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Aphanomyces astaci, the crayfish plague
pathogen, may be a common cause of crayfish
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E. Kozubíková 1*, A. Petrusek 1,2, Z. Duriš 3 and B. Oidtmann 4

1 Charles University in Prague, Faculty of Science, Department of Ecology, Vinicná 7, Prague 2, CZ-
12844, Czech Republic; 2 University of South Bohemia in Ceské Budejovice, Research Institute of Fish

Culture and Hydrobiology, Zátisi 728/II, Vodnany, CZ-38925, Czech Republic; 3 University of
Ostrava, Faculty of Science, Department of Biology, Chittussiho 10, Ostrava, CZ-71000, Czech

Republic; 4 CEFAS Weymouth Laboratory, Barrack Road, The Nothe, Weymouth, Dorset DT4 8UB,
United Kingdom.

Abstract
On three occasions, crayfish plague (Aphanomyces astaci) has been identified as the cause of mass
mortalities of native crayfish in the Czech Republic in 2005 and 2006. The true number of plague
outbreaks is likely to be higher since crayfish mortalities often go unnoticed and only the result,
the disappearance of a native crayfish population, is noted. Crayfish plague may have a significant
negative impact on the successful restoration of indigenous crayfish populations in Central
Europe.
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Indigenous species of freshwater crayfish (the
noble crayfish Astacus astacus and the stone
crayfish Austropotamobius torrentium) have
become rare and as a result have been
classified as threatened by extinction in the
Czech Republic during most of the second half
of the 20th century (Holzer, 2000). The main
reasons considered were water pollution from
industrial and agricultural sources and loss
of suitable habitats due to watercourse
regulations. The improvement of water
quality in the last decades should have been
followed also by increase of crayfish
populations. However, localised mass
mortalities of indigenous crayfish still occur
nowadays. Correct diagnosis of the cause of
crayfish mass mortalities is very important for
effective management of native crayfish
protection. Although mass mortalities may be

(and certainly often are) caused by chemical
or physical factors, such as release of
pollutants, oxygen deficits or high turbidity,
biological factors, i.e. parasites and diseases,
may be of critical importance (see reviews in
Edgerton et al., 2004 or Souty-Grosset et al.,
2006). An involvement of pathogens is to be
suspected especially in cases where sensitive
aquatic organisms such as fish or other
crustaceans are not negatively affected, not
all crayfish show clinical signs at the same
time, and the mortality spreads also upstream
from originally affected regions.

The oomycete Aphanomyces astaci Schikora,
1903 (Oomycetes: Saprolegniales), the
pathogen causing crayfish plague, is one of
the principal suspects when whole crayfish
populations disappear following the above-
mentioned mortality pattern. Crayfish
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plague, introduced accidentally from North
America, has wiped out significant proportion
of native European crayfish populations at the
end of the 19th and the beginning of the 20th

century (Alderman, 1996). This disease still
poses a severe threat to indigenous crayfish
in many European countries (Oidtmann et al.,
1999; Diéguez-Uribeondo, 2006; Bohman et
al., 2006), where its pathogen may be
transferred from populations of introduced
North American crayfish species, known to
be carriers of A. astaci (Söderhäll & Cerenius,
1999). Introduced North American crayfish,
especially the spiny-cheek crayfish Orconectes
limosus, are widespread also in the Czech
Republic (Petrusek et al., 2006) and some of
their populations have been directly
confirmed to be infected with the plague
pathogen. They therefore may serve as a
reservoir and source of infection (Kozubíková
et al., 2006). Nevertheless, until recently,

crayfish plague has been considered a
problem of the past in the Czech Republic,
with little relevance for the current status of
crayfish in the country. During most of the
second half of the 20th century, no reports of
crayfish plague have been made from the
Czech territory. However, three cases of
suspicious crayfish mass mortalities were
recorded between 1998 and 2004, and one of
them has been confirmed to be caused by this
disease (Kozubíková et al., 2006).

Here we provide evidence that crayfish
plague may be a much more common problem
in the Czech Republic than previously
thought. Within the last two years (2005-6),
three additional crayfish mass mortalities,
leading to complete disappearance of crayfish
from affected sections of watercourses, were
recorded by chance (Figure 1). Aphanomyces
astaci was confirmed by molecular analysis in

Figure 1. Location of all unambiguously confirmed crayfish plague outbreaks (black symbols) recorded in
the Czech Republic between 2004 and 2006. Numbers indicate the newly reported outbreaks: 1 – Bojovský
brook (May 2005); 2 – Úporský brook (June 2005); 3 – river Olše/Olza (July-August 2006). The previously
reported outbreak in the brook Krivec (August 2004) is indicated by a black diamond; in addition, locations
of two unconfirmed but likely plague outbreaks in the late 1990s are shown by question marks (for details,
see Kozubíková et al., 2006).
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DNA isolates obtained from moribund
crayfish in all three locations, showing that
they were indeed caused by the crayfish
plague.

Two of these mass mortalities occurred in 2005
in Central Bohemia. In May 2005, the noble
crayfish Astacus astacus almost disappeared
from the Bojovský brook (left-side tributary
of the Vltava river), and only a few dying or
dead individuals were found approximately
1 km northeast of Bojov (49°53’ N, 14°21’ E).
Hundreds of dead, dying as well as still living
stone crayfish Austropotamobius torrentium
were recorded in the lower part of the
Úporský brook (right-side tributary of the
river Berounka) in the nature reserve Týrov,
east of Skryje (49°58’ N, 13°48’ E) at the end
of June 2005. Although only approximately
40 km away from the previous case, this
second crayfish plague outbreak occurred in
a different watershed. The most recent mass
mortality of A. astacus was recorded in July
and August 2006 in the northeastern part of
the Moravian-Silesian region close to the
border with Poland, in the river Olše (Olza)
and its tributaries between Bukovec (49°34’
N, 18°49’ E) and Bystrice (49°38’ N, 18°43’ E).
During later inspections following the mass
mortalities, no crayfish were found in any of
these watercourses.

Samples of dead or dying crayfish were
collected from each locality (2-5 specimens per
population). Soft abdominal cuticle was
examined microscopically for presence of
mycelium corresponding morphologically to
the crayfish plague pathogen, i.e. branching,
aseptated, round-tipped hyphae of 8-10 μm
in diameter growing inside the cuticle
(Cerenius et al., 1988). Such hyphae were
observed in the soft abdominal cuticle of

Astacus astacus from the Bojovský brook and
the river Olše, but not in samples of
A. torrentium from the Úporský brook.
Nevertheless, in all tested crayfish specimens
(including five A. torrentium), the presence of
A. astaci DNA  in the cuticle samples was
confirmed by amplification of the ITS region
of the nuclear rDNA using species-specific
primers (using both protocols described in
Oidtmann et al., 2006). PCR product
corresponding to the positive control from
pure A. astaci laboratory culture was obtained
for all tested specimens. Negative controls
were used in all reactions to rule out
contamination.

The source of infection in the above-
mentioned plague outbreaks is not clear.
Direct transmission of the pathogen from
American crayfish to the native population is
unlikely in any of the cases, as these carriers
of crayfish plague have not been found in the
same watercourses. It is therefore probable
that human activities in the respective
watersheds allowed the spread of the
pathogen.

Our results show that the crayfish plague, as
a cause of crayfish mass mortalities, is not
exceptional in the Czech Republic. On the
contrary, as the above-reported mortalities
were found accidentally, we presume that
additional crayfish plague outbreaks in our
country in recent years may have remained
unobserved or undiagnosed. Unless
observations of dying crayfish by local people
are reported immediately, a reliable diagnosis
of the pathogen or of other causes of the
mortality may no longer be possible. Crayfish
plague seems to be an underestimated threat
for successful restoration of native crayfish
populations in the Czech Republic, and the
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situation may be similar in other Central
European countries, such as Poland, Austria
or Hungary, where American crayfish are
present (Souty-Grosset et al., 2006) but
consistent research focusing on crayfish
plague has not been carried out. Researchers
as well as stakeholders (fishermen, environ-
mentalists and the public) should be aware
of the threat posed by this disease, and studies
focusing on the plague distribution and
impact in wider geographic range, and
especially on means of the pathogen spread,
should be carried out. This would allow to
assess the real extent of this problem in
Central Europe, and to draft potential
management measures to mitigate it.

Our research on the crayfish plague distri-
bution was funded by the Czech Ministry of
Education (projects MSM0021620828 and
MSM6007665809) and the Grant Agency of the
Charles University (project GAUK 141/2005
B Bio).
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