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1  |  INTRODUC TION

Crayfish are the largest freshwater invertebrate organisms that form 
a very diverse group consisting of around 700 species (Crandall 
& De Grave, 2017). They can inhabit virtually all types of fresh-
water bodies and play important ecological roles – considered 

as ecosystem engineer species (Arias & Torralba- Burrial, 2021; 
Reynolds et al., 2013). Over the last few decades, non- native fresh-
water crayfish have become a prominent group in the study of bi-
ological invasions on a global scale. Their importance as a fishing 
and commercial resource, ornamental species in pet trade and their 
unique biological and ecological characteristics have led to their 
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Abstract
An eco- monitoring programme to assess faunal biodiversity in the main rivers of the 
northern Iberian Peninsula (Spain) reveals the first occurrence of the marbled crayfish 
Procambarus virginalis (Decapoda: Cambaridae) in Iberian inland waters. Iberian speci-
mens have been identified by combining morphological and genetic traits. We discuss 
the most plausible pathways and introduction vectors, its potential invasiveness and 
subsequent impacts on host localities. Our preliminary results raise concern about the 
potential threat of P. virginalis to native fauna and ecosystem dynamics, as P. virginalis 
was found in an area of great cultural and ecological importance with relevant popu-
lations of endangered species. Due to the invasive history of the marbled crayfish, 
eradication of these individuals is urgent. This study confirms the importance of early 
warning systems for exotic species, keeping the population, forest guards and field 
technicians informed about potential invasive species to execute a rapid and effective 
response.
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spread around the world due to human action (Lodge et al., 2012). 
The introduction of these ecosystem engineer species outside of 
their native range often causes serious ecological (Emery- Butcher 
et al., 2020) and economic losses (Kouba et al., 2022). They can 
unleash direct negative impacts on native species or indirect ones 
mediated by pathogens, altering the functioning of river ecosystems 
(Chiatante et al., 2021).

In the Iberian Peninsula, five intentionally introduced crayfish 
species have formed non- native established populations in the wild: 
Procambarus clarkii, Pacifastacus leniusculus, Cherax quadricarinatus, 
Cherax destructor and Faxonius limosus (Acevedo- Limón et al., 2020; 
Arias & Torralba- Burrial, 2021;	 Benejam	 et	 al.,	 2011;	 Vedia	 &	
Miranda- Ferreiro, 2013). Furthermore, other crayfish species have 
been introduced in the past but failed to establish populations in the 
wild (e.g. Astacus astacus, Pontastacus leptodactylus or Procambarus 
zonangulus). In addition, the European species Austropotamobius ful-
cisianus (previously referred to as A. italicus or A. pallipes) is consid-
ered a cryptogenic species (sensu Carlton, 1996) in Spain, due to the 
still lack of consensus among the scientific community on its status 
(Clavero et al., 2016; Clavero & Centeno- Cuadros, 2016;	Martínez-	
Ríos	et	al.,	2023; Matallanas et al., 2016).

The marbled crayfish or marmorkrebs, Procambarus virginalis 
Lyko, 2017, is a species described based on individuals kept in a 
German aquarium (Scholtz et al., 2003) without a clear taxonomic 
identification for several years (Marzano et al., 2009). Procambarus 
virginalis is unique for being the only obligate parthenogenetic de-
capod known to date, and therefore, no male individuals exist, and 
populations consequently consist of females (Scholtz et al., 2003; 
Vogt,	 2008). This species had been previously identified as be-
longing to a new form of the North American species Procambarus 
fallax (Hagen, 1870), named Procambarus fallax f. virginalis (Martin 
et al., 2010). However, subsequent studies revealed substantial dif-
ferent fitness traits, reproductive incompatibility and genetic differ-
ences with P. fallax to be considered as an independent new species 
(Lyko, 2017).

Here, we report on the occurrence of the marbled crayfish, P. vir-
ginalis, in northern Spain, constituting the first record of this exotic 
species in the Iberian Peninsula. We describe the Spanish specimens 
based on morphological and genetic evidence (molecular barcoding 
of COI), discuss its most plausible introduction pathways and up-
date its geographical distribution in Europe. Finally, we highlight the 
potential impacts it may cause if becomes invasive and recommend 
some proposal management practices.

2  |  MATERIAL S AND METHODS

2.1  |  Field sampling and procedures

During	an	assessment	sampling	of	a	river	restoration	project	by	the	
Cantabrian Hydrographic Confederation in the Nalón River, a total 
of four female specimens of presumed P. virginalis were collected, 
among several P. clarkii ones, from monthly catches from October 
to December 2022 near Santoseso, Nalón River (43°27′30″ N,	
06°05′56″ W,	15 m,	Candamo,	Asturias,	Spain)	(Figure 1). Specimens 
were collected through electro- fishing by personnel of an environ-
mental consultant (Biosfera S.L.) and the Government of Asturias. 
Specimens were brought to the laboratory and photographed by a 
Canon	EOS	1200D	Digital	SLR	Camera	with	EF-	S	18–55 mm	f/3.5–
5.6 III lens. Their total length (carapace length (from the tip of the 
rostrum	 to	 the	end	of	 carapace) + abdomen	 length)	was	measured	
and other taxonomical features were examined under a Leica MZ125 
high- performance dissecting stereomicroscope. Subsequently, they 
were refrigerated in 70% ethanol and two of them were deposited at 
the Collection of the Department of Organisms and Systems (BOS) 
of the University of Oviedo (https://	bos.	uniovi.	es/	 ).

Maps were generated with QGIS 3.16.9 software. Information 
about P. virginalis geographical records was obtained from the lit-
erature and the Marmo rkrebs. org https:// sites. google. com/ view/ 
marmo rkrebs/ .

F I G U R E  1 Geographical	situation	of	the	Principality	of	Asturias	(grey)	in	the	Iberian	Peninsula	(a)	and	the	location	where	individuals	of	
Procambarus virginalis were found, with the main river network highlighted (b).
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2.2  |  DNA extraction, PCR amplification and  
sequencing

DNA	was	extracted	from	20	to	50 mg	of	ethanol-	preserved	mus-
cle tissue obtained from the leg appendices of one of the four 
studied specimens, using E.Z.N.A. Tissue DNA Kit (Omega Bio- 
Tek) and following the manufacturer's protocol. A fragment of 
the cytochrome c oxidase subunit I (COI) mitochondrial gene, 
which displays great variability among species and very low within 
species (Filonzi et al., 2023), was amplified using the universal 
primers LCO1490 and HCO2198 (Folmer et al., 1994) by means 
of polymerase chain reaction (PCR) in a total reaction volume 
of	 40 μL.	 The	 reaction	 mixture	 contained	 2.5 μL template DNA, 
2.5 μL	of	25 mM	MgCl2,	4 μL	of	2.5 mM	dNTPs,	1 μL	of	10 μM prim-
ers,	 0.15 μL Taq polymerase (GoTaq® G2 Flexi DNA Polymerase 
5 U/μL)	and	8 μL of 5x Buffer GoTaq® Promega (1× final concen-
tration). PCR conditions consisted of an initial denaturation step of 
95°C	for	4 min,	followed	by	35	amplification	cycles	(95°C	for	45 s,	
48°C	for	45 s	and	72°C	for	30 s)	and	a	final	elongation	step	at	72°C	
for	7 min.	The	 resulting	PCR	product	was	 checked	 for	 good	am-
plification in horizontal electrophoresis (2% agarose gel). Finally, 
forward and reverse sequencing was performed by MACROGEN 
(Madrid, Spain), using standard Sanger sequencing method (Sanger 
& Coulson, 1975).

2.3  |  Genetic analysis

The resulting sequences were edited for quality trimming and primer 
removal using Geneious Primer 2022.2.2 (https:// www. genei ous. 
com). The cleaned sequences were aligned and manually checked 
for any possible error in base calling. Next, a consensus sequence 
was generated with the default parameters. Finally, sequences were 
identified with the best match identity (>97%) using nBlast imple-
mented in Geneious Primer to search in GenBank databases.

The COI sequence of the marbled crayfish collected in Northern 
Spain was aligned with a set of 39 previously published sequences, 
deposited in GenBank, belonging to P. alleni, P. clarkii, P. virginalis and 
P. fallax, and a sequence of F. limosus which was used as an outgroup 
(GB Access Numbers in Figure 3). We verified the GenBank species 
name and associated notes and reviewed the original publications to 
confirm the identity of the species to which each sequence belonged. 
All sequences were analysed for phylogenetic analyses under maxi-
mum likelihood by using RaxML software (Stamatakis, 2014) imple-
mented in Geneious Primer. The ModelTest software included in the 
PAUP pipeline was used to predict the nucleotide substitution model 
showing the best AIC and BIC scores. A maximum- likelihood tree 
was generated using Rapid Bootstrapping Algorithm and a search 
was conducted for the best- scoring tree using the general time 
reversible	model	 (GTR + G + I)	 of	 molecular	 evolution	with	 10,000	
bootstrap replicates. A consensus tree was generated with a 10% of 
burning and a 50% node support threshold value for bootstrapping 
but interpreted as significant nodes from a minimum value of 70%.

3  |  RESULTS

Morphological examination of the collected specimens showed that 
they were consistent with the original diagnosis of P. virginalis by 
Lyko (2017).	 Specimens	 ranged	 in	 total	 length	 from	59	 to	 63 mm,	
with	 the	 carapace	 (27–29 mm)	 slightly	 shorter	 than	 the	 abdomen	
(32–34 mm).	 Live	 specimens	 have	 a	 marmorated	 colouration,	 ap-
pearing brownish or greenish, featuring dark- spotted pattern on the 
lateral cephalothorax and abdomen (Figure 2a–c). Ethanol- stored 
specimens turned whitish to cream coloured. No specimens with 
eggs were caught.

A	 619 bp	 fragment	 of	 COI	 gene	 was	 successfully	 sequenced	
from one studied specimen and deposited in GenBank under the 
Accession Number PP130631. The Blast identification engine iden-
tified the sequences as P. virginalis with 99.8%–100% pairwise iden-
tity with 76 specimens. The remaining hits were with other species 
of the genus Procambarus with a similarity of 96% or below. The 
phylogenetic analyses assessed using COI sequences from different 
species of Procambarus genus clearly show how the sequence of the 
Iberian specimen clusters with the sequences identified in GenBank 
as P. virginalis. The node clustering them all together has 76.11% 
bootstrapping support (Figure 3).

At the Nalón River, P. virginalis co- occurred with P. clarkii of dif-
ferent colour morphs, outstanding one with marmorated coloura-
tion on cephalothorax and abdomen (Figure 2d–g). Procambarus 
clarkii was the most abundant crayfish species.

As mentioned in the introductory part, after the first reports 
of P. virginalis in the wild around 2003 from northern Europe and 
Madagascar, it has been established in different countries and re-
gions of Europe, Asia, Africa and North America. Notably, new spe-
cies records have increased dramatically over the last decade. We 
used the available information to give a synopsis of the recent re-
cords of the marbled crayfish in the wild, including newly discovered 
specimens from northern Spain and the Canary Islands. An updated 
geographical distribution of P. virginalis, together with data about 
the status of the recorded populations (established/unknown/eradi-
cated), is provided in Figure 4.

4  |  DISCUSSION

This study reports the first occurrence of marbled crayfish P. virgin-
alis in the Iberian inland waters. Although born in an aquarium, the 
phylogeographic origin of marbled crayfish seems to be from the 
Everglades subpopulation of P. fallax (Gutekunst et al., 2021). To 
date, this species is widely distributed in temperate areas of cen-
tral and southern Europe and Asia, as well as in certain subtropical 
areas. It has established wild populations in several countries over 
the world including Madagascar, Germany, Netherlands, Belgium, 
Austria, Poland, Slovakia, Czech Republic, Hungary, Romania, 
Italy, Israel, France, Malta, Croatia, Ukraine and Japan; with feral 
populations not yet established in Denmark, Estonia, Canada and 
China (Figure 4) (Chucholl et al., 2012; Jones et al., 2009; Kawai 
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et al., 2009; Liptak et al., 2016;	 Lőkkös	 et	 al.,	 2016; Marzano 
et al., 2009; Novitsky & Son, 2016; Patoka et al., 2016). Recently, 
an introduced population has been reported in the Canary Islands 
by a national press release, although confirmation is still needed. 
Although the introduction pathway through which this species has 
appeared in northern Spain remains unknown, it is likely the re-
sult of an intentional release or escape of animals kept in captivity 
(Oficialdegui et al., 2023). Indeed, although the marbled crayfish 
sale has been restricted, it can be found in pet trade, which has 
been considered as its main introduction pathway in other coun-
tries (Faulkes, 2010; Lipták et al., 2023).

As pointed out by Jones et al. (2009), the marbled crayfish can be 
considered ‘the perfect invader’. Procambarus virginalis is the only of 
the nearly 700 known crayfish species (Crandall & De Grave, 2017), 
whose reproductive pathway is obligatory apomictic parthenogen-
esis (Scholtz et al., 2003;	 Vogt,	2008). Not only does this way of 
reproduction make its establishment in the wild more favourable, 
but it also presents other reproductive traits that give it adaptive 

advantages over other species. As an example, it has been observed 
that it presents higher fecundity and much shorter egg incubation 
periods	 (20–42 days)	 compared	 to	 the	 European	 native	 species,	
or	 even	 presents	 an	 early	 maturity,	 reaching	 around	 5–7 months	
compared to other native and introduced species, whose maturity 
is	 around	1–5 years	depending	on	 the	 species	 (Jones	et	 al.,	2009). 
Furthermore, in sympatry with other invasive crayfish species, mar-
bled crayfish success can be largely attributed to its relatively rapid 
growth and its tendency to reproduce early and frequently (Kouba 
et al., 2021). As mentioned above, this species has been found inhab-
iting the same spaces as P. clarkii. Juveniles of this species may have 
marbled patterns like P. virginalis, but, notably, five P. clarkii large 
specimens	(of	total	length	over	8 cm)	with	marmorated	colouration	
were found in the same area (Figure 2d–g). Although the probability 
of hybridization between both species is very low, due to the triploid 
genome of P. virginalis	that	represents	a	major	cytogenetic	barrier	for	
meiotic chromosome segregation (Lyko, 2017; Martin et al., 2016), 
this fact may lead to a species misidentification in the field if it is 

F I G U R E  2 Procambarus live specimens 
from the Nalón River (northern Spain). 
Procambarus virginalis (a–c): dorsal view 
(a), lateral view of the same specimen (b) 
and dorsal view of a smaller specimen 
(c). Procambarus clarkii (d- e): lateral view 
of male specimen (d), detailed view of 
the carapace (e), detailed view of the 
abdomen (f) and ventral view of the same 
specimen (g). Arrow points to the male 
gonopods.
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only based on a visual identification, without a detailed anatomical 
and genetic analysis.

Modelling work by Feria and Faulkes (2011) already predicted 
the high environmental suitability of the northern and eastern fringe 
of Spain for P. virginalis. In particular, the lower area of the Nalón 
River, where this species was found, has very favourable habitats 
for its implantation and settlement. The introduction of the marbled 
crayfish in an area previously occupied by huge established popula-
tions of other invasive crayfish species (e.g. P. clarkii or Pa. leniusculus) 
does not seem to alter the trophic relationships in these ecosystems, 
but its presence can increase other pressures on freshwater eco-
systems (Chucholl & Chucholl, 2021; Linzmaier et al., 2020; Lipták 
et al., 2019;	Veselý	et	al.,	2021). On the other hand, it has been con-
firmed that P. virginalis (as the widespread P. clarkii and Pa. leniuscu-
lus) is a vector of the parasitic fungus Aphanomyces astaci, causative 
agent of the crayfish plague (Keller et al., 2014;	Mrugała	et	al.,	2015). 
This disease is considered responsible for the decline in numerous 
populations of endangered Eurasian crayfish species, including A. 
fulcisianus	(Martín-	Torrijos	et	al.,	2019).

The potential impact of the marbled crayfish could be consid-
ered like that of other invasive crayfish species already present in 
the Iberian freshwater ecosystems, such as P. clarkii and Pa. lenius-
culus. Nevertheless, these impacts could be increased by the ease 

of reproduction and dispersal of P. virginalis. Few data are known on 
the impact of this species on the native fauna and the ecosystems it 
manages to colonise. There are only experimental data on its preda-
tion on gastropod molluscs of the families Planorbidae (Biomphalaria 
glabrata) and Bulimidae (Bulimus truncatus) (Faiad et al., 2023). 
Although neither of these species is native to the habitat where P. 
virginalis is herein reported, there are other indigenous species of 
planorbids (e.g. Gyraulus parvus), Physidae (e.g. Physella acuta) and 
Lymnaeidae (e.g. Radix sp. and Ampullaceana sp.) that could poten-
tially be preyed by this species. Furthermore, the Nalón- Narcea 
Basin hosts one of the most important populations of the freshwater 
pearl mussel Margaritifera margaritifera (Álvarez- Claudio et al., 2000; 
Lopes- Lima et al., 2015; Perea et al., 2022), an endangered species 
included in the Spanish Catalogue of Threatened Species (Order 
AAA/1351/2016 modifying the Royal Decree 139/2011) and 
the European Habitats Directive (Council Directive 92/43/EEC). 
Likewise, the lower reaches of the Nalón River are also reproduc-
tive habitats for the threatened sea lamprey (Petromyzon marinus) 
(Mateus et al., 2012; Mota et al., 2016). As has been demonstrated, 
the presence of invasive crayfish can cause serious problems in 
M. margaritifera populations (Morales, 2023) and P. marinus (Hume 
et al., 2021; Smith & Marsden, 2009), so the presence of P. virgina-
lis can cause similar effects of direct predation of adults, eggs and/

F I G U R E  3 Cladogram	of	the	genus	Procambarus.	Maximum-	likelihood	method	based	on	COI	sequences	using	the	GTR + G + I	model	
with 10,000 bootstrap replicates and 10% of burning was considered to interpret significant nodes, setting a minimum value of 70%. The 
sequence from this work is shown in red.
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or	juveniles,	triggering	serious	problems	in	the	dynamics	of	aquatic	
communities.

Due to the impacts described above, the marbled crayfish was 
listed in the Invasive Alien Species of Union concern (i.e. Union 
list, EU Regulation No. 1143/2014). Additionally, it was classified 
as a high- risk species according to the Freshwater Invertebrate 
Invasiveness Scoring Kit (Chucholl, 2016) and ranked among the 
top 10 invasive alien species listed in the Alert List during a recent 
horizon scan exercise for Iberian waters (Oficialdegui et al., 2023). 
However, on account of its later description, it was not included 
in the Spanish Catalogue of Invasive Alien Species (Royal Decree 
630/2013). As a result of its inclusion in the Union List, this 
species	 is	 subject	 to	 restrictions,	 and	 its	 trade	and	breeding	 are	
prohibited. The currently available data cannot confirm the estab-
lishment of a population in northern Spain, as only a few individ-
uals were found, and no gravid females were detected. Even so, 
the situation is worrisome as the presence of a single individual 
in the wild with optimal conditions may trigger the establishment 
of a population with serious ecological problems to biodiversity 

and ecosystems. We therefore strongly urge the authorities to im-
plement rapid management measures and monitor the status of 
native threatened taxa (e.g. M. margaritifera and P. marinus pop-
ulations), as well as the evolution of the marbled crayfish. Large 
demographic assemblage of P. virginalis could be reached relatively 
quickly and, reached that point, eradication or control actions may 
be extremely difficult to carry out efficiently. Finally, this study 
confirms the importance of early warning systems for exotic spe-
cies, keeping the population, forest guards and field technicians 
informed about potential invasive species to execute a rapid and 
effective response.
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