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Human activities, particularly the aquarium trade, are increasingly facilitating the introduction of exotic 
aquatic species beyond their natural biogeographical ranges, posing major threats to freshwater biodiversity 
worldwide. This study reports, for the first time, the establishment of a feral population of koi carp (Cy-
prinus rubrofuscus) in Morocco and, more broadly, in North Africa. The population was discovered in the 
Ain Smen dam, located within the Sebou basin. Seven specimens displaying different colour morphotypes 
were collected and identified based on diagnostic morphological characters, notably the number of dorsal 
fin rays and lateral line scales. Field investigations revealed that the introduction was intentional and linked 
to ornamental fish farming for commercial purposes. This new record increases the number of confirmed 
exotic freshwater fish species in Morocco to 25 species belonging to eight families, representing approxi-
mately 37.3% of the national ichthyofauna. Among these, five species are associated with the aquarium and 
ornamental fish trade. Our findings highlight the growing role of the ornamental fish trade as an emerging 
pathway for biological invasions in Moroccan freshwaters and emphasise the urgent need for strengthened 
monitoring programmes, public awareness initiatives, and stricter regulations governing the importation, 
breeding, and trade of ornamental species in order to protect Morocco’s endemic aquatic biodiversity.

Keywords: Alien species, invasive species, aquarium trade, ornamental fish, new records, North Africa.
DOI: 10.35885/1996-1499-19-3-277-279

Full text of the paper is published in Russian Journal of Biological Invasions. DOI: 10.31857/ 
S207511172104XXXYYY

REFERENCES 
Angela, L., Campbell, P.M., and Olden, J.D., The aquarium 

trade as an invasion pathway in the Pacific Northwest, 
Fish., 2011, vol. 36, no. 2, pp. 74–85. https://doi.org/10
.1577/03632415.2011.10389070 

Azeroual, A., Monographie des poissons des eaux continen-
tales du Maroc: systématique, distribution et écologie. Ph. 
D. Thesis, Rabat: Mohammed V-Agdal University, 2003.

Bar, I., Kaddar, E., Velan, A., and David, L., Melanocortin 
receptor 1 and black pigmentation in Japanese ornamen-
tal koi carp (Cyprinus carpio var. koi), Front. Genet., 
2013, vol. 4, p. 6.

Bertolino, S., Animal trade and non-indigenous species 
introduction: the worldwide spread of squirrels, Divers. 
Distrib., 2009, vol. 15, pp. 701–708.

CBD (Convention on Biological Diversity), 2002. Guiding 
principles for the prevention, introduction and mitigation 

of impacts of alien species that threaten ecosystems, hab-
itats or species. COP Decision VI/23, Montreal, Canada. 
Available at: https://www.cbd.int/invasive/GuidingPrin-
cIAS (accessed 23 June 2026).

Chan, F.T., Beatty, S.J., Gilles, A.S., Jr., Hill, J.E., Kozic, 
S., Luo, D., et al., Quitter le bocal à poissons: le com-
merce ornemental comme vecteur mondial d’invasions 
de poissons d’eau douce, Aquat. Ecosyst. Health Manag., 
2019, vol. 22, no. 4, pp. 417–439.

Clavero, M. and García-Berthou, E., Invasive species are a 
leading cause of animal extinctions, Trends Ecol. Evol., 
2005, vol. 20, p. 110.

Copp, G.H., Bianco, P.G., Bogutskaya, N.G., Erős, T., 
Falka, I., Ferreira, M.T., et al., To be or not to be a 
non-native freshwater fish?, J. Appl. Ichthyol., 2005a, 
vol. 21, pp. 242–262. https://doi.org/10.1111/j.1439-
0426.2005.00690.x 



РОССИЙСКИЙ ЖУРНАЛ БИОЛОГИЧЕСКИХ ИНВАЗИЙ № 3, 2026278

Copp, G.H., Wesley, K.J., and Vilizzi, L., Pathways of orna-
mental and aquarium fish introductions into urban ponds 
of Epping Forest (London, England): the human vector, 
J. Appl. Ichthyol., 2005b, vol. 21, pp. 263–274. https://
doi.org/10.1111/j.1439-0426.2005.00673.x 

Courtenay, W.R., Aquariums and water gardens as vectors of 
introduction, in Nonindigenous Freshwater Organisms: 
Vectors, Biology, and Impacts, Claudi, R. and Leach, 
J.H., Eds., Boca Raton: Lewis Publ., 1999, pp. 127–128.

Crivelli, A.J., Are fish introductions a threat to endemic 
freshwater fishes in the northern Mediterranean region?, 
Biol. Conserv., 1995, vol. 72, pp. 311–319.

Cucherousset, J. and Olden, J.D., Ecological impacts of 
nonnative freshwater fishes, Fish., 2011, vol. 36, pp. 
215–230. https://doi.org/10.1080/03632415.2011.574
578 

Dey, V.K., The global trade in ornamental fish, INFOFISH 
Int., 2016, no. 4, pp. 52–55.

Doadrio, I., Freshwater fish fauna of North Africa and its 
biogeography, Ann. Mus. R. Afr. Cent. Sci. Zool., 1994, 
vol. 8, pp. 21–34.

Dong, C., Xu, J., Wang, B., Feng, J., Jeney, Z., Sun, X., 
and Xu, P., Phylogeny and evolution of multiple com-
mon carp (Cyprinus carpio L.) populations clarified by 
phylogenetic analysis based on complete mitochondrial 
genomes, Mar. Biotechnol., 2015, vol. 17, no. 5, pp. 
565–575.

El Caidi, S., Taybi, A.F., and Mabrouki, Y., Invasive gold-
fish Carassius auratus (Linnaeus, 1758) (Cyprinidae, 
Actinopterygii) is spreading in freshwater ecosystems 
of Morocco through aquarium trade, Povolzhskii Ekol. 
Zh., 2025a, vol. 2025, no. 3, pp. 365–373. https://doi.
org/10.35885/1684-7318-2025-3-365-373 

El Caidi, S., Taybi, A.F., and Mabrouki, Y., Re-discovery 
of the invasive guppy Poecilia reticulata (Peters, 1859) 
(Poeciliidae) in Morocco, Nat. Croat., 2025b, vol. 34, no. 
1, pp. 109–116. https://doi.org/10.20302/NC.2025.34.6 

FAO, Evaluation of introductions, 2002. http://www.fao.
org/docrep/x5628/x5628e06.htm 

Ford, M., Brahimi, A., Baikeche, L., Bergner, L., Clavero, 
M., Doadrio, I., et al., Freshwater fish distribution in 
the Maghreb, a call to contribute, OSF Preprints, 2020. 
https://doi.org/10.31219/osf.io/kx4gc  

Fricke, R., Eschmeyer, W.N., and Van der Laan, R., Es-
chmeyer’s catalog of fishes: genera, species, references, 
2019. http://www.calacademy.org/research/ichthyology/
catalog/ 

Furnestin, J., Dardignac, J., Maurin, C., Vincent, A., Coupe, 
R., and Boutiere, H., Données nouvelles sur les poissons 
du Maroc atlantique, Rev. Trav. Inst. Pêches Marit., 1958, 
vol. 22, pp. 379–493.

Gertzen, E.L., Familiar, O., and Leung, B., Quantifying 
invasion pathways: fish introductions from the aquar-
ium trade, Can. J. Fish. Aquat. Sci., 2008, vol. 65, pp. 
1265–1273. https://doi.org/10.1139/F08-056 

GISD, 100 of the World’s Worst Invasive Alien Species, 
Global Invasive Species Database, 2019. www.iucngisd.
org/gisd/100_worst.php 

Gross, R., Kohlmann, K., and Kersten, P., PCR–RFLP 
analysis of the mitochondrial ND-3r4 and ND-5r6 gene 

polymorphisms in the European and East Asian subspe-
cies of common carp (Cyprinus carpio L.), Aquaculture, 
2002, vol. 204, pp. 507–516.

Kelly, D.W., Paterson, R.A., Townsend, C.R., et al., Has 
the introduction of brown trout altered disease patterns 
in native New Zealand fish? Freshw. Biol., 2009, vol. 
54, no. 9, pp. 1805–1818. https://doi.org/10.1111/j.1365-
2427.2009.02228.x

Koehn, J.D., Carp (Cyprinus carpio) as a powerful invader 
in Australian waterways, Freshw. Biol., 2004, vol. 49, 
no. 7, pp. 882–894.

Kolar, C.S. and Lodge, D.M., Progress in invasion biology: 
predicting invaders, Trends Ecol. Evol., 2001, vol. 16, 
pp. 199–204.

Kottelat, M. and Freyhof, J., Handbook of European Fresh-
water Fishes, Cornol and Berlin: Kottelat and Freyhof 
Publ., 2007.

Kottelat, M., Fishes of Laos, Colombo: Wildlife Heritage 
Trust Publ., 2001.

Kottelat, M., Fishes of Mongolia. A checklist of the fishes 
known to occur in Mongolia with comments on sys-
tematics and nomenclature, Washington, DC: World 
Bank, 2006.

Lever, C., Naturalized Fishes of the World, London: Aca-
demic Press, 1996.

Li, H.W. and Moyle, P.B., Management of introduced fish-
es, in Inland Fisheries Management in North America, 
Kohler, C.C. and Hubert, W.A., Eds., Bethesda: Am. Fish. 
Soc., 1993, pp. 287–307.

Livengood, E.J. and Chapman, F.A., The ornamental fish 
trade: an introduction with perspectives for responsible 
aquarium fish ownership, EDIS, 2007, vol. 2007, no. 16.

Lockwood, J.L., Hoopes, M.F., and Marchetti, M.P., Inva-
sion Ecology, Wiley, 2013.

Mabrouki, Y., Taybi, A.F., and Glöer, P., The first record 
of the North American freshwater limpet Ferrissia 
californica (Mollusca, Gastropoda) in Morocco, Nat. 
Conserv. Res., 2023, vol. 8, no. 1, pp. 108–112. https://
doi.org/10.24189/ncr.2023.004

Mabrouki, Y., Taybi, A.F., Bahhou, J., and Doadrio, I., The 
first record of the green swordtail Xiphophorus helleri 
(Miller, 1966) (Poeciliidae) established in the wild from 
Morocco, J. Appl. Ichthyol., 2020, vol. 36, no. 6, pp. 
795–800. https://doi.org/10.1111/jai.14105 

Mabrouki, Y., Taybi, A.F., Skalli, A., and Sánchez–Vialas, 
A., Amphibians of the Oriental Region and the Moulouya 
River Basin of Morocco: distribution and conservation 
notes, Basic Appl. Herpetol., 2019, vol. 33, pp. 19–32. 
https://doi.org/10.1080/15627020.2019.1671218 

Maceda-Veiga, A., Escribano-Alacid, J., de Sostoa, A., and 
García-Berthou, E., The aquarium trade as a potential 
source of fish introductions in southwestern Europe, 
Biol. Invasions, 2013, vol. 15, no. 12, pp. 2707–2716.

Magalhães, A.L.B.D. and Jacobi, C.M., Risks posed by 
the ornamental freshwater fish trade to southeastern 
Brazilian rivers, Neotrop. Ichthyol., 2013, vol. 11, no. 
2, pp. 433–441.

Monticini, P., The ornamental fish trade, GLOBEFISH Res. 
Programme, 2010, vol. 102.



279РОССИЙСКИЙ ЖУРНАЛ БИОЛОГИЧЕСКИХ ИНВАЗИЙ № 3, 2026

Myers, J.H., Simberloff, D., Kuris, A.M., and Carey, J.R., 
Eradication revisited: dealing with exotic species, Trends 
Ecol. Evol., 2000, vol. 15, pp. 316–320.

Naylor, R.L., Williams, S.L., and Strong, D.R., Aquaculture 
– A gateway for exotic species, Science, 2001, vol. 294, 
pp. 1655–1656. https://doi.org/10.1126/science.1064875 

Pellegrin, J., Les poissons des eaux douces de l’Afrique du 
Nord française (Maroc, Algérie, Tunisie, Sahara), Mem. 
Soc. Sci. Nat. Maroc, 1921, vol. 1, no. 2, pp. 1–217.

Ricciardi, A. and Rasmussen, J.B., Predicting the identity 
and impact of future biological invaders: a priority for 
aquatic resource management, Can. J. Fish. Aquat. Sci., 
1998, vol. 55, pp. 1759–1765.

Rixon, C., Duggan, I.C., Bergeron, N.M.N., Ricciardi, A., 
and MacIsaac, H.J., Invasion risks posed by the aquarium 
trade and live fish markets on the Laurentian Great Lakes, 
Biodivers. Conserv., 2005, vol. 14, pp. 1365–1381.

Strayer, D.L., Alien species in fresh waters: ecological 
effects, interactions with other stressors, and prospects 
for the future, Freshw. Biol., 2010, vol. 55, pp. 152–174. 
https://doi.org/10.1111/j.1365-2427.2009.02380.x

Taybi, A.F., Mabrouki, Y., and Doadrio, I., The occurrence, 
distribution and biology of invasive fish species in fresh 
and brackish water bodies of NE Morocco, Arx. Misc. 
Zool., 2020, vol. 18, pp. 59–73. https://doi.org/10.32800/
amz.2020.18.0059 

Taybi, A.F., Mabrouki, Y., and Glöer, P., First record of 
the New Zealand mudsnail Potamopyrgus antipodarum 

(J.E. Gray, 1843) (Tateidae, Mollusca) in Africa, Graell-
sia, 2021, vol. 77, no. 2, e140. https://doi.org/10.3989/
GRAELLSIA.2021.V77.303

Taybi, A.F., Mabrouki, Y., and Piscart, C., Distribution of 
freshwater alien animal species in Morocco: current 
knowledge and management issues, Diversity, 2023, 
vol. 15, no. 2, p. 169. https://doi.org/10.3390/d15020169

Vander Zanden, M.J. and Olden, J.D., A management 
framework for preventing the secondary spread of aquatic 
invasive species, Can. J. Fish. Aquat. Sci., 2008, vol. 65, 
pp. 1512–1522.

Vezi, M.S., Downs, C.T., and Zengeya, T.A., Ornamental 
fish in the South African pet trade: potential risk to natural 
aquatic ecosystems, Biol. Invasions, 2024, vol. 26, no. 
9, pp. 3031–3047.

Vitule, J.R.S., Freire, C.A., and Simberloff, D., Introduction 
of nonnative freshwater fish can certainly be bad, Fish 
Fish., 2009, vol. 10, pp. 98–108.

Weigle, S.M., Smith, L.D., Carlton, J.T., and Pederson, 
J., Assessing the risk of introducing exotic species via 
the live marine species trade, Conserv. Biol., 2005, 
vol. 19, pp.  213–223. https://doi.org/10.1111/j.1523-
1739.2005.00412.x 

Zhou, J., Wu, Q., Wang, Z., and Ye, Y., Molecular phylogeny 
of three subspecies of common carp Cyprinus carpio, 
based on sequence analysis of cytochrome b and control 
region of mtDNA, J. Zool. Syst. Evol. Res., 2004, vol. 
42, no. 4, pp. 266–269.


