
Introduction

!e common Coquí (Eleutherodactylus coqui 
!omas, 1966) gets its name from the sound of 
vocalizations and is a native amphibian to Puerto 
Rico. !e Coquí was introduced to Hawai‘i 
in the late 1980’s through imported nursery 
plants. Despite the frog’s small body size, their 
unique and piercing calls can reach up to 70-
80 decibels. Male Coquís produce variations of 
their vocalizations, “coqui”: !e “co” is used to 
establish territory and therefore deter the other 
males, whereas the high-pitched “qui” is used 
to attract females (Narins & Capranica, 1978). 
However, with their common call being “co-
qui,” they will also produce variations such as 
“co-co-co-qui” depending on the stage of calling 
(Narins & Capranica, 1978). !ese frogs can call 
at levels that make them the perfect candidate 
for acoustic monitoring. Understanding how, 
when, and where these frogs primarily vocalize 
and how they di"er from the native calls could 
provide useful information for future behavior 
and preventative methods in Hawai‘i. 

Acoustic monitoring is a non-invasive method 
that can collect presence/absence information 

as well as gather principal characteristics 
of individual vocalizations. Coquí frogs are 
ectotherms that rely on the environment as a 
heat source for metabolic processes and sound 
production (Percino-Daniel et al., 2021). In 
Puerto Rico, populations of coquí frogs tend 
to show larger body size as altitude increases, 
indicating a positive linear relationship between 
altitude and body size (Narins & Meenderink, 
2014). However, due to the inverse rule of 
bioacoustics, those with larger body size will 
create calls with lower frequencies (Narins & 
Meenderink, 2014). As global temperatures 
continue to increase due to climate change, it 
has been hypothesized that populations will 
shi# their spatial distribution upwards, to 
higher altitudes, which would lead to larger 
bodied individuals occupying higher elevations 
(O’Neill & Beard, 2011). As a consequence, 
the  allometric  relationship  between  body 
size and frequency should also shi# (Narins & 
Meenderink, 2014). 

Overall, this study aims to explore the 
relationship between body size and bioacoustics 
of Coquí frogs along an altitudinal gradient in 
the island of Hawai‘i. !is study also con$rms 

!e island of Hawai‘i is a tropical and isolated island with unique endemic species. Over time, 
Hawai‘i has become a breeding ground for invasive species, the common Coquí (Eleutherodactylus 
coqui !omas, 1966) being one of them. !ese small ectotherms have intense vocalizations used 
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native habitat, Puerto Rico, yet little is known about the possible di"erences in calls between these 
two geographically distant groups. According to past studies, climate change in Puerto Rico could 
cause the Coquí frogs to expand their ranges into higher, cooler altitudes with larger body sizes 
and lower pitch ranges. !is phenomenon has yet to be studied in Hawai‘i. !rough this study, I 
directionally recorded Eleutherodactylus coqui to obtain information on the peak frequency, body 
size, and altitude di"erences. All frogs were handled with proper permits from Cornell University.
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the possibility that previously established 
patterns of how altitude e"ects body size and 
vocalizations in native frogs may be similar in 
invasive frogs.

Goals/Questions/Hypothesis

!e focus of this study is to explore the   
possibility of di"erences in vocalizations at 
di"erent altitudes and how body size could play 
a role in this. I expect that higher altitudes would 
lead to increases in body sizes and a decrease in 
peak frequency. !is is due to body sizes' direct 
inverse relationship with wavelengths. I would 
therefore expect a negative relationship between 
higher altitudes and frequency; at higher 
altitudes, there should be lower frequency calls 
and larger body sizes (Narins & Meenderink, 
2014). Coquí frogs are quite cold tolerant, so it 
is possible that they will expand their regions 
to higher elevations even in areas that are not 
registered on iNaturalist (Narins & Meenderink, 
2014). Temperature change in Hawai‘i could 
result in a change in calls or amplitude.

!e second foundation of this project focused 
on whether there are any di"erences between 
the native and invasive frogs. For this, I expect 
that there would be no di"erence between the 
native Coquís and the invasive Coquís, because 
species usually have $xed traits that do not vary 
much in location, especially if climates across 
their biomes are similar elevations (O’Neill & 
Beard, 2011).

Detailed Methodology 

To locate the sampling areas, we used GBIF 
and iNaturalist to determine locations where 
people had heard or seen the Coquí frogs. I 
registered these onto a Google Map so that it 
was easily accessible. Given that Coquí frogs 
call from dawn until dusk we started sampling 
at 5:30 pm Hawai‘i Standard Time (HST). We 
would drive to the area and detect if frogs were 
singing; if we could not hear the frogs, or if they 
were not easily accessible for us to collect data 

on (i.e., in private property), another location 
was chosen. Once we could $nd a location, we 
would record a GPS coordinate on GPSTracks 
and the altitude. We would begin by locating 
where the frogs were calling, and once we found 
the individual that we heard, we would turn the 
headlamp o" due to the frog’s sensitivity to light 
and then start recording. We would record for 
2 minutes at a time, save the voice memo, and 
then attempt to collect the frog. Once the frog 
was captured, he was placed in a plastic bag, and 
given an individual ID based on site, collector, 
and date. We also collected very few females 
to get size estimates on them as well. We then 
would use a datalogger to take the temperature 
of the outside environment, and a digital caliper 
to obtain the frog's length from tip of nose to 
cloaca. !is was then recorded on an Excel 
spreadsheet. We would spend 30 minutes in 
an active search, and then either drive to a new 
location or begin processing the individuals. 
Once the night excursion was completed, data 
was backed up, properly ejected, converted to 
correct formats, and renamed with a unique 
code. As an example, this is what the code 
looked like: “11_S1_Kay_1”, where 11 was the 
date in January, S1 is site one of that night, Kay 
is the collector, and one is the $rst individual 
of the night caught. !e data was subsequently 
uploaded to RavenPro to obtain information 
on peak frequency and change in (delta) 
time. RavenPro was also used to make annual 
annotations in an e"ort to obtain an average 
dominant frequency (Yang, 2024). !e speci$c 
measurements that were captured were begin 
time (s), end time (s), low frequency (kHz), high 
frequency (kHz), peak frequency, delta time (s), 
and two annotation columns to describe the 
individual ID, and what call type it was using.

Additionally, two Swi#One units (autonomous 
recording units developed at the K. Lisa Yang 
Center for Conservation Bioacoustics, Cornell 
Lab of Ornithology) were deployed to obtain 
data on diel variations throughout the night. 
!e Swi#One unit was con$gured with the 
default settings and then tied to a tree where 
Coquí frogs had been heard previously.
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!e locations that were visited between the 10th-
16th of January are located above. !e entries 
labeled with month_date_site with a green 
marker are ones where I conducted an active 
search. !ose that are just month_date and are 
green are ones where Coquí frogs were heard, 
but an active search was not conducted due to 

research limitations. Grey location markers 
are areas that I heard no Coquí frogs present. 
Additionally, seventeen of the twenty-two 
individuals caught have body measurements 
and directional recordings. !e $gure below 
shows the data collection sheet that explains 
how individuals were documented. 

Figure 1: A spectrogram showing the different variations in the “co” and “qui” calls. The intensity of the 
sound is seen on the axis labeled "kHz", and the higher the frequency the higher the pitch of the call. The 
background in the red is the background noise and the black lines are the harmonics of the frog.

Figure 2: A map of the Island of Hawai‘i, where data was collected between 01/10/2025 through 
01/16/2025. The green markers indicate active coquí frog captures and recordings, whereas the grey 
markers are spots where there were either no or unattainable frogs. 
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Preliminary Results

Due to time constraints, the results of this study 
may be slightly skewed as there are gaps in the 
data collection locations. Regardless, this study 
shows results of a negative relationship between 
peak frequency of the Coquí frog vocalizations 
and altitude. !e negative relationship results 
correlating with the invasive Coquí are what 

were anticipated given the previous knowledge 
on the native Coquí frogs.

In order to understand intra-individual 
variability in peak frequency, I visually explored 
the distribution “co” and “qui” peak frequencies 
(Figure 4a-b). Overall, individuals showing 
small and high variability were not related to 
lower or high altitudes.

Figure 3: Selection table containing annotations made in RavenPro from the frogs captured in Hawai‘i. 
The selection table is a summary of the manual annotations including begin time (s), end time (s), low 
frequency (kHz), high frequency (kHz), peak frequency, delta time (s), and two annotation columns to 
describe the individual ID, and what call type it was using.

Figure 4-a: Box plot with peak frequency of “co” notes of Coquí frog individuals sampled in the island of 
Hawai‘i. The color represents the altitude these individuals were sampled at.
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Using the average peak frequency, I $tted 
linear models to visually explore the allometric 
relationship with body size. Following initial 
expectations, I found a negative relationship 

between the two variables (Figures 6a-b). !e 
relationship seems to be especially stronger for 
the “qui” note (larger slope).   

Figure 4-b: Box plots with peak frequency “qui” notes of Coquí frog individuals sampled in the island of 
Hawai‘i. The colors represent the altitude these individuals were sampled.

For body size, it is apparent that there is a 
relationship that as altitude increases so does 
body size (Figure 5). However, these results are 

ambiguous because there is lack of samples from 
the higher altitudes of the study. 

Figure 5: A dot plot showing the relationship between Altitude and Body Size.
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Figure 6-a: Dot plots with peak frequency of the “co” notes of Coquí frog individuals sampled in the island 
of Hawai‘i. The other axis considers the altitudes of the captured frogs.

Figure 6-b: Dot plots with peak frequency the “qui” notes of Coquí frog individuals sampled in the island 
of Hawai‘i. The other axis considers the altitudes of the captured frogs.

Using a 95% con$dence interval and a .05 
alpha, I tested the null hypothesis that there 
is no relationship between altitude and peak 
frequency vocalizations. !ese results indicate 
a clear negative relationship between the two 

variables. With a negative slope of -.3987, a 
P-value of 3.3E-185, and an adjusted R% of 
0.027484, we reject the null hypothesis and 
conclude that there is a relationship between 
these two variables. 
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Figure 7: A linear regression plot between Peak Frequency (Hz) and Altitude (m).

Using a 95% con$dence interval and a .05 alpha, 
I tested the null hypothesis that there is no 
relationship between SVL and altitude.  !ese 
results indicate a slightly positive relationship 
between the two. With a slope of 3E-05, a 

P-value of 3.86E-62 and an adjusted R% value of  
-0.00298 we reject the null hypothesis and 
conclude that there is a relationship between 
SVL and altitude.  

Figure 8: A linear regression model fit between SVL and Altitude.
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Discussion

In their native habitats, Coquí frogs show lower 
call characteristics with increasing altitude 
because of larger individuals occupying higher 
altitudes. I found a similar relationship with 
invasive Coquí frogs on the island of Hawai‘i. 
!is $nding establishes a new baseline from 
which the phenomena of upward shi#ing due to 
climate change can be compared and monitored 
over time. In Hawai‘i, temperatures typically 
decrease by 3.5 degrees Fahrenheit per 1,000 # 
of altitude increase and overall lower as altitude 
increases (Diaz et al., 2011). !is temperature 
gradient is similar to that of Puerto Rico, where 
every 1,000 feet is associated with a decrease of 
5.4 degrees Fahrenheit (Van-Beusekom et al., 
2015). While the Hawai‘i gradient may not be as 
drastic, it provides a similar baseline to compare 
locations.

Peak frequency altitude graphs matched initial 
expectations based on native populations: as 
altitude increased, the peak frequency, of both 
the “co” and the “qui” vocalizations decreased, a 
result consistent with past studies in Puerto Rico. 
When tested with a regression model (Figure 
7), the slope indicated a negative relationship 
of -.3987, as well as the P-value of 3.3E-185 
establishes that this is likely not due to chance. 
However, the adjusted R% of 0.027484 indicates 
that only a very small portion, about 2.75%, of 
the variation in the dependent variable around 
the mean. !is indicates that while there is a 
relationship, it is a very weak relationship. !is 
phenomenon is explained by the fact that for 
larger frogs, the amount of area that they have for 
a vocal size also increases, allowing for a larger 
vocal sac. !ese larger vocal sacs increase the 
amount of air that can be inhaled and vibrated 
to create larger sound waves. Frequency is 
described as the number of wave cycles that pass 
through a point in a second measured in Hertz. 
Larger waves are extended over time, resulting 
in lower frequencies. !is relationship is clearly 
reproduced in the $gures of this study. Due 
to being ectotherms as the weather becomes 
less favorable for rain conditions and overall 

becomes warmer which would lead to more of 
these low-frequency calls.
 
Additionally, the relationship between SVL and 
altitude was tested with a regression model. !e 
slope indicated a positive relationship of 3E-05 
as well as the P-value of 3.86E-62 shows that 
there is a relationship between these variables. 
However, with such a small adjusted R% value 
of -0.00298 this relationship is very weak. 
!is is because of the time constraints leading 
to not having enough SVL data. !e positive 
relationship is due to the cooler temperatures 
up in higher elevations. In ectotherms, colder 
temperatures allow for more body growth, 
enabling larger body sizes. Higher temperatures 
can inhibit the e&ciency of cellular processes, 
leading to smaller cells, and consequently 
smaller body sizes (Angilletta et al., 2004).

Further analysis using this same dataset will 
give more insights into the spatial distributions 
of this invasive species. For instance, the large 
variations in individual calls shown in $gure 4 
could be due to analyzer bias, which is common 
in the $eld of bioacoustics when doing manual 
annotations. Although utilizing so#ware-
based models could be used in future studies 
to  annotate  recordings,  many  programs  are 
designed for bird calls, not frog vocalizations. 
Bias is also created around the natural 
subjectivity of what constitutes a vocalization. 
!is could also be due to some annotations 
coming from iNaturalist, a citizen science 
website for recordings. iNaturalist recordings 
also do not account for the distance between 
the frog and the physical recorder, leading to 
possible inaccuracies in the data. 

Other environmental factors may be at 
play  when  it  comes  to  the  frequencies 
of vocalizations. For example, rain was an 
important bioindicator for when the frogs were 
vocalizing. On every night that we sampled it  
had  either  rained  during  the  day  or  was 
raining while we were searching. !is is not 
an uncommon occurrence for amphibians 
as “calling activity of frogs is in'uenced by 
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local environmental factors such as relative 
humidity” (Hatano et al., 2002). !is is because 
amphibians breathe through their skin which 
makes moist environments ideal to move 
around and $nd mates.

Overarchingly, some results were ambiguous, 
however the clear negative relationship between 
frequency and altitude (Figures 6a and 6b) are 
consistent with the expected results from the 
native frog research. !is indicates that if this 
pattern holds true, with more studies we could 
determine that altitude does have a large e"ect 
on these vocalizations, and that overtime we 
may see these frogs shi# into higher altitudes 
where they have a bigger body size, but a smaller 
peak frequency as expected in Puerto Rico.

Further Research 

!is study establishes a baseline which can be 
reassessed further as the global climate continues 
to warm. It also remains to be explored if climate 
will also impact the inverse relationship of the 
calls and change the calls of the frogs even at 
higher altitudes. It is possible that producing 
short and quick calls at higher frequencies may 
be less energy-intensive, so a future study should 
investigate if even at the higher elevations we are 
seeing distinct changes in the calls. Furthermore, 
a more in-depth process should redo manual 
review of the di"erent variations in the “co” and 
“qui” to make sure each annotation is correctly 
identi$ed. !ere could also be a study looking 
at the entire duration of one frog call to see if 
duration is also impacted by altitude gradients 
and anthropometrics.

Acknowledgements 

I would like to thank Larissa Sugai, my mentor, 
for this project and the other collector of 
the data. Without her guidance and support 
this project would not have been possible. I 
would also like to thank Aaron Rice and Ben 
Gottesman for providing an exceptional $eld 
bioacoustics course, and Alex for providing me 
with traditional Hawaiian ecological knowledge. 

I also would like to thank Ruby Mandini for 
providing me with access to capture frogs in her 
gated community. Most importantly, I would 
like to thank the land of Hawai‘i for providing 
me with this unique research.

22 | !e Cornell Undergraduate Research Journal



References 

Angilletta, M. J., Jr., Steury, T. D., & Sears, 
M. W. (2004). Temperature, Growth Rate, 
and Body Size in Ectotherms: Fitting Pieces 
of a Life-History Puzzle1. Integrative and 
Comparative Biology, 44(6), 498–509. https://
doi.org/10.1093/icb/44.6.498

Beusekom, A. E. V., González, G., & Rivera, 
M. M. (2015). Short-Term Precipitation 
and Temperature Trends along an Elevation 
Gradient in Northeastern Puerto Rico. https://
doi.org/10.1175/EI-D-14-0023.1

Diaz, H. F., Giambelluca, T. W., & Eischeid, J. K. 
(2011). Changes in the vertical pro$les of mean 
temperature and humidity in the Hawaiian 
Islands. Global and Planetary Change, 77, 21–25. 
https://doi.org/10.1016/j.gloplacha.2011.02.007

Hatano, F. H., Rocha, C. F. D., & Sluys, M. 
V. (2002). Environmental Factors A"ecting 
Calling Activity of a Tropical Diurnal Frog 
(Hylodes phyllodes: Leptodactylidae). Journal 
of Herpetology, 36(2), 314–318. https://doi.
org/10.1670/0022-1511(2002)036[0314:EFAC
AO]2.0.CO;2

iNaturalist. (2024). iNaturalist. https://www.
inaturalist.org

K. Lisa Yang Center for Conservation 
Bioacoustics at the Cornell Lab of Ornithology. 
(2024). RavenPro: Interactive Sound 
Analysis Sofware (Version 1.6.5) [Computer 
sofware]. Ithaca, NY: !e Cornell Lab of 
Ornithology. Available from https://www. 
ravensoundsofware.com/.

Marchetti, J. R., Beard, K. H., Virgin, E. E., Lewis, 
E. L., Hess, S. C., Ki, K. C., Sermersheim, L. O., 
Furtado, A. P., & French, S. S. (2023). Invasive 
frogs show persistent physiological di"erences to 
elevation and acclimate to colder temperatures. 
Journal of !ermal Biology, 114, 103590. https://
doi.org/10.1016/j.jtherbio.2023.103590

Narins, P. M., & Capranica, R. R. (1978). 
Communicative signi$cance of the two-note 
call of the treefrog Eleutherodactylus coqui. 
Journal of Comparative Physiology, 127(1), 1–9. 
https://doi.org/10.1007/BF00611921

Narins, P. M., & Meenderink, S. W. F. (2014). 
Climate change and frog calls: Long-term 
correlations along a tropical altitudinal gradient. 
Proceedings of the Royal Society B: Biological 
Sciences, 281(1783), 20140401. https://doi.
org/10.1098/rspb.2014.0401

O’Neill, E. M., & Beard, K. H. (2011). Clinal 
Variation in Calls of Native and Introduced 
Populations of Eleutherodactylus coqui. Copeia, 
2011(1), 18–28. https://doi.org/10.1643/CH-
10-012

Percino-Daniel, R., Contreras López, J. 
M., Téllez-Valdés, O., Méndez de la Cruz, 
F. R., Gonzalez-Voyer, A., & Piñero, D. 
(2021). Environmental heterogeneity shapes 
physiological traits in tropical direct-developing 
frogs. Ecology and Evolution, 11(11), 6688–
6702. https://doi.org/10.1002/ece3.7521

!ompson, H. (n.d.). Chirps of Coqui Frogs 
May Be Getting Shorter and Higher Pitched 
As Climate Warms. Smithsonian Magazine. 
Retrieved May 3, 2025, from https://www.
smithsonianmag.com/science-nature/chirps-
coqui-frogs-shorter-higher-pitched-climate-
warms-180950459/

SPRING 2025 | 23


