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Abstract. The Afro-Asian freshwater copepod Mesocyclops aspericornis (Daday, 1906), deemed as an exotic species in 
the Americas, is known to occur disjunctly in Mexico, South America, and the insular Caribbean. Adult females of this 
species were recorded.from samples collected in the state of Veracruz, on the Atlantic coast of Mexico.The morphology 
of these specimens is identical in most characters to  those described or depicted in previous taxonomic accounts. The 
3 known Mexican populations belong to the “western” group of M. aspericornis. The subtle morphological variations 
among the Mexican populations and their isolation suggest that each could be the result of independent events of 
dispersion or introduction via aquaculture. This is the third confirmed report of M. aspericornis in Mexico, but the 
first one in the Atlantic side of Middle America. The states of Tabasco and Chiapas harbour 3 of the 4 species of exotic 
freshwater copepods known to occur in Mexico.
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Resumen. El copépodo dulceacuícola afro-asiático Mesocyclops aspericornis (Daday, 1906), considerado como 
especie exótica en América, se sabía presente de modo disperso en México, Sudamérica y en las islas del Caribe. A 
partir de muestras recolectadas en el estado de Veracruz, en la costa del Atlántico de México, se registraron hembras 
adultas de esta especie. La morfología de estos ejemplares es idéntica en la mayoría de los caracteres a la descrita o 
ilustrada en trabajos taxonómicos previos. Las 3 poblaciones conocidas en México pertenecen al grupo “occidental” 
de M. aspericornis. Las sutiles variaciones morfológicas entre las poblaciones mexicanas y su aislamiento sugieren 
que cada una podría ser resultado de eventos independientes por dispersión o introducción vía la acuacultura. Este es el 
tercer registro confirmado de M. aspericornis en México, pero el primero en Mesoamérica en el lado del Atlántico. Los 
estados de Tabasco y Chiapas alojan 3 de las 4 especies de copépodos exóticos de aguas continentales que se conocen 
en México. 

Palabras clave: crustáceos exóticos, copépodos, zooplancton de aguas continentales.

Introduction

The knowledge of the non-indigenous aquatic fauna 
in Mexico is still in development and  the occurrence of 
these forms represents a danger to biodiversity worldwide. 
Unfortunately, there are no legislations regarding the 
control and monitoring of the many cases of non-indigenous 
aquatic species (NAS) already recorded in Mexico 
(Okolodkov et al., 2007). Hence, it is important to detect 
the occurrence of these species and track their advance on 

the continent. According to the NAS Program (http://nas.
er.usgs.gov) of the U.S. Geological Survey, several exotic 
species of freshwater cyclopoid copepods, including some 
Mesocyclops, have invaded North America. One of those 
not recorded yet in North America is M. aspericornis 
(Daday, 1906). It has a widespread distribution in tropical 
areas of Asia and Africa (Van de Velde, 1984; Holyńska et 
al., 2003) and has long been considered as an exotic form 
in the Americas (Reid and Saunders, 1986; Holyńska et al., 
2003). This is probably the most widespread Afro-Asian 
Mesocyclops on the continent. In the Americas it has been 
recorded from the Caribbean islands and northern South 
America (see Suárez et al., 1984; Pesce, 1985; Reid and 
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Saunders, 1986; Rocha and Botelho, 1998). It was not 
known from Mexico until the  reports by Gutiérrez-Aguirre 
et al. (2003a) and Elías Gutierrez et al. (2008). Because of 
its size, mandibular structure, and predating features it has 
been  promoted as an important potential option to become 
a biological control of mosquito larvae in the neotropics 
(Marten et al., 1994; Suárez-Morales et al., 2003). 

The Mexican records of M. aspericornis include 
the state of Sinaloa, on the northwestern Pacific coast 
(Gutiérrez-Aguirre et al., 2003a), and the state of Morelos 
in central Mexico (Elías-Gutiérrez et al., 2008). During 
a series of biological surveys of the mosquito fauna of 
freshwater systems of the state of Veracruz, on the Atlantic 
coast of Mexico, a wide variety of freshwater habitats 
suitable for larval mosquitoes were sampled in different 
localities. Freshwater cyclopoid copepods have not been 
previously taxonomically surveyed in Veracruz (Suárez-
Morales and Reid, 1998). From the analysis of these 
collections, 2 adult female specimens of M. aspericornis 
were found at one of the localities. Herein w e report the 
unexpected occurrence of this exotic Afro-Asian species in 
this zone of Mexico. Our specimens were taxonomically 
examined in order to make a reliable identification of this 
species which belongs to a group of Afro-Asian forms that 
have subtle morphological differences (Holyńska, 2000). A 
comparison was made among specimens from the known 
populations from Mexico, Africa, and Asia. Comments are 
presented on the occurrence and current distribution of the 
other introduced freshwater cyclopoid copepods known in 
Mexico.

Materials and methods

The specimens examined were collected during routine 
surveillance for larval mosquitoes conducted by the Vector 
Department of the Health Ministry of the State of Veracruz, 
Mexico (Mendoza, 2007). Samples were obtained from 
different freshwater habitats in the central region of Veracruz 
at different times during 2007 and 2008. Samples of water 
were collected using hand-towed plankton nets, dippers 
(330 ml), and pipettes in the potential mosquito habitats 
examined. Samples were fixed and preserved in formalin 
and then transferred to 70% ethanol. Copepods were sorted 
out and examined taxonomically. The dissected specimens 
were mounted in semi-permanent slides with glycerine 
sealed with Entellan®. The specimens of M. aspericornis 
were deposited in the collection of zooplankton  housed at 
El Colegio de la Frontera Sur (ECO-CHZ), in Chetumal, 
Mexico. The locality positive for M. aspericornis was a 
small pond located near El Castillo, Jalapa, Veracruz (19° 

32’45” N; 96° 51’ 44” W), sampled on September 18, 
2007. The specimens were identified following Holyńska 
(2000) and Holyńska et al. (2003). Morphological 
observations were made under an E-200 Nikon standard 
compound microscope at 40 and 100X magnifications. 
Line illustrations of the taxonomically relevant appendages 
of M. aspericornis from Veracruz were prepared using a 
camera lucida.

Description

Order: Cyclopoida G.O. Sars, 1886
Family: Cyclopidae Rafinesque, 1815
Subfamily: Cyclopinae G.O. Sars, 1913
Mesocyclops aspericornis (Daday, 1906) (Figs. 1A–L)

The morphology of the female specimens from Veracruz 
agrees in general with the descriptions provided by Kiefer 
(1981), Van de Velde (1984), and Holyńska (2000). Total 
length, from anterior margin of cephalosome to distal 
margin of anal somite = 1.5–1.6 mm. Cephalothorax width/
genital double-somite width ratio= 2.9. Seminal receptacle 
with wide lateral arms, anterior margin deeply concave; 
the copulatory duct is strongly curved; transverse ducts are 
connected to copulatory pore, forming a “V”. 

The structure and ornamentation of the cephalic 
appendages and particularly of the antennules and 
antennae were examined in some detail. The antennules 
of the Veracruz specimens have spinules on segments 
1, 4–5, 7–13 (Fig. 1A); this pattern is one of the main 
distinguishing characters of the species (Holyńska et 
al., 2003). The hyaline membrane on the last antennular 
segment is serrated, with a deep distal notch (Fig. 1B). It 
is identically built in the Mexican (Veracruz, Sinaloa and 
Morelos) (Gutiérrez-Aguirre et al., 2003a; Elías-Gutiérrez 
et al., 2008), the African, and the Asian (Van de Velde, 
1984; Holyńska, 2000) specimens. 

The antennal ornamentation of the Mexican specimens 
including those from Veracruz, Morelos, and Sinaloa has 
some interesting characters (Figs. 1C, D). These specimens 
have 2 secondary rows of spinules on the proximal 
ventral surface of the basipodite (arrow in Fig. 1D-2) 
vs. a single row in some African and Asian populations 
(see Van de Velde, 1984; Holyńska et al., 2003). The 
Mexican populations share this character with the South 
American forms (Holyńska et al., 2003). A distal row of 
4–5 small spinules on the ventral surface of the antennal 
basipodite is present in the Sinaloa (Gutiérrez-Aguirre et 
al., 2003a, fig. 3B), the Morelos (Elías-Gutiérrez et al., 
2008, fig. 52.3), and the Veracruz specimens (arrow in 
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Figure 1. Mesocylops aspericornis (Daday, 1906), adult female from El Castillo, Jalapa, Veracruz, Mexico. A, antennule; B, antennule, 
detail of serrate hyaline membrane on segment 17; C, antennal basipod, anterior; D, antennal basipodite, posterior, showing distal (1) 
and proximal (2) secondary rows of spinules; E, antenna, second endopodal segment; F, maxilliped, syncoxa; G, leg 1, coxa, basipod, 
first endopodal segment, and intercoxal sclerite; H, leg 4, anterior view; I, inner margin of basipod of leg 4, anterior view; J, distal 
spines of third endopodal segment of leg 4; K, caudal rami, ventral view, and L, third exopodal segment of leg 4. Scale bars= 50 mm.
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Fig. 1D-1); it is also present in west African and Brazilian 
specimens (Holyńska et al., 2003) but is absent in East 
African and Asian populations. The specimens of the 3 
Mexican populations have 9 setae on the second segment 
of the antennal endopod (Fig. 1E; Elías-Gutiérrez et al., 
2008); according to Holyńska et al. (2003) the Neotropical 
populations differ from the Asian ones (with 8 or 9 setae) 
by having less (7–8, sometimes 9) setae.

The ornamentation of the mandibles, not described by 
Kiefer (1981) or van de Velde (1984) was first depicted by 
Holyńska (2000) and includes 3 groups of spinules near to 
the insertion of the palp; this character is clearly present 
in the Sinaloa, Morelos, and Veracruz specimens as well. 
The same is true for the maxillae, which has a single row 
of slender setae on the coxal surface in both groups of 
specimens. We observed the oblique row of minute spinules 
on the syncoxal surface of the maxilliped as reported by 
Holyńska (2000) (Fig. 1F). The ornamentation of the 
basipod of leg 1 is identical in the specimens from Mexico, 
including a distal row of spinules at the insertion of the 
endopod (Fig. 1G). The same is true for the ornamentation 
of the coxa of leg 4, except for the presence of an additional 
row of hair-like elements on medial surface in the Sinaloan 
specimens (Gutiérrez-Aguirre et al., 2003a: fig. 4C), which 
is not present in the Morelos females (Elías-Gutiérrez et 
al., 2008: fig. 52.7) or in the Veracruz specimens (Fig. 1H). 
The basipodite has the usual ornamentation of the species 
(Fig. 1I).

The Mexican populations show some additional 
differences and coincidences with respect to the African 
and Asian specimens (Kiefer, 1981, Van de Velde, 1984, 
Holyńska, 2000). The body size of the Sinaloa (1.14–1.20 
mm, n=10) and the Morelos (1.22–1.28 mm, n=3) adult 
females tends to be smaller than the Veracruz (1.5–1.6 
mm, n=2) and the African (1.3–1.5 mm) specimens. The 
ratio of length of the antennular segments 16/17 is similar 
in specimens from Sinaloa, Morelos, and Veracruz (1.17–
1.30); it is slightly lower in some African specimens (Van de 
Velde, 1984). The length/width ratio of the third endopodal 
segment of leg 4 in the Veracruz females (2.8) (Fig. 1H) 
is slightly greater than the range reported in the Sinaloa 
specimens (2.5–2.7) (Gutiérrez-Aguirre et al., 2003a). 
Despite the low number of comparative observations, it 
appears to be closer to the values of African populations 
recorded by Kiefer (1981). 

The length/width ratio of the caudal rami of the Veracruz 
specimens (3.2–3.4) (Fig. 1K) is similar to that found in the 
Sinaloan (3.1–3.5) and the Morelos specimens (3.2–3.3). 
This range is closer to the proportions described in African 
populations (3.0–3.45) (Kiefer, 1981, Van de Velde, 
1984) than to the Asian, which have a greater variation 
(2.7–3.6) (Holyńska, 2000). In the Veracruz specimens 

the length ratio of the caudal ramus / dorsal caudal seta 
is close to 1.1, whereas it is 1.5 in the Sinaloa specimens 
and 1.8 in the Morelos population. Other measurements 
relative to the caudal setae in the Veracruz specimens are: 
length ratio of dorsal/lateralmost terminal = 0.95–1.0; 
longest terminal caudal seta/urosome = 1.17–1.2. Relative 
length of terminal caudal setae III-VI from inner to outer 
margin= 2.9–3.0 (VI), 6.5–6.6 (V), 4.8–5.0 (IV), 1.0 (III). 
Of course, the range of variation of these measurements 
should be confirmed with a higher number of specimens, 
which are not currently available; however, the evaluation 
of these selected characters should be considered in future 
inter-population comparisons.

As recorded in the Sinaloa (Gutiérrez-Aguirre et 
al., 2002) and the Morelos (Elías-Gutiérrez et al., 2008) 
populations, only females were collected in Veracruz. 
Males of this species are rare (Reid and Saunders, 1986) 
and comparative morphological data are still limited 
(Holyńska et al., 2003).

Taxonomic Summary

Material examined.- Adult female from pond in El Castillo, 
Jalapa, Veracruz, Mexico (19° 32’45” N; 96° 51’ 44” W), 
sampled 18 September 2007 by Ruth Hernández, specimen 
dissected, semi-permanent slide (ECO-CHZ-03960). Adult 
female from same locality and date, undissected, ethanol-
preserved, vial (ECO-CHZ-03861). Three adult females 
from Barranca de Jantetelco (18° 42’ 47” N; 98° 45’ 47” 
W), sampled 16 January 2002 by M. Elías, undissected, 
ethanol-preserved, vial (ECO-CHZ-02392).

Remarks

This is considered to be a pantropical species that 
usually occurs in low numbers but in a wide variety 
of habitats (Holyńska et al., 2003). The overall known 
latitudinal range of this species extends from the 33° N to 
28° S, thus including some subtropical areas of the world. 
In the Americas this species ranges between the 25°N 
(Sinaloa, Mexico) (Gutiérrez-Aguirre et al., 2003a) and 
28° S (middle Paraná river, Argentina) (Dussart and Frutos, 
1985). According to Holyńska et al. (2003), there are 2 
main forms of M. aspericornis with a defined geographical 
distribution. These are separated by the presence (western 
populations including West Africa and the Neoptropics) 
or absence (eastern populations including Central and 
Eastern Asia) of a row of small spinules next to the distal 
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rim of the caudal surface of the antennal basipodite. These 
spinules are clearly present in the Mexican specimens 
(Veracruz, Morelos, and Sinaloa). This character, found 
in all the Mexican specimens, relates them to the western 
populations; hence, this “western” form is most probably 
the one reported in the Americas. 

Most of the known American records of M. 
aspericornis are related to the Atlantic coast (Caribbean 
islands, South America); however, the finding of M. 
aspericornis in the Gulf of Mexico area was unexpected  
due to the lack of previous records in Central America 
and southeast Mexico (Suárez Morales & Gutiérrez-
Aguirre, 2001). The closest record is that from Morelos, 
in central Mexico (see Fig. 2). We speculate here around 
2 hypotheses: (1) that the occurrence of this species in 
Veracruz could be related to northwards dispersal from the 
Atlantic coast of South America (Colombia, Venezuela). 
The efficient dispersal means of this species (Reid and 
Saunders, 1986) would allow it to advance through Central 
America, Southeast and central Mexico to reach Veracruz. 
The lack of records of this species from Central America 
or southeast Mexico (Gutiérrez-Aguirre et al., 2003a), 
could result from insufficient  sampling and identification 
efforts in this area. Alternatively, the finding of this 
species in central Veracruz could be attributed to human 
intervention through aquacultural activities along the gulf 
coast. The same was hypothesized for the record of M. 
aspericornis in Sinaloa (Gutiérrez-Aguirre et al., 2003a) 

and for M. pehpeiensis in Chiapas (Suárez-Morales et al., 
2005), both related to highly active areas for aquaculture 
in the Pacific coast. A similar situation could explain the 
occurrence of this species in Morelos, an area of Mexico 
with important aquacultural activity. Aquaculture is widely 
known as one of the main causes favoring introduction of 
exotic copepod fauna worldwide (Reid and Pinto-Coelho, 
1994; Okolodkov et al., 2007). Because of their relative 
geographical and orographical isolation from each other 
and from the nearest records, the 3 Mexican records of 
M. aspericornis could well be the result of 3 independent 
events of dispersal or introduction by human activity. On 
the other hand the case of Thermocyclops crassus, another 
exotic copepod recorded in southeast Mexico, appears 
to be different; it was most probably related to dispersal 
from Central America, where this species was reported 
long before it was found in Mexico (Gutiérrez-Aguirre 
and Suárez-Morales, 2000), but the original arrival to 
the continent seems to be human related. An intensive 
sampling effort in Central America and southeast Mexico 
could provide  important data to define the origin and track 
the dispersion of these apparently isolated populations 
of M. aspericornis in Mexico. Some of the Afro-Asian 
species of Mesocyclops known to occur in the Americas 
have a morphological resemblance with native forms. 
The scarceness of taxonomical expertise in identifying 
freshwater copepods could be another factor that has 
delayed the detection of other populations in Mexico and 

Figure 2. Distribution of 
records of exotic freshwater 
cyclopoid copepods in 
Mexico. 1, Mesocyclops 
aspericornis in Sinaloa 
(Gutiérrez-Aguirre et al., 
2003a); 2, Thermocyclops 
crassus in Tabasco 
(Gutiérrez-Aguirre and 
Suárez-Morales, 2000); 3, 
M. thermocyclopoides in 
Tabasco (Gutiérrez-Aguirre et 
al. 2003b); 4, M. pehpeiensis 
in Chiapas (Suárez-Morales et 
al., 2005); 5, M. aspericornis 
in Morelos (Elías-Gutiérrez et 
al., 2008); 6, M. aspericornis 
in Veracruz (this contribution).
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the Neotropical region (Suárez-Morales et al., 1999).
The present record is considered to be the sixth exotic 

species of freshwater cyclopoid copepods in Mexico 
(see Fig. 2). Records include M. aspericornis (Gutiérrez-
Aguirre et al., 2003a; Elías-Gutiérrez et al., 2008), the 
Euroasian Thermocyclops crasssus (Fischer, 1853) 
(Gutiérrez-Aguirre and Suárez-Morales, 2000), the Afro-
Asian M. thermocyclopoides (Gutiérrez-Aguirre et al., 
2003b), and the Asian M. pehpeiensis (Suárez-Morales et 
al., 2005) (see Okolodkov et al., 2007). The latter species 
was also recorded in Cuba (Menéndez-Díaz et al., 2006). It 
is relevant to mention that 3 out of the 4 exotic cyclopoid 
species currently known in Mexico were recorded from 
the southeastern region of the country, particularly from 
the states of Tabasco (M. thermocyclopoides, T. crassus) 
on the Atlantic coast, and Chiapas (M. pehpeiensis) on the 
Pacific coast.  

Mesocyclops aspericornis is an epibenthic form 
dwelling in the littoral zones (Reid and Saunders, 1986) 
but it has been collected  in a wide variety of freshwater 
environments, including extreme habitats, from small 
containers to large lakes (see Reid and Saunders, 1986, 
Gutiérrez-Aguirre et al., 2003a). Hence, the temporal pond 
surveyed in Veracruz is within this environmental range 
and the species could be present in other similar localities. 
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