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Abstract

We studied the impact of temperature changes on body fitness and jumping performance of tree
frogs from forest fragments around Ambalavero, southeastern Madagascar. Animals were
captured and measured before the experimentation. They were placed in a small temperature-
controlled box where the temperature was increased by 5 to 10°C above their natural conditions.
Our results showed a decline in body mass and jumping performance after the experiment. These
findings informed the vulnerability of amphibians to climate change.
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Introduction

Madagascar is home to at least 427 amphibian species (Frost et al., 2024), and this number is not
exhaustive. Based on an integrative approach of molecular, morphological, and bioacoustic
characters, another almost two-fold increase in species numbers up to 465 species is anticipated
(Vieites et al., 2009). On the other hand, amphibians are the most endangered vertebrates in the

world because more than 40% of assessed species are listed as threatened on the [UCN Red List
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(IUCN, 2024). Habitat loss linked to landscape alteration and degradation is their main threat.
Previous studies indicate that amphibians might be vulnerable to climate change given their
biphasic life histories, low dispersal abilities, endangerment from other threats, sensitivity to
weather, and association with freshwater ecosystems characterized by high climate risks (Corn,
2005; McMenamin et al., 2008). Climate change is altering species abundances, ranges, and
interactions as well as ecosystems worldwide (Scheffers et al., 2016; IPBES Secretariat, 2019).
Although evidence suggests that some species are tracking changing climates through dispersal
(Chen, et al., 2011; Urban et al., 2013) or persisting through plasticity or adaptation (Hoffmann
& Sgro, 2011; Urban et al., 2023), other species face declining populations, range retractions,
and possible extinctions (Urban, 2015; Maclean & Wilson, 2011). Based on that previous paper,
the general impact of climate change on species, such as the change of their distribution range or
ecological niche, including reduction, shift, or increase, is commonly known. However, direct
impact on small-scale animal life is still underexplored. This study aims to identify the impact of
the change of ambient temperature on the animal fitness and survival according to their

locomotion capacity.

Material and methods

Field data collection

This study was undertaken from forest fragments around Ambalavero village located in the
buffer zone of Ranomafana National Park (Latitude S21°30'10.08"; Longitude E47°26'17.40").
Annual precipitation of this area varies between 800 mm to 1,000 mm, and the mean temperature
1s around 21°C to 23°C. For locating the frogs, diurnal and nocturnal searches along transects of
30m length were carried out by four experimenters. Weather parameters, including ambient
temperature, relative humidity, and humidity index, were collected at the start and the end of
each survey using Kestrel. To increase the chance of finding tree frogs, canopy surveys were
carried out by climbing on the branches. For each encountered frog, we recorded the species
name and time of observation. Some individuals were captured and placed within plastic bags for
the artificial experiment in the camp the day after the survey. Morpho-metric measurements were
done for each animal, such as the snout vent length, mass, and leg length were measured before
running the experiment. For the artificial experiment, we used a manual incubator, the
temperature inside was controlled using HOBO Pro and a thermocouple. Individuals were placed

inside the incubator for 10 to 30 minutes, and the temperature was changed from 25 to 30°C. To
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assess the impact of the temperature changes on the animal, we measured two main parameters
such as: (1) the change in its mass before and after the experiment, and (2) its jumping capacity
by measuring the distance of its first jump and the total distance until its first stop.

Data analysis

Statistical analysis was done using R4.3.3 (R core team). Comparison of measured parameters
before and after the experiment was undertaken using the Mann-Whitney nonparametric test
because our data showed a Poisson distribution. Relative correlation between parameters was
analysed with the Spearman correlation rank.

Results

Species key characteristics

Four tree frog species from two families were used during this study, such as two Mantellidae
(Boophis albilabris and B. madagascariensis) and two Hyperoliidae (Heterixalus alboguttatus
and H. betsileo). The number of encountered individuals varied between species, with B.
madagascariensis being the most abundant, with 132 records. In contrast, B. albilabris was the
least abundant, which was encountered only 43 times. For the rest of the species studied, H.

alboguttatus and H. betsileo were recorded for 97 and 102 times.

(c): Heterixalus alboguttatus; (d): H. betsileo
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This study informed a positive correlation between leg length and total jump distance across all
studied species, although the strength of the correlation varied among them. The highest
correlation was observed in Boophis albilabris (r* = 0.42), while the lowest was found in
Heterixalus alboguttatus, where the correlation was nearly nonexistent (r> = 0.01). For the other
species, the correlation is 1> = 0.06 for B. madagascariensis and r> = 0.07 for H. betsileo.

Mass before and after the experience

Our results indicated that the mass of frogs decreased after the experiment, but the rate of change
was different from each species. However, this change was not significant in general except for
Heterixalus betsileo (p-value=0.04) which was the species with the highest declining rate equal
of -12.85%. Boophis albilabris mass presented the smallest rate which was -4.89% (Table 1).

Table 1. Comparison of animal mass before end after the experience
Species Number Mass before Mass after | Percentage of | p-value
change
B. albilabris 43 15.04£1.97 14.4941.93 | -4.89+0.53 0.67
B. madagascariensis 132 10.31+0.59 9.79+0.58 -5.80+0.38 0.31
H. alboguttatus 97 1.93+0.05 1.80+0.04 -6.68+0.62 0.07
H. betsileo 102 1.29+0.56 1.13+0.05 -12.85+1.42 0.04

Jump performance before and after the experience

This study indicated that high temperature affects the animal jump performance with a
significant decreasing of their total jump distance, but the rate varies between species. This
change of jumping capacity is significant for all studied species. Boophis albilabris presents the

highest decreasing rate of jump capacity and the lowest is for Heterixalis alboguttatus (Table 2).

Table 2. Comparison of total jump before end after the experience

Species Number | Total jump Total jump Percent of p-value
before after change

B. albilabris 43 506.57+29.93 337.70+£24.82 -42.21+£6.09 0.0003

B. madagascariensis 132 521.17£14.67 353.06£15.13 -36.37+£2.84 <0.0001

H. alboguttatus 97 396.41£13.12 304.96+12.04 -25.46£2.12 <0.0001

H. betsileo 102 363.54+11.44 256.36+£9.90 -40.43+4.45 <0.0001
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Discussion

Species key characteristics

We studied tree species and nocturnal frogs from southern central of Madagascar. The study area
is known as a tropical highland dominated by a long period of low temperatures. Nocturnal and
arboreal behavior are the result of the adaptation from mountain biogeography against terrestrial
predators (Glaw & Vences, 2007).

Effect of temperature on animal body condition and behavior

This study informed that the mass and jumping capacity of the frogs decreased after the
experience. This case can affect the animal foraging mode and capacity which can affect its
survival. Previous study indicated that amphibians are potential targets of environmental
stressors due to their skin permeability (Blausten et al., 2003). This increase of temperature
might be the result of evaporation of its body liquid which impacted its body fitness. However,
this reduction of body capability can affect in its turn its moving ability. With this situation, these
species are threatened by climate change by reducing their dispersal capacity. Raxworthy et al. in
2006 reported that Madagascar’s highland species are vulnerable into climate change and this
study can confirm this vulnerability. Between each species, Heterixalus albogutatus presents a
limited range and might be highly vulnerable such as reported by previous study that species
with small distribution range are more vulnerable to climate change because of their limited
disperse capacity and their low physiological adaptation (Botts et al., 2015).
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