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Sea turtle hatchlings are known to vocalize; however, the purpose of these vocalizations is currently unknown. One
hypothesis is that these vocalizations serve to synchronize hatching or starting the emergence from the nest. To test
this hypothesis, we characterized and compared the frequency and duration of the sounds made by Olive Ridley Turtles
(Lepidochelys olivacea) during incubation, hatching, and emerging from the nest. We also determined whether
hatchlings continue to vocalize after emerging from the nest. Lastly, we investigated species-specific variations in the
vocalizations of Olive Ridley, Leatherback (Dermochelys coriacea), and Green (Chelonia mydas) turtle hatchlings. Sound
production was more frequent during incubation than during hatching or emerging from the nest, and in two of the
three nests, a unique ‘pulse’ sound was heard during incubation. However, there were no significant differences in the
frequency range or duration of the vocalizations between incubation, hatching, and emerging from the nest.
Furthermore, hatchlings were recorded and continued to vocalize after emerging from the nest. From this we conclude
it is unlikely that the sounds made by the hatchlings help to synchronize hatching or emergence behavior. Instead, they
are likely by-products of other processes, such as embryo movement, serving little biological purpose. Nevertheless, we
recommend further research to unequivocally confirm this is the case, and it remains highly interesting that sound
production is a universal trait among cheloniid species.

V
OCALIZATIONS are used by many animals to
convey information. Extensive research has focused
on characterizing and interpreting vocalizations

made by mammals, anurans, and birds (Wilden et al., 1998;
Deecke et al., 2005; Clay et al., 2012). However, reptile
vocalizations have received considerably less attention. This
may be understandably attributed to the relatively cryptic
nature of many reptile vocalizations. Indeed, crocodiles
regularly vocalize in the nest and during breeding seasons
(Garrick and Lang, 1977; Vergne and Mathevon, 2008) but
rarely during other times. Adult sea turtles are known to emit
sounds during nesting (Mrosovsky, 1972). More recently, it
has also been discovered that sea turtles produce sounds as
hatchlings in the nest (Ferrara et al., 2014). Little is known,
however, about how these sounds are produced or what
purpose they serve, if any.

One hypothesis is that sounds made by sea turtle
hatchlings could help synchronize either hatching or
emerging from the nest (Vergne and Mathevon, 2008; Ferrara
et al., 2013). Sea turtles typically nest on sandy tropical
beaches, where they lay between 50–130 eggs at depths up to
one meter below the sand. These nests then incubate for a
period of 40–70 days before the hatchlings emerge in a
relatively synchronized fashion. Yet, when the first egg
hatches, the hatchling does not immediately start emerging.
Instead, it waits until a certain number of other eggs have
hatched (Carr and Hirth, 1961; Rusli et al., 2016; Santos et al.,
2016). At this point, they begin to collectively climb by
scraping sand from the ceiling of the egg chamber causing it
to collapse, which raises the floor of the nest. The hatchlings
gradually elevate themselves up through the sand column as
a group (Carr and Hirth, 1961).

There are multiple advantages for synchronized hatching
and emerging behavior. 1) Safety in numbers. Multiple
hatchlings may saturate the risk posed by potential predators
and increase each individual’s chance of survival (Santos et
al., 2016). 2) Predators might be able to smell a clutch of eggs

upon hatching. Thus, hatching as a group can help to
minimize the window of opportunities for a predator to be
able to smell and successfully predate a nest (Doody, 2011).
3) Group emergence reduces the time and individual energy
requirements to emerge and dig out from the nest chamber
(Carr and Hirth, 1961; Rusli et al., 2016).

Because incubation temperature varies depending on the
location of the eggs in the clutch, embryos develop at
different rates and may hatch at different times. In the center
of the clutch, eggs develop faster than in the surrounding
areas because they experience higher temperatures (Colbert
et al., 2010; McGlashan et al., 2012; Spencer, 2012). The
mechanisms of synchronized hatching even when incubat-
ing at different temperatures has been studied in many
species of turtles. A variety of different strategies have already
been discovered that facilitate synchronous hatching and
emergence of turtles. Perhaps, the most important strategy is
that the slower-developing embryos are able to increase their
heart and metabolic rates towards the end of development by
detecting the heart rates of their more developed siblings in
order to ‘‘catch up’’ (Spencer et al., 2001; McGlashan et al.,
2012; Spencer, 2012). In addition, a strategy of sensing
vibrations from sound or movement coming from more
developed embryos could stimulate the less developed
embryos to speed up development (Doody et al., 2012).
While these factors may play an important role in synchro-
nizing hatching, vocalizations and sounds have been
hypothesized to facilitate hatching behavior.

To assess the hypothesis that sea turtle hatchlings use
vocalizations to synchronize hatching and emergence be-
havior, we characterized and compared the frequency and
duration of the acoustic patterns of Olive Ridley Turtles
(Lepidochelys olivacea) between incubation, hatching, and
emerging periods. If unique vocalizations or acoustic patterns
are present during any of these stages, then this may support
the hypothesis that vocalizations are used to synchronize
hatching or emergence behavior. Furthermore, if vocaliza-
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tions are to coordinate hatching or emerging behavior, then
it would be feasible to predict that hatchlings would stop
vocalizing as soon as they reach the surface of the sand as the
noise would no longer serve their original function and
instead could potentially attract predators.

MATERIALS AND METHODS

Study site.—The study was conducted between October 2015
and December 2015 at Playa Grande (108200N, 858510W)
within Parque Nacional Marino Las Baulas in the Guanacaste
province of Costa Rica. Playa Grande hosts nesting populations
of Olive Ridley, Green, and Leatherback turtles. The nesting
season for Olive Ridley Turtles at this location is between
August and November with the peak being in October
(Dornfeld et al., 2015). When clutches are laid below the high
tide line or are at risk of being poached or predated, they are
relocated to a beach hatchery. The hatchery was located in an
area of cleared vegetation at the back of the beach.

Experimental boxes.—Relocated clutches were placed in the
center of a 1 3 1 m plot in the hatchery and buried to a depth
of 45 cm to mimic the average depth of an Olive Ridley nest
(Dornfeld et al., 2015). Each clutch was placed next to a
wooden box that was previously buried to an equivalent
depth. Each box was fitted with a plexiglass window that
allowed for observation of the developing clutch. The top of
the wooden box was extended above the sand, and although
it was open to allow for the placement of the camera, it was
kept covered to prevent the entry of rain or animals. A
thermocouple was placed in the center of the clutch during
the relocation process. Temperature readings were recorded
every other day by connecting the temperature reader to the
exposed end of the thermocouple while the sensor remained
in the nest until the hatchlings emerged. A hollow tube was
placed about 3 cm above the eggs. The other end of the plastic
tube was kept above the surface of the sand and was covered
with plastic to prevent insects or rain from entering the tube.

Nest recording.—After 45 d of incubation, we began collect-
ing video and audio recordings. Video was recorded using a
Canon A2300 16 megapixel camera that was placed in the
wooden boxes and facing the eggs. Audio recording was
achieved using an Earthworks M30 omnidirectional micro-
phone with a frequency response of 3Hz–30 kHz. The
microphone was attached via a Mogami Gold Studio cable
to a 24-bit/96 kHz Marantz PMD661 MKII recorder. Visual
and audio recordings were collected at least four times per
day between each of the following time periods: 0200–0500
hrs, 0800–1100 hrs, 1400–1700 hrs, and 2000–2300 hrs. Each
recording was at least 30 min. Two days after the hatchlings
first emerged from the nest, we stopped recording audio and
video. To assess that the sounds recorded from the micro-
phone were the product of the hatchlings and not ambient
noise (e.g., nearby bird calls), a microphone was also placed 1
m away from the nest in an empty plot of sand as a control.
When analyzing the audio footage, we removed any sounds
that were present in both the experimental and control nests.

The video footage allowed us to determine the exact
moment when the turtles began to hatch, and when they
had fully emerged out of the nest. This information was used
to divide the audio data into three stages: incubation (eggs
only), hatching (eggs pipped), and emerging (hatchlings
visible). In one of the nests, the hatching occurred earlier
than expected, so only two 30-minute recordings had been

conducted during the incubation stage. As a result, for
statistical purposes, a 60-minute subset of each stage for each
nest was analyzed.

The audio recordings were analyzed using Raven Pro with
parameters of 0.1 s and 12 kHZ (Cornell Lab of Ornithology).
Each sound was categorized as harmonic, non-harmonic, or
pulse (a distinct type of non-harmonic). We also quantified
five characteristics for each sound: highest frequency, lowest
frequency, dominant frequency (the loudest part of the
sound), duration, and frequency range (difference between
highest frequency and lowest frequency).

Emerged hatchling recording.—When Olive Ridley, Leather-
back, or Green turtle hatchlings were encountered during the
daytime either due to a nest hatching or during an
excavation, they were placed in a cool, dark location at the
research station and released the following night. This
protocol was executed because at night, the turtles are less
likely to overheat in the hot sand and are less visible to
predators than during the day. Whenever this occurred, the
turtles were recorded by placing the microphone into the
bucket housing the turtles. A blanket was placed over the
bucket and the microphone to eliminate as much ambient
noise as possible. Only one species with at least four
individuals were in the bucket at the time of recording. The
total number of individuals and amount of time recorded in
the buckets for each species was as follows: 52 Green Turtle
hatchlings for 47 minutes, 10 Leatherback hatchlings for 36
minutes, and 26 Olive Ridley Turtle hatchlings for 180
minutes. These recordings were analyzed the same way as the
hatchlings in the nest using Raven Pro software to document
the characteristics of each sound.

Statistical analyses.—IBM SPSS Statistics 23 software was used
for all statistical purposes. First, to determine if there were
any differences in nest temperature, a Kruskal-Wallis test was
used since the data were not normally distributed. To
compare the number of vocalizations in each stage of each
nest, we used a chi-squared test. The nest data were not
normally distributed, so we used a Friedman Test, which is a
non-parametric test that takes into consideration repeated
measures since the data were being collected from the same
nests. The Friedman Test was used to compare the proportion
of harmonic vocalizations and the proportion of non-
harmonic vocalizations among the three stages as well as
comparing the highest frequency, dominant frequency,
lowest frequency, duration, and frequency range among the
three stages.

The data from the three species in the bucket were not
normally distributed, so we used a Kruskal-Wallis test to
compare the highest frequency, dominant frequency, lowest
frequency, duration, and frequency range among the three
species. We also used a Kruskal-Wallis test to compare the
number of vocalizations per min (rate) in the Olive Ridley
nests to the Olive Ridleys in the bucket.

Other comparisons, which did not use a statistical test,
were the highest frequency, dominant frequency, lowest
frequency, duration, and frequency range of the vocaliza-
tions of the Olive Ridley hatchlings in the nest to the Olive
Ridley hatchlings in the bucket.

RESULTS

Characterizing sounds in the nest.—We recorded sounds from
three separate Olive Ridley clutches that contained 87, 105,
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and 102 eggs, respectively. In total, we recorded 540 min of
audio and visual footage for each clutch.

An average of 52 sounds were documented per nest (Table
1), resulting in an average of about 17 sounds per hr.
However, it should be noted that we were unable to
determine how many eggs were contributing to these
sounds.

Significantly more vocalizations were recorded during the
incubation stage than during hatching or emergence (v2 (1)¼
9.800, P , 0.05; v2 (1) ¼ 16.900, P , 0.05). Most of the
vocalizations were harmonic (59%), although non-harmonic
and pulse sounds were still present. While harmonic and
non-harmonic sounds were recorded during all stages, the
pulse vocalizations were only heard during the incubation
stage. The Friedman Test showed that there was no
statistically significant difference in proportion of harmonic
or non-harmonic sounds in any of the stages (v2 (2)¼ 0.667,
P . 0.05).

There was no difference in the mean temperature between
experimental nests and control nests (v2 (1)¼ 0.13, P . 0.05)
indicating that the insertion of the box next to the nest and
the hollow tube added above the nest did not affect the nest
temperature.

Comparison between hatchlings inside and out of the nest.—
The averages of highest frequency, dominant frequency,
lowest frequency, duration, and frequency range of the Olive
Ridley sounds after they had emerged from the nest and
housed in the bucket were similar to the range of the sounds
in the nests. The Kruskal-Wallis test showed that the number
of sounds per min from the Olive Ridley hatchlings outside
of the nest was significantly higher than the Olive Ridley
hatchlings in the nest (v2 (1) ¼ 10.161, P , 0.05). No pulse

sounds were recorded from the hatchlings that had emerged
from the nest and housed in the bucket.

Inter-species comparisons.—The results of the Kruskal-Wallis
test determined that the duration of the Leatherback sounds
were significantly longer than the other two species (v2 (2)¼
16.921, P , 0.001). None of the other characteristics (highest
frequency, lowest frequency, dominant frequency, or fre-
quency range) among the three species (Table 2) were
significantly different (P . 0.05, all cases).

DISCUSSION

Evidence of vocalizations in sea turtles was first provided by
Ferrara et al. (2014) after placing microphones in the nests of
Leatherback Turtles. While these authors hypothesized that
this vocalization could potentially help to synchronize
hatching or emergence behavior, they were unable to
confirm this with their data. Confirming the presence of
vocalizations for other sea turtle species, and to further test
the hypothesis that hatchlings vocalize to synchronize
hatching or emergence, we placed microphones and cameras
into the nests of Olive Ridley Turtles and compared how
vocalizations change over the hatching and emergence
process. Although we were able to confirm the presence of
vocalizations in Olive Ridley hatchlings, our data did not
support the hypothesis that they play a role in hatching
synchronization. Instead, we conclude that these vocaliza-
tions are likely by-products of other processes, such as
embryo movement, serving little biological purpose.

We did not discover any significant differences in the types
(harmonic, non-harmonic), frequency, or duration of the
vocalizations between incubation, hatching, and emerging
from the nest. If vocalizing is used as a means to facilitate

Table 1. Number of vocalizations, types of vocalizations, and averages of characteristics with standard error from each stage of each nest. Data are
represented as mean 6 SE (kHz¼ kilohertz, s ¼ seconds).

#
Sounds

#
Harmonic

#
Non-harmonic

#
Pulse

Highest
frequency

(kHz)

Dominant
frequency

(kHz)

Lowest
frequency

(kHz)
Duration

(s)

Frequency
range
(kHz)

Incubation
Nest 1 66 39 5 22 3.2460.34 1.1660.11 0.7260.07 0.1360.01 2.5260.30
Nest 2 18 13 3 2 2.7060.24 1.4060.18 1.0460.20 0.1460.02 1.6660.23
Nest 3 15 6 9 0 1.4160.16 0.7460.11 0.5360.04 0.0860.02 0.8860.15

Hatching
Nest 1 18 12 6 0 2.7560.41 1.5760.30 0.9660.16 0.1260.02 1.7960.30
Nest 2 14 7 7 0 1.6560.20 0.9960.16 0.6760.10 0.1160.02 0.9860.17
Nest 3 4 2 2 0 1.2660.12 0.7760.03 0.6360.06 0.2360.06 0.6360.13

Emerging
Nest 1 15 7 8 0 3.5460.28 1.6760.12 1.3260.15 0.0660.01 2.2260.23
Nest 2 5 5 0 0 2.5360.22 1.1460.15 0.4460.04 0.0760.02 2.1060.18
Nest 3 2 1 1 0 3.2962.67 2.1561.75 0.9860.71 0.1960.004 2.3161.96

Table 2. Number of vocalizations, types of vocalizations, and averages of characteristics with standard error of the three hatchling species recorded
in the bucket. Data are represented as mean 6 SE (kHz¼ kilohertz, s ¼ seconds).

#
Sounds

#
Harmonic

#
Non-harmonic

#
Pulse

Average
highest

frequency
(kHz)

Average
dominant
frequency

(kHz)

Average
lowest

frequency
(kHz)

Average
duration

(s)

Average
frequency

range
(kHz)

East Pacific Green 12 7 5 0 5.5262.91 2.5861.04 1.5860.72 0.0860.06 3.9462.83
Leatherback 132 78 54 0 3.7463.07 1.961.07 1.3361.06 0.1460.13 2.4163.02
Olive Ridley 20 10 10 0 3.4862.32 1.8360.63 1.2760.53 0.0960.16 2.2162.23
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synchronized hatching, it would be plausible to think that
there would be a unique vocalization that coordinates
hatching. It is important to note that sound production was
more frequent during incubation than during hatching or
emerging from the nest. Also, in two of the three nests, a
unique ‘pulse’ sound was repeatedly heard during incubation.
Perhaps the pulse vocalization could be indicative of hatching;
however, since it was only discovered in two out of three nests,
it cannot be confirmed through our study. Discovering the
source of this pulse vocalization requires more investigation.

More investigation is also needed to assess the purpose of
the vocalization and means the turtles are using to vocalize.
The vocalizations could possibly be the result of movements.
The vocalizations may be involuntary sounds emitted as the
turtles are exerting energy while they move around in the
nest similar to some of the sounds produced when
Leatherback adults are nesting (Mrosovsky, 1972). Further-
more, hatchlings continued vocalizing while they were
housed in the bucket after emerging from the nest. If
vocalizations served the purpose of synchronizing hatching,
we would expect them to stop after they left the nest because
extra vocalizations could potentially attract predators.

In addition, sounds were relatively infrequent, and the
recorder only detected them at a rate of about 17 per hr. This
low rate suggests that emitting sounds may be too infrequent
to play a significant role in synchronizing hatching or that
the recorder only identified some of them and did not
represent the entire nest. It is important to note that we were
not able to decipher which egg was being detected by the
recorder. Overall, our data do not support the conclusion that
these vocalizations could help synchronize hatching.

Vocalizations: A universal trait of cheloniids.—Considering
that all sea turtle species investigated so far emit sounds as
hatchlings (Ferrara et al., 2013, 2014), our results suggest that
this is a universal trait of cheloniids and dermochelyids.
Nevertheless, we did observe a difference in sound between
between Green and Olive Ridley turtles when compared to
Leatherback Turtles. These differences could be explained by
the differences in physiology among these animals. Leather-
back hatchlings emitted significantly longer sounds than the
other two species, which could be explained by the larger size
of Leatherback hatchlings compared to the Olive Ridley and
Green hatchlings.

Future research.—Although our study does not confirm the
hypothesis that sea turtles use vocalizations to synchronize
hatching and emergence, there are still several questions left
unanswered. For example, is there an alternative purpose for
these vocalizations? What is the mechanism by which sea
turtle hatchlings are making such vocalizations? Are their
vocalizations related in any way to those often heard in nesting
adult turtles (see Cook and Forrest, 2005)? Does the whole nest
vocalize, or are they coming from just a few individuals?
Answering these questions will help us uncover more
information about this recently uncovered phenomenon.
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