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Abstract—Toothed whales and dolphins produce complex acoustic signals. However, how they develop and
function is unclear. In this study, the sounds of a newborn (NB) bottlenose dolphin (Tursiops truncatus) were
recorded by a dual-channel recording system in the 0.4–220 kHz frequency band with a dynamic range of
81 dB and sampling frequency of 1 MHz, simultaneously with video recording of its position with respect to
hydrophones, 22, 46, 46.5 and 47 h after birth. The results of the analysis of the recordings indicate that the
NB produced 20 series containing 1640 echolocation clicks. In doing so, it varied the duration of series in the
range of 0.8–7 s, the number of clicks in a series from 20 to 280 and the interpulse intervals from 6 to 220 ms.
When moving along the pool, it shifted the position of the maximum of the click radiation direction in space,
and each subsequent click was produced after receiving an echo from the previous one and a time delay (tens
of ms) for echo processing. The spectral and temporal characteristics of its clicks differ slightly from those of
adult dolphins. The apparent source level of clicks (ASL) at a distance of 1 m from the NB was 188–164 dB
re 1 μPa. Consequently, the abilities of the NB bottlenose dolphin (Tursiops truncatus) to echolocate, consid-
ered for the first time for toothed whales in this paper, are innate, while physiological, social, and cognitive
aspects of echolocation, which are not considered in this paper, apparently still require development.
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INTRODUCTION

The characteristics of the echolocation system of
toothed whales and dolphins are superior to better
technical systems in many respects [1]. In this regard,
numerous morphological and functional adaptations
of their echolocation system and hearing to the condi-
tions of their aquatic habitat are of scientific and prac-
tical interest.

The sounding signals of the echolocator of bottle-
nose dolphins—clicks—are very short, lasting about
50 μs, so they are broadband, spanning frequencies of
2–200 kHz with a maximum energy at frequencies of
about 100–120 kHz [1]. The spectral maximum of the
energy of dolphin clicks coincides with the frequencies
of maximum sensitivity of their hearing (100–
120 kHz) [2, 3] and frequencies of minimum differen-
tial hearing thresholds in terms of frequency [4]. A
similar coincidence is characteristic of other species of
Odontoceti [5, 6]. The peak-to-peak sound pressure
level (SPLpp) of toothed whale clicks varies over a wide
range from 150 to 245 dB re 1 μPa [1, 7, 8]. A typical
echolocation click sequence begins with a low SPLpp,
which increase to a certain high level and then
decrease at the end. At the same time, SPLpp of clicks
depends on the level of ambient noise, the strength of

the target, the range of the target, and the echoloca-
tion task being performed by the dolphin.

Typically, a dolphin produces a click, listens for its
reflection from an underwater object (echo signal),
and then emits another click after a delay of 15–45 ms.
It is assumed that this delay is necessary for processing
the echo signal in the dolphin’s hearing [1]. In this
regard, the value of the interpulse intervals between
clicks is maintained at a level slightly greater than two-
way travel time of sounds to the target, i.e. it is deter-
mined by the range of the target and increases with
range. Therefore, the number of pulses and the inter-
pulse interval in each series of clicks vary, usually in
the range from 10 to 300 ms.

Clicks are emitted in the rostral direction with a
beamwidth (BW) in the vertical and horizontal planes
of about 10°–12°, at a level of −3 dB [1]. Therefore,
their waveform begins to quickly distort and the rela-
tive level of high-frequency components in their spec-
trum decreases with distance from the axis of maxi-
mum spatial directivity of the radiation of these pulses.
In the literature, clicks are described mainly in the
context of echolocation behavior of animals.

Numerous studies have shown that dolphins used
clicks as probing signals for echolocation discrimina-
tion, recognition, and classification of underwater
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objects [1, 9–15]. At the same time, clicks, like delta
pulses, cause natural vibrations of underwater objects
and are reflected from them, and dolphins, analyzing
complex echo signals from objects, successfully solve
these problems.

In light of signal theory, clicks are ultrashort, ultra-
wide-band coherent acoustic pulses. The use of coher-
ent probing pulses by dolphins implies coherent pro-
cessing of echo signals: coherent accumulation of use-
ful echo, coherent compensation of interfering reflec-
tions, and, consequently, processing of echo signals by
the moving target indicator (MTI) method [16, 17],
used in echolocation technology. The MTI increases
the noise immunity of the echolocation system when
isolating a useful moving echo against the background
of stationary reflected interference due to the mutual
suppression of echo signals from stationary interfering
objects and the accumulation of echoes from useful
moving objects.

At the same time, the development of acoustic sig-
nals and the echolocation system of Odontoceti is
unclear. To understand these problems, acoustic sig-
nals are studied not only in adult animals, but also in
newborns. However, until now, the acoustic signals of
dolphin calves have been recorded and studied in the
works of various authors mainly in the frequency band
not exceeding 11–24 kHz [18–21] with a dynamic
range of about 40 dB.

The aim of this article is to study the characteristics
of acoustic clicks of a newborn (NB) bottlenose dol-
phin (Tursiops truncatus) in the first days of her life.
The main objectives of the study are two-channel
recording of sounds of the NB and parents in the fre-
quency band of 0.4–220 kHz with a dynamic range of
81 dB and a sampling frequency of 1 MHz, with simul-
taneous video recording of their position with respect
to each other and the hydrophones of recording chan-
nels I and II, as well as studying the characteristics of
the signals and matching them with the dolphins.

EXPERIMENTAL

Material and Methods

The NB (newborn, ♀) and her parents, Black Sea
bottlenose dolphins (Tursiops truncatus) named Yana
(22 years old, ♀) and Yasha (32 years old, ♂), were
placed in a closed pool (27.5 × 9.5 × 4.5 m) of the
T.I. Vyazemsky Karadag Scientific Station—a nature
reserve of the Russian Academy of Sciences–Branch
of the A.O. Kovalevsky Institute of Biology of the
Southern Seas of the Russian Academy of Sciences.
NB was born on June 8, 2015 and was in the pool with
her parents. There were no other dolphins in the pool.
Soon after birth, NB produce various sounds that
could be heard with the naked ear in the pool as she
swam nearby.
ACOUSTICAL PHYSICS  Vol. 71  No. 6  2025
Signal Recording
The acoustic signals of the dolphins were recorded

by a two-channel system simultaneously with video
recording of their positions with respect to each other
and the hydrophones of recording channels I and II
during their feeding near the gangway (5) (Fig. 1).
Two-channel recording captures not only the tempo-
ral information of the acoustic signal, but also spatial
information about its source and direction, with is its
advantage over single-channel recording. The distance
between hydrophones I and II was chosen as 5 m to
obtain the required interchannel difference in time
delays and amplitudes of sound pressure levels (SPLs)
of each signal. In this case, hydrophone I was located
closer to the middle of the pool, while hydrophone II
was closer to the wall (6).

The video was recorded from a balcony located
along the pool, so that the video camera was posi-
tioned at a height of approximately 5 m above the
water level. During recording, the NB usually swam
around its parents and, accordingly, around the
hydrophones (in an arc with a radius of 1–5 m).
Sometimes she swam under the bridge, sometimes to
the end of the pool opposite the bridge and hydro-
phones (about 23 m). Figure 1b shows the moment
when she quickly swims away from her parents while
they are resting near the gangway (5). In these cases,
after some time (0.5–1 min), Yana followed her; they
could stay there for a few min, then return together to
the gangway (5). During the recording of signals,
Yasha, as a rule, with his head raised above the water,
was at the gangway with the trainer, waiting for rein-
forcements (Fig. 1).

Hydrophones I and II are piezoceramic, spherical,
with a diameter of 14 mm and a calibrated sensitivity of
–203.5 and –206 dB re V/μPa, or 66.5 and 50 μV/Pa,
respectively (Fig. 1). The unevenness of the frequency
response of the hydrophones did not exceed ±3 dB at
frequencies of 0.4–160 kHz and ±10 dB at frequencies
of 0.4–220 kHz. Each signal recording channel con-
sisted of a hydrophone, a high-pass filter (0.4 kHz), a
preamplifier (40 dB), and one of the channels of the
multichannel 14-bit analog-to-digital converter
(ADC) USB-3000.

The dolphin signals from recording channels I and
II were digitized by an ADC with a sampling frequency
of 1 MHz. From the ADC output, signals were contin-
uously recorded onto the laptop hard drive in a two-
channel PGC file for subsequent analysis and process-
ing. The dynamic range of the ADC and the signal
reception path was 81 dB, and the clipping of acoustic
signals in the recording path could only occur with a
SPLpp swing of >186 dB re 1 μPa.

The first recording of dolphin acoustic signals was
made approximately 22 h after the birth of NB, in the
first half-day. A total of four recordings of the acoustic
signals of the NB and her parents were made simulta-
neously with video recordings of their positions with
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Fig. 1. Configuration of experiment. (a) Notation: 1, 2, dolphins Yasha and Yana, respectively; 3 and 4, hydrophones of second
(II) and first (I) channels, respectively, located at distance of 5 m from each other and depth of 1 m; 5, gangway, located 0.2 m
above water level; 6–8, long and short walls and bottom of pool, respectively. Distance between hydrophone 3 and wall 6 is 0.4 m.
Distance from hydrophones 3 and 4 to wall 7 is 3 m. Water level in pool is 4 m. (b) Example of video recording of position of NB with
respect to parents and hydrophones during sound recording.

(b)(a)

1

2
3

4

5

6 7

8

respect to each other and the hydrophones of record-
ing channels I and II, approximately 22, 46, 46.5, and
47 h after her birth, respectively. Each recording is
about 9 min long, for a total of about 36 min.

Data Analysis
When studying the acoustic signals of several dol-

phins, it is difficult to determine which animal is pro-
ducing a particular signal. To determine whether an
acoustic signal belongs to a specific dolphin, research-
ers use a technique for recording acoustic signals while
simultaneously videotaping the behavior of all dol-
phins. After analyzing the video, they try to identify
the signal from the air bubbles that often come from
the dolphin producing the signal, especially in new-
borns [20, 22, 23]. Although it is also known that not
every dolphin signal is accompanied by air bubbles
[24]. In some cases, researchers place dolphins in sep-
arate pools to determine the signals of a particular dol-
phin. However, the use of these methods causes cer-
tain difficulties and inaccuracies in determining the
signal producer.

Given these issues, the author attempted to deter-
mine NB’s clicks using all the data available to us for
analysis. The fact that Yasha, during the recordings,
was usually located near the bridge (Fig. 1) with his
head raised above the water, somewhat simplified the
task, since his click emitter—the melon—was above
the water level and it could not produce clicks into the
water. Therefore, the main task consisted only in com-
paring the series of clicks the author recorded from NB
and Yana.

It is known that the waveform of clicks is signifi-
cantly distorted with distance from the axis of maxi-
mum directivity of their radiation; therefore, the anal-
ysis and interpretation of off-axis clicks is futile. To
determine the features that make it possible to distin-
guish clicks from different dolphins, during the initial
analysis of the recordings, the author developed crite-
ria for selecting clicks that dolphins were most likely to
produce along the axis of maximum directivity of their
radiation (hereinafter on-axis clicks). The characteris-
tics of such clicks are stereotypical [16, 17]. For this,
the author visualized the waveform of all recorded
acoustic signals and selected from them clicks that met
the following requirements: 1, the waveform of the on-
axis click consists of the maximum negative and posi-
tive half-waves of the instantaneous SPL with a mini-
mum difference in their amplitudes, and a tail with a
level of about –12 dB or less, i.e., clicks that have a
waveform similar to that considered in [25]; 2, the ini-
tial phase of the on-axis click is the negative half-wave
of the SPL; 3, the SPL of these clicks is high or not less
than the adjacent ones in the series.

For subsequent analysis, the author selected 14 on-
axis clicks of NB and 14 on-axis clicks of Yana, using
ACOUSTICAL PHYSICS  Vol. 71  No. 6  2025
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Fig. 2. Characteristic waveform of on-axis clicks (a) Yana (2:27.54, fourth recording), (b) NB (2:32.59, fourth recording, first
series, Table 1) and (c) their spectra 1 and 2, respectively (result of visual analysis of clicks that meet criteria for maximum direc-
tivity of their radiation). Spectral width at –6 dB level of Yana pulse (c, curve 1) is 93 kHz (25–118 kHz) and NB (c, curve 2) is
74 kHz (38–112 kHz).
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the criteria developed above. Moreover, the quality of
the two-channel recording of acoustic signals with the
simultaneous registration of the positions of the dol-
phins with respect to each other and the hydrophones
on the video recording allowed us to find differences in
the waveform and spectra of the clicks of the NB from
the clicks of her mother.

Recording, visualization, and quantitative and sta-
tistical analysis of the obtained data were performed
using the software packages Power-Graph 3.3.8,
Adobe Audition 3.0, and Excel 2016 with the “Data
Analysis” package. The signal spectra were calculated
using a 256-point fast Fourier transform with a Ham-
ming weighting function.

The apparent source level (ASL) of clicks at a dis-
tance of 1 m from the dolphin is calculated according
to method [8]:

where RL is the measured or accepted click level, tak-
ing into account the sensitivity of the hydrophones and
gain of the preamplifiers; TL is click transmission loss,
taking into account the distance R from the dolphins
to hydrophones and their spectrum; the sound
absorption coefficient in water α = 0.025 dB m–1 at
frequencies f = 90 kHz.

The centroid of the click spectrum fc is the fre-
quency that divides the energy of the click spectrum
into two equal halves, calculated by the formula

where Si(fi) is the magnitude of the spectrum analyzer
filter component at the frequency fi.

The relative energy of characteristic click fragments
E is given by the expression

where Pi(ti) is the sound pressure reading levels Pi at
times ti..

= + = + + αASL RL TL RL 20 log ,R R

( ) ( )=   ,c i i if f S S

= 
2,iE P
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The base of NB clicks, i.e., the time-bandwidth
product—TW, where T is the average duration (s) and
W is the average width of the click spectrum (Hz),
were measured and calculated for the first time for
toothed whales in the 0.4–220 kHz frequency band.

RESULTS

NB Click Characteristics

The initial analysis of the recordings revealed that
NB and parents produced characteristic of bottlenose
dolphins (Tursiops truncatus) acoustic signals: FM
whistles, clicks (Figs. 2–4; Tables 1–3) and pulse
packets. At the same time, NB began to emit whis-
tles—not yet perfect—soon after birth and continued
to produce them periodically throughout all the
recordings, during the day and night [26], while it
emitted pulse bursts less frequently than other signals.

At the same time, the author recorded series of
clicks with significantly lower measured maximum
SPLpp (SL) and series with higher levels, by 10–20 dB
SL, while the waveform of the clicks of both series
appeared almost identical. However, when visually
analyzing the recordings, it was initially difficult to
understand which features could be used to identify
the series of clicks produced by NB and which by
Yana.

However, after comparing the waveform of the on-
axis clicks from different series, taking into account
video recordings of the dolphins' position with respect
to the hydrophones, it became clear that the NB had
SL levels in the series of clicks lower, and the waveform
of the on-axis clicks and their spectrum differ from
Yana’s pulses (Figs. 2, 3; Table 2). This is also sup-
ported by several series of NB’s clicks that she pro-
duced from the far end of the pool when Yana and
Yasha were at the bridge with their heads (i.e., click-
emitting organs) raised above the water (Fig. 1).
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Fig. 3. Waveforms selected from fourth recording (Table 1): (a) 14 on-axis clicks of Yana, (b) 14 on-axis clicks of NB, (c, d) their
amplitude spectra, normalized and combined, respectively. Waveforms of clicks (a, b) are superimposed with respect to their cen-
ter (point of transition through zero of their instantaneous SPL, from maximum negative to maximum positive level). Symbols a,
b, …, k are characteristic time intervals between extremes of positive, negative, and zero instantaneous SPL values of clicks, shown
in Table 2.
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Fig. 4. Change in SPLpp 4/2 series of NB’s clicks (Table 1) between recording channels I and II as she approached gangway 5
(Fig. 1), from 10 (2:50.6) to 3 m (2:56.6). X-axis, time from beginning of fourth record, min:s. Y-axis, measured SPLpp in dB re
1000 Pa in area of hydrophones (Fig. 1).
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Table 1. Parameters of recorded series of NB clicks

NB produced series of 4/1 and 4/2 clicks while moving towards the central hydrophone from the middle of the pool, while the distance
to the hydrophone decreased from 9 to 6 m and from 10 to 3 m, respectively. Series 4/3–4/7 NB were produced while located at the end
of the pool farthest from the hydrophones (15–20 m to the hydrophone). SL, measured SPLpp in dB re 1000 Pa; ASL, apparent SPLpp
recalculated to a distance of 1 m from the dolphin.

Recording no./
series

Time to produce 
series of clicks 

in recording, min:s

Number 
of clicks/series 

duration, s

Intervals between 
clicks in series, ms SL in dB re. 1000 Pa ASL, dB re. 1 

μPa/m

1/1 0:34.1–0:35.1 38/1.05 16–62 –36…–60
1/2 0:36.5–0:37.6 32/1.1 24–56 –39…–48
1/3 0:38.6–0:42.2 280/3.6 6–129 –33…–63
1/4 1:03.7–1:04.5 23/0.8 34–46 –27…–39
2/1 0:10.6–0:12.7 61/2.1 30–64 –40…–51
2/2 1:36.9–1:39.7 42/2.8 116–49 –48…–58
2/3 2:08.5–2:12.2 58/3.7 91–54 –46…–60
2/4 3:46.4–3:52.2 126/5.8 99–36 –46…–66
2/5 3:55.6–3:57.5 59/1.9 80–23 –50…–63
2/6 4:10.3–4:16.8 222/6.3 157–19 –32…–60
3/1 3:25.5–3:27.4 23/1.9 155–62 –35…–60
3/2 3:44.4–3:46 20/1.6 133–64 –44…–60
3/3 5:42.5–5:45.5 43/3 99–54 –48…–57
4/1 2:31.1–2:34.5 89/3.5 124–23 188–164
4/2 2:50.8–2:56.6 110/5.8 220–28 185–158
4/3 4:17.1–4:21.2 69/4 160–44 182–164.5
4/4 5:36.8–5:38.9 37/2.1 78–51 178–164.5
4/5 5:51.1–5:56.2 80/7 74–33 176–161.5
4/6 6:17.2–6:23.3 190/5.8 47–30 176–158.5
4/7 6:41.7–6:42.7 38/1 39–29 173–158.5

1640/64.8 6–220 188–158

Table 2. Duration of average values of characteristic time intervals a, b, …, k, between extrema of positive, negative, and
zero instantaneous values of SPLpp of clicks of NB and Yana (Figs. 3a, 3b), and their relative difference in %

a b c d e f g h i j k

NB, μs 23.3 6.0 2.5 2.7 4.5 2.2 3.8 4.0 4.5 3.7 5.0
Yana, μs 24.3 7.2 2.6 2.8 3.9 2.1 3.3 4.4 5.7 4.9 4.4
% –4.1 –16.7 –3.9 –3.6 15.4 4.8 15.2 –9.1 –21.1 –24.5 13.6
The most characteristic difference in the waveform
of the clicks of the NB and Yana is visible in the region
of 30 μs (Figs. 2a, 2b), where the amplitude of the neg-
ative half-wave of the instantaneous SPLpp of the NB
is 6 dB less than the maximum click amplitude, while
Yana’s negative half-wave amplitude is 17 dB less. At
the same time, the width of the NB click spectrum is
noticeably narrower than that of Yana. The presence of
these features made it possible to clearly distinguish
the on-axis clicks of each of these dolphins and, in
accordance with them, their series of clicks.
ACOUSTICAL PHYSICS  Vol. 71  No. 6  2025
The characteristic differences in the average wave-
form and average spectrum of the clicks of NB and
Yana are shown in Fig. 3 (visible as a wider and darker
band of overlapping gray lines of each click). Here, for
the first time for toothed whales, it is shown that the
clicks of the NB and the mother differ in the charac-
teristic time intervals of the slow onset of pulses a,
containing about 1% of the relative click energy, areas
a–b–c–d in which 95% of the click energy is concen-
trated, as well as the tails of the pulses e–f–g–h–i–j–
k, containing about 4% of their energy (Figs. 3a, 3b;
Table 2), indicating subtle differences in their wave-
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Table 3. Average values of parameters of NB and Yana’s clicks recorded in this study

a, duration of click, determined by –10 dB level of its envelope; b, duration of click, determined by sum of time intervals of main oscil-
lation (Figs. 3a, 3b, b–c–d–e; Table 2), containing 95% of its energy. c, apparent source level ASL recalculated to distance of 1 m from dolphin
click. d, TW, the time-bandwidth product, where T is the average duration (s) and W is the average width of the click spectrum (Hz).

Click parameters NB Yana

Durationa t, μs 11.5 12.1

Durationb t, μs 15.7 16.5

ASLc, dB re 1 μPa m 188–164 199–183

Lower spectrum limit, kHz, at –3 dB level 39.4 33.3
Lower spectrum limit, kHz, at –10 dB level 26.5 20.1
Upper spectrum limit, kHz, at –3 dB level 105.4 112.2
Upper spectrum limit, kHz, at –10 dB level 118.9 128.2
Spectral width, kHz, at –3 dB level 65.9 78.8
Spectral width, kHz, at –10 dB level 92.4 108.1
Spectrum centroid, kHz 76.1 70.1

Based TW, at a level of –3 dB 1.1 1.3

Based TW, at a level of –10 dB 1.4 1.8
form. This is also evidenced by the difference in the
average values of the total durations of the intervals b–
c–d–e: negative and positive half-waves of instanta-
neous SPLpp clicks of NB and Yana, amounting to 15.7
and 16.5 μs, respectively. Average values of the dura-
tions of NB and Yana’s clicks from the beginning of
the time interval a until the end of the interval k also
differ: 62.3 and 65.7 μs, respectively. The results indi-
cate that there are two different stereotypical forms of
clicks, right down to the tails of each click (Figs. 2, 3;
Tables 2, 3).

Results of the two-sample t-test for independent
samples with different variances, at a significance level
of α = 0.05, also indicate a significant difference: the
width of the spectra of clicks of Yana and NB at a level
of –3 dB (t = 4.0, p < 0.0001; t = –6.0, p < 0.0001) and
at a level of –10 dB (t = 8.6, p < 0.0001; t = –2.5, p <
0.0003), the lower and upper limits of the spectrum at
a level of –3 dB (t = 4.6, p < 0.0001; t = –3, p < 0.009;
and t = 7.1, p < 0.0001; t = 5.1, p < 0.0001), and at a
level of –10 dB (t = 3.4, p < 0.0001; t = –2.5, p <
0.0001; and t = 7.4, p < 0.0001; t = –5.5, p < 0.0001),
as well as the centroids of the click spectrum fc (t = 3.6,
p < 0.0001; t = 8.0, p < 0.0001), respectively (Table 3).

Therefore, in this study, for the first time for
toothed whales, 1640 echolocation clicks (20 series) of
the bottlenose dolphin (Tursiops truncatus) were
recorded by a two-channel recording system, in the
0.4–220 kHz frequency range with a dynamic range of
81 dB and a sampling frequency of 1 MHz, approxi-
mately 22, 46, 46.5, and 47 h after her birth, respec-
tively (Figs. 2–4; Table. 1).
Characteristics of the NB Click Series

Let us consider the second series of NB clicks, recorded
by us in the fourth recording (Fig. 4; Tables 1, 4/2), which
she produced when she swam next to Yana (at a dis-
tance of about 1.5 m on the right side), from the mid-
dle of the pool towards the gangway, while the distance
to the hydrophones decreased from 10 to 3 m. Here we
see a significant change in the amplitude of the SPL of
each of the clicks in this series between channels I and II,
up to 20–30 dB, indicating corresponding movement
of the maximum directivity of their radiation in space,
as she moved towards the hydrophones.

From the ratio of the click amplitudes between the
recording channels it follows that at the beginning of
the series, the maximum directivity of radiation of
NB’s clicks is located between the hydrophones of
recording channels I and II: closer to channel I (up to
t = 2:51.6), then (with t = 2:51.6 by t = 2:52.6) at the
hydrophone of channel I; after that (from t = 2:52.7 to
t = 2:54.1), closer to the hydrophone of channel II,
and again at the hydrophone of channel I (with t =
2:54.3 left in the series).

At the same time, there is a noticeably less signifi-
cant decrease in the maximum measured SPLpp of its
clicks from –25 to –39 dB with respect to 1000 Pa,
respectively (Fig. 4), which can be explained by the
need to compensate for the increasing echo level from
the wall (7) in Fig. 1, the closer to the hydrophones.

At the same time, the difference in SPLpp of an on-
axis click (Fig. 4, t = 2:51.8) between hydrophones I
and II, which at this moment were visible to her at an
angular distance between them of about 27°–30°—no
less than 20 dB—yields an estimate of the directivity of
the radiation of NB’s clicks in the horizontal plane. The
ACOUSTICAL PHYSICS  Vol. 71  No. 6  2025
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obtained estimate agrees with the results of measuring the
directivity of radiation in adult dolphins [27].

As the NB moved toward the hydrophones, the
interpulse intervals between her clicks decreasd from
220 ms at the beginning of the series to 28 ms at the
end. In this case, the calculated two-way travel time of
sounds from her to the hydrophones varied from 27 to
4 ms and, consequently, the interpulse intervals
between its clicks along the entire path were signifi-
cantly greater than this time. Thus, it produced each
subsequent pulse, apparently, after receiving and pro-
cessing the echo from the previous one, which agrees
with [1].

In total, over the course of four records (Table 1),
20 series of NB’s echolocation clicks were recorded,
containing 1640 clicks. Moreover, it varied over a wide
range: the duration of the series from 0.8 s to 7 s, the
number of clicks in the series from 20 to 280, and the
interpulse intervals between clicks from 6 to 220 ms,
which agrees with these parameters for adult dol-
phins [1].

Interestingly, Yana, while moving next to the NB,
rarely produced a series of clicks and, apparently, lis-
tened to the echo of the NB clicks, checking and pos-
sibly correcting the correctness of their use of the NB,
similar to [28].

DISCUSSION
Results of the analysis of the recording of acoustic

signals carried out 22 h after the birth of a female bot-
tlenose dolphin (Tursiops truncatus), indicate that at
this time and, apparently, immediately after birth, she
produced series of clicks, as well as FM whistles [26]
and bursts of pulses. The result agrees with data [20,
22, 23, 29], confirming the production by newborn
dolphins (Tursiops truncatus) of pulsed sounds imme-
diately after birth in captivity, as well as with the results
of [30], in which a beluga dolphin (Delphinapterus leu-
cas) produced a series of clicks immediately after birth.
Thus, it can be suggested that the ability to produce
functional sonar click series is innate in them [31].

At first glance, the waveform of NB’s clicks does
not differ from the waveform of the clicks of her
mother and adult dolphins. At least during visual anal-
ysis it was immediately difficult to understand by what
features one could separate the series of clicks pro-
duced by the NB from Yana’s clicks. However, an
analysis of their on-axis clicks from different series,
taking into account video recordings of the dolphins’
position with respect to the hydrophones, showed that
the waveform of the on-axis clicks and their spectrum
in the NB are somewhat different from Yana’s pulses
(Figs. 2, 3). The greatest difference in the waveform of
the clicks of NB and Yana (Fig. 2) is noticeable in the
region of the 30th μs, where the amplitude of the neg-
ative extremum of the instantaneous SPL for NB is
approximately 6 dB less than the maximum, while for
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Yana this difference is about 17 dB. Over the course of
a series of NB’s clicks, the level of this extremum of
their waveform can change, but remains noticeably
greater than that of Yana (Figs. 2, 3).

At the same time, for the first time for toothed
whales, it was shown that the characteristic time inter-
vals of the clicks of NB and Yana differ in the region of
the slow onset of the pulses—a, containing about 1%
of the relative energy of the pulses, as well as in the
region b–c–d–e where 95% of the relative energy of
the clicks is concentrated and in the area of their tails,
f– g–h–i–j–k, containing about 4% of energy
(Figs. 3a, 3b, Table 2).

In addition, the average values of the total dura-
tions of intervals b–c–d–e of the negative and positive
half-waves of the instantaneous SPL of clicks of Yana
and NB—16.5 and 15.7 μs—differ, as do the average
values of the durations of their clicks: from the begin-
ning of the time interval a until the end of the interval
k, 65.7 and 62.2 μs, respectively.

Considering that for more accurate measurement
of the signal waveform at the physical level and its
reconstruction from a set of samples, the sampling fre-
quency is increased by three to four times higher than
the Nyquist frequency, the results obtained in this
work also indicate that a high sampling frequency
(1 MHz) is important for more accurate registration of
the waveform and subtle differences in the character-
istics of short dolphin clicks.

Results of the two-sample t-test for independent
samples with different variances, at a significance level
of α = 0.05, also indicate a significant difference: the
width of the spectra of Yana and NB’s clicks at a level
of –3 dB (t = 4.0, p < 0.0001; t = –6.0, p < 0.0001) and
at a level of –10 dB (t = 8.6, p < 0.0001; t = –2.5, p <
0.0003), the lower and upper limits of the spectrum at
a level of –3 dB (t = 4.6, p < 0.0001; t = –3, p < 0.009;
and t = 7.1, p < 0.0001; t = 5.1, p < 0.0001) and at a level
of –10 dB (t = 3.4, p < 0.0001; t = – .5, p < 0.0001; and
t = 7.4, p < 0.0001; t = –5.5, p < 0.0001), as well as the
centroids of the click spectrum fc (t = 3.6, p < 0.0001;
t = 8.0, p < 0.0001), respectively (Table 3).

The fact that the lower limit of the spectrum of
NB’s clicks is significantly higher than the mother’s
clicks (Figs. 2, 3; Table 3) is apparently determined by
the smaller size of the dolphin, its radiating organs and
head. At the same time, the increased amplitude of the
negative half-wave of the NB clicks in the region of the
30th μs (Figs. 2, 3), can apparently be considered
insufficient development at this time of the mecha-
nism for damping the oscillatory process of the organs
generating its clicks.

For the first time for toothed whales, in this study,
the author measured the amplitude of the SPLpp of
NB’s clicks and calculated the apparent source level
ASL of clicks of the dolphin and its mother, taking into
account the distance from the dolphin to the hydro-
phone—188–152 and 199–183 dB re 1 μPa at a dis-
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tance of 1 m from the dolphin, respectively (Tables 1, 3).
These results indicate that NB produced clicks with a
significantly lower SPL than Yana throughout the
recordings.

However, despite the fact that the maximum
amplitude of the SPLpp, number of clicks of NB during
the recordings was 34 dB (51 times) less than the max-
imum possible amplitude of the SPLpp for this species
of dolphins, 228 dB re 1 μPa [3, 9], it was apparently
sufficient for it to perform its actual echolocation
tasks.

Unfortunately, there are no studies with which to
compare the waveform of NB’s clicks. In most known
studies, the authors only qualitatively describe echolo-
cation in newborn bottlenose dolphins (Tursiops trun-
catus) as the presence of audible pulses and scanning
head movements, while they recorded sounds mainly
in the frequency band only up to 11–24 kHz [20–23].

At the same time, the fact that the characteristics of
NB and the mother’s clicks shown in this study differ,
consistent with the data of [32], in which the clicks of
newborn Franciscan dolphins (Pontoporia blainvillei)
differ from the clicks of juveniles and wild individuals.
These dolphins produce narrowband high-frequency
(NBHF) clicks with fundamentally different charac-
teristics than bottlenose dolphins, but their neonates
have clicks with a broader frequency spectrum and
higher peak frequencies compared to juveniles and
wild individuals. This may indicate that the clicks of
newborns and adults differ in all toothed whales.

CONCLUSIONS

The results obtained in this study on the character-
istics of clicks of the bottlenose dolphin (Tursiops trun-
catus) and the dynamics of changes in the series of
NB’s echolocation clicks in the first days after birth
indicate her conscious use of echolocator. Therefore,
the echolocation abilities of NB, considered for the
first time for toothed whales in this study, are innate.

However, given that echolocation is a complex pro-
cess and appears to be determined by more than just
the dolphin’s ability to produce series of clicks and
manipulate their characteristics correctly, it is clear
that the physiological, social, and cognitive aspects of
echolocation, not discussed in this paper, still need to
be developed by the newborn dolphin.

ACKNOWLEDGMENTS

The author thanks the staff of the Marine Mammal Lab-
oratory of the Vyazemsky Karadag Scientific Station–
Nature Reserve of the Russian Academy of Sciences,
Branch of the Kovalevsky Institute of Biology of the South-
ern Seas, Russian Academy of Sciences, and especially
trainers S. Yakhno and N. Zhukova for their invaluable
assistance.
FUNDING
This study was funded by the budget of the Vyazemsky

Karadag Scientific Station—Nature Reserve of the Russian
Academy of Sciences, Branch of the Kovalevsky Institute of
Biology of the Southern Seas, Russian Academy of Sci-
ences, under research topic no. 124052000059-4. No addi-
tional grants to conduct or direct this specific study were
received.

ETHICS APPROVAL AND CONSENT 
TO PARTICIPATE

All studies were conducted in accordance with the prin-
ciples of biomedical ethics set out in the 1964 Helsinki Decla-
ration and its subsequent amendments. They were also
approved by the Ethics Committee of St. Petersburg University
(St. Petersburg), protocol no. 115-02-2 dated April 6, 2022.

CONFLICT OF INTEREST
The author of this work declares that he has no conflicts

of interest.

REFERENCES
1. W. W. L. Au, Sonar of Dolphins (Springer, New York,

1993).
2. E. S. Babushina, Biofizika 45 (5), 927 (2000).
3. V. A. Ryabov and G. L. Zaslavskii, Sens. Sist. 12 (2),

202 (1998).
4. V. M. Bel’kovich and V. I. Borisov, in Scientific Works

of Acoustical Institute (Moscow, 1971), Vol. 17, p. 19 [in
Russian].

5. W. W. L. Au, in Animal Sonar Systems, Ed. by R. Busnel
and J. Fish (Plenum Press, New York, 1980), p. 251.

6. N. G. Bibikov, in Marine Mammal Sensory Systems, Ed.
by J. Thomas, R. Kastelein, and A. Supin (Plenum
Press, New York, 1992), p. 197.

7. P. T. Madsen, M. Wahlberg, and B. Møhl, Behav. Ecol.
Sociobiol. 53, 31 (2002). 
https://doi.org/10.1007/s00265-002-0548-1

8. M. Wahlberg, F. H. Jensen, N. Aguilar de Soto,
K. Beedholm, L. Bejder, C. Oliveira, M. Rasmussen,
M. Simon, A. Villadsgaard, and P. T. Madsen,
J. Acoust. Soc. Am. 130 (4), 2263 (2011). 
https://doi.org/10.1121/1.3624822

9. E. Sh. Airapet’yants and A. I. Konstantinov, Echoloca-
tion in Nature (Nauka, Leningrad, 1974) [in Russian].

10. V. M. Bel’kovich and N. A. Dubrovskii, Sensor Founda-
tion of Cetacea Orientation (Nauka, Leningrad, 1976)
[in Russian].

11. A. G. Golubkov, Sonar of the Dolphin (Sudostroenie,
Leningrad, 1977) [in Russian].

12. G. L. Zaslavskii, A. A. Titov, and V. M. Lekomtsev, in
Scientific Works of Acoustical Institute (Moscow, 1969),
No. 8, p. 134 [in Russian].

13. W. W. L. Au and J. L. Pawloski, J. Comp. Physiol. A,
No. 72, 41 (1992).

14. W. W. Evans and B. A. Powell, in Animal Sonar Systems:
Biology and Bionics, Ed. by R. G. Busnel (Laboratoire
ACOUSTICAL PHYSICS  Vol. 71  No. 6  2025



CLICKS OF A NEWBORN BOTTLENOSE DOLPHIN 951
de Physiologie Acoustique, Jouy-en-Josas, 1967),
Vol. 1, p. 363.

15. P. E. Nachtigal, in Animal Sonar Systems: Biology and
Bionics, Ed. by R. G. Busnel and J. F. Fish (Plenum
Press, New York, 1980), p. 71.

16. V. A. Ryabov, Open J. Acoust. 1, 41 (2011). 
https://doi.org/10.4236/oja.2011.12006

17. V. A. Ryabov, Biophysics 59 (1), 135 (2014). 
https://doi.org/10.1134/S0006350914010199

18. M. C. Caldwell, D. K. Caldwell, and P. L. Tyack, in The
Bottlenose Dolphin: Recent Progress in Research, Ed. by
S. Leatherwood and R. Reeves (Acad. Press, San Di-
ego, 1990), p. 199.

19. P. L. Tyack and L. S. Sayigh, in Social Influences on Vo-
cal Development, Ed. by C. Snowden and M. Hausberg-
er (Cambridge Univ. Press, Cambridge, 1997), p. 208.

20. T. Morisaka, M. Shinohara, and M. Taki, Aquat.
Mamm. 31 (2), 248 (2005).

21. S. E. Bebus and D. L. Herzing, Anim. Behav. Cognit. 2
(1), 71 (2015). 
https://doi.org/10.12966/abc.02.06.2015

22. D. Reiss, in Animal Sonar: Processes and Performance,
Ed. by P. E. Nachtigall and P. W. B. Moore (Plenum
Press, New York, 1988), p. 121.

23. D. E. Killebrew, E. Mercado III, L. M. Herman, and
A. A. Pack, Aquat. Mamm. 27, 34 (2001).

24. D. Fripp, Mar. Mamm. Sci. 21, 29 (2005).
25. J. J. Finneran, B. K. Branstetter, D. S. Houser,

P. W. Moore, J. Mulsow, C. Martin, and S. Perisho,

J. Acoust. Soc. Am. 136, 2025 (2014). 
https://doi.org/10.1121/1.4895682

26. V. A. Ryabov, Acoust. Phys. 68 (3), 294 (2022).
27. B. K. Branstetter, P. W. Moore, J. J. Finneran,

M. N. Tormey, and H. Aihara, J. Acoust. Soc. Am. 131
(2), 1613 (2012).

28. J. D. Gregg, K. M. Dudzinski, and H. V. Smith, Int. J.
Comp. Psychol. 20 (1), 65 (2007). https://escholar-
ship.org/uc/item/20s5h7h9.

29. G. Gnone and T. Moriconi, in Dolphins: Anatomy, Be-
havior and Threats, Ed. by A. G. Perace and
L. M. Corea (Nova Science Publ., New York, 2010),
p. 149.

30. M. Castellote, V. Vergara, L. G. Barrett-Lennard, and
J. A. Esteban, in Proc. 21st Conf. of the European Ceta-
cean Society (San Sebastian, 2007).

31. J. H. Harder, H. M. Hill, K. M. Dudzinski,
K. T. Sanabria, S. Guarino, and S. A. Kuczaj II, Int. J.
Comp. Psychol. 29, 1 (2016).

32. G. V. Giardino, M. Cosentino, A. C. Macchi,
J. P. Loureiro, S. R. Heredia, K. C. Alvarez, S. G. Mo-
ron, and D. H. Rodriguez, Animals 14 (16), 2436
(2024).

Publisher’s Note. Pleiades Publishing remains
neutral with regard to jurisdictional claims in
published maps and institutional affiliations. 
AI tools may have been used in the translation or
editing of this article.
ACOUSTICAL PHYSICS  Vol. 71  No. 6  2025


	INTRODUCTION
	EXPERIMENTAL
	Material and Methods
	Signal Recording
	Data Analysis

	RESULTS
	NB Click Characteristics
	Characteristics of the NB Click Series

	DISCUSSION
	CONCLUSIONS
	REFERENCES

