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Abstract: The taxa which communicate and sexually selected through vocalization are to face
multiple challenges in the predicted climatic change. On the one hand they cannot avoid selection on
larger body size due to increase in temperature while on the other the resulting higher calling
frequency (due to decrease in body size) will be attenuated faster in the warmer environment. To
adapt to this situation they would have to migrate to cooler areas. Nonetheless, this strategy pose its
own risk of losing the body heat faster for the smaller individuals creating an eternal loop of acoustic
trade-off. Also, especially in the mountainous regions the, the area available for migration is finite
which is expected to worsen the survival of individuals and/or populations. The hypothesis is based
on the anuran amphibians as a model, however, wider implications are expected.

Keywords: temperature-size rule; heat balance hypothesis; starvation resistance; inverse square rule

Background

Global climate change has been shown to have an array of effects on the land as well marine
animals (Deutsch et al. 2008, Hader and Barnes 2019, Sage 2020, da Silva et al. 2023). Amphibians are
especially vulnerable to climate change scenarios for they are dependent on optimal temperatures
and water availability at various life history stages (Lertzman-Lepofsky et al. 2020). The situation
might prove more detrimental to anuran amphibians as they vocally communicate which requires
high metabolic energy (see Prestwich, Brugger and Topping 1989) which is intimately related to
environmental energetics (Gillooly and Ophir 2010). This creates an energetic constraint on acoustic
communication while compelling the individual to produce a variety of sounds (Gillooly and Ophir
2010). It has been suggested that due to acoustic plasticity various environmental changes might
immediately be reflected in the acoustic behavior of an organism (Klause and Farina 2016). Further,
the acoustic performance has been shown to have been a result of complex interactions between the
body mass of the individual, structure of social interactions, habitat heterogeneity, and energetic
environment (Brackenbury 1979, Wallschldger 1980, Gibbs and Breisch 2001, Prohl 2003, Ospina et al.
2013, Krause and Farina 2016, Goutte et al. 2018). Ospina et al. (2013) showed that in four species of
rain frogs (Elutherodactylus) the calling activity differed in varying temperatures. They based their
conclusions on the possibility of dehydration of the frogs which caused them to retreat to the closed
area and stop calling. Further, Narins and Meenderink (2014) showed a correlation between climate
change, altitudinal shift in the populations of E. coqui and change in acoustic patterns of migrating
populations. However, for long, the effects of changes in the environmental energetics due to climate
change, its effect on animal acoustics and ultimately its survival have remained elusive. In the current
paper I propose a new hypothesis affecting the survival of anuran amphibians based on the current
knowledge of the interactions between acoustics, individual metabolism, and environmental
energetics.

Proposal

The first part of the proposal suggests that the global temperature rise will lead to selection of
smaller individuals from the population of frogs (see Sheridan and Bickford 2011). It is supported by
three prevailing hypothesis
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1) Heat-balance hypothesis suggests that in ectotherms, which are below certain body size
threshold and physiological and/or behavioral thermoregulatory abilities, larger body size would be
favored in cooler climates where their low surface-to-volume ratio is better for conserving heat
(Olalla-Tarraga and Rodriguez 2007). Anurans are below this threshold and are considered to be
thermoregulators which should compel the selection of smaller size individuals under the global
temperature increase.

2) The temperature-size rule (Atkinson 1994) states that for ectotherms, lower development
temperature results in larger body size hence higher developmental temperatures due to global rise
in temperatures might result in smaller body size individuals.

3) The starvation resistance hypothesis (Boyce 1979) states that larger animals are favored in
cooler, more seasonal environments due to their larger capacity to store fat and use it to enhance
survival during stress periods, mainly during overwintering. This also would mean that the smaller
individuals will be selected in warmer conditions proposed due to global temperature rise

Second part of the proposal suggests that, the smaller individuals selected under these
constraints will be producing calls with higher frequencies (Cunnington and Fahrig 2010, Gingras et
al. 2013). The air particles move faster at higher frequencies losing the energy faster which is
magnified by increase in temperature. Also, due to increase in temperature the smaller individuals
(larger surface area) would dehydrate faster and would therefore would shift to cooler areas to avoid
adversity (see Narins and Meenderink 2014). Therefore, the amplitude of these higher frequency calls
would tend to die out faster in increased temperature scenarios. The animals would try to avoid such
conditions by changing their geographical distribution leading to compromise in the availability of
resources (Farina 2012). The local migrations under prevailing conditions would therefore drive the
anuran amphibians to cooler areas for facilitating the propagation of calls and/or local or regional
extinctions based on the extent of area where the ambient temperatures have increased.

This would however unleash the vicious cycle. The smaller sized individuals compelled to shift
in cooler climates due to acoustic constraint would lose body heat faster than larger body individuals
and would have lesser fat reserves to survive cooler climates which might ultimately lead to their
death (see starvation resistance hypothesis).

The above sequence of events is termed here as an acoustic death. The phenomenon entails that
the smaller individuals of anuran amphibians selected under the global warming conditions would
produce higher frequency calls within the given population. Such individuals might remain
undetected due to altered tonal quality or reduction in the distance travelled by the sound due to
dampened amplitude under the increased temperature scenario magnified by higher frequency of
calling. These individuals would then be driven to cooler areas to achieve the acoustic success.
Nonetheless, in the cooler areas they would face a challenge of maintaining their metabolic energy
due to lesser availability of fat reserves compared to larger individuals from the population.
Therefore, inhabiting warmer or cooler climatic niches would be challenging to such individuals
compromising their survival (Figure 1).
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Figure 1. A flow chart of events that are proposed to happen under the Acoustic Death Hypothesis.
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