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INTRODUCTION

The release of non-native and potentially invasive spe-
cies in freshwater ecosystems often alters ecosystem func-
tioning, for instance, negatively impacting the abundance 
and diversity of native species (Cucherousset and Olden, 
2011; Weber and Traunspurger, 2016; Britton et al., 2023). 

Such decline is generally linked to biotic interactions (e.g., 
competition and predation), pathogen transmission, genetic 
introgression and changes in habitat structure, nutrients, and 
organic matter (Cucherousset and Olden, 2011; Gallardo et 
al., 2016; Britton et al., 2023; Lambea-Camblor et al., 2023). 
The increased popularity of the aquarium hobby, including 
metropolitan France, makes of pet trading an emerging path-

Abstract. – An established population of Trinidadian guppies (Poecilia reticulata) and Cherry shrimp 
(Neocaridina davidi) has been observed in thermal waters in the Parc des Thermes of Juvignac, near Montpellier 
(Southern France). This is the first record of these two species in metropolitan France. Their identity has been 
morphologically and molecularly confirmed. According to locals, individuals of P. reticulata have been thriv-
ing in the study site at least since 2019, and those of N. davidi since 2021. The relatively long presence of both 
species, the high proportion of ovigerous females, and the presence of juveniles suggest favourable conditions 
for the reproduction of both species. Morphological trait heterogeneity in P. reticulata and N. davidi individuals 
indicates either a single release of different pools of individuals or multiple releases via aquarium dumping. The 
thermal water body may be temporarily connected to the nearby Mosson River, favouring the spread of both spe-
cies. P. reticulata may only survive in the Mosson River during the summer months, while the more thermally 
adaptable N. davidi may survive throughout the year. These species are known to have multidimensional impacts 
on ecosystems and are vectors for pathogens that might impact native biota; therefore, close monitoring of the 
site is urged.

Résumé. – Mise en évidence d’une population établie de Poecilia reticulata et de Neocaridina davidi en 
France métropolitaine

Une population établie de guppy commun (Poecilia reticulata) et de néocaridine de David (Neocaridina 
davidi) a été observée dans un plan d’eau et un canal alimentés par une source thermale dans le Parc des Thermes 
de Juvignac, situé dans le sud de la France, près de Montpellier. Il s’agit du premier signalement de ces deux 
espèces en France métropolitaine. Leur identité a été confirmée par des approches morphologiques et molé-
culaires. Selon les habitants locaux, des individus de P. reticulata vivent sur le site depuis au moins 2019 et 
on y retrouve des individus de N. davidi depuis au moins 2021. La présence relativement longue de ces deux 
espèces sur le site, la forte proportion de femelles ovigères et la présence de juvéniles, suggèrent des conditions 
favorables à la reproduction de ces deux espèces. L’hétérogénéité des traits morphologiques des individus de 
P. reticulata comme de N. davidi plaide en faveur d’un unique relâché avec des individus d’origines différentes, 
ou de multiples relâchés, probablement à partir d’aquariums de particuliers. Comme la masse d’eau du site peut 
être temporairement connectée à la rivière Mosson, située à proximité, la propagation de ces deux espèces pour-
rait être possible pendant les mois les plus chauds. P. reticulata pourrait ne survivre dans la Mosson que durant 
cette période, alors que N. davidi, qui a une meilleure capacité d’adaptation thermique, pourrait y persister toute 
l’année. Ces deux espèces sont connues pour leurs multiples impacts écosystémiques et sont par exemple des 
vecteurs de pathogènes. Un suivi étroit du site est donc nécessaire et urgent.

© SFI 
Submitted: 21 May 2024
Accepted: 26 Sep. 2024
Pub. Online:
Editor: N. Poulet

Key words
Poeciliidae
Atyidae
Biological invasions
Exotic species
Ornamental trade
DNA barcoding

Regular paper

(1)	U niversité de Montpellier II, Place Eugène Bataillon, 34095 Montpellier, France. tommalraux@gmail.com,  
andreacaro2616@gmail.com, ilhanbh@gmail.com

(2)	A ssociation Guibétois, 211 chemin du Triol, 34343 Viols-le-Fort, France. 
(3)	 Reserva: The Youth Land Trust, P.O. Box 57277, Washington, D.C. 20037, USA.
(4)	 Department of Aquatic Ecology, University of Duisburg-Essen, Universitätstr. 5, 45141 Essen, Germany. sebastian.prati@uni-due.de
(5)	 Centre for Water and Environmental Research, University of Duisburg-Essen, Universitätsstr. 2, 45141 Essen, Germany.
(6)	UA R Patrimoine Naturel – Centre d’expertise et de données (2006 OFB – CNRS – MNHN – IRD), Muséum national d’Histoire 

naturelle, 36 rue Geoffroy-Saint-Hilaire CP 41, 75005 Paris, France. gael.denys@mnhn.fr
(7)	UM R Biologie des organismes et écosystèmes aquatiques (BOREA 8067), MNHN, CNRS, IRD, SU, UCN, UA, 57 rue Cuvier CP26, 

75005 Paris, France.
*	 Corresponding author



Exotic aquatic species in French waters 	 Jamonneau et al.

2	 Cybium [early view] 

way for the introduction of non-native species (van Kleef et 
al., 2008; Patoka et al., 2018).

Aquarium dumping refers to releasing aquatic pets into 
natural water bodies. This practice tends to be biased towards 
the cheapest and most successful pets, which are also gener-
ally the most prolific and environmentally adaptable species 
(Gippet and Bertelsmeier, 2021). Among the most common 
and successful aquarium pets, there are fish such as the Trini-
dadian (or common) guppy Poecilia reticulata Peters, 1859 
(Teleostei, Cyprinodontiformes) and crustaceans such as 
the cherry shrimp Neocaridina davidi Bouvier, 1904 (Mala-
costraca, Decapoda). Their success lies in their low prices, 
vibrant colours and easy maintenance and reproduction, 
which make them the ideal candidates for both experienced 
and novice aquarium hobbyists (Maceda-Veiga et al., 2013; 
Magalhães and Jacobi 2013; Maciaszek et al., 2018).

Poecilia reticulata originates from South America, name-
ly Venezuela, Guyana and the island of Trinidad and Tobago 
(de Bragança et al., 2020). However, over the last 150 years, 
it has been introduced worldwide due to aquarium releases 
and its use as biological control of mosquito larvae, estab-
lishing self-sustaining populations in at least 70 countries 
(Deacon, 2010; FAO, 2024); sometimes negatively impact-
ing the native fauna (Deacon, 2010; Holitzki et al., 2013; de 
Bragança et al., 2020). In continental Europe, established 
populations of P. reticulata have been reported from Alba-
nia, Czech Republic, Germany, Hungary, Slovakia, Nether-
lands, Romania, Poland, Slovakia, Spain, UK and Ukraine 
(Elvira and Almodóvar, 2001; Nowak et al., 2008; Deacon 
et al., 2011; Nekrasova et al., 2023). Except for a population 
in southern Spain, P. reticulata has failed to establish outside 
geothermal springs or thermally polluted water bodies due to 
the relatively low winter temperatures of continental Europe 
(Elvira and Almodóvar, 2001). 

Neocaridina davidi, a shrimp of Southeast Asian origins, 
is more tolerant to colder temperatures than P. reticulata, as 
water in its natural habitat (mainland of China and Taiwan) 
ranges from 6°C in winter to 30°C during summer (Klotz et 
al., 2013). It has been introduced elsewhere in Asia, Europe 
and North America through aquarium releases and its use as 
fishing bait (Onuki and Fuke, 2022). In continental Europe, 
self-sustaining populations of pet trade origin are known 
from thermal waters of Germany, Hungary, Poland and Slo-
vakia (Klotz et al., 2013; Jabłońska et al., 2018; Weiperth 
et al., 2019; Prati et al., 2024b). However, recent findings 
indicate their spreading toward cooler waters (Schneider et 
al., 2022; Prati et al., 2024b). Such expansion may be due to 
their adaptation to cooler conditions and/or increased tem-
peratures resulting from global warming.

In the foreseeable future, global warming will likely 
enhance habitat availability for N. davidi and P. reticulata in 
Europe (Nekrasova et al., 2021a; Prati et al., 2024b). There-
fore, monitoring and reporting newly established popula-

tions is crucial to prevent possible adverse impacts on native 
biota. On the 7th of October 2023, some Poeciliid fish indi-
viduals similar to Poecilia sp. and shrimp likely to be Neo-
caridina sp. were observed in a thermal spring in southern 
France (Herault department). In this article, we report the 
first established population of P. reticulata and N. davidi in 
metropolitan France.

MATERIAL AND METHODS

Study site
The study site is located in the “Parc des thermes” (i.e., 

thermal park) of the municipality of Juvignac (Herault, 
France; 43.627707, 3.811910). The earliest records mention-
ing the beginning of the park date back to the Gallo-Roman 
era, when it was surrounded by agricultural fields (Juvignac 
municipality, 2023). In 1986, it became municipal property 
and a free source of water. Despite the opening of a thermal 
bath in 2014 and its subsequent closure in 2021 due to the 
COVID-19 pandemic, the park remains very popular among 
locals.

In the thermal park, there is a small circular pond (up to 
40 cm water depth) fed by thermal waters. The pond pro-
vides an ideal breeding ground for warm-adapted exotic spe-
cies, as temperature seems to remain above 20°C all year 
round. Pond waters flow in a canal (Fig. 1) which in turn 
flows towards the Mosson River for around 70 m, before 
culminating in a T-shape, with left and right branches, each 
progressing for 20-30 m parallel to the river. In this last sec-
tion, the water becomes progressively shallower on both 
sides, likely seeping underground and joining the Mosson. 
However, during high water events, the water of the canal 
may flow through temporary overflow ditches, which shortly 
end in the Mosson River (Fig. 1), favouring the spread of 
exotic species.

Sampling
Sampling was conducted five times between December 

20th, 2023 and March 4th, 2024 using one 2L baited bottle 
per sampling event, according to the departmental French 
Fishing Act. The bottle was baited with earthworms and sub-
merged. Fish and shrimp were euthanised using ice submer-
sion (Wallace et al., 2018) and photographed, some of them 
being ultimately fixed in 96% ethanol for later morphological 
and molecular identification. Poeciliid fish and Neocaridina 
sp. shrimp photographs were taken with an Olympus Tough 
TG-7 camera and edited using Adobe Photoshop (2020) and 
Illustrator (2021). The photograph of the poecilid gonopo-
dium was taken using an Olympus SZX7 stereomicroscope 
equipped with an MC170 Leica camera. Temperature and pH 
were measured at the sampling sites using a Lutron PH-222.
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Identification
Preserved guppy and shrimp specimens were identi-

fied based on morphological and molecular data. Guppies' 
morphological identification followed Poeser et al. (2005), 
including male’s gonopodium morphology which is required 
for poecilid identification (e.g., Ghedotti, 2000). Shrimps 
identification was made according to the morphological 
keys of Englund and Cai (1998) and Klotz et al. (2013). 
Eleven guppy specimens were conserved in the ichthyologi-
cal collections of the Muséum national d’Histoire naturelle 
(MNHN, Paris) with the catalogue number MNHN-IC-2024-
0095. DNA barcoding analyses of fish and shrimp were 
based on the mitochondrial marker cytochrome c-oxidase 
subunit 1 (COI) (Hebert et al., 2003).

DNA extraction, PCR, sequencing and sequence edit-
ing followed Denys et al. (2014) and Prati et al. (2023). The 
generated sequences were submitted to NCBI GenBank 
(accession number PP593877 to PP593878 and PQ483117 to 
PQ483123). The sequences obtained were compared against 
NCBI GenBank records using BLASTN (blast.ncbi.nlm.nih.
gov). Sequences were aligned with a molecular DataFrame 
of reference (Annex 1 and Annex 2) using the MAFFT 
v7.490 algorithm with standard settings (Katoh et al., 2019). 
A Maximum likelihood phylogenetic tree with bootstrap sup-
port values (1000 replicates) was then produced in IQ-Tree 
2.2.2.6 (Minh et al., 2020) using the HKY+F+G4 (fish) and 
TPM2u+F+G4 (shrimp) substitution models based on Baye-
sian Information Criterion. The outgroup sequences used 
were Poecilia vivipara Bloch & Schneider, 1801 (GenBank 
accession number GU701911) and Neocaridina iriomotensis 
Naruse, Shokita & Cai, 2006 (GenBank accession number 

LC659943), respectively. The names of N. davidi clades are 
based on the work of Onuki and Fuke (2022) and the names 
of haplotypes on the work of Prati et al. (2024b).

RESULTS

The Poeciliid sample consisted of four males, four 
females and three immature individuals (Fig. 2), while that 
of shrimp consisted of 19 females, eight of which were 
ovigerous, 17 males and four immature individuals (Fig. 3).

The fish size ranged between 8.3 and 19.8 mm standard 
length, with females (14.9-19.8 mm) tending to be larger 
than males (14.7-17.7 mm). The caudal fin of male poeci-
lid presented various shapes, lengths and colouration pat-
terns. The body presented two or three black spots (behind 
the opercles, before the insertion of the caudal fin and some-
times on the belly, at the level of the anal fin), and an irides-
cent blue colouration on the jaws as well as orange marks 
on the caudal peduncle. Females had nine anal and six/seven 
dorsal fin rays. Male’s gonopodium presented an absence of 
retrorse hook on the tip of gonopodial ray No. 3 which has 
also a series of ventral serrae and an eleven retrorse hook on 
the tip of gonopodial ray No. 5 (Fig. 4). These characteristics 
led to the identification of P. reticulata, allowing to discrimi-
nate this species from other poecilids sold on the pet trade 
or occurring in France, e.g., Poecilia wingei Poeser, Kemp-
kes & Isbrücker, 2005 (pers. obs.) or Gambusia holbrooki 
Girard, 1859 (Keith et al., 2020). Similarly, shrimp size 
ranged from 1.76 to 6.51 mm carapax length, with females 
(5.32 ± 0.55 mm) tending to be larger than males (4.36 ± 

Figure 1. – Map of the study site. Gray 
dashed lines represent areas where the 
water seems to seep underground while 
rose dashed lines represent overflow 
ditches temporarily connecting the 
thermal water body with the Mosson 
River during high water events. Water 
flows from right to left in the Mosson. 
On the bottom-left corner, the map 
on the left represents the location of 
Montpellier (violet dot); and the map 
on the right represents the exact loca-
tion of the study site (red polygon) 
within Montpellier and its suburbs. 

blast.ncbi.nlm.nih.gov
blast.ncbi.nlm.nih.gov
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0.61 mm). The colouration of shrimps varied widely, includ-
ing transparent brownish, greenish, yellowish, blackish and 
red individuals. The presence of sexual dimorphism in the 
third pereiopods and a shorter appendix interna of the male 
second pleopod, identified the shrimp as Neocardina davidi 
according to Shih et al. (2024).

Morphological identifications were corroborated by 
molecular identifications. The ML phylogenetic tree with 
the 34 COI sequences (644 bp) puts the guppy individuals 
from the thermal park of Juvignac within the Poecilia retic-
ulata clade (Fig. 5). Our seven specimens are grouped into 
four haplotypes: two single ones, a third one shared with 
specimens introduced in Brazil, China, India, Indonesia, 
Malaysia and Uganda, and a last one shared with introduced 
specimens in Germany. Shrimps were molecularly identi-
fied as Neocaridina davidi (syn. N. denticulata sinensis and  
N. heteropoda) and belonged to two different haplotypes 
(Fig. 6). N. davidi Ndh6 (n = 8) showed 99.3% similarity 
and 99.7% coverage, and N. davidi Ndh7 (n = 12) showed 
99.4% similarity and 100% coverage to N. davidi collected 
in China (NCBI GenBank accession number NC_023823). 

Different haplotypes did not reflect differences in coloura-
tions. All identified individuals belonged to the B1 clade 
sensu Onuki and Fuke (2022).

A large number of guppies was sighted in the warmest 
area of the water system, specifically in the pond directly fed 
by thermal waters and the nearby section of the canal. In this 

Figure 3. – Freshly euthanised green-brownish (A, B, C), reddish (D, E, F) and blackish (G, H) specimens of Neocaridina davidi caught in 
the thermal park of Juvignac on April 16th, 2024. Within them females (A, G, F, H), males (B, C) and an immature individual (D). 

Figure 2. – Freshly euthanised male (A, B, C) and female (D, E, F) specimens of Poecilia caught in the thermal park of Juvignac on 
April 16th, 2024; showing their morphological variability. Within them, (D) is a gravid female.

Figure 4. – Gonopodium of a male specimen of Poecilia reticu-
lata (14.7 mm standard length; MNHN-IC-2024-0095) caught in 
the thermal park of Juvignac on January 1st, 2024; photo credits  
M. Hautecoeur.
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area, we recorded temperatures ranging from 16 to 22.5°C. 
However, these fish were also observed further downstream, 
where temperatures were as low as 13.5°C. Shrimp were 
found throughout the circular pond and along the canal. 
Nonetheless, they seemed to show a higher tolerance to 
colder waters, as they were found in the most distant parts of 
the canal where temperatures were as low as 11°C.

DISCUSSION

Most animals sold in pet trading shops spend their entire 
life in captivity; however, due to the increasing popularity 
of the hobby, the release of aquatic pets is becoming more 
frequent (Duggan, 2010; Lockwood, et al., 2019; Cuinet et 
al., 2024; Denys and Manné, 2024). The release of exotic 
pets is often motivated by the owners’ inability to provide 
adequate care for large, old, aggressive, sick, or highly 
prolific animals such as Poeciliid fish and Neocaridina sp. 
shrimps (Duggan, 2010; Lockwood et al., 2019; Prati et al., 
2024b). Once released in new ecosystems, exotic pets face 
multiple challenges. Therefore, a great level of tolerance to 
different biotic and abiotic conditions is necessary for their 
successful establishment (Havel et al., 2015). Besides toler-
ance to abiotic conditions (e.g., temperature, dissolved oxy-
gen or nutrients), pivotal aspects favouring colonisation of 

new environments comprise a high reproductive output and 
a generalist diet (Gippet and Bertelsmeier, 2021). This is 
the case for many established species of pet trade origins, 
including P. reticulata and N. davidi, which are nowadays 
found in several European locations (Nekrasova et al., 2023; 
Prati et al., 2024b).

This study provides the first documented record of 
Poecilia reticulata and Neocaridina davidi from metropoli-
tan France. Poecilia reticulata has already been introduced 
in many overseas territories such as French Guiana (Brosse 
et al., 2021), Martinique and Guadeloupe (Lim et al., 2002; 
Monti et al., 2010), La Réunion and Mayotte islands (Keith 
et al., 2006), New Caledonia (Marquet et al., 2003) and 
French Polynesia (Keith et al., 2002; Lim et al., 2002). Sim-
ilarly, N. davidi has been introduced in La Réunion Island 
(Prati et al., 2024a).

According to local residents, guppies seem to have been 
present in the warm waters of the thermal park of Juvignac 
at least since 2019, while shrimp at least since 2021. The rel-
atively long presence of these two species in the study site, 
the high proportion of ovigerous females and the presence 
of juveniles, suggest favourable conditions for reproduction. 
Thus, both species can be considered as locally established. 
The presence of heterogeneous morphological traits and dif-
ferent haplotypes within individuals of each species suggests 
that either a single release of a different pool of individu-

Figure 5. – Maximum likelihood phylo-
genetic tree of Poecilia reticulata. The 
tree was obtained using IQ-Tree 2.2.2.6 
and with the HKY+F+G4 substitution 
model. Gray dots represent bootstrap 
support values above 80%. Sequences 
obtained in this study are indicated 
in bold and the outgroup sequence is 
Poecilia vivipara (GU701911). Abbre-
viations: Brazil (BR), China (CN), 
Columbia (CO), Germany (DE), France 
(FR), Indonesia (ID), India (IN), Japan 
(JP), Malaysia (MY), Mexico (MX), 
Nicaragua (NI), Trinidad and Tobago 
(TT) and Uganda (UG).
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als or multiple releases might have occurred. However, the 
relatively long presence on-site and the short reproduction 
time of both species point towards multiple releases of cap-
tive-bred individuals. Feral populations of P. reticulata and 
N. davidi without captive-bred individuals would gener-
ally display lighter and more homogeneous colourations as 
the bright colouration of captive-bred individuals is likely 
to be lost within a few generations through reproduction 
and predation ( Rodd et al., 1997; Godin and McDonough, 
2003; Millar et al., 2006; Prati et al., 2024b). Accordingly, 
P. reticulata and the gray wagtail Motacilla cinerea Tunstall, 
1771, have been observed on-site to prey upon N. davidi; 
and the common kingfisher Alcedo atthis Linnaeus, 1758, 
and the grey heron Ardea cinerea Linnaeus, 1758 to prey 
upon P. reticulata. Such selective pressure will likely elimi-
nate the most eye-catching individuals from the population 
resulting in less coloured individuals reaching maturity and 
reproduction.

P. reticulata and N. davidi are known to prefer relatively 
high water temperatures, a priori preventing them from set-
tling in most European rivers (Weiperth et al., 2019; Nekras-
ova et al., 2021a). However, climate change and warmer 
periods could have favoured their current establishment thus 

facilitating a possible future spread to nearby waterways 
(Nekrasova et al., 2021b; Prati et al., 2024b). For instance, in 
the Palearctic area, P. reticulata, whose optimal temperature 
ranges from 14-28°C (Nekrasova et al., 2021a), has been 
established several times in thermal waters. This is notably 
the case in the thermally altered Gillbach-Erft river system 
near Cologne, Germany and in the thermal springs near 
Bad Saulgau (Lukas et al., 2017). Likewise, N. davidi have 
established viable populations in several thermally polluted 
waters across Europe, sometimes co-occurring with guppies 
as in Germany in the Erft River system and in the Sinnerbach 
stream (Klotz et al., 2013; Jabłońska et al., 2018; Weiperth 
et al., 2019; Prati et al., 2024b). Therefore, the establishment 
of P. reticulata and N. davidi in the thermal park of Juvignac, 
possibly originating from several aquarium dumping events, 
is not surprising.

The aforementioned suggests that both species possess 
certain thermal plasticity, which could thus allow the spread 
of individuals through the Mosson River during the late 
months of spring and during summer (when the river reaches 
the highest temperatures: approximately from 13.5°C up to 
22.5°C) (Naiades, 2008). This is particularly plausible for 
N. davidi, a species that has recently shown higher thermal 

Figure 6. – Maximum likelihood phylogenetic tree of Neocaridina davidi. The tree was obtained using IQ-Tree 
2.2.2.6 and with the TPM2u+F+G4 substitution model. The names and circumscriptions of N. davidi clades are 
based on Onuki and Fuke (2022). Gray dots represent bootstrap support values above 80%. Sequences obtained 
in this study are indicated in bold, and the outgroup sequence is Neocaridina iriomotensis (LC659943). Abbre-
viations: China (CN), Germany (DE), France (FR), Hungary (HU), Israel (IL), Japan (JP), Slovakia (SK), 
Poland (PL), Taiwan (TW) and United States of America (USA).
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tolerance than P. reticulata in the Gillbach, a German stream 
fed by the cooling water from a coal power plant (Klotz et 
al., 2013; Lukas et al., 2017). After the input of cooling water 
was reduced and the temperature of the stream reverted to a 
more natural thermal regime, P. reticulata disappeared while 
N. davidi persisted unperturbed (Prati et al., 2024b). Habitat 
suitability in Europe for N. davidi belonging to the clade B1, 
which is typically imported from Taiwan, is restricted to the 
warmer area of the southeastern Mediterranean (Prati et al., 
2024b). Nevertheless, it is possible that over time the local 
N. davidi population might adapt to colder water, showing 
thermal plasticity similar to that from N. davidi belonging to 
clades A and B2 and thus spreading to nearby watercourses 
in the foreseeable future (Prati et al., 2024b).

The introduction of fish like the Trinidadian guppy into 
ecosystems already containing fish can lead to competition 
with native species, declines in native prey species, bio-
diversity loss, significant modifications of the food web, 
behavioural changes and alterations in community struc-
ture and ecosystem functioning (Strayer, 2010; Havel et 
al., 2015; Brosse et al., 2021). Similar impacts have been 
observed after the introduction of shrimp such as N. davidi 
(Weber and Traunspurger, 2016; Schoolmann and Arndt, 
2017; Onuki and Fuke, 2022). Neocaridina davidi has been 
documented to replace native shrimp with similar ecological 
niches, alter meiofaunal assemblages and due to a high feed-
ing rate, strongly influence leaf-litter breakdown in invaded 
areas (Onuki and Fuke, 2022; Schoolmann and Arndt, 2017; 
Weber and Traunspurger, 2016). Neocaridina davidi, if 
present in the Mosson River, might outcompete the native 
shrimp Atyaephyra desmarestii Millet, 1831 due to a much 
higher feeding rate, as shown by Schoolmann and Arnd 
(2017).

In Europe, several pets, subject to aquarium dumping, 
such as the topmouth gudgeon Pseudorasbora parva Tem-
minck & Schlegel, 1846, the Asian water loaches Misgurnus 
spp. Lacepède, 1803 and the apple snails Pomacea spp. 
Perry, 1811 have become invasive outside thermal waters 
(Beyer, 2004; Gilioli et al., 2017; Clavero et al., 2023). This 
trend is likely to increase in the future due to a warming cli-
mate (e.g., Dokulil, 2014). A situation that indirectly might 
pose elevated biosecurity risks, as alien species are often 
vectors of alien pathogens that can be co-introduced and 
transmitted to native species (e.g., Simberloff et al., 2013; 
Roy et al., 2023). Thus, close monitoring is necessary to 
check for the spread of P. reticulata and N. davidi and their 
pathogens, if present, in the nearby Mosson River.
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Annex 1

Species GenBank Accession number Locality Source
Poecilia reticulata PQ483117 France (thermal park, Juvignac) Current study 
Poecilia reticulata PQ483118 France (thermal park, Juvignac) Current study 
Poecilia reticulata PQ483119 France (thermal park, Juvignac) Current study 
Poecilia reticulata PQ483120 France (thermal park, Juvignac) Current study 
Poecilia reticulata PQ483121 France (thermal park, Juvignac) Current study 
Poecilia reticulata PQ483122 France (thermal park, Juvignac) Current study 
Poecilia reticulata PQ483123 France (thermal park, Juvignac) Current study 
Poecilia reticulata KJ554388 Germany (Rhine) Geiger et al., 2014
Poecilia reticulata KP700521 Trinidad and Tobago Bagley et al., 2015
Poecilia reticulata KU692775 Indonesia (Kabupaten Sukabumi) Dahruddin et al., 2017
Poecilia reticulata KX832885 China Without link to any publication
Poecilia reticulata LC154814 Japan (Aichi Higashiyama Zoo) Without link to any publication
Poecilia reticulata MF591705 India Prasannan & Pillai, 2017
Poecilia reticulata MK355287 Colombia Papamija et al., 2019
Poecilia reticulata MK464042 Brazil Bagley et al., 2019
Poecilia reticulata MT523240 Uganda Decru et al., 2022
Poecilia reticulata MT523700 Uganda Decru et al., 2022
Poecilia reticulata MT523703 Uganda Decru et al., 2022
Poecilia reticulata MW591135 Malaysia Jamaluddin et al., 2022
Poecilia reticulata MW591138 Malaysia Jamaluddin et al., 2022
Poecilia chica LC153110 Japan (Aichi Higashiyama Zoo) Without link to any publication
Poecilia latipinna KP700518 Mexico Bagley et al., 2015
Poecilia latipunctata HQ955837 Mexico (El Mante) Without link to any publication
Poecilia maylandi LC153119 Japan (Aichi Higashiyama Zoo) Without link to any publication
Poecilia mexicana KP700471 Nicaragua (Rio La Conquista) Bagley et al., 2015
Poecilia parae LC154810 Japan (Aichi Higashiyama Zoo) Without link to any publication
Poecilia petenensis HQ564568 Mexico (Campeche, Hampolol) Without link to any publication
Poecilia picta KP700520 Trinidad and Tobago Bagley et al., 2015
Poecilia sphenops KP700463 Nicaragua (tributary to Rio Grande at La Trinidad) Bagley et al., 2015
Poecilia sulphuraria KC992996 Mexico Pfenninger et al., 2014
Poecilia velifera GU807009 Mexico (Tulum) Without link to any publication
Poecilia vivipara GU701911 Brazil Pereira et al., 2013
Poecilia wingei LC153761 Japan (Aichi Higashiyama Zoo) Without link to any publication
Poecilia wingei LC153771 Japan (Aichi Higashiyama Zoo) Without link to any publication
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Annex 2

Species Genbank Accession number Locality Source
Neocaridina davidi PP593877 France (thermal park, Juvignac) Current study
Neocaridina davidi PP593878 France (thermal park, Juvignac) Current study
Neocaridina davidi AB300185 USA (Oahu, Hawaii) Shih and Cai, 2007
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Neocaridina davidi OR610862 Slovakia Prati et al., 2024
Neocaridina davidi OR610863 Germany, Hungary, Poland and Slovakia Prati et al., 2024
Neocaridina davidi OR610865 Hungary Prati et al., 2024
Neocaridina davidi AB563155 Taiwan (Penghu) Without link to a publication
Neocaridina davidi MN336443 Israel (Yarden) Levitt-Barmats et al., 2019
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Neocaridina davidi NC_023823 China Yu et al., 2014
Neocaridina davidi LC699738 Japan (Seri River) Onuki and Fuke, 2022
Neocaridina davidi LC699745 Japan (Shiratori River) Onuki and Fuke, 2022
Neocaridina davidi LC659919 Japan (Kakinohana spring) Nagai and Imai, 2021
Neocaridina palmata MN701612 China (Qingyuan) Chen et al., 2020
Neocaridina denticulata LC699750 Japan (Miya River) Onuki and Fuke, 2022
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