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Abstract
Crayfish plague infection, caused by the oomycete Aphanomyces astaci, is believed to lead to a total 
mortality of the populations of highly susceptible freshwater crayfish species like the noble cray-
fish Astacus astacus. It has therefore been customary in Finland to restock affected water bodies 
relatively soon a�er the population has been wiped out in an acute episode of crayfish plague. In 
many cases, these re-introductions have failed without any explanation. During a follow-up study 
of a small lake, no restocking was undertaken a�er an outbreak had struck the population in 2001. 
The crayfish plague agent was isolated three years a�er the outbreak and again a year later in 2005. 
This capability of A. astaci to survive supported by a weak noble crayfish population may explain 
the o�en recorded failures of repopulation a�empts, and recurrent episodes of acute crayfish plague 
in certain lakes. 

Introduction
The oomycete organism Aphanomyces astaci, a 
parasite of the North-American freshwater cray-
fish, appeared in Europe about one and a half 
centuries ago, causing a devastating disease, 
crayfish plague, in all freshwater crayfish species 
of European origin (reviewed by Alderman, 
1996; Söderhäll and Cerenius, 1999; Edgerton 
et al., 2002). The noble crayfish Astacus astacus 
is an indigenous crayfish species in Finland, 
originally inhabiting the southern lakes and 
rivers, but gradually introduced throughout 
the whole Finland south of the Arctic Circle. 
The crayfish plague arrived in Finland about 

120 years ago when there was a lively crayfish 
trade with Russia, and during the following 
decades it devastated most of the main popula-
tions of noble crayfish (reviewed by Westman, 
1991). It has been customary in Finland to try 
to restock plague-stricken lakes relatively soon 
a�er an acute episode of crayfish plague. In 
many cases, these re-introductions have failed 
without any known reason. A recent follow-
up study showed that only about one third of 
restockings produced a thriving or exploitable 
population (Erkamo et al., 2010).In Sweden, 
where the situation with crayfish was compa-
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rable to Finland, less than 10% of the analyzed 
re-introduction programs have been successful 
(Fűrst, 1995). Success was mostly connected 
with a small and non-complex form of the lake 
with a uniform crayfish population structure, 
where the infection had the chance for effective 
spread. In Finland, the large and labyrinthine 
lake systems are suspected of supporting a 
form of chronic infection of crayfish plague 
due to several sca�ered subpopulations, where 
the infection could slowly migrate (Westman 
and Nylund, 1978; Westman, 1991). Distinct 
subpopulations could allow the crayfish plague 
agent to survive by reaching the next popula-
tion in the limited time period of the survival 
of the host animal or the infective zoospores, 
which has been estimated to be no more than 
a few weeks (Edgerton et al., 2002).

Based on randomly amplified polymorphic 
DNA polymerase chain reaction (RAPD-PCR), 
four distinct genotypes of A. astaci have been 
recognized: the groups A, B, C and D (Huang 
et al., 1994; Diėguez-Uribeondo et al., 1995). The 
originally introduced group A (later referred to 
as As-genotype) has managed to survive until 
today and still is responsible for mortalities in 
noble crayfish stocks in Finland (Vennerström 
et al., 1998; Jussila et al., 2008). In an a�empt to 
improve the fisheries, the plague resistant signal 
crayfish (Pacifastacus leniusculus) was introduced 
in the 1960’s. The signal crayfish brought group 
B (later PsI-genotype) crayfish plague to Finland 
(Vennerström et al., 1998), complicating the 
crayfish plague situation even further.

In this present study, a small lake affected by 
crayfish plague was followed for several years, 
in order to determine the possible time schedule 
needed for successful re-introduction of noble 

crayfish. Crayfish fishing was continued in spite 
of the collapse of the stock and the trapped 
individuals were inspected for their disease 
status in the laboratories of Evira (the Finnish 
Food Safety Authority Evira). 

Materials and methods
Lake Taulajärvi, the target locality of this study, 
is a small lake of 56 hectares in southern Finland 
(Figure 1). It is connected by a 500 meter long 
river to a large lake system Näsĳärvi. These 
two lakes are separated by a dam, which keeps 
the water level constant in Taulajärvi. In excep-
tional cases the water level may be so high as to 
allow water to flow backwards over the dam. 
The shape of the lake is simple and the depth 
is on average about 5 m. Water quality is good 
(monitored by the Water Protection Association 
of the River Kokemäenjoki) and there are several 
species of fish inhabiting the lake.

Figure 1. Schematic map of Lake Taulajärvi 
(6839772N/329577E) situated in the municipality 
of Tampere. 
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The first introductions of noble crayfish in Lake 
Taulajärvi were done at the beginning of the last 
century. Since then, the lake has experienced 
four episodes of population crashes, believed 
to be due to crayfish plague. The first time was 
recorded in 1936. The latest re-introduction of 
crayfish was in 1971, a�er a putative crayfish 
plague in 1969. Even when the neighboring lake 
Näsĳärvi was inhabited by a crayfish plague 
carrying population of signal crayfish (Evira, 
unpublished results from 1997), Lake Taulajärvi 
managed to support a productive stock of noble 
crayfish, until the plague struck again in 2001. 
The acute epidemic was preceded by increasing 
of the population, especially the growth of the 
number of smaller size classes, as judged by 
the bookkeeping of one local fisherman (Figure 
2). The fishing effort was on average 376 (255-
500) trap-nights (number of traps X number of 
nights) yearly, except for the year 1995, when 
no statistics were kept. 

Crayfish samples were sent for the first time 
to Evira during an acute mortality event ob-

served in May 2001. During 2001, two more 
trapping trials were made, the first one yielding 
28 specimens in July and the second only five 
individuals in August. During 2002-2006, test 
trappings were conducted mostly once a year, 
consisting of 60 to100 trap-nights. All crayfish 
caught were sent to be examined in Evira. A�er 
the discovery of signal crayfish, systematic trap-
ping was discontinued.

The crayfish was examined according to the 
method of Cerenius et al. (1988) until year 2004, 
a�er that the same method was used modified 
as described by Viljamaa-Dirks and Heinikainen 
(2006). In brief, the crayfish were inspected mac-
roscopically for any signs of infection (damaged 
or melanized areas in the exoskeleton). The 
abdominal cuticle was examined for the hyphal 
growth typical for crayfish plague by light mi-
croscopy (100X). During the first years of the 
study period, culturing the crayfish plague 
agent was a�empted mainly when microscopy 
was positive. From 2004, the abdominal cuticle 
and walking legs were used for culture regard-

Figure 2. Crayfish catch from Lake Taulajärvi in 1991-2000 by one fisherman. Market size crayfish with total 
length of 10 cm or longer were counted separately.
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less of the results of microscopy.

Isolates that fulfilled the morphological descrip-
tion of Aphanomyces sp. were studied by the 
RAPD PCR method described by Huang et al. 
(1994). Isolates were also confirmed as Aphano-
myces astaci by the PCR methods of Oidtmann 
et al. (2004 and 2006). 

Results
The acute mortality event in 2001 diminished 
the catch of noble crayfish in Lake Taulajärvi 
from an average of 6.2 individuals /trap-night 
in the season of 2000 down to a few individu-
als from the whole lake a�er the summer of 
2001.

In May 2001, only dead individuals were avail-
able for inspection. One was badly deteriorated; 
the other three had hyphal growth in the ab-
dominal cuticle, consistent with acute crayfish 
plague infection. None had any melanized areas 
in the cuticle. Isolation of the crayfish plague 
agent failed due to contamination with non-
specific water molds.

In 2002, crayfish samples were judged to be 
negative for crayfish plague, since no typical 
hyphal growth was seen. In the late summer 
sample of 2003, two crayfish showed melanized 
areas in the abdominal cuticle, with hyphae 
typical of A. astaci. Isolation of the agent as pure 
culture failed again due to nonspecific growth of 
water molds. In the summer of 2004, one out of 
five individuals had a melanized area in the ab-
dominal cuticle, with typical hyphae (Figure 3). 
The crayfish plague agent was isolated and con-
firmed to be A. astaci belonging to the genotype 
As. In 2005, two out of six crayfish exhibited 
macroscopic and microscopic signs of cray-

fish plague. Again, A. astaci genotype As was 
isolated. During 2003-2005, the crayfish catch 
from the Lake Taulajärvi remained low being 
between 0.05 -0.15 individuals/trap-night.

In 2006, signal crayfish were detected in the 
lake. Seven individuals of signal crayfish were 
caught. These showed no visible signs of infec-
tion and were not studied further. At the same 
time, nine noble crayfish were caught. None 
of them showed macroscopic signs of crayfish 
plague but two had hyphal growth without 
melanization in the abdominal cuticle, a sign 
of an acute infection. Crayfish plague agent 
A. astaci representing the genogroup of signal 
crayfish strains (PsI) was isolated. A summary 
of the results of the laboratory examinations is 
presented in Table 1. 

Discussion
The total elimination of populations of highly 
susceptible crayfish species has been the ex-
pected outcome of infection with the crayfish 
plague agent A. astaci (Alderman et al., 1987; 

Figure 3. The distal segment of the abdominal 
cuticle of a noble crayfish caught from Lake 
Taulajärvi in July 2004, showing the melanised 
area with hyphae (arrow). Stereomicroscopic view 
10X.
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Söderhäll and Cerenius, 1999).The proposal 
that the crayfish plague has the capability to 
stay alive supported by a weak population of 
noble crayfish was put forward already a�er the 
analysis of the poor results of Swedish restock-
ing efforts (Fürst, 1995), but there has been no 
direct evidence to support this theory.

A�er a long history of episodes of crayfish 
plague in Lake Taulajärvi, the situation was fol-
lowed by test trapping a�er the acute mortality 
phase. A small number of crayfish did remain 
alive in the lake. Crayfish plague infected indi-
viduals were found many years a�er the acute 
episode. It seems unlikely that the infection 
would have been introduced several times in 
this small lake, especially when there was no 
actual crayfish fishery a�er the acute episode 

in 2001. No other cases of plague epizootics 
in noble crayfish were reported in the vicin-
ity of Lake Taulajärvi during the study period 
2001-2006. Furthermore, in the linked water 
system, Lake Näsĳärvi, a plague carrying signal 
crayfish population exists, but the plague strain 
carried by this species belongs to a different 
genogroup. As a result of the appearance of 
signal crayfish in Lake Taulajärvi, there was 
an acute plague episode, caused by this differ-
ent strain of crayfish plague. A�erwards, no 
systematic follow-up was conducted, but the 
signal crayfish population has now developed 
to an exploitable level. One noble crayfish sized 
12 cm was caught in 2010 (Aarre Siro, personal 
communication). Most probably this individual 
had been surviving in the lake from 2006 and 
managed to avoid the infection.

Table 1. Noble crayfish samples from Lake Taulajärvi, analyzed in Evira 2001-2006. Diagnosis of crayfish 
plague based on microscopy was made in 2001 and 2003, and based on isolation of the agent in 2004, 2005 
and 2006. nd: Isolation was not a�empted.
 

Date Number of 
crayfish

Melanization in 
exoskeleton

Microscopic detection of 
typical hyphae Culture

29.5.2001 4 0 3 -

17.7.2001 1 1 0 nd

28.8.2001 5 1 1 -

11.9.2002 2 0 0 nd

17.6.2003 3 0 0 nd

6.8.2003 6 2 2 (+)

6.7.2004 5 1 1 + (As)

2.9.2004 2 0 0 -

16.8.2005 6 2 2 + (As)

25.8.2006 9 0 2 + (PsI)

Total number 43 7 11

- Negative
(+) Isolation in pure culture failed 
+ (As) Aphanomyces astaci, belonging to genogroup As was isolated. 
+ (PsI) Aphanomyces astaci, belonging to genogroup PsI was isolated.
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The origin of the crayfish plague infection in 
2001 in Lake Taulajärvi remains unclear. The 
outbreak followed a�er a sharp increase in the 
numbers of smaller size classes of crayfish. It 
is not uncommon that a lake has recurrent epi-
sodes of crayfish plague (Fürst, 1995; Erkamo et 
al., 2010). If they are preceded by an increased 
population density, a crayfish fishery has o�en 
been started, and not surprisingly, the trappers 
are blamed for having re-introduced the plague 
infection. However, one could argue that these 
infections have remained in the lake from the 
earlier outbreaks, and the increased density of 
the crayfish population triggers the acute phase 
of the disease. 

Earlier experimental studies have shown that 
the time of the survival of the host is depend-
ent on the spore density as well as the water 
temperature (Alderman et al., 1987). In a sparse 
crayfish population and considering the relative 
brevity of the warm water period in northern 
countries, the survival of the plague organism 
for prolonged periods in noble crayfish popula-
tions seems possible. It would also seem likely 
that the parasite and the host would seek a 
balance to survive in the surroundings, where 
their co-existence is no longer purely accidental. 
Since it is now more than one hundred years 
a�er the introduction of As-type crayfish plague 
into Finland, this may have led to adaptation 
towards less virulent strains. Adaptation in the 
host is also a possibility, although the active 
stocking policies may not have favoured effec-
tive selection for be�er resistance. 

The ability of some strains of crayfish plague 
to survive supported by a sparse population of 
noble crayfish could explain the phenomenon of 
the chronic plague in the main waterways with 

part of the recurrent episodes of acute epidem-
ics in smaller lakes. This possibility needs to 
be considered in restocking programs as well. 
Further studies will be necessary to compare 
the virulence of crayfish plague strains and 
genotypes. New molecular methods which 
are suitable for carrier detection (Oidtmann et 
al., 2006; Vrålstad et al., 2009), can nowadays 
be included in surveys in order to provide a 
be�er understanding of the epidemiology of 
crayfish plague. 
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