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CURRENT STATUS OF CRAYFISH IN EUROPE AND 
SCANDINAVIA 
 
There are 500 freshwater crayfish species worldwide (Taylor, 2002). Crayfish belongs to 
the subphylum Crustacea, which has about 1300 species represented in Sweden. Within 
the Crustacea the class Malacostraca, the commercially important orders of shrimps, 
crabs and lobsters are found (Stöhr, 2008). The Astacideae-family is spread in Eurasia 
and in the west of North America.  Although crayfishes live around almost the whole 
earth, with exception of Africa and Antarctica, they are not evenly distributed. North 
America has 70% and Australia has 20% of the crayfish species in the world (Taylor 
op.cit.). 
 
There are several species in the genera Astacus, A. astacus, the noble crayfish is native to 
Sweden and is widely distributed in Eurasia. The noble crayfish is nowadays present in 
28 European countries. It occurs from north east of France in the west to Ladoga area in 
Russia in the east and from northern Italy in the south to Scandinavia in the north. It has 
been introduced to England, Cyprus, Spain, Liechtenstein, Siberia and Morocco (Africa). 
2000 years of trading has made it difficult to know the origin area of the noble crayfish. 
The distribution is definitely influenced by man (Skurdal and Taugbøl, 2002). 
 
In the 1960s an Astacidae, the signal crayfish, Pacifastacus leniusculus, was introduced 
to Sweden from Lake Tahoe in California, USA (Karlsson, 2005). The species has been 
introduced to other European countries and Japan too. In Sweden it was introduced in 
order to replace the noble crayfish in waters that were infected by the crayfish plague. 
The signal crayfish was thought to be resistant against crayfish plague but was also found 
to be a bearer of the illness and has therefore contributed to the spread of the disease 
(Ackefors, 2005). The introduction to Sweden was successful and the signal crayfish is 
nowadays more common than the noble crayfish (Fiskeriverket and Naturvårdsverket, 
2007).  
 
Crayfish has been consumed in continental Europe since the 1200 century and in Sweden 
since the 1500 century. A. astacus has been preferred as delicacy (Skurdal and Taugbøl 
op.cit.). A search for crayfish recipes at Google gave 819 000 hits (Google, 2007). This 
indicates the importance of crayfish in food culture and as an important species for local 
communities. In Sweden the professional catch of crayfish (P. leniusculus and A. 
astacus) was 124 tonnes in 2006 (SCB, 2007). The total catch in 2000 was over 1200 
tonnes P. leniusculus and 200 tonnes of A. astacus ( Ackefors op.cit.). About 3000 tonnes 
of crayfish are imported yearly to Sweden. In the last years mostly cultured Procamburus 
clarkii from China and Spain. A small amount is wild-captured Astacus leptodactylus 
from Turkey and P. clarkii from USA ( Ackefors op.cit.). The commercial crayfishing is 
an economically important business.  In Sweden, the total business value including 
import is about 1000 mSEK (SCB 2007). After the outbreak of crayfish plague in Europe 
in the end of the 1880s to the early 1910s, the stocks of crayfish declined dramatically. 
Nowadays the catches of A. astacus in Europe are below 1/10 of the catches in the 1800s 
(Skurdal and Taugbøl op.cit.).  
 



A third to the half of the crayfish species in the world are threatened of population 
decline or extinction. A third of the crayfish species in North America are imperilled or 
threatened of extinction. A quarter of them are vulnerable. In Australia it is almost the 
same. A third of the crayfish species are vulnerable. For Eurasia it is even worse. 60% of 
the crayfish species are threatened (Taylor op.cit.). The current status of the A. astacus is 
alarming. The species is classified as vulnerable on the IUCN Red list of Threatened 
Species (Sket, B. 1996) and as endangered on the Swedish Red List (Gärdenfors, U. 
2005). The habitat quality for the species is continuously declining and there are both 
continuously declining and extreme fluctuations in its area of occupancy and the number 
of mature individuals (Sket, B. 1996). In Sweden the A. astacus is rapidly declining. 
Since the last 10 years known populations have decreased with 50-80% (Gärdenfors, 
op.cit.). The yearly catches have decreased with over 95% the last century (Fiskeriverket 
and Naturvårdsverket, 1999). Acidification of lakes and rivers causes some decreasing 
but the main cause is crayfish plague spread from illegal introductions of P. leniusculus 
(Gärdenfors, op.cit.).  
 
Habitat alteration and degradation like impoundment or channelization of streams, 
drainage of wetlands, urban development, increased siltation and changes in water 
chemistry are factors that negatively affect crayfish populations and are serious threats 
(Taylor op.cit.). In addition, introduction of nonindigenious species partly leads to 
competition between native and introduced species and partly to spreading of diseases. In 
North America Pacifastacus nigrescens went extinct because of competition (Taylor 
op.cit.). Introduction of P. leniusculus and other North American crayfish species to 
Europe have brought crayfish plague. The plague is a grave danger to Eurasian native 
crayfish species (Taylor 2002, Hessen et al. 2004). Besides spreading crayfish plague the 
North American species are invasive and outrival native species.  
 
In order to conserve the A. astacus in Sweden the Swedish Board of Fisheries in 
cooperation with the Swedish Environmental Protection Agency made an action 
programme in 1998 (Naturvårdsverket and Fiskeriverket, 1999). This program is now 
under revision but the tentative revised program states that the most important actions for 
preserving the A. astacus are 

• information to the public about the reasons to preserve the A. astacus and the 
consequences of illegal introductions of P. leniusculus, 

• decisions about isolation zones for the A. astacus,  
• biological recuperation of suitable habitats and 
• reintroduction of A. astacus into former suitable habitats 

(Fiskeriverket and Naturvårdsverket, 2007). 



ECOLOGY OF CRAYFISH 

Habitat requirement 

Water quality, temperature and pH 
Skurdal and Taugbøl (2002) suggested that habitat use is determined by a combination of 
predation risk, cannibalism, water temperature and competition between and within 
crayfish species. Three water quality factors are of great importance for crayfish namely 
temperature, pH and oxygen content. But also pure, unaffected water is of importance. 
 
The tolerance for different temperatures differs between crayfish families and those 
species adapted to warmer climate such as Cambaridae tolerates higher temperatures 
than more northern species (Nyström, 2002). Metabolic rate is temperature dependent 
and it is faster in warmer environments (McMahon, 2002). The optimal oxygen binding 
rate is variable since many species change their Hemocyanin composition in relation to 
temperature and may tolerate temperature ranges from 4° to 32° C (Decker and Föll, 
2000) but there seem to be an optimal temperature (McMahon, 2002).  
The temperature for maximal growth in A. astacus is between 16-24°C, but it can tolerate 
temperatures even up to 28°C (Nyström op.cit.). Temperatures below 10-15°C limit 
growth and the reproduction will fail if not above this temperature for at least three 
months. However, eggs need a period of lower temperatures for survival (see below). In 
Orconectes virilis temperature governed the local distribution between the sexes. Large 
males occupied the sites with warm temperature – constraining the females to deeper and 
colder water. This pattern was the same between different age classes, where the larger 
classes occupied the most suitable sites (Gherardi, 2002). The total activity increases with 
temperature and the most active period for A. astacus is thus in summer time.  
Daily fluctuations in water level have indirect effects since crayfish is more active in 
these situations and may seek new shelters and thereby expose themselves for predators 
(Hamrin, 1987). Hydroelectric power leads to daily regulations and seasonally 
regulations of the water flow. Daily regulations of 1-2dm and seasonally regulations of 
2m can be harming ( Ackefors op.cit.). This is because short-term fluctuations in water 
flow, in winter lead to bottom frozen streams and thereby high mortality of crayfishes 
(Pursiainen and Westman, 1982). Egg bearing females are passive in the winter and a loss 
of an egg bearing female is of coarse negative for a population ( Ackefors op.cit.). In 
summertime the different water levels causes sliming which destroy refuges and prevent 
production of zooplankton and vegetation. It is especially areas with rapid streams or 
shallow soft bottoms that are affected (Pursiainen and Westman, 1982). This is especially 
difficult for juvenile crayfish that often search food in shallow water.  
 



In Scandinavia with large seasonal variations streams and lakes undergo marked changes 
between winter and summer. The distribution of oxygen in lakes is relatively uniform 
during spring and autumn, but in summer there will be thermal stratification in the lake 
water. This in combination with lowered solubility of oxygen and consumption of oxygen 
because of decomposition of organic material, the result might be shortage of oxygen at 
the lake bottom (Cole, 1994). In extreme anoxic situations crayfish deaths may occur in 
eutrophic ponds during summer (Nyström op.cit.). During winter, when the ice sheet 
prevents gas exchange at the surface, the oxygen demanding respiration and 
decomposition of organic material at the bottom may cause crayfish deaths in eutrophic 
ponds (Nyström 2002). The lethal oxygen concentration for A. astacus is below 3.2 mg/l 
and optimal concentration for growth is above 5 mg/l. Cambaridaes has less demand on 
oxygen concentration than astacidaes (Nyström 2002). That is a consequence of their 
ability to respond to low oxygen levels by increasing the ventilation volume and thereby 
maintain the oxygen levels in the body. Another strategy is to improve the efficiency of 
the gas exchange mechanism (McMahon, 2002). At the northern limit of the distribution 
area of A. astacus, successful crayfish populations are more frequent in streams then 
lakes (Odelström and Johansson, 1999). This is probably due to a high oxygen content, 
good availability of shelters and food in combination with few predators (Ackefors 
op.cit.). 
 
Low pH below 5.5 causes direct lethal effects and reproductive failure due to effects on 
embryo and juveniles. Stress imposed by low pH lead to higher vulnerability of diseases, 
and failure in the ecdosus causing vulnerability to predation and cannibalism (Nyström 
op.cit.). Adult crayfish are less vulnerable to acidity than juveniles (Nyström op.cit.) and 
they are more tolerant to low pH than fish, at least for short time exposure (McMahon, 
2002). 
 

Substrate 
Shelters are used as refuges from predators and cannibals, especially during moulting. 
Shelters like tree roots can serve as protection for juveniles during periods of floods 
(Nyström op.cit.).  Juvenile crayfish respond to presence predators by hiding and thereby 
minimise exposure. They reduce activity and seek shelter or shift their location to shallow 
areas (Nyström op.cit., Englund and Krupa, 2000). 
Shelters are either “natural” such as crecivices within rocks or the crayfish build the 
shelter itself. The general knowledge about the burrow capacity of crayfish is that they 
use sandy soils to construct permanent burrows. Free water is necessary for successful 
burrowing. The yearly amount of 40 tonnes soil/ha has been reported to be moved by 
Procamburus clarkii. There are three categories of burrowing crayfishes. Primary 
burrowers are almost stationary in their burrows and they only leave their burrows 
temporarily to mate, eat or if necessary leave for a new habitat. Their burrows are 
complex and can be several meters deep. The secondary burrowers have fairly simple 
burrows and they occur in areas that are inundated seasonally. They are in their burrows 
except for the times of inundating. The tertiary burrowers only burrow in the winter or 
during draught conditions and their burrows are simple (Gherardi 2002).  
 



A. astacus make small and simple burrows. They live in burrows unless they are feeding, 
changing habitat or finding a mate (Skurdal and Taugbøl, 2002). This behavior 
corresponds to a primary burrower although their burrows are simple. Except for the 
simple burrows the A. astacus use tree roots and drift wood as shelters (Gherardi 2002).  
 
 
In an ideal habitat the bottom substrate shall consist of stones, gravel and silt (Gherardi, 
2002) and be heterogeneous (Nyström op.cit.).  A. astacus larger than 60mm use a greater 
part of available habitats, whereas smaller crayfishes prefer shallow hard-bottom areas 
(Skurdal and Taugbøl, 2002). Juveniles of A. astacus are mostly found in depth below 20 
cm in rocky and/or vegetated areas (Hamrin, 1987). Smith et al, 1996 found that the 
abundance of Austropotamobius pallipes was correlated to steepness of the channel banks 
(vertical or near vertical was best), the presence of riparian shrubs and trees and their 
roots in the water. Apparently, substrate (shelters) sets the upper limit of the population 
size both in lakes and streams, but for streams ecological top-down processes seems to be 
important (Stenroth, 2005).  
Other factors that influence crayfish abundance are A. astacus water flow velocity 
(Gherardi, 2002), urban influence (Schulz et al. 2006), predators such as Eel (Anguilla 
anguilla), proportion of arable land and sun exposure (Schulz et al, 2002). For instance, 
A. astacus preferred shaded habitats (Gherardi, 2002). Naura and Robinson (1998) found 
that presence of amphibious plants, filamentous algae, overhanging boughs and canopy 
cover was critical for abundance of Austropotamobius pallipes. The number of riffles was 
positively correlated to the crayfish as well as exposed boulders and boulder/cobble 
banks. Eroding cliffs, poached banks, gravel/pebble/sand bank substrate and reinforced 
banks were negatively correlated to the crayfishes (Naura and Robinson 1998).  
 

DEMOGRAPHY AND LIFE HISTORY 

Reproduction 
For astacidaes temperature and shortened day length in the autumn are most important 
for governing reproduction. The reproduction happens in intermoult when both males and 
females are active. The sex ratio is quite even for most crayfishes. Age and size for 
maturity is variable and individual (Reynolds, 2002). A. astacus females reach maturity at 
about 3-5 years of age when they are about 62-85mm in total length. The males mature 
faster and are mature at about 2-4 years of age and 60-70mm in body length (Skurdal and 
Taugbøl op.cit.). Maturation is later in colder climate. In the north of Sweden A. astacus 
mature at 4-7 years of age ( Ackefors op.cit.). Breeding season for A. astacus begins with 
declining temperature in the autumn. This occurs in a period that last for about 2-3 weeks 
in September until October (Skurdal and Taugbøl op.cit.). During breeding females are 
not so active and they are therefore not catchable by fishermen (Reynolds 2002). When 
breeding, both sexes of A. astacus are more active during daytime than during nights 
(Skurdal and Taugbøl 2002). Ovarian maturation demands the water temperature and the 
photoperiod. Most females do not breed every year. Normally they breed every second or 
third year depending on the availability of high quality foods. Crayfish use pheromones 
to find a ready mate (Reynolds, 2002). When they are mating the female become 



immobile, showing that she accepts the male. In some species the mating precedes by 
fighting between the male and the female (Gherardi, 2002). In A. astacus the male grabs 
the female with his chelipeds. He turns the female around and presses her chelipeds to the 
bottom. The male spermatophores (“sperm in packages”) are attached to the female 
between the second and fourth walking legs (Skurdal and Taugbøl op.cit.). The crayfishes 
mate several times with different mates. In wild conditions almost all females are mated. 
Mating between species occurs but is only rarely seen in the wild (Reynolds 2002). It is 
common with size dimorphic competition and sperm competition since the 
spermatophores that one male had attached to the female during the mating can be 
removed by another male that put his own spermatophores to the female (Gherardi, 
2002). 
  
There is a positive correlation between female size and total number of eggs produced. 
The larger the female is the better is her fecundity but fecundity also responds to factors 
such as nutrition, competition, predation, density and environmental pollution. Larger 
eggs have more nutrition to the larvae and therefore the chance of survival is better. 
Among the astacidaes the A. astacus have the largest eggs (Reynolds, 2002). 
 
Spawning is stimulated by mating and is therefore governed by temperature and day 
length. The spawning occurs about a month after mating (Reynolds, 2002). Skurdal and 
Taugbøl (2002) mention that extrusion and fertilization happens up to six weeks after 
mating. There are studies that indicate a behavioral or chemical signal that delays 
spawning in natural populations until all available males have mated. It is not all female 
that spawn successfully. Small females are poorer egg bearer than large individuals and 
they more seldom reach a successful hatching. The eggs are attached to the pleopods 
during the period of embryonic development until the hatching. The embryonic 
development is governed by temperature (Reynolds, 2002). A. astacus eggs need a period 
of below 5˚C for high survival. The mechanism behind this seems to be the temperature 
acting like a timer, synchronizing the embryological development to the environment 
(Skurdal and Taugbøl op.cit.). Reasons for egg loss are disturbance such as males or 
aggressive contacts between females, fungal infections and progressive thinning of egg 
pedicel. Aggressive contacts between females increases with temperature (Reynolds, 
2002). The eggs are cleaned by the female and she will remove bad eggs. When oxygen 
demands are not favorable the female will move her pleopods in order to make better 
environment for the eggs (Gherardi, 2002). Spawning is critical for egg survival. Most 
egg loss is connected to prehatching and hatching (Reynolds, 2002). 
 
The reproduction is temperature dependent and For A. astacus the reproduction cycle 
begins with moulting in August-October, followed by mating in October-December. The 
hatchlings occur in June-July the following year (Reynolds, 2002). In Scandinavian 
waters the hatching takes place about 8 months after spawning (Skurdal and Taugbøl 
op.cit., Reynolds, 2002) A cold spring leads to late hatching, which causes difficulties for 
juveniles in surviving the next winter (Skurdal and Taugbøl op.cit.). Hatching in the 
northern of Sweden is about six weeks later than in the south ( Ackefors op.cit.). This 
makes the survival of the hatchlings more critical in the northern of Sweden. The 
hatchlings stay with the female for about 25 days (Gherardi, 2002). At the primary stage 



when hatchlings are about 9 mm in body length, they are lecithotrophic which means 
they resemble the adults (Reynolds, 2002). At this stage they are immobile and are still 
attached and dependent on the female. This stage lasts for 7-14 days dependent on 
temperature. After moulting the juveniles will reach another juvenile stage. This stage 
varies between species but for astacidaes this stage juveniles are independent (Gherardi 
2002).  

Body Growth    
The hardened exoskeleton of crayfishes prevents continuous length and weight growth. 
Instead crayfishes grow in leaps during moulting. Males of A. astacus moult twice a year 
if temperature and food availability is favourable. The first moult occurs in mid 
spring/early summer and the second in late summer/early autumn. The females, that are 
busy with juvenile care moult once a year in late summer or early autumn (Skurdal and 
Taugbøl op.cit.). The time between moults is shortened in higher temperatures (Westin L 
and Gydemo R, 1986). That means in the southern of Sweden it is more usual with two 
moults yearly while it usually only happens once a year in the northern of Sweden. 
The moulting process is called ecdosys and consists of four steps.  

1. Resorbtion of minerals (Calcium carbonate, CaCO3). 
2. Separation of the old exoskeleton. 
3. Intake of water to increase body size. 
4. Building of a new hardened exoskeleton.  

Lack of the protecting exoskeleton makes the crayfish vulnerable to predation and 
environmental factors during the moulting period. The ecdosys is governed by hormones 
and the process is similar for juveniles and adults. A difference is that juveniles moult 
more often. Before ecdosys the crayfishes will feed and become less active. They are 
taking shelter. During the moulting they are not physically able to feed until their new 
mouthparts are finished. In order to replace calcium depots they eat the old exoskeleton 
(Reynolds, 2002). Orconectes virilis, P. leniusculus and A. astacus have been observed to 
moult in the open, but other species such as Procamburus clarkii moulted either inside or 
outside their shelter (Gherardi, 2002).  
 
Individuals grow at different rates making it hard to estimate age from size (Reynolds 
2002). The growth is determined from external measurements such as carapace length 
and weight. Growth rate can be determined through captive studies or mark-recapture 
techniques. The increment is normally between 5% and 10% for every moult with the 
higher value for males (Reynolds op.cit.). Juveniles moult at the age of one month but as 
they reach sexual maturity they will moult more seldom. The growth rate depends of 
environmental factors such as food availability and population density (Reynolds 2002). 
Growth rate are governed by food availability and quality of the food. High protein 
content in the food leads to rapid growth (Stenroth 2005). Growth of P. leniusculus seems 
to be negatively influenced by population density but positively influenced by trophic 
status of lakes. In one study the mean size of the crayfishes was larger in eutrophic lakes 
(Stenroth op.cit.). 
 



The growth of the juveniles is mostly isometric, the growth is similar over the body, 
while the growth of adults can be allometric, some parts of the body can grow more than 
other. An example of allometric growth is when the chelipeds grow faster than the other 
body at mature males (Reynolds 2002). 
 
It is difficult to determine age of crayfishes, but carapace length and body mass have 
been found to relate age to the von Bertalanffy growth functions (Reynolds, 2002). 
Another method is to measure the amount of lipofuscin age pigment in olfactory lobe cell 
masses. This technique has been used for short lived crayfish (Cherax quadricarinatus) 
as well as for long lived (P. leniusculus). The method was twice as accurate in predicting 
age as measurement of carapace length and body mass. A disadvantage is that the 
crayfishes must be killed before measurement (Belchier et al, 1998). 

Survival and Mortality factors  
The expected life-span of a crayfish is dependent of species. For example, Cherax 
quadraticarinatus is a short-lived species that lives about 3-5 years (Belchier et al, 1998) 
while A. astacus and P. leniusculus are long-lived and can reach an age of 20 years 
(Stöhr, 2008). The mortality declines with increasing body size. As many as 95% of the 
juveniles of A. astacus are probably lost in their first summer due to predation from 
invertebrates and fish, cannibalism or lack of nutriment leading to incomplete moults 
(Gydemo R. 1989). Invertebrates are more important as predatory animals to the juvenile 
crayfish than fish (Skurdal and Taugbøl 2002). High densities of crayfish increase 
mortality of juveniles, probably due to cannibalism (Ackefors et al, 1989). It is important 
with sufficient body growth during the first summer; otherwise the risk for winter 
mortality will be high (Gydemo and Westin, 1989). That risk is probably higher in the 
North of Sweden due to the effect by hash climate on body growth. After the first winter 
the survival among A. astacus is improved since the juveniles are able to defend 
themselves (Gydemo and Westin, 1989). 
Soft adult crayfishes during moult are most vulnerable to predation. In addition, limited 
growth for various reasons and competition for shelter increases predation risk (Skurdal 
and Taugbøl op.cit.). Fish like eels (Anguilla anguilla), perch (Perca fluviatilis), northern 
pike (Esox lucius) and brown trout (Salmo trutta) are important predators of adult 
crayfish (Stenroth 2005). Also birds as herons (Ardea), egrets (Ciconiiformes), seagulls 
(Laridae), ducks (Somateria) and loons (Gaviidae) are reported to eat crayfish. Even 
amphibians and reptiles use crayfish a food (Skurdal and Taugbøl op.cit.). Otter (Lutra 
lutra) and mink (Mustela vison) are reported to kill and eat crayfish. (Stenroth, 2005) In 
Estonia 5-10% of the otter and mink food is reported to be crayfish (Skurdal and Taugbøl 
op.cit.). 
 



Perhaps one of the most important mortality factors is diseases. These could be viral, 
bacterial, parasites or caused by fungus. Most knowledge of diseases among crayfish 
derives from experiences and studies of aqua cultured crayfishes. If a crayfish will 
become infected, is dependent of the crayfish nutritional status, the environment and the 
invading organism (Evans and Edgerton, 2002). The impact of diseases on distribution 
and abundance of crayfishes is not well known (Skurdal and Taugbøl op.cit.). Edgerton et 
al ( 2004) conclude that Aphanomyces astaci, the causative agent of crayfish plague, was 
thought to cause many epizootics in native crayfish in Europe, but many epizootics were 
not connected to that fungus. There have also been epizootics in introduced American 
freshwater crayfishes in Europe, but the American crayfishes are normally not sensitive 
to Aphanomyces astaci. Edgerton et al (2004) concluded that other diseases than crayfish 
plague can cause epizootics in freshwater crayfish. 
Crayfish plague is a fatal disease and it can obliterate whole populations of crayfish. The 
oomycetes have motile, flagellate, asexual zoospores. The zoospores infect the host tissue 
and form vegetative hypheae. The infection begins with encystment of zoospore into the 
exoskeleton. The site for infection is the soft cuticle between segments or in fresh 
wounds. Then the flagella of the zoospore are lost and the encystment starts. An infection 
plug develops and it penetrates the cuticle. Vegetative mycelium develops and fungal 
hyphae penetrate ventral nerve cord, deeper tissues and organs. The crayfish usually dies 
after 1-2 weeks after infection. When the host crayfish is dead the fungus sporulates and 
release new zoospores. If a new crayfish is available the zoospores encyst a new host 
otherwise they develop into a new spore. This rebuilding can occur up to three times 
before the zoospore finally dies. Zoospores are able to survive 3-9 days in water with a 
temperature of 10°C, but about two weeks in mud. The survival is dependent of 
temperature and which strain the zoospore belongs to. In order to control the disease the 
crayfish encapsulate the fungus and melanisation occur. This reaction is most powerful in 
resistant species. The infection affects the whole animal its behaviour and it will finally 
be paralysed before dying (Evans and Edgerton, 2002). The infection is spread by human 
activities like moving infected crayfish, fishing with contaminated fishery tools and fish 
nets or boats. Infected crayfish populations are able to infect other downstream 
populations by water transported zoospores. Upstream infection occurs only by 
movement of infected crayfish. The spread of the infection is dependent of population 
density, flow rates, barriers like waterfalls and power plants etcetera. If there are 
repeatedly outbreaks of crayfish plague in a lake, isolated crayfish populations are 
probably the reasons (Evans and Edgerton, 2002). 



FOOD WEB STRUCTURE 

What do crayfishes eat? 
The food web structure of crayfish is complex since they shift feeding habits dependent 
on the situation. They could be regarded as omnivores, predators, or detrivores. 
Crayfishes eat detritus, algae, invertebrates, vertebrates, fish, fish eggs (Nyström op.cit., 
Dorn & Wojdak, 2004), aquatic vascular macrophytes, carrion (Dorn & Wojdak, 2004) 
and periphyton (Stenroth, 2005, Nyström op.cit., Dorn & Wojdak, 2004). The 
invertebrates are from different trophic levels, thus in certain situations crayfish is a top-
predator but they also exhibit cannibalism. The most important factor promoting 
cannibalism is lack of alternative food (Nyström op.cit.).  
 
Crayfishes shift their diet during maturation, juvenile crayfish live mostly on zooplankton 
and invertebrates, but they are also filter feeders when living on algae (Nyström op.cit.). 
Adult crayfish shift their diet to be mostly detritus and macrophytes (Stenroth, 2005, 
Nyström op.cit.). Based on stomach content analysis, adult crayfish seem to be more 
herbivorous than juvenile crayfish; but stable isotope analyses reveal some what different 
pictures suggesting that they are predominantly carnivorous (Nyström 2002).  
 
The perception of food by crayfishes is by the use of mechano- and chemoreceptors that 
recognize traces of animal released amino acids and plant released carbohydrates in the 
water. Moving prey can also be recognized by the hydrodynamic disturbance they cause 
(Nyström op.cit.). 
 
Crayfish seem to maximize their energy uptake by preferring preys that are either small 
with short handling times, or have short handling time and high energy content or 
otherwise food that is easy to handle (Nyström op.cit.). They seem to adopt a mixed 
strategy between time minimization and energy maximization. Crayfish prefer animal 
protein that is more digestible than vegetable protein. Vegetable protein can be rather 
indigestible due to anti-nutritional compounds and fibers in the vegetable structure 
(Nyström op.cit.). Both survival and growth increase with animal diet compared to 
detritus and vegetables. If the crayfish is able to choose between animal food or detritus 
and vegetable food it prefers the animal food (Nyström op.cit., Stenroth, 2005). The 
problem with small prey is that they are hard to catch by large crayfish making fast and 
mobile invertebrates less important food for adult crayfish (Stenroth, 2005). Among 
vegetable food that are more easily handled, protein rich and parts with low content of 
anti-nutritional compounds are preferred. A conclusion is that protein rich animal food is 
important for growth while vegetable food that is richer in carbohydrates is important for 
survival (Stenroth 2005, Nyström op.cit.). Based on stable isotope analyses periphyton 
was an important nitrogen source for invertebrates and crayfishes. Carbon was derived 
from periphyton, terrestrial detritus and other sources. Invertebrate diversity influenced 
the trophic level of crayfish (Stenroth, 2005).  



Ecological processes 
Hairston et al, 1960, introduced a theory that primary producers, carnivores and 
decomposers are food limited, while herbivores are predator limited. As a consequence 
the primary producers, carnivores and decomposers have interspecific competition within 
each trophic level. This theory has been developed into the theory of top-down control. 
That means herbivores are controlled by their predators, which in turn prevents the 
herbivores to consume all plants (Ford D, 2000). Top-down effects are greater the higher 
in a food web you are and decline in the lower parts, but the overall maximum biomass is 
controlled by amount of nutrients/food (McQueen et al, 1986). Oksanen et al. (1981) 
introduced an alternative hypothesis based on the assumption that each trophic level 
function as a single exploitative population. Their conclusion was that in environments 
that are poor in nutrients, the herbivory pressure on the herbs is large, but the amount of 
herbivores is not enough to support predators. When the environment is more nutrient, 
the amounts of herbivores are enough to support predators, which in turn reduce the 
herbivores and therefore the herbivory pressure is decreased, with more herbs as a result. 
In an even more nutrient environment the amount of herbs are enough to support both the 
herbivores and their predators. Oksanen et al. (1981) concluded that it is the amount of 
nutrition that sets the number of trophic levels. In a eutrophic lake the connections 
between predatory fish and zooplankton have strong top-down effects (McQueen et al, 
1986). This is because the predatory fish removes the planktivory fish, leading to an 
increase of zooplankton. The connection between zooplankton and phytoplankton is, 
because of the sufficient amount of nutrition very weak considering top-down effects in 
an eutrophic lake. On the other hand is the top down effects between zooplankton and 
phytoplankton of greater importance in an oligotrophic lake due to lack of nutrients. 
(McQueen et al, 1986) A keystone species is a predator that by predation of herbivores or 
plants “open up” resources to other species of herbivores and plants. The result is more 
species in presence of the predator than without (Ford D., 2000).  
The opposite of top-down control is the bottom-up control where the plants are controlled 
by the amount of growth resources, herbivores are controlled by the amount of plants and 
the predators are controlled by the amounts of herbivores (Ford D., 2000). Bottom-up 
effects are greater the lower in a food web you are and decline in the higher parts 
(McQueen et al, 1986). 
 
Cascading trophic interactions was presented by Carpenter et al 1986. They showed that 
in a lake an increase in the predator fish population caused a decrease in their prey 
population, which in turn caused an increase in the prey food resource, which in turn 
caused a decrease in the primary production which is the food resource of the prey food.  
In other words the predatory fish population fed on the planktivory fish population so it is 
depressed to the extent that the planktivory fish population could not control the 
zooplankton population, which increased and fed on the primary biomass that in turn 
decreased. Carpenter et al. (1987) mentioned that not only trophic interactions but also 
abiotic factors regulate lake ecosystems. McQueen et al. (1989) mention that cascades is 
short term disturbances that either is top-down or bottom-up (so it seems not to be very 
fruitful!!). A top-down cascading effect is for instance when differences in recruitment of 
predator fish or planktivores make differences in planktivore and plancton populations. 
An example of a short-term bottom-up effect is nutrient loading of lakes in spring (but 



that could have long-lasting effects). There are differences between cascades on species 
level and community level; therefore it is of importance to distinguish between them 
(Polis et al, 2000). 
 
Crayfish feeds at several trophic levels; it is in some situations an omnivore, but in other 
situations also a predatory animal. In eutrophic lakes crayfishes are more carnivorous in 
the eutrophic lakes. The size of the crayfishes in those lakes was larger because of the 
animal based diet (Stenroth, 2005). 
 
The distribution of crayfish is determined by bottom-up processes. Stenroth, 2005 
reported a positive correlation between algal biomass and crayfish size distribution, with 
the largest crayfishes concentrated to the most productive sites. Even growth rate is 
probably controlled from the bottom-up processes (Stenroth, 2005). This is because the 
bottom-up processes set the resource limit.  
 
In streams the top-down effects seems to be more important for crayfish abundance than 
in lakes. When the abundance of predator fish was high in a stream, the abundance of P. 
leniusculus was low – irrespective of cobble availability and substrate size (Stenroth, 
2005). A study of 1600 lakes in Sweden showed that in presence of eel (A. anguilla) there 
were no or few crayfishes compared to those without eel (Skurdal and Taugbøl op.cit.). 
Terrestrial predators did not influence crayfish distribution (Englund and Krupa, 2000). 
In presence of predator fish, movements of crayfish are restricted since they are hiding in 
their shelters to avoid predation. The local distribution of Cambarus bartonii was 
strongly affected by the green sunfish (Lepomis cyanellus) (Englund, 1999). 
 
P. leniusculus and A. astacus were found to be top consumers in a pond food web 
(Nyström et al, 1999). Stable isotope analyses of nitrogen and carbon showed that the 
main food resource consisted of invertebrates. The crayfishes influenced lower trophic 
levels both direct and indirect. The direct effect was via selective consumption of 
invertebrates and macrophytes (Nyström et al, 1999). The study also showed that P. 
leniusculus had a stronger impact on the biomass of macrophytes and snails than A. 
astacus, but their favourite food among invertebrates and macrophytes was the same 
(Nyström et al 1999). Crayfish influences their environment by reducing biomass and 
invertebrate density, for example, “slow” preys such as snails (copepoda) that are sessile 
organisms were adversely affected (Stenroth 2005). In a “crowded” pond A. astacus 
decreased the biomass of submerged vegetation, molluscs and leeches. After an outbreak 
of crayfish plague, when the crayfish went extinct, the biomass increased (Abrahamsson, 
1966). 
 
Trophic cascade effects by crayfish in a pond were related to consumption of benthic 
invertebrate grazers. The crayfish consumed snails of Lymnea and the result was that 
periphyton increased due to the reduction of predating snails (Nyström et al, 1999). This 
result was confirmed by Dorn and Wojdak 2004. Another example of a cascade effect by 
crayfish is the strong positive effect on zooplankton abundance that was shown by Dorn 
& Wojdak (2004) in their pond experiments. The number of zooplankton increased, 



probably due to the negative impact on fish recruitment while the crayfishes ate the fish 
eggs. 
Usio and Townsend (2002) showed that different bottom substrate had different impact 
on food chains. On a detritus bottom crayfish consumption of invertebrates was low. The 
result was a food web that was detritus based. On a hard bottom the crayfishes caused a 
cascade effect, by reducing the predatory invertebrate Tanopodinae, leading to an indirect 
increase of Chironominae the main food resource of crayfish, thus creating a positive 
feedback. The result was an algal based food web (Usio and Townsend, 2002).  

Competiton 
Competition between crayfishes influences their distribution, while their abundance 
influences their production (Nyström op.cit.). Crayfishes compete for food, shelter and 
females (Nyström op.cit.). There are three stages of “fight” between crayfishes. 
Avoidance when a lower ranked animal escapes from a higher ranked. Strike is a 
“threatening strategy”, where one animal approaches another with outspread chelae. The 
last fight is when two animals lock their chelaes and use their walking legs to fight. The 
one with the largest body size and the best morphology of chelaes is usually the one that 
wins. But sex, previous experience and burrow ownership also influences the outcome of 
the fight (Gherardi, 2002). Wounded chelae are devastating (Nyström op.cit.). The best 
strategy to win a fight is to be a large, experienced male, with handsome chelae and to be 
owner of a burrow. Fighting behavior is started off by lack of food and enough shelters of 
good quality (Gherardi, 2002).  
 
Interspecific crayfish competition is important when the crayfish species distribution is 
decided. P. leniusculus and Orconectes rusticus are more aggressive and have higher 
capacity for population increase than A. astacus (Nyström op.cit.). The higher capacity 
for population increase is derived from higher individual growth rate, earlier sexual 
maturity and a higher per capita egg production. The P. leniusculus is reported to predate 
on A. astacus (Gherardi, 2002). Juvenile P. leniusculsus have been shown to dominate in 
competition for food and shelter, leading to increased predation against A. astacus 
(Skurdal and Taugbøl op.cit.). If P. leniusculus mate with A. astacus the eggs will be 
non-viable (Skurdal and Taugbøl op.cit.). The total result of intraspecific competition 
between P. leniusculus and A. astacus is extinction of the A. astacus even if crayfish 
plague is not present. This is demonstrated in the study of Lake Slickolampi in Finland 
where both A. astacus and plague free P. leniusculus coexisted for about 10 years. But 
then P. leniusculus became dominant and A. astacus almost went extinct. The A. astacus 
decline came in two phases. Westman et al, 2002, concluded that harvest and 
interspecific competition caused a first decline in the Astacus population. The P. 
leniusculus with its larger body and chelae, its faster growth rate and its aggressive 
behaviour took over the most suitable habitats and A. astacus became more vulnerable to 
predation. But when A. astacus had became rarer, reproductive interference between P. 
leniusculus males and A. astacus females caused a rapid decline in the A. astacus 
population. The reason of this was probably the sterile eggs that were the result of the 
intermating. Therefore the astacus recruitment failed. In the end of the 30-year study the 
P. leniusculus dominated the lake (Westman et al, 2002). 
 



Crayfish does not only compete with other crayfish species, but also with fish. An 
example of such competition is the New Zealand native crayfish, Paranephrops 
planifrons, which have greater abundance in naturally acidified streams with a pH below 
6, than in neutral streams. This phenomenon arises from the existence of the introduced 
trout (Salmo trutta) in the more basic streams. The trout do not exist in streams with pH 
below 6. The trout and the crayfishes compete about the same food resources and the 
trout is more effective and therefore the abundance of crayfish is low, when the trout is 
present (Olsson et al, 2006).  

Effects on their environment 
The consumption of detritus from land based material ads nutrition and organic material 
to the water (Nyström op.cit.). Paranephrops zealandicus was shown to eat the digestible 
parts of leaves, thereby promoting their breakdown. It leaded to a downstream transport 
of fine particular organic material (Usio, 2000).  
 
Crayfishes are able to bioturbate its environment. Bioturbation is a process formed by the 
crayfishes by excavating, lifting and jostling small stones with the walking legs, scraping 
and flicking with abdomen or telson when walking or swimming and thereby move 
sediments from the bottom to the water column. This behaviour makes them keystone 
engineers. In experiments with Paranephrops planifrons it was shown that they affect 
both sedimentation and the composition of invertebrates in artificial stream channels. 
Both the total biomass of invertebrates and the species richness was affected by the 
crayfishes. The sedimentation was caused by bioturbation and the invertebrate 
composition by predation (Parkyn et al, 1997).  
Crayfish cause negative effects on macrophyte biomass and species richness by moving 
around and affects (Nyström op.cit., Dorn and Wojdak, 2004) thick stemmed 
macrophytes less than thin stemmed. In a long-term perspective, high densities of 
crayfish may cause destruction of macrophyte community. Adult crayfish feed on macro 
algae which negatively affects survival of these organisms. The effects on micro algae are 
of minor importance because only juvenile crayfish eat them. There might be some 
effects from bioturbation on micro algae. A negative effect occurs when crayfishes 
reduce sites for macrophytes by burrowing or bioturbation, but it is positive when they 
reduce other grazers by predation (Nyström op.cit.). The effects are either direct or 
indirect. A direct effect is when a crayfish feds upon a macrophyte and cause losses of 
biomass. A cascade effect is when crayfish food choice leads to a shift in species 
composition. For instance when crayfish preferred Chara macroaalgae and cladophora 
macrophyton as food, species composition shifted to blue green algae that were less 
favourable to the crayfishes (Dorn & Wojdak, 2004). Kholodkevich et al (2005) reported 
that the crayfish population in Lake Berezna was able to decrease the biomass of chara 
vulgaris with about 40%, based on feeding experiments. 
 
Crayfish have negative impact on macro-invertebrates in both lentic and lotic systems. 
Direct effects are caused by predation on the insects. Indirect effects on invertebrates can 
be seen when crayfish feed or destroy macrophytes and algae that serve for protection 
and food for the invertebrates. The effect a crayfish cause the invertebrates is dependent 
of consumption rate, crayfish size, prey behaviour and structural defence of the 



invertebrate. A large, hungry and effective crayfish that find a slow snail that hide in its 
shell causes large damage to that invertebrate (Nyström op.cit.). 
 
Crayfish can have a positive effect on vertebrates, as prey for fish, mammals and birds. 
The impact of crayfish for small vertebrates is negative. For example crayfishes predate 
on fish eggs and larvae. They compete for the same food and shelters and they destroy 
fish breeding sites, by feeding on macrophytes (Nyström op.cit.). The interaction between 
fish and crayfish can be rather complex. The crayfish influence fish recruitment by 
predation on fish eggs, but on the other hand, juvenile crayfishes are important food for 
some fish species (Dorn & Wojdak, 2004). 

POPULATION REGULATION 
In general the population size of a species at a certain future time Nt+1, can be described 
as the total population size, Nt, at the current time t, the rate of births, B, and deaths, D, 
together with the population rates of immigrating, I, and emigrating, E.       
 

Nt+1 = Nt + B – D + I – E (Gotelli, 2001) 
 

In this expression Nt+1 is dependent of former population size, Nt and the population 
success of survival, B-D and the number of individuals that have been permanent to the 
site, I - E, during the time span. The amounts of births, B, are dependent of how many 
mature females that are successfully mated and how many eggs they spawn. This is in 
turn a consequence of the physical status of the female. The number of newborn 
crayfishes is then a result of how successful the female have been in taking care of the 
eggs during maturation and how well she have defended the eggs from predators. The 
amounts of deaths, D, on the other hand are a sum of deaths of senescence, diseases, 
accidental events and predation including cannibalism and fishery. The physical status of 
the crayfish determines the “death risk”, e.g. a weak and starved crayfish runs a greater 
risk of being consumed by a predator/infection than a healthy one.  
The rate of migration (immigration, I, and emigration, E,) in a population is determined 
by several factors. The physical and biological conditions in the site where the population 
is located are important. These conditions are for example site area, availability of critical 
habitats (e.g. shelters) and food, absence or scarcity of predators and competitors. If the 
conditions are favourable the crayfish will not migrate. The migration rate is also 
influenced by the presence of populations in other sites and by the availability of 
unoccupied sites. The more unoccupied sites there are the faster is the overall migration 
rate (Gotelli, 2001). The factors important for the crayfish population in the river Ljungan 
are births, deaths and immigration. The latter factor is important since each year a certain 
amount of crayfish is set out and that could be regarded as an immigration process. 
 
The growth of a population can be described as a logistic model. The assumptions behind 
the model are that the availability of resources of a site does not vary over time and that 
every further individual that is added to the population implies that the per capita growth 
of the population will decrease. In the model both birth and death rates are density-
dependent. The carrying capacity, K, of a site is the maximum population size that can be 
supported of the resources on a specific site. The logistic growth equation is expressed by 



 
dN/dT = rN (1 – N/K)  

 
In other words, the change in population (dN) over time (dT) is a function of a site 
specific constant r, the population size, N, and the carrying capacity of the site, K. (1 – 
N/K) corresponds to the unused proportion of the available resources. This means that the 
population will stop growing when either r or N equals 0, but also when N = K. r is the 
sum of birth rate B, and death rate D; r = B – D (Gotelli, 2001). The equilibrium 
population is when dN/dT=0 i.e N*= K, thus the population growth is approaching 
carrying capacity. This sort of behaviour is called convergence to equilibrium. 
 
This simple model can be used to predict the size of a crayfish population in a certain site 
before and after changes in environmental factors (changes in carrying capacity, K) as 
well as changes in survival (for example the time of population recovery after a disease 
or increased fishing). However, crayfish reproduce once a year; a more appropriate model 
would be population growth in discrete time. 
 
In most organisms birth rates and death rates are not constant with age. For example a 
juvenile crayfish is not able to reproduce, but the risk of death is higher than for an adult. 
This means that the age structure of a population influences its growth rate. The classical 
approach is an age-structured model (Lotka 1939, Rose 1987). In discrete time, the 
classical “Leslie matrix” assumes that both time and biological age advance in discrete 
steps and that within a given age-class deaths and birth rates are constant. In order to 
solve this it is necessary to construct life tables. In a life table the population is divided 
into a vector giving the age classes. The probability of survival in each age class and the 
fecundity of a female are calculated. In these models a stable age distribution is attained. 
The properties of the system are set by the “Eigenvectors” and dominant “Eigenvalues”. 
By using these data it is possible to calculate net reproductive rate, generation time and 
intrinsic rate of increase for the total population based on age specific growth rates 
(Gotelli, 2001).   

FISHING EFFORT 
There are several ways to maximize the yield of fishing. Two basic strategies are used 
with some variations; yield per unit effort or as a proportion of the stock. Three strategies 
start with the logistic growth model described above. In one strategy, the goal is to 
maintain a constant stock for future production and the strategy is to maximize the 
growth of the population. If the population grows according to the logistic model the 
maximum population growth is half of the carrying capacity. Another strategy is to have 
a large stock and only harvest some individuals at a time. The yield with this strategy is 
low. This is due to small population growth. The third strategy has been used worldwide 
by fisheries industry and is to harvest down to a very small population. The yield is 
initially very good, but is not sustainable in the long run. This third strategy is the cause 
of over fishing in many places around the world (Gotelli, 2001).  
 



There are two different responses to over fishing; growth over fishing and recruitment 
over fishing. Growth over fishing means that the mean size of the individuals of the 
population decreases, but the recruitment is not affected. Recruitment over fishing means 
that growth rate decreases, causing the mean age of maturity to decrease, causing the 
adult recruitment to decrease. Momot, 1984, argue that crayfish catch respond is “growth 
over fishing syndrome” followed by “recruitment over fishing syndrome” or only by 
“recruitment over fishing syndrome”. Momot also mention that the risk of recruitment 
over fishing is larger in the North than in the South. The risk of failure in recruitment is 
larger in the North due to a shorter growing season. This is especially true for long-lived 
species as A. astacus.  
 
In a Finnish pond, A. astacus was heavily exploited. The population responded with 
increased growth (Skurdal & Taugbøl 2002). Ackording to the logistic model described 
in fig 1, this might have been a result of a crayfish population growth rate below that of 
half the carrying capacity before exploitation. The increased fishing effort forced the 
growth rate closer to the highest rate at half the carrying capacity. P. leniusculus and 
Orconectes virilis have been reported not to respond to exploitation with increased 
growth. According to Schulz et al, 2002 over-exploitation is avoided when less of 10% of 
the actual population size is harvested. The stocks should also consist of thousands of 
individuals. 
 
 
 

 
Figure 1 shows a logistic model of population growth with the population size and fishing catch yield in 
relation to fishing effort and population growth rate. The two fishing cases “Finnish Pond” and Lake 
Steinsfjorden are drawn in the figure. 
 



In Lake Steinsfjorden, Norway, the A. astacus population has been exploited for a long 
time. The yield estimated from 1910 -1979 was about 1-6.5 kg/ha. The fishing pressure 
increased in the 1970-s. The lake is studied since 1979. Since the study began, the 
population has decreased, but in the last years a small recovery has been seen. In order to 
increase the population some actions were performed. The actions and the results are 
presented in Table 1 (Skurdal & Taugbøl 1994, Skurdal & Taugbøl 2002 and Skurdal et 
al 2002).  
 

Table 1 shows the actions that were performed in Lake Steinsfjorden in order to increase the crayfish 
population. 
 
The most effective action in Lake Steinsfjorden seemed to be shortening of the legal 
crayfish seasons, which were made in 1989 and 1993. The first shortening in 1983 did 
not have any effect, probably because the new legal season was situated between the 
moulting period and the breeding period, when the crayfishes are active. After the 
breeding period the crayfishes due to cold water temperature are not active. In late 
autumn the crayfish catch is normally low. Therefore the shortening of the legal fishing 
season in 1983 was no shortening in aspect to the crayfish biology. The second and third 
shortenings in 1989 and 1993 were more successful due to real decreases in fishing 
effort. According to the logistic model presented in fig 1 the crayfish population probably 
was over fished and that the reduced fishing effort forced the population growth rate 
closer to half the carrying capacity, where the population growth rate is higher.  
 
The increased mesh size of the traps since 1983 probably allowed a greater proportion 
small crayfish to escape and therefore the proportion large crayfish in the catches 
increased.  

Year Action Result 
-1983 Legal season 6/8-31/12 

Mesh size 17,5mm 
Decreasing population(Skurdal & Taugbøl 1994) 

1983 Legal season 5 weeks 
6/8-15/9. 
Mesh size 21 mm. 

Almost the same yield as before. 
Slightly higher proportion large crayfish catched 
No effects on the population 
Decreasing trend (Skurdal & Taugbøl 2002) 

1989 Legal season 2 weeks Total trap effort decreased with 45% 
Proportion large crayfish increase 
Population slightly increase (Skurdal & Taugbøl 
2002) 

1993 Legal season 10 days 
(Skurdal et al 2002) 

 

1998 Maximum number of 
traps 300 per fisherman 

Population increase 
Proportion large animal increase (Skurdal et al 2002)



RESEARCH QUESTIONS 

Extinction of the crayfish population in Ljungan 
In the river Ljungan the crayfishing was important for the local community. The noble 
crayfish was introduced to the river around 1900. The introduction was successful and 
about ten percent of the yearly catch of noble crayfish in Sweden was caught in the river 
from the 1940s until 1974. In 1975 a new hydroelectric power station was built. As a 
result the yearly catch decreased in some parts with about 90% after 15 years (Odelström 
and Johansson, 1999).  
In the summer of 1999 the noble crayfish population suddenly disappeared. Dead 
crayfishes were found in the river. Investigations confirmed the obliteration of the 
population but did not explain why the population crashed (Ånge Kommun). This 
phenomenon is not unusual. It has for example happened in East Tyrol too, where a 
crayfish population known since the 1500s suddenly went extinct. The cause is unknown 
(Sint and Fűreder, 2004).  

Reintroduction program 
To test if the water was suitable, crayfishes were held in cages in the river for the whole 
summer of 2001 (Ånge kommun). This method is recommended by Alekhnovich and 
Kulesh, 2004 and by Schulz et al, 2002. The test indicated no problems. A reintroduction 
program was decided. The program “Återintroduktion av flodkräfta till Ljungan” was 
started in 2002 by the municipality of Ånge, the county administrative board of 
Västernorrland, the Swedish board of fisherys and eleven local fishery owner 
associations. The aim of the program is to administrate and evaluate reintroduction of 
noble crayfish into Ljungan (Ånge kommun). The program is in line with the national A. 
astacus conservation plan (Naturvårdsverket and Fiskeriverket, 1999). 
 
It was important to have healthy breeding material. Therefore crayfishes from three sites 
were tested for Thelohania contefejani (porcelain disease), Psorospermium Haeckeli and 
other crayfish parasites by the National Veterinary Institute, SVA, before concern of 
introduce. Breeding material from two sites was excluded due to their fail in the disease 
test. The origin of the chosen breeding material is from Ljungan and it is caught in a lake 
in the region (Ånge kommun). Alekhnovich and Kulesh, 2004 recommended that the new 
individuals shall be close genetically to the disappeared population when restocking a 
water body. It is the proposal by Schulz et al, 2002 too and it is in line with the concept in 
Ånge. 
 
Except for the first year when the material consisted of egg bearing females, the breeding 
material consisted of adult crayfishes TL>7 cm. They were caught in baited traps in the 
middle to the end of august. Before release the crayfishes were held in cages some days 
in order to acclimate. Reintroduction of breeding material has taken place every year 
since 2002. The number and the proportion of males and females, each year are showed 
in table 2.  



 
Year 2002 2003 2004 2005 2006 2007 Total 

Number of 
crayfishes 1010 10870 11300 15250 16940 9350 64720 

 Males - 56% 70% 60% 50% 25% 33955 
Females 100% 44% 30% 40% 50% 75% 30765 

Table 2 shows the size and proportion of females and males of the breeding material that has been 
introduced into Ljungan. 
 
Until today about 65000 crayfishes have been reintroduced on about 40 sites. The number 
of individuals per site ranges from about 200 to 2000 (Ånge kommun).  
 
It is rather unclear how a successful reintroduction shall be performed. According to the 
studies of Alekhnovich and Kulich, 2004, the recipe for a successful reintroduction is 
several thousands of introduced animals. In the Polish restocking program the sex ratio 
was 3 females to 1 male and the number of individuals were 10-50 per hectare (Śmietana 
et al, 2004). Kemp et al, 2003, suggest that the proportion of males and females should be 
equal and that a range of size classes with a high proportion of the small classes should 
be aimed in order to reflect the natural structure. Schulz et al, 2002 on the other hand 
recommend a male: female ratio of 1:3 and a mixture of different size classes. They also 
recommend that reintroduction shall take place in late autumn or early winter and be 
repeated for at least three years. Taugbøl, 2004 noticed that juveniles are more 
appropriate as re-stocking material when the goal is to have a population in a certain area. 
This is due to post-stocking migrations up to 5 km by the adults. Crayfish that was 
released into sites with good availability of shelters migrated shorter distances than 
crayfishes that lacked shelters (Sint and Fűreder, 2004). 
Sint and Fűreder, 2004, argue that a fast growth rate is essential for a successful 
reintroduction. A fast growth rate increases the juvenile winter survival and decreases 
loss of juveniles due to predation.  

Influence of the local fishery owners 
In the reintroduction to the river Ljungan it is the local fishery owners that have decided 
where to reintroduce the crayfishes. The local fishery owners are educated at information 
events within the project (Ånge kommun).  Śmietana et al, 2004, concluded that local 
people must be educated and informed about non-indigenous crayfish species and their 
effects on native species otherwise re-introductions are not successful. This is due to the 
risk of illegal introductions of non-indigenous crayfish. Taugbøl and Peay, 2004, states 
that a key factor in protection of native crayfish species is the knowledge and attitude of 
local people. Accurate and up-to-date information about distribution and abundance is of 
importance to know where to make the efforts. Overexploitation of species with slow 
maturation rates and low fecundity, for example Tasmanian giant freshwater lobster and 
Astacidae, must be avoided (Taylor op.cit.). 
An interesting idea that Taugbøl, 2004, presents is that possibility for exploitation and 
economical as well as recreational benefits among local people make them more eager to 
protect the species. This is in line with a project in Madagascar where community-based 
conservation is thought to be the best protection for their endemic crayfishes. The local 



people have a long term interest in the resource that the crayfish is and they are therefore 
interested in a sustainable harvest. The tools for a sustainable harvest might be avoiding 
reproductive females, size limits and no-take zones. (Jones et al, 2006) Knowledge 
attitude among people is of importance. Vigneux et al, 2002, recommend that all children 
and adults will have more awareness training about crayfishes. If people are convinced 
that the native species is the best in the local area – people will be eager to protect it and 
illegal introductions of non indigenous species are avoided. It is of importance that 
information about the good things of the native crayfish and the bad things about the non 
indigenous crayfish is presented (Taugbøl, 2004). 

Evaluation 
The reintroduction of noble crayfish into Ljungan has been followed up by diving, 
searching for fries and screening by systematic fishing.  
Diving and searching for fries is conducted by the method described by Odelström 1983. 
The investigation has been conducted since 2004. In all unvestigated sites juveniles have 
been found (Ånge kommun). Taugbøl, 2004 reported natural recruitment four years after 
restocking. 
The systematic fishing has been conducted since 2004, the last weekend in august. It is 
the local fishermen that conduct the fishing. On each introduction site, 15 baited traps 
(cylindrical, two entrances, 14 mm mesh size), divided into 3 ropes with 5 traps on each 
are placed 100 m upstream, on site and 100 m downstream the introduction site 
respectively. The traps are in the water from 18.00 to 00.00. The total length, sex, phase 
of ecdosys and any injuries of trapped crayfishes are noted. The systematic fishing has 
shown that introduced crayfishes have survived, but until now, probably due to the size of 
recruits, no recruitment has been seen (Ånge kommun). 
 
Common crayfishing is banned until the reintroduced strain of noble crayfish in Ljungan 
is fishable (Ånge kommun). The controlled reintroduction of noble crayfish to Ljungan 
provides a possibility to study the growth and population ecology of noble crayfish in a 
limnic environment in the northern of Sweden. 

When is the crayfish population in Ljungan large enough to sustain 
crayfishing? 
Ten years after reintroduction of noble crayfish, A. astacus, to two Norwegian waters 
there were natural recruitment in both, but the crayfish density was much lower than 
before the outbreak of crayfish plague. In another Norwegian lake it took over 25 years 
before the population size was large enough to tolerate fishing (Taugbøl, 2004).  
What is the normal density of crayfishes in the water? When do we know that a 
restocking is successful or not? Schulz et al, 2002 reviewed that a density of about 8000 
A. astacus per hectare, 2.5 adult individuals per shore line, or one adult A. astacus per 
square meter are natural stock densities in suitable habitats. 

Management 
Who has the responsibility to maintain a crayfish population? There are different rules 
throughout Europe. Most countries have a national size regulation that implies the 
crayfish to reproduce at least once before it is fished. The other common regulation is to 
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have a legal season, but also sex and catch quotas are regulated (Skurdal and Taugbøl 
2002). In Sweden there are no national regulations about crayfishing. It is the local owner 
of the fishing water that decides the rules for the crayfishing (Naturvårdsverket and 
Fiskeriverket, 1999). This implies that the rules are not the same in different parts of 
Sweden. It means that the local owner have a big responsibility to have enough 
knowledge in order to decide which regulations that are needed locally to maintain a 
crayfish stock that is large enough to reproduce and survive. It also means that there is no 
national or regional management of the crayfish populations.  

Proposed research 

Population study 
In the period of 1967-1990, Bertil Eriksson, fishery adviser in Gävleborg, collected data 
over the crayfish catches in Ljungan. The aim was to evaluate the economic harm on 
crayfishing caused by a new power plant. The data was collected some years before the 
building until about 15 years after the building. The material was used as basic data for 
making a decision of the value of the economic compensation to the fishery owner by the 
authorities (Eriksson B., personal communication 2007-04-26). 
 
A pilot study of some of the material has revealed a suspicion that over fishing might 
have caused the extinction of the crayfish population in Ljungan. This material consists 
of catch data from 1970-1990 in a small part of the river. In fig. 2 A) it is seen that  
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Fig 2 A) shows the yearly mean catch of crayfishes in a part of Ljungan in the year 1970-1990. The straight 
line indicates that the mean catch is decreasing. The red dot shows the year 1999 when the crayfishes went 
extinct. B) shows the variation in total catches (blue line) , adult (>9 cm) (pink line) and young (< 9cm) 
(red line) crayfish at one locality in the river Ljungan.  
. 
the yearly mean catch is decreasing over the time. In the figure the year 2005 is predicted 
as the year when no crayfishes will be caught. In the real world a collapse of the crayfish 
population occurred in 1999. In fig 2 B) it is seen that the yield per trap night seems to be 
periodical. It is also seen that the catch of legal crayfishes (>9cm) seem to decrease over 
time while proportion of the small crayfish (<9cm) seem to increase. This indicates that 
over fishing might be an explanation to the decline of the catches.  
 
These preliminary results from the data are interesting. Is the pattern general in the river? 
Further analyzes of the whole material from Ljungan is needed before any far-reaching 
conclusions can be drawn.  
 



I am going to study these data in order to follow the crayfish population during a long 
time study. The study will give important knowledge about the former capacity of 
Ljungan as an environment for noble crayfish and hopefully a suggestion of the reason of 
the extinct of the crayfish population in Ljungan. I am going to evaluate long-term trends 
and natural variations as well as the effects from the building of a power plant, short time 
fluctuations and impact of fishing. I will correlate the data to yearly climate and water 
temperature. The data give an opportunity to evaluate local variations, for example if 
there is any difference between fields with stream water compared to calmer. 
Crayfishes will be marked with pit tags with the technique described by Bubb et al., 
2002. The aim is to follow individual growth and thereby conclude the status of the 
whole population. In a first step in total 1000 crayfishes on 5 study sites will be marked 
(200 on each study site). The temperature on each study site will be continuously 
measured. Marked crayfishes will be recaptured in baited traps. On each site 60 baited 
traps on each side of the river will be used. The study area on each site will be 0.01 km2 
on each side (=0.02 km2 in total). The pit tags make it possible to follow longtime 
movements of individual crayfishes. 
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