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1. Crayfish diversity in Europe 

Crayfish species dominate, through their trophic position, many freshwater aquatic habitats 

around the globe. These decapod species are adaptable, thus readily populating aquatic habitats 

with high heterogeneity, suitable to ensure their survival in all life stages (Reynolds et al., 

2013). Crayfish species represent water or habitat quality indicators but act as umbrella species 

for aquatic habitat conservation (Reynolds et al., 2013). At the same time, crayfish have played 

an important role in cultural and social development in human society, becoming an important 

source of food and entertainment since the Middle Ages (Rusch and Füreder, 2015). Nor should 

their importance in physically shaping the ecosystems in which they live be overlooked (Creed 

and Reed, 2004). 

Around 640 crayfish species are known globally (Crandall and De Grave, 2017). These 

species are primarily found in North America, Europe, Australia, and Asia. Notably, about 400 

species, are found in North America alone, particularly in the southeastern United States (Toon 

et al., 2010). Europe is home to 8 native crayfish species. The three genera specific to Europe 

are Austropotamobius, Astacus and Pontastacus (Holdich et al., 2006b, 2009, Souty-Grosset et 

al., 2006). The European species belonging to the three genera are: Austropotamobius 

bihariensis (Pârvulescu, 2019), A. torrentium (Schrank, 1803), A. pallipes (Lereboullet, 1858), 

A. fulcisianus (Ninni, 1886), Astacus astacus (Linnaeus, 1758), A. colchicus (Kessler, 1876), 

Pontastacus leptodactylus (Eschscholtz, 1823) and P. pachypus (Rathke 1837). These species 

are populating most of the European territory. (Souty-Grosset et al., 2006; Bláha et al., 2021; 

Pârvulescu, 2019). At the same time, Procambarus clarkii (Girard, 1852), P. virginalis (Liko, 

2017), Faxonius limosus (Rafinesque, 1817) and Pacifastacus leniusculus (Dana, 1852) are 

four invasive crayfish species which are common in Europe (Kouba et al., 2014; Sanna et al., 

2021) 

Astacus astacus inhabits most of Europe (Figure 1), except the southwestern part 

(Kouba et al., 2014). It is a species that has been extensively analyzed and based on which the 

first large phylogeny study of European crayfish was developed (Schrimpf et al., 2011). 

 

 

 

 

 

 

 

 

 

 

Figure 1: Distribution of A. astacus in Europe. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

 

https://world.crayfish.ro/
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Astacus colchicus inhabits a small territory from the Ponto-Caspian basin (Figure 2). 

The phylogeny of the genus revealed notable molecular differences between A. astacus and A. 

colchicus, making it a distinct species (Bláha et al., 2021). It is assumed that glacial and 

geological events that occurred over time, have led to a distinct evolution of A. colchicus in the 

Ponto-Caspian area (Laggis et al., 2017). 

 

Figure 2: Distribution of A. colchicus in Europe. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

 

The territory populated by P. leptodactylus largely overlaps with the one populated by 

A. astacus (Figure 3), extending much further into northeastern Europe (Holdich et al., 2009; 

Kouba et al., 2014). It is a species with a high morphological divergence between populations, 

most likely representing a species complex that requires further molecular attention for 

clarification (Bláha et al., 2023). Moreover, it is an important species for aquaculture and 

fisheries (Boštjančić et al., 2021). 

 

Figure 3: Distribution of P. leptodactylus in Europe. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

https://world.crayfish.ro/
https://world.crayfish.ro/
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Pontastacus pachypus populates a restricted range, which is limited to the northern 

Black Sea and northern Caspian Sea basins (Figure 4). It is one of the least-known species in 

Europe (Imentai et al., 2023). 

 

Figure 4: Distribution of P. pachypus in Europe. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

The genus Austropotamobius is represented by 4 species: A. bihariensis, A torrentium 

(Figure 5), A. pallipes and A. fulcisianus, inhabiting parts of southern, western, and extreme 

southwestern Europe (Figure 6). Trontelj et al. (2005) and Klobucar et al. (2013) highlighted 

the potential existence of distinct phylogroups of A. torrentium, due to the geographical 

isolation of the populations. Also, the latest molecular analyses led to the discovery of A. 

bihariensis, endemic to northwestern Romania (Pârvulescu, 2019). 

 Austropotamobius pallipes inhabits the western part of Europe, with most of its 

populations being located in France (Figure 6). It was introduced in Ireland (Gouin et al., 2003) 

and is most likely non-native in the UK, although is legally treated as a native species (Holdich 

et al., 2006a). A. pallipes is present in Corsica due to introductions and reflects political control 

over the different islands. The phylogenetic relationship with other relatives requires further 

studies (Bertocchi et al., 2008). 

 Austropotamobius fulcisianus mostly occupies southwestern Europe (Figure 6). The 

distribution of A. fulcisianus was dramatically influenced by human-mediated translocations. 

The presence of A. fulcisianus in the Iberian Peninsula is a result of introduction in the late 16th 

century from Tuscany (Clavero et al., 2016), promoted by Spanish King Philip II aiming to 

populate the pools of the royal gardens with crayfish (Clavero, 2022). This was followed by 

other expansions until the 1970s (Clavero and Villero, 2014). A. fulcisianus specimens were 

introduced to France in the 19th century, to alleviate population declines (Trontelj et al., 2005). 

The presence of A. fulcisianus in Sardinia, as well as in some neighbouring areas in southern 

France and northeastern Iberia resulted also from human-mediated relocations (Amouret et al., 

2015). 

https://world.crayfish.ro/
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 Austropotamobius torrentium, is extensively found throughout southeastern and 

Central Europe (Figure 5). The center of diversity was found in northern Dinarides, harboring 

5 to 6 deeply rooted genetic lineages (Lovrencic et al., 2020). The species typically inhabits 

small to medium-sized streams and can be found also in the Balkans, and upper Danube basin, 

from southwestern Romanian Carpathians, to Germany, and the Czech Republic. Some 

populations out of Danube basin (namely Elbe basin) were proved to be the result of human 

relocation (Petrusek et al., 2017).    

 

 

 

 

 

 

 

 

 

 

Figure 5: Distribution of A. bihariensis (red) and A. torrentium (green) in Europe. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

 

Figure 6: Distribution of A. fulcisianus (red) and A. pallipes (green) in Europe. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

 

 

 

https://world.crayfish.ro/
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2. Crayfish diversity in Romania 

Four indigenous crayfish species are found: A. bihariensis, A. torrentium, A. astacus and P. 

leptodactylus (Petrescu and Petrescu, 2010; Pârvulescu, 2019). The species' distribution 

appears fragmented, with populations confined to specific areas that offer suitable 

environmental conditions. The crayfish was predominantly found in pristine, well-oxygenated 

streams with a rocky or gravelly substrate. These habitats typically have clear water, moderate 

to fast flow, and are often shaded by riparian vegetation (Pârvulescu et al., 2016). Natural 

refuges such as stones and submerged roots are also critical for the crayfish's survival 

(Parvulescu and Zaharia, 2013). 

 Astacus astacus presence is associated with high riverbank tree cover, moderate 

elevation, and slow water flows (Pârvulescu and Zaharia, 2014). P. leptodactylus primarily 

inhabits rivers running through lowland areas with predominantly flat terrain. Predictive 

models based on soil characteristics suggest the highest likelihood of occurrence in these 

landforms. The findings reveal that P. leptodactylus is more inclined to thrive in deeper, denser 

soils that are more stable and less susceptible to erosion. These soils are typically characterized 

by a lower volume of coarse fragments, a higher clay content, and reduced sand content (Dornik 

et al., 2021).  

Romania has good ecological conditions for the thriving of Austropotamobius species 

(Parvulescu et al., 2013). Two metapopulations of Austropotamobius can be identified in 

Romania, one in the northwest, and the other in the southwest. The southwestern population 

consists only of individuals of A. torrentium and it is attributed, mostly directly to the Danube 

basin, while the northwestern population which consists only of A. bihariensis individuals, 

appears in the Tisza River basin (Pârvulescu and Zaharia, 2013). The two Austropotamobius 

metapopulations are separated in Romania by the Mureș River (Figure 7).  

 

 

Figure 7: Distribution of A. bihariensis (red) and A. torrentium (green) in Romania. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

 

 

https://world.crayfish.ro/
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The significant economic and cultural importance of freshwater crayfish in Europe 

(Jussila et al., 2015), coupled with the decline of native crayfish populations during the 20th 

century (Souty-Grosset et al., 2006), prompted fisheries managers and researchers in various 

European countries to take the initiative in introducing non-native freshwater crayfish species 

to the region (Holdich et al., 2009). Native crayfish species in Europe face significant threats, 

including the crayfish plague pathogen Aphanomyces astaci which is spread by invasive 

crayfish species originating from North America. Out of these invasive species, F. limosus was 

first observed in 2008, in the Romanian part of the Danube (Pârvulescu et al., 2012). The 

interaction with the non-native F. limosus and the presence of the crayfish plague pose a 

significant risk, particularly to populations residing in first-order tributaries of the Danube in 

southwestern Romania (Pârvulescu and Zaharia, 2013).  

The introduction of the crayfish plague, Aphanomyces astaci, into Europe, was likely 

accidental, though the exact vector remains unknown (Jussila et al., 2015). Since the 19th 

century, astacologists have been trying to identify the cause of the widespread mass mortalities 

affecting European crayfish populations (Svoboda et al., 2017). Efforts to revive crayfisheries 

inadvertently worsened the situation, leading to the introduction of additional alien pathogen 

strains and new host species, which served as permanent reservoirs for the pathogens. This had 

a detrimental impact on the remaining native crayfish populations and the biodiversity of 

European freshwater ecosystems (Souty-Grosset et al., 2006). 

So far, invasive species threats, like the expansion of F. limosus (Figure 8) populations 

that carry the deadly crayfish plague pathogen, are directly threatening only the A. torrentium 

population (Figure 9) in Romania (Satmari et al., 2023). A. bihariensis tends to inhabit 

upstream regions at higher elevations in comparison to A. torrentium, leaving the latter species 

more vulnerable to interactions with the invasive F. limosus (Satmari et al., 2023). The A. 

bihariensis population is safeguarded so far by a series of anthropogenic factors like dams but 

also by natural factors like water velocity and temperature (Satmari et al., 2023). 

 

 

Figure 8: Distribution of the invasive F. limosus in Romania. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

 

https://world.crayfish.ro/
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Figure 9: Interaction points between Austropotamobius genus (purple – A. bihariensis, green – A. torrentium) 

and A. astaci (red) in Romania. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

Austropotamobius bihariensis is relatively well-protected in this regard, as there is a 

considerable distance between the predicted invasion front and the suitable habitat network of 

the native species, suggesting that it may remain secure in the near future (Satmari et al., 2023). 

The interaction points from Figure 9 suggest the existence of the A. astaci pathogen in the A. 

bihariensis population but with a presumably historical infection. Nowadays, there is no 

existing infection recorded, therefore the presence of the pathogen does not mean that there is 

a presence of any invasive crayfish species in the area (Satmari et al., 2023).  However, the 

potential expansion of other invasive species should not be disregarded, particularly the more 

aggressive P. leniusculus (Figure 10), which has already been documented in neighbouring 

Hungary (Weiperth et al., 2020). 

At the same time, other invasive species can become a threat for the native crayfish 

species from Romania. One of them, P. virginialis, has its expansion in the wild primarily 

associated with the aquarium pet trade. For the first time in Romania, forty-two adult specimens 

were discovered in semi-natural ponds at Băile Felix, near Oradea (Figure 11). The population 

showed no evidence of infection by the crayfish plague pathogen Aphanomyces astaci 

(Pârvulescu et al., 2017). 

 

 

https://world.crayfish.ro/
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Figure 10: Distribution of the rapidly closing P. leniusculus in Hungary, close to the border of Romania. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

 

 

Figure 11: Distribution of P. virginalis in Romania and the posing threat coming from neighboring Hungary. 

Source: World of Crayfish™ (https://world.crayfish.ro/). 

 

3. The discovery, history and evolution of the endemic Austropotamobius bihariensis 

Extensive fieldwork and scientific analysis aimed at studying the crayfish populations in the 

Apuseni Mountains of Romania led to the discovery of a new crayfish species, A. bihariensis. 

The species is endemic to this region, indicating that it is unique to this specific geographic 

area and is not naturally found elsewhere (Pârvulescu, 2019). The latest research highlights the 

significance of this discovery within the context of biodiversity, as endemic species often have 

a high conservation value due to their restricted distribution and specialized habitat 

requirements (Pârvulescu and Zaharia, 2013). A. bihariensis is inhabiting only 5 river basins 

in Romania: Barcău, Criș Repede, Criș Negru, Criș Alb, and Arieș (Ion et al., 2024). 

https://world.crayfish.ro/
https://world.crayfish.ro/
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Austropotamobius bihariensis diverged from its closest relatives approximately 15 

million years ago (Pârvulescu et al., 2019), a period marked by significant tectonic activity in 

the region. This geological history likely played a crucial role in the isolation and subsequent 

evolution of the species (Balázs et al., 2016). The research employed molecular and 

morphological approaches to distinguish A. bihariensis from other related species, particularly 

A. torrentium (Parvulescu, 2019). A. bihariensis inhabits streams that are usually found at mid-

high altitudes, which vary from 250 m to 800 m (Pârvulescu, 2019). 

There are a multitude of factors that influence the evolution of a species, among the 

most important being climate or geology (Antonelli, 2018). Freshwater species are dependent 

on continental factors and habitat connectivity therefore, they are often sensitive to habitat 

disturbance (Slaton, 2015). Since crayfish do not have a larval stage that can be carried by 

vectors, their evolution can be more predictable, their habitat often being limited to restricted 

areas along rivers, and migration being rarely encountered (Bubb et al., 2006). The 

biogeography of crayfish species in Europe has been greatly influenced by Alpine orogenesis 

(Mráz and Ronikier, 2016). 

The evolution of A. bihariensis was revealed by considering the migration of tectonic 

plates. Given the genetic proximity of the species to the crayfish of the genera 

Austropotamobius from the present-day Dinaric Mountains of Croatia, the most plausible 

hypothesis is that the species split from that area with the onset of the migration of the Tisza-

Dacian plate (Pârvulescu et al., 2019).  

Considering the molecular data resulting from the analyses of recent years, as well as 

the morphological differences between A. torrentium and A. bihariensis (Pârvulescu 2019), the 

scientific community confirms A. bihariensis as a distinct species of the genus (Stanković et 

al., 2024). A. bihariensis is sister species to A. torrentium from the Zeleni Vir area in Croatia.  

Although statistically significant, morphological differentiations are not sufficiently 

practical in fieldwork, and confusion can easily be made. Hence, this is most likely why the 

species has remained undiscovered for so long. As such, molecular analysis of mitochondrial 

DNA [Cytochrome c oxidase subunit I (COI)]is recommended to avoid misidentification. No 

hybridization between A. bihariensis and A. torrentium was found by using traditional 

microsatellites and genomic markers (Pârvulescu et al., 2019; Bonassin et al., 2024). 

Morphological analysis showed that A. bihariensis was found to differ from A. torrentium in 

several key features, such as the shape and structure of the rostrum, the form of the antennal 

scale, and the granulation on the chelae (Pârvulescu, 2019) as presented in Figure 12.  
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Figure 12: Observed differences between A. bihariensis and A. torrentium: difference in the shape of the 

rostrum (a, b), smooth antennal scale (c), denticulated antennal scale (d), antennal scale at the electronic 

microscope (e, f)   

Source: Pârvulescu (2019). 

4. The importance of Austropotamobius bihariensis research and conservation 

The detailed research of a species requires scientific knowledge (Duffy, 2009).  The research 

of A. bihariensis still requires a multitude of studies regarding its behaviour, reproductive 

barriers, feeding behaviour or trophic position. In general, these details can complete the 

particular knowledge about the species, highly important for its future conservation.  

The discovery and research of A. bihariensis, can be interpreted as the study of a “living 

fossil”. "Living fossils" are species or lineages that have remained relatively unchanged for 

millions of years, offering direct evidence of ancient evolutionary traits. Their use as calibration 

points is advantageous because they can provide insights into divergence times across deep 
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evolutionary timescales and can anchor molecular clocks, particularly for deep-time events, 

where extant species still resemble their ancient relatives (Ho and Duchêne 2014).  

Even though Benton and Donoghue (2007) argue that fossil calibrations are crucial for 

providing the temporal framework within which molecular clocks can operate, particularly for 

crayfish there are almost no recorded fossils. Even the use of existing fossils as calibration 

points is difficult because the exact timing of fossilization concerning molecular divergence is 

unknown. Therefore, using mutation rates observed in living organisms, makes it advantageous 

over fossils alone (Hedges and Kumar 2004). 

The description of A. bihariensis as a distinct species became an anchor point in 

molecular calibrations within the genera Austropotamobius which was already confirmed by 

Stanković et al. (2024). 

To protect the habitat of a species or the species itself, complex knowledge is required, 

including its evolution, ecological requirements and also behaviour (Bridgewater and 

Rotherham, 2019; Theissinger et al., 2023; Ion et al. 2024). The International Union for 

Conservation of Nature (IUCN) is one of the primary organizations tracking biodiversity, 

including crayfish species. The IUCN has developed the Red List of Threatened Species 

(IUCN, 2012). Considering that A. bihariensis is an endemic, recently described species 

(Pârvulescu, 2019), a complex assessment, considering IUCN criteria, is more than necessary 

(Ion et al., 2024). Such assessments are critically needed, especially when new endemic species 

are discovered, to ensure their conservation (Cazalis, 2022). 

An important point of reference for IUCN criteria-based assessments is that since the 

validation of A. bihariensis as a distinct species (Pârvulescu, 2019), it is necessary to recalibrate 

the assessment of the conservation status of A. torrentium. Reconsideration is necessary 

because the population range of A. torrentium is shrinking, with part of the known population 

being replaced by the A. bihariensis population range (Ion et al., 2024). Furthermore, it is also 

important to emphasize that the discovery of A. bihariensis and the analysis of the 

phylogeography of A. torrentium, led to a reconsideration of the conservation needs of all 

species in the genus Austropotamobius, as well as their taxonomy (Pârvulescu, 2019; 

Pârvulescu et al., 2019; Ion et al., 2024). Although recently described, A. bihariensis does not 

currently have a defined conservation status and there is no management plan for the species 

(Pârvulescu, 2019). 

The fact that A. bihariensis, is a clustered species, makes it extremely vulnerable to any 

threat. Now that the species is validated, its range is largely known as well as its habitat 

requirements, several challenges arise. Among the most important and that will have to be 

solved urgently is the introduction of the species to the list of strictly protected species by the 

Romanian legislation which, at the moment is delayed. The introduction of the species in the 

National Red List of protected species as well as the assessment and introduction of the species 

in the IUCN Red List is also necessary. Furthermore, taking into account that the range of the 

species is to a reasonable extent overlapping with Natura2000 sites and Apuseni Nature Park, 

it is necessary to revise and include the species standard forms and in the park’s management 

plan. Last but not least, it is extremely necessary to realize a management plan for the species, 

with continuous assessment and monitoring of threats and the development of conservation 

measures to be taken into national legislation and management plans and regulations of 

protected areas where A. bihariensis is found. 
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Regarding its ecological significance, A. bihariensis, as a species with such restricted 

distribution is often more vulnerable to environmental changes and human activities. The 

limited range of A. bihariensis makes it particularly susceptible to habitat loss, pollution, and 

other anthropogenic pressures (Richman et al., 2015; Pârvulescu, 2019).  

In summary, the discovery of A. bihariensis contributes to valuable knowledge to the 

field of taxonomy and conservation biology. It underscores the importance of preserving 

endemic species, particularly those with restricted distributions, as they play a crucial role in 

maintaining the biodiversity and ecological balance of their native environments.  
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