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Abstract
Amoebic Gill Disease (AGD) outbreaks in Atlantic salmon have recently occurred below the
lower temperature limit previously recognised for Neoparamoeba pemaquidensis.  This observa-
tion challenges the role of ambient water temperature as one of the prime risk factors for AGD.

Amoebic Gill Disease affects cultured
salmonids in Australia (Munday et al 1990,
Clark and Nowak 1999), Ireland (Rodger and
McArdle 1996, Palmer et al 1997), France
(Carson pers. comm.), Spain (Carson pers.
comm.), Chile (Groman and Bustos pers.
comm.) and the USA (Kent et al 1988).  In Tas-
mania Australia, AGD is the prime health con-
cern affecting Atlantic salmon culture (Roubal
et al 1989, Munday et al 1990, Nowak 2001).
Temperature has been identified previously
as one of the main risk factors for AGD
(Nowak 2001) and in Tasmania, this environ-
mental factor is considered second only to
salinity as a significant environmental factor
affecting AGD outbreaks (Clark and Nowak
1999).  Clinical AGD was documented in At-
lantic salmon at temperature ranges from 15

to 20OC in Tasmania (Munday et al 1990) and
from 12 to 21∞C in Ireland (Rodger and
McArdle 1996, Palmer et al 1997).  During a
histological survey of salmon cultured in Tas-
mania AGD lesions were recorded at the mini-
mum temperature of 10.6OC (Clark and
Nowak 1999).  Amoebae were observed on the
gills of cultured Atlantic salmon in winter in
Tasmania (Munday 1990, Howard and Carson
1993), with no attendant clinical disease or
histological lesion. Experimental tank infec-
tions suggested that temperatures above 16OC
drastically increased fish mortalities and that
temperature below 13OC precluded
mortalities (D. Zilberg pers. comm.).  The op-
timum temperature for in vitro culture of
Neoparamoeba pemaquidensis was 15OC (Kent et

al 1988).  This indicated that temperature
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played an important role in AGD outbreaks
which were reported to occur only at higher
water temperatures.

Recently we observed AGD outbreaks and
AGD associated mortalities requiring treat-
ment at lower temperatures than previously
expected.  These cases took place both in the
Northern (USA) and Southern (Australia)
hemispheres.  Mortalities of Atlantic salmon,
at a net pen facility in Puget Sound, Washing-
ton State, USA were observed at temperatures
sustained below 10OC.  The mortalities oc-
curred from September through to Novem-
ber with a peak mortality of 21.85% in Octo-
ber when the mean water temperature was
9.2OC (Table 1).  The presence of Neoparamoeba

pemaquidensis was confirmed by species-spe-
cific polyclonal antbodies employed in an in-
direct IFAT (Howard and Carson 1993) of
branchial sections of the gills from moribound
fish.

While AGD is seen as a summer problem in
Atlantic salmon cultured in Tasmania (Clark
and Nowak 1999), recent winter outbreaks of
clinical disease have been observed.  Fifty
percent of out of season smolt (100-220 g) ex-
hibited variable (light or greater) AGD infec-

tion (as determined by gross gill checks and
confirmed by IFAT on gill smears) approxi-
mately 3 months after transfers to sea water.
This outbreak occurred when the average
water temperatures were about 10OC (maxi-
mum 13OC) and the stock required freshwa-
ter treatment to limit mortality (M. Hortle
pers. comm.).

Isolates of Neoparamoeba pemaquidensis from
outbreaks in Tasmania, Ireland and USA were
shown to have near identical DNA sequence
for the 18S rDNA gene (F.Wong and N. Elliott
pers.comm.).  This finding supports previous
morphological and immunological observa-
tions that the same species (Neoparamoeba

pemaquidensis) is responsible for AGD out-
breaks worldwide (Wong and Elliott
pers.comm.).  Thus, temperature differences
during outbreaks between Washington State
and Tasmania or Ireland cannot be explained
simply by inherent species-specific differences
and potential alterations in optimal tempera-
ture for isolation of this pathogen from dis-
parate geographical locations should be fur-
ther examined.  Furthermore, Kent et al (1988)
suggested that factors other than temperature
such as abundance of food organism in the
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Table 1. Mortalities and water temperature at affected salmon farm in Washington state, USA.
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water, may cause bloom of Neoparamoeba

pemaquidensis and result in a disease outbreak.

The epizootiological observations described
here question the role of high temperature as
one of the main environmental risk factors
with epizootics and reveal that clinical disease
can occur at temperatures below 10OC.  The
potential role of other stressors predisposing
the fish to AGD outbreaks and environmen-
tal factors favouring the pathogen should be
further investigated.

We would like to thank salmon farms for pro-
viding information, in particular Mr M.
Hortle, Tassal Ltd.  We are grateful to Dr F.
Wong and Dr N. Elliott, CSIRO Marine Re-
search for the information on DNA
sequencing of different Neoparamoeba

pemaquidensis isolates.  MH was supported by
funding from Cooperative Research Centre
for Aquaculture.

References
Clark, A., and Nowak, B.F.  1999.  Field inves-
tigations of amoebic gill disease in Atlantic
salmon, Salmo salar L., in Tasmania.  J. Fish
Dis. 22, 1-11.

Howard, T. and Carson, J.  1993.  Verification
that Paramoeba species are consistently asso-
ciated with gill damage in fish affected with
amoebic gill disease.  In: Seeking and solv-
ing, Proceedings of the Saltas research and
development review seminar, Tasmania 1993.
Salmon Enterprises of Tasmania Pty Ltd Do-
ver, Tasmania. Pp. 69-80.

Kent, M.L., Sawyer, T.K. & Hedrick, R.P.  1988.
Paramoeba pemaquidensis (Sarcomastigophora:
Paramoebidae) infestation of the gills of coho
salmon Oncorhynchus kisutch reared in sea
water.  Diseases of Aquatic Organisms 5, 163-
169.

Munday, B.L., Foster, C.K., Roubal, F.R. and
Lester, R.G.J.  1990.  Parameobic gill infection
and associated pathology of Atlantic salmon,
Salmo salar, and rainbow trout, Salmo gairdneri,
in Tasmania.  In: Pathology in Marine Science
(ed. By F.O. Perkins & T.C. Cheng), pp. 215-
222.  Academic Press, San Diego, CA.

Nowak, B. 2001. Qualitative evaluation of risk
factors for amoebic gill disease in cultured
Atlantic salmon. 18pp. In: Proceedings of the
OIE International Conference on Risk Analy-
sis in Aquatic Animal Health, Paris, France,
8-10 February, 2000. (Ed: Rodgers, C.J.). Of-
fice International des Epizooties (O.I.E.).

Palmer, R., Carson, J., Ruttledge, M., Drinan,
E. and Wagner, T.  1997.  Gill disease associ-
ated with Parameoba, in sea-reared Atlantic
salmon in Ireland.  Bulletin of the European
Association of Fish Pathologists, 3/4, 112-114.

Parsons, H., Powell, M., Fisk, D. Nowak, B.
2001.  Effectiveness of freshwater bathing as
treatment against Amoebic Gill Disease in
Atlantic salmon.  Aquaculture, 195: 205-210.

Rodger, H.D.and McArdle, J.F.  1996.  An out-
break of amoebic gill disease in Ireland.  The
Veterinary Record, 5, 348-349.

Roubal, F.R., Lester, R.J.G. and Foster, C.K.
1989.  Studies on cultured and gill-attached
Paramoeba sp. (Gymnamoebae:
Paramoebidae) and the cytopathology of
paramoebic gill disease in Atlantic salmon,
Salmo salar L., from Tasmania.  Journal of Fish
Diseases, 12, 481-492.


