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1. RESUMEN 

 

Cuando la temperatura ambiental cambia en un ecosistema, los organismos tienen 

distintas opciones para sobrellevar la modificación. La capacidad de aclimatación es una 

de ellas. El cambio climático actual puede estar causando declinaciones en las poblaciones 

de anfibios y el estudio de las tolerancias térmicas de este grupo puede permitir mejorar 

estrategias de conservación para las especies que se pueden ver más afectadas. En el 

presente estudio, dos especies de anuros, Rhinella marina y Gastrotheca riobambae, 

fueron expuestas a distintos tratamientos de aclimatación (14 ºC, 20 ºC, 26 ºC, 32 ºC y 36 

ºC) y se obtuvo sus tolerancias térmicas para analizar si estas especies poseen capacidad de 

aclimatación, calculada mediante el Radio de Respuesta de Aclimatación (ARR), y evaluar 

su vulnerabilidad relativa al cambio climático. Los resultados mostraron una respuesta de 

aclimatación positiva para ambas especies, R. marina tuvo un ARRMAX=0.2 que indica que 

tiene más capacidad de aclimatación hacia el calor que G. riobambae con ARRMAX=0.12. 

Para el ARRMIN, el resultado fue mayor aclimatación para el frío de G. riobambae. Esta 

especie mostró también tener el rango de tolerancia más amplio con 40 grados de amplitud 

térmica, y menor vulnerabilidad relativa al cambio climático con WT=23.6 grados. 

 

Palabras clave: Tolerancia térmica, aclimatación, anuros tropicales, vulnerabilidad relativa 

al cambio climático. 
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2. ABSTRACT 

 

When environmental temperature shifts in an ecosystem, organisms have different 

options to cope with this modification, acclimation capacity is one of them. The present 

climate change could be causing declines in amphibian populations and the study of 

thermal tolerances in this group could allow improvements in conservation strategies for 

species that could be easily affected. In this study, two species of anurans, Rhinella marina 

and Gastrotheca riobambae, were exposed to different acclimation treatments (14 ºC, 20 

ºC, 26 ºC, 32 ºC and 36 ºC) in order to obtain their thermal tolerances to analyze if these 

species possess acclimation capacity, measured by ARR, to estimate their relative 

vulnerability to climate change. The results showed a positive acclimation response for 

both species, R. marina had an ARRMAX=0.2 which indicates that it has more acclimation 

capacity to heat than G. riobambae with ARRMAX=0.12. For the ARRMIN, the result was 

more acclimation for cold of G. riobambae. This species also showed the wider thermal 

tolerance range with 40 degrees of thermal breadth and less relative vulnerability to 

climate change with WT=23.6 degrees. 

 

Keywords: Thermal tolerance, acclimation, tropical anurans, relative vulnerability to 

climate change.
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3. MANUSCRITO PARA PUBLICACIÓN 

Journal of Thermal Biology 

 

Acclimation capacity in tadpoles of two anuran species: Rhinella marina (Bufonidae) 

and Gastrotheca riobambae (Hemiphractidae) and their vulnerability to climate 

change. 

 

Carolina Yandún-Vela and Andrés Merino-Viteri 

 

Museo de Zoología (QCAZ), Escuela de Ciencias Biológicas, Pontificia Universidad 

Católica del Ecuador, Av. 12 de Octubre y Roca, Aptdo. 17-01-2184. Quito, Ecuador. 

 

Abstract 

When environmental temperature shifts in an ecosystem, organisms have different 

options to cope with this modification, acclimation capacity is one of them. The present 

climate change could be causing declines in amphibian populations and the study of 

thermal tolerances in this group could allow improvements in conservation strategies for 

species that could be easily affected. In this study, two species of anurans, Rhinella marina 

and Gastrotheca riobambae, were exposed to different acclimation treatments (14 ºC, 20 

ºC, 26 ºC, 32 ºC and 36 ºC) in order to obtain their thermal tolerances to analyze if these 

species possess acclimation capacity, measured by ARR, to estimate their relative 

vulnerability to climate change. The results showed a positive acclimation response for 

both species, R. marina had an ARRMAX=0.2 which indicates that it has more acclimation 

capacity to heat than G. riobambae with ARRMAX=0.12. For the ARRMIN, the result was 

more acclimation for cold of G. riobambae. This species also showed the wider thermal 

tolerance range with 40 degrees of thermal breadth and less relative vulnerability to 

climate change with WT=23.6 degrees. 

 

Keywords: Thermal tolerance, acclimation, tropical anurans, relative vulnerability to 

climate change. 
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3.1. Introduction 

 

Temperature is the fundamental abiotic component of the ecosystems that influences the 

growth, physiology, distribution patterns and organism’s abundance (Hutchison, 1961; 

Koo et al., 2013; Tejedo et al., 2012). 

 

In the present, our planet is suffering from climate change. There is a rise of the global 

temperature approximately of 0.85 (0.65 to 1.05) ºC, over the period of 1880-2012, due to 

higher concentrations of greenhouse gases in the atmosphere, mainly because of 

anthropogenic activities according to the Intergovernmental Panel of Climate Change.  

Trends and projections indicate that temperature is going to continue raising, more on land 

than in oceans (Intergovernmental Panel on Climate Change, 2014, 2007; Tejedo et al., 

2012). 

 

The effects of climate change that our planet is going through affect the ecosystems and 

global biodiversity at all levels, from organisms to biomes (Parmesan, 2006; Storlie et al., 

2014). According to some studies, (Bellard et al., 2012; Intergovernmental Panel on 

Climate Change, 2014; Pacifici et al., 2015) climate change modifies ecological 

interactions between species of the populations inside a community, for example, between 

flowers and their pollinators, competition relationships, predator/prey, host/parasite or 

mutualism. In response to climate change, organisms have basically three options: move to 

new areas with the proper conditions for the species, adapt to the new changing conditions, 

or in the worst-case scenario, to become extinct (Bellard et al., 2012; Gerick et al., 2014). 

 

There are different ways in which organisms can cope with changes in the environmental 

temperature, in a certain way, they “adjust” to change. Basically, there exist three ways 

animals can display responses: acute, chronic or evolutionary responses (Hill et al., 2012). 

One of these ways is a genetically predisposed response in a population, in which a 

mutation that favors adaptation and allows survival becomes evident, the evolutionary 

response (Salamin et al., 2010). The acute response is a rapid or immediate response, 

exhibit after minutes or hours after an environmental change. The chronic response is a 

prolonged response to new environmental conditions, such as acclimation (Charmantier et 

al., 2008; Hill et al., 2012). Other organisms manifest a behavioral response to 
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environmental changes, for example moving from sunlight to shaded places to reduce heat 

(Bellard et al., 2012). 

 

One of the groups of organisms that have a high vulnerability to climate change is the 

ectotherms or poikilotherms, due to the fact that their basic physiological functions such as 

movement, growth and reproduction are strongly influenced by the environmental 

temperature (Deutsch et al., 2008; Gerick et al., 2014). These organisms, with abundant 

diversity throughout the planet, depend on environmental temperature to regulate their own 

corporal temperature, they lack physiological mechanisms which allows them to 

thermoregulate (Hill et al., 2012). Due to global warming, studies suggest that equatorial 

ectotherms could be living at temperatures close to or above their physiological thermal 

limits, because they occupy thermal environments less variable than environments 

temperate species endure (Duarte et al., 2012; Gerick et al., 2014; Gutiérrez-Pesquera et 

al., 2016).  

 

As a part of the response that ectotherms show towards an environmental change in their 

habitat, there is the acclimatization. It is a physiological chronic response by which the 

organism adapts to changes in the environment, expressed after prolonged exposure of few 

days or weeks to new environmental conditions (Angilletta, 2009; Hill et al., 2012). The 

only difference between acclimatization and acclimation is that the second is a laboratory 

phenomenon, being the response to a new environment that differs from the preceding 

environment in just a few, defined ways (Hill et al., 2012; Westmoreland, 1994). 

Acclimation is a type of phenotypic plasticity, defined as the ability of one organism 

(single genotype) to express two or more genetically controlled genotypes or adaptations, 

giving the organism the capacity of adapt to changes in their environment (Hill et al., 2012; 

Huey et al., 2012). There are two types of thermal acclimation: developmental acclimation 

and reversible acclimation. The first consists in irreversible responses to temperature 

occurred during any ontogeny stage that may enhance performance during a subsequent 

stage or parents could respond to temperatures during their life cycle and enhance 

performance of their offspring (intergenerational response) (Angilletta, 2009). 

 

The ability of ectotherms to perform different activities according to its body temperature 

can be estimated through a thermal performance curve (TPC), which demonstrates the way 

temperature could affect main physiological functions (such as locomotion, metabolic rate, 
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fecundity, survival). This starts with the Critical Thermal Minimum (CTmin), then it 

gradually rises until the Thermal Optimum (Topt) and then it drops rapidly until the Critical 

Thermal Maximum (CTmax) (Gerick et al., 2014; Huey and Stevenson, 1979). The 

concept of CTmax was introduced by Cowles and Bogert (1944) and is defined as the 

"thermal point at which locomotory activity becomes disorganized and the animal loses its 

ability to escape from conditions that will promptly lead to its death”. CTmax and CTmin 

are the highest and lowest temperature at which the organism can react to external stimuli 

(Hutchison, 1961). Those are also the limits of the thermal tolerance range or thermal 

performance breadth (Tbr), being that outside those limits, it would imply the death of the 

organisms, and each thermal tolerance range is different to each species (Gerick et al., 

2014; Tejedo et al., 2012). 

 

Amphibians are the vertebrate ectotherms that have presented the most drastic population 

decline in recent years, according to UICN (Hoffmann et al., 2010). Amphibian skin serves 

them as an osmorregulatory and respiratory organ, for these and many other reasons, they 

are highly sensitive to minimal environmental changes (Bernal and Lynch, 2013; Hill et 

al., 2012; Tejedo et al., 2012). The decline of amphibian populations in the last four 

decades, is not only due to climate change, scientists have to consider complex interactions 

of several anthropogenic factors, for example, fragmentation and loss of habitat, pollution, 

diseases (Collins and Storfer, 2003; Pounds et al., 2006). 

 

Given its high sensitivity to temperature or humidity changes in their environments, their 

unique skin qualities and the fact of being an ectotherm, amphibians are great bioindicators 

of their environment, and studying amphibian declines may serve to understand other 

species declines too (Angulo, 2002; Collins and Storfer, 2003; Duellman, 2015; Viernum, 

2012). The larval phase of amphibians, tadpoles, are part of a lifecycle that some 

amphibians go through, with several other reproductive strategies (Duellman, 2015). 

Amphibians have nearly 40 reproductive strategies, some even with direct development 

from egg to juvenile (e.g. the genus Pristimantis) but the aquatic reproductive strategy is 

considered the ancestral way (Duellman and Trueb, 1986; Woodley, 2015). Commonly, 

tadpoles inhabit water bodies as temporary ponds, in which they could be exposed to 

physiological stress, which probably indicates a selective pressure for the individuals to 

bear a wide variation of the water temperature, depending on the hour of the day, the sun’s 
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position, or the location of the pond itself (Gutiérrez-Pesquera et al., 2016; Tejedo et al., 

2012).  

 

The study of the thermal limits of specific species is important: it allows for determining 

the vulnerability of the specie (Charmantier et al., 2008). The vulnerability of determined 

species is studied by obtaining the physiological data, and comparing them to the 

temperature of its environment (microhabitat) at which the organisms are normally 

exposed, to check if the specie is normally exposed to its physiological limits inside it’s 

natural habitat, and check for possible impacts that climate change could have over the 

specie (Gutiérrez-Pesquera et al., 2016; Storlie et al., 2014; Tejedo et al., 2012). 

 

The study subjects, Rhinella marina and Gastrotheca riobambae, belong to the anuran 

families Bufonidae and Hemiphractidae respectively. Gastrotheca riobambae is found near 

water sources such as irrigation channels, water shafts, creeks, small swamps or marshes, 

including man intervened areas. The special feature about this species is a characteristic of 

the family, the marsupial frogs. When they reproduce, the female carries the eggs in a 

pouch on her back until the tadpoles hatch and are released into water bodies, in the case of 

some species, or directly as juveniles in others (Duellman, 2015). The distribution range of 

this endemic species is restricted to the Ecuadorian Highland, between the 1578 and 3500 

m.a.s.l. and it is distributed throughout forests and interandean valleys of the north and 

center of the country (Frenkel et al., 2014). 

 

The other species, Rhinella marina, has a wide distribution range in 9 out of the 10 natural 

regions of Ecuador, only absent in the Paramo (Coloma et al., 2014). It is a native species 

of America, present both north and south of the continent, and also has been introduced to 

different parts of the world like Australia, where it is consider a plague (Jolly et al., 2015; 

McCann et al., 2014; Tingley and Shine, 2011). Considering these facts, this specie has a 

high environmental adaptability. Its distribution range in Ecuador is between the 0 and the 

3000 m.a.s.l. (Coloma et al., 2014).  

 

New results on the phylogenetic relationships inside the R. marina species complex have 

been published recently, showing that there are two cryptic species present in Ecuador. 

Thanks to molecular studies, Rhinella horribilis was removed from the synonym of 

Rhinella marina by Acevedo, Lampo and Cipriani (2016) determining that they were 
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different species and revalidated the species Rhinella horribilis for the populations of 

Central America and South America, distributed to the West of the Andes, setting this 

species’ distribution in the coastal region of Ecuador. After this evaluation, R. marina’s 

distribution includes the east of the Andes, in the Ecuadorian Amazon region, Brazil, 

Colombia, Peru and Bolivia. It is an invasive species introduced worldwide, including 

Hawaii, Fiji, Philippines, Taiwan, Japan, Australia and many other (Acevedo et al., 2016; 

Frost, 2016; Jolly et al., 2015; Vallinoto et al., 2010). Rhinella horribilis, species that was 

part of the R. marina, is now distributed in Texas, Mexico, Central America, Colombia and 

Ecuadorian coast, at least until more studies are carried out, clarifying the convoluted 

taxonomic relationships of this species complex (Acevedo et al., 2016; Frost, 2016). 

 

This study sought to investigate the ranges of thermal tolerances of the larval stage of 

Gastrotheca riobambae and Rhinella marina, acclimated to different temperatures, in 

order to obtain their capacity of acclimation and, with this data, to estimate the relative 

vulnerability of both species towards climate change, through comparison of their 

tolerance ranges obtained to their microclimate temperatures. 
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3.2. Material and methods 

 

3.2.1. Study species 

 

One hundred tadpoles for each species were collected from localities at Pichincha 

province. Gastrotheca riobambae was collected from the Metropolitan Park of Quito, at 

2960 m a.s.l. (0º 11ʹ 1.536ʹʹ S; 78º 27ʹ 51.011ʹʹ O), while Rhinella marina was collected in 

Mindo, at 1206 m a.s.l. (0º 2ʹ 52.692ʹʹ S; 78º 47ʹ 16.187ʹʹ O). Fishnets were used directly in 

the ponds where the tadpoles were found, and then they were transferred to plastic 

recipients hermetically closed, labeled with their collection locality and date, and finally 

transported to the Ecophysiology Laboratory, at Pontificia Universidad Católica del 

Ecuador in Quito, where the experimental part of this study was developed.  

 

Study organisms were kept at room temperature (20 ºC), with photoperiod 12:12 L:D. The 

tadpoles of R. marina were tested in Gosner stages of 26 to 33, and the tadpoles of G. 

riobambae were between 35-38 Gosner stages (Gosner, 1960). 

 

3.2.2. Acclimation treatments 

 

Tadpoles of both species were exposed to different acclimation temperatures. Twenty 

tadpoles were randomly distributed into the different acclimation temperatures, 

individualized in plastic cups, with food ad libitum and permanent oxygenation. The 

temperatures used were 14 ºC, 20 ºC, 26 ºC, 32 ºC and 36 ºC. Ten individuals from each 

treatment were randomly designated for the upper thermal limit test (CTmax) and ten for 

the lower thermal limit (CTmin). Each individual was only tested once. All individuals 

were acclimated for 3 days, being tested on the fourth day according to existing protocols 

of acclimation (Lutterschmidt and Hutchison, 1997; Westmoreland, 1994). 

 

3.2.3. Thermal tolerance 

 

3.2.3.1. Critical Temperature experimentation 

 

Thermal tolerance tests were conducted using a thermal water bath (HUBER D77656 

Offenburg) that has an automatic mechanism for gradually raising or decreasing water 
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temperature at a previously fixed constant rate of 0.25 ºC per minute. Tadpoles were 

placed in plastic beakers of 100 ml for the experiment.  

 

Tests were conducted using the dynamic method Lutterschmidt and Hutchinson (1997), in 

which the tadpoles were heated or cooled, according to the test, until they reached their 

critical temperature. The definition of critical temperature for ectotherms is “the 

temperature at which have little or no ability to increase their rate of O2 consumption 

above their resting rate, making them incapable of much activity” (Hill et al., 2012). In 

contrast with critical temperature, we have also the pejus temperatures, that means “turning 

worse”, which are “a range of body temperatures in which the animal deteriorates as body 

temperature is gradually raised (upper pejus range) or lowered (lower pejus range)” (Hill et 

al., 2012). The endpoint of the experiment corresponded to the temperature at which the 

organism did not respond to external stimuli, which was in this case, touching the tadpole 

with a wooden stick every 20 seconds when the individual started showing lack of 

movement, until no response was seen, giving us the critical temperature at which the 

animal is ecologically or behaviorally dead, but not physiologically dead according to 

Brattstrom (1968). The temperature was taken from the water around the tadpole with a 

rapid response Miller & Webber mercury thermometer. After the experiment the animal 

was set into a recipient with water at room temperature, where it could recover from the 

test. The values were only considered valid when the individual survived 24 hours after the 

test, to avoid using data related to the lethal temperature of the specimen (Brattstrom, 

1968; Hutchison, 1961). CTmax and CTmin of each acclimation temperature are presented 

as the mean value of the valid experiments. All tadpoles were euthanized at the conclusion 

of the experiments, according to laboratory protocols based on a lethal dose of MS-222 

anesthesia (Canadian Council on Animal Care, 2002; Simmons, 2002).  

 

3.2.3.2. Statistical Analysis 

 

A Shapiro-Wilk’s test was used to evaluate the normality of the data and a Bartlett’s test 

was used to prove the homogeneity of variances. If the results were not significant, outliers 

were removed. Both tests were run again. If the results did not change, a log10 

transformation of the data was used to adjust and improve normality and homogeneity of 

variances. These tests were made for fitting the requirements needed to perform an 

Analysis of Variance (ANOVA) for testing the differences between the mean values of the 
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thermal tolerances at the distinct acclimation temperatures, and testing differences between 

both study species. Depending if the data met the requirements needed, an ANOVA or 

Kruskal-Wallis (non-parametric) tests were used. An ANCOVA was included in the 

analysis to improve results, having the weight of the tadpole as a covariable, CT as the 

dependent variable and the acclimation temperatures as the independent variable.  

 

Finally, depending on the results, the post hoc Tukey’s HSD test for the parametric tests, 

or a Dunn test, for the non-parametric were performed, to determine which treatment 

(Acclimation temperature) showed differences from the others. 

 

3.2.3.3. Acclimation capacity 

 

Thermal range for both species was determined for each acclimation temperature, by the 

difference between CTmax and CTmin (Duarte et al., 2012; Gutiérrez-Pesquera et al., 

2016; Navas et al., 2008). According to Claussen (1977), Gunderson and Stillman (2015), 

plasticity for both thermal limits can be measured, calculated as the acclimation response 

ratio (ARR), defined as the change in the CT per degree of change in acclimation 

temperature. It is a dimensionless variable, in which ARR=1 indicates a positive 

acclimation. One °C degree shift in thermal limit for each one °C degree shift in 

acclimation temperature, suggesting complete balance for acclimation temperature, on the 

contrary, ARR=0 suggests that there was no acclimation capacity. 

 

3.2.4. Micro environmental data 

 

At the collection points, temperature data loggers (HOBO Pendant® Data Logger) were 

placed inside the collection ponds, allowing us to gather data on micro environmental 

conditions. The sensors collected data every 15 minutes for a determined period of time. 

This procedure allows estimating thermal exposure extremes that these species face at their 

natural habitats. 

 

For Rhinella marina, two places were monitored with data loggers, as we found this specie 

in both: a dry place with small ponds, clearly disturbed by human presence, with shrub 

vegetation, near the road, with direct sunlight exposure (from March to July, 2016); and in 
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little ponds next to a river that meant the pond had little flowing water (from December, 

2014 to March, 2015).  

 

For Gastrotheca riobambae, two places were monitored with data loggers, one in the 

collection site, the Metropolitan Park, and the other in a pond at the Pontificia Universidad 

Católica del Ecuador. Only one data logger could be retrieved, containing data from 

November 2014 to July 2015, located at the University campus in a small pond filled with 

Azolla sp.  

 

        3.2.5.  Relative vulnerability to climate change 

 

For analyzing the relative vulnerability of the study species, the warming tolerance (WT) 

was calculated, which is the difference between the Maximum CTmax obtained for the 

species, and the maximum exposure temperature (Te) at the micro environmental data at 

each collection site (Deutsch et al., 2008). 
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3.3. Results 

 

3.3.1. Thermal tolerance 

 

3.3.1.1 Rhinella marina 

 

The mean CTmax at the different acclimation temperatures, and its standard deviation 

(SD) showed in Table 1 and Figure A.1, demonstrate that they increase in heat resistance 

as the acclimation temperature increases. For CTmin, a similar pattern was seen but only 

for the acclimation temperatures of 20 ºC, 26 ºC and 32 ºC, because the acclimation 

temperature of 14 ºC, described an inverse trend, losing cold resistance (Table 1, Figure 

A.2).  

 

For the statistical analysis, the results of the parametric test for this specie showed there 

was a significant difference of the critical thermal limits between acclimation treatments 

(ANCOVA, F= 49.0768, p<0.001). Taking in account the covariable of weight, the body 

mass of the tadpoles of this specie was statistically significant (p<0.01), showed in 

Appendix A. A post-hoc Tukey’s HSD test was used to compare differences between 

acclimation treatments. The comparison between acclimation temperatures of 14 ºC and 20 

ºC, and between 26 ºC and 20 ºC were not statistically significant (see Appendix D). 

 

Due to the results of the tests for normality and homogeneity of variance (see Table 2), a 

non-parametric Kruskal-Wallis test was performed for the CTmin of R. marina (Kruskal-

Wallis, chi-squeared=20.55, DF=3, p<0.01). Results showed the significant difference 

between each thermal limit for the distinct acclimation temperatures  (see Appendix B). A 

Dunn test was performed for the CTmin acclimation treatments, giving the result of 

statistical significant difference between the treatments of 14 ºC and 20 ºC, 20 ºC and 32 

ºC and 26 ºC and 32 ºC (see Appendix E). 

 

The breadth of thermal tolerance for the different acclimation temperatures of this specie is 

summarized in Table 3. The lower range of tolerance was for the acclimation temperature 

of 36 ºC (34 ºC), followed by acclimation 14 ºC with 34.5 ºC. The treatment with the larger 

tolerance range was 20 ºC with 36.9 ºC of thermal breadth. 
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3.3.1.2. Gastrotheca riobambae 

 

For CTmax, in Figure B.1, and Table 3, we can observe that heat resistance increases with 

each acclimation temperature. The lower range of tolerance for CTmax is for treatment 14 

ºC with 39.6 ºC, and the highest is the treatment 26 ºC with 40.15 ºC. For CTmin, in Figure 

B.2, we could observe that for the lowest acclimation temperature (14 ºC), again an inverse 

trend occurs. Same pattern as observed in R. marina. The treatment with the higher range 

is 14 ºC with 6.7 ºC and the lowest range was for treatment 20 ºC with 2.1 ºC of mean 

CTmin. 

 

The results of the ANCOVA for CTmax (ANCOVA, F=12.5147, p<0.01) and the Kruskal-

Wallis for CTmin showed thermal acclimation for this specie (Kruskal-Wallis, Chi-

squared=20.55, DF=3, p<0.01), shown in Appendix B and C. The covariable of weight 

was not statistically significant in the ANCOVA (p=0.254). The post-hoc Tukey’s HSD 

Test performed for CTmax, showed that the comparison between acclimation temperatures 

of 14 ºC and 20 ºC, and between 26 ºC and 20 ºC were not statistically significant (see 

Appendix F). Dunn Test for CTmin showed significant difference in the paired-

comparisons of treatments 14 ºC- 20 ºC, 20 ºC- 32 ºC, 14 ºC- 26 ºC, 26 ºC- 32 ºC (see 

Appendix G). 

 

G. riobambae did not bear the acclimation phase for the treatment of 36 ºC, the individuals 

died at the second day, leaving us with the other four treatments (14 ºC=37.4 ºC, 20 

ºC=39.9 ºC, 26 ºC=40.3 ºC, 32 ºC=38.2 ºC). The breadth of thermal tolerance for the 

different acclimation temperatures of this specie is in Table 3. The largest thermal breadth 

is at 26 ºC of acclimation with 40.3 ºC. The lowest thermal breadth is at 14 ºC, with 37.4 

ºC. 

 

3.3.2.  Acclimation capacity 

 

The Acclimation Response Ratio (ARR), showed in Table 4, indicates that for the upper 

limit Rhinella marina has a ARRMAX higher that Gastrotheca riobambae, (ARRMAX= 0.20; 

ARRMAX= 0.12, repectively). For the lower thermal limit, G. riobambae has more 
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acclimation response ratio for CTmin than R. marina (ARRMIN= 0.46; ARRMIN= 0.28, 

respectively). 

 

3.3.3. Micro environmental data 

 

From the micro environmental data, at the collection points we gathered different 

information. For R. marina, we had 4 collection points, and the maximum data obtained 

was 36,95 ºC. For the same point, its minimum was 18.43 ºC. The variation range for these 

sites was between 14 to 18 ºC approximately, meaning that each site presented a thermal 

breadth of 14-18 ºC between its maximum and minimum data. The highest mean of the 

four sites is 23.75 ºC, and the lowest mean is 20.13 ºC. 

 

For G. riobambae, the collection site showed a maximum temperature of 17.38 ºC, a 

minimum temperature of 8.9 ºC, a range between these data of 8 degrees of variation, and 

a mean of 14 ºC, showing that this micro environmental data have less variation than the 

ones obtained in Mindo for R. marina.  See Table 6 for more information of the micro 

environmental data. 

 

3.3.4. Relative Vulnerability to climate change 

 

In Table 5 we can observe for R. marina presents the highest values of CTmax of both 

species. The CTmax used in calculating vulnerability is the maximum CTmax obtained 

(CTmax= 44.4 ºC from the acclimation treatment of 32 ºC). G. riobambae has a maximum 

CTmax of 41 ºC at the acclimation treatment of 32 ºC. The Warming Tolerance value 

(WT=7.5 ºC, for R. marina; WT=23.6 ºC, for G. riobambae) was obtained using the 

maximum Te, which is the highest environmental temperature obtained from the micro 

environmental data of the data loggers (Te=36.9 ºC, for R. marina; Te=17.4 ºC, for G. 

riobambae).  
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3.4. Discussion 

 

The study of thermal physiological limits of amphibians is a starting point for 

understanding the conditions that species need in their environment, and allows us to have 

estimations of their vulnerability to the impacts of anthropogenic climate change in our 

planet (Charmantier et al., 2008; Deutsch et al., 2008; Duarte et al., 2012; Gerick et al., 

2014; Pounds et al., 2006; Tejedo et al., 2012). 

 

Several studies suggest that tropical species could be at higher risk, living near or already 

exposed to their thermal limits, mainly because they live in warmer habitats and also 

because annual climatic variation is lower in the tropics. Compared to species of higher 

latitudes, meaning that tropical species naturally bear less seasonal environmental 

variations than species living in temperate zones (Duarte et al., 2012; Gunderson and 

Stillman, 2015; Gutiérrez-Pesquera et al., 2016; Janzen, 1967). 

 

Aquatic larval amphibians are an ideal model to analyze thermal adaptations (Gutiérrez-

Pesquera et al., 2016), because they are ectotherms that may be forced to bear the 

temperatures that their environment may present (temporary and ephemeral ponds, often 

exposed to direct sunlight, presenting a wide range of temperatures) (Duarte et al., 2012; 

Watson et al., 1995), without having the opportunity for searching more favorable 

microhabitats, forcing them to adjust their physiological limits, bearing thermal stress and 

acquiring thermal resistance through thermal selection (Gutiérrez-Pesquera et al., 2016; 

Tejedo et al., 2012). The tadpoles of the study species Gastrotheca riobambae and 

Rhinella marina frequently can be found in this kind of temporary, shallow ponds (Coloma 

et al., 2014; Duellman, 2015; Duellman and Trueb, 1986; Frost, 2016) making them 

interesting species for thermal tolerance analysis. 

 

Different studies show that climate change is going to increase mean environmental 

temperatures. By the year 2100, there is a projection of an increase of 4.3 ± 0.7 ºC of 

global temperature, and also high probability of extreme thermal events (Gutiérrez-

Pesquera et al., 2016; Intergovernmental Panel on Climate Change, 2014; Pacifici et al., 

2015). Acclimation, adaptation, dispersal and behavioral plasticity will help the organisms 

to cope with the adverse impacts of climate change (Deutsch et al., 2008). Studying the 

species vulnerability to climate change is a way of analyzing which species could present 
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higher risk and according to different studies, ectotherms with low dispersal ability as 

amphibians could get more affected (Duarte et al., 2012; Gerick et al., 2014; Gutiérrez-

Pesquera et al., 2016; Huey et al., 2012).  

 

In our study, both species showed a positive acclimation response (see Table 4), as shown 

by the ARR values. G. riobambae presented higher ARRMIN (0.46), which means that this 

specie has more acclimation capacity for the lower thermal limit, in comparison to the 

ARRMIN (0.28) of R. marina. This could be explained due to its natural distribution is in 

the highlands and interandean valleys of Ecuador (Duellman, 2015; Frenkel et al., 2014). 

R. marina has a higher ARRMAX (0.2) than G. riobambae (ARRMAX=0.12), because it is a 

widely distributed species in Ecuador, Central and South America, thanks to this fact this 

species is exposed to a wide set of environmental temperatures, making it a successful 

invasive species in Australia (Coloma et al., 2014; Tingley and Shine, 2011).  

 

R. marina, or the cane toad, is an interesting amphibian that has experienced an 

extraordinary success. It is one of the world’s most widespread invasive species. Since its 

introduction in 1935 in northeastern Queensland, Australia, cane toads have spread 

throughout tropical and temperate (southwards) Australia (McCann et al., 2014). It has 

even shifted its climatic niche from its native well-watered tropical and subtropical region, 

to the driest continent on earth, mainly by behavioral plasticity. They compensate their 

lack of morphological of physiological means to reduce desiccation by sheltering 

themselves in damp sites for days or weeks and only moving between shelter sites when 

there are favorable rainy conditions (Tingley and Shine, 2011).  The ARRMIN of R. marina 

is higher that its ARRMAX, and according to McCann et al. (2014), this species shows a 

peculiarity of having a rapid acclimation for cold (12h hours minimum), that is one of the 

characteristics that allows it to invade high-elevation sites in southeastern Australia (Jolly 

et al., 2015). 

 

Even though all values of ARR were positive, all four are closer to 0 than to 1, showing a 

low acclimation capacity in thermal tolerance for both species, and the highest value 

obtained, 0.46 for the ARRMIN of G. riobambae fails to pass over 0.5. This means that if 

the environmental temperature approaches the thermal limits of this species, that plasticity 

would not be enough for the specie to survive (Gunderson and Stillman, 2015). In 

comparison with another similar study (Escobar, D., unpublished data, 2016), the ARR 



	

 

16	

obtained for other Ecuadorian species, Agalychnis spurrelli (ARRMAX=0.14) and 

Gastrotheca pseustes (ARRMAX=0.05), our study species have similar ARR values. Having 

low ARR values follows the predictions for tropical species that live in more stable 

thermal conditions that temperate species. Tropical lowland species are expected to be 

more affected by climate change, because they present narrower thermal tolerance breadth, 

in comparison to temperate species, mainly because they have thermal stability in their 

natural environment (Gutiérrez-Pesquera et al., 2016; Pacifici et al., 2015). Having low 

ARR values show that they have low acclimation capacity, because in their natural 

environment, equatorial or tropical species don’t outstay drastic thermal variations like 

species that bear the changes between spring and winter. 

 

Both species showed a wide thermal range. G. riobambae had the widest with 40.3 degrees 

of thermal range, meaning they have a 40 degrees difference between its critical thermal 

maximum and minimum (at an acclimation temperature of 26 ºC). A possible explanation 

for these results could be the natural environment at which both species are exposed. These 

species have adapted, via natural selection, over many generations, to the dynamic 

complexity of their thermal natural environments, consistently experiencing variations in 

temperature, e.g. R. marina has a wide range of temperatures in one collection site of 18.52 

ºC (see Table 6) (Angilletta, 2009; Navas et al., 2008). Both species can be found in 

disturbed areas, have their tadpoles in open spaces, shallow ponds directly exposed to 

sunlight and to wide variations in water temperature (Coloma et al., 2014; Duellman, 2015; 

Frenkel et al., 2014; Frost, 2016). Tadpoles that live in temporary ponds at the tropical 

region can bear high exposure temperatures, like Lepidobatrachus llanensis, from 

Paraguay and Argentina that shows a CTmax of 44.7 ºC, being a subtropical species 

(Duarte et al., 2012) or Smilisca phaeota with 44.0 ºC for a tropical species (López Rosero, 

2015), and Rhinella marina with 44.4 ºC of the higher CTmax obtained in this study.  

 

Rhinella marina from south Texas, USA, through tropical Central America, up to the 

Bolivian and north Peruvian amazon regions, has the widest distribution range. Now it is 

divided with the range of R. horribilis, but it is still a wide distribution. It is an invasive 

species, not only in Australia, as mentioned before, but also in Hawaii, several tropical and 

subtropical islands and localities (e.g. Haiti, Barbados, Aruba), and even Taiwan (Solís et 

al., 2009). Being an ectotherm, its body temperature is directly correlated to the external 

environmental temperature (McCann et al., 2014), this is why R. marina was expected to 
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be the specie with the wider thermal tolerance range, but our results showed differently, 

being G. riobambae our species that has the widest tolerance range and also the highest 

value of ARR (see Table 3 and 4).  

 

The CTmax and CTmin obtained for different acclimation temperatures for both study 

species are summarized in Table 1. CTmax in both species increases according to the 

acclimation temperatures, but for CTmin, in the lowest acclimation temperature (14 ºC), 

there is an inverse trend. This could be explained by the decrease of physiological 

performance due to low temperatures. At this acclimation temperature, organisms could 

start to fail; in a way they could be near their critical thermal minimum, reaching to its 

lower pejus range (Hill et al., 2012; Huey and Stevenson, 1979; Tejedo et al., 2012). The 

statistical analysis suggested that there is a significant difference between the acclimation 

temperatures, and that both species do show an acclimation capacity, meaning that there is 

a difference between the critical temperature limits obtained in the different acclimation 

temperatures (Gutiérrez-Pesquera et al., 2016; Westmoreland, 1994).  

 

When we compare figures A.1 with B.1, it is evident that, R. marina has a higher tolerance 

to heat, while comparing figures A.2 and B.2, we can observe that the more cold tolerant 

species is G. riobambae. This could be explained through a theory that declares that 

species of high altitude, thermodynamically behave as temperate species (Brattstrom, 

1968), and temperate species usually present more thermal tolerance to cold, while tropical 

species have affinity to present more thermal tolerance to heat (Bernal and Lynch, 2013; 

Gutiérrez-Pesquera et al., 2016; Janzen, 1967; Navas et al., 2010). 

 

Calculating the relative vulnerability of the species helps us to assess the possible effects 

of climate change in these Ecuadorian species (Gunderson and Stillman, 2015; Parmesan, 

2006). The difference between CTmax and the maximum exposure temperature obtained 

of the micro environmental data (Te) allows for understanding of how close these species 

are right now to their thermal tolerances. Neither of our study species faces temperatures in 

their microhabitat data that are close to their thermal limits. The species with a narrower 

warming tolerance is R. marina, making this the most vulnerable specie of this study. Even 

though it has a WT of 7.45, it is not considered a species at risk. Its conservation status is 

Least Concern according to the UICN, due to its wide distribution, acclimation capacity, 

adaptability to different habitats (Coloma et al., 2014; Frost, 2016; Solís et al., 2009).For 
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G. riobambae, the WT is even wider, of 23.6 ºC, far from its thermal limit, making this the 

least vulnerable specie of this study.  

 

Being the least vulnerable species of the study indicates that G. riobambae may not be 

affected by an increase in their environmental temperature. G. riobamabe, it has a 

Conservation Status of Vulnerable according to the UICN list, mainly because of human 

population growth, habitat loss, use of pesticides that are a problem for the health of G. 

riobambae’s remaining populations (Frenkel et al., 2014). Global warming could affect 

this species in an indirect way through chytrid fungus (Lötters et al., 2009). 

Batrachochytrium dendrobatidis and climate change may enhance this pathogen (Cooke et 

al., 2013; Pounds et al., 2006). According to the study of Manzano (2010) and Narváez 

(2014) the population present at the same collection point of our study organisms, 

(Metropolitan Park of Quito) show the presence of the chytrid fungus within 33,9% of the 

tadpoles infected. The proportion of the infected tadpoles correlates with the temperature 

of water; there was more infection at higher temperatures.  

 

A final concern is that the micro environmental data may be underestimated having new 

high records for the global temperature each month of this last year 2016 (Lynch, 2016). 

The micro environmental data for G. riobambae were taken from November of 2014 to 

September of 2015, but due to high temperatures, no rainfall and no presence of water in 

the collection site, experimentation with this species could not be finished until January of 

2016. This evidences that this species goes through considerable variations of exposure 

temperatures in their natural environments. 

 

To asses if our study species are going to be affected or benefited by climate change, it is 

necessary to know other physiological data like the (Gerick et al., 2014).  Unpublished data 

(Pintanel. P., 2017), compared to the mean Te of each microenvironmental data (Te=23.8 

ºC, for R. marina, and Te= 14.18 ºC for G. riobambae), gave an interesting result: for both 

of our species, climate change may be beneficial, allowing them to be closer to their Topt, 

and enhancing their fitness (Angilletta, 2009). 
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3.5. Conclusions 

 

The trends we can observe in our results show us that R. marina is more tolerant to heat, 

with a maximum CTmax of 43.89 ºC, compared to the maximum CTmax of G. riobambae 

of 40.11 ºC.  

 

G. riobambae is more tolerant to cold, presenting the lowest CTmin of 2.13 ºC, compared 

to the lowest CTmin of R. marina of 7.28 ºC.  

 

The thermal tolerance show that G. riobambae has the wider range (40.3 degrees for 

treatment 26 ºC) in all of the acclimation temperatures, compared to the wider range of R. 

marina (36.9 degrees for treatment 20 ºC), even though this species is not good 

acclimating at higher temperatures, the treatment of acclimation at 36 ºC failed, but it can 

bear a great range of different temperatures.  

 

The narrowest thermal tolerance range was of R. marina with 34 degrees for the treatment 

of 36 ºC of acclimation.  

 

Gastrotheca riobambae had the highest acclimation capacity for its lower thermal limit 

(ARRMIN=0.46), being the species that could better acclimatize for the cold thermal limit, 

compared to the ARRMIN=0.28 of Rhinella marina.  

 

For the high thermal limit, R. marina had a better acclimation capacity (ARRMAX=0.2) than 

G. riobambae (ARRMIN=0.12). 

 

Micro environmental data showed that the most variable localities are the ones where the 

data for the cane toad was collected. It also indicates that G. riobambae has a narrow Te 

range with only 8 degrees between the highest and lowest record, because of this; we 

suggest that more environmental data, probably in other localities, should be gathered for 

evaluating this species. The Te ranges showed that more environmental variability was 

seen in Mindo. The highest mean of Te was for Mindo with 23.8 ºC, while the mean for 

Quito was 14 ºC. 
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For our data, the widest WT is for G. riobambae (WT=23.6) and the smallest is for R. 

marina (WT=7.5), indicating that R. marina is the most vulnerable species of this study, 

showing the lowest value for relative vulnerability.  

 

Given the WT values obtained, neither of our study species are living near their thermal 

tolerances and probably won’t be affected by changes in environment, at least not in a 

direct way. These species do not show immediate vulnerability to climate change in 

collection sites where this study was made. If the Topt data are confirmed for these two 

species they could even be benefited if their exposure temperature gets closer to their Topt. 
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4. APPENDICES 

 

Appendix A. Results of Analysis of Covariance (ANCOVA) for CTmax ~ Acclimation 

Temperatures in Rhinella marina. 

 

 

 

Df Sum Sq Mean Sq F value Pr(>F) 

 Acclimation 

Temperatures 3 38.177 12.7255 49.07680 2.911E-12 *** 

Weight 1 1.528 1.5279 5.8924 0.020826 * 

Acclimation 

Temperature - 

Weight 3 3.539 1.1796 4.5491 0.008938 ** 

Residuals 33 8.557 0.2593 

   Significance   0 ‘***’ 0,001 ‘**’ 0,01 ‘*’ 0,05 ‘.’ 0,1 ‘’ 1  

 

 

 

 

Appendix B. Results of Kruskal–Wallis (Non-parametric test) of CTmin ~ Acclimation 

Temperatures in Gastrotheca riobambae and Rhinella marina. 

Kruskal- Wallis 

Specie CT Chi-squeared 

Degrees 

of 

freedom P-value 

G.riobambe min 20.55 3 0.0001305 

R.marina min 24.346 3 2.12e-05 

 

 

 

 

 



	

 

22	

 

Appendix C. Results of Analysis of Covariance (ANCOVA) for CTmax ~ Acclimation 

Temperatures in Gastrotheca riobambae 

 

 

Df Sum Sq Mean Sq F value Pr(>F) 

 Acclimation 

Temperatures 3 5.6452 1.88173 12.5147 1.57E-05 *** 

Weight 1 0.1802 0.18016 1.1982 0.2821 

 Acclimation 

Temperature - 

Weight 3 0.6432 0.21439 1.4258 0.254 

 Residuals 31 4.6612 0.15036 

   Significance   0 ‘***’ 0,001 ‘**’ 0,01 ‘*’ 0,05 ‘.’ 0,1 ‘’ 1  

 

 

 

 

 

Appendix D. Post hoc Tukey’s HSD Test of CTmax ~ Acclimation Temperatures in 

Rhinella marina 

 

Tukey multiple comparisons of means 

95% family-wise confidence level 

Treatments diff lwr upr p adj 

20 ºC-14 ºC 0.8363636 0.1232330 1.5494940 0.0161089 

26 ºC-14 ºC 1.3100000 0.5800875 2.0399120 0.0001365 

32 ºC-14 ºC 2.6900000 1.9600875 3.4199120 0.0000000 

26 ºC-20 ºC 0.4736364 -0.2394943 1.1867670 0.2958648 

32 ºC-20 ºC 1.8536364 1.1405057 2.5667670 0.0000002 

32 ºC-26 ºC 1.3800000 0.6500875 2.1099120 0.0000620 
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Appendix E. Dunn Test of Multiple Comparisons Using Rank Sums of CTmin ~ 

Acclimation Temperatures in Rhinella marina. 

 

 
 

 

 

 

Appendix F. Post hoc Tukey’S HSD Test of CTmax ~ Acclimation Temperatures in 

Gastrotheca riobambe 

 

Tukey multiple comparisons of means 

95% family-wise confidence level 

Treatments diff lwr upr p adj 

20 ºC-14 ºC 0.1600000 -0.3174380 0.6374380 0.8028900 

26 ºC-14 ºC 0.6100000 0.1325620 1.0874380 0.0077964 

32 ºC-14 ºC  0.9822222 0.4917013 1.4727431 0.0000274 

26 ºC-20 ºC  0.4500000 -0.0274380 0.9274380 0.0706878 

32 ºC-20 ºC  0.8222222 0.3317013 1.3127431 0.0003786 

32 ºC-26 ºC 0.3722222 -0.1182987 0.8627431 0.1908551 
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Appendix G. Dunn Test of Multiple Comparisons Using Rank Sums of CTmin ~ 

Acclimation Temperatures in Gastrotheca riobambae. 
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5. FIGURES 

	

Figure A.1. Variation of Critical Thermal maximum (CTmax) in Rhinella marina at 

different treatmens of Acclimation temperatures (14 ºC, 20 ºC, 26 ºC, 32 ºC). 

 

Figure A.2. Variation of Critical Thermal minimum (CTmin) in Rhinella marina at 

different treatments of Acclimation temperatures (14 ºC, 20 ºC, 26 ºC, 32 ºC). 
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Figure B.1. Variation of Critical Thermal maximum (CTmax) in Gastrotheca riobambae 

at different treatments of Acclimation temperatures (14 ºC, 20 ºC, 26 ºC, 32 ºC). 

 

 

 
Figure B.2. Variation of Critical Thermal minimum (CTmin) in Gastrotheca riobambae at 

different treatments of Acclimation temperatures (14 ºC, 20 ºC, 26 ºC, 32 ºC). 
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Figure C.1. Carolina Yandún-Vela, for the section Vitae. 

 

 

 

 
Figure C.2. Andrés Merino-Viteri, for the section Vitae. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



	

 

28	

6. TABLES 

 

 

 

 

 

 

Table 1.  Thermal tolerances: Critical Thermal maximum and Critical Thermal 

minimum, mean and standard deviation of each acclimation temperature treatment of 

species Gastrotheca riobambae and Rhinella marina. 

 

Species 

Acclimation 

Temperature 

Ctmax 

(ºC±SD) N 

CTmin 

(ºC±SD) N 

Rhinella 

marina 

 

 

14 ºC 41.2±0.709 10 9.1±0.71 10 

20 ºC 42.03±0.52 10 7.28±0.52 10 

26 ºC 42.51±0.77 10 8.07±0.77 10 

32 ºC 43.89±0.33 10 9.45±0.33 10 

36 ºC 

 

43.44±1.20 

 

10 

 

11.15±1.20 

 

10 

 

Gastrotheca 

riobambae 

 

14 ºC 39.54±0.42 10 6.7±2.05 10 

20 ºC 39.7±0.37 10 2.13±1.45 10 

26 ºC 40.15±0.37 10 3.14±2.31 10 

32 ºC 40.11±1.36 9* 6.23±1.96 10 

      

*Only outlier removed for final statistical tests due to methodological error. 
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Table 2.  Results of statistical tests, normality test (Shapiro-Wilk’s) and homogeneity 

of variances (Bartlett’s) with outliers, without outliers and log10 transformation of data if 

needed for Gastrotheca riobambae and Rhinella marina. (Not significant highlighted). 

 

  

Original 

data 

Without 

Outliers  

Log10 

Transformation 

Bartlett's 

Species Parameter P-value P-value 

 G.riobambae CTmax 1.74e-02 0.9738 

 G.riobambae CTmin 0.6056 0.4033 

 R. marina CTmax  0.09997 0.09997 

 R. marina CTmin 0.1778 0.1648 

 
     Shapiro-Wilk’s 

  

p-value p-value p-value 

G.riobambae CTmax 2.04E-02 0.7442 

 G.riobambae CTmin 0.03684 0.02696 0.01012 

R. marina CTmax 0.1524 0.1524 

 R. marina CTmin 0.04984 0.029 0.002653 

 

 

 

Table 3.  Thermal tolerance ranges for the different acclimation temperatures for both 

species, Gastrotheca riobambae and Rhinella marina. 

 

Species Acclimation Temperature 

 

14 ºC 20 ºC 26 ºC 32 ºC 36 ºC 

Gastrotheca 

riobambae 37.4 39.9 40.3 38.2 - 

Rhinella 

marina 34.5 36.9 36.7 35.4 34 
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Table 4.  Acclimation response ratio (ARR= ΔCTmax or ΔCTmin/ Δ acclimation 

temperature) in Gastrotheca riobambae and Rhinella marina. 

 

Species 

MeanAcclim. 

Temp. 

Mean 

Ctmax ARRMAX 

Mean 

CTmin ARRMIN 

Gastrotheca 

riobambae 18 2.2 0.12 8.3 0.46 

Rhinella 

marina 22 4.5 0.2 6.2 0.28 

 

 

 

Table 5.  Warming Tolerance (Maximum CTmax – Maximum Te) for Gastrotheca 

riobambae and Rhinella marina. 

 

Species 

 

Maximum 

CTmax 

Maximum 

Te WT 

Rhinella marina 44.4 36.9 7.5 

Gastrotheca riobambae 41 17.4 23.6 

 

 

 

Table 6.  Summary of Micro environmental data obtained from data loggers at both 

collection points. 

     
Locality 

Maximum 
(ºC) 

Minimum 
(ºC) 

Mean 
 (ºC) 

Range 
(Max-min) Start Date End Date 

Mindo (Dry) 36.95 18.43 23.75 18.52 10/3/16 26/4/16 

Mindo (Dry) 32.39 18.14 23.8 14.25 20/4/16 20/7/16 

Mindo (River) 33.85 18.62 22.25 15.23 10/3/16 20/4/16 

Mindo (River) 33.95 18.14 20.13 15.81 14/12/14 7/3/15 

PUCE_pond 17.38 8.9 14.18 8.48 20/11/14 26/9/15 
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Informed Consent 

 

All the animal procedures were in accordance with international guidelines. The work 

described has been carried out in accordance with the EU Directive 2010/63/EU for animal 

experiments: http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm. 

All permits needed according to the Ministerio del Ambiente de Ecuador were obtained for 

collecting, transportation and maintenance of the living organisms. All tadpoles were 

euthanized at the conclusion of the experiments, according to laboratory protocols based 

on a lethal dose of MS-222 anesthesia (Canadian Council on Animal Care, 2002; 

Simmons, 2002), protocols used at the QCAZ Museum of the Pontificia Universidad 

Católica del Ecuador. 
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Highlights 

• Rhinella marina and Gastrotheca riobambae showed positive acclimation to 

different temperature treatments. 

• Neither of the two species have relative vulnerability to climate change. 

• G. riobambae has the wider thermal breadth of both species. 

• R. marina tolerates better the heat, while G. riobambae is better adapted to cold 
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http://www.evise.com/evise/faces/pages/navigation/NavController.jspx?JRNL_ACR=TB.  

Submission checklist  

You can use this list to carry out a final check of your submission before you send it to the 
journal for review. Please check the relevant section in this Guide for Authors for more 
details.  

Ensure that the following items are present:  

One author has been designated as the corresponding author with contact details: • E-mail 
address • Full postal address  

All necessary files have been uploaded: Manuscript: • Include keywords • All figures 
(include relevant captions) • All tables (including titles, description, footnotes) • Ensure all 
figure and table citations in the text match the files provided • Indicate clearly if color 
should be used for any figures in print Graphical Abstracts / Highlights files (where 
applicable)  

Supplemental files (where applicable)  

Further considerations • Manuscript has been 'spell checked' and 'grammar checked' • All 
references mentioned in the Reference List are cited in the text, and vice versa • 
Permission has been obtained for use of copyrighted material from other sources 
(including the Internet) • Relevant declarations of interest have been made • Journal 
policies detailed in this guide have been reviewed • Referee suggestions and contact details 
provided, based on journal requirements  

For further information, visit our Support Center. BEFORE YOU BEGIN  

Ethics in publishing  

Please see our information pages on Ethics in publishing and Ethical guidelines for journal 
publication.  

Informed Consent:  
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Studies on patients or volunteers require ethics committee approval and informed consent, 
which should be documented in the paper. Appropriate consents, permissions and releases 
must be obtained where an author wishes to include case details or other personal 
information or images of patients and any other individuals in an Elsevier publication. 
Written consents must be retained by the author and copies of the consents or evidence that 
such consents have been obtained must be provided to Elsevier on request. Particular care 
should be taken with obtaining consent where children are concerned (in particular where a 
child has special needs or learning disabilities), where an individual's head or face appears, 
or where reference is made to an individual's name or other personal details.  

Human and animal rights:  

If the work involves the use of animal or human subjects, the author should ensure that the 
work described has been carried out in accordance with The Code of Ethics of the World 
Medical Association (Declaration of Helsinki) for experiments involving humans 
http://www.wma.net/en/30publications/10policies/b3/index.html; EU Directive 
2010/63/EU for animal experiments 
http://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm;  

 
Uniform Requirements for manuscripts submitted to Biomedical journals 
http://www.icmje.org Authors should include a statement in the manuscript that informed 
consent was obtained for experimentation with human subjects. The privacy rights of 
human subjects must always be observed.  

Declaration of interest  

All authors are requested to disclose any actual or potential conflict of interest including 
any financial, personal or other relationships with other people or organizations within 
three years of beginning the submitted work that could inappropriately influence, or be 
perceived to influence, their work. More information.  

Submission declaration and verification  

Submission of an article implies that the work described has not been published previously 
(except in the form of an abstract or as part of a published lecture or academic thesis or as 
an electronic preprint, see 'Multiple, redundant or concurrent publication' section of our 
ethics policy for more information), that it is not under consideration for publication 
elsewhere, that its publication is approved by all authors and tacitly or explicitly by the 
responsible authorities where the work was carried out, and that, if accepted, it will not be 
published elsewhere in the same form, in English or in any other language, including 
electronically without the written consent of the copyright-holder. To verify originality, 
your article may be checked by the originality detection service CrossCheck.  

Changes to authorship  
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Authors are expected to consider carefully the list and order of authors before submitting 
their manuscript and provide the definitive list of authors at the time of the original 
submission. Any addition, deletion or rearrangement of author names in the authorship list 
should be made only before the manuscript has been accepted and only if approved by the 
journal Editor. To request such a change, the Editor must receive the following from the 
corresponding author: (a) the reason for the change in author list and (b) written 
confirmation (e-mail, letter) from all authors that they agree with the addition, removal or 
rearrangement. In the case of addition or removal of authors, this includes confirmation 
from the author being added or removed.  

Only in exceptional circumstances will the Editor consider the addition, deletion or 
rearrangement of authors after the manuscript has been accepted. While the Editor 
considers the request, publication of the manuscript will be suspended. If the manuscript 
has already been published in an online issue, any requests approved by the Editor will 
result in a corrigendum.  

Copyright  

Upon acceptance of an article, authors will be asked to complete a 'Journal Publishing 
Agreement' (see more information on this). An e-mail will be sent to the corresponding 
author confirming receipt of the manuscript together with a 'Journal Publishing Agreement' 
form or a link to the online version of this agreement.  

Subscribers may reproduce tables of contents or prepare lists of articles including abstracts 
for internal circulation within their institutions. Permission of the Publisher is required for 
resale or distribution outside the institution and for all other derivative works, including 
compilations and translations. If excerpts from other copyrighted works are included, the 
author(s) must obtain written permission from the copyright owners and credit the 
source(s) in the article. Elsevier has preprinted forms for use by authors in these cases.  

For open access articles: Upon acceptance of an article, authors will be asked to complete 
an 'Exclusive License Agreement' (more information). Permitted third party reuse of open 
access articles is determined by the author's choice of user license.  

Author rights  

As an author you (or your employer or institution) have certain rights to reuse your work. 
More information.  

Elsevier supports responsible sharing  

Find out how you can share your research published in Elsevier journals.  

Role of the funding source  

You are requested to identify who provided financial support for the conduct of the 
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research and/or preparation of the article and to briefly describe the role of the sponsor(s), 
if any, in study design; in the collection, analysis and interpretation of data; in the writing 
of the report; and in the decision to submit the article for publication. If the funding 
source(s) had no such involvement then this should be stated.  

Funding body agreements and policies  

Elsevier has established a number of agreements with funding bodies which allow authors 
to comply with their funder's open access policies. Some funding bodies will reimburse the 
author for the Open Access Publication Fee. Details of existing agreements are available 
online.  

Open access  

This journal offers authors a choice in publishing their research:  

Open access  

• Articles are freely available to both subscribers and the wider public with permitted 
reuse. • An open access publication fee is payable by authors or on their behalf, e.g. by 
their research funder or institution. Subscription • Articles are made available to 
subscribers as well as developing countries and patient groups through our universal access 
programs. • No open access publication fee payable by authors.  

Regardless of how you choose to publish your article, the journal will apply the same peer 
review criteria and acceptance standards.  

For open access articles, permitted third party (re)use is defined by the following Creative 
Commons user licenses:  

Creative Commons Attribution (CC BY)  

Lets others distribute and copy the article, create extracts, abstracts, and other revised 
versions, adaptations or derivative works of or from an article (such as a translation), 
include in a collective work (such as an anthology), text or data mine the article, even for 
commercial purposes, as long as they credit the author(s), do not represent the author as 
endorsing their adaptation of the article, and do not modify the article in such a way as to 
damage the author's honor or reputation.  

Creative Commons Attribution-NonCommercial-NoDerivs (CC BY-NC-ND)  

For non-commercial purposes, lets others distribute and copy the article, and to include in 
a collective work (such as an anthology), as long as they credit the author(s) and provided 
they do not alter or modify the article.  

The open access publication fee for this journal is USD 3000, excluding taxes. Learn more 
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about Elsevier's pricing policy: http://www.elsevier.com/openaccesspricing.  

Green open access  

Authors can share their research in a variety of different ways and Elsevier has a number 
of green open access options available. We recommend authors see our green open access 
page for further information. Authors can also self-archive their manuscripts immediately 
and enable public access from their institution's repository after an embargo period. This is 
the version that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and in editor-author 
communications. Embargo period: For subscription articles, an appropriate amount of time 
is needed for journals to deliver value to subscribing customers before an article becomes 
freely available to the public. This is the embargo period and it begins from the date the 
article is formally published online in its final and fully citable form. Find out more.  

This journal has an embargo period of 12 months.  

Elsevier Publishing Campus  

The Elsevier Publishing Campus (www.publishingcampus.com) is an online platform 
offering free lectures, interactive training and professional advice to support you in 
publishing your research. The College of Skills training offers modules on how to prepare, 
write and structure your article and explains how editors will look at your paper when it is 
submitted for publication. Use these resources, and more, to ensure that your submission 
will be the best that you can make it.  

  
Language (usage and editing services)  

Please write your text in good English (American or British usage is accepted, but not a 
mixture of these). Authors who feel their English language manuscript may require editing 
to eliminate possible grammatical or spelling errors and to conform to correct scientific 
English may wish to use the English Language Editing service available from Elsevier's 
WebShop.  

Submission  

Our online submission system guides you stepwise through the process of entering your 
article details and uploading your files. The system converts your article files to a single 
PDF file used in the peer-review process. Editable files (e.g., Word, LaTeX) are required 
to typeset your article for final publication. All correspondence, including notification of 
the Editor's decision and requests for revision, is sent by e-mail.  

Referees  

Please submit the names and institutional e-mail addresses of several potential referees. 
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For more details, visit our Support site. Note that the editor retains the sole right to decide 
whether or not the suggested reviewers are used.  

PREPARATION  

Use of word processing software  

It is important that the file be saved in the native format of the word processor used. The 
text should be in single-column format. Keep the layout of the text as simple as possible. 
Most formatting codes will be removed and replaced on processing the article. In 
particular, do not use the word processor's options to justify text or to hyphenate words. 
However, do use bold face, italics, subscripts, superscripts etc. When preparing tables, if 
you are using a table grid, use only one grid for each individual table and not a grid for 
each row. If no grid is used, use tabs, not spaces, to align columns. The electronic text 
should be prepared in a way very similar to that of conventional manuscripts (see also the 
Guide to Publishing with Elsevier). Note that source files of figures, tables and text 
graphics will be required whether or not you embed your figures in the text. See also the 
section on Electronic artwork.  

To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 
'grammar-check' functions of your word processor.  

Article structure  

Subdivision - numbered sections  

Divide your article into clearly defined and numbered sections. Subsections should be 
numbered 1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section 
numbering). Use this numbering also for internal cross-referencing: do not just refer to 'the 
text'. Any subsection may be given a brief heading. Each heading should appear on its own 
separate line.  

Introduction  

State the objectives of the work and provide an adequate background, avoiding a detailed 
literature survey or a summary of the results.  

Material and methods  

Provide sufficient detail to allow the work to be reproduced. Methods already published 
should be indicated by a reference: only relevant modifications should be described.  

Results  

Results should be clear and concise.  

Discussion  
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This should explore the significance of the results of the work, not repeat them. A 
combined Results and Discussion section is often appropriate. Avoid extensive citations 
and discussion of published literature.  

Conclusions  

The main conclusions of the study may be presented in a short Conclusions section, which 
may stand alone or form a subsection of a Discussion or Results and Discussion section.  

Appendices  

If there is more than one appendix, they should be identified as A, B, etc. Formulae and 
equations in appendices should be given separate numbering: Eq. (A.1), Eq. (A.2), etc.; in 
a subsequent appendix, Eq. (B.1) and so on. Similarly for tables and figures: Table A.1; 
Fig. A.1, etc.  

Vitae  

Include in the manuscript a short (maximum 100 words) biography of each author, along 
with a passport-type photograph accompanying the other figures.  

Essential title page information  

• Title. Concise and informative. Titles are often used in information-retrieval systems. 
Avoid abbreviations and formulae where possible. • Author names and affiliations. Please 
clearly indicate the given name(s) and family name(s) of each author and check that all 
names are accurately spelled. Present the authors' affiliation addresses (where the actual 
work was done) below the names. Indicate all affiliations with a lower- case superscript 
letter immediately after the author's name and in front of the appropriate address. Provide 
the full postal address of each affiliation, including the country name and, if available, the 
e-mail address of each author.  

• Corresponding author. Clearly indicate who will handle correspondence at all stages of 
refereeing and publication, also post-publication. Ensure that the e-mail address is given 
and that contact details are kept up to date by the corresponding author. • 
Present/permanent address. If an author has moved since the work described in the article 
was done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be 
indicated as a footnote to that author's name. The address at which the author actually did 
the work must be retained as the main, affiliation address. Superscript Arabic numerals are 
used for such footnotes.  

Abstract  

A concise and factual abstract is required. The abstract should state briefly the purpose of 
the research, the principal results and major conclusions. An abstract is often presented 
separately from the article, so it must be able to stand alone. For this reason, References 
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should be avoided, but if essential, then cite the author(s) and year(s). Also, non-standard 
or uncommon abbreviations should be avoided, but if essential they must be defined at 
their first mention in the abstract itself.  

Graphical abstract  

Although a graphical abstract is optional, its use is encouraged as it draws more attention 
to the online article. The graphical abstract should summarize the contents of the article in 
a concise, pictorial form designed to capture the attention of a wide readership. Graphical 
abstracts should be submitted as a separate file in the online submission system. Image 
size: Please provide an image with a minimum of 531 × 1328 pixels (h × w) or 
proportionally more. The image should be readable at a size of 5 × 13 cm using a regular 
screen resolution of 96 dpi. Preferred file types: TIFF, EPS, PDF or MS Office files. You 
can view Example Graphical Abstracts on our information site.  

Authors can make use of Elsevier's Illustration and Enhancement service to ensure the best 
presentation of their images and in accordance with all technical requirements: Illustration 
Service.  

Highlights  

Highlights are mandatory for this journal. They consist of a short collection of bullet points 
that convey the core findings of the article and should be submitted in a separate editable 
file in the online submission system. Please use 'Highlights' in the file name and include 3 
to 5 bullet points (maximum 85 characters, including spaces, per bullet point). You can 
view example Highlights on our information site.  

Keywords  

Immediately after the abstract, provide a maximum of 6 keywords, using American 
spelling and avoiding general and plural terms and multiple concepts (avoid, for example, 
'and', 'of'). Be sparing with abbreviations: only abbreviations firmly established in the field 
may be eligible. These keywords will be used for indexing purposes.  

Abbreviations  

Define abbreviations that are not standard in this field in a footnote to be placed on the first 
page of the article. Such abbreviations that are unavoidable in the abstract must be defined 
at their first mention there, as well as in the footnote. Ensure consistency of abbreviations 
throughout the article.  

Acknowledgements  

Collate acknowledgements in a separate section at the end of the article before the 
references and do not, therefore, include them on the title page, as a footnote to the title or 
otherwise. List here those individuals who provided help during the research (e.g., 
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providing language help, writing assistance or proof reading the article, etc.).  

Formatting of funding sources  

List funding sources in this standard way to facilitate compliance to funder's requirements:  

Funding: This work was supported by the National Institutes of Health [grant numbers 
xxxx, yyyy]; the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and 
the United States Institutes of Peace [grant number aaaa].  

It is not necessary to include detailed descriptions on the program or type of grants and 
awards. When funding is from a block grant or other resources available to a university, 
college, or other research institution, submit the name of the institute or organization that 
provided the funding.  

If no funding has been provided for the research, please include the following sentence:  

This research did not receive any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors.  

Footnotes  

Footnotes should be used sparingly. Number them consecutively throughout the article. 
Many word processors can build footnotes into the text, and this feature may be used. 
Otherwise, please indicate the position of footnotes in the text and list the footnotes 
themselves separately at the end of the article. Do not include footnotes in the Reference 
list.  

Electronic artwork General points • Make sure you use uniform lettering and sizing of 
your original artwork. • Embed the used fonts if the application provides that option. • Aim 
to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, 
or use fonts that look similar. • Number the illustrations according to their sequence in the 
text. • Use a logical naming convention for your artwork files. • Provide captions to 
illustrations separately. • Size the illustrations close to the desired dimensions of the 
published version. • Submit each illustration as a separate file. A detailed guide on 
electronic artwork is available. You are urged to visit this site; some excerpts from the 
detailed information are given here. Formats If your electronic artwork is created in a 
Microsoft Office application (Word, PowerPoint, Excel) then please supply 'as is' in the 
native document format. Regardless of the application used other than Microsoft Office, 
when your electronic artwork is finalized, please 'Save as' or convert the images to one of 
the following formats (note the resolution requirements for line drawings, halftones, and 
line/halftone combinations given below): EPS (or PDF): Vector drawings, embed all used 
fonts. TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 
300 dpi. TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a 
minimum of 1000 dpi. TIFF (or JPEG): Combinations bitmapped line/half-tone (color or 
grayscale), keep to a minimum of 500 dpi. Please do not: • Supply files that are optimized 
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for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a low number of pixels 
and limited set of colors; • Supply files that are too low in resolution; • Submit graphics 
that are disproportionately large for the content.  

Color artwork  

Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or 
PDF), or MS Office files) and with the correct resolution. If, together with your accepted 
article, you submit usable color figures then Elsevier will ensure, at no additional charge, 
that these figures will appear in color online (e.g., ScienceDirect and other sites) regardless 
of whether or not these illustrations are reproduced in color in the printed version. For 
color reproduction in print, you will receive information regarding the costs from 
Elsevier after receipt of your accepted article. Please indicate your preference for color: 
in print or online only. Further information on the preparation of electronic artwork.  

Figure captions  

Ensure that each illustration has a caption. Supply captions separately, not attached to the 
figure. A caption should comprise a brief title (not on the figure itself) and a description of 
the illustration. Keep text in the illustrations themselves to a minimum but explain all 
symbols and abbreviations used.  

Tables  

Please submit tables as editable text and not as images. Tables can be placed either next to 
the relevant text in the article, or on separate page(s) at the end. Number tables 
consecutively in accordance with their appearance in the text and place any table notes 
below the table body. Be sparing in the use of tables and ensure that the data presented in 
them do not duplicate results described elsewhere in the article. Please avoid using vertical 
rules.  

References  

Citation in text  

Please ensure that every reference cited in the text is also present in the reference list (and 
vice versa). Any references cited in the abstract must be given in full. Unpublished results 
and personal communications are not recommended in the reference list, but may be 
mentioned in the text. If these references are included in the reference list they should 
follow the standard reference style of the journal and should include a substitution of the 
publication date with either 'Unpublished results' or 'Personal communication'. Citation of 
a reference as 'in press' implies that the item has been accepted for publication.  

Reference links  

Increased discoverability of research and high quality peer review are ensured by online 
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links to the sources cited. In order to allow us to create links to abstracting and indexing 
services, such as Scopus, CrossRef and PubMed, please ensure that data provided in the 
references are correct. Please note that incorrect surnames, journal/book titles, publication 
year and pagination may prevent link creation. When copying references, please be careful 
as they may already contain errors. Use of the DOI is encouraged.  

A DOI can be used to cite and link to electronic articles where an article is in-press and full 
citation details are not yet known, but the article is available online. A DOI is guaranteed 
never to change, so you can use it as a permanent link to any electronic article. An example 
of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M., 
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles 
slab beneath northeastern Venezuela. Journal of Geophysical Research, 
http://dx.doi.org/10.1029/2001JB000884i. Please note the format of such citations should 
be in the same style as all other references in the paper.  

Web references  

As a minimum, the full URL should be given and the date when the reference was last 
accessed. Any further information, if known (DOI, author names, dates, reference to a 
source publication, etc.), should also be given. Web references can be listed separately 
(e.g., after the reference list) under a different heading if desired, or can be included in the 
reference list.  

Data references  

This journal encourages you to cite underlying or relevant datasets in your manuscript by 
citing them in your text and including a data reference in your Reference List. Data 
references should include the following elements: author name(s), dataset title, data 
repository, version (where available), year, and global persistent identifier. Add [dataset] 
immediately before the reference so we can properly identify it as a data reference. The 
[dataset] identifier will not appear in your published article.  

References in a special issue  

Please ensure that the words 'this issue' are added to any references in the list (and any 
citations in the text) to other articles in the same Special Issue.  

Reference management software  

Most Elsevier journals have their reference template available in many of the most popular 
reference management software products. These include all products that support Citation 
Style Language styles, such as Mendeley and Zotero, as well as EndNote. Using the word 
processor plug-ins from these products, authors only need to select the appropriate journal 
template when preparing their article, after which citations and bibliographies will be 
automatically formatted in the journal's style. If no template is yet available for this 
journal, please follow the format of the sample references and citations as shown in this 



	

 

50	

Guide.  

Users of Mendeley Desktop can easily install the reference style for this journal by 
clicking the following link: http://open.mendeley.com/use-citation-style/journal-of-
thermal-biology When preparing your manuscript, you will then be able to select this style 
using the Mendeley plug- ins for Microsoft Word or LibreOffice.  

Reference formatting  

There are no strict requirements on reference formatting at submission. References can be 
in any style or format as long as the style is consistent. Where applicable, author(s) 
name(s), journal title/book title, chapter title/article title, year of publication, volume 
number/book chapter and the pagination must be present. Use of DOI is highly 
encouraged. The reference style used by the journal will be applied to the accepted article 
by Elsevier at the proof stage. Note that missing data will be highlighted at proof stage for 
the author to correct. If you do wish to format the references yourself they should be 
arranged according to the following examples:  

Reference style Text: All citations in the text should refer to: 1. Single author: the author's 
name (without initials, unless there is ambiguity) and the year of publication; 2. Two 
authors: both authors' names and the year of publication; 3. Three or more authors: first 
author's name followed by 'et al.' and the year of publication. Citations may be made 
directly (or parenthetically). Groups of references should be listed first alphabetically, then 
chronologically. Examples: 'as demonstrated (Allan, 2000a, 2000b, 1999; Allan and Jones, 
1999). Kramer et al. (2010) have recently shown ....' List: References should be arranged 
first alphabetically and then further sorted chronologically if necessary. More than one 
reference from the same author(s) in the same year must be identified by the letters 'a', 'b', 
'c', etc., placed after the year of publication. Examples: Reference to a journal 
publication: Van der Geer, J., Hanraads, J.A.J., Lupton, R.A., 2010. The art of writing a 
scientific article. J. Sci. Commun. 163, 51–59. Reference to a book: Strunk Jr., W., White, 
E.B., 2000. The Elements of Style, fourth ed. Longman, New York. Reference to a chapter 
in an edited book: Mettam, G.R., Adams, L.B., 2009. How to prepare an electronic version 
of your article, in: Jones, B.S., Smith , R.Z. (Eds.), Introduction to the Electronic Age. E-
Publishing Inc., New York, pp. 281–304. Reference to a website: Cancer Research UK, 
1975. Cancer statistics reports for the UK. http://www.cancerresearchuk.org/ 
aboutcancer/statistics/cancerstatsreport/ (accessed 13.03.03). Reference to a 
dataset: [dataset] Oguro, M., Imahiro, S., Saito, S., Nakashizuka, T., 2015. Mortality data 
for Japanese oak wilt disease and surrounding forest compositions. Mendeley Data, v1. 
http://dx.doi.org/10.17632/ xwj98nb39r.1.  

Journal abbreviations source  

Journal names should be abbreviated according to the List of Title Word Abbreviations.  

Video  
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Elsevier accepts video material and animation sequences to support and enhance your 
scientific research. Authors who have video or animation files that they wish to submit 
with their article are strongly encouraged to include links to these within the body of the 
article. This can be done in the same way as a figure or table by referring to the video or 
animation content and noting in the body text where it should be placed. All submitted 
files should be properly labeled so that they directly relate to the video file's content. In 
order to ensure that your video or animation material is directly usable, please provide the 
files in one of our recommended file formats with a preferred maximum size of 150 MB. 
Video and animation files supplied will be published online in the electronic version of 
your article in Elsevier Web products, including ScienceDirect. Please supply 'stills' with 
your files: you can choose any frame from the video or animation or make a separate 
image. These will be used instead of standard icons and will personalize the link to your 
video data. For more detailed instructions please visit our video instruction pages. Note: 
since video and animation cannot be embedded in the print version of the journal, please 
provide text for both the electronic and the print version for the portions of the article that 
refer to this content.  

Supplementary material  

Supplementary material can support and enhance your scientific research. Supplementary 
files offer the author additional possibilities to publish supporting applications, high-
resolution images, background datasets, sound clips and more. Please note that such items 
are published online exactly as they are submitted; there is no typesetting involved 
(supplementary data supplied as an Excel file or as a PowerPoint slide will appear as such 
online). Please submit the material together with the article and supply a concise and 
descriptive caption for each file. If you wish to make any changes to supplementary data 
during any stage of the process, then please make sure to provide an updated file, and do 
not annotate any corrections on a previous version. Please also make sure to switch off the 
'Track Changes' option in any Microsoft Office files as these will appear in the published 
supplementary file(s). For more detailed instructions please visit our artwork instruction 
pages.  

Database linking  

Elsevier encourages authors to connect articles with external databases, giving readers 
access to relevant databases that help to build a better understanding of the described 
research. Please refer to relevant database identifiers using the following format in your 
article: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053; PDB: 1XFN). More 
information and a full list of supported databases.  

AudioSlides  

The journal encourages authors to create an AudioSlides presentation with their published 
article. AudioSlides are brief, webinar-style presentations that are shown next to the online 
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article on ScienceDirect. This gives authors the opportunity to summarize their research in 
their own words and to help readers understand what the paper is about. More information 
and examples are available. Authors of this journal will automatically receive an invitation 
e-mail to create an AudioSlides presentation after acceptance of their paper.  

Interactive plots  

This journal enables you to show an Interactive Plot with your article by simply submitting 
a data file. Full instructions.  

AFTER ACCEPTANCE  

Online proof correction  

Corresponding authors will receive an e-mail with a link to our online proofing system, 
allowing annotation and correction of proofs online. The environment is similar to MS 
Word: in addition to editing text, you can also comment on figures/tables and answer 
questions from the Copy Editor. Web-based proofing provides a faster and less error-prone 
process by allowing you to directly type your corrections, eliminating the potential 
introduction of errors.  

If preferred, you can still choose to annotate and upload your edits on the PDF version. All 
instructions for proofing will be given in the e-mail we send to authors, including 
alternative methods to the online version and PDF. We will do everything possible to get 
your article published quickly and accurately. Please use this proof only for checking the 
typesetting, editing, completeness and correctness of the text, tables and figures. 
Significant changes to the article as accepted for publication will only be considered at this 
stage with permission from the Editor. It is important to ensure that all corrections are sent 
back to us in one communication. Please check carefully before replying, as inclusion of 
any subsequent corrections cannot be guaranteed. Proofreading is solely your 
responsibility.  

Offprints  

The corresponding author will, at no cost, receive a customized Share Link providing 50 
days free access to the final published version of the article on ScienceDirect. The Share 
Link can be used for sharing the article via any communication channel, including email 
and social media. For an extra charge, paper offprints can be ordered via the offprint order 
form which is sent once the article is accepted for publication. Both corresponding and co-
authors may order offprints at any time via Elsevier's Webshop. Corresponding authors 
who have published their article open access do not receive a Share Link as their final 
published version of the article is available open access on ScienceDirect and can be 
shared through the article DOI link.  
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Visit the Elsevier Support Center to find the answers you need. Here you will find 
everything from Frequently Asked Questions to ways to get in touch. You can also check 
the status of your submitted article or find out when your accepted article will be 
published.  
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