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Saprolegniosis in salmonids and their eggs in Japan
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ABSTRACT: An epizootic of the fungal infec-
tion saprolegniosis that occurred in freshwater-
cultured salmons and their eggs at some hatch-
eries in Hokkaido (Japan) was investigated. In
almost all cases, the initial clinical sign was
characterized by the growth of cotton-like my-
celia on the fishs’ body surface, especially the
head, adipose fin, and caudal fin, but the my-
celia were not visible to the naked eye in the
internal organs. Thirty-three strains isolated
from lesions were classified in the genus Sap-
rolegnia according to their morphological and
biological characteristics on hemp seed cultures
at various temperatures. Fifteen of the strains
were identified as Saprolegnia parasitica, 16
were identified as S. salmonis, and two were
identified as S. australis.

Key words: Epizootic, Oncorhynchus spp.,
salmonids, Saprolegnia spp., saprolegniosis.

Saprolegniasis is the most problematic
fungal infection of cultured salmonid fish
in freshwater ponds in Japan (Hatai,
1980), but it is rarely found in brackish
water (Post, 1987). Saprolegniasis occurs
most often in mature salmonids and their
eggs (Neish and Hughes, 1980; Alderman,
1982). Mass mortality due to saprolegnias-
is, however, was reported in 20 to 60 g
freshwater-cultured coho salmon (Oncor-
hynchus kisutch) in Miayagi Perfecture
(Japan), and the pathogenic fungus was
identified as Saprolegnia parasitica (Hatai
and Hoshiai 1992a, b). Since 1992, a sim-
ilar fungal disease has been found to occur
annually in immature salmonids including
masu salmon, (Oncorhynchus masou)
sockeye salmon (O. nerka) and chum salm-
on (O. keta) and their eggs at some hatch-
eries in Hokkaido. We started to investi-
gate the disease in 1997. As a result, a new
species of the genus Saprolegnia was iso-
lated from lesions in several immature
sockeye salmon with saprolegniasis in
Hokkaido, and named S. salmonis (Hus-
sein and Hatai, 1999). During the sam-

pling in 1998, 33 other isolates, all of the
genus Saprolegnia, were newly obtained
from O. nerka and other salmonids and
their eggs with saprolegniasis in Hokkaido.
The goal of the present study was to iden-
tify these thirty-three isolates. All isolates
used in this study were collected from two
hatcheries of the National Salmon Re-
sources Center (Fisheries Agency, Hok-
kaido, Japan) during October and Novem-
ber 1998.

The fungi were isolated by inoculating
infected eggs and small (approximately 2
mm in diameter) samples of infected mus-
cle taken from different parts of the body,
the head, adipose, and caudal fins onto
glucose-yeast extract agar (GY) agar (1%
glucose from Wako Pure Chemical Indus-
tries, Osaka, Japan; 0.25% yeast extract
from Difco Laboratoies, Detroit, Michi-
gan, USA) and 1.5% agar (Eiken Chemi-
cal, Co., Ltd., Tokyo, Japan) (Hatai and
Egusa, 1979). To prevent the growth of
most bacteria, traces of ampicillin (Sigma,
Chemical Co., St. Louis, Missouri, USA)
and streptomycin (Meiji Seika, Kaisha,
Ltd., Tokyo, Japan) were added to the me-
dium. The plates were incubated at 15 C
for hyphal growth and then purified ac-
cording to Willoughby (1994). The puri-
fied fungal isolates were maintained at 15
C on GY agar, and transferred to fresh GY
agar monthly.

Fungal characteristics and identifica-
tions were made on hemp seed cultures in
sterilized tap water (Coker, 1923; Johnson,
1956). Hemp seed cultures for observation
of asexual and sexual organs were done at
5, 15 and 20 C, and observed for 6 wk.
The germination type of zoospores was
classified according to Yuasa et al. (1997).
Saprolegnia australis were identified ac-
cording to Seymour (1970), S. parasitica
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was identified according to Seymour
(1970), Neish (1977) and Willoughby et al.
(1983), and S. salmonis was identified ac-
cording to Hussein and Hatai (1999).

Mortality of sockeye salmon fry due to
saprolegniasis was first noticed in Hokkai-
do in 1992. Since that time, epizootics of
the disease have occurred in November
and April annually. The water temperature
when the infections occurred was about 18
C. The fish in the present study, conduct-
ed in October and November 1998,
showed the typical clinical sign of cotton-
like mycelia on the body surface, especially
around the head, dorsal and caudal fins,
but not in the internal organs. Many asep-
tate hyphae and zoosporangia were ob-
served in various lesions in a preliminary
microscopic examination. Thirty-three
fungi isolated from the lesions were divid-
ed into four groups (A, B, C, and D) based
on their morphological and biological
characteristics: Group A (two isolates) iso-
lated from eggs of chum salmon; group B
(16 isolates) isolated from body surface of
chum and masu salmon; group C (seven
isolates) isolated from body surface of
sockeye salmon and group D (eight iso-
lates) isolated from body surface of chum
salmon.

Two strains were isolated from some
eggs of chum salmon, group A. One of
these strains (NJM 9852) was observed in
detail. The isolate produced oogonia with-
in 15 days at 5 C and 10 days at 15 and
20 C. They were abundant, spherical, lat-
erally and/or terminally represented. Oo-
gonial walls were conspicuously pitted and
the origins of the antheridial branches
were mainly diclinous. Oospores were
spherical, 22 to 24 �m in diam with an
average number of 6 to 12. The internal
structures of the oospores were subcentric.
The zoospore germination type was direct.
Gemmae formation took at least three
weeks at 5, 15 and 20 C and they were
abundant, spherical, single, and frequently
in chains. From these characteristics, the
fungi in this group were identified as Sap-
rolegnia australis.

Twelve strains were isolated from masu
salmon and four strains were isolated from
chum salmon, group B. One of these iso-
lates, NJM 9858, was observed in detail.
Characteristically, oogonia formation took
from 20 days to four weeks at 5 C. The
oogonia were elongate (40%), spherical
(35%) and pyriform (25%). The oogonial
wall was pitted or not pitted. The origins
of antheridial branches were mainly dicli-
nous. Some of the oogonia, both spherical
and pyriform, were often lacking anther-
idial branches. Oospores were spherical,
20 �m in diam. Spherical and pyriform oo-
gonia had 4 to 12 (8) oospores and elon-
gate oogonia had 16 to 20 (18) oospores.
The internal structures of the oospores
were mostly subcentric but some were
centric. Zoospore germination type was di-
rect or indirect. Gemmae were not ob-
served at 5, 15, and 20 C. The isolate NJM
9858 was identified as Saprolegnia salmon-
is.

One strain was isolated from chum
salmon and seven strains were isolated
from sockeye salmon, group C. One of
these isolates (NJM 9868) was observed in
detail. Only gemmae formed at 5, 15, and
20 C after more than four weeks. They
were abundant and usually in chains. No
oogonia were observed. The zoospore ger-
mination type was indirect. The isolate
NJM 9868 was identified as Saprolegnia
parasitica.

Two isolates were isolated from masu
salmon and chum salmon, group D. One
of these isolates (NJM 9873) was observed
in detail. This isolate produced neither oo-
gonia nor gemmae at 5, 15, and 20 C.
However, the mode of their zoospore ger-
mination was indirect, which according to
Hatai and Hoshiai (1992b) and Yuasa et al.
(1997) is a characteristic of Saprolegnia
parasitica. Thus, the isolate NJM 9873 was
identified as Saprolegnia parasitica. The
characteristics of these four groups we
have summarized in Table 1.

It has been established that fungi be-
longing to the genus Saprolegnia are prin-
cipally associated with fungal infections of
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TABLE 1. Morphological and biological characteristics of Saprolegnia spp. isolated from salmon and eggs
with saprolegniosis in Hokkaido (Japan).

Group A
NJM9852

Group B
NJM9858

Group C
NJM9868

Group D
NJM9873

Oogonial formation at
5 C

15
20

�
���
���

��a

�b

�

�
�
�

�
�
�

Oogonial shape

Oogonial wall
Oospores
Antheridial branches
Zoospores germination

spherical

conspicuously pitted
subcentric
diclinous
direct

spherical, pyriform, or
elongate

pitted or not pitted
centric or subcentric
diclinous
direct or indirect

NOc

NO
NO
indirect

NO

NO
NO
indirect

Gemmae formation at
5 C

15
20

��
���
��

�
�
�

���
���
��

�
�
�

Identification S. australis S. salmonis S. parasitica S. parasitica

a Slight formation � �, good formation � ��, excellent formation � ���.
b Indicates no formation.
c Not observed.

freshwater fishes, fish eggs, amphibians
and reptiles (Willoughby, 1970, 1978,
1994; Hatai and Hoshiai, 1992a, b; Bly et
al., 1992; Blausteine et al., 1994; Kitan-
charoen et al., 1995, 1997). In the genus
Saprolegnia, S. parasitica is the most im-
portant fungal parasite of fish (Neish and
Hughes, 1980; Beakes et al., 1994) and has
consistently been isolated as a pathogen of
epizootics and mass mortalities, especially
in cultured trout and salmon (Willoughby,
1978; Hatai and Hoshiai 1992a, b). Sap-
rolegnia salmonis was first described in
1999 when it was isolated from sockeye
salmon in 1998 (Hussein and Hatai, 1999).
In this survey, S. salmonis was also found
in masu salmon and chum salmon. Sap-
rolegnia salmonis has never been found in
Honshu (Japan) but is commonly found in
the rivers of Hokkaido.

Hatai et al. (1977) reported the isolation
of S. australis from rainbow trout finger-
lings with saprolegniasis. In the present
study, S. australis was isolated from some
eggs of chum salmon with saprolegniasis.
This suggests that S. australis can cause
disease in both fish and eggs either as a

primary pathogen or as an opportunistic
one.

There is no doubt that ecological differ-
ences in different geographical locations
play an important role in the species di-
versity of the fungi that develop on both
fish and eggs (Alabi, 1971; Avtalion et al.,
1973; Wood and Willoughby, 1986). Al-
though environmental variables were not
studied herein, they are known to influ-
ence the growth, reproduction, and inten-
sity of aquatic fungal infections. In addi-
tion, the occurrence of saprolegniasis may
be related to environmental changes or
seasonal variations, water quality, temper-
ature as well as physiological changes and
the immune response of fish. From our in-
vestigation it can be concluded that S. par-
asitica, S. salmonis, and S. australis are the
most common Saprolegnia spp. associated
with the occurrence of saprolegniosis in
salmonids in Hokkaido. Further investi-
gations to evaluate the degree of patho-
genicity of such species and the environ-
mental factors and host factors that influ-
ence the disease epizootics are needed.
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tional Salmon Resources Center, Fisheries
Agency, Sapporo, Japan for making many
of their facilities available during our in-
vestigation in Hokkaido.

LITERATURE CITED

ALABI, R. O. 1971. Factors affecting seasonal occur-
rence of Saprolegniaceae in Nigeria. Transac-
tions of the British Mycological Society 80: 421–
435.

ALDERMAN, D. J. 1982. In vitro testing of fisheries
chemotherapeutants. Journal of Fish Diseases 5:
112–123.

AVTALION, R. R., A. WOJDANI, Z. MALIK, R. SHAHR-
ABANI, AND M. DUZYMINER. 1973. Influence of
environmental on immune response in fish. Cur-
rent Tropics in Microbiology and Immunology
61: 1–35.

BEAKES, G. W., S. E. WOOD, AND A. W. BURR. 1994.
Features which characterize Saprolegnia isolates
from salmonid fish lesions—a review. In Salmon
saprolegniasis. G. J. Mueller (ed.). Bonneville
Power Administration, Division of Fish and
Wildlife, Portland, Oregon, 66 pp.

BLAUSTEINE, A. R., D. G. HOKIT, R. A. O’HARA, AND

R. A. HOLT. 1994. Pathogenic fungus contributes
to amphibian losses in Pacific Northwest. Biodi-
versity and Conservation 67: 251–254.

BLY, J. E., L. A. LOWSON, D. J. DALE, A. J. SZALAI,
R. M. DURBOROW AND L. W. CLEM. 1992. Win-
ter Saprolegniasis in channel catfish. Diseases of
Aquatic Organisms 13: 155–164.

COKER, A. C. 1923. The Saprolegniaceae, with notes
on other water molds. University of North Car-
olina Press, Chapel Hill, North Carolina, 201 pp.

HATAI, K., AND S. EGUSA. 1979. Studies on patho-
genic fungus of mycotic granulomatosis. III. De-
velopment of the medium for MG-fungus. Fish
Pathology 13: 147–152.

, S. EGUSA, AND T. NOMURA. 1977. Saproleg-
nia australis Elliot isolated from body surface le-
sions of rainbow trout fingerlings. Fish Pathology
11: 201–206.

. 1980. Studies on pathogenic agents of sap-
rolegniasis in freshwater fishes. Special Report of
Nagasaki Prefectural Institute of Fisheries 8, Na-
gasaki, Japan, 95 pp.

, AND G. HOSHIAI. 1992a. Saprolegniasis in

cultured coho salmon. Fish Pathology 27: 233–
234.

, AND G. HOSHIAI. 1992b. Mass mortality in
cultured coho salmon, Oncorhynchus kisutch,
due to Saprolegnia parasitica Coker. Journal of
Wildlife Diseases 28: 532–536.

HUSSEIN, M. M. A., AND K. HATAI. 1999. Saprolegnia
salmonis sp. nov. isolated from sockeye salmon,
Oncorhynchus nerka. Mycoscience 40: 385–389.

JOHNSON, T. W., JR. 1956. The genus Achlya: Mor-
phology and Taxonomy. The University of Mich-
igan Press, Ann Arbor, Michigan, 180 pp.

KITANCHAROEN, N., K. YUASA, AND K. HATAI. 1995.
Morphological aspects of Saprolegnia diclina
type I isolated from pejerrey, Odonthetes bon-
ariensis. Mycoscience 36: 365–368.

, K. HATAI, AND A. YAMAMOTO. 1997. Aquatic
fungi developing on eggs of salmonids. Journal
of Aquatic Animal Health 9: 314–316.

NEISH, G. A. 1977. Observations on saprolegniasis of
adult sockeye salmon, Oncorhynchus nerka
(Walbaum). Journal of Fish Biology 10: 513–522.

, AND G. C. HUGHES. 1980. Fungal disease of
fishes. T. F. H. Publication, Neptune City, New
Jersey, 159 pp.

POST, G. 1987. Text book of fish health. T.F.H. Pub-
lication, Neptune City, New Jersey, 256 pp.

SEYMOUR, R. 1970. The genus Saprolegnia. Verlag
von J. Cramer, Lehre, Federal Republic of Ger-
many, 124 pp.

WILLOUGHBY, L. G. 1970. Mycological aspects of a
disease of young perch in Windermere. Journal
of Fish Biology 2: 113–116.

. 1978. Saprolegnias of salmonid fish in Win-
dermere: A critical analysis. Journal of Fish Dis-
eases 1: 51–67.

. 1994. Fungi and Fish Diseases. Pisces Press
Publication, Stirling, UK, 57 pp.

, C. B. MCGRORY AND A. D. PICKERING.
1983. Zoospore germination of Saprolegnia path-
ogenic to fish. Transactions of the British My-
cological Society 80: 421–435.

WOOD, S. E., AND L. G. WILLOUGHBY. 1986. Eco-
logical observation on the fungal colonization of
the fish by Saprolegniaceae in Windermere.
Journal of Applied Ecology 23: 737–749.

YUASA, K., N. KITANCHAROEN, AND K. HATAI. 1997.
Simple method to distinguish between Saproleg-
nia parasitica and S. diclina isolated from fishes
with saprolegniasis. Fish Pathology 32: 175–176.

Received for publication 5 November 1999.

Downloaded From: https://complete.bioone.org/journals/Journal-of-Wildlife-Diseases on 25 Apr 2024
Terms of Use: https://complete.bioone.org/terms-of-use


