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Abstract: Specimens of P. gracilis were collected 
in the Santiago River under the Jihuico bridge, 
which were acclimatized and maintained at 25 
°C to carry out the necessary evaluations in the 
laboratory. The critical temperatures (Tcmin: 
9.2 °C, Tcmax: 40.8°C) and the preferred 
temperature range (Tp: 27.9 – 29.2 °C) were 
determined. Likewise, performance tests were 
carried out under different thermal treatments 
to generate a locomotor performance curve. 
With the best model for the performance 
curve, it was determined that the temperature 
range in which organisms can swim from 
their maximum speed to 80% of this value 
is B80: 21.4 to 35 °C. Additionally, data from 
the National Collection of Mexican Fresh 
water Fishes (ENCB-IPN-P) were consulted 
to obtain records of the species in the Pánuco 
basin and the availability, use and preference 
of habitat was calculated, the thermal limits 
in field for the species 17.2 – 32.5 °C, with a 
thermal preference range of 27.5- 30 °C. The 
thermal preference ranges and the range of 
optimal temperatures estimated with field data 
coincide with those obtained in the laboratory.
Keywords: Thermal ecology, Poeciliopsis 
gracilis, critical temperature, preferred 
temperature, optimal temperature.

INTRODUCTION
Poeciliopsis gracilis (Heckel, 1848) is a 

small-sized viviparous fresh water fish that 
belongs to the Poeciliidae family, native to 
the Papaloapan basin (Miller et al., 2005). 
According to the Eschmeyer catalogue, it 
is distributed from Mexico to Honduras on 
the Atlantic slope and was introduced in 
California, the USA and Venezuela (Fricke et 
al., 2020). In recent years it has extended its 
distribution area towards the interior of the 
continent, translocating to the rivers of the 
Pánuco and Balsas basins (González et al., 
2017). This species has been widely studied 
in Mexico, however, there are no studies that 

address the thermal aspects of the species, 
these are of great importance since they are 
among the priority factors to understand how 
a species adapts and uses its environment 
(Payne et al., 2016).

In aquatic environments, temperature is 
the factor that has the greatest effect on the 
development, growth and survival of fish 
while other factors may or may not be present 
to exert their effects (Hernández-Rubio and 
Figueroa-Lucero, 2013). For all practical 
purposes, fish are considered obligate 
thermoconformists, that is, their specialized 
metabolic or behavioral attributes have little 
significant influence on the maintenance of 
body temperature, therefore, it fluctuates 
depending on the temperature of the aquatic 
environment. (Coutant, 1976).

Poeciliopsis gracilis (Heckel, 1848), is a 
small species; in its description the maximum 
size of males in the adult stage is 30 to 40 
mm and 50 to 60 mm in females (Miller et 
al., 2005), although Álvarez del Villar (1970), 
mentions a maximum standard length of 73 
mm, its body is elongated and slightly robust, 
light yellow in color, with eight to ten large 
dark spots of irregular shape whose diameter 
is almost as large as the orbit of the eye located 
on the middle side of the body, the belly is 
light in color, the pectoral and pelvic fins are 
slightly yellow, the anal fin has a dark edge, 
it is a viviparous species, whose reproduction 
occurs throughout the year, as long as the 
habitat allows it. be favorable (Álvarez del 
Villar, 1970., Huidobro, 2000).

The set of studies that relate the effect of 
temperature to the development of organisms 
or to the interaction between them is called 
thermal ecology (Angilletta et al., 2002; 
Gómez-Hoyos et al., 2016.). Two main aspects 
of thermal ecology play a central role in 
shaping distribution patterns:

1) temperature tolerance and
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2) temperature-dependent effects on 
performance (Angilletta et al., 2002).

The effects of temperature on performance 
within the tolerance range can be visualized 
using the performance curve as a function 
of temperature. Thermal performance 
curves are graphs of the reaction norm to 
which one or more characters of a product 
are linked. organism (jumping capacity, 
reaction speed, swimming speed, resistance, 
oxygen consumption, etc.) with its response 
to different temperatures, thus allowing 
us to describe the phenotypic plasticity of 
response of organisms to the conditions of the 
environment that they encounter. surrounds 
(Huey and Stevenson, 1979).

Habitat is defined as: the place where there 
are resources, physical and biotic conditions 
that allow the survival, reproduction and 
establishment of an organism (Lubin et al., 
1993). Habitat use is the way in which an 
organism takes advantage of all its physical 
and biological components (Montenegro and 
Acosta, 2008). Habitat preference is evaluated 
at the population level and is understood as 
a consequence of selection. Preference is a 
hierarchical process that involves genetic 
and learned decisions, which result in the 
asymmetric use of resources in a non-random 
manner, by each individual (Krausman, 1999; 
Underwood et al. 2004), an ideal habitat is 
one that favors the development, growth and 
reproduction of a species (Persson, 2003). 
Habitat preference is evaluated through the 
organism’s use of some resources, therefore, 
it is an indirect evaluation of its evolutionary 
history (Litvaitis et al., 1994).

In this project, some aspects of the thermal 
ecology of Poeciliopsis gracilis are analyzed, 
with the intention that the results obtained 
can be used as inputs in mixed ecological 
niche analysis that can be used to locate sites 
of high suitability for the establishment of the 
species. in basins of the country.

METHODS
Using electrofishing, specimens of P. 

gracilis were collected in the Santiago River, 
located in the Metztitlán Valley, Hidalgo 
state, under the bridge in the town of 
Jihuico (20°32’30’’N and 98 °43’35’’W), the 
temperature recorded in the water at the time 
of capture was 25°C.

The organisms were acclimatized to 
laboratory conditions trying to maintain 
the levels of temperature, hardness and 
O2 concentration recorded at the time of 
collection. These conditions were monitored 
and kept constant during the time in which 
the tests were carried out.

DETERMINATION OF CRITICAL 
TEMPERATURES
To determine the minimum and maximum 

critical temperatures (Tcmin and Tcmax), 
20 adult organisms of each sex, with similar 
sizes, were randomly selected (males between 
3 and 4 cm, females between 3 and 3.6 cm). 
Adult males were identified by the presence of 
a well-defined gonopodium, and non-gravid 
females were selected (they did not present 
an abdominal protuberance or gravid point) 
(Pérez-Osorio et al., 2014).

Once the organisms were selected, the 
method proposed by Elliot (1981) was followed, 
which consists of increasing or decreasing the 
temperature of the organism at a rate of 3 °C 
per minute, this way acclimatization of the fish 
to intermediate temperatures is not allowed. 
Critical temperatures were calculated as the 
arithmetic mean of the collective thermal 
points at which each organism presents 
loss of balance or disorganized locomotor 
movements (Lowe and Vance, 1955).
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DETERMINATION OF PREFERRED 
TEMPERATURES UNDER 
LABORATORY CONDITIONS
To determine the preferred temperatures 

under laboratory conditions, ten adult males 
of similar sizes (3.5 - 4.0 cm) and ten non-
pregnant adult females of similar sizes (3.5 - 
4.0 cm) were used.

- 4.0 cm). To develop the test, a device 
similar to the one proposed by Buckle et al. 
was implemented. (2003). The test was carried 
out by placing the organisms in the center 
of the system, with a temperature of 25° C 
and allowing them to explore the system for 
half an hour. After this time, their position 
and temperature were recorded every five 
minutes for half an hour (Pulgar et al., 2005). 
Once all the tests were carried out, the mean 
and standard deviation were obtained. To 
determine if there were significant differences 
between preferred temperatures of males 
and females, an ANOVA test was carried 
out using the Past 3.21 software (Hammer et 
al., 2001). To verify the normal distribution 
and homoscedasticity of the data, Shapiro-
Wilk and Levene tests were performed using 
the same program. Finally, the interval of 
preferences and avoidance was determined 
according to the interquartile method 
proposed by Hernández- Rodríguez and 
Bückle-Ramírez (2010), which considers the 
distance between the third quartile (Q3) and 
the first quartile (Q1), that is: Q3 - Q1.

DETERMINATION OF OPTIMAL 
TEMPERATURAS
The optimal temperature was obtained 

through locomotor performance tests 
as a function of temperature, applying a 
mechanical stimulus to the tail fin of each 
organism. The tests were carried out with ten 
organisms of each sex, of similar sizes and 
same reproductive conditions (non-pregnant 
females), considering that the same specimen 

cannot take part in continuous tests, in order 
to avoid its acclimatization (Botero, 2004).

Five temperatures were selected between 
Tcmin and Tcmax (15 °C, 20 °C, 25 °C, 30 
°C and 35 °C). The fish with which each test 
was developed were placed in a fish tank at 
the maintenance temperature with oxygen 
supply and temperature monitoring. The fish 
tank was brought to the test temperature. This 
process was carried out for one hour to allow 
the fish to have a long acclimatization process 
and was kept constant for two hours prior to 
the test (LeRoy et al., 2017).

After the acclimatization time had elapsed, 
the fish were subjected to a modification of 
the mechanical stimulus test proposed by 
Gerick et al. (2014). They were placed in the 
container (one at a time) for one minute to 
allow the organism to explore the new space 
and at the same time to avoid the stress of the 
change of environment; later, the mechanical 
stimulation was performed. The test was 
repeated three times to find the best answer. 
Each test was filmed from the top of the lane, 
the videos were analyzed frame by frame and 
the best performance was recorded, evaluated 
as the greatest distance (cm) traveled in the 
first second immediately after the stimulus.

The estimation of the best model for the 
locomotor performance curve was performed 
by fitting generalized linear models (GLM), 
generalized additive models (GAM) and 
generalized mixed additive models (gamm). 
The analyzes were carried out using the “glm”, 
“gam” and “gamm” functions of the MGCV 
library (Wood, 2011) and the gam library 
(Hastie, 2019), and the use of the “ISLR” 
libraries was also required. (Gareth et al., 
2017), “voxel” (Garcia de la Garza et al, 2018), 
tidyverse (Wickham et al., 2019), and ggplot2 
(Wickham, 2016) using the R-project v3.4.3 
program ( R Core Team, 2019): The response 
variable of the analyzes was the performance 
data, considered as the maximum distance 
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traveled in the first second immediately after 
the mechanical stimulus and the predictive 
variable was the temperature of the treatments 
evaluated. The analyzes considered, in 
addition to the treatment performance and 
temperature data, the sex and pattern length 
of the fish (SVL). Different tests were carried 
out to explore the suitability or not of linear 
or non-linear functions for each term, in 
addition to exploring random effects. The 
resulting models were chosen by means of 
the lowest value of the Akaike information 
index or AIC (Akaike Information Criterion 
by   its acronym in English) and an anova test, 
tests carried out through the aforementioned 
bookstores.

From the best model, the R2 value was 
verified, which allowed us to determine 
the amount of information that the model 
is capable of explaining, and therefore the 
predictive power of the generated model, 
in addition to the explained deviance, 
which is a measure of the variability of the 
model. Subsequently, from the best model 
generated, the optimal temperature range B80 
was obtained, which corresponds to those 
temperatures at which the organisms reach 
their maximum performance up to 80% of 
this value. This interval was calculated using 
the predict and range functions included in 
the libraries mentioned above.

DETERMINATION OF THERMAL 
LIMITS AND PREFERRED 
TEMPERATURES IN THE FIELD
To obtain the thermal limits and thermal 

preference in the field, the method proposed 
by Jowett and Richardson (2008) was used; 
the available thermal habitats, as well as the 
number of P. gracilis organisms present in 
said habitats, were consulted in the database. 
from the National Collection of Mexican 
Fresh water Fishes of the ENCB (ENCB-
IPN-P). All those records corresponding to 

the Pánuco basin that present the number 
of captured specimens and temperature at 
the time of collection were selected, as well 
as all the collections in the basin that had a 
temperature record, but that did not have the 
presence of the species.

These data were entered into the HABSEL 
software, with which a matrix of habitat use in 
terms of temperature was created. With this 
matrix, a habitat use curve was generated.

In the above equation wi is the foraging 
proportion for n habitat categories, ui is the 
number of organisms in each habitat category, 
Σui is the total number of organisms in all 
habitat categories, ai is the number of samples 
from the category i and Σai is the total number 
of samples (Manly et al., 1993).

Foraging proportion quantifies the strength 
of selection for a particular category of habitat. 
A value of w = 1 indicates neutral selection; 
Habitats with w < 1 are used less frequently 
than expected by chance and habitats with w 
> 1 are used more frequently than expected by 
chance (Jowett and Richardson, 2008).

RESULTS

DETERMINATION OF CRITICAL 
TEMPERATURES FOR P. GRACILIS
The range of minimum critical 

temperatures ranges from 7.2 °C observed 
in a 3 cm long male organism to 10.4 °C in 
a 3.4 cm male, however, most specimens are 
located in the range of 8.5 to 10 °C While 
the range of maximum critical temperatures 
is distributed from 38.9 °C in a 3.2 cm male 
to 41.6 °C in a 3 cm male, observing that the 
majority of specimens are located in the range 
of 40 to 41.5. (Figure 1).
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Figure 1. Distribution of critical temperatures 
in females and males at) Tcmin, b) Tcmax.

The minimum critical temperatures 
present normality and homoscedasticity 
(Shapiro-Wilk females= 0.96 males= 0.87; 
Levene f= 0.70), they do not present significant 
differences between males and females 
(Student’s T p= 0.524), so it can be considered 
a single minimum critical temperature that 
corresponds to 9.27 °C. In the same way, the 
maximum critical temperatures (Shapiro-
Wilk females = 0.87 males = 0.93; Levene 
f = 0.64) so a single maximum critical 
temperature (Student’s t p = 0.552) of 40.8° C 
was considered for the entire population.

During the development of this test, two 
repetitive patterns were identified in the 
behavior of the fish that are not reported in 
other studies of critical temperatures for the 
Poeciliidae family: 1) the accumulation of 
blood in the cephalic area, which translates 
into a strong reddish tone both in the head 
and in the opercula, this coloration was seen 
5 °C before the organisms reached the Tcmin 
and Tcmax and 2) at temperatures close to the 
critical ones (between 1- 1.5°C of the Tcmin 
and Tcmax) organisms, both male and female, 
make a jump to the surface.

DETERMINATION OF THE 
THERMAL LIMITS AND PREFERRED 
TEMPERATURES OF P. GRACILIS IN 
THE FIELD
The review of data in the National 

Collection of Mexican Fresh water Fish 
(ENCB-IPN-P) showed 241 sites in the Pánuco 
basin that have temperature data, of these sites 
141 show the presence of the species, a total 
of 3553 organisms were recorded With this 
information, the preference table was created 
using the HABSEL program. The software 
automatically generates the frequency 
distribution so that the intervals adjust the 
behavior of the counts to a normal distribution. 
In this case, the available temperatures were 
divided into 10 intervals to obtain preference 
through the standardized selection index.

The range of available temperatures 
recorded in the Pánuco basin was 12.2°C to 
33.3°C. In the organisms, three temperature 
intervals were recorded with a higher 
frequency of appearance than the other 
seven (20- 22.5 °C, 22.5- 25 °C and 25- 27.5 
°C), the interval of greatest availability 
offered by the environment is that of 22.5- 
25 °C (73 sites), this is the most used (1112 
organisms collected), the interval of 27.5- 30 
°C, only has 14 available sites; However, 313 
organisms were collected in it, the same as in 
the interval of 30-32.5 °C (4 sites available), 
so it has a disproportionate use (89 organisms 
collected), so this thermal habitat is occupied 
in a greater proportion. than that found in 
the environment, the standardized index of 
selection or preference obtained through the 
HABSEL program indicates an active search 
by the organisms towards this temperature, 
which is why it was determined as the 
preferred temperature range.
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Figure 2. Thermal habitat preference curve 
of Poeciliopsis gracilis in the Pánuco basin 
obtained with information from collections 
carried out between 1998 and 2018, deposited 

in the ENCB-IPN-P.

The blue curve shows the range of 
temperatures available in the Pánuco basin. 
At the top of the red curve the most used 
temperature interval is observed (22.5-25 °C), 
the black curve corresponds to the preferred 
temperature modeled from the selection index, 
the graph shows that the preference of the 
organisms is due to warm temperatures (27.5- 
32.5 °C), with greater preference in the range of 
27.5 to 30 °C without occupying sites where its 
performance may be diminished (32.5- 35 °C).

The organisms recorded in their preferred 
temperature ranges determined for the field 
were collected in the central and central-
eastern zone of the basin, 218 organisms in 
Platón Sánchez, Veracruz (21° 17’ 05’’N, 98° 
27’ 12’’ O) at 344 m s. n. m. at 28.6 °C, 115 
organisms in Santa María River, Querétaro 
(20°30’11.3”N, 98°42’17.5”W) at 894 m above 
sea level. n. m. at 27.5 °C, 51 organisms in the 
Jalpan River, Querétaro (21° 23’ 16’’N, 99° 35’ 
10’’W) at 542 ms. n. m. at 27.5 °C, 47 organisms 
in El Trapiche, Querétaro (21° 19’ 54’’N, 99° 
31’ 33’’W) at 1800 m above. n. m. at 27.9 °C 
and 45 organisms in the San Pedro stream, 
Hidalgo (20°30’11.3”N, 98°42’17.5”W) at 542 
m s. n. m. at 28.1°C.

DISCUSSION
Poeciliopsis gracilis presents a thermal 

tolerance interval in the laboratory of 31.5 
°C (Tcmin 9.27 °C, Tcmax 40.8 °C), which 
coincides with that recorded by Hernández- 
Rodríguez and Bückle-Ramírez (2010) for 
Poecilia sphenops at different acclimatization 
temperatures. : at 26 °C a range of 9.9 °C - 40.5 
°C and at 29 °C a range of 10.5 °C - 40. 9 °C. 
However, these results may vary depending 
on the acclimatization temperature since, 
as demonstrated by Currie et al. (1998) tests 
with different acclimatization temperatures 
of three species tolerant to thermal variations 
result in narrower thermal intervals when 
the acclimatization temperature approaches 
the critical temperatures and wider as it 
moves away from them. In the case of the 
critical temperatures obtained for P. gracilis, 
they were determined for a batch of fish 
whose maintenance temperature was 25 
°C. This temperature was chosen because 
it was determined in the field at the time of 
capture and as was later observed. This is 
practically halfway through the available 
thermal range (12.2- 33.5 °C) in the Pánuco 
basin, so if additional tests are carried out 
with different acclimatization temperatures, 
then significant differences will appear in the 
critical temperatures and The thermal limits, 
however, the latter will be narrower than 
those initially determined, in such a way that 
the thermal tolerance interval reported in this 
test could represent the respective range of the 
species in the Pánuco basin.

The TCmin reached by Poeciliopsis gracilis 
in this study was 9.2 °C with acclimatization 
to 25 °C, this temperature is lower than that 
reported by Martínez et al. (2016) for Poecilia 
caucana acclimated to 25 °C (Tcmin: 13.41 
°C) and 20 °C (Tcmin: 12.5 °C). There are 
reports of lower Tcmin within the Poeciilidae 
family, such as the case of Poecilia sphenops, 
which has a Tcmin of 7.5 °C (Bierbach et al., 
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2010) and Poecilia latipinna, whose Tcmin is 
7.6 °C (Hernández Rodríguez et al., 2002), 
however, the lowest reported within the family 
corresponds to Poeciliopsis occidentalis with 
Tcmin of 4.8 ºC (Bulger and Schultz 1982), 
so it would be expected that if P. gracilis were 
acclimated to temperatures lower than 25 °C 
its Tcmin could be less.

The Tcmax achieved by P. gracilis in this 
study was 40.8 °C while the highest Tcmax 
reported among the Poeciliidae family is 42.3 
± 0.4 °C and corresponds to Gambusia affinis 
acclimated to 35 ºC (Otto, 1973). Poecilia 
caucana is capable of tolerating temperatures 
higher than 40 °C (Martínez et al. 2016), so 
it can be considered that under conditions 
of acclimatization to higher temperatures P. 
gracilis would be able to reach a higher Tcmax, 
since the family Poeciliidae is characterized by 
having great tolerance to high temperatures 
(Martínez et al., 2016).

The preference range determined in the 
laboratory for P. gracilis is 27.9 to 29.2 °C for 
males and females, unlike what was reported 
for Poecilia sphenops, which has preferred 
temperatures of 29.5 °C for females and 25.5 °C 
for males (Hernández -Rodríguez et al., 2002; 
Hernández-Rodríguez and Bückle-Ramírez, 
2010), this is biologically relevant, since it 
implies the optimization of the thermal resource 
for P. gracilis at the time of reproduction, 
favoring sexual fitness at the same time or very 
close moments (Cosson, 2000).

The optimal temperature of P. gracilis 
determined in the laboratory was 29.94 °C, 
which coincides with the range reported for the 
entire Poeciliidae family (26 to 30 °C) (Page and 
Burr, 2011). However, the optimal temperature 
range (B80) is much larger than that of the 
family. The width of this interval can largely 
explain the disproportionate increase in the 
number of organisms recorded in the basin in 
the last 40 years (Soto-Galera et al., 2011), since 
according to the data recorded for the basin the 

interval of Optimal temperatures cover 82% 
of temperatures available in the environment. 
The wide availability of these temperatures 
is important since in this range organisms 
are capable of reaching up to 80% of their 
maximum performance. This factor can have a 
significant effect on growth and reproduction, 
as well as on their ability to survive (Valbuena-
Villarreal and Cruz-Casallas, 2006).

Thermal determinations of P. gracilis in the 
Pánuco basin show a field tolerance interval 
of 13 °C (17- 30 °C), which coincides with the 
generality of poecilids in their preference for 
warm waters (Meffe and Snelson, 1989).

The thermal niche study in the field covered 
most of the available pools and the entire 
temperature range in the basin. The results 
do not only apply to the population studied in 
the laboratory, but also coincide with the rest 
of the organisms of the species. in the Pánuco 
basin, so what was obtained in the laboratory 
can be extrapolated to the other populations 
of the basin. Neubauer and Andersen (2019) 
mention that the temperatures that maximize 
performance in nature (optimal temperatures) 
depend on several ecological factors such 
as food availability, habitat availability, 
community structure, among others. In the 
current study, the effect of temperature was 
isolated, controlling and standardizing possible 
physical variations (hardness, ammonium, 
dissolved oxygen). However, in the basin 
organisms are exposed to a greater number 
of factors such as: presence of contaminants, 
presence of predators, availability of food or 
shortage of shelters. The fact that the range 
of preferred temperatures determined for 
the field and laboratory coincide suggests 
that the species in the field has few ecological 
pressures that could limit its performance in 
the basin, a reason that could be key along with 
the availability of optimal thermal habitat for 
the species. great colonization capacity of the 
species in recent years.
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Pesqueras, Comisión Nacional Consultiva de Pesca.

Angilletta, M., Niewiarowski, P. y Navas, C. (2002). The evolution of thermal physiology in ectotherms. Journal of Thermal 
Biology, 27(4), 249-268.

Botero, M. (2016). Comportamiento de los peces en la búsqueda y la captura del alimento. Revista Colombiana De Ciencias 
Pecuarias, 17(1), 63-75.

Bückle, L., Barón, B., Hernández, M., Ledo, A., Solís, R., Pérez, B. y Hernández, A. (2003). Sistema de temperatura, oxígeno y 
salinidad para la experimentación en ecofisiología. Hidrobiológica, 13(4), 277-287.

Bierbach, D., Schleucher, E., Hildenbrand, P., Köhler, A., Rodriguez, L., Riesch, R. y Plath, M. (2010). Thermal tolerances in 
mollies (Poecilia spp.): reduced physiological flexibility in stable environments? Bulletin of Fish Biology, 12(1), 83-89.

Bulger, A. y Schultz, R. (1982). Origin of Thermal Adaptations in Northern Versus Southern Populations of a Unisexual Hybrid 
Fish. Evolution, 36(5), 1041-1050.

Coutant, C. (1976). Thermal effects on fish ecology. En J. Pfafflin (Ed.), Encyclopedia of Environmental Science and Engineering 
(1.a ed., pp. 891-896). Gordon and Breach Publishers.

Cosson, J. (2000). Acuicultura en acuatorios naturales, Aquatic 10 (1.a ed.). Nacional Center for Scientific Reasearch.

Currie, R., Bennett, W. y Beitinger, T. (1998). Critical thermal minima and maxima of three fresh water game-fish species 
acclimated to constant temperatures. Environmental Biology of Fishes, 51(2), 187-200.

Elliot, J. (1981). Some aspects of thermal stress on fresh water teleosts. Fresh water Biologycal Association, 103, 209-245.

Fricke, R., Eschmeyer, W. y R. van der Laan (eds) 2020. ESCHMEYER’S CATALOG OF FISHES: GENERA, SPECIES, 
REFERENCES. http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatmain.asp. Electronic version 
accessed 02/02/ 2020.

Garcia de la Garza, A., Vandekar, S., Roalf, D., Ruparel, K., Gur, R., Gur, R., Satterthwaite, T. y Taki Shinohara, R. (2018). 
voxel: Mass-Univariate Voxelwise Analysis of Medical Imaging Data. R package version 1.3.5. https://CRAN.R-project.org/
package=voxel

Gareth J., Witten, D., Hastie, T. y Tibshirani R. (2017). ISLR: Data for an Introduction to Statistical Learning with Applications 
in R. R package version 1.2. https://CRAN.R-Project.org/package=ISLR

Gerick, A., Munshaw, R., Palen, W., Combes, S. y O’Regan, S. (2014). Thermal physiology and species distribution models reveal 
climate vulnerability of temperate amphibians. Journal of Biogeography, 41(4), 713-723.

Gómez-Hoyos, D., Gil-Fernández, M. y Escobar-Lasso, S. (2016). Ecología térmica de la rana de hojarasca de Stejnegers 
Craugastor stejnegerianus (Anura: Craugastoridae) en el bosque seco tropical del Parque Nacional Guanacaste, Costa Rica. 
Revista Biodiversidad Neotropical, 6(1), 40-44.

González, K., Ramírez, A. y Fernández., L. (2017). Diversidad de peces en el estado de Hidalgo. En A. Ramírez-Bautista, A. 
Sánchez-González, G. Sánchez- Rojas y C. Cuevas-Cardona (Eds.), Biodiversidad del Estado de Hidalgo: Vol. II (1.a ed., pp. 
471-486). Universidad Autónoma del Estado de Hidalgo.

Hammer, Ø., Harper, D. y Ryan, P. (2001). PAST (Versión 3) [Paleontologycal Statics software package for education and data 
analisys.]. Paleontología electrónica.

Hastie. T. (2019). gam: Generalized Additive Models. R package version 1.16.1. https://CRAN.R- project.org/
package=gamHernández-Rodríguez, M. y Bückle-Ramírez, L. (2010). Temperature tolerance polygon of Poecilia sphenops 
Valenciennes (Pisces: Poeciliidae). Journal of Thermal Biology, 27(1), 1-5.

Hernández-Rodríguez, M., Bückle-Ramírez., L. y Espina, S. (2002). Temperature preference and acclimation in Poecilia 
sphenops (Pisces, Poeciliidae). Aquaculture Research, 33(12), 933-940.

Hernández-Rubio, M. y Figueroa-Lucero, G. (2013). Efectos de temperatura y salinidad durante el período embrionario de 
Chirostoma humboldtianum y Chirostoma riojai (Atherinopsidae) hasta la eclosión. Hidrobiológica, 23(3), 365-373.

Huey, R. y Stevenson, R. (1979). Integrating Thermal Physiology and Ecology of Ectotherms: A Discussion of Approaches. 
American Zoologist, 19(1), 357-366.

Huidobro, L. (2000). Filogenia del complejo Poeciliopsis gracilis Regan (Pisces Poeciliidae) y su biogeografía. (Tesis de Maestría. 
Universidad Nacional Autónoma de México) Repositorio Digital Universidad Nacional Autónoma de México.

http://researcharchive.calacademy.org/research/ichth


10
International Journal of Biological and Natural Sciences ISSN 2764-1813 DOI https://doi.org/10.22533/at.ed.813442408054

Jowett, I. y Richardson, J. (2008). Habitat use by New Zealand fish and habitat suitability models. (1.a ed.). NIWA.

Krausman, P. (1999). Some Basic Principles of Habitat Use. En K. Launchbaugh, K. Sanders y J. Mosley (Eds.), Grazing Behaviour 
of Livestock and Wildlife, Idaho Forest, Wildlife and Range Exp. (1.a ed., pp. 85-90). University of Idaho.

Le Roy, A., Loughland, I. y Seebacher, F. (2017). Differential effects of developmental thermal plasticity across three generations 
of guppies (Poecilia reticulata): canalization and anticipatory matching. Scientific Reports, 7(1), 1-12.

Litvaitis, J., Tittus, K. y Anderson, E. (1994). Research and Management Techniques for Wildlife and Habitats (5th Rev ed.). 
Wildlife Society.

Lowe, C. y Vance, V. (1955). Acclimation of the Critical Thermal Maximum of the Reptile Urosaurus ornatus. Science, 122(3158), 
73-74.

Lubin, Y., Ellner, S. y Kotzman, M. (1993). Web Relocation and Habitat Selection in Desert Widow Spider. Ecology, 74(7), 1915-
1928.

Manly, B., McDonald, D. y Thomas, D. (1993). Resource selection by Animals - Statistical design and analysis for field studies. 
Biometrical Journal, 35(7), 876.

Martínez, J., Cadena, C. y Torres, M. (2016). Critical thermal limits of Poecilia caucana (Steindachner, 1880) (Cyprinodontiformes: 
Poeciliidae). Neotropical Ichthyology, 14(1), 1-7..

Meffe, K. y Snelson, F. (1989). An Ecological Overview of Poeciliid Fishes. Prentice Hall, Eenglewood Cliff., 1, 260-262..

Miller, R., Minckley, W. y Norris, S. (2005). Fresh water Fishes of Mexico (1.a ed.). University of Chicago Press.

Montenegro, J. y Acosta, A. (2008). Programa innovador para evaluar uso y preferencia de hábitat. UNIVERSITAS 
SCIENTIARUM, 3(2), 208-217.

Neubauer, P. y Andersen, K. (2019). Thermal performance of fish is explained by an interplay between physiology, behaviour 
and ecology. Conservation Physiology, 7(1), 1-14.

Otto, R. (1973). Temperature tolerance of the mosquitofish, Gambusia affinis (Baird and Girard). Journal of Fish Biology, 5(5), 
575-585.

Page, L. y Burr, B. (1998). A Field Guide to Fresh water Fishes: North America, North of Mexico (1.a ed.). Houghton Mifflin.

Payne, N., Smith, J., Meulen, D., Taylor, M., Watanabe, Y., Takahashi, A., Marzullo, T., Gray, C., Cadiou, G. y Suthers, I. (2016). 
Temperature dependence of fish performance in the wild: links with species biogeography and physiological thermal tolerance. 
Functional Ecology, 30(6), 903-912.

Pérez Osorio, I., Navarrete Salgado, N. y Solis Juárez, K. (2014). Contenido del tracto digestivo en hembras y machos de 
Poeciliopsis infans en el Estanque JF ubicado en Soyaniquilpan de Juárez, Estado de México. Revista de Zoología, 25, 1-9.

Persson, M. (2003). Habitat quality, breeding success and density in Tawny Owl Strix aluco. Ornis Svecica, 13, 137-143.

Pulgar, J., Bozinovic, F. y Ojeda, F. (2004). Local distribution and thermal ecology of two intertidal fishes. Oecologia, 142(4), 
511-520.

R Core Team (2019). R: A language and environment for statistical computing. R Foundation for statistical Computing, Vienna, 
Austria. https://www.R- project.org/

Soto-Galera, E., L. Alcántara-Soria, L. y J. Paulo-Maya. 2011. Estado actual de la ictiofauna dulceacuícola de la provincia 
del complejo Tamesí/Pánuco. Instituto Politécnico Nacional. Escuela Nacional de Ciencias Biológicas. Informe final SNIB-
CONABIO proyecto No. FM027. México, D.F.

Underwood, A., Chapman, M. y Crowe, T. (2004). Identifying and understanding ecological preferences for habitat or prey. 
Journal of Experimental Marine Biology and Ecology, 300(1), 161-187.

Valbuena-Villarrea, R. y Cruz-Casallas, P. (2006). Efecto del peso corporal y temperatura del agua sobre el consumo de oxígeno 
de tilapia roja (Oreochromis sp). Orinoquia, 10(1), 57-63.

Wickham. H. (2016). ggplot2: Elegant Graphics for Data Analysis. Springer-Verlag New York.

Wickham H., Averick, M., Bryan, J., Chang, W., D’Agostino McGowan, L., François, R., Grolemund, G., Hayes, A., Henry, L., Hester, 
J., Kuhn, M., Lin Pedersen, T., Miller, E., Milton Bache, S., Müller, K., Ooms, J., Robinson, D., Paige, D., Spinu, V., Takahashi, K., 
Vaughan, D., Wilke, C., Woo, K. y Yutan. H. (2019). Welcome to the tidyverse. Journal of Open Source Software, 4(43), 1686.

Wood, S. (2011). Fast stable restricted maximum likelihood and marginal likelihood estimation of semiparametric generalized 
linear models. Journal of the Royal Statistical Society. Series B (Statistical Methodology), 73(1): 3-36.


