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Pseudoxiphophorus bimaculatus is an invasive species widely spread throughout 
freshwater ecosystems in central Mexico, for that reason we described its trophic 
strategy into a gradient of environmental quality. We sampled individuals 
of P. bimaculatus at eight sites located in the Lerma-Chapala and Pánuco River 
Basins during dry season. These basins have been impacted by industrialization 
and urbanization processes, but are considered as water reserves in México. To 
evaluate the environmental quality of the river, we applied the Visual-based 
Habitat Assessment, the Index of Biological Integrity and the Family-level Biotic 
Index. We assessed the trophic guild, the diet width, the omnivory level, and the 
diet selectivity. We also explored the relation of trophic strategies with the habitat 
condition. We captured a total of 202 individuals of P. bimaculatus from 10 to 67 
mm of SL, finding a total of 24 food items. The diet of P. bimaculatus was composed 
of terrestrial, aquatic insects and bony fish. Pseudoxiphophorus bimaculatus in some 
sites can feed on different trophic levels, in other it is a specialist and secondary 
consumer. We found that P. bimaculatus changes its diet according the alterations 
in the habitat structure, water quality, and biotic integrity. Moreover, this invasive 
species can endure changes in the trophic web and food availability.
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Pseudoxiphophorus bimaculatus es una especie invasora ampliamente propagada en 
los ecosistemas de agua dulce del centro de México, por eso se describe su estrategia 
trófica en un gradiente de calidad ambiental. Se muestrearon individuos de P. 
bimaculatus en ocho sitios localizados en las cuencas de los Ríos Lerma-Chapala 
y Pánuco durante la temporada de secas. Estas cuencas se han visto afectadas por 
los procesos de industrialización y urbanización, pero la Comisión Nacional 
del Agua las considera reservas de agua en México. Para evaluar las condiciones 
ambientales de las cuencas, aplicamos el Índice de Integridad Biótica basado y 
el Índice Biótico basado en Familias. Evaluamos el gremio trófico, la amplitud 
de la dieta y la selectividad de la dieta de P. bimaculatus en sitios con diferente 
calidad ambiental. Además, exploramos la relación de las estrategias tróficas con la 
condición del hábitat. Capturamos un total de 202 individuos de P. bimaculatus de 
10 a 67 mm de LP, encontrando un total de 24 artículos alimenticios. La dieta de P. 
bimaculatus está compuesta de insectos terrestres y acuáticos y restos óseos de peces. 
Pseudoxiphophorus bimaculatus en algunos sitios puede alimentarse de diferentes 
niveles tróficos, en otros, es especialista y consumidor secundario. Encontramos 
que P. bimaculatus cambia su dieta acorde con alteraciones en la estructura del 
hábitat, la calidad del agua y la integridad biótica. Además, esta especie invasora 
puede tolerar cambios en la red trófica y la disponibilidad de alimento.

Palabras clave: Ecología Alimenticia, Ecosistemas de agua dulce, Especies Exóticas, 
Invasión Biológica, Poecilidos.

INTRODUCTION

The introduction of exotic fish species represents a threat for the persistence of native 
fish in global scale (Bruton, 1995; Vitule et al., 2019), and the benefits that they 
provide fail to compensate the damage caused on ecosystems biodiversity (Moyle, 
1997; Vitule et al., 2019). In Mexico, exotic fish species represent one of the most 
severe and less controlled problems (Contreras-MacBeath et al., 2014). However, 
there is a minimum concern about the negative consequences caused by fish 
species introduction (Zambrano et al., 2006). The introduction and the population 
establishment of exotic fish species represent a biological pollution and it can have 
similar effect to the physical and chemical alteration on freshwater ecosystems 
(Lachner et al., 1970; Capps, Flecker, 2013). This phenomenon is widely documented 
with exotic and invasive species of commercial importance, such as the Common 
carp (Cyprinus carpio Linnaeus, 1758), the Nile tilapia (Oreochromis niloticus (Linnaeus, 
1758)), the Largemouth black bass (Micropterus salmoides (Lacepède, 1802)) or the 
Amazon sailfin catfish (Pterygoplichthys sp.) (Contreras-MacBeath et al., 2014). In 
addition, their invasion negative effect is commonly related to the exclusion of native 
fish population by predation, aggressiveness and territorial behavior, or indirect effects 
such as sediment re-suspension and habitat destruction (Zambrano, Hinojosa, 1999; 
Canonico et al., 2005; Cortés, 2016).
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However, there are exotic and invasive species that their potential negative effects 
have been poorly studied in the Central Mexico, such as the fish species of the Poeciliidae 
family. These fishes have been introduced for dipteran larvae control, but they generally 
go unnoticed because they are introduced by the accidental way as stowaways during 
the fish stoking of commercial and sport fishing species, aquarium dumping or when 
they escape from fish farms (Contreras-MacBeath et al., 1998; Vitule et al., 2009; Vitule 
et al., 2014). They are usually raised in aquariums or fish farms and released in the 
aquatic ecosystems where they usually achieve the population establishment in a short 
period of time (Contreras-MacBeath et al., 1998; Magalhães, Jacobi, 2017). Moreover, 
exotic poeciliids can modify the ecological function of freshwater systems after their 
colonization and they can be vectors of exotic parasites and diseases (Holitzki et al., 
2013; Tripathi, 2014).

In this sense, the Twospot livebearer Pseudoxiphophorus bimaculatus (Heckel, 
1848) can achieve a high level of invasiveness because it is a viviparous fish with 
short reproductive cycles and high fecundity (Thibault, Schultz, 1978; Contreras-
MacBeath et al., 2014; Ramírez-García et al., 2017). This species is native from 
Mexico to Nicaragua, and specifically in Mexico it has been recorded in the states 
of Veracruz, Campeche, Chiapas, Oaxaca, Quintana Roo, Tabasco and Yucatán 
(Miller, 2009).

The scarce studies of P. bimaculatus are focused in its reproductive biology (Ramírez-
García et al., 2017), population attributes (Gómez-Márquez et al., 1999) and feeding 
habits (Trujillo-Jiménez, Toledo, 2007), but they have been performed at local scale 
and in artificial aquatic systems. These studies have concluded that P. bimaculatus 
is considered an omnivore species that can feed mainly on aquatic and terrestrial 
insects, and rarely can consume fish eggs and fish larvae. However, there is a gap of 
information about their population’s attributes and the feeding strategies (i.e. active or 
passive predator, opportunistic predator) in the locations where it has been introduced, 
or where it has spread. In addition, the relationship between its trophic strategy and 
the habitat characteristics are still unknown. It is highly possible that P. bimaculatus can 
cause multiple effects on native biota and ecosystem functioning including predation 
and competition (Azevedo-Santos et al., 2016).

For these reasons, the aim of the present study was (1) to describe the biotic and 
physical integrity at eight sites located in the Lerma-Chapala and Pánuco River Basin, 
(2) describe the trophic strategy of P. bimaculatus into a gradient of water quality, habitat 
quality and biotic integrity and (3) to report the expansion of the new distribution range. 
The purpose of this study was to evaluate if P. bimaculatus changes its diet according the 
biological and physical integrity of sites. We expected that fish this species can tolerate 
variations in the elements of the trophic web, food availability and environmental 
condition.

MATERIAL AND METHODS

Study area. Study area is located at the central region of Mexico within the Lerma-
Chapala River and Pánuco River Basins. Eight sampling sites were selected, four are 
located in the state of Guanajuato: El Xote (XOT) (20˚57’08.5’’N, 100˚47’42.7’’W), 

http://scielo.br/ni
http://sbi.bio.br/ni


Trophic strategies of invasive poeciliid in Mexico 

Neotropical Ichthyology, 18(2): e190080, 2020 4/18 scielo.br/ni | sbi.bio.br/ni

Los Galvanes (GAL) (21˚03’40.4’’N, 100˚48’12.1’’W), El Charco del Ingenio (CHI) 
(20°55’10.48”N, 100°43’41.46”W) and Paso de Vaqueros (PVA) (21˚22’03.9’’N, 
100˚23’31.7’’W), and four in the state of Querétaro: Presa del Carmen (PRC) 
(20°48’33.3’’N, 100°18’33.9’’W), El Oasis (OAS) (20˚59’54.5’’N, 99˚42’11.3’’W), 
Extoraz (EXT) (20˚59’59.1’’N, 99˚42’13’’W) and Bucareli (BUC) (21° 2’5.26”N, 
99°37’0.86’’W) (Fig. 1).
The gradient of environmental quality was obtained based on the results of habitat 
condition which was assessed using the Visual-based Habitat Assessment (VBHA) 
proposed by Barbour et al. (1999). The samplings sites show heterogeneity of 
habitat and land use (Tab. 1). The habitat heterogeneity and land use Field work 
was conducted during the dry season (from February to March 2014) because the 
chemical and physical parameters of water, the sediments and the cycles of organisms 
normalize once the streamflow decrease in speed and volume. Moreover, the anthropic 
degradation increases creating evident spatial variation along the river (Mocayo-
Estrada et al., 2015).

FIGURE 1 | Geographic location of study area and sampling sites located in the Lerma-Chapala River basin and Pánuco River basin in 

central Mexico. XOT = El Xote; CHI = El Charco del Ingenio; GAL = Los Galvanes; PRC = Presa del Carmen; PVA = Paso de Vaqueros; OAS = 

Oasis; EXT = Extoraz; BUC = Bucareli.
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Data collection.
Physical and biological integrity of sites. To evaluate the physical integrity, we measured 
the water physicochemical parameter and metric of habitat condition. To evaluate the 
biological integrity, we use two different biotic integrity indexes (Index of Biological 
Integrity and Family-level Biotic Index), widely used due their scientific accuracy and 
regional approach. Moreover, result can be obtained quickly, they are low cost and 
people without a proper scientific formation can calculate them (Pérez-Munguia et al., 
2007).
Water physicochemical parameters. Potential of hydrogen (pH) (pH units), temperature 
(°C), total dissolved solids (TDS) (g/L) and dissolved oxygen (DO) (mg/L) were 
measured using a multi-probe meter (Hydrolab Quanta).

Habitat condition. The channel morphology, bank structure, riparian vegetation, 
substrate heterogeneity, substrate embeddedness, sediment deposition and flow status 
were assessed by the VBHA.

Index of Biological Integrity. We used an Index of Biological Integrity Based on 
Aquatic Macroinvertebrates Assemblages (IIBAMA) proposed by Pérez-Munguia, 
Pineda-López (2005) and validate by Torres-Olvera et al. (2018), to access the biological 

Sampling 

sites
Basin Environment Shore line Land use VHA IIBAMA FBI

Cohabitant 

fish species

XOT Lerma-Chapala Spring
Modified by well construction to 

retain water, walls and houses
Urban PO PO FP 1(T)

CHI Lerma-Chapala
High gradient 

river
Unchanged, dam upstream Reserve, Dam OP PO PO 1(N), 1(E), 1(T)

GAL Lerma-Chapala
Low gradient 

river

Modified by the construction of 

road crossing the river
Agricultural, Urban PO PO FP 3(N), 6(E), 1(T)

PRC Lerma-Chapala
High gradient 

river

Modified by the construction 

of roads and stone fences, also 

deposition of sediments caused 

by dredging

Agricultural, 

stables and free 

grazing

PO PO FP 1(N), 1(T)

PVA Pánuco
Low gradient 

river

Modified by the construction of 

a bridge and road
Urban PO PO GO 1(N), 2(T)

OAS Pánuco
High gradient 

stream

Slightly modified by the 

construction of roads, stone 

fences and crops

Agricultural, Urban MA PO PO 1(N), 1(E)

EXT Pánuco
High gradient 

river

Slightly modified by the 

construction of roads
Agricultural, Urban PO PO FA 1(N), 1(E)

BUC Pánuco
High gradient 

river

Slightly modified by the 

construction of roads for 

recreational activities and sand 

extraction

Agricultural, 

Urban, Mining
MA RE GO 3(N), 2(E)

TABLE 1 | Environmental heterogeneity gradient including basin, land use, shore line and Visual-based Habitat Assessment (VBHA), Index 

of Biological Integrity Based on Aquatic Macroinvertebrates Assemblages (IIBAMA) and Family-level Biotic Index (FBI) categories. For VHA: 

Poor =PO; Suboptimal =SO; and Optimal=OP. For IIBAMA: Poor=PO; and Regular=RE. For FBI: Fairly Poor=FP, and Fair=FA. For species: 

Native species=N; Exotic species=E; and Translocated species=T. XOT=El Xote; GAL=Los Galvanes; CHI= El Charco del Ingenio; PVA=Paso de 

Vaqueros; PRC= Presa del Carmen; OAS=El Oasis; EXT=Extoraz; BUC=Bucareli.
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integrity and categorize habitat condition as a response of the specific attributes of 
macroinvertebrates community assemblages. The variable to calculate IIBAMA were 
taxa richness; Ephemeroptera, Plecoptera and Trichoptera richness; sensitive insect 
richness; sensitive taxa richness; mean of tolerance values, and number of clingers taxa.

Family-level Biotic Index. We also estimated the Family-level Biotic Index (FBI) 
proposed by Hilsenhoff (1988) that categorizes water quality and organic pollution 
based on the tolerance values and abundance of families of arthropods.

The aquatic macroinvertebrates used in IIBAMA and FBI were sampled using a 
D-frame net (300 mm width and 300 µm mesh size) with a sample effort of 30 minutes 
per study site, including all the available habitat in a section of the river (five times 
the river width) as established in the NMX-AA-159-SCFI-2012 (Pineda-López et al., 
2014). The aquatic macroinvertebrates were selected from detritus in situ and preserved 
in plastic vials within 80% ethanol. Specimens were identified at the taxonomic level of 
family using specialized keys (Bouchard, 2004; Merrit et al., 2008; Springer et al., 2010). 
The IIBAMA and FBI scores for Presa del Carmen (PRC), Oasis (OAS) and Extoraz 
(EXT) were obtained from Torres-Olvera et al. (2018).

Fish sampling. Fishes were collected during day (2-hour sampling effort per site) with 
a backpack electro-fisher (LR 20B Electrofisher, 600 W of maximum potential; 120 
volts, 60 Hz, 20.8 amps) and hand nets (400 mm width and 5 mm mesh seize). Fishes 
were placed in ice water during 30 minutes and then each fish was injected into the 
abdominal cavity with 70% ethanol. Samples were labeled and preserved in 70% ethanol 
to further transport to the Biotic Integrity Laboratory at Autonomous University of 
Querétaro (UAQ). Specimens were identified following the criteria of Miller (2009). 
Standard length (SL) and weight were measured.

Gut analysis and trophic analysis. Accumulated prey diversity was measured, using 
Simpson’s index to determine the minimum number of stomachs to characterize the 
feeding habits of P. bimaculatus (Magurran, 2004). The curve became asymptotic at 102 
individuals for females, 56 individuals for males, by sites, 19 individuals in XOT, 32 
individuals in PRC, 26 in PVA, 24 in OAS, and 22 in BUC. The curve did not become 
asymptotic in three study sites, in the CHI with 4 captured fishes, GAL with 7 captured 
fishes and >34 individuals in EXT.

Gut analysis was carried according to the quadrant method proposed by Hynes 
(1950). Feeding items were identified at the lowest taxonomic level possible. A modified 
version of the index of relative importance (IRI), proposed by Yáñez-Arancibia et al. 
(1976) was used: 𝑅𝑅𝑅𝑅𝑅𝑅 = 𝐹𝐹 ∗ 𝐴𝐴 100⁄ , where, F is the frequency of occurrence, and 
A is the area of collection, following the method proposed by Canto-Maza, Vega-
Cendejas (2008) and applied by Ramírez-Herrejón et al. (2014). The IRI is expressed as 
percentages to describe the importance of each feeding item of the diet (Cortés, 1997). 
The IRI was also calculated by female and male and by gonadal maturity stage to explore 
a diet variation. The diet breadth (Bi) was measured with the normalized Levin’s index 
(Krebs, 1989), which is a measure of the diversity of ingested items, where Bi<0.60 
classified the fish as specialist and Bi>0.60 as generalist fish. We used the omnivore index 
(OI) (Pauly et al., 1998) to describe the feeding behavior, which represents the variation 
of consumed prey’s trophic levels. In addition, the food selectivity was assessed using 
the Ivlev’s electivity index (Ivlev, 1961) which is expressed as: 𝐸𝐸" = (𝑟𝑟" − 𝑃𝑃" ) (⁄ 𝑟𝑟" + 𝑃𝑃")
, where 𝑟𝑟" represents the relative abundance of prey consumed by the predator and 𝑃𝑃" 
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is the relative abundance of prey in the ecosystem. The relative abundance of preys in 
each site was calculated using the data from the macroinvertebrates samples. Trophic 
level was calculated using TrophLab (Pauly et al., 1998) based on IRI values and the 
prey’s trophic level.

Statistical analysis. We performed a principal component analysis (PCA) to identify 
the water physicochemical parameters most explanatory within the study sites. To 
explore the relation between P. bimaculatus diet and the habitat condition we performed 
a non-metric multidimensional scaling (NMDS) based on the Bray-Curtis similarity 
index, because it can afford datasets of species presence-absence (Bray, Curtis, 1957). 
The NMDS was made using the IRI values and the IIBAMA, FBI and VBHA values 
as habitat variables. Both analysis were performed with the statistical software PAST 
version 3.07 (Hammer et al., 2001).

RESULTS

Physicochemical parameters. The PVA site showed the lowest values of temperature 
(13ºC) and the highest value was in XOT and CHI sites (28 ºC), the average value was 
22.6 ± 5.31 °C. GAL site showed the lowest value of pH (4.5 pH), the highest was PVA 
site (8.5 pH), average value of pH was 7.8 ± 0.56. The lowest value of TDS was in GAL 
(0 ppm) and the highest in EXT site (275 ppm), the average was 225.6 ± 46.91 (ppm). 
Site PRC presented the lowest value of OD (2.5 mg/L) and BUC site the highest (10 
mg/L), average value was 5.5 ± 2.46 (mg/L) (Fig. 2).

Virtual-based Habitat Assessment (VBHA). The VBHA categorized the sites 
XOT, GAL, PRC, PVA and EXT as Poor given the low diversity of substrate available for 
epifauna, intermittent flow, high rates of sediment deposition (i.e. siltation), interruption 
of channel due to construction of roads and bridges, and unstable and eroded banks (Tab. 
1). The sites HIG and BUC scored as Marginal given a poor heterogeneity of substrate, 
a significant rate of sediment deposition and the banks were moderately modified by 
roads increasing erosion areas. Finally, site CHI was categorized as Optimal because 
it had a higher diversity of substrate, low rates of sediment deposition, constant water 
flow, the banks had minimal rates of erosion and were covered by native vegetation. 
The human activities have minimally impacted.

Family-level Biotic Index (FBI). A total of 1991 macroinvertebrates were 
collected and distributed into seven classes, sixteen orders and forty-seven families 
(Tab. 2). Chironomidae was the most frequent family present in eight sites, followed by 
Coenagrionidae and Baetidae found in seven sites. The sampling sites with most taxa 
richness were BUC with thirty-two families and PVA with twenty-six families. The 
most abundant families were Chironomidae, Baetidae, Thiaridae and Physiidae.

Biological Integrity Based on Aquatic Macroinvertebrates Assembles (IIBAMA) 
scored sites XOT, CHI, GAL, PRC, PVA, OAS and EXT as Poor given a low taxa 
richness, a few or lack of EPT families and neither sensitive families (Tab. 1). The 
site BUC was Regular because of greater taxa richness, including EPT and sensitive 
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families, and a greater number of clingers’ taxa. Finally, the FBI categorized the 
sites CHI and OAS as Poor given a high abundance of tolerant families to organic 
pollution; XOT, GAL and PRC as Fairly poor and EXT as Fair because the higher 
abundance of individuals of families with low and high tolerance values; and PVA and 
BUC as Good given the higher abundance of families with low values of tolerance 
(Tab. 1).

Trophic analysis. We captured and analyzed a total of 202 individuals of P. 
bimaculatus from 10 to 67 mm SL, from 0.1 to 8.2 g, finding a total of 24 food items 
and 31 empty guts. The diet of P. bimaculatus was mainly composed of terrestrial insects 
in PVA, HIG, EXT and BUC sites, and aquatic insects such as Corixidae in GAL site 
and Chironomidae in PRC site (Tab. 3). In XOT site the most important item was 
unidentified organic matter (UOM), while in CHI were fish eggs. The secondary 
elements in the diet were aquatic insects (Chironomidae and insect’s detritus) in CHI, 
PVA and HIG; bony fish debris in XOT; terrestrial insects in GAL; plant debris in EXT; 
cladocerans in BUC, and UOM in PRC.

The males diet was mainly composed of terrestrial insects in PVA, HIG, EXT and 
BUC; UOM in XOT; fish eggs in CHI, and Chironomidae in PRC. In the same way, 

FIGURE 2 | Physicochemical parameters of water in each study site in central Mexico: temperature (°C), TDS= Total dissolved solids (g/L) 

and DO= Dissolved oxygen (mg/L). XOT = El Xote; CHI = El Charco del Ingenio; GAL = Los Galvanes; PRC = Presa del Carmen; PVA = Paso de 

Vaqueros; OAS = Oasis; EXT = Extoraz; BUC = Bucareli.
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Family XOT CHI GAL PRC PVA OAS EXT BUC

Baetidae 3 (1.39) 28 (40) 7 (3.36) 297 (32.71) 5 (4.76) 3 (1.52) 10 (4.032)

Leptohyphidae 1 (0.48) 193 (21.26) 10 (9.52) 34 (17.17) 32 (12.9)

Leptophlebiidae 45 (4.96) 7 (3.54) 4 (1.613)

Aeshnidae 1 (0.46) 4 (1.92)

Caenidae 38 (17.59) 18 (1.98)

Calopterygidae 3 (2.86) 1 (0.51) 1 (0.403)

Coenagrionidae 12 (5.56) 12 (17.14) 20 (9.61) 39 (4.30) 21 (20) 24 (12.12) 4 (1.613)

Gomphidae 12 (1.32) 9 (8.57) 6 (3.03) 8 (3.226)

Lestidae 4 (1.85) 2 (0.22)

Libellulidae 5 (2.40) 2 (0.22) 3 (2.86) 9 (4.55) 21 (8.468)

Perlidae 1 (0.403)

Belostomatidae 5 (2.40) 3 (0.33) 8 (3.226)

Corixidae 22 (31.43) 28 (3.08)

Gelastocoridae 1 (1.43)

Gerridae 12 (1.32)

Hebridae 1 (1.43) 2 (1.01)

Naucoridae 2 (0.22) 8 (4.04) 26 (10.48)

Nepidae 1 (0.48)

Notonectidae 1 (1.43) 1 (0.11)

Veliidae 6 (2.88) 6 (0.66) 3 (1.52) 48 (19.35)

Corydalidae 3 (2.86) 7 (3.54) 22 (8.87)

Hydrobiosidae 2 (0.80)

Hydropsychidae 1 (0.95) 1 (0.51) 18 (7.25)

Hydroptilidae 1 (0.11) 1 (0.40)

Leptoceridae 1 (0.40)

Odontoceridae 9 (0.99)

Philopotamidae 8 (4.04) 4 (1.61)

Dryopidae 1 (0.11)

Dytiscidae 1 (1.43) 9 (0.99) 2 (1.90) 1 (0.51)

Elmidae 5 (4.76) 9 (4.55) 11 (4.43)

Haliplidae 5 (0.55)

Hydrophilidae 2 (2.86) 2 (0.96) 49 (5.40) 2 (1.90) 3 (1.52)

Staphylinidae 2 (0.80)

Ceratopogonidae 1 (0.46) 4 (0.44) 1 (0.95) 1 (0.40)

Chaoboridae 1 (0.51)

Chironomidae 1 (5.56) 44 (20.37) 1 (1.43) 128 (61.54) 142 (15.64) 23 (21.90) 23 (11.62) 8 (3.22)

Culicidae 2 (0.22)

Dixidae 5 (0.55)

Empididae 1 (0.40)

Ephydridae 7 (0.77)

Simuliidae 11 (5.29) 1 (0.95) 2 (1.01) 11 (4.43)

Stratiomyidae 3 (1.39) 2 (1.01) 2 (0.80)

Cambaridae 28 (12.96)

Asellidae 6 (6.66)

Copepoda 12 (13.33)

Mollusca 2 (0.96)

Physidae 5 (27.78) 45 (20.83) 1 (1.43) 11 (5.56) 1 (0.40)

Thiaridae 12 (66.67) 9 (8.57) 1 (0.51)

Dugesiidae 14 (6.73) 32 (16.16)

Hirudinea 37 (17.13) 2 (0.96)

Hydrachnidia 14 (1.54) 7 (6.67)

Turbellaria 2 (2.22)

TABLE 2 | Taxonomic composition of macroinvertebrates collected in sampling sites. Numbers outside parenthesis are absolute abundance, 

numbers in parenthesis represent relative abundance (%). XOT=El Xote; GAL=Los Galvanes; CHI= El Charco del Ingenio; PVA=Paso de 

Vaqueros; PRC= Presa del Carmen; OAS=El Oasis; EXT=Extoraz; BUC=Bucareli.
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the principal food items of the female’s diet were terrestrial insects in XOT, PVA, EXT 
and BUC; Corixidae in GAL, and Chironomidae in CHI and PRC (Tab. 3).

The omnivore index indicated that P. bimaculatus is capable to feed on different trophic 
levels in XOT and CHI, but in independent study sites such as EXT, PRC and BUC P. 
bimaculatus fed on few trophic levels. Moreover, at two study sites, GAL and PVA, the 
fishes fed only on one trophic level (Tab. 4). The niche breadth index indicated that P. 
bimaculatus is generally specialist, and mainly secondary consumer, according with its 
trophic position in all sites except CHI, where it was catalogued as tertiary consumer 
(Tab. 4).

The electivity index described the preferred food items of P. bimaculatus. The sampling 
sites with the highest richness of food items were EXT (eight food items) and BUC 
(seven items), while the lowest was CHI (only two items) (Fig. 3). The most frequent 
food item was terrestrial insects, present in seven sites.

TABLE 3 | Relative importance index (%IRI) for each food item of Pseudoxiphophorus bimaculatus in 

sampling sites for all individuals. Underlined numbers show the preferred food. UOM=Unidentified 

organic matter; TI=Terrestrial insects; AID=Aquatic insect’s detritus; n=number of individuals 

collected; eg=empty guts; Ei =Ivlev Index, aEi=1; bEi=0.4±0.1; cEi<0.1. XOT=El Xote; GAL=Los Galvanes; 

CHI= El Charco del Ingenio; PVA=Paso de Vaqueros; PRC= Presa del Carmen; OAS=El Oasis; 

EXT=Extoraz; BUC=Bucareli.

XOT
n= 22
eg=2

CHI
n= 4

GAL
 n=7

PRC
n=35 
eg=7

PVA
n=35 
eg=5

OAS
n= 34 
eg=9

EXT
n=34 
eg=6

BUC
n=31 
eg=2

Plastic debris 1a

Gravel 1

Plant debris 6a 1a

UOM 58a 15a 1a 8a 12

Cladocera 12a 17a

Bivalvia 1a

Planorbidae 1a

TI 19a 39a 14a 96a 89a 34a 59a

AID 4a 1a 23a

Ephemeroptera 4 1

Odonata larvae 1 1

Coenagrionidae 6

Simulidae 3a

Stratiomyidae 1.0 1c

Chironomidae 12.4 66c

Culicidae 2a 6a 2a

Corixidae 47b

Notonoctidae 1a

Dytiscidae 1b

Ostracoda 5a

Physiidae 2a 15b 4a

Cambarellus 1.8

Fish eggs 84a

Fish tissue 21a
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Statistical analysis. The NMDS showed the ordination of the study sites in relation 
to food items and index scores along two-ordination axis (Fig. 4). The sites XOT, PRC 
and PVA corresponded to the high relative importance of UOM and Chironomidae, 
related with poor biological and physical condition. The isolated sites GAL (poor physical 
condition) and CHI (optimal physical condition) were ordinated due to the high relative 
importance of Corixidae and Fish eggs, respectively, both sites showed poor biological 
condition. The ordination of BUC and EXT indicated a high relative importance of 
aquatic insect detritus and cladocerans, associated with marginal physical condition and 
regular biological condition. The site OAS showed an intermediate ordination between 
the vectors of fish eggs and cladocerans in marginal physical condition.

TABLE 4 | Values of omnivory index (Values near to 0 indicates that the fish feed on few trophic levels, values near to 1 indicates that the 

fish feed on several trophic levels), Niche breadth (BA> 0.60 denotes generalist fish, BA<0.6 denotes specialist fish) and Trophic level of 

Pseudoxiphophorus bimaculatus in all sampling sites. XOT=El Xote; GAL=Los Galvanes; CHI= El Charco del Ingenio; PVA=Paso de Vaqueros; 

PRC= Presa del Carmen; OAS=El Oasis; EXT=Extoraz; BUC=Bucareli.

  XOT CHI GAL PRC PVA OAS EXT BUC TOTAL

Omnivory index 1.22 0.79 0 0.2 0 0.31 0.18 0.18 0.36

Niche breadth 0.47 0.1 0.32 0.37 0.08 0.05 0.45 0.16 0.25

Trophic level + SE 2.78±0.41 4.30±0.75 3.2±0.4 3.02±0.37 3.2±0.4 3.1±0.39 3.14±0.39 3.04±0.34 3.2 ±0.43

FIGURE 3 | Ivlev's Electivity index values for the food items of the diet of Pseudoxiphophorus bimaculatus in central Mexico. X axis=Prey 

electivity and Y axis=Prey taxa. XOT = El Xote; GAL = Los Galvanes; CHI = El Charco del Ingenio; PRC = Presa del Carmen; PVA = Paso de 

Vaqueros; OAS = Oasis; EXT = Extoraz; BUC = Bucareli.
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DISCUSSION

The present study is the first to relate population’s attributes and feeding components 
of an exotic and invasive species to the environmental quality through the three main 
axes of the freshwater ecosystems: physical, chemical and biological, performed in an 
environmental gradient within two river basins with different management strategies. 
This particular combination of biotic indexes, rapid bio-assessment protocols and trophic 
indexes is an integral approach that could be ideal to analyze biological invasions and 
the success of the potential invasion of the species.

We classified the study sites XOT, GAL and PRC as the most modified according to 
VHBA, IIBAMA and FBI scores. These sites are located in the highly degraded Lerma-
Chapala River Basin (Mercado-Silva et al., 2006). Changes in land use had modified 
the streams morphology and bank stability, with erosion increase as consequence. 
The high rates of sediment deposition had decreased the availability of substrate for 
epifauna, therefore the aquatic macroinvertebrates community in these sampling sites 
was configured mainly by burrowers, such as Chironomidae. The chironomids can 
live in conditions of pollution such as high turbidity and eutrophication by sewage 
(Rae, 1989), high temperatures, low dissolved oxygen, hard water and high contents 
of river sedimentation (Al-Shami et al., 2010; Lencioni et al., 2012). Other studies had 
mentioned that in aquatic degraded systems the food resources are poorly diverse, 
such as we found in our study (Ramírez-Herrejón et al., 2014). Pseudoxiphophorus 
bimaculatus is found in different sites with different biological and physical integrity. 
More specifically, it can endure changes in the elements of the trophic web and food 

FIGURE 4 | Non-metric multidimensional scaling based on IRI scores of food items of the diet of Pseudoxiphophorus bimaculatus and the 

IIBAMA, FBI and VBHA scores of the study sites. Stress = 0. Coordinate 1, r2 = 0.9782; Coordinate 2, r2 = 0.2477. XOT = El Xote; CHI = El Charco 

del Ingenio; GAL = Los Galvanes; PRC = Presa del Carmen; PVA = Paso de Vaqueros; OAS = Oasis; EXT = Extoraz; BUC = Bucareli.
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availability. We found that this fish species was a carnivore-insectivore specialist and a 
secondary to third consumer according to the trophic levels. The species P. bimaculatus 
can feed of terrestrial insects, fish eggs and fish larvae, therefore it especially threatens 
native fish populations. This results coincided with Trujillo-Jimenez, Toledo (2007) 
who reported that this species was carnivore-insectivore and its main food resource 
were dipterans and hymenopterans, and that this poeciliid can prey on Largemouth 
black bass (M. salmoides) larvae.

The scores of trophic indexes in XOT showed that P. bimaculatus can feed from 
different trophic levels, while in GAL and PRC only from one level. In our three sites, P. 
bimaculatus was classified as specialist, carnivorous and secondary consumer. In the site 
GAL (Laja River basin) the relative abundance of P. bimaculatus was low (<10%). This site 
is characterized by not constant water flow, which has generated isolated pools, where 
this species co-inhabits with three native and seven exotic species, all mainly detritivore 
(Mariscal de Souza et al. pers. comm.). The sites PVA, OAS and EXT are located at the 
Pánuco River Basin, which has had several conservations efforts, unlike the Lerma-
Chapala River Basin. The streams morphology, the riparian vegetation and the erosion 
in these study sites are less modified by anthropic activities. These sites showed more 
habitat heterogeneity that supports the aquatic macroinvertebrates community with 
higher richness of tolerant and sensitive taxa, therefore food items were more diverse 
(Tews et al., 2004). This is similar in the artificial system (reservoir) “Los Carros” in the 
State of Morelos, Mexico, where this species have the function of predator (Trujillo-
Jimenez, Toledo, 2007).

The site CHI is located at Lerma-Chapala River Basin, however it is placed in an 
ecological reserve where P. bimaculatus fed on more than one trophic level because we 
found fish eggs, crustaceans and aquatic insects into the gut, but it was considered as 
specialist because its diet was composed mainly of fish eggs (>80%). In this site, the 
species was carnivorous and its trophic position was categorized as tertiary consumer. 
It is important highlight that, we found the native and oviparous fish species Notropis 
calientis in this same site, for this reason we can infer that P. bimaculatus can be a threat 
native fish species by egg predation. Escalera-Vazquez et al. (2016) mentioned that non-
native poeciliids fish species can influence the diet of the native species and to exclude 
it in freshwater environments.

The site BUC is located in the Biosphere Reserve of the Sierra Gorda in the State 
of Querétaro, which is an important tourist destination. The recreational activities had 
slightly impacted the habitat condition; however, the macroinvertebrates community is 
rich and abundant, which is an evidence of diversity of food items (Torres-Olvera et al., 
2018). In this site, P. bimaculatus consumed three or more trophic levels and was catalogued 
as secondary consumer, specialist and carnivorous, but its diet was mainly composed by 
terrestrial insects. Our results showed that P. bimaculatus populations have the capacity to 
establish and to tolerate different environmental conditions. Its trophic strategy allows 
it to consume a wide variety of food resources, even if these are allochthonous, which 
provide it the ability to resist physical, chemical and biological variations on its habitat. 
This strategy confers to P. bimaculatus high degree of invasiveness with the potential 
to become the perfect invader (Magalhães, Jacobi, 2017). Therefore, to prevent the 
introduction, establishment and spread of exotic poeciliids, it is urgent to carry out 
campaigns to prevent fish introductions, to design management and conservation 
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projects, eradication programs and habitat restoration activities. Some jurisdictions 
have introduced laws intended to regulate the collect, transport and released of many 
aquatic species around the globe into new habitats, but these regulations have rarely 
had the desired effects (Patoka et al., 2018). The current situation demands a profound 
behavioral shift towards better practices and policies, or these multiple high- impact 
activities will continue eroding freshwater fish biodiversity and impairing essential 
ecosystem services (Pelicice et al., 2017).

Our results support the hypothesis that P. bimaculatus is a nonnative species that can 
cause multiple effects on native biota and ecosystem functioning including predation, 
competition, bioturbation, and spread of pathogens (Azevedo-Santos et al., 2016). 
This poeciliid species can produced important environmental, economic, and social 
disturbances in freshwater ecosystems, and it is highly worrying because this fish is 
widely spread in the central region of Mexico, one of the most important regions for 
the conservation of fish, due to its high degree of endemism (Domínguez-Domínguez 
et al., 2008).

The establishment of P. bimaculatus populations have disrupted the freshwater 
environments, because being highly resistant, it is capable of influencing different 
trophic webs, including terrestrial ones, causing invasional meltdown that facilitates the 
spread and impact of other nonnative species (Azevedo-Santos et al., 2016; Braga et al., 
2018).

However, it is still lacking evidence about the negative effect of invasive P. bimaculatus 
on native species in freshwater ecosystems. For this reason, it is imperative, to encourage 
scientific research focused on the effect of P. bimaculatus on native species and freshwater 
ecosystems. Even more when the invasion process could directly depend on whether 
the recipient community provides niche opportunities (Braga et al., 2018). The studies 
on feeding ecology of invasive fish allow to understand its natural history and its role 
in the trophic ecology of aquatic ecosystems, which is essential to provide a basis for 
conservation (Braga et al., 2012).
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