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SUMMARY
The mummichog Fundulus heteroclitus, a cyprinodontiform species native to the
Atlantic coast of North America, was apparently introduced to southern Iberian Peninsula in the early 1970s, if not earlier. Until now, the Barbate marshes constituted
the southern limit of the species in the Iberian Peninsula. However, a fish mortality
event promoted by an anoxia episode in the Cachón River (July 31st-August 4th 2016)
revealed a southward expansion of the species from its known southern limit. It is
not known whether the mummichog has already occupied other potentially suitable
habitats south to the Cachón River, but this should be of concern, since it could
threaten the unique populations of some native fish species in the area.
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The mummichog Fundulus heteroclitus, Fam. Fundulidae (L., 1766), is a cyprinodontiform species from the Atlantic
coast of North America. In its native range,
the mummichog inhabits marshes and other
coastal systems, including nearby freshwater habitats (Kneib, 1986). It is usually associated to tidal environments (Taylor et al.,
1979; Kneib, 1986; Taylor, 1999), although

it has also been located in areas with no
tidal influence out of its native range (Blanco et al., 2003). The species shows considerable ecological plasticity, which allows it to
live in these fluctuating tidal habitats with
a wide range of salinity (Kneib, 1986). In
tidal environments, females of mummichog
lay eggs on the vegetation of marshes in
equinoctial tides. When tide recedes the
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eggs become dry, but they are resistant to
desiccation and can develop out of the water, waiting for a new tide floods again (Taylor et al., 1979). Often, mummichog appears
as a numerically dominant fish species, and
it is suspected that it may have negatively
affected some native endemic species as the
endangered Andalusian toothcarp, Aphanius baeticus (Gutiérrez-Estrada et al., 1998).

In 1996, the Barbate marshes constituted the southern limit of the Iberian
range of the mummichog. Gutiérrez-Estrada
et al (1998) sampled two sites in the Cachón
River, a small watercourse reaching the
Atlantic some 7 km to the south-east, but
did not find the species there (Figure 1.3).
The Cachón River enters the sea through a
narrow mouth that is usually blocked by a
sandbar during summers (Figure 1.4). In
this situation, anoxia and fish mortality
episodes are frequent. One of such episodes
started on July 31st 2016 and lasted up to
August 4th, when the sandbar was artificially broken and the river was connected to the
sea (Figure 2). The inspection of the beached
dead fishes revealed a high prevalence of
mummichog. Individuals of both sexes were
found in high numbers and covering a wide
range of sizes (22-100 mm, total length),
indicating the existence of a wellestablished population.

The mummichog was seemingly introduced to Hawaii, and from there to the
Philippines, in the early 20th century, although there are doubts on the outcomes of
such introductions (Froese & Pauly, 2015).
The only place where the mummichog is
clearly invasive is the Iberian Peninsula
(Figure 1.1), where introduced individuals
seem to be derived from northern populations of North America (Bernardi et al.,
1995). The mummichog was apparently introduced to southern Iberian Peninsula in
the early 1970s, although the introduction
date remains unclear and could be older.
When first collected in 1973, the mummichog was thought to be a yet unknown Iberian cyprinodontiform, and was even described as a new species, with the name of
Valencia lozanoi (Gómez-Caruana et al.,
1984), being finally synonymized with F.
heteroclitus (Fernández-Delgado et al.,
1986). Those first Spanish records came
from the Guadalquivir marshes, although
the species was recorded soon after (1974) in
the Guadiana estuary, more than 100 km of
coastline away. The mummichog was then
located in the marshes of Cádiz Bay in 1983,
becoming an abundant species from there to
the Guadiana estuary at the end of 1980’s
(Fernández-Delgado et al., 1989). The species was reported from the Barbate marshes
in 1996, although it might have been present there since around 1993 (GutiérrezEstrada et al., 1998; Figure 1.2). In 2005 the
mummichog was first recorded in the Mediterranean Sea basin, being captured in the
Ebro Delta (Gisbert & López, 2007), where
it has apparently succeeded in establishing
self-sustained populations (López et al.,
2012).

The southward expansion of mummichog could be explained either by a human-mediated transport or by a natural
colonization event from the Barbate marshes, implying a dispersal through 7 km sand
beach marine habitat. The human mediation cannot be ruled out, but seems unlikely
because the mummichog is of no interest for
recreational fisheries and limited interest as
an ornamental fish (Elvira & Almodóvar,
2001). Direct human intervention might
have been relevant for the arrival of the
mummichog to the Barbate marshes, probably in relation with aquaculture activities.
The most common commercial aquaculture
species (e.g. Sparus aurata or Dicentrarchus
labrax) are shared among the different
marsh systems occupied by the mummichog
in southern Iberia (Macías et al., 2007). It
might be plausible that the mummichog
would have been moved among marshes as
a contaminant of commercial species consignments. However, there have never been
aquaculture activities in the Cachón River.
Although other possibilities cannot be discarded, for example the escape of alive individuals used as live bait for fishing, the
natural colonization of this river from the
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FIGURE 1. Distribution and recent expansion of the mummichog (Fundulus heteroclitus) in
the Iberian Peninsula. The rectangles in each panel (black in 1 and 2, yellow in 3) represent
the area enlarged in the next one. 1) Current distribution of the mummichog in the Iberian
Peninsula, marked with a red line. 2) Main population nuclei of the mummichog in southern
Iberian Peninsula, adapted from Gutiérrez-Estrada et al (1998) and Catry et al (2006). 3) Situation of the Barbate marshes, the Cachón River and the main nearby coastal geographic elements. 4) The mouth of the Cachón River, in the village of Zahara de los Atunes.
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FIGURE 2. Images of the fish mortality episode recorded in the Cachón River between July
31st and August 4th 2016. Images show numerous dead grey mullets (Family Mugillidae, 1),
European eels (Anguilla anguilla, 2), and female (3) and male (4) mummichog.
Barbate marshes seems a more probable
option. In fact, the mummichog is an euryhaline species and it has been shown to be
able to use marine environment as dispersal
routes. Duvernell et al. (2008) showed that
the mouth of the Chesapeake Bay, of around
20 km in its narrowest part, does not represent a dispersal barrier for the mummichog.
Even though the mummichog is considered
a sedentary species, movements of more
than 3.5 km in one year have been recorded
in Canada, where aquatic systems are covered by ice for 4 months (Skinner et al.,
2005). It would be of interest to collect information, for example from local fishermen,

as to the presence of the species either in
the Cachón River or in the area between the
Barbate marshes and the Cachón river
mouth. This type of information would help
to clarify the expansion of mummichog in
the area, once it helped to clarify the dispersal of other non-natives in Iberian Peninsula (Gago et al., 2016).
It is not known whether the mummichog has already occupied other potentially
suitable habitats south to the Cachón River.
In the Bolonia Bay, east to Cape Camarinal
(see Figure 1.3) and some 12 km from the
Cachón mouth, there is a small coastal
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creek with a permanent pool (36.087N;
5.769W) that, to our knowledge, has never
been surveyed. The mouth of the Valle River, 20 km from the Cachón mouth would
provide highly suitable habitat for the
mummichog, but as for 2002 the species was
not present there yet (Clavero et al., 2005).
The expansion of the species to the Valle
River, and to the adjacent Jara and Vega
rivers, should be of concern, since it could
threaten the unique populations of Moroccan spined loach (Cobitis maroccana) in the
Iberian Peninsula (Doadrio & Perdices,
2005), a likely endemic yet undescribed
Squalius species (Perea et al., 2016) and a
population of the endangered Andalusian
toothcarp (Aphanius baeticus) (Clavero et
al. 2007).

of low oxygen concentration). Revista de
la Sociedad Gaditana de Historia Natural 3: 207-213. In Spanish.
Catry T, Ramos JA, Paiva VH, Martins J,
Almeida A, Palma J, Andrade PJ, Peste
F, Trigo S, Luís A. 2006. Intercolony and
annual differences in the diet and feeding
ecology of little tern adults and chicks in
Portugal. The Condor 108: 366-376.
Clavero M, Blanco-Garrido F, Prenda J
2007. Population and microhabitat effects
of interspecific interactions on the endangered Andalusian toothcarp (Aphanius baeticus). Environmental Biology of
Fishes 78: 173-182.
Clavero M, Blanco‐Garrido F, Prenda J.
2005. Fish–habitat relationships and fish
conservation in small coastal streams in
southern Spain. Aquatic Conservation:
Marine and Freshwater Ecosystems 15:
415-426.

ACKNOWLEDGEMENTS
We thank Iria Soto for the field assistance. This contribution is part of the
project HISTECOL (CGL2014-55266-P),
funded by the Spanish Ministry of Economy
and Competitiveness. The comments and
suggestions of three anonymous referees,
Dr. F. J. Oliva-Paterna and Dr. F. Ribeiro
improved the original version of the manuscript.

Doadrio I, Perdices A 2005. Phylogenetic
relationships among the Ibero-African
cobitids (Cobitis, Cobitidae) based on cytochrome b sequence data. Molecular
Phylogenetics and Evolution 37: 484-493.
Duvernell DD, Lindmeier JB, Faust KE,
Whitehead A. 2008. Relative influences of
historical and contemporary forces shaping the distribution of genetic variation
in the Atlantic killifish, Fundulus heteroclitus. Molecular Ecology 17: 1344-1360.

AUTHOR CONTRIBUTIONS
MC collected the field data and FBG
lead the writing, aided by MC.

Elvira B, Almodóvar A. 2001. Freshwater
fish introductions in Spain: facts and figures at the beginning of the 21st century.
Journal of Fish Biology 59: 323-331.

CITED REFERENCES

Fernández-Delgado C. 1989. Life-history
patterns of the salt-marsh killifish Fundulus heteroclitus (L.) introduced in the
estuary of the Guadalquivir river (South
West Spain). Estuarine, Coastal and
Shelf Science 29: 573-582.

Bernardi G, Fernández-Delgado C, GómezChiarri M, Powers DA. 1995. Origin of a
Spanish population of Fundulus heteroclitus inferred by cytochrome b sequence
analysis. Journal of Fish Biology 47: 737740.

Fernández-Delgado C, Hernando JA, Herrera M, Bellido M. 1986. Sobre el status taxonómico del género Valencia Myers,
1928 en el suroeste de Iberia (About the
taxonomical status of Valencia genera
Myers, 1928 in southwestern Iberia). Do-

Blanco F, Serrano L, Reina M, Prenda J.
2003. Limnología e ictiofauna de la Laguna del Tarelo en un período de baja
tensión de oxígeno (Limnology and ictiofauna from the Tarelo lagoon in a period

6

Mummichog expansion in southern Spain
DOI: 10.29094/FiSHMED.2016.002
López V, Franch N, Pou-Rovira Q, Clavero
M, Gaya N, Queral JM. 2012. Atles dels
peixos del Delta de l’Ebre (Atlas of fishes
from the Ebro Delta). Col lecció tècnica,
3. Generalitat de Catalunya, Departament d’Agricultura, Ramaderia, Pesca i
Medi Natural. Parc Natural del Delta de
l’Ebre 224 pp. In Catalan.

ñana, Acta Vertebrata 13: 161-163. In
Spanish.
Froese R, Pauly D. (Eds) 2015. FishBase.
World Wide Web electronic publication.
www.fishbase.org, version (10/2015). Last
visit on August 23th 2016.
Gago J, Anastácio P, Gkenas C, Banha F,
Ribeiro F 2016. Spatial distribution patterns of the non‐native European catfish,
Silurus glanis, from multiple online
sources–a case study for the River Tagus
(Iberian Peninsula). Fisheries Management and Ecology 23: 503-509.

Macías JC, Lozano I, Acosta D, Álamo C.
2007. Zonas idóneas para el desarrollo de
la acuicultura marina en las provincias
de Huelva, Sevilla y Cádiz (Suitable
areas for the development of marine
aquaculture in the provinces of Huelva,
Sevilla and Cádiz). Consejería de Agricultura y Pesca, Junta de Andalucía. 132
pp. In Spanish.

Gisbert E, López MA. 2007. First record of a
population of the exotic mummichog
Fundulus heteroclitus (L., 1766) in the
Mediterranean Sea basin (Ebro River
delta). Journal of Fish Biology 71: 12201224.

Perea S, Cobo-Simon M, Doadrio, I. 2016.
Cenozoic tectonic and climatic events in
southern Iberian Peninsula: Implications
for the evolutionary history of freshwater
fish of the genus Squalius (Actinopterygii, Cyprinidae). Molecular Phylogenetics and Evolution 97: 155-169.

Gómez-Caruana F, Peiró S, Sánchez-Artal
S. 1984. Descripción de una nueva especie de pez continental ibérico, Valencia
lozanoi n. sp. (Pisces, Cyprinodontidae).
(Description of a new species of Iberian
freshwater fish, Valencia lozanoi n. sp).
Boletín de la. Estación Central de Ecología 13: 67-74. In Spanish.

Skinner MA, Courtenay SC, Parker WR,
Curry RA. 2005. Site Fidelity of Mummichogs (Fundulus heteroclitus) in an Atlantic Canadian Estuary. Water Quality
Research Journal of Canada 40: 288-298.

Gutiérrez-Estrada JC, Prenda-Marín J, Oliva F, Fernández-Delgado C. 1998. Distribution and habitat preferences of the introduced mumminchog Fundulus heteroclitus in south-western Spain. Estuarine,
Coastal and Shelf Sciences 46: 827-835.

Taylor MH. 1999. A suite of adaptations for
intertidal spawning. American Zoologist
39: 313-320.
Taylor MH, Leach GJ, Dimichele L, Levitan
WM, Jacob WF. 1979. Lunar spawning
cycle in the mummichog Fundulus heteroclitus (Pisces: Cyprinodontidae). Copeia
2: 291-297.

Kneib RT. 1986. The role of Fundulus heteroclitus in salt marsh trophic dynamics.
American Zoologist 26: 259-269.

6

