in participant’s countries 
 
 
Tues 27th Jan 09:00 Lecture  - Fungal aetiology of EUS (JL) 

10:30 Coffee 
11:00 Practical  - Isolation of Aphanomyces invadans from fish (JL/RC) 
   Maintenance of laboratory cultures of A. invadans (JL/RC) 
12:30 Lunch 
14:00 Practical  - Isolation of A. invadans from water (JL/RC) 
15:30 Coffee 
16:00 Practical  - Sporulation of Oomycete fungi (JL/RC) 

 
 
Wed 28th Jan 09:00 Lecture  - Identification of A. invadans and other Oomycete fungi (JL) 

10:30 Coffee 
11:00 Practical  - Identification of Oomycete fungi (JL/RC) 
12:30 Lunch 
14:00 Lecture  - Histopathology of EUS (SC) 
15:30 Coffee 
16:00 Practical  - Examination of EUS histology, including slides prepared from 
    samples brought by participants (SC/JL) 

 
 
Thurs 29th Jan 09:00 Lecture  - Control/treatment of EUS (RC) 

10:00 Coffee 
10:30 Practical  - Susceptibility of fungi to chemical treatment (RC/JL) 
12:30 Lunch 
14:00 Lecture  - Significance of water quality parameters in EUS outbreaks (MP) 
15:30 Coffee 
16:00 Practical  - Measuring water quality parameters (MP) 

 
 
Fri 30th Jan  09:00 Lecture  - Aspects of fungal taxonomy (TF) 
  10:30 Coffee 
 11:00 Discussion - EUS epidemiology and outbreak investigations (JL) 

12:30 Lunch 
14:00 Discussion - Identification of future research priorities (SC/SK/JL/RC/MP) 
15:30 Coffee 
16:00  Practical  - Final examination of fungal isolates & treatment assays (JL/RC) 
18:00 Mahruay Hotel - Dinner and certificate presentation 

 
 
SC – Dr Supranee Chinabut (AAHRI, Bangkok) 
JL – Dr Jim Lilley (Institute of Aquaculture, Stirling University, UK) 
RC – Dr Ruth Campbell (Institute of Aquaculture, Stirling University, UK) 
MP – Dr Michael Phillips (Network of Aquaculture Centres in Asia-Pacific, Bangkok) 
TF - Prof Tim Flegel (National Centre for Genetic Engineering & Biotechnology, Bangkok) 
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6. Mr Le Van Khoa 
Research Institute for Aquaculture No. I 
Dinhbang-Tienson-Bacninh 
Vietnam 
Tel: 84-4-8780102 
Fax: 84-4-8273070 
Email: ait@netnam.org.vn 

  
2. Miss Veerawan Chin-Aksorn 
Suphanburi Fisheries Station 
Suphanburi 
Thailand 
Tel: 035 5117442  

7. Mr Masud Hossain Khan 
Fisheries Research Institute 
Mymenshing 
Bangladesh 
Fax: 880 91 55259 

  
3. Mr U Tin Myo Zaw 
Department of Fisheries 
Sinmin Rd 
Ahlone Township 
Yangon 
Myanmar 
Fax: 95 1 228258 

8. Mr Zafran 
Gondal Research Station for Coastal Fisheries 
P.O. Box 140 
Singaraja 
Indonesia 
Tel: 62 036292278 
Fax: 62 036292272 

  
4. Mr Douangkham Singhanouvong 
Fisheries Research Unit 
Department of Livestock and Fisheries 
Ministry of Agriculture and Forestry 
P.O. Box 811 
Vientiane 
Lao PDR 
Tel/Fax: 856 21 415674 

9. Dr Melba B. Reantaso 
Bureau of Fisheries and Aquatic Resources 
860 Quezon Ave 
Quezon City 
Metro Manila 3008 
Philippines 
Tel: 926 5498, 926 8574 
Fax: 63 2 3725095 

  
5. Mr K. Subramaniam 
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Malaysia 
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Fax: 977 1 526358 
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Lecture summaries 
 
 
Monday 26th 
 

EUS and its spread across Asia  (a.m. SC) 
 

Reference:  Chapters 1-4 in “EUS Technical Handbook” 
The presentation will provide an overview of the main EUS outbreaks during its spread across Asia, the 
species affected, socio-economic impacts, and aspects of public health. EUS is now known to be the same 
disease as mycotic granulomatosis (MG) in Japan and redspot disease (RSD) in Australia, and reference to 
these outbreaks will also be made.  
 
History of research into causative agents of EUS  (a.m. JL) 
 

References:  Chapter 5 in “EUS Technical Handbook” 
The main fungal, viral, bacterial and parasitic agents associated with EUS outbreaks will be discussed in the 
context of the “Causal Web” diagram (Figure 3 of the “EUS Technical Handbook”) 
 
 
Tuesday 27th 
 

Fungal aetiology of EUS  (a.m. JL) 
 

References:  Willoughby’s “Fungi & Fish Diseases” 
 Lilley et al (1997) Vet. Rec. 140, 11-12 
An introduction to the most important group of fish-pathogenic fungi (family Saprolegniaceae, class 
Oomycetes) will be given, followed by a review of work on the saprolegniacean species associated with EUS 
(i.e. Aphanomyces invadans). 
 
 
Wednesday 28th  
 

Identification of A. invadans and other Oomycete fungi  (a.m. JL) 
 

References:  Chapter 5 (Fungi) in “EUS Technical Handbook” 
 Annexes 4-5 in “EUS Technical Handbook” 
 Willoughby’s “Fungi & Fish Diseases” 
Oomycete genera are distinguished primarily by their asexual reproductive structures, and fungi are usually 
identified to the species level on the basis of sexual characters. A short video will be shown highlighting the 
features of the main saprolegniacean genera (Aphanomyces, Achlya and Saprolegnia). The EUS pathogen 
(A. invadans) does not, however, produce sexual stages in culture and other means of identification will be 
discussed. 
 
Histopathology of EUS  (p.m. SC) 
 

References:  Chapter 7 in “EUS Technical Handbook” 
 Chinabut et al (1995) J. Fish Dis. 18, 41-47 
 Viswanath et al (1997) J. Aqua. Trop. 12, 35-42 
Histological identification of distinctive mycotic granulomas, formed by the growth of A. invadans through 
internal fish tissues, is the primary means of diagnosing EUS. Fungal invasion and its associated pathology 
will be discussed in terms of fish species affected and temperature of infection. 
 
 
Thursday 29th  
 

Control/treatment of EUS  (a.m. RC) 
 

References:  Chapter 9 in “EUS technical Handbook” 
 Ahmed & Rab (1995) J. Fish Dis. 18, 263-271 
 Lilley & Inglis (1997) Aqua. Res. 28, 461-469 
Control of EUS in natural waterways is almost impossible save for prevention of the spread of A. invadans to 
new areas. Strategies for the control of EUS in aquaculture systems include treatment or exclusion of fungal 
spores in the water, modification of environmental conditions (especially temperature, salinity, acidity), 
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reduction of stress to the fish, and farming of non-susceptible species. As yet, it is not possible to treat the 
fungus once it is growing within the fish. 
 
Significance of water quality parameters in EUS outbreaks  (p.m. MP) 
 

Reference:  Chapter 6 in “EUS Technical Handbook” 
EUS outbreaks tend to occur seasonally, in most countries that is during the cool season and after the 
monsoon season. This is due to the particular environmental conditions occurring during these times. The 
main water quality parameters that increase the likelihood of EUS outbreaks are: low temperature, low 
salinity and low pH. Low temperature is also associated with other saprolegniacean infections of fish (e.g. 
winter saprolegniosis of channel catfish). 
 
 
Friday 30th  
 

Aspects of fungal taxonomy  (a.m. TF) 
 

An overview of recent developments in protistan and fungal taxonomy is given. 
 
EUS epidemiology and outbreak investigations (a.m. JL) 
 

References:  Chapter 8 in “EUS Technical Handbook” 
 Annexes 7 in “EUS Technical Handbook” 
A wider, epidemiological, view of EUS causation is explained in terms of “component causes”, “sufficient 
causes” and “necessary causes”. The outbreak investigation procedure given in the handbook is discussed. 
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Practical summaries 
 
 
Tuesday 27th  
 

1. Isolation of Aphanomyces invadans from fish  (a.m. JL/RC)  
 

Follow the procedure given in Annex 1 of “EUS Technical Handbook”. Any fungus growing on plates will be 
successively subcultured over the next few days to obtain axenic colonies. 
 

2. Maintenance of laboratory cultures of A. invadans  (a.m. JL/RC) 
 

Techniques given in Annex 3 of “EUS Technical Handbook” will be demonstrated. 
 
3. Isolation of A. invadans from water  (p.m. JL/RC) 
 

Follow the procedure given in Annex 2 of “EUS Technical Handbook”. Spores will be grown from: 
(i) Fish-challenge tank water (this will simulate water from an active outbreak) 
(ii) Positive control 1: fish-challenge tank water “seeded” with A. invadans zoospores 
(iii) Positive control 2: APW “seeded” with A. invadans zoospores 
 
4. Sporulation of Oomycete fungi  (p.m. JL/RC) 
 

You have seven cultures of saprolegniacean fungi growing in GPY broth (labelled A-G).  
(i) Wash the nutrients out of the fungi as described in Annex 4 “EUS Technical Handbook”. This will induce 
the production of zoosporangia in the fungi overnight. Tomorrow we will identify each culture according to its 
sporulation characteristics. 
(ii) Also subculture fungi on to GPY agar plates and incubate at 22oC  to compare growth rates over the next 
few days. 
 
 
Wednesday 28th 
 

5. Identification of Oomycete fungi  (a.m. JL/RC) 
 

Identify each culture of saprolegniacean fungus (A-F) under the microscope using features described in 
Annex 5 of “EUS Technical Handbook” and illustrated in Figures 1-6 of Willoughby’s “Fungi & Fish Diseases”. 
 
6. Examination of EUS histology, including slides prepared from samples brought 
by participants  (p.m. SC/JL) 
 

Examine slides prepared by the histology unit at AAHRI of any fish samples you have brought to determine 
whether the fish were suffering from EUS. 
 
 
Thursday 29th  
 

7. Susceptibility of fungi to chemical treatment  (a.m. RC/JL) 
 

You have been given a fungal culture, either Aphanomyces invadans or Saprolegnia sp. Using a cork borer, 
transfer agar plugs into each chemical solution in the Replidish. Leave for one hour. After three 10-minute 
washes in sterile distilled water, dry the plugs on sterile filter paper, and transfer onto maintenance agar. 
Cultures will be examined for growth inhibition tomorrow. 
 
8. Measuring water quality parameters  (p.m. MP/SK) 
 

Use of standard equipment to measure water quality variables will be demonstrated. 
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Friday 30th  
 

9. Final examination of fungal isolates & treatment assays  (p.m. JL/RC) 
 

Final examination of: 
Putative A invadans. isolates obtained from fish (Prac. 1) 
Putative A. invadans isolates obtained from water (Prac. 3), calculation of spore densities 
Growth of fungal cultures exposed to treatments, compared to controls (Prac. 7) 
 
 
 



Workshop on The Fungal Aetiology of EUS 

 
 - 8 - 

Bibliography of fish mycology references 
 

About 650 references pertaining to mycoses of aquatic animals are listed here. The references are 
divided up according to the main subject of the paper. The first three lists are concerned with fungi 
associated with EUS/MG/RSD. These are followed by lists of fungal diseases of aquatic animals 
caused by Aphanomyces spp other than Aphanomyces invadans. References on the two other 
main  saprolegniacean genera (Achlya and Saprolegnia) are then followed by other major fungal 
diseases. Review articles describing a number of different fish fungi are then listed. Where the the 
reference is primarily concerned with a specific aspects of fungal biology, it is listed under one of 
the final eleven subject titles.  
 

Subject Page 
  

Fungi associated with epizootic ulcerative syndrome: EUS (also see MG and RSD)… 8 

Mycotic granulomatosis: MG (also see EUS and RSD)….…………………………… 10 

Redspot disease: RSD (also see MG and EUS)……………………………………… 11 

Ulcerative mycosis: UM………………………………………….…………………… 12 

Crayfish plague (Aphanomyces astaci) ……………………………………………….12 

Other Aphanomyces spp. ……………………………………………………………..14 

Achlya spp. ……………………………………………………………………………14 

Saprolegnia spp. ……………………………………………………………………...14 

Lagenidiales …………………………………………………………………………..17 

Branchiomyces………………………………………………………………………..18 

Dermocystidium spp. ………………………………………………………………….18 

Ichthyophonus…………………………………………………………………………18 

Aspergillus spp. ……………………………………………………………………….19 

Exophiala and Phialophora…………………………………………………………… 19 

Fusarium spp. ……………………………………………………………………...…20 

Other aquatic animal mycoses………………………………………………………...20 

Reviews of fish fungi…………………………………………………………………..22 

Biochemical composition………………………………………………………………23 

Challenge studies and interaction between fish and fungi……………………………. 23 

Control and treatment…………………………………………………………………25 

Enzymology……………………………………………………………………………27 

Growth and morphology……………………………………………………………….28 

Maintenance and isolation……………………………………………………………. 29 

Molecular biology……………………………………………………………………...29 

Spore assays and ecology…………………………………………………………….29 

Taxonomy……………………………………………………………………………..30 

Ultrastructure………………………………………………………………………….31 

Zoospore behaviour…………………………………………………………………...32 

 

Fungi associated with epizootic ulcerative syndrome: EUS (also see MG and RSD) 
Bondad-Reantaso, M. G., Paclibare, J. O., Lumanlan-Mayo, S. C., and Catap, E. S. (1994) EUS outbreak in the 

Philippines: a country report. In: Roberts, R. J., Campbell, B., and  MacRae, I. H. (Eds), Proceedings of the ODA 
Regional Seminar on Epizootic Ulcerative Syndrome, 25-27 January 1994. Pp.61-67 Aquatic Animal Health 
Research Institute, Bangkok. 

Callinan, R. B., Chinabut, S., Kanchanakhan, S., Lilley, J. H., and Phillips, M. J. (1997), Epizootic ulcerative syndrome 
(EUS) of fishes in Pakistan. A report of the findings of a mission to Pakistan. 9-19 March 1997. Prepared by 
collaboration between ACIAR, AAHRI, NACA, ODA, NSW-Fisheries and Stirling University.  

Catap, E. S., and Munday, B. L. (1997) Effects of variations of water temperature and dietary lipids on the expression of 
experimental epizootic ulcerative syndrome in sand whiting, Sillago ciliata Cuvier. In: Abstracts of the International 
Symposium on Diseases in Marine Aquaculture, Hiroshima, Japan, 3-6 October 1997. P. 101 Japanese Society of 
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Fish Pathology 

Chinabut, S. (1994) Fungi and lesions of EUS. In: Roberts, R. J., Campbell, B., and  MacRae, I. H. (Eds), Proceedings of 
the ODA Regional Seminar on Epizootic Ulcerative Syndrome, 25-27 January 1994. Pp. 226-230 Aquatic Animal 
Health Research Institute, Bangkok. 

Chinabut, S. (1995) Epizootic ulcerative syndrome: the current state of knowledge. In: Shariff, M., Arthur, J. R., and 
Subasinghe, R. P. (Eds), Diseases in Asian Aquaculture II Pp. 285-290. Fish Health Section, Asian Fisheries 
Society, Manila. 

Chinabut, S. (1997) Epizootic ulcerative syndrome: updated information up to 1997. In: Abstracts of the International 
Symposium on Diseases in Marine Aquaculture, Hiroshima, Japan, 3-6 October 1997. P. 41 Japanese Society of 
Fish Pathology 

Chinabut, S., Roberts, R. J., Willoughby, L. G., and Pearson, M. D. (1995) Histopathology of snakehead, Channa striatus 
(Bloch), experimentally infected with the specific Aphanomyces fungus associated with epizootic ulcerative 
syndrome (EUS) at different temperatures. Journal of Fish Diseases 18, 41-47. 

Fraser, G., and Callinan, R. (1996) A technique for enumeration of propagules of the epizootic ulcerative syndrome fungus 
in pondwater. World Aquaculture 1996 Book of Abstracts, Queen Sirikit National Convention Centre, Bangkok, 29 
January - 2 February 1996. P. 131 The World Aquaculture Society 

Kanchanakhan, S. (1996) Epizootic ulcerative syndrome (EUS): a new look at the old story. The AAHRI Newsletter, 5(1), 
2-3. Aquatic Animal Health Research Institute, Bangkok. 

Karunasagar, I., Otta, S., and Karunasagar, I. (1994) Mycological aspects of epizootic ulcerative syndrome in India. 
International Symposium on Aquatic Animal Health, Program and Abstracts, University of California, School of 
Veterinary Medicine, 4-8 September 1994. P. 42. 

Khan, M. H. (1997). A study of the activity of the head kidney macrophages from rosy barb, Puntius schwanenfeldi; 
rainbow trout, Oncorhynchus mykiss and tilapia Oreochromis niloticus against Aphanomyces invaderis in vivo and 
in vitro. MSc thesis, University of Stirling, Scotland,  

Kumar, K. C. (1997). Therapeutic application of microalgal and herbal extract in fish disease. MSc thesis, University of 
Stirling, Scotland, 55 pp. 

Lilley, J. H. (1996) Comparative studies of the EUS Aphanomyces and other fungi associated with fish disease. World 
Aquaculture 1996 Book of Abstracts, Queen Sirikit National Convention Centre, Bangkok, 29 January - 2 February 
1996. Pp. 226-227 The World Aquaculture Society 

Lilley, J. H. (1997). Studies on the comparative biology of Aphanomyces invadans. PhD thesis, University of Stirling, 
Scotland. 228 pp. 

Lilley, J. H. and Inglis, V. (1997) Comparative effects of various antibiotics, fungicides and disinfectants on Aphanomyces 
invaderis and other saprolegniceous fungi. Aquaculture Research 28(6), 461-469. 

Lilley, J. H. and Roberts, R. J. (1997) Pathogenicity and culture studies comparing the Aphanomyces involved in epizootic 
ulcerative syndrome (EUS) with other similar fungi. Journal of Fish Diseases 20, 135-144. 

Lilley, J. H., Hart, D., Richards, R. H., Roberts, R. J., Cerenius L., and Söderhäll, K. (1997) Pan-Asian spread of single 
fungal clone results in large scale fish-kills. Veterinary Record 140, 11-12. 

Lilley, J. H., Phillips, M. J., and Tonguthai, K. (1992) A review of epizootic ulcerative syndrome (EUS) in Asia, Aquatic 
Animal Health Research Institute and Network of Aquaculture Centres in Asia-Pacific, Bangkok. 

Lilley, J. H., Thompson, K. D., and Adams, A. (1997) Characterization of Aphanomyces invadans by electrophoretic and 
Western blot analysis. Diseases of Aquatic Organisms 30(3), 187-197. 

Millar, S. D. (1994) Joint viral/fungal induction of EUS in snakeheads. Bacterial findings of an EUS survey in Bangladesh. 
In: Roberts, R. J., Campbell, B., and  MacRae, I. H. (Eds), Proceedings of the ODA Regional Seminar on Epizootic 
Ulcerative Syndrome, 25-27 January 1994. Pp. 272-278 Aquatic Animal Health Research Institute, Bangkok. 

Mohan, C. V. and Shankar, K. M. (1995) Role of fungus in epizootic ulcerative syndrome of fresh- and brackishwater fishes 
of India: a histopathological assessment. In: Shariff, M., Arthur, J. R., and Subasinghe, R. P. (Eds), Diseases in 
Asian Aquaculture II. Pp. 299-305. Fish Health Section, Asian Fisheries Society, Manila. 

Paclibare, J. O., Catap, E. S., and Callinan, R. B. (1994) Fungal isolation from EUS-affected fish in the Philippines. In: 
Roberts, R. J., Campbell, B., and MacRae, I. H. (Eds), Proceedings of the ODA Regional Seminar on Epizootic 
Ulcerative Syndrome, Aquatic Animal Health Research Institute, Bangkok, 25-27 January 1994. Pp. 238-243. 
AAHRI, Bangkok. 

Pichyangkura, S. (1983) Histopathology of serpent head infection by Achlya sp. Pp. 206-211. The Symposium on Fresh 
Water Fishes Epidemic: 1982-1983. 23-24 June 1983. Chulalongkorn University, Bangkok. (In Thai, English 
abstract).  

Pichyangkura, S., and Bodhalamik, V. (1983) The study of Achlya sp of fishes disease in Ophicephalus striatus. The 
Symposium on Fresh Water Fishes Epidemic: 1982-1983. 23-24 June 1983. Pp. 197-205 Chulalongkorn 
University, Bangkok. (In Thai, English abstract). 

Pichyangkura, S., and Tangtrongpiros, J. (1985) The relationship between microscopic exam of Achlya sp. infection and 
characteristic of lesions Ophicephalus striatus. Proceedings of the Living Aquatic Resources, Chulalongkorn 
University, Bangkok, 7-8 March 1985. Pp. 19-23 (In Thai, English abstract) 
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Qureshi, T. A., Chouhan, R., Prasad, Y., and Mastan, S. A. (1995) Mycological studies on EUS affected catfish, Mystus 
cavasius. Abstracts of the Fourth Asian Fisheries Forum, 16-20 October 1995. P. 38. Asian Fisheries Society, 
Manila and China Society Fisheries, Beijing. 

Roberts, R. J. (1994) Overview of the research knowledge of the cause of EUS. In: Roberts, R. J., Campbell, B., and  
MacRae, I. H. (Eds), Proceedings of the ODA Regional Seminar on Epizootic Ulcerative Syndrome, 25-27 January 
1994. Pp.9-12 Aquatic Animal Health Research Institute, Bangkok. 

Roberts, R. J. (1994) Pathogenicity studies on fungi isolated from EUS. In: Roberts, R. J., Campbell, B., and  MacRae, I. H. 
(Eds), Proceedings of the ODA Regional Seminar on Epizootic Ulcerative Syndrome, Aquatic Animal Health 
Research Institute, Bangkok, 25-27 January 1994. Pp. 244-247 AAHRI, Bangkok. 

Roberts, R. J., Frerichs, G. N., and Millar, S. D. (1990) Epizootic ulcerative syndrome - the current position. In: Shariff, M., 
Subasinghe, R. P., and Arthur, J. R. (Eds), Diseases in Asian Aquaculture 1 Pp. 431-436. Fish Health Section, 
Asian Fisheries Society, Manila. 

Roberts, R. J., Frerichs, G. N., Tonguthai, K., and Chinabut, S. (1994) Epizootic ulcerative syndrome of farmed and wild 
fishes. In: Muir, J. F. and Roberts, R. J. (Eds), Recent Advances in Aquaculture Vol. 5. Pp. 207-239. Blackwell 
Science, Oxford. 

Roberts, R. J., Willoughby, L. G., and Chinabut, S. (1993) Mycotic aspects of epizootic ulcerative syndrome (EUS) of Asian 
fishes. Journal of Fish Diseases 16, 169-183. 

Sharifpour, I. (1997). Histology of the inflammatory response of the carp (Cyprinus carpio L.) to various stimuli. PhD thesis, 
University of Stirling, Scotland. 

Skliris, G. (1995). EUS: a vaccine pilot study. MSc thesis, University of Stirling, Scotland, 59 pp. 

Subasinghe, R. P., Jayasinhe, L. P., Balasuriya, K. S. W., and Kulathilake, M. (1990) Preliminary investigations into the 
bacterial and fungal pathogens associated with the ulcerative fish disease syndrome in Sri Lanka. In: Hirano, R. 
and Hanyu, I. (Eds), Proceedings of the Second Asian Fisheries Forum, Tokyo, Japan, 17-22 April 1990. Pp. 655-
657. Asian Fisheries Society, Manila. 

Thompson, K. D., Lilley, J. H., and Adams, A. (1997) The antibody response of snakehead, Channa striata Bloch, to 
Aphanomyces invaderis. Fish and Shellfish Immunology 7, 349-353. 

Tonguthai, K. (1994) Overview of the epizootiology of the disease from 1972-1986. In: Roberts, R. J., Campbell, B., and  
MacRae, I. H. (Eds), Proceedings of the ODA Regional Seminar on Epizootic Ulcerative Syndrome, 25-27 January 
1994. Pp.3-8 Aquatic Animal Health Research Institute, Bangkok. 

Tonguthai, K. (1985) A preliminary account of ulcerative fish diseases in the Indo-Pacific region (a comprehensive study 
based on Thai experiences). National Inland Fisheries Institute, Bangkok, Thailand. 39 pp.  

Vishwanath, T. S., Mohan, C. V., and Shankar, K. M. (1997) Mycotic granulomatosis and seasonality are the consistent 
features of epizootic ulcerative syndrome of fresh and brackishwater fishes of Karnataka, India. Asian Fishery 
Science 10, 155-160. 

Willoughby, L. G. (1993) A new destructive disease (epizootic ulcerative syndrome) of freshwater fishes in southeast Asia. 
Freshwater Forum 3(2), 110-121. 

Willoughby, L. G. (1995) Aphanomyces invaderis, the fungal pathogen of EUS. C/N ratios and morphogenesis. The AAHRI 
Newsletter, 4(1), 1-2. Aquatic Animal Health Research Institute, Bangkok. 

Willoughby, L. G. and Roberts, R. J. (1994) Improved methodology for isolation of the Aphanomyces fungal pathogen of 
epizootic ulcerative syndrome (EUS) in Asian fish. Journal of Fish Diseases 17, 541-543. 

Willoughby, L. G. and Roberts, R. J. (1994) Loss and recovery of zoospore motility in an isolate of Aphanomyces from a 
diseased fish. Mycological Research 98(12), 1463-1464. 

Willoughby, L. G. and Roberts, R. J. (1994) Zoospore motility, its loss and recovery, in an isolate of Aphanomyces from a 
diseased fish in Thailand. In: Mueller, G. J. (Ed), Salmon Saprolegniasis. Pp. 99-108. Bonneville Power 
Administration, US Department of Energy, Portland, USA. 

Willoughby, L. G., and Chinabut, S. (1996) Self-staling in Aphanomyces invaderis, the fungal pathogen of freshwater, 
tropical fish affected by epizootic ulcerative syndrome (EUS). The AAHRI Newsletter, 5(2), 2-3. Aquatic Animal 
Health Research Institute, Bangkok. 

Willoughby, L. G., and Lilley, J. (1992) The ecology of aquatic fungi in Thailand, and the fish disease relationship. The 
AAHRI Newsletter, 1(1), 5-6. Aquatic Animal Health Research Institute, Bangkok. 

Willoughby, L. G., and Roberts, R. J. (1994) Improved methodology for isolation of the Aphanomyces fungal pathogen of 
Epizootic Ulcerative Syndrome (EUS), in Asian fishes. In: Roberts, R. J., Campbell, B., and MacRae, I. H. (Eds), 
Proceedings of the ODA Regional Seminar on Epizootic Ulcerative Syndrome, 25-27 January 1994. Pp. 231-237 
Aquatic Animal Heath Research Institute, Bangkok. 

Willoughby, L. G., Roberts, R. J., and Chinabut, S. (1995) Aphanomyces invaderis sp. nov., the fungal pathogen of 
freshwater tropical fishes affected by epizootic ulcerative syndrome (EUS). Journal of Fish Diseases 18, 273-275. 

Mycotic Granulomatosis: MG (also see EUS and RSD) 
Egusa, S. (1992) Mycotic granulomatosis. In: Infectious Diseases of Fish. Pp. 392-396. A.A. Balkema, Rotterdam. 

Egusa, S. and Masuda, N. (1971) A new fungal disease of Plecoglossus altivelis. Fish Pathology 6, 41-46. (In Japanese) 
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Hatai, K. (1980) Studies on pathogenic agents of saprolegniasis in fresh water fishes. Special Report of Nagasaki 
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Relevant websites 
 
 
Zoosporic/filamentous fungi  
http://zoosporic-fungi.dmc.maine.edu/ 
http://muse.bio.cornell.edu/~fungi/welcome.html 
http://www.cabi.org/institut/imi/imi.htm 
http://www.ucmp.berkeley.edu/chromista/oomycota.html 
 
Asian fish and fisheries 
http://www.ku.ac.th/fish/mfish.html/index.html 
http://www.indiafisheries.com/ 
 
AAHRI 
http://www.agri-aqua.ait.ac.th/aahri/ 
 
Institute of Aquaculture, Stirling University 
http://www.stir.ac.uk/aqua 
 
NACA 
http://www.agri-aqua.ait.ac.th/NACA/ 
 




