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ABSTRACT. Despite the increase of exotic species in bodies of water, studies on the population structure of
coexisting native and exotic fish species are rare. We evaluated the population structure of the native Poecilia
mexicana and non-native Poeciliopsis gracilis species in an environmental gradient and its relation to the habitat
characteristics in the Jalpan River, located in the state of Queretaro, Mexico. We calculated size structure, sex
ratio, gonad stage, and condition factor for both species. Visual-based habitat quality, riparian quality, and
physical and chemical characteristics of water were also evaluated. A total of 322 individuals of P. gracilis and
762 of P. mexicana were captured with different fishing nets due to the habitat heterogeneity. Study sites were
classified into three categories of habitat conditions: poor, marginal, and sub-optimal. P. mexicana females
showed a complete structure of sizes in the poor habitat category. P. gracilis did not show a complete structure
in any habitat category. The sub-optimal category of habitat conditions had the lowest number of specimens for
both species. Poor category showed a sex ratio of 1:1 (females: males) for P. mexicana while in P. gracilis,
females were more abundant than males (sex ratio 5:1). Fulton's factor was higher for P. mexicana than for P.
gracilis. Our results showed that habitat quality of the river affected size structure, stages of development, and
sex ratio of the two species, but did not show conclusive evidence of favored species or reproductive
competition.

Keywords: Poeciliidae; population ecology; habitat condition; non-native fish; sub-tropical river; environ-
mental gradient

INTRODUCTION

The establishment of exotic species populations is
considered the second most important cause of
biodiversity loss (Wilcove et al., 1998; Dudgeon et al.,
2006) due to the impacts that these populations cause
on the ecosystems into which they are introduced
(Dudgeon et al., 2006). In Mexico, the introduction of
exotic fish species is considered a widespread problem
(Contreras-Balderas et al., 2008), since it threatens
freshwater ecosystems. This problem has become criti-
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cal in areas such as the central region of Mexico, which
harbors a high richness of endemic fish fauna (Miller,
2009). Aquatic systems in this region have been
impacted by human activities, which adversely affects
native fish, as it is the possible cause of extinction of
several freshwater fish species (e.g., Chirostoma
bartoni and C. charari) (Dominguez-Dominguez et al.,
2006; Mercado-Silva et al., 2009). Also, the intro-
duction of species can alter the chemical and physical
composition of freshwater ecosystems (Contreras-
MacBeath, 2005), and there is little understanding of
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their effect on these systems, particularly on the
population decline of the native species (Mitchell &
Knouft, 2009).

The population structure of non-native fish species
with invasive potential has been poorly documented.
Such is the case of the Poeciliidae family species in
Mexico, where they have been widely introduced into
freshwater ecosystems, mainly by aquarists or as
stowaways in the process of introducing fish species of
commercial importance (Mejia-Mojica, 1992). An
example of a poeciliid invasive species is Poeciliopsis
gracilis, which is native of the Atlantic slope in the state
of Veracruz and Oaxaca (Miller, 2009). This species
can survive in lentic and lotic systems, tolerates poor
water quality, and has a high reproductive rate (Mejia-
Mojica, 1992). However, studies about this species are
scarce and highly localized (Goémez-Marquez et al.,
2008). This species has been introduced in the Balsas
River (states of Michoacdn, Guerrero, and Morelos)
and the rivers of the Sierra Gorda Biosphere Reserve
(SGBR) located in the state of Queretaro (Miller,
2009). In particular, the SGBR is considered one of the
most important preserved zones of Mexico, with many
endemic fish species, and the impact of the introduction
of the non-native P. gracilis on native fish is of concern
(Soto-Galera et al., 2019).

One of the native fish species in the SGBR is
Poecilia mexicana which occurs together with P.
gracilis in the Jalpan River. This river has an
environmental gradient of physical conditions of the
habitat, caused by anthropic activities (Torres-Olvera,
2018).

In freshwater systems, the anthropic activities
impart detrimental effects on native fish but are
advantageous for non-native fish (Ramirez-Herrejon et
al., 2014; Ramirez-Garcia et al., 2017). The negative
effect on aquatic ecosystems caused by anthropic
activities open new "vacancies" understood as opportu-
nities to reproduce, feed and take refuge for species
with higher tolerance capacities to environmental
stressors and more adaptable to the new environment
(Ruiz et al., 1999). Moreover, as a result of
degradation, the quantity and quality of critical habitats
for native organisms are altered, and native species are
more vulnerable to competition and depredation by
non-native species, which can be more tolerant of this
condition (Meador et al., 2003). Even more, the degree
of biological invasion can be an indicator of freshwater
systems degradation on a larger scale, for example, if
the invasive species are detected in the upper, middle
and lower zones of one basin (Karr et al., 1985; Hughes
& Gammon, 1987).

On the other hand, the construction of dams has
hindered the connectivity of river flows and has

increased the abundance of lentic habitats, facilitating
the existence of non-native species (Havel et al., 2005,
2015). This advantage maybe even more important
when the origin of the non-native species is related to
lentic systems, such as fishes of the Poeciliidae family.
In this sense, the physical anthropic degradation of the
Jalpan River is mainly caused by the two dams, the
Presa Jalpan and the Presa Vieja, that were constructed
more than 30 years ago. The Presa Jalpan works as a
functional dam and represents a point of retention of the
flow in the Jalpan River, and the Presa Vieja is a non-
functional dam, which structure represents a point of
diversion of the flow (Torres-Olvera, 2018). The
limitation of the river flow during most of the year has
caused that it became in a continuum of interconnected
deep and shallow pools (Torres-Olvera, 2018). This
phenomenon seems to turn the lotic ecosystem into
various interconnected lentic systems; in this context,
the interrupted connectivity of water flow and the
higher level of disturbance act as stepping-stones for
the dispersal of the exotic species making it susceptible
to invasion (Havel et al., 2005).

For these reasons, the Jalpan River offers a unique
opportunity to research the ecological interaction
between two fish species of the same family, with
similar ecological function but different origin;
specifically, the relationship between the population
structure of both species and the habitat characteristics,
which have not been yet documented. We hypothesized
that the non-native fish species could be favored by
environmental degradation, unlike the native fish,
which usually are negatively impacted by anthropic
activities on aquatic ecosystems. We expected a more
notable size structure and higher condition factor and
reproduction rate of P. gracilis. The study aim was to
describe the population structure of P. gracilis and P.
mexicana in an environmental quality gradient in a
subtropical river.

MATERIALS AND METHODS

Study area

The Jalpan River is located in the north of the state of
Querétaro, Mexico, between 21°6’N, 99°36°’W and
21°22°N, 99°20°W. Nine study sites along the river
were selected (based on visual-based habitat assess-
ment (VBHA)), from its origin to the union with the
Santa Maria River (Fig. 1). The sites selected were:
Purisima de Arista (PA), Trapiche (TR), Presa Vieja
(PV), La Playita (PL), Puente USEBEQ (PU),
Saldivefia (SG), Rio Adentro (RA), Desembocadura
(DS) and Santa Maria (SM). On each site, we defined
one river section as the equivalent to five times the river
width, based on the maximum riverside distance,
following the official criteria of the ecological flow in
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Figure 1. Location of the study sites along the Jalpan River, Mexico.

Mexico (NMX-AA-159-SCFI-2012; DOF, 2012). The
river sections were selected to make the sampling area
among sites comparable.

The study was carried out during the dry season at
three different times. The first fieldwork was done
during April-May 2016; the second was made in the
driest season before the rains in July 2016, and the third
one was made in the early dry season of December-
January 2017. The rainy season (August-November
2016) was not included in the research because the
Jalpan River represents a type A river, following the
stream classification of Rosgen (1985), where the
increase of the river flow makes impossible safe
sampling. The fieldwork was done during the dry
season because i) the dry season represents a more
stable habitat condition (Lyons et al., 1995; Pérez-
Munguia et al., 2007), ii) human impacts are enhanced,
creating spatial variation along the length of the river
system, and, iii) to compare with previous studies
because research on river ecology is commonly done
during the dry season (Moncayo-Estrada et al., 2015).

The environmental quality gradient in the study
sites was evaluated through the physical condition of
the river, the riparian vegetation condition, and the

physical and chemical characteristics of the water. The
physical condition of the river was estimated with the
attributes described in the visual-based habitat
assessment (VBHA) proposed by Barbour et al. (1999).
It includes variables as sinuosity, materials of the
substrate and the banks, sediment retention points,
condition of riparian vegetation and riparian zone, and
the status of the floodplain. These variables showed the
structure of the adjacent physical habitat that affects the
condition of the resident aquatic community (Barbour
etal., 1999), and this physical structure does not change
with the rainy season; for this reason, we evaluated it
only once to represent the dry season. This method
classifies the habitat quality in four categories, optimal,
sub-optimal, marginal, and poor.

The VBHA have two approaches, one designed for
high-gradient streams and one designed for low-
gradient streams. The natural high-gradient streams
have substrates composed mainly by coarse sediment
particles, such as gravel, and the combination of
riffle/run is predominant. The natural low-gradient
streams have substrates composed mainly by fine
sediment particles, such as sand, and the combination
of glide/pool is predominant (Barbour et al., 1999).
Based on these approaches, eight sampling sites were
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Table 1. Habitat quality gradient of each study site in the Jalpan River based on the visual-based habitat assessment (VBHA)

and the Riparian Quality Index (RQI).

Sites Gradient VBHAvalue  Category  RQIl value  Category
Purisima de Arista  High 71 Poor 75 Moderate
Trapiche High 114 Marginal 110 Good
Presa Vieja High 79 Poor 96 Moderate
La Playita High 101 Poor 69 Poor
Pte. USEBEQ High 120 Marginal 41 Poor
Saldivefa High 93 Poor 52 Poor
Rio Adentro High 137 Marginal 130 Very Good
Desembocadura High 122 Marginal 147 Very Good
Santa Maria Low 155 Sub-optimal 148 Very Good

located in high gradient, and only Santa Maria was
considered as a low gradient (Table 1).

The riparian vegetation condition was assessed with
the riparian quality index of Gonzélez del Tanago &
Garcia de Jalén (2011), which includes variables as the
width of riparian corridor, longitudinal continuity,
lateral and vertical connectivity, the structure of
vegetation and age diversity. The physical and
chemical characteristics of the water, including water
temperature (C°), pH, dissolved oxygen (mg L), total
dissolved solids (mg L), oxidation-reduction potential
(mv), transparency (cm), and turbidity (NTU), were
measured for triplicate with a multisensor Hydroment
Quanta (Loveland Colorado, USA). The combination
of this information provides the possible presence of
physical and chemical stressors that could affect the
aquatic community (Barbour et al., 1999).

Sampling was carried out during the day, between
10:00 and 15:00 h, including all potential habitat of
poeciliid fish along the river section selected for each
study site. Fish were captured with several fishing
techniques: cast net (4.0 m wide, 0.53 mm mesh size),
electrofishing (120 V, 60 Hz, 0.6-0.8 A), seine net (2.0
m wide, 1.5 m high and 0.005 m mesh size), and hand
nets (400 mm wide, 50 mm mesh size), to ensure the
capture of different sizes of poeciliid fish in all hydro-
morphologic conditions. The capture effort was 30 min
for each fishing technique, which was used along each
river section. Fish were preserved in 70% ethanol and
transported in plastic containers to the Laboratory of
Biotic Integrity of the Autonomous University of
Queretaro, Queretaro City, where they were identified
(Miller, 2009), counted, measured (0.01 mm), and
weighed following the criteria of Contreras-MacBeath
& Ramirez-Espinoza (1996).

Population size-structure was analyzed along the
VBHA because it evaluates the habitat structure that
influences water quality and the physical condition in
which the aquatic community resides (e.g., variety and
substrate quality, channel morphology and riparian
vegetation), it also characterizes the micro-scale habitat
(e.g., estimation of embeddedness) and macro-scale
(e.g., channel morphology). We grouped all the data
into standard length (SL) ranges following Sturges
(1926). We calculated overall population abundance
(juveniles, males, and females together) per sampling
occasion as the ratio between the total number of
captured fish (total n) and the estimated occasional-
specific values of P < 0.05 for all the individuals pooled
into a single group. Sex ratios were calculated as the
ratio between the estimated number of adult females
and males present in each population; the statistical
significance of the sampling sites ratio results was set
by a fit to the Chi-squared test (x?), using a P < 0.05
value (Sparre & Venema, 1997). The frequency of the
gonadic maturity stages was estimated, according to
Contreras-MacBeath & Ramirez-Espinoza (1996)
(Table 2). The fish condition was assessed with Fulton's
condition factor (K), used to compare the "condition”
or "fatness” of fish, based on the assumption that
heavier fishes of a given length are in better condition
(Froese, 2006). SL at first maturity (L50) was related to
SL using the logistic regression model to fit sigmoid
curves according to the equation: M(L) = 1/(1+e(3-*D),
Confidence limits were derived by Bayesian inference
based on stochastic simulation. The allometric growth
model was evaluated by linear regression, calculating
the values of a and b of the equation W = aL®, where:
W is the body weight, L is the standard length, b is the
growth exponent, or length-weight factor, and a is a
constant. The values of a and b were estimated using a
linearized form (Froese, 2006), Tukey-test to evaluate
significant differences in SL and weight between sexes.
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Table 2. Gonad maturity phases of viviparous fish (Contreras-MacBeath & Ramirez-Espinoza, 1996).

Phase

Description

Stage | (immature)

Stage |1 (first reproduction)
Stage 11 (ripening)

Stage 1V (ovules and
embryos)

Stage V (pre-parturition)

Stage VI (spent)

The ovaries were fusiform in shape and slightly thinner in their distal
portions. The color of the ovaries ranged from white to white-yellowish.
The ovaries were flaccid, and their colored ranged from white to yellow.
The ovaries were amber in color due to the ovules, which measured from
0.6 to 3 mm in diameter.

The ovaries had a mean width of 5.2 mm and a weight of 0.37 g. Embryos
of different developmental stages were present and were rolled over
themselves and positioned randomly in the gonad. Small white ovules were
also found in some ovaries. Frequently up to three broods at different
stages of development were observed in a single female, thus indicating
the existence of superfetation.

These ovaries had a mean width of 5.4 mm and a weight of 0.54 g. They
were amber or brown-yellowish in color and had large, well-developed
embryos.

The ovaries were elongated, flaccid and white, without embryos or ovules.
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RESULTS

Habitat condition

We found a habitat quality gradient along the Jalpan
river, where the values of the VBHA classified the
study sites into three of four categories: poor, marginal,
and sub-optimal; the optimal category was not found.
The poor category included four study sites: Purisima
de Arista, Presa Vieja, La Playita, and Saldivefia. These
sites had substrate favorable for epifaunae, such as
gravel, cobble, and boulder, but more than 75% of the
habitat was surrounded by heavy deposits of fine
sediment and mostly presented standing pools. The
occurrence of riffles was infrequent. The riparian
vegetation structure was not well-represented due to
human activities, such as agriculture, cattle raising, and
urbanization. The marginal category included four
study sites: Trapiche, Puente USEBEQ, Rio Adentro,
and Desembocadura. This category showed substrate
favorable for epifaunal colonization and fish cover, but
the sediment deposition increased in bar formation,
mostly from gravel, sand, and fine sediment. The
channelization process was present; however, the
occurrence of riffles was relatively frequent. The
streambanks surface was generally protected by well-
structured riparian vegetation, and the riparian zone
showed minimal human impacts. The sub-optimal
category was represented by the study site, Santa
Maria. This category presented a mixture of substrate
favorable for epifaunae such as roots, submerged
vegetation, woody debris, submerged logs, a mix of
snags, and undercut banks. The channelization,
dredging, and the sediment deposition were absent or
minimal, and the vegetation of the riparian zone was
preserved (Table 1).

The values of the Riparian Quality Index (RQI)
showed four categories: poor, moderate, good, and very
good. The category of poor included three sites: La
Playita, Puente USEBEQ, and Saldivefia, where the
width of the riparian corridor was fragmented by
human action, with few vegetation forms, mainly adult
individuals, soil surface sealed and riparian substratum
substituted by inert materials. The category of moderate
included two sites: Purisima de Arista and Presa Vieja,
where the riparian corridor appeared in patches with the
scarcity of understory strata, scarce representation of
youngest age classes, and embankments infrequent. In
general, the topography and substrate particle size had
moderate alterations. The category of good was found
in one site: Trapiche and the category of very good were
found in three sites: Rio Adentro, Desembocadura, and
Santa Maria. These four sites showed continuity and
coverage of riparian corridor in a natural condition,
well-structured riparian vegetation with all age classes,
channel and floodplain topography in a natural
condition, and soil surface covered by vegetation
detritus.

Physical and chemical parameters

The Santa Maria River showed the highest values of
water temperature (26.47 + 2.20°C), specific conduc-
tivity (0.70 £ 0.07 mS cm™), dissolved oxygen (7.17 +
0.93 mg L%, oxygen saturation (111.24 + 7.54%),
oxidation-reduction potential (212.88 + 63.29 mv), and
turbidity (28.04 = 30.40 NTU). The study site Rio
Adentro showed the lowest water temperature (20.18 +
3.18°C). The lowest value of specific conductivity was
found in the Puente USEBEQ (0.35 + 0.06 mS cmY),
and the lowest value of dissolved oxygen (4.91 + 1.04
mg L1 in Saldivefia. Trapiche showed the lowest value
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Table 4. The number of captured individuals and sex ratio (female:male) of Poecilia mexicana (y?= 8.44, P = 0.001) and
Poeciliopsis gracilis (2= 5.06, P = 0.020) in the three categories of habitat quality during April-May- 2016, July 2016 and
December 2016-January 2017 in the Jalpan River. ID: Insufficient data. *P < 0.05.

Species Poor  Marginal Sub-optimal
P. mexicana 348:261  111:22 14:6
April-May 2016 31 31 ID
July 2016 2:1 4:1 31
December 2016-January 2017 2:1 14:1 1:1
Total 1:1 5:1* 2:1
P. gracilis 187:43 34:16 357
April-May 2016 31 2:1 ID
July 2016 5:1 1:1 4:1
December 2016-January 2017 31 14:1 ID
Total 4:1 2:1 5:1
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Figure 2. Structure of sizes in the three categories of visual-based habitat assessment (poor, marginal, sub-optimal) for
females (Q) and males (&) of Poecilia mexicana (Pm) and Poeciliopsis gracilis (Pg) in the Jalpan River. a) Poecilia
mexicana female data, b) Poecilia mexicana male data, ¢) Poeciliopsis gracilis female data, d) Poeciliopsis gracilis female

data.

For P. gracilis, significant differences were
observed (P < 0.0001) between sizes and weight by
habitat category; females showed the smallest mean
sizes and the lowest mean weight (F=52.17; P =0.001)
in the poor category (SL = 30.1 £ 8.0 cm and weight=
0.5 + 0.4 g) and the largest mean sizes in the sub-
optimal category (SL = 47.6 + 10.1 cm), highest mean
weight in the marginal category (2.9 £ 2.84 g). For
males, the smallest mean sizes (F = 4.46, P = 0.0150)
were present in the marginal category (SL = 23.8 + 3.8
cm) and the highest in the sub-optimal category (SL =
30.3 £ 3.3 cm), the highest mean weight was in the sub-

optimal category and the lowest in poor and marginal
categories (0.2 + 0.1 g). Males showed negative
allometric growth in the three categories. Females
showed negative allometric growth in the poor category
and positive allometric growth in the marginal and sub-
optimal categories (Table 5). Females of P. mexicana
did not present significant differences between the
mean size in the three categories (P > 0.1). The males
showed significant differences and the biggest size (SL
= 50.1 £ 8.0 cm; P < 0.0001) in the sub-optimal
category. The weight of females and males presented
significant differences. Poor category presented the lowest
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Figure 3. Frequency of individuals of each gonad stage in the three categories of habitat quality for females (?) and males
(&) of Poeciliopsis gracilis (Pg) and Poecilia mexicana (Pm) in the Jalpan River. a) Poeciliopsis gracilis female data, b)
Poeciliopsis gracilis male data, ¢) Poecilia mexicana female data, d) Poecilia mexicana male data.

Table 5. Mean standard length (SL) + standard deviation (SD), mean weight + SD, and the determination coefficient (R?)
between SL (cm) and weight (g) for Poecilia mexicana and Poeciliopsis gracilis by females and males in the three categories
of habitat quality: poor, marginal and sub-optimal. *Positive allometry (b > 3), negative allometry (b < 3). Tukey test
(superscript a and b) showed significant differences in SL between habitat category.

Species Mean SL + SD Mean weight + SD a b R? P<0.01
? d ? d ¢ 4 ? d ? d

P. mexicana

Poor 447+13.8% 39.2+82% 27+28 13+08 017 009 5.26* 226 0.76 0.77

Marginal 47.7+15.1° 419+112® 37+28 23+16* 0.17 012 4.65* 280 0.84 0.67

Sub-optimal 48.5+10.9° 50.1+80* 30+17® 36+18® 015 022 4.37° 7.41* 0.90 0.84

P. gracilis

Poor 30.1+8.0*0 246+39* 05+040*® 02+0.1* 0.04 0.02 091 031 0.89 0.44

Marginal 444 +18.7° 23.8+3.8° 29+284°> 02+01* 0.14 0.02 356" 0277 094 0.72

Sub-optimal  47.6 +10.1°> 30.3+3.3" 25+173%* 04+01* 015 003 4.72* 056 0.78 0.91
weight (2 =2.7+28¢g, 5 =13+0.80). DISCUSSION

Females showed positive allometric growth in the
three habitat condition categories; however, males
presented negative allometric growth in the poor and
marginal categories and positive allometric growth in
the sub-optimal category (Table 5).

Our results did not show evidence that non-native
poeciliid fish species were favored or native poeciliid
fish were negatively impacted by anthropic impacts. It
supports the hypothesis of Light & Marchetti (2007)
and Ramirez-Herrején et al. (2014), who mentioned
that the effect of exotic species should not be estimated
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or inferred only with its presence, density or
abundance. Therefore, it is imperative to know the
ecological elements involved in the invasion process,
such as the population structure and habitat charac-
teristics.

We found differentiation of fish size structures as
well as on the stage of development and sex ratio,
according to the habitat quality in the river. The habitat
category variation from poor to sub-optimal and the
physical and chemical characteristics of the water were
not related to the biological condition of the two fish
species' populations. The habitat processes, such as the
habitat structure, amount of canopy cover, and the input
of allochthonous food items, affect the food availability
and the population structure of poeciliids (Olinger et
al., 2016). According to the environmental categories
found in the Jalpan River, the poor habitat category
showed the highest frequency of fishes of both species,
and this habitat category had the lowest values of water
turbidity, which favored the visibility of fish to find
food.

The pH values indicated that the water is slightly
alkaline to alkaline in the Jalpan River (Wetzel, 1983),
which represents the optimal pH condition for
viviparous species like poeciliids (Scott, 1987). The
water temperature was similar in the poor and marginal
categories (21.27°C), which is the optimum for both
species in the Jalpan River, and similar values were
reported for other poeciliids (Navarrete et al., 2004;
Elias-Fernandez et al., 2006). Conductivity in the three
categories in the Jalpan River was relatively low
because typical values in aquatic systems range from 50
to 500 mmhos cm'*; the highest water conductivities are
usually related to high amounts of organic matter
(Margalef, 1995).

The sub-optimal category is represented by the
Santa Maria River; this study site showed the highest
values of temperature, dissolved oxygen, specific
conductivity, total dissolved solids, percentage of
oxygen saturation, and oxide reduction potential.
Moreover, the speed of the water flow was > 0.3 ms™,
which does not allow high densities of poeciliids fishes.
Both species could only inhabit the shallow shores
covered by aquatic vegetation, which represented
<10% of the available habitat. This sub-optimal
category represents the best habitat condition in the
study zone. Even if sites with optimal quality had been
found, the results would be similar, because the habitat
elements that were negatively affected by human
activities are not in the active channel. The adverse
effects caused by urbanization or agriculture can be
observed on the riparian vegetation, located more than
10 m away, not on habitat quality within the riverbed.
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Figure 4. Fulton factor (K) average and standard error for
females () and males (3 of Poecilia mexicana (Pm) and
Poeciliopsis gracilis (Pg) in the Jalpan River, between a)
the three categories of habitat quality (poor, marginal and
sub-optimal, and b) seasons. Ap-Ma: April and May 2016,
Jul: July 2016, De-Ja: December and January 2017.

Adult-based sex ratios in both sexes are well-known in
the Poeciliidae family, which is composed mostly of
species with an accentuated sexual dimorphism
(Vargas & Sostoa, 1996). More generally, males of ma-
ny species are often thought to be more vulnerable to a
range of physiological stressors and also to extreme
temperatures (Snelson, 1989) and parasites (Zuk &
McKean, 1996). Several studies have suggested a
dominance of females over males in poeciliid species
(Contreras-MacBeath & Ramirez, 1996; Go6mez-
Marquez et al., 2008; Zufiga-Vega et al., 2012; Loran-
Nufez et al., 2013; Ramirez-Garcia et al., 2018), except
Urriola-Hernandez et al. (2004).

Females reached larger sizes than males in the three
categories of habitat conditions for both species.
Poeciliids males stop growing once they have
completely formed the gonopodium, and they do not
live long after reaching sexual maturity (Snelson, 1984,
1989) cited in Gémez-Marquez et al. (2008). Also, the
decrease in growth rate is because a mature male
organism spends more energy in ecological processes,
such as reproduction (Hepher, 1993). It has been
suggested that males face higher predation risk than
females because of their bright coloration, plainly
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courtship displays, reduced vigilance during courtship,
and smaller size (Snelson & Wetherington, 1980;
Winemiller, 1993). Our results showed that the biggest
sizes for females and males of both poeciliid species
were found in the sub-optimal category. However, in
the poor category, the species are well-established; they
have a complete size-structure and different gonads
stages, from juveniles (stage I, 11 and I11) to mature (1V,
V, VI), which means that those sites present the best
environmental condition for fish survival. The sub-
optimal category showed a lower frequency of
individuals, and not all gonadal stages were found.
Females and males of both species showed a good
condition in the three categories of habitat condition,
which indicates that fishes from the Jalpan River are
healthy. However, we hypothesized that fish develop-
ment depends on their interactions with the
environment, which were reflected in morphological
changes. Our results revealed that Poeciliopsis gracilis
and Poecilia mexicana positive allometric growth
depends on sex and habitat characteristics. The females
of P. gracilis showed positive growth, except in the
poor category. The males of P. mexicana showed
negative growth, except in the sub-optimal condition,
which suggests that body parts do not grow at a similar
rate, and thus fish grow in length more than in weight.
Similar results have been found in other species, such
as Poecilia sphenops (Martinez-Trujillo, 1983; Gémez-
Marquez et al., 2016; Ramirez-Garcia et al., 2018), P.
gracilis (Contreras-MacBeath & Ramirez-Espinoza,
1996; GOmez-Marquez et al., 2008), and Pseu-
doxhiphorus bimaculatus (Ramirez-Garcia et al.,
2018). However, Contreras-MacBeath & Ramirez-
Espinoza (1996) reported isometric growth for P.
gracilis.

The increase in population density for both species
can be associated with the presence of predatory fish
because generally, the biological populations with r-
reproductive strategy react by increasing their
reproductive activity with a middle level of predation
(Lampert & Sommer, 1997). The poor category site of
the Jalpan River had the most abundant population of
Micropterus salmoides, an exotic top predator fish
(Mendoza-Sanchez, 2018). Moreover, in the poor
condition, the anthropic effect has caused changes in
riparian and bank structure features, mainly by
agricultural, livestock, and urban activities that provide
nutrients and fine sediments to the river. Such changes,
offered to P. mexicana and P. gracilis ecosystems with
more productivity, with the presence of filamentous
algae and the most considerable habitat complexity
with several refuges available, such as hollows, roots,
woody debris, leaves, and rocks with high coverage of
aquatic vegetation (Torres-Olvera et al., 2018). The
differences in growth and density found are consistent
with Reznick et al. (2008), who argued that the

poeciliid shows a higher density in sites with more food
availability and a reduced effect of the predator, which
also coincides with the study made in the Teuchitlan
River (state of Jalisco) by Ramirez-Garcia et al. (2018).
They found that two poeciliid species, P. bimaculatus
and P. sphenops, increased their popu-lation density in
habitats with high coverage of different aquatic
vegetation, high amounts of organic matter on the
bottom, and high primary productivity.

Our results support the environmental heterogeneity
hypothesis of invasions of Melbourne et al. (2007),
who argued that habitat heterogeneity could increase
the probability of invasion success and reduces the
negative impact on native species. Moreover, optimal
habitat quality is not necessarily a barrier against the
establishment of non-native species (Leprieur et al.,
2008). For this reason, we hypothesized that Jalpan
River has an environmental gradient that offers habitat
heterogeneity, which supports the establishment of
invasive fish populations, and coexistence mechanisms
with native fish, that is not feasible in a homogeneous
habitat. Coincidently with Karr et al. (1985) and
Hughes & Gammon (1987), the increase in the degree
of involvement of an invasive species on a native
species may be an indicator of ecosystem degradation.
Moreover, Meador et al. (2003) mentioned that the
introduced fish species richness could be used as an
indicator of disturbed stream systems at large geogra-
phic scales, and Kestrup & Ricciardi (2009) found that
environmental heterogeneity can limit the dominance
of invasive species in freshwater ecosystems.

Also, there are ecological attributes involved in the
invasion process, such as the tolerance of fish species.
We assumed that the native fish are usually sensitive to
anthropic activities. However, there are native fish
species that can resist environmental degradation, and
they can be even more tolerant than exotic species
(Ramirez-Herrejon et al., 2014). We also assume that
P. gracilis is more tolerant than P. mexicana based on
their origin. However, some studies have argued that P.
mexicana is widely distributed in the Atlantic slope
(Miller, 2009). Therefore it can inhabit different types
of ecosystems, even when the level of dissolved oxygen
in the water is extremely low (Plath et al., 2003). This
species is one of the largest species in the family
Poeciliidae (Miller, 2009), it has high reproductive
rates, and it can feed on filamentous algae, diatoms,
aguatic vegetation and insects larvae (Plath et al., 2003;
Olinger et al., 2016), that represents the more available
elements in aquatic ecosystems. Even more, some
studies assumed that P. mexicana is an exotic species
in the Pacific slope and that it can exclude native fishes
of Goodeid family by food competition (Escalera-
Vazquez, 2006). All these ecological attributes are
typical of fish species that can tolerate environmental
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degradation. This fact allows us to show new evidence
to support the hypothesis of Light & Marchetti (2007),
Kestrup & Ricciardi (2009) and Ramirez-Herrején et
al. (2014) who have argued that the abundance of
invasive species does not probe adverse effects on
native species. Instead, it is necessary to know the
ecological attributes of the native species.
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