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Introduction

Developmental stability is the physiological process by 
which the expression of a predetermined phenotype 

is regulated by stimuli and environmental conditions 
during growth (Zakharov et al., 2020). This process can 
be altered under conditions of environmental and genetic 
stress, causing morphological characteristics to deviate 
from the standard, a phenomenon that has been called 
developmental instability or noise (Grillitsch & Chovanec, 
1995; Glennemeier & Begnoche, 2002; Benítez & Parra, 
2011). Bilateral variation has historically been measured 
through asymmetry, a morphometric pattern that reflects 
the small deviations that occur between the right and left 
sides in organisms with bilateral symmetry (Palmer, 1994; 
Niemeier et al., 2019; Gondim et al., 2020). There are three 
typical patterns of asymmetry: directional asymmetry 
(DA), antisymmetry, and fluctuating asymmetry (FA; Van 
Valen, 1962). Fluctuating asymmetry has been considered 
a useful indicator of the health of populations under 
conditions of anthropisation, pollution, food scarcity 
and increases in predators or competitors (Brown, 1996; 
Söderman et al., 2007; Benítez et al., 2020). Therefore, 
the analysis of FA is an alternative to long-term population 
studies. In some cases, the latter could take longer to be 

conducted than the time during which population declines 
occur, making studies of FA particularly important in 
groups highly susceptible to declines, such as amphibians 
(Stuart et al., 2004; Catenazzi, 2015).

Studies of FA in amphibians have been focused on 
species of the families Ranidae and Bufonidae (e.g. 
Pelophylax ridibundus, Rana arvalis, Bufotes viridis). These 
studies have found that deforestation, discharges from 
urbanised sites, heavy metals, pesticides and fertilisers 
affect the normal development of individuals, which is 
reflected in higher levels of FA in morphology. The most 
affected morphological traits are the limbs, digits and 
dorsal spot colouration patterns (Wright & Zamudio, 2002; 
Lauck, 2006; Söderman et al., 2007; Eisemberg & Bertoluci, 
2016; Guo et al., 2017; Zhelev et al., 2017; Khattab et al., 
2021). Despite the growing information about factors that 
cause FA, few studies have paid attention to the effects 
of this phenomenon on morphological, ecological and 
behavioural traits in amphibians. For example, FA of the 
tympanum in females of Alytes obstetricans reduces 
their accuracy in detecting sound sources, which could 
be detrimental to their survival and reproductive success 
(Bosch & Márquez, 2000). On the other hand, there is no 
effect of FA of hindlimbs on locomotor performance in 
Pelophylax perezi (Moreno-Rueda et al., 2020).
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Another variable potentially affected by FA is body 
condition. For example, in P. ridibundus it was found that 
FA of the number of spots is high and body condition is 
low in disturbed sites (Zhelev et al., 2017). Additionally, 
individuals with higher levels of FA of the number of spots 
have lower values of body condition in the salamander 
Ambystoma maculatum (Davis & Maerz, 2007). However, 
in the frogs Dendropsophus ebraccatus and Agalychnis 
callidryas the results are not consistent. In the former 
species, body condition decreases in disturbed sites, but 
FA is higher in undisturbed sites. In A. callidryas, neither 
body condition nor FA decreases in disturbed sites 
(Matías-Ferrer & Escalante, 2015). Available evidence 
thus suggests that FA may have negative effects on 
body condition in some cases, but additional studies are 
needed in this regard. The inclusion of other variables 
that affect body condition in studies relating it to FA may 
help to identify such cases.

Since body condition is an estimate of the nutritional 
state of an individual, it can provide a snapshot of 
the physiological state (Jakob et al., 1996). Therefore, 
this variable is susceptible to temporal variations in 
environmental conditions. For example, increases in 
environmental temperatures and habitat disturbance 
over the years reduce body condition in some amphibian 
species (Reading, 2007; Tomašević et al., 2007; Vera-
Candioti et al., 2019; Cogălniceanu et al., 2021). 
Additionally, it has been observed that body condition 
varies between seasons in amphibians such as Lechriodus 
fletcheri and Bombina variegata. This is possibly related 
to the reproductive season, when energy reserves are 
used and there is greater intraspecific competition for 
resources; alternatively, this variation may be related to 
the period after winter (Gould & Valdez, 2021; Bᾰncilᾰ et 
al., 2010). Therefore, seasonal variation in environmental 
conditions could strengthen the negative effect of FA on 
body condition, so it is relevant to consider this variation.

Amphibians exhibit interspecific variation in their 
sensitivity to environmental stressors, a variation that 
depends on the characteristics of each species and their 
ecological interactions (Angulo, 2002). This variation can 
be studied in amphibian species that live in sympatry, as 
they share the same environmental conditions (e.g. food, 
reproductive sites and climate), and thus may be under 
similar selective pressures. The anuran species Lithobates 
spectabilis and Lithobates zweifeli belong to the family 
Ranidae, are endemic to Mexico, distributed from north-
east Jalisco to Guerrero, and live in sympatry in the 
Ameyalpa stream, which belongs to the Atoyac basin. 
The Atoyac river is the main water body of this basin, 
and has high levels of heavy metals such as Cd, Pb and Cr, 
which are commonly associated with FA (Mancilla-Villa 
et al., 2012; Ortiz-Alamilla et al., 2015; Guo et al., 2017). 
With this information in mind, the objectives of this study 
are: i) to examine the levels of FA in L. spectabilis and 
L. zweifeli in the Ameyalpa stream, ii) to compare body 
condition between seasons in both species, and iii) to 
evaluate the effect of FA on body condition in different 
seasons. Although neither species is considered to be 
under a risk category of extinction according to the IUCN 

(2022), L. spectabilis is commonly found in urbanised 
sites, whereas L. zweifeli is not (MacGregor-Fors et al., 
2012), suggesting that the latter species is more sensitive 
to habitat modification. Accordingly, we predicted that L. 
zweifeli would exhibit FA in more characters and higher 
levels of FA than L. spectabilis. Furthermore, we predicted 
that body condition will be lower in the dry season, that it 
will be negatively affected by FA of the limbs, and that this 
latter effect will be more pronounced in the dry season. 
We predicted these patterns due to the increased use of 
energy reserves caused by resource scarcity during the 
dry season (Tomašević et al., 2007; Bᾰncilᾰ et al., 2010).

  
MATERIALS & Methods

Fieldwork was conducted in the Ameyalpa stream, 
located in La Magdalena Cuaxixtla, municipality of Tecali 
de Herrera, state of Puebla, central Mexico (18.8835° N, 
97.9526° W; 2041 m a.s.l). The predominant vegetation 
type is xeric shrubland, composed of succulent plants, 
some of which form colonies (Rzedowski, 2006). The 
study site is part of the Atoyac basin, which in turn belongs 
to the Río Balsas hydrological region (INEGI, 2009). The 
climate is temperate sub-humid with summer rains, with 
a mean annual temperature of 18.3 °C and an annual 
precipitation of 534 mm. In 2018, the mean temperature 
was 19.7 °C and precipitation was 155 mm in the months 
of the dry season covered in this study (March–May). The 
mean temperature was 19.7 °C and precipitation was 
288 mm in the months of the rainy season covered in the 
study (June–September; CONAGUA, 2020).

	We conducted nine three-day trips to the Ameyalpa 
stream, from March to September 2018. We collected 
postmetamorphic individuals of L. spectabilis and L. 
zweifeli manually or with a dip net and took them to the 
camp. We obtained body weight with a spring scale (± 0.1 
g) and measured snout-vent length (SVL) with a digital 
caliper (± 0.1 mm) for each frog. Subsequently, individuals 
with a SVL ≥ 50 mm were anesthetised by placing them in 
a plastic bag with an ether-moistened cotton ball (Stetter, 
2001; Zhelev et al., 2017). In L. spectabilis, the mean time 
of anaesthesia was 7.9 min and the mean recovery time 
was 20.21 min; in L. zweifeli, the mean time of anaesthesia 
was 4.91 min and the mean recovery time was 24.96 min. 
Once the frog was sedated, we measured the length of 
six morphometric limb characters: femur, tibia-fibula, 
humerus, radio-ulna, third finger and fourth toe (Matías-
Ferrer & Escalante, 2015; Eisemberg & Bertoluci, 2016). 
We also measured the horizontal and vertical length of 
the tympanum (Bosch & Márquez, 2000). Additionally, we 
photographed the dorsum of individuals of L. spectabilis 
with a reflex camera at a standardised distance, to evaluate 
asymmetry in colouration pattern. It was not possible to 
evaluate asymmetry in colouration pattern in L. zweifeli, 
since this species does not present clearly defined 
spots that contrast with the background colouration. All 
measurements were taken with a digital calliper (± 0.1 
mm), which was zeroed after each measurement, and 
were taken thrice by the same person (ECB) without 
access to values of previous measurements, to reduce 
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measurement error and increase precision (Palmer, 
1994). Afterwards, the frogs were individually marked by 
toe-clipping to avoid pseudoreplication (Donnelly et al., 
1994; HACC, 2004), vigorously washed with water after 
they recovered from the anaesthesia, and released at the 
capture site.

Data analyses
We used photographs of the dorsum of individuals to 
estimate total area covered by spots and number of spots 
on each side of the body by drawing a median line along 
the dorsum from snout to vent, using the Image J 1.51 
program (Gallant & Teather, 2001; Wright & Zamudio, 
2002). We estimated body condition with the residuals of 
the regression of the natural logarithm of weight against 
natural logarithm of SVL (residual index; Jakob et al., 

1996). We classified positive values of body condition as 
indicating a good condition of the individuals, and negative 
values a poor condition (Peig & Green, 2009; Bᾰncilᾰ et al., 
2010).

	Normality of morphometric variables and body 
condition was verified with Kolmogorov-Smirnov tests. 
We evaluated the existence of FA in each morphometric 
character using a mixed-factor ANOVA. To determine if 
variation between sides (left and right) was higher than 
variation among replicates of the same measure (i.e. 
measurement error), sides and individuals were entered 
as fixed and random effects, respectively. A significant 
effect of the sides indicates the presence of DA. On the 
other hand, a significant effect of the interaction between 
sides and individuals indicates the presence of FA (Palmer 
& Strobeck, 1986). We estimated the levels of FA for those 
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Source of variation Lithobates spectabilis Lithobates zweifeli
MS F P MS F P

Femur Genotype 80.32 85.84 < 0.0001 176.06 204.46 < 0.0001

Side 36.24 21.32 < 0.0001 72.86 48.76 < 0.0001

Side vs. Genotype 1.7 1.82 0.004 1.49 1.74 0.006
Error 0.935 0.86

Tibia-fíbula Genotype 92.46 153.7 < 0.0001 188.41 293.79 < 0.0001

Side 5.35 6.92 0.011 0.0002 0 0.98

Side vs. Genotype 0.77 1.29 0.135 1.57 2.46 < 0.0001
Error 0.6 0.64

Humerus Genotype 18.26 1.18 0.237 10.09 49.29 < 0.0001

Side 45.33 2.88 0.097 3.38 7 0.011

Side vs. Genotype 15.72 1.01 0.46 0.48 2.36 < 0.0001
Error 15.54 0.2

Radio-ulna Genotype 9.67 21.07 < 0.0001 28.28 88.71 < 0.0001

Side 1.81 3.15 0.083 0.85 1.43 0.23

Side vs. Genotype 0.57 1.25 0.164 0.59 1.88 0.002
Error 0.45 0.31

Third finger Genotype 12.87 39.58 < 0.0001 28.99 78.83 < 0.0001

Side 0.3 0.22 0.642 4.99 5.12 0.02

Side vs. Genotype 1.4 4.32 < 0.0001 0.97 2.65 < 0.0001
Error 0.325 0.36

Fourth toe Genotype 73.67 55.82 < 0.0001 267.51 1.69 0.01

Side 23.38 1.68 0.202 66.88 0.43 0.517

Side vs. Genotype 13.93 10.56 < 0.0001 156.85 0.99 0.495

Error 1.31 158.3

Tympanum horizontal length Genotype 4 85.08 < 0.0001 4.98 49.25 < 0.0001

Side 0.07 0.44 0.512 0.007 0.03 0.873

Side vs. Genotype 0.17 3.65 < 0.0001 0.278 2.75 < 0.0001
Error 0.04 0.101

Tympanum vertical length Genotype 3.94 49.38 < 0.0001 764.69 1.01 0.457

Side 0.004 0.03 0.856 673.58 0.89 0.35

Side vs. Genotype 0.131 1.64 0.015 757.03 1 0.473

Error 0.079 753.93

Table 1. Results of mixed-factor analyses of variance for individuals (genotype) and trait side of the two ranid frog species 
studied. Significant P values for the interaction of side vs. genotype are in bold, which indicates fluctuating asymmetry.
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variables that exhibited this phenomenon with two indices: 
FA2, recommended because it corrects for dependence on 
body size, and FA10, because it describes the differences 
between sides after removing measurement error (Palmer, 
1994; Villa, 2014; Matías-Ferrer & Escalante, 2015). We 
used the Levene test to determine if FA2 differed between 
species for those variables for which both exhibited FA 
(Palmer, 1994; Eisemberg & Bertoluci, 2016).

	We tested for the presence of DA in the area covered 
by spots and the number of spots in L. spectabilis with 
one-sample t-tests, in which we compared R–L against 
a mean equal to 0. We used a linear regression of |R–L| 
against SVL to evaluate whether there is a relationship of 
the area covered by spots and the number of spots with 
body size. Deviations attributed to FA occur randomly and 
independently on each side of the body, so it is expected 
that if these deviations are caused by developmental 
noise, they would present a normal distribution. We used 
Kolmogorov-Smirnov tests to determine whether the 
frequency distributions of FA2 of the area covered by spots 
and the number of spots followed a normal distribution, 
and thus confirm the presence of FA (Palmer, 1994; Gallant 
& Teather, 2001).

	We did not consider sex in the analyses due to the 
inconsistencies in the available evidence regarding the 
impact of this variable on fluctuating asymmetry (Zhelev et 
al., 2012; 2017), and since its inclusion would significantly 
reduce the statistical power of our tests. We compared 
body condition between seasons for each species with 
a one-way ANOVA. We conducted multiple regressions 
of body condition against FA2 of those variables of the 
limbs that exhibited FA for each species by season. We 
tested for multicollinearity among predictors in multiple 
regressions with variance inflation factor (VIF) analyses 
(Midi et al., 2010). The maximum VIF value we obtained 
was 1.36, which indicates sufficient independence among 
predictors. Statistical analyses were conducted in NCSS 12 
and Minitab 19. Results are shown as mean ± 1 SE unless 
otherwise indicated.

 RESULTS

Forty-two individuals of L. spectabilis ( = 54.48 ± 1.98 
mm SVL) and 45 individuals of L. zweifeli ( = 58.97 ± 2.0 
mm SVL) were considered for the analyses. We found DA 
in the length of the femur and tibia-fibula in L. spectabilis, 
and in the length of the femur, humerus and third finger 
in L. zweifeli. We found FA in the length of the femur, 
third finger and fourth toe, and the horizontal and vertical 
length of the tympanum in L. spectabilis; and in the 
length of the femur, tibia-fibula, humerus, radio-ulna and 
third finger, and the horizontal length of the tympanum 
in L. zweifeli (Table 1). The level of FA2 in the horizontal 
length of the tympanum was higher in L. zweifeli than in 
L. spectabilis (F1,83 = 5.91, P = 0.02; Fig. 1); but there were 
no differences in FA2 of femur (F1,83 = 0.04, P = 0.82) or 
third finger length (F1,83 = 0.65, P = 0.42) between species. 
According to the FA10 index, the fourth toe was the most 
asymmetric character in L. spectabilis, and the tibia-fibula 
was the most asymmetric in L. zweifeli (Table 2).

	We did not find DA in the variables of spots in L. 
spectabilis (t = 1.08, P = 0.28 for the area covered by spots; 
t = 1.17, P = 0.25 for the number of spots). We did not 
find a relationship between asymmetry in the variables of 
spots and SVL (R2 = 0.07, P = 0.84 for the area covered by 
spots; R2 = 0.005, P = 0.65 for the number of spots). The 
area covered by spots and the number of spots did not 
follow a normal distribution (P < 0.01 in both cases), so we 
ruled out the presence of FA in these variables.

	We did not find significant differences in body 
condition between seasons in L. spectabilis (F1,40 = 0.14, 
P = 0.70, n = 42), nor in L. zweifeli (F1,43 = 0.86, P = 0.35, n 
= 45). In L. spectabilis, body condition was not associated 
with FA2 of the femur, third finger or fourth toe in either 
season (r = 0.34, P = 0.42, n = 25 for the dry season; r = 
0.45, P = 0.45, n = 15 for the rainy season). In L. zweifeli, 
body condition was not associated with FA2 of the femur, 
tibia-fibula, humerus, radio-ulna, nor third finger in the 
dry season (r = 0.41, P = 0.40, n = 32). However, this 
association was significant in the rainy season (r = 0.85, 
P = 0.05, n = 13), particularly with body condition being 
negatively correlated with FA2 of the humerus (r = −0.70, 
P = 0.007; Fig. 2).

Figure 1. Mean ± SE of the level of fluctuating asymmetry 
(FA2; see Materials & Methods) of the horizontal length of 
the tympanum of the two species studied.

Table 2. Level of fluctuating asymmetry (FA10; see 
Materials & Methods) for both species. Cells without 
values correspond to morphological traits that did not 
show fluctuating asymmetry in a given species.

AF10
Lithobates 
spectabilis

Lithobates 
zweifeli

Femur 0.255 0.211
Radio-ulna - 0.093
Humerus - 0.093
Tibia-fibula - 0.31
Third finger 0.36 0.202
Fourth toe 4.2 -
Tympanum horizontal length 0.041 0.059
Tympanum vertical length 0.017 -
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 DISCUSSION

The results of this study suggest that normal development 
of the two ranid frog species analysed could be affected 
by some stressor agent in the Ameyalpa stream. In line 
with our predictions, L. zweifeli exhibited FA in one more 
character than L. spectabilis, and also higher levels of FA in 
the horizontal length of the tympanum. Furthermore, we 
consider that the characters exhibiting FA only in L. zweifeli 
(i.e. tibia-fibula, humerus and radio-ulna) could be more 
relevant for locomotor performance, fitness and survival 
than the characters exhibiting FA only in L. spectabilis (i.e. 
fourth toe and vertical length of the tympanum). Based 
on these results, the response to the stress conditions is 
different for each of these sympatric species, with L. zweifeli 
being more susceptible to these conditions, making it a 
more reliable indicator of environmental health than L. 
spectabilis. We predicted that body condition would be 
lower in the dry season, but we did not find differences 
in this variable between seasons in either species. Finally, 
we found a negative correlation between body condition 
and FA of the humerus only in L. zweifeli, which partially 
supports our prediction. However, this correlation was 
detected in the rainy but not in the dry season, contrary 
to our expectation.

	Origins of FA are diverse (e.g. organic and inorganic 
pollution, habitat modification and disturbance of 
ecological interactions). Many studies have evaluated the 
state of organic pollution in the Atoyac basin, to which the 
Ameyalpa stream belongs. These studies have found high 
concentrations of metals such as Pb, Cd, Hg, Fe, Al and Cu, 
as well as As, in both water and sediment (García-Nieto 
et al., 2011; Mancilla-Villa et al., 2012; Pérez-Castresana, 
2019; Castro-González et al., 2019). Studies have found 
that Cd, Cr, Cu and As have negative effects on the 
survival and mobility of amphibians (Parris & Baud, 2004; 
Grillitsch & Chovanec, 1995), and that a first indicator of 
this detrimental effect is the appearance of FA (Khattab 
et al., 2021). Another detrimental effect is that organisms 

exposed to these metals accumulate high quantities in 
the kidney and liver, which may be related to high levels 
of FA (Guo et al., 2017; Zhelev et al., 2022). Considering 
that several of the contaminated localities and with high 
concentrations of metals in the Atoyac basin are located 
upstream of our study area (García-Nieto et al., 2011; 
Mancilla-Villa et al., 2012; Pérez-Castresana, 2019; Castro-
González et al., 2019), it is possible that the Ameyalpa 
stream also contains high levels of metals. Therefore, it 
would be important to conduct further studies to evaluate 
whether FA of morphometric characters in L. spectabilis 
and L. zweifeli in this stream is related to heavy metals 
dissolved in the water.

	Many studies have found that climate conditions cause 
variations in body condition (Reading, 2007; Bᾰncilᾰ et 
al., 2010; Matías-Ferrer & Escalante, 2015). However, 
we found that body condition did not differ between 
seasons in the populations studied, which suggest that 
environmental conditions were not inadequate for the 
organisms in either season. We must consider that body 
condition is also associated with other factors such as 
availability of resources and population density (Gómez-
Hoyos & Maya, 2014; Unglaub et al., 2018; Vera-Candioti 
et al., 2019; Cogălniceanu et al., 2021). Therefore, it 
is possible that body condition in these populations is 
related to these variables, which were not considered 
in this study. Additionally, it has been suggested that 
species with generalist dietary habits are less vulnerable 
to disturbance than species with specialist dietary habits. 
Since the two species studied here have generalist diets 
(Mendoza-Estrada et al., 2008; Woolrich-Piña et al., 2017), 
this may partially explain the scant seasonal variation in 
body condition we found. Finally, we cannot rule out the 
possibility that body condition decreases in colder periods 
such as the winter, which was not sampled in this study.

	We also predicted that FA would have a more 
pronounced negative effect on body condition in the dry 
season, because availability of resources could be lower 
in this season than in the rainy season. Contrary to this 
prediction, we found a negative association between 
body condition and FA of the humerus during the rainy 
season in L. zweifeli. This result may be related to the peak 
of the reproductive season or the period immediately 
following it, which presumably occurs in the rainy season 
as in other species of the tarahumarae group (Goldberg, 
2020). Some anuran species decrease their food intake 
during the reproductive season (Díaz-Páez & Ortiz, 2003), 
males commonly deplete their energetic reserves at 
the end of this season (Eggert & Guyétant, 2003), and 
females of ranid frogs have large clutch sizes (Wells, 2007). 
Therefore, reproductive investment by both sexes is very 
high, which would explain our result of an effect of FA on 
body condition only in the rainy season. It is possible that 
the effort required to move between breeding sites and 
ultimately to clasp a female and sustain amplexus is higher 
in individuals with more asymmetric forelimbs, which 
would deplete their energetic reserves and decrease their 
body condition.

	Amphibians in general exhibit FA in structures 
theoretically related to important aspects of their life, 
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Figure 2. Linear regression between body condition and level 
of fluctuating asymmetry (FA2; see Materials & Methods) 
of the humerus length in L. zweifeli during the rainy season. 
Shadow areas represent the 95% confidence intervals.
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such as forelimbs, hindlimbs and tympanum (Vershinin et 
al., 2007; Matías-Ferrer & Escalante, 2015; Eisemberg & 
Bertoluci, 2016; this study). However, the consequences 
of this phenomenon are little known. In addition to the 
negative effect of FA of the humerus on body condition 
we found, it has been suggested that FA in the forelimbs 
also could negatively impact landing performance, since 
these structures are important to absorb the impact of 
jumps in ranid frogs (Petrović et al., 2017; Citadini et al., 
2018; Didde & Rivera, 2019). On the other hand, there 
was no association between locomotor performance 
and FA of the hindlimbs in P. perezi (Moreno-Rueda et 
al., 2020), but this may be partially explained by the 
low levels of FA found. Finally, the tympanum plays a 
determining role in the reception of sound emissions 
from predators, prey and conspecifics. Therefore, FA in 
this structure decreases the ability of anurans to detect 
mates (St‐Amour et al., 2010), and could even make them 
more susceptible to predators (Bosch & Márquez, 2000).

	Although we did not find FA in the area covered by 
spots and the number of spots in L. spectabilis, previous 
studies have found that organisms develop FA in these 
variables in disturbed sites (Wright & Zamudio, 2002; Guo 
et al., 2017; Zhelev et al., 2019). On the other hand, studies 
that have found low levels of FA in colouration traits 
have suggested that environmental conditions during the 
initial stages of development of the organisms have been 
adequate, representing a minimal perturbation on the 
stability of individuals (Zhelev et al., 2021). Our finding of 
absence of FA in colouration variables but presence of FA 
in some morphometric variables in L. spectabilis can be 
explained as follows: Bone growth takes place from birth 
onward throughout the lifetime of an organism, unlike 
colouration patterns, which start to develop a few weeks 
before metamorphosis (Davis & Maerz, 2007; Thibaudeau 
& Altig, 2012). Therefore, asymmetry in traits such as 
colouration patterns could provide information on the 
stress that organisms experience during specific stages of 
their growth. Thus it is likely that stress factors affecting 
colouration (e.g. UV radiation) are different from those 
affecting bone growth (Gallant & Teather, 2001) or act at 
different stages of development.

	In summary, our study revealed that the two species 
of ranid frogs exhibited FA in morphometric characters 
in accordance with the presence of a stressor agent at 
the study site. The species exhibited different degrees 
of sensitivity to the presumed stressor agent, which is 
reflected in differences in FA. These differences are 
expressed as a higher number of characters with FA 
and higher levels of FA in the horizontal length of the 
tympanum in L. zweifeli, but also as a negative effect of 
FA of the humerus on the body condition of this species 
in the rainy season. The latter result was unexpected due 
to the theoretically higher availability of resources in this 
season, as well as the similar body condition between 
seasons in the two species. Therefore, seasonality is 
enough to modulate the effect of FA of the humerus on 
body condition, but not to decrease it directly. Overall, 
our results highlight the importance of evaluating 
sensitivity of sympatric species through analyses of FA 

and its effects on individual traits, as well as the analysis 
of these effects in seasons with different environmental 
conditions.
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