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Species description 
 
Scientific names: Aphanomyces astaci (Schikora 1906), Saprolegniaceae, Oomycota. 
Synonyms: None 
Common names: crayfish plague (GB), krebsepest (DK), Krebspest, Wasserschimmel (DE), 
kräftpest (SE), krepsepest (NO), dżuma raków (PL), чyма paқов (RU), vēžu mēris (LV), vähikatk 
(EE), rapurutto (FI), račí mor (CZ).  
 

 
 
Fig. 1. Hyphae (a) and sporangium with emerging spore ball (b) of the oomycete Aphanomyces astaci. Photo ©: Trude 
Vrålstad (a) and David Strand (b), Norwegian Veterinary Institute. 
 
Species identification 
Aphanomyces astaci is an oomycete (water mould) that is not visible to eye. Using light 
microscope, non-septate, branching hyphae (cf. Fig. 1a), ca. 7-10 µm in diameter with rounded 
hyphal tips can be seen in the cuticle of infected crayfish (Evans & Edgerton 2002). It is impossible 
to identify the species based on hyphal morphology since many members of the Saprolegniaceae 
exhibit the same features. Confirmation of the species identity requires either classical isolation in 
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pure culture with subsequent morphological identification (Cerenius et al. 1988; Viljamma-Driks & 
Hein, 2006) among others based in observation of classical A. astaci sporangia (Fig. 1b), or 
molecular methods including PCR and DNA-sequencing (Oidmann et al., 2006; OiE 2011) or A. 
astaci specific real-time PCR (Vrålstad et al., 2009; Tuffs & Oidtmann, in press). During the recent 
years, these molecular methods have contributed to faster and more reliable diagnostics of crayfish 
plague in many European countries, and also shaded new light over the carrier status of North 
American crayfish (Oidmann et al., 2006; Kozubíková et al., 2006; 2009; 2009; Vrålstad et al., 
2009; in press).  
 
Native range 
The origin and native range of Aphanomyces astaci is assumed to be North America. North 
American crayfish species live in a balanced host-parasite relationship with the oomycete and have 
evolved defence mechanisms that prevent invasive infections of A. astaci, which is evidence of co-
evolution between A. astaci and the North American crayfish species on the North American 
continent. In contrast, European, Asian and Australian freshwater crayfish species are highly 
susceptible to A. astaci infection and exhibit no efficient immune defence mechanisms against the 
pathogen (Unestam 1969; 1972; Söderhäll & Cerenius, 1999; Evans & Edgerton, 2002). 
 
 
Alien distribution  
 
History of introduction and geographical spread  
Crayfish plague outbreaks are characterized by mass mortalities of European crayfish without any 
apparent effect on other aquatic organisms. The first reports dates back to Italy in 1859 and later 
France in 1874. Crayfish trade and fishing activities spread the plague throughout Europe including 
Germany (1877; present Poland territory), Austria (1879), Czechia (~1883), Poland (1885), Latvia 
(1886), Russia (1892), Estonia (1894), Finland (1900), Sweden (1907) and Lithuania (1920); 
Norway (1971), England (1981) and Ireland (1986) to mention some of the many affected countries 
(Eder, 2004; Kozubíková et al., 2006; Souty-Grosset et al., 2006 and references therein). There is 
some uncertainty about when the plague arrived to Denmark, but probably the first outbreaks were 
in the period 1907-10 (Larsen 1990). The source of introduction of A. astaci in Europe is unknown, 
but is most likely due to import of infected North American crayfish. For a long period the reason 
for the disease referred to as crayfish plague was not understood. The oomycete Aphanomyces 
astaci was described by Shikora in 1906, and first in 1934, the Swedish researcher Nybelin isolated 
the agent in pure culture and demonstrated the lethal effect by re-infecting crayfish (Söderhäll & 
Cerenius, 1999). In recent years, molecular studies have revealed that the prevalence of A. astaci 
vary considerably between populations of North American crayfish established in Europe, but with 
few exceptions (e.g. Skov et al., 2011) the pathogen is normally detected when a reasonable number 
of individuals are screened (Oidtmann et al., 2006; Kozubíková et al., 2009; Vrålstad et al., in 
press).  It is therefore likely that the crayfish plague infection remains viable in all countries where 
North American carrier crayfish are introduced and established, which practically includes close to 
all European countries with native freshwater crayfish (Holdich et al., 2009; see below). 
 
Pathways of introduction 
The initial introduction of the crayfish plague to a new watercourse mostly result from human 
activities, first and foremost by the spread of non-indigenous, plague-carrying crayfish species like 
the signal crayfish (Pacifastacus leniusculus), spiny-cheek crayfish (Orconectes limosus) or red 
swamp crayfish (Procambarus clarkii) (Alderman et al., 1990, Oidtmann et al., 1999; Skurdal et 
al., 1999; Söderhäll & Cerenius, 1999; Holdich et al., 2009) that are the three worst American 
crayfish invaders in Europe at present. It can also be introduced through the transmission of infected 
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European crayfish and also of viable zoospores in contaminated water (moist fishing gear, water in 
boats, containers, etc.; Alderman et al., 1987; Taugbøl et al., 1993; Vrålstad et al., 2006). Crayfish 
predators like mink, otter, herons and other birds also have the ability to bring infected crayfish 
from one water body to another (Evans & Edgerton 2002).  
 
Alien status in region  
Aphanomyces astaci has been introduced to all countries in the NOBANIS region where freshwater 
crayfish exist (i.e. not to Iceland, Greenland and the Faroe Islands which have no freshwater 
crayfish species) (see also table 1.). There are a large number of populations of suitable hosts in 
Europe, e.g. the signal crayfish is established in 27 European countries, and the spiny-cheek 
crayfish in 21 European countries, and the red-swamp crayfish in 15 European countries (Holdich et 
al., 2009). Thus the crayfish plague is permanently established in these countries through a chronic 
infection of these populations. In Norway, with only one known population of signal crayfish 
permanently established (Vrålstad et al., in press) and, Estonia and NW Russia where only 
susceptible crayfish occur, the appearance of the crayfish plague outbreaks are more incidental.  
 
Country Not 

found 
Not 
established

Rare Local Common Very 
common 

Not 
known 

Austria     X   
Belgium    X    
Czech republic     X   
Denmark    X    
Estonia  X      
European part of Russia  X      
Finland      X  
Faroe Islands* X       
Germany     X   
Greenland* X       
Iceland* X       
Ireland  X      
Latvia   X     
Lithuania     X   
Netherlands    X    
Norway    X    
Poland     X   
Slovakia    X    
Sweden      X  
 
Table 1. The frequency and establishment of Aphanomyces astaci, please refer also to the information provided for this 
species at www.nobanis.org/search.asp. The frequency and establishment are directly linked to the presence of alien 
crayfish species suitable as hosts/carriers for Aphanomyces astaci. Legend for this table: Not found – A. astaci is not 
found in the country (*No freshwater crayfish species (hosts) are present); Not established - A. astaci is regarded as not 
established, because no suitable hosts are present, only the susceptible native crayfish species; Rare - Few sites with 
alien A. astaci-carrying crayfish species; Local - Locally abundant, due to populations of alien A. astaci-carrying 
crayfish species in some areas of the country; Common - Due to populations of alien A. astaci-carrying crayfish species 
in many parts of the country; Very common - Due to many populations of alien A. astaci-carrying crayfish species in 
large parts of the country; Not known – No information available.  
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Ecology 

 
Habitat description 
Aphanomyces astaci is an obligate parasite of freshwater crayfish with no known secondary hosts or 
resting structures, and thus occupies the same aquatic habitats as their hosts. Several North 
American crayfish species inhabiting almost all kind of water bodies, from ditches to clear-water 
lakes, have been shown to harbour A. astaci (Fig. 2, Evans & Edgerton, 2002). The European 
crayfish species are highly susceptible to the crayfish plague and cannot as far as we know act as a 
permanent host. Thus, a water body only inhabiting European crayfish will not represent a suitable 
habitat for A. astaci in the long run as the pathogen will die shortly after all crayfish are dead.  
 

 
 
Fig. 2. Signal crayfish (Pacifastacus leniusculus) with a melanised spots (an immune system reaction) on carapax (a) 
and soft abdominal cuticle (b) caused by Aphanomyces astaci infection. Photo ©: David Strand, National Veterinary 
Institute, Norway. 
 
 
Reproduction and life cycle 
The A. astaci life cycle is summarized in Fig. 3. The oomycete reproduces asexually through 
formation of mobile zoospores. Infection of the host commences with the encystment of the 
zoospore in the cuticle of the crayfish. Both susceptible and more resistant crayfish are infected this 
way, but the subsequent host defence response determines whether the host is killed or a stable 
host-parasite relationship is established. After settling on the crayfish cuticle the zoospore discards 
the flagella and encysts. Germination proceeds, a germ tube penetrates the cuticle and hyphae 
ramify the cuticle. In resistant species, encapsulation/melanisation of the growing tip of the hyphae 
inhibits further invasion. In susceptible species, hyphae penetrate into deeper tissues and organs. 
This may also happen in individuals of resistant species weakened by other infections, injuries or 
stress. The final phase of the infection is sporulation and release of zoospores, which occurs just 
prior to or soon after death, when hyphae grow outwards and give rise to sporangia. The primary 
spores are extruded through the hyphal tip and cluster around the sporangial opening to form a 
typical “spore ball”. These primary spores then discharge as secondary zoospores, develop flagella 
and swim off in the hunt for a new host. The zoospores remain viable only for a few days, after 
which they either encyst in a favourable site and germinate, or, if the encystment site is not suitable, 
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develop into a new zoospore. This process of repeated zoospore emergence can occur up to three 
times before the zoospore finally dies (Söderhäll & Cerenius, 1999; Evans & Edgerton, 2002) 
 

 
 
Fig. 3. Generalized life cycle of A. astaci. Sporangia with primary spores (1) are released as a spore ball (2) from where 
motile zoospores (3) are released into the water. Zoospores will either encyst (4) and repeat zoospore emergence in the 
absence of a suitable host, or locate a suitable host with chemotaxis (5) and encysts on the host surface (6). Aided by 
turgor pressure and enzymes, a developing infection spike penetrates the host (7) and non-septate hyphae ramify (8-9) 
within the host cuticle (exoskeleton). The immune response reaction in North American crayfish species rapidly restrict 
the infection to invisible or minor dark spots (hyphae encapsulated in crayfish generated melanin, se Fig. 2), while in 
susceptible crayfish species the infection rapidly proceed into the body cavity and nerve system, leading to host death. 
The host disease and death triggers the production of new spore producing hyphae/sporangia (10). Crayfish mass 
mortalities will therefore cause a drastic spore blooming of A. astaci. From Vrålstad et al., 2006 with permission. © 
Trude Vrålstad 
 
 
Dispersal and spread 
Humans are the overall most important vector for the dispersal and spread, by the 
illegal/uncontrolled spread of plague-carrying crayfish species, first and foremost the signal crayfish 
(see also above). 
 
Once introduced to a water body the crayfish plague will spread downstream through water 
transport of spores, while upstream spread mainly occurs through movement of infected crayfish. 
The rate of spread depends on factors such as crayfish density, flow rates and the presence of 
barriers to crayfish movements (weirs, waterfalls, etc.) (Taugbøl et al., 1993; Vrålstad et al., 2006). 
However, even though fish is not a suitable host for the crayfish plague, fish may also contribute to 
upstream spread either by zoospores encysted on a fish that may be transported quite a distance 
before they develop into new swimming zoospores hunting for another host (Häll & Unestam, 
1980) or by predator fishes feeding on infected crayfish. It has been shown that A. astaci survives 
within the crayfish cuticle through the fish digestive system (Oidtmann et al., 2002).  
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Impact 
 
Affected habitats and indigenous organisms  
Aphanomyces astaci is a fatal disease of the European freshwater crayfish species (OIE 2011) and 
the major reason why three of these species (only one in the Nordic/Baltic region, the noble crayfish 
Astacus astacus) are recognized as threatened and included in the international and national red 
lists, the Bern Convention and EU’s Habitat Directive (Holdich et al., 2009). 
 
The crayfish plague agent A. astaci does not directly affect other biota than the crayfish. However, 
since crayfish is key species in the food web structure, the crayfish pathogen may indirectly affect 
the abundance of different animal and plant species (Nyström, 2002). When the crayfish disappear, 
the sedimentation of dead organic material will increase because the crayfish as a detritus feeder 
play an important role in the degradation of organic matter. This might have a negative effect on the 
water quality (Hessen & Skurdal, 1989).  
 
Genetic effects 
No genetic effects have been reported.  
 
Human health effects 
No human health effects have been reported.  
  
Economic and societal effects (positive/negative)  
There are only negative effects connected to the introduction of the fatal crayfish disease agent A. 
astaci. The agent is a severe threat to native freshwater crayfish in Europe, some of which 
represents recreational and economical important species in several European countries. This 
particularly applies for noble crayfish. Among the broader mass of people in Europe, crayfish eating 
traditions started to develop first in the nineteenth century. In the period between 1853 and 1879 
more than 5 million crayfish were annually consumed in Paris alone, and most of this trade came 
from Germany and Russia (Ackefors & Lindqvist, 1994). The demand for crayfish increased and 
commercial harvesting became a big industry in the nineteenth century in many European countries, 
including the Nordic/Baltic region. Even though A. astaci is not the only reason why indigenous 
crayfish in Europe has been drastically declining, it is undoubtedly bearing the main responsibility 
for the ruin of a great part of the commercial and recreational crayfish fishery. Only in Sweden and 
Finland, and to some extent in the other countries in the region, there are still remains of a fishery 
on the indigenous noble crayfish. Current harvests in the region are less than 5% compared to the 
situation before the crayfish plague was introduced (Skurdal et al., 1999). Also this remaining 
fishery is at risk due to the continuous spread of the crayfish plague associated with the plague-
carrying North American crayfish species.  
 
 
Management approaches 
 
Prevention methods  
Prevailing evidence suggests that A. astaci cannot live for a long period of time in the absence of a 
suitable host, and only the North American crayfish species have been shown to be naturally 
adapted hosts. The European crayfish species are susceptible and will eventually die of crayfish 
plague. Thus, if there are no North American crayfish species present in an infected watercourse, 
crayfish plague will presumably disappear a period of time after the susceptible native crayfish are 
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dead. In such cases, the crayfish population can be re-established (Smith & Söderhäll, 1986; 
Taugbøl et al., 1993). However, there are also examples indicating that the crayfish plague may 
remain as a chronic infection for decades also in watercourses with only native crayfish (Svärdson, 
1965; Fürst, 1995). If North American crayfish species are present in the watercourse the crayfish 
plague is also permanently established. The only way to get rid of the crayfish plague is by 
eradicating the crayfish, and there is no practical way of doing this except for small, isolated water 
bodies (Holdich et al., 1999; Hiley, 2003; Peay et al., 2006; Sandodden & Johnsen, 2010). 
The only effective way of preventing further spread and maintenance of the crayfish plague is to 
stop the spread of North American carrier crayfish. In all countries in the region it is forbidden to 
stock crayfish in natural waters (permission needed), and in most of the countries import of live 
crayfish is banned. 
 
Viable crayfish plague spores can also be spread from an infected watercourse to new water bodies 
by contaminated water, biological vectors (such as fish), boats or equipment. Effective methods to 
avoid such spread includes to avoid the transfer of water (physical barriers), fish or other biological 
materials from one locality to another, and to disinfect or completely dry gear used in infected 
waters before use in another locality (Häll & Unestam, 1980; Direktoratet for naturforvaltning, 
2009; Vrålstad et al, 2006; in press). This requires regulations and measures from the authorities as 
well as good and targeted information strategies, which undoubtedly is a great challenge. 
 
Eradication, control and monitoring efforts  
These topics are partly dealt with above. There is at present no practical way of eradicating carrier 
crayfish and crayfish plague from a complex watercourse, but successful chemical eradication in 
smaller, closed systems has been reported (Sandodden & Johnsen, 2010). Overall, the key element 
in controlling further spread of the crayfish plague is to control spread of the plague-carrying 
crayfish. Mapping and monitoring the distribution of these crayfish species is important in a 
management and control strategy. 
 
Conservation of native, red-listed European crayfish species is a main objective of many countries 
in Europe. Preventing further spread of the crayfish plague and plague-carrying crayfish species is 
the most important effort. For some countries, management plans for the noble crayfish address this 
problem (Taugbøl & Skurdal 1998; Taugbøl et al. 1998; Tuusti et al., 1998; Fiskeriverket/ 
Naturvårdsverket 1998; 2009; Taugbøl et al., 2004; Johnsen & Vrålstad, 2009). 
 
Information and awareness  
The key factor in order to prevent further spread of the crayfish plague and plague-carrying crayfish 
species is information about the negative effects. With live American crayfish easily accessible 
from natural waters, it is very difficult to prevent illegal stockings unless local people understand 
and respect the consequences by spreading plague-carrying crayfish. Through information, it is 
hopefully possible to increase the knowledge and enhance the awareness of local people that play a 
key factor regarding the prevention of further spread of the crayfish plague. Examples of such 
information includes folders/brochures (Fiskeriverket/Naturvårdsverket 2009, Direktoratet for 
naturforvaltning 2009), media contact, education in schools, concrete projects involving relevant 
interest groups, see for example www.astacus.org). 
  
Knowledge and research  
Aphanomyces astaci has been the subject of many studies during the last hundred years. There is 
detailed knowledge of life cycle and host defence reactions (Söderhäll & Cerenius, 1999). Four 
different genotypes of the crayfish plague pathogen have been identified so far (Söderhäll & 
Cerenius 1999). Improved diagnostic methods involving specific molecular detection of A. astaci 
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directly from infected crayfish tissues have been developed in recent years (Oidtmann et al., 2006; 
Vrålstad et al., 2009; Tuffs & Oidtmann, in press). These methods have not only enhanced crayfish 
plague diagnostics, but have opened up for studying  the A. astaci carrier status of invasive 
American crayfish populations in Europe (Kozubíková et al., 2009; Skov et al., 2011; Vrålstad et 
al., in press). Finally, concepts for direct monitoring of A. astaci spores in natural waters are 
approaching (Strand et al., 2011), and may help to answer some of the still many questions related 
to the epidemiology the crayfish plague, for example on the survival of the crayfish plague after it 
strikes a susceptible population (Fürst 1995).  
 
Recommendations or comments from experts and local communities  
Information is crucial in order to build up the needed knowledge and respect for the fact that native 
European crayfish are endangered mainly as a consequence of crayfish plague and movements 
(often illegal) of invasive American plague-carrying crayfish. Any work that diminishes the risk and 
motivation of such illegal actions are important. In some countries, the endangered native European 
crayfish are not legal to harvest as a protective measure. In other countries, harvest is on the 
contrary considered as one of the most important protective factors against further spread of 
crayfish plague. Harvest in itself is not a threat to a well-established, reproductive population. The 
threat lies with the spread of crayfish plague. Increased interest to avoid the infection is therefore an 
important measure to protect the native crayfish species. For countries where crayfish harvest still is 
legal, it is imperative to convince landowners/fishermen that the indigenous crayfish is a great, 
harvestable resource and that spread of the crayfish plague and plague-carrying crayfish species to 
native crayfish localities is a biological catastrophe and a tragedy to the socioeconomic/ -cultural 
values that the native crayfish represents. Finally, it is illegal and regarded as an environmental 
crime to actively spread American crayfish. For example in Norway, those who introduce American 
crayfish to a new locality may risk 6 years in prison. 
 
 
References and other resources 
 
OiE reference laboratories and experts for crayfish plague: 
 
Birgit Oidtmann, The Centre for Environment, Fisheries & Aquaculture Science (Cefas), Barrack 
Road, The Nothe, Weymouth, Dorset DT4 8UB, UK, Tel.: (44.1305) 20.66.61, Fax: (44.1305) 
20.66.01, E-mail: birgit.oidtmann@cefas.co.uk

 
Satu Viljamaa-Dirks, Finnish Food Safety Authority, Evira Kuopio, Neulaniementie 4, FIN-70210 
Kuopio, FINLAND. Tel.: (358) 2077.24962, Fax: (358) 2077 24970, E-mail: satu.viljamaa-
dirks@evira.fi 
 
Other contact persons 
Manfred Pöckl (AT) Amt der NÖ Landesregierung, Abt. BD1-N, Landhausplatz 1, A-3109 St. 
Pölten, Austria, E-mail: manfred.poeckl@noel.gv.at  
 
Eva Kozubíková, Adam Petrusek (CZ) Department of Ecology, Faculty of Science, Charles 
University in Prague, Viničná 7, 128 44 Prague 2; E-mail: evikkk@post.cz, petrusek@cesnet.cz
 
Kurt Buchmann (DK) Royal Veterinary and Agricultural University, Department of Veterinary 
Pathobiology, Section of Fish Diseases, Stigbøjlen 7, DK-1870 Frederiksberg C., Denmark; 
Phone: +45 35282700, E-mail: kub@kvl.dk
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Stefan Nehring (DK) AeT umweltplanung, Bismarckstrasse 19, D-56068 Koblenz; Phone: +49 261 
1330398; E-mail: nehring@aet-umweltplanung.de
 
Margo Hurt (EE) Department of Fishery, Estonian University of Life Sciences, Krutzwaldi 48, 
51006 Tartu, Estonia; Phone: + 372 731 3481; E-mail: margo.hurt@emu.ee  
 
Ari Mannonen (FI) Crayfish Innovation Center, Päijänne-Institute, Koulutuskeskus Salpaus, 
Laurellintie 55, FI-17320 Asikkala, Finland; Phone: +358 40 7082524; E-mail: 
raputietokeskus@jippii.fi   
 
Árni Kristmundsson (IS) Institute for Experimental Pathology, Fish disease Laboratory,  
University of Iceland, Keldur v/Vesturlandsveg, IS-112 Reykjavik, Iceland; Phone: +354 585 5100  
Fax: +354 567-3979; E-mail: arnik@hi.is  
 
Augusts Arens (LV) Latvian Crayfish and Fish Farmers' Association, 7-6 Alberta St., Riga LV-
1010, Latvia; Phone/fax: +371 7 336 005; E-mail: earens@latnet.lv
 
Trude Vrålstad (NO) National Veterinary Institute, Section of mycology, P.O.Box 750 Sentrum, N-
0106 Oslo, Norway; Phone: +47 23216247; E-mail: trude.vralstad@vetinst.no  
 
Teresa Wlasow (PL) Division of Ichthyology, Faculty of Environmental Sciences and Fisheries,  
Warmia and Mazury University in Olsztyn, Oczapowskiego 5, 10-950 Olsztyn-Kortowo, Poland; E-
mail: tewlasow@uwm.edu.pl
 
Lennart Edsman (SE) Swedish Board of Fisheries, Freshwater Laboratory, Stångholmsvägen 2, SE- 
178 93 DROTTNINGHOLM, Sweden; Phone: + 46 8-699 06 00, Fax: +46 8-699 06 50; E-mail: 
Lennart.Edsman@fiskeriverket.se  
 
Thorbjörn Hongslo (SE) National Veterinary Institute, SVA, Ulls väg 2B, SE-751 89 Uppsala, 
Sweden. E-mail: thorbjorn.hongslo@sva.se 
 
  
Links 
The International Association of Astacology (IAA)  
Global Invasive Species Data Base - Aphanomyces astaci (ISSG - Invasive Species Specialist 
Group)  
 
References  
Ackefors, H. & Lindqvist, O. 1994. Cultivation of freshwater crayfishes in Europe. In: Freshwater Crayfish 

Aquaculture, (ed. J.V. Huner), pp. 157-216. Food Products Press, The Haworth Press, New York. 
Alderman, D.J., Polglase, J.L. & Frayling, M. 1987. Aphanomyces astaci pathogenicity under laboratory and field 

conditions. J. Fish Diseases 10: 385-399. 
Alderman, D.J., Holdich, D.M. & Reeve, I. 1990. Signal crayfish as vectors in crayfish plague in Britain. Aquaculture 

86: 3-6. 
Cerenius, L., Söderhäll, K., Persson, M. & Ajaxon, R. 1988. The crayfish plague fungus Aphanomyces astaci – 

diagnosis, isolation, and pathobiology. Freshwater Crayfish 7: 131-144. 
Direktoratet for naturforvaltning. 2009. Kreps og krepsing. Information folder. 

http://www.dirnat.no/content/1280/Kreps-og-krepsing   
Eder, E. 2004. Flusskrebse. In: Wallner, R. (Ed.), Aliens. Neobiota in Österreich. Böhlau Verlag, Wien: 148-156.  
Evans, L.H. & Edgerton, B. F. 2002. Pathogens, Parasites and Commensals. Pp. 377-438 in: Holdich, D.M. (ed.). 

Biology of freshwater crayfish. Blackwell Science Ltd. 

 9

mailto:nehring@aet-umweltplanung.de
mailto:margo.hurt@emu.ee
mailto:raputietokeskus@jippii.fi
mailto:arnik@hi.is
mailto:earens@latnet.lv
mailto:trude.vralstad@vetinst.no
mailto:tewlasow@uwm.edu.pl
mailto:Lennart.Edsman@fiskeriverket.se
http://iz.carnegiemnh.org/crayfish/iaa/
http://www.issg.org/database/species/ecology.asp?si=107&fr=1&sts=
http://www.dirnat.no/content/1280/Kreps-og-krepsing


Fiskeriverket & Naturvårdsverket. 1998. Åtgärdsprogram för bevarande av Flodkräfta. Fiskeriverket & 
Naturvårdsverket, Göteborg og Stockholm, SverigeFiskeriverket & Naturvårdsverket. 2009. Åtgärdsprogram för 
bevarande av Flodkräfta 2008-2013. Rapport 5955. Fiskeriverket & Naturvårdsverket, Göteborg og Stockholm, 
Sverige 

Fürst, M. 1995. On the recovery of Astacus astacus L. populations after an epizootic of the crayfish plague 
(Aphanomyces astaci Schikora). Freshwater crayfish 8: 565-576. 

Hessen, D.O. & Skurdal, J. 1989. Food consumption, turnover rates and assimilation in the noble crayfish (Astacus 
astacus). Freshwater Crayfish 7: 309-317. 

Hiley, P.D. 2003. Field application of biocides for signal crayfish control Pp. 185-199 in: Holdich, D.M. & Sibley, P.J. 
(eds.) Management & Conservation of Crayfish. Proceedings of a conference held on 7th November, 2002. 
Environment Agency, Bristol, 217 pp. 

Holdich, D.M., Gydemo, R. & Rogers, W.D. 1999. A review of possible methods for controlling alien crayfish 
populations. Crustacean Issues 11: 245-270. 

Holdich, D.M., Reynolds, J.D., Souty-Grosset, C., Sibley, P.J. 2009. A review of the ever increasing threat to European 
crayfish from non-indigenous crayfish species. Knowledge and Management of Aquatic Ecosystems 394-395: 11. 

Häll, L. & Unestam, T. 1980. The effect of fungicides on survival of the crayfish plague fungus, Aphanomyces astaci, 
oomycetes, growing on fish scales. Mycopathologia 72: 131-134. 

Johnsen, S.I. & Vrålstad, T. 2009. Signalkreps og krepsepest i Haldenvassdraget - forslag til tiltaksplan. NINA Rapport 
474. Norsk institutt for naturforskning (NINA), Lillehammer. ISSN 978-82-426-2044-6. 

Kozubíková, E., Petrusek, A., Ďuriš, Z., Kozák, P., Geiger, S., Hoffmann, R. & Oidtmann, B. (2006): The crayfish 
plague in the Czech Republic - review of recent suspect cases and a pilot detection study. Bulletin Français de la 
Pêche et de la Pisciculture 380-381: 1313-1323. 

Kozubíková, E., Petrusek, A., Ďuriš, Z., Martín, M.P., Diéguez-Uribeondo, J. & Oidtmann, B. (2008): The old menace 
is back: recent crayfish plague outbreaks in the Czech Republic. Aquaculture 274: 208-217. 

Kozubíková, E., Filipová, L., Kozák, P., Ďuriš, Z., Martín, M.P., Diéguez-Uribeondo, J., Oidtmann, B. & Petrusek, A. 
(2009): Prevalence of the crayfish plague pathogen Aphanomyces astaci in invasive American crayfishes in the 
Czech Republic. Conservation Biology 23, 5: 1204-1213. 

Larsen, K. 1990. Den ny krebsebog. Forlaget Pinus, Skjern.. 
Nyström P. 2002. Ecology, in: Holdich, D. M. (Ed.), Biology of freshwater crayfish. Blackwell Science, Oxford: 192-

235. 
OIE, 2011. Crayfish plague (Aphanomyces astaci). Manual of Diagnostic Tests for Aquatic animals 2011. Chapter 

2.2.1., http://www.oie.int/en/international-standard-setting/aquatic-manual/access-online/  
Oidtmann, B., Cerenius, L., Schmid, I., Hoffmann, R., Söderhäll, K. 1999. Crayfish plague epizootics in Germany-

classification of two German isolates of the crayfish plague fungus Aphanomyces astaci by random amplification of 
polymorphic DNA. Diseases of Aquatic Organisms 35: 235-238. 

Oidtmann, B., Heitz, E., Rogers, D., Hoffmann, R.W. 2002. Transmission of crayfish plague. Diseases of Aquatic 
Organisms 52: 159-167. 

Oidtmann, B., Geiger, S., Steinbauer, P., Culas, A. & Hoffmann, R.W. 2006. Detection of Aphanomyces astaci in North 
American crayfish by polymerase chain reaction. Diseases of Aquatic organisms 72: 53-64. 

Peay, S., Hiley, P. D.,Collen, P. and Martin, I. 2006. Biocide treatment of ponds in Scotland to eradicate Signal crayfish. 
In: Gherhardi, F., Souty-Grosset, C. 2006: European crayfish as heritage species-linking research and management 
strategies to conservation and socio-economic development, Craynet, Volume 4, Bull. Fr. Pêche Piscic., 380-381, 
566 p. 

Sandodden, R., Johnsen, S.I. 2010. Eradication of introduced signal crayfish Pasifastacus leniusculus using the 
pharmaceutical BETAMAX VET.®. Aquatic Invasions 5:75-81. 

Skov, C., Aarestrup, K., Sivebæk, F., Pedersen, S., Vrålstad, T., Berg, S.2011. Non-indigenous signal 
crayfishPacifastacusleniusculus are now common in Danish streams: preliminary status for national distribution and 
protective actions. Biological Invasions 13:1269–1274 

Skurdal J., Taugbøl T., Burba A., Edsman L., Söderbäck B., Styrishave B., Tuusti J. & Westman K. 1999. Crayfish 
introductions in the Nordic and Baltic countries, in Gherardi, F. & Holdich, D. M. (Eds), Crayfish in Europe as alien 
species. How to make the best of a bad situation. A. A. Balkema, Rotterdam: 193-219. 

Smith, V. & Söderhäll, K. 1986. Crayfish pathology: an overview. Freshwater Crayfish 6: 199-211. 
Souty-Grosset, C., Holdich, D.M., Noël, P.Y., Reynolds, J.D., Haffner, P., 2006. Atlas of crayfish in Europe. Museum 

national d´Histoire naturelle, Paris.  
Strand, D., Holst-Jensen, A., Viljugrein, H., Edvardsen, B., Klaveness, D., Jussila, J., Vrålstad, T. 2011. Detection and 

quantification of the crayfish plague agent in natural waters - an approach for direct monitoring of aquatic 
environments. Diseases of Aquatic Organisms 95:9–17 

 10



Svärdson, G. 1965. The American crayfish Pacifastacus leniusculus (Dana) introduced into Sweden. Rep. Inst. Freshw. 
Res., Drottningholm 49: 90-94. 

Söderhäll, K. & Cerenius, L. 1999. The crayfish plague fungus: history and recent advances. Freshwater crayfish 12: 
11-35. 

Taugbøl, T., Skurdal, J. & Håstein, T. 1993. Crayfish plague and management strategies in Norway. Biological 
Conservation 63: 75-82. 

Taugbøl, T. & Skurdal, J. 1998. Forslag til forvaltningsplan for kreps. Utredning for DN 1998-1. Direktoratet for 
naturforvaltning, Trondheim. 

Taugbøl, T., Skurdal, J. & Burba, A. 1998. Freshwater Crayfish in Lithuania. I: Action plan for management. II: 
Crayfish status report. Østlandsforskning, rapport 12/1998, 83 s. 

Taugbøl, T., Arens, A. & Mitans, A. 2004. Freshwater Crayfish in Latvia. Status and Recommendations for 
Conservation and Sustainable Use. NINA Project Report 29. 23 pp. 

Tuffs, S. & Oidtmann, B. In press. A comparative study of molecular diagnostic methods designed to detect the crayfish 
plague pathogen, Aphanomyces astaci. Veterinary Microbiology. doi:10.1016/j.vetmic.2011.06.012   

Tuusti, J., Taugbøl, T., Skurdal, J. & Kukk, L. 1998. Freshwater Crayfish in Estonia. I: Action plan for management. II: 
Crayfish status report. Østlandsforskning, rapport 22/1998, 92 s. 

Unestam, T. 1969. Resistance to the crayfish plague in some American, Japanese, and European crayfishes. Rep. Inst. 
Freshw. Res. Drottningholm 49: 202-209. 

Unestam, T. 1972. On the host range and origin of the crayfish plague fungus. Rep. Inst. Freshw. Res. Drottningholm 
52: 192-198. 

Viljamaa-Dirks, S. & Heinikainen, S. 2006. Improved detection of crayfish plague with a modified isolation method. 
Freshwater Crayfish 15: 376-382. 

Vrålstad, T., Håstein, T., Taugbøl, T., Lillehaug, A. 2006. Krepsepest - smitteforshold i norske vassdrag og 
forebyggende tiltak mot videre spredning av krepsepest. 6-2006, 1-25. Veterinærinstituttets rapportserie. 
www.vetinst.no/  

Vrålstad, T., Knutsen, A. K., Tengs, T., Holst-Jensen, A. 2009. A quantitative TaqMan (R) MGB real-time polymerase 
chain reaction based assay for detection of the causative agent of crayfish plague Aphanomyces astaci. Veterinary 
Microbiololgy 137:146-155 

Vrålstad, T., Johensen, S. I., Fristad, R., Edsman, L., Strand, D. A. In press. Potent infection reservoir of crayfish plague 
now permanently established in Norway. Diseases of Aquatic Organisms. doi: 10.3354/dao02386 

 
 
Date of creation/modification of this species fact sheet:  15-03-2007/ 30-08-2011 

 11

http://dx.doi.org/10.1016/j.vetmic.2011.06.012
http://www.vetinst.no/

	NOBANIS - Invasive Alien Species Fact Sheet
	Species description
	Alien distribution 
	Ecology
	Impact
	Management approaches
	Information is crucial in order to build up the needed knowledge and respect for the fact that native European crayfish are endangered mainly as a consequence of crayfish plague and movements (often illegal) of invasive American plague-carrying crayfish. Any work that diminishes the risk and motivation of such illegal actions are important. In some countries, the endangered native European crayfish are not legal to harvest as a protective measure. In other countries, harvest is on the contrary considered as one of the most important protective factors against further spread of crayfish plague. Harvest in itself is not a threat to a well-established, reproductive population. The threat lies with the spread of crayfish plague. Increased interest to avoid the infection is therefore an important measure to protect the native crayfish species. For countries where crayfish harvest still is legal, it is imperative to convince landowners/fishermen that the indigenous crayfish is a great, harvestable resource and that spread of the crayfish plague and plague-carrying crayfish species to native crayfish localities is a biological catastrophe and a tragedy to the socioeconomic/ -cultural values that the native crayfish represents. Finally, it is illegal and regarded as an environmental crime to actively spread American crayfish. For example in Norway, those who introduce American crayfish to a new locality may risk 6 years in prison.
	References and other resources


