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REVIEW

Sounds produced by bottlenose dolphins (Tursiops): a review
of the defining characteristics and acoustic criteria of the
dolphin vocal repertoire
Brittany Jones a, Maria Zapetisa, Mystera M. Samuelsonb and Sam Ridgwaya

aSound and Health Department, National Marine Mammal Foundation, San Diego, CA, USA; bResearch and
Stranding Department, The Institute for Marine Mammal Studies, Gulfport, MS, USA

ABSTRACT
Bottlenose dolphins make many different sounds that have been
recorded and described by researchers for over 60 years. This
species, Tursiops truncatus, is arguably the most studied marine
mammal. They have the ability to hear and produce sounds over
a range of at least 150 kilohertz (kHz). Although the human hear-
ing is limited in bandwidth to less than 20 kHz, dolphin sounds
have historically been described as humans perceive them (e.g.
whistles, squeals, buzzes, barks, quacks, pops, etc.). Often the same
names have been used for different sounds and different names
have been used for sounds that are apparently the same. In this
review, we try and summarize the dolphin sound literature and
provide standardized spectrograms where possible. Our goal is to
provide a foundation for future research to build upon by provid-
ing a tool for identifying whether a sound has been described
before. Novel sound types can then be recognized. Also, we
encourage future studies that show when dolphins perceive two
sound types as different. Detailed reports linking sound and beha-
viour are also essential. Only then can we have a complete idea of
the dolphin repertoire and begin to understand how they use
sound for communication.
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General introduction

Bottlenose dolphins, Tursiops truncatus, make many different sounds that have been
recorded and described by researchers for over 60 years (e.g., Kellogg et al. 1953).
Improvements in technology, and a lack of collaboration between research groups have
led to the same names being used to describe different sounds and different names
being used for sounds that are apparently the same.

Most mammals produce sound by the vibration of vocal cords or folds in the larynx.
Dolphins, on the other hand, produce sound in the nasal system. Dolphins pressurize their
nasal cavities by muscular action and control airflow past left or right phonic lips resulting
in sonic vibrations (Ridgway et al. 1980; Cranford et al. 2011). Fine motor control by the
nasal muscles (Finneran et al. 2018) allows dolphins to produce many sounds and often to
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make different sounds simultaneously (reviewed by Ridgway et al. 2015). Nasal structures
on the right side are larger than those on the left. Also, there is much evidence that clicks or
pulsed sounds are produced on the right andwhistle-like sounds on the left side of the nasal
apparatus (Ridgway et al. 2009; Madsen et al. 2013). Here we will not deal further with the
mechanisms of sound production. Rather, we will review the dolphin sounds as they are
recorded in the environment.

In this review, we summarize, and attempt to integrate, the fast-growing literature
on dolphin vocalizations. Our goal is to provide a foundation for future research to
build upon by providing a tool for identifying whether a sound has been described
before. Novel sound types can then be recognized. Additionally, we provide
a dictionary of acoustic terms that are commonly used to help up and coming
researchers not get bogged down with confusing jargon (Appendix 1). All acoustic
terms that are defined in Appendix 1 are italicized throughout. Further, we advocate
for clear and objective criteria for differentiating one sound category in the future by
highlighting vocalization types that lack current data.

Methods

In this review, we determined the initial report of the sound type, and follow its
development over time. Therefore, sound descriptions that were presented as summa-
ries of previous reports (e.g. Herman and Tavolga 1980; Popper 1980; Herzing 1996,
2000; Boisseau 2005) were not included. Throughout, the terms vocalizations and vocal
types are used as synonyms for sounds and sound types. As defined in Tyack (2008)
vocalizations were considered any sound made by passing air over vibrating mem-
branes, as bottlenose dolphins do not possess vocal chords.

In the event that a vocalization has conflicting reports categorizing it as more than one
sound type, we place it in the category with the most supporting evidence. As technological
advancements have provided better recording equipment and sound analysis software, the
quantitative descriptions of a vocalization type have evolved and typically improve over
time. The first description of each sound type was included and then any subsequent
change, or development of that description in the literature was reported. If a more recent
study’s findings were within the same range of those previously reported, we only include
the earlier report. Appendix 2 is a summary table that attempts to summarize the current
quantitative characteristics of the vocal types reported to date. If there was not sufficient
quantitative data for a vocal type it was not included in the appendix. That said, these
reports are constantly growing and improving so it should be only used as a resource to
guide efforts and not considered exhaustive.

In cases where the literature lacks any quantifiable evidence for a category (i.e. only
provides a broad aural description of a vocalization), we suggest discontinuing use of
that vocal term until future research provides a thorough description. Finally, where
possible we provide a reproducible spectrogram and relative waveform of the sound
type. If not otherwise stated, all of the spectrogram representations and supplementary .
wav files were collected and provided by the U.S. Navy Marine Mammal Program in
San Diego, California. When we did not have a recording of a vocalization, but suggest
that it has been thoroughly described in the past, the clearest visual depiction of the
sound from the literature was reproduced.
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Calf vocalizations were outside of the scope of this review because the characteristics of
dolphin vocalizations are still being crystallized during the first year of life (e.g. Caldwell
and Caldwell 1979; Reiss 1988; McCowan and Reiss 1997; Killebrew et al. 2001).

We do not provide strict definitions for each vocal type reviewed here as the definitions
are constantly growing and evolving. Even as we write this account, technology, analysis
software, and access to bottlenose dolphin populations is rapidly improving. It is not our
goal to provide strict definitions of these vocal types but instead to describe what has been
done in the past to highlight opportunities for improvements and continued growth in
understanding of the many vocalizations of T. truncatus.

Review of previously reported vocal types

Clicks (general)

Perhaps the most difficult distinction in dolphin sound analyses exists between clicks
used for echolocation and those used in burst pulses. This difficulty is inherent as both
burst pulses and echolocation clicks are composed of groups of individual pulses (i.e.
clicks), but it is the rate at which those clicks are emitted, as well as the behavioural
context, that change their apparent function. Dolphins have also been reported to
produce ‘packets’ of clicks during echolocation tasks (Ivanov 2004; Finneran 2013;
Ridgway et al. 2018) further blurring the line between the two categories. In fact,
even ‘tonal’ whistles are created using rapid click emissions with their peak energy
focused in a narrow bandwidth (Madsen et al. 2011). Therefore, it is important to note
that the dolphin click production system is graded and until future studies are able to
identify at what point dolphins perceive these vocalizations as different, we must
proceed with caution. Figure 1 is reproduced from Ridgway et al. (2015) and illustrates
the graded structure of click emissions during a fish capture task.

Burst pulses differ from echolocation clicks as they have an inter-click interval (ICI)
that is about 10 times shorter (i.e. 0.002–0.003 s; Au and Banks 1998). Lammers and Au
(2003) supported the claim that the main difference between echolocation clicks and
burst pulses was the ICI, but described the burst pulse’s ICI as being less than 0.01 s,
which was much longer than Au and Banks (1998) previous cut off. These differentia-
tions tend to be based on the idea that clicks with too short of an ICI are not functional
for echolocation because the dolphin cannot process the information coming back from
the echoes in that short of a time period (Au 1993; Lammers and Oswald 2015). That
said, some studies have suggested that packets of clicks with shorter ICIs than the two-
way travel time, but larger inter-packet-intervals than the two-way travel time were
preferentially used by dolphins during long-range echolocation tasks (e.g. Ivanov 2004;
Finneran 2013). In addition, many researchers studying echolocation describe
a terminal buzz which is typically made up of an increased click repetition rate, smaller
ICI, and a lowered amplitude upon approach of the focal object (e.g. Wisniewska et al.
2014; Ridgway et al. 2015).

Arbitrary definitions segregating burst-pulsed emissions from echolocation clicks by
either ICI or click repetition rate are only meaningful if the function of the clicks
actually changes. Continued studies on dolphin click perception will be essential in
answering these questions.
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Echolocation clicks

McBride suspected that dolphins could use sound to navigate through their environment as
early as 1947 (Schevill and McBride 1956; this note was published by Schevill after
McBride’s death). Kellogg and Kohler (1952) predicted that dolphins could travel through
murky water, as well as locate and identify objects using sound. Kellogg et al. (1953)
suggested that this ability was linked to the emission of groups of clicks. Clicks were
introduced to the field through multiple creative terms used to describe the sound. They
have been compared to the sound of rusty hinges on a slowly swinging gate, creaking doors,
the pecking of a woodpecker, and the Bronx cheer, just to name a few (Table 1).

Clicks were initially defined as bursts of broadband sounds with a sharp instanta-
neous front, and a continuous frequency spectrum (Schevill 1964). Click trains were
described as a series of clicks emitted during the course of a discrimination task (Norris
et al. 1966). Schevill (1964) furthered that the recorded parameters of clicks varied
based on the recording equipment’s distance from the animal.

Kellogg et al. (1953) found that click trains could range from 0.001 s (s) to several
seconds in duration. This range was later broadened (0.1–3.0 s: Lilly and Miller 1961;
1.0–5.0 s: Moore and Ridgway 1996).

Figure 1. A published figure from Ridgway et al. (2015) showing the graded quality of click
production and inter-click-interval (ICI) distribution leading up to, during, and following a fish
capture by a bottlenose dolphin (Ridgway et al. 2015; Figure 2, p. 3989). Here we see echolocation
clicks being used to find the fish in open water with decreasing ICI, and ending with what the
authors term a ‘victory squeal’, or a burst pulse emitted upon or immediately following the
successful seizure of the fish.
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Dolphins participating in a long-range echolocation task emitted individual clicks
with an average duration of 0.00004 s (Au et al. 1974), which later was expanded to
0.00004–0.00007 s (Au 1982) and finally 0.00005–0.0001 s (Cranford 1992).

Initial studies of click frequency content reported ranges from 20.0 to 120.0 kHz,
with occasional frequencies up to 170.0 kHz (Kellogg et al. 1953). However, researchers
were hesitant to give clicks a defined upper limit because they were not confident in
their equipment’s ability to record frequencies over 120.0 kHz (Kellogg et al. 1953).
Evans (1973) expanded the click frequency range to 0.20–150.0 kHz. In more recent
studies the peak energy (i.e. in terms of frequency) is now more commonly used to
describe the frequency of echolocation clicks. Initially, the peak energy of a click was
described as occurring between 20.0 and 35.0 kHz (Evans and Prescott 1962). Evans
(1973) expanded the range for peak energy up to 60.0 kHz. The range of click peak
energy was later increased (110.0–130.0 kHz: Au 1982; 120.0–130.0 kHz: Au et al.
1974). Nowacek (1999) presented an even broader range (i.e. 40.0–100.0 kHz), and
Finneran et al. (2014) reported that most energy in on-axis clicks was between 40.0 and
120.0 kHz (see Figure 2(a) for an example of the energy distribution of clicks up to 250
kHz) (supplementary material 1). Although clicks can have broadband energy over 200
kHz, this is out of the range of dolphin hearing and therefore, even at the sample rate of
2,000 kHz (Finneran et al. 2014) researchers use a low pass filter of 200 kHz. The
authors also suggest that the centre frequency of a click is a by-product of changing
source levels, as the source level increased, so did the centre frequency of the click.

Evans (1973) initially reported very low average source levels for clicks (40–80
dB re 1 μPa/1 m). The average range of click source levels has since been expanded
(208–212 dB re 1 μPa/1 m, with maximums at 217–219 dB re 1 μPa/1 m: Marten
et al. 1988; 205–222 dB re 1 μPa/1 m: Au 1993). Even higher maximum source
levels (i.e. 227.6 dB) were produced when bottlenose dolphins were echolocating in

Table 1. Terms used to describe click emissions, most of which are based on the aural quality of
clicks.
Terms References

Slowly swinging gate
Mewing
Rasping
Grating

Wood 1953

Bronx Cheer Kellogg et al. 1953

Creaking doors
Kellogg 1961Rusty hinge sound

Woodpecker sound

Sputtering Kellogg 1961; Ridgway 1983
Pinging

Buzz Lilly 1962; Herman and Tavolga 1980; Popper 1980; Dos Santos et al.
1990; Jacobs et al. 1993; Moore and Ridgway 1996; Herzing 2000;
Acevedo-Gutiérrez and Stienessen 2004; Boisseau 2005

Creak Schevill and Lawrence 1956; Kellogg 1961; Lilly and Miller 1961; Dos
Santos et al. 1990; Sigurdson 1993; Dos Santos et al. 1995; Moore
and Ridgway 1996; Herzing 2000; Boisseau 2005

Groans Kellogg et al. 1953; Kellogg 1961

Plosive sounds Evans and Prescott 1962; Lilly 1962; Norris et al. 1966; Tavolga 1983

Pulsed sounds Caldwell and Caldwell 1971; Herman and Tavolga 1980; Richards et al.
1984; Dos Santos et al. 1990; Moore and Ridgway 1996
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a bay with high levels of ambient noise (Au 1993). Finneran et al. (2014) also
noted that peak to peak sound pressure levels (SPLs) for clicks increased with
range at a logarithmic rate of ~21log10R.

Figure 2. (a and b): Echolocation clicks recorded on axis 1 m from the tip of the dolphin’s rostrum
(Dr B. Branstetter, personal communication). The top panels of both Figure 2(a,b) show the wave-
form of the relative frequency of the click train, and the spectrogram below represents the broadband
frequency (kHz) over time (s). Spectrogram view parameters Figure 2(a): Hann window type, window
size: 4096; 80% overlap with 819 sample Hop size; DFT: 8192; 4.0 s time window 0–250 kHz
frequency. Figure 2(b) shows a zoomed in version of the first 0.5 s of the click train depicted in
Figure 2(a). Spectrogram view parameters: Hann window type, window size: 1024; 80% overlap with
205 sample Hop size; DFT: 2048; 0.5 s time window and 0–50 kHz frequency axis. The stereotyped
horizontal bands (e.g. at 23 kHz, 34 kHz, and 46 kHz) are not part of the dolphin emission but are
electrical noise present in the environment.
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Researchers often use either the repetition rate or the inter-click interval to describe click
trains. Slower repetition rates were heard as a succession of discrete individual units, and
faster repetition rates were audibly perceived as ‘tonal sounds’ (Kellogg et al. 1953). Kellogg
et al. (1953) first described click repetition rates at 5–100 clicks/s, but Schevill and Lawrence
(1956) suggested that click repetition rates vary widely, from less than 10 clicks/s to over
400 clicks/s. In 1961, Kellogg agreed that his original criteria were too narrow, and adjusted
them to 5 – ‘several hundred’ clicks/s. In the same year, Lilly andMiller (1961) widened this
range even further to 1–800 clicks/s. During target detection, click repetition rates often
started slowly (as low as 16 clicks/s) and increased to a crescendo of up to 190 clicks/s just
before the reaching the target (Norris et al. 1961). The authors furthered that the clicks then
decreased to 26–50 clicks/s once the target was reached (Norris et al. 1961).

Au et al. (1974) began to use click intervals, later termed inter-click intervals instead of
click repetition rates to describe click train sequences. While the animals were up to
77 m from the target, click intervals were typically between 0.03 and 0.05 s (Au et al.
1974). ICIs were not consistent, but varied with echolocation task (e.g. detection vs.
discrimination), distance from target, environment, etc., (Au 1982, 1993; Penner 1988).
For example, ICIs have since been recorded as short in duration as 0.007–0.0094 s (Au et al.
1982), or as long as up to 1.0 s (Acevedo-Gutiérrez and Stienessen 2004).

The directivity pattern emitted during click production was found to be a directional,
forward-facing, cone-shaped beam that narrowed sharply as the emitted frequency level
increased (Romanenko 1965; Diercks 1972; Au et al. 1978). As the source level of the click
emission increased, both centre frequency and directionality also increased (Tyack 1998;
Finneran et al. 2014). Additionally, the frequency (and therefore directionality) of echolo-
cation clicks were dependent on the target’s size (Tyack 1998). The lower frequencies
within broadband echolocation clicks were more omnidirectional than the higher fre-
quency components (Au and Banks 1998) (see figure 2(b) for a closer look at the lower
frequencies of echolocation clicks). The click source level decreases between 30 and 50 dB
when recorded from the sides or behind the dolphin (Finneran et al. 2014).

Dolphins were hypothesized to receive the echo back during the ICI, as they were
typically 0.02–0.04 s longer than the time needed for a signal to reach the target and return
(Au 1993). Clicks were separated into those that had ICIs long enough to enable the
previous click to return to the sender before the emission of the following click, and those
that did not (Nowacek 1999) (see burst pulses below). Whether this distinction separates
click trains used for echolocation and those used for communication is still up for debate.

Echolocation is adaptive, and click criteria often vary depending on current envir-
onmental and behavioural contexts (Au 1993). The reclassification of many of these
sounds (e.g. buzz, creak) under the ‘click’ umbrella term may come naturally to those
familiar with the field, but has never been formally proposed.

Burst pulses

Burst-pulsed sounds have not been the focus of as many studies as whistles or
echolocation clicks despite the suggestion that they make up the majority of bottlenose
dolphin vocalizations (Herman and Tavolga 1980; Herzing 2000) (see supplementary
material 2 for example). Norris et al. (1966) defined a burst pulse as a click train where
the repetition rate increased and then decreased cyclically. While some burst pulses may
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have that pattern, not all do. Smolker (1993) added that the clicks that made up a burst
pulse were irregularly patterned and contained abrupt changes in their frequency
makeup. The term burst pulse was used by the Navy to describe an emission of many
pulses that were then processed together as one unit (Tyack and Clark 2000), regardless
of the pattern of energy distribution. Herzing (2000) suggested that burst pulses have
a rapid onset, and a clearly defined beginning and end point.

As in the original descriptions of whistles, scientists began by describing these pulsed
sounds aurally. Popper (1980) claimed that burst pulses were comprised of click trains
that sounded ‘peculiar and variable’. Cranford (1992) explained that these differences in
pitch resulted from the clicks being emitted so rapidly that the narrow spacing between
each click caused what was perceived as a continuous sound to the human ear. At about
20 clicks/s, the human brain no longer perceived clicks as discrete units (Kellogg 1961).
This concept has led to descriptions of burst pulses as having a ‘tonal’ quality (Herzing
2000). Although many researchers have described how burst pulses sound to the human
ear, Luís et al. (2016) point out that burst pulses are mainly ultrasonic in energy further
suggesting that aural definitions of these calls are not appropriate (Figure 3).

Some have defined burst pulse subtypes based on how the acoustic characteristics
(e.g. duration, amplitude, energy distribution) changed across the duration of a burst
pulse (see burst pulse subtypes below) (Markov and Ostrovskaya 1990). However, there
is relatively little consistency across studies. For example, Overstrom (1983) categorized
burst pulses based on duration, splitting them into short pulses (< 1.0 s) and long bursts
(> 1.0 s), whereas Killebrew et al. (2001) considered burst pulses of ‘longer duration’ to
be greater than 0.1 s. Studies by Díaz López and Bernal Shirai (2009), and Luís et al.
(2016) also split burst pulses into two categories based on duration, qualifying short
burst pulses as being less than 0.2 s, and long burst pulses as greater than 0.2 s. This lack
of consistency between research groups makes comparisons very difficult.

Au and Banks (1998) described non-context specific burst pulses as broadband, short
duration sounds that could reach frequencies greater than 150.0 kHz. In aggressive
contexts, burst pulses showed main frequency components between 60.0 and 150.0 kHz
and a second peak in frequency in the human audible frequency range (Blomqvist and
Amundin 2004). Luís et al. (2016) described ‘short’ burst pulses (i.e. those that were less
than 0.2 s in duration) as having a mean minimum frequency of 4.12 kHz ± 3.77; a peak
frequency of 25.97 ± 8.57; mean duration of 0.06 ± 0.04; 287 ± 64 clicks; and an ICI
0.004 ± 0.001. The burst pulses that were longer than 0.2 s in duration were classified as
squawks and their parameters can be found below (see squawks).

Burst pulse subtypes
Barks. McBride and Hebb (1948) first referred to barks of a bottlenose dolphin but
simply described them as being ‘loud’. Kellogg (1961) claimed that these sounds were
characterized by a variable production rate within a single burst of pulses. Caldwell and
Caldwell (1967) likened high-pitched barks to squeaks (see whistle subtypes), while
Norris et al. (1966) reported that click trains evolved into squawks and barks with
increased repetition rates. Moore and Ridgway (1996) suggested that barks were synon-
ymous with buzzes and cries. However, specific criteria were not provided, and the
differences between moaning, mewing, squeaks, squawks, buzzes and barks, as they
were referenced in early studies, remain unclear.
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Nevertheless, there were a few acoustic parameters quantified in early descriptions of
barks. Kellogg et al. (1953) stated that as clicks sped up to meet or exceed 100 clicks/s,
the sound took on the quality of a groan or bark. In addition, barks, also termed yaps,
were defined as having a frequency range of 0.2–16.0 kHz (Evans and Prescott 1962),
and a repetition rate of 2–12 clicks/s with a falling inflection (Wood 1953). While barks
were discussed relatively often in the first decade of dolphin recordings, it appears that
researchers since the 1960s have stopped using the term ‘barks’ to describe dolphin
burst pulses.

Figure 3. (a and b): The top panel of Figure 3(a,b) depict the waveform of relative energy
distribution across the burst pulse recording. The bottom panels show the spectrogram of burst
pulse with frequency (kHz) on the y-axis and time (s) on the x-axis. The lighter colours correspond to
higher relative amplitudes and darker colours represent lower relative amplitudes. Figure 3(a) has
the spectrogram settings as Hann window type, window size: 4096; 80% overlap with 819 sample
Hop size; DFT: 8192; 4.0 s time window 0–144 kHz frequency and shows the ‘harmonic’ appearance
that burst pulses at high repetition rates can appear to have when visually identified. In Figure 3(b)
the same burst pulse is viewed zoomed in on the frequency with parameters: Hann window type,
window size: 4096; 80% overlap with 821 sample Hop size; DFT: 8192; 4.0 s time window and 0–50
kHz frequency axis.

BIOACOUSTICS 9



Cries. In 1980, Mackay, introduced cries as a low frequency sound with frequency
modulation. Later, Mackay and Liaw (1981) further defined cries as being comprised
of a rapid succession of clicks that merged to produce a cry. Moore and Ridgway (1996)
added that cries were broadband, pulsed sounds akin to buzzes and barks (see above).
We recommend omitting the use of the term cries until further research provides an
operational definition that allows discrimination of cries from other dolphin
vocalizations.

Grunts/gulps/brays. Different from most sounds described in dolphins, brays consisted
of a sequence or pattern of sounds. Its name is derived from the alternating pattern
characteristic of a donkey’s bray (Dos Santos et al. 1990). This sound sequence is
composed of two alternating sound types. Dos Santos et al. (1990) described this
sequence as a squeak (see whistle subtypes) followed by a grunt. They simply noted
that the grunt was a ‘lower frequency sound.’ The interval between the squeak and the
grunt was 0.39 s on average. In 1995, dos Santos and colleagues added that a bray may
include an initial emission that was either a squeak, squawk, or a screech that was
followed by a brief, low-frequency unpulsed sound, referred to as a gulp. They remarked
that a gulp was the same vocalization previously termed grunt, but believed a change
was necessary as the term grunt may have been misleading as ‘it suggests a sound
structure consisting of discrete impulses’ (p. 327). This grunt/gulp portion of the bray
sequence was identified as the most stable element of the emission lasting between 0.10
and 0.18 s, with a strong energy concentration at 0.3 kHz. The complete duration of
a bray sequence was between 0.5 and 30.0 s.

Janik (2000a) found bray calls emitted during 93% of feeding events in the Moray
Firth, and these sequences contained most of their energy below 2.0 kHz. Janik divided
these emissions into a single bray (i.e. separated from others by more than 1 min), or
a ‘braying bout’, where a number of bray sequences were emitted without a separation
of 1 min between single brays. Janik (2000a) suggested that the bray is a burst-pulsed
sound, alternated with a short downsweep (Figure 4).

Luís et al. (2018) agreed that brays were varying, alternating elements of a temporally
related call, but the authors further broke bray’s down into sequences of at least two of
three different elements; gulps, grunts, and squeaks (Figure 5). This was a re-
introduction of the term grunt that was suggested to be synonymous with a gulp in
Dos Santos et al. (1995). Luís et al. (2018) suggest that these are not the same vocal type
and define the gulp as a low frequency impulsive sound, (minimum frequency: 0.25 ±
0.20; maximum frequency: 0.68 ± 0.32 (kHz); duration: 0.05 ± 0.02 (s)). The grunt was
defined as a broadband pulse emission with peak energy in the ‘lower’ frequencies
(minimum frequency: 2.36 ± 0.53; maximum frequency: 93.06 ± 13.66; peak frequency:
10.76 ± 1.31 (kHz); duration: 0.32 ± 0.11 s; repetition rate: 300 ± 111 pulses/s; ICI: 0.004
± 0.0025). The squeak portion of the bray was defined as a pulse that was short in
duration and emitted at such a high repetition rate it sounded tonal (minimum
frequency: 2.32 ± 1.23; maximum frequency: 14.56 ± 8.46; peak frequency: 4.41 ± 2.99
(kHz); duration: 0.14 ± 0.07 (s); repetition rate: 3264 ± 1476 pulses/s; inter-click interval
(0.004 ± 0.002) (mean ± standard deviation)). On average bray sequences had 2 to 17
elements and they were made up of a combination of at least two of the units above.
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Low frequency narrowband (LFN)/quacks. Schultz et al. (1995) have described the low
frequency, narrowband sounds as being trill-like (when above 1.0 kHz), truncated hoots
(when below 1.0 kHz and of short duration), or moans (when below 1.0 kHz and of
long duration). van der Woude (2009) reported LFN’s that were similar to gulps (see
below) because they were relatively short in duration, down-swept, and produced in
a series (van der Woude 2009). Whereas gulps were typically produced as part of a bray
sequences (Dos Santos et al. 1995; van der Woude 2009), LFN sounds were typically
produced on their own (Schultz et al. 1995). Schultz et al. (1995) suggested that these
sounds were not reported until 1995 due to limitations in recording and analyses
equipment (e.g. ambient noise often masks sounds in this frequency band). LFN sounds
have been defined as having fundamental frequencies less than 2.0 kHz (0.26–1.28 kHz),
and durations less than 0.41 s (0.01–0.41 s) (Schultz et al. 1995).

Lilly and Miller (1961) defined what they termed ‘quacks, blats, and squawks’ as ‘bursts
of complex waves’. Quacks were found to last about 0.05 s and ranged in frequency from 2.0

Figure 4. Reproduced waveform and spectrogram of a bray sequence composed of two iterations of
a two-part bray sequences (i.e. the first part is a burst-pulsed sound followed by a short downsweep)
(Janik 2000a; Figure 1; p. 925). The waveform corresponds to only the first 50 ms of the spectrogram,
which is the duration of the first burst pulse component. The spectrogram displays frequency in kHz
on the x-axis and time (s) on the y-axis. Reported spectrogram parameters were: FFT length 512,
frequency resolution 60 Hz, time resolution 2.7 ms and 87.5% overlap.
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to 9.0 kHz (Jacobs et al. 1993). Boisseau (2005) later referred to quacks as ‘almost sinusoidal’
vocalizations, which lasted 0.135 s on average and had a fundamental frequency of approxi-
mately 1.25 kHz. Perrtree et al. (2016) reported ‘low frequency sounds’ that were typically
downswept and contained ‘harsh’ characteristics to the ear. The authors suggest that these
‘low frequency sounds’ were examples of quacks (personal communication, Dr L. Sayigh,
Nov. 2018) (Figure 6(a,b), personal communication Dr F. Jensen, January 2019) (see
supplementary material 3 for example). As stated in Perrtree et al. (2016) it is difficult to
discriminate a new low frequency vocalization amongst previous descriptions (e.g. low
frequency narrowband, gulps, thunks, pops etc.,) without a standardized spectral repre-
sentation. Quacks and LFN vocalizations provide a great example of an opportunity for
continued research, as it is obvious that many research groups have recorded these low
frequency sounds that seem to contain energy in a narrowband and are often produced in
a series, but have been given many different names and descriptors over the years. We
recommend that future studies aim to better define the quack vocalization and differentiate
it from other previously reported low-frequency sounds.

Screeches. Dos Santos et al. (1995) referenced ‘screeches’ as a sound type commonly
found in the bray sequence (see bray above). Screeches were described as having a harsh
tonality, similar to that of a pig cry, and were made up of repetition rates between 10
and 20 clicks/s. These burst pulses lasted between 1.0 and 2.0 s and had an energy peak
between 4.0 and 6.0 kHz. Unfortunately, the visual depictions produced of the screech
vocalization were difficult to interpret based on noise, and therefore were not included
here (see Dos Santos et al. 1995).

Figures 5. (a–c). Reproduced visual representations of three vocal types that when produced
together in a sequence creates bray vocalizations. The top panels of Figures 5(a–c) are the
waveforms of relative amplitude and the bottom panels are spectrograms with frequency in kHz
on the y-axis and time (s) on the x-axis (Luís et al. 2018; Figure 1(a–c); p. 4–5). Figure 5(a) depicts the
‘gulp’ vocalization, Figure 5(b) depicts the ‘grunt’ vocalization, and Figure 5(c) depicts a ‘squawk-
gulp-gulp-squawk’ sequence. The authors suggest braying sequences can have any combination of
the above vocalizations.
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Squawks: Lilly andMiller (1961) classified squawks as a complex group of waves emitted
in bursts. Lilly (1962) added that squawks consist of up to 800 clicks/s and could last up to
0.5 s in duration. Norris (1969) stated that both squawks and barks (see barks above) were
click trains emitted fast enough to sound ‘as their labels imply’. Additional studies in the
early 1970s agreed that squawks were similar to barks, grunts, and yelps (see below), and
were comprised of broadband pulses (Caldwell and Caldwell 1971; Caldwell et al. 1973).

Caldwell and Caldwell (1967) proceeded to categorize squawks based upon their
behavioural context. For example, a ‘fight squawk’ accompanied aggressive behaviours.
Within both the aggressive and play contexts, Caldwell and Caldwell (1967) reported

Figure 6. (a and b): Top panel: A waveform of relative energy distribution across the single-quack
recording with the duration on the x-axis. Bottom panel: A spectrogram representation of a quack
with (frequency (kHz) on the y-axis and time (s) on the x-axis). The lighter colours correspond to
higher relative amplitudes, and darker colours represent lower relative amplitudes. Figure 6(a)
spectrogram view parameters: Hann window type, window size: 4096; 80% overlap with 819 sample
Hop size; DFT: 8192; 4.0 s time window, 0–50 kHz frequency range. Figure 6(b) spectrogram view
parameters: Hann window type, window size: 512; 80% overlap with 103 sample Hop size; DFT:
1024; 4.0 s time window 0–50 kHz frequency.
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that squawks were less than 6.0 kHz and ranged 0.5–1.4 s in duration. Squawks,
therefore, seemed to be differentiated from other burst pulses by their relatively low
frequency band (up to 6.0 kHz).

In 2016, Luís and colleagues defined squawks as any burst pulse that was greater than 0.2
s in duration (Figure 7). The frequency parameters of these squawks largely differed from
the previous low frequencies reported. Squawks had a minimum frequency of 3.94 kHz ±
3.90; peak frequency of 21.26 ± 12.18; duration of 0.44 ± 0.40; 472 ± 161 clicks; and an ICI of
0.002 ± 0.001. It is hard to know if this difference is a result of technological advancements
or if the context specific squawks reported by the Caldwells in (1967) had a significantly
lower frequency range.

Unfortunately, the term squawk has been used a bit carelessly throughout the years
to describe burst pulses as they were perceived by the human ear. While Luís et al.
(2016) provides a more detailed quantitative description of their squawk vocalization,
their distinction of burst pulses longer than 2.0 s in duration being different from burst
pulses that are less than 2.0 s in duration is neither consistent with previous reports of
squawks, nor supported by perception-based tests. This is a good example of a sound
type name being used to describe multiple different sound types, and we strongly
advocate against this moving forward.

Thunks. First recorded by McCowan and Reiss (1995) when studying maternal vocaliza-
tions during mother-infant separations, thunks were defined as being between 0.13 and
5.56 kHz, and 0.02–0.17 s in duration. The largest energy distribution was between 0.27 and
0.35 kHz. Thunks were commonly repeated an average of 2.3 thunks/s with a range of 1–6
thunks/s. They have been emitted as often as 26 sequences of thunks per hour (M = 8.2
sequences/hr: McCowan and Reiss 1995). A recent publication aimed to expand the
description of thunks, and suggested that thunks may have a graded harmonic structure
(Ames et al. 2017) (Figure 8). Thunks had consistent peak frequencies (1.55–1.64 kHz), and

Figure 7. A reproduced visual depiction of a squawk vocalization. The top panel is the waveform of
relative amplitude and corresponding spectrogram with frequency in kHz on the y-axis and time (s) in
the x-axis of what the authors classified as a ‘squawk’ burst pulse type (Luís et al. 2016; Figure 1;
p. 5).
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Figure 8. The top panel represents the waveform of relative energy distribution across the thunk
recording and the bottom panel represents the corresponding spectrogram with frequency (kHz) on
the y-axis and time (s) on the x-axis. The lighter colours correspond to higher relative amplitudes
and darker colours represent lower relative amplitudes. In order to keep the spectrogram views
consistent (i.e. up to 50 kHz), we greyed out the section of the spectrogram that was outside of the
recorder’s sampling ability. Spectrogram view parameters: 512; 80% overlap with 103 sample Hop
size; DFT: 1024; 4.0 s time window 0–50 kHz frequency. The recording was provided by M. Zapetis
and was recorded using a CR-1 hydrophone (Cetacean Research Technology, Seattle, WA) and
a Sony Audio Recorder that was linked to a video recording resulting in a recording with
a frequency range of 20 Hz – 20 kHz (44.1 kHz sampling rate).
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stable durations (0.90–0.11 s) (see supplementary material 4 for example). The authors
suggest that regardless of the mom’s orientation to the hydrophone that some thunks had
a significantly larger range of harmonics which they term HHR (i.e. high harmonic range)
thunks. These HHR thunks had energy in harmonic bands up to a mean maximum
frequency of 11.46 kHz which was much higher than previously reported.

Victory squeals. The victory squeal is a burst pulse that occurs directly following (i.e.
0.449 ± 0.145 s) a successfully completed task (e.g. fish capture, experimental task where
correct performance is signalled by a trainer’s bridge signal, target detection in open
ocean) (Ridgway et al. 2014, 2015, 2018) (Figure 9). (Ridgway et al. 2014) said these
particular pulsed sounds reminded them of a child’s squeal of delight thus he named it
the victory squeal. This burst pulse may last 0.2 to 20.0 s following a successful fish
capture, and differ from the terminal buzz in that the task is completed and therefore
the authors argue the continuation of pulses are not likely for echolocation and instead
may be in response to an emotional state (Ridgway et al. 2015). Dibble et al. (2016)
further that almost all victory squeals terminated in less than 2.0 s following a successful
task (see supplementary material 5 for example). Wisniewska et al. (2014) similarly
recoded a burst pulse with ‘nearly constant, or slightly increasing ICI’s’ that followed
about half of a dolphin’s successful prey captures that the authors suggest are potential
recordings of the victory squeal by a wild dolphin. This vocalization is differentiated
from other burst pulse sound types based on the behavioural context of its emission,
not the acoustic parameters of the sound.

Yelps. Wood (1953) first described yelps as similar to the loud and high-pitched
vocalization of a young dog. Yelps are pulsed sounds that could be emitted 2–8 times
in a series (Tavolga and Essapian 1957) and such series may be repeated a number of
times throughout an interaction (McCowan and Reiss 1997). These bouts of ‘short
sharp cries’ were defined as being separated by an interval of at least 15.0 s (Tavolga and
Essapian 1957). Caldwell and Caldwell (1967) referred to this burst-pulsed vocalization
as the ‘sex yelp’ as it was typically, and has since been recorded during courtship
behaviours (Puente and Dewsbury 1976). The temporal sequencing of yelps seems to be
their most defining feature as most have described them as being produced in bouts or
series of pulses. Based on the current lack of quantitative or visual data differentiating
yelping from other bouts (e.g. pops, thunks) of burst pulses we suggest discontinuing
the use of this term until it can be better described.

Single pulses

Single pulses are the emission of one click at a time. It is important to note that there are
certain non-vocal sounds that may appear to be single pulse emissions (e.g., jaw clap) that
may be included in some of the early descriptions.

Single pulse subtypes
Bangs. Relatively loud singular pulses, which lasted 0.02 s in duration and had wave-
forms that were very similar to those of a typical, single click were termed bangs (Dos
Santos et al. 1990). Marten et al. (1988) presented bangs as ‘predatory impulse sounds’
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Figure 9. A burst-pulsed sound immediately following a successful conclusion of an echolocation
task (Dr B. Branstetter, personal communication). By this definition, this qualifies as a ‘victory squeal’
and is depicted by a waveform of relative amplitude in the top panel and a spectrogram with
frequency (kHz) on the y-axis and time (s) on the x-axis. Spectrogram view parameters: Hann window
type, window size: 4096; 80% overlap with 819 sample Hop size; DFT: 8192; 4.0 s time window
0–250 kHz frequency.
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with an average frequency range of 0.05–1.0 kHz (average peak frequency 0.58 kHz) and
a mean duration of 0.046 produced during feeding bouts. Based on the lack of
differentiating information for bangs in terms of other single pulses (e.g. crack) or
single pulses with low peak frequencies (e.g. thunks and pops) we suggest not using the
term bang until further research addresses these differences.

Cracks/blasts. Single pulses have been described as having a sharp quality, ‘like
striking wood with a hammer’ (Kellogg et al. 1953) or ‘like knocks’ (Schevill and
Lawrence 1956). Crack was defined by Caldwell et al. (1962) as a broadband single,
loud, intense click (Figure 10) (see supplementary material 6 for example). They
reported that cracks carried a lot of energy between 0.1 and 8.0 kHz, but because
their recording equipment had a cut off at 10.0 kHz, the full spectrum of the sound
could not be analysed. They also noted that jaw claps were not associated with this
sound. They suggested that Lilly’s (1962) description of a threat signal was likely
a crack emission. Later Lang and Smith (1965) described a cracking sound emitted
during a playback experiment as being akin to the sound of a rifle. This was likely
another observation of this sound.

Caldwell et al. (1962) referenced blasts as a sound that was described to them in
a personal conversation with Evans, Prescott and Sutherland. They described blasts as
a single pulse that was louder than most other sounds emitted by dolphins, and
suggested that these blasts were synonymous with their cracks. Blasts commonly
occurred in three-burst sequences; each typically lasted approximately 0.00015 s,
while the set as a whole could last up to 0.0007 s (Dos Santos et al. 1990).

Pops. Described as similar to cracks, pops were differentiated as containing a lesser
intensity (Caldwell and Caldwell 1967). Diercks et al. (1971) referred to pops as intense,
low frequency signals that were used in echo-ranging. In 1992, Connor, Smolker, and
Richards also used the term pop to describe a vocalization they suggested was used by
males during herding behaviours. Most of the energy composition of a pop occurred
below 1 kHz and lasted 0.005–0.007 s in duration (Cranford 1992). Jacobs et al. (1993)
agreed that pops were short duration bursts (i.e. about 0.005 s), but added that they had
energy concentrated at around 2.0 kHz with some energy as high as 6.0 kHz, as opposed
to less than 1.0 kHz (Cranford 1992). In a later study, Connor and Smolker (1996)
reported that pops were low frequency pulsed sounds that contained the most energy
between 0.3 and 3.0 kHz. They further stated that pops were often emitted in groups of
3–30 pops as quickly as 6–12 pops/s. Nowacek (1999) found pops to be similar to those
defined by Connor and Smolker (1996), but considered pops to be broadband sounds
because they contained energy in higher frequencies than previously reported. While
Nowacek did not define how high the frequency of his recorded pops reached, from the
spectrogram example it appears that the energy of the pop is present up to at least 6.0
kHz. Nowacek (2005) also remarked that these sounds were akin to thunks (see below)
and low creaks (see clicks; Dos Santos et al. 1990), and differed from clicks for
echolocation as they are not produced in trains. Figure 11 is created from the video
of a dolphin in Shark Bay, Australia producing pops recorded in the air that was
downloaded from the supplemental material in Connor and Krützen (2015).
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Whistles

Bottlenose dolphins have the ability to hear and produce sounds over a range of at least
150 kHz. Although human hearing is limited in bandwidth to less than 20 kHz, dolphin

Figure 10. The top panel represents the waveform of relative energy distribution across the three
cracks, and the bottom panel represents the corresponding spectrogram of three cracks with
frequency (kHz) on the y-axis and time (s) on the x-axis. The lighter colours correspond to higher
relative amplitudes and darker colours represent lower relative amplitudes. Spectrogram view
parameters: Hann window type, window size: 1024; 80% overlap with 205 sample Hop size; DFT:
2048; 4.0 s time window 0–144 kHz frequency axis.
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Figure 11. The top panel represents the waveform of relative energy distribution across the pop
recording, and the bottom panel represents the corresponding spectrogram with frequency (kHz) on
the y-axis and time (s) on the x-axis. The lighter colours correspond to higher relative amplitudes,
and darker colours represent lower relative amplitudes. In order to keep the spectrogram views
consistent (i.e. up to 50 kHz), we greyed out the section of the spectrogram that was outside of the
recorder’s sampling ability. Spectrogram view parameters: Hann window type, window size: 512; 80%
overlap with 103 sample Hop size; DFT: 1024; 4.0 s time window 0–50 kHz frequency. The recording
was taken from supplementary materials from Connor and Krützen (2015) with permission from
R. Connor.
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sounds have historically been described as humans perceive them. Ridgway (1983)
made the first conclusion that although pulsed sounds with rapid repetition of pulses
sound tonal to the human ear, we do not have proof that dolphins also hear them this
way. Kellogg et al. (1953) suggested that clicks emitted at very fast rates sounded ‘tonal’
to the human ear. Watkins and Schevill had long referred to whistles as ‘whistle-like’
sounds, suggesting that they understood as early as the 1960s that whistles were still
produced by pulsed vocalizations (personal communication from Watkins to
Dr S. Ridgway). It was not until Madsen et al. (2011) experimentally showed that
dolphin whistles were not technically whistles, and were also produced by creating
pulses with extremely fast repetition rates. The pulse rates were so fast, and the energy
distribution across them were focused in such a narrow bandwidth, the vocalizations
sound similar to a human whistling. For consistency’s sake we refer to these sounds as
whistles throughout, but do recognize that this is a misnomer.

The first written account of a dolphin whistle-like sound reported that the dolphin,
‘when taken out of the water gives a squeak and moans in the air’ (Aristotle 350 B.C.E./
Thompson 1910, p. 31; Ridgway 1983, p. 286). Kellogg et al. (1953) described whistles
as ‘bird-like’, melodic, and similar to the whistles of a canary. Wood (1953) depicted
whistles as ‘clear and musical’ sounds (p. 123), usually less than 1.0 s in duration and
ranging to the upper limits of human hearing. Luckily, it was not long before less
subjective definitions of dolphin vocalizations were included.

Kellogg et al. (1953) were the first to report quantitative characteristics of whistles,
noting that they were approximately 0.5 s in duration and were produced in the
frequency range of 7.0 to 15.0 kilohertz (kHz). Later, recorded parameters of whistles
encompassed a wide range of frequencies (0.80–24.0 kHz) and durations (0.06–5.4 s)
(e.g. Dreher 1961; Lilly and Miller 1961; Evans and Prescott 1962; Lilly 1967;
Caldwell et al. 1990; Cranford 1992; Kaplan and Reiss 2017). Recent studies reported
fundamental frequencies of dolphin whistles reaching over 40.0 kHz (41.55 kHz:
Kaplan and Reiss 2017; 41.80 kHz: Hiley et al. 2017).

WhileWood (1953) was the first to acknowledge that the inflections seemed to vary over
the duration of a whistle. Dreher (1961) suggested that spectral shape might be
a meaningful feature of whistles, and pioneered the description of a whistle contour as
having frequency modulations. Steiner (1981) further quantified points of inflection, and
reported an average of 2.86 points of inflection per whistle. While Kaplan and Reiss (2017)
study of bottlenose dolphins in Bimini found a similar mean number of inflection points,
they report that number of inflection points on a single whistle could range from 0–25
points (see Figures 12 and 13(a) for examples of multi-looped whistles).

About the same time, researchers were studying the frequency modulation of whis-
tles, Lilly and Miller (1961) found that amplitude modulation across a whistle emission
could be as high as 100 decibels (dB), leading to whistles being considered not only
frequency modulated but also amplitude modulated. In an attempt to describe the typical
source levels of dolphin whistles, Tyack (1985) found whistles that ranged from 125 to
over 140 dB (re 1 μPa at 1 m), but the maximum source levels could not be determined
since 140 dB was the limit for the recording equipment used. Janik (2000b) built upon
this work with updated equipment and found the mean source level of dolphin whistles
to be 158 dB with a maximum of 169 dB (re 1 μPa at 1 m).
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Kellogg et al. (1953) first described ‘whistle overtones’ (p. 240), that did not exceed
20.0 kHz. These ‘overtones’ are now commonly referred to as harmonics (Kellogg 1961)
and occur at interval multiples of the fundamental frequency contour. Evans and
Prescott (1962) described whistles that had one or two harmonics. Lilly (1962) found
that there were between 4 and 7 harmonics associated with each whistle, and said that
the lowest frequency grouping was the dominant frequency of the whistle (i.e. the

Figure 12. Top panel: A waveform of relative energy distribution across the whistle recording with
the duration on the x-axis. Bottom panel: A spectrogram representation of a multi-looped (i.e. 2
loops) whistle that is disconnected by less than 0.25 s (frequency (kHz) on the y-axis and time (s) on
the x-axis). The lighter colours correspond to higher relative amplitudes, and darker colours
represent lower relative amplitudes. Spectrogram view parameters: Hann window type, window
size: 4096; 80% overlap with 819 sample Hop size; DFT: 8192; 4.0 s time window, 0–50 kHz frequency
range.
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fundamental frequency). Au et al. (1998), established that whistle harmonics could
reflect energy in frequency bands greater than 100 kHz. We now know that these
early differences in visible harmonics resulted from the quality of recording equipment

Figure 13. (a and b): Two examples of stereotyped signature whistles from two different dolphins.
Both figures show the waveform of relative energy distribution across the whistles in the top panel
and the spectrogram with frequency (kHz) on the y-axis and time (s) on the x-axis in the bottom
panel. The lighter colours correspond to higher relative amplitudes and darker colours represent
lower relative amplitudes. Figure 13(a) shows two examples of Dolphin A’s signature whistle and
Figure 13(b) shows two examples of Dolphin B’s signature whistle. Notice that within individuals the
contour or shapes are very similar with subtle differences. Between individuals, the signature whistle
shapes are quite different. Spectrogram view parameters: Hann window type, window size: 4096;
80% overlap with 819 sample Hop size; DFT: 8192; 4.0 s time window 0–50 kHz frequency.
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and/or on-axis recording methodology, as higher-order harmonics attenuate quickly
and are more accurately recorded when the hydrophone is directly in front of the
animal (Branstetter et al. 2012).

The directional properties of the fundamental frequency of the whistle, which is relatively
low in frequency, was initially considered to be ‘almost omni-directional’ (p. 195; Evans 1973)
in its dispersion. Lammers and Au (2003) refuted the idea of whistle omnidirectionality,
noting that this was inconsistent with the directional transmission characteristics of the sound
production system of dolphins. They suggested that whistles were directional, which would
better allow whistles to convey the orientation and location of the signaller to receivers. More
recently, Branstetter et al. (2012) experimentally tested the directionality of whistles, using
a large hydrophone array and a stationary dolphin, and found that higher frequency harmo-
nicswere emitted in the forward direction. However, lower frequency harmonics seemed to be
more omnidirectional, which suggested that whistles might, in fact, exhibit mixed-directional
properties.

Caldwell et al. (1990) recorded the whistle parameters for 126 dolphins and found that
many of them produced whistles without breaks that were multiple repeated iterations of
the same contour shape, which were termed multi-looped whistles (Figure 12) (see
supplementary material 7 for example). Whistles had between 1 and 13.5 loops, and
each loop lasted between 0.2 and 0.5 s in duration. Janik and Slater (1998) suggested that
when whistles were consistently produced in bouts with less than 0.5 s in between
repeated elements, they should also be considered one multi-looped whistle. Esch et al.
(2009) analysed multi-looped whistles and noted that repetitive elements of the same
whistles typically re-occurred within 0.25 s (Mean (M) = 17.1 s) of one another suggesting
that breaks in the whistle contour greater than 0.25 s is a valid indicator of the beginning
of a new whistle. Hernandez et al. (2010) considered whistles to be contiguous if a gap in
the spectrogram was less than 0.20 s and the frequency difference during that gap was less
than 3.0 kHz. Finally, Nakahara and Miyazaki (2011) similarly found that a dolphin that
produces two whistles in a row typically waits at least 1.0 s in between subsequent
emissions further suggesting that whistles with less than 0.25 s in between them, emitted
from the same dolphin, are likely part of the same whistle emission. To date, it is still not
clear how dolphins perceive multi-looped whistles.

Signature whistles
David and Melba Caldwell first reported that bottlenose dolphins each produce an indivi-
dually unique signature whistle in 1965 (see supplementary material 8 and 9 for examples).
The authors credited Essapian (1953) as having suggested that dolphins had many dis-
tinctive individual ‘notes’which each animal could recognize. These whistles maintained all
of the qualities of whistles provided above, but were stereotyped (i.e. the pattern of
frequency modulation over time is the same every time) and different for each dolphin
(Caldwell and Caldwell 1965) (Figure 13). Each dolphin developed their individual whistle
contour by learning from the sounds present in their environment during the first few
months of life (e.g. Caldwell et al. 1990; Tyack and Sayigh 1997; Miksis et al. 2002; Fripp
et al. 2005). Signature whistles serve as contact calls broadcasting information about the
identity and location of the caller (Janik and Slater 1998).

Typically, signature whistles have been defined as the most commonly produced
whistle contour emitted by the focal dolphin when they were isolated from their group
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(Caldwell and Caldwell 1968; Caldwell et al. 1990). Recently, Janik et al. (2013)
furthered that signature whistles could be distinguished from non-signature whistles
(i.e. variant whistles and signature whistle copies), by their temporal pattern of produc-
tion during free swimming. Signature whistles were defined as a stereotyped whistle
contour that was produced in bouts with 1.0–10.0 s in between each whistle, whereas
non-signature whistles typically occurred at intervals either less than or greater than
1.0–10.0 s.

Whistle subtypes
Chirps. Griffin (1959) described chirps as sounds that covered a broad frequency range,
often within a fraction of a second (see supplementary material 10 for example).
Caldwell and Caldwell (1967) agreed that chirps were brief tonal sounds, but found
that they typically had an upward sweep in frequency modulation (Figure 14). Richards
et al. (1984) reported that chirps were typically less than 0.25 s in duration. Schultz and
Corkeron (1994) reported even shorter ‘chirp-like’ emissions (p. 1063) that lasted only
0.01 s. Chirps recorded by Dos Santos et al. (1995) ranged from 4.0 to 8.0 kHz, with
a duration of between 0.05 and 1.0 s.

Chirps were not the only whistle subtype to have been characterized by a short
duration. Twitters have been defined as brief sounds (less than 0.2 s) below 4.0 kHz
(Díaz López and Bernal Shirai 2009). Microwhistles have also been characterized by
a short (< 0.08 s) duration, although how these sounds differ from chirps was not
addressed (Sidorova et al. 1990). Until further differentiation of these other short
duration tonal vocalizations are reported we recommend future researchers continue
defining narrowband sounds lasting between 0.01 and 0.25 s in duration, chirps,
especially if they are associated with frequency sweeps.

Moans. Kellogg (1961) originally defined moans as being burst-pulsed sounds produced
with repetition rates of several hundred clicks per second (clicks/s), which sounded like
‘moaning, mewing, or barking’ (p. 50). Dos Santos et al. (1990) further described moans as
burst-pulsed sounds made up of at least 380 clicks/s and reported that when viewed in
a spectrogram, the sound appeared harmonic because the clicks were too close together to be
able to discriminate the individual clicks. It is important when providing visual representa-
tions of these sounds that the spectrogram parameters are recorded because the ‘image’ of
the sound is dependent on those settings.

van der Woude (2009) originally termed moans, ‘low frequency whistles’, in an abstract,
but changed the term in her 2009 publication (van der Woude 2005, p. 39A; 2009). As the
original name suggested, van der Woude’s ‘moan’ differed from those previously reported
because it was considered a tonal vocalization, not a burst pulse. She defined moans as
slightly frequency modulated, narrowband, tonal sounds (Figure 15). She also included the
moan’s average frequency bandwidth (0.085 kHz). It was interesting that van der Woude
furthered that in-air recordings contained broadband components, sounding like ‘an
accelerating car motor overlaid with rapid rattling or buzzing’ (p. 1556). That said, it is
unclear why the vocalization was considered the same if the criteria above and below water
were so different, and suggest that they are classified as different call types if such
descriptions varied so greatly.
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Squeaks. Since Aristotle, a few authors have reported that dolphins produced ‘squeaks’
and that squeaks were similar to whistles (Kellogg 1961), differentiated only by a ‘higher
frequency’ (Wood 1953). Yet, Smolker (1993) defined squeaks as high frequency burst
pulse sounds. Caldwell and Caldwell (1967) described squeaks as ‘high-pitched barks.’
Dos Santos et al. (1995) provided a definition of squeaks which directly fit into the
duration and frequency range of chirps followed by Herzing (2000) suggesting that
squeaks and chirps were actually the same vocalization (see chirp below). The term
squeak has been used to describe a number of different vocalization types over the years
and is a good example of how a term like ‘squeak’ that is subjectively used by different

Figure 14. (a and b): For both views, the top panel shows a waveform of relative energy distribution
across the chirp recording. The bottom panel depicts a spectrogram of a chirp with frequency (kHz)
on the y-axis and time (s) on the x-axis. The lighter colours correspond to higher relative amplitudes
and darker colours represent lower relative amplitudes. Figure 14(a) shows a ‘zoomed out’ spectro-
gram of a chirp with spectrogram parameters: window size: 4096; 80% overlap with 819 sample Hop
size; DFT: 8192; 4.0 s time window 0–50 kHz frequency. Figure 14(b) shows the same chirp
vocalization as Figure 14(a) but is zoomed in on the time axis to show more detail. Spectrogram
view parameters for 3b: Hann window type, window size: 1024; 80% overlap with 205 sample Hop
size; DFT: 2048; 0.5 s time window and 0–50 kHz frequency axis.
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researchers can be problematic. To date, it is unclear what differentiates a squeak from
a number of different sound types and therefore we recommend not using it to describe
dolphin vocalizations until a proper operational definition is provided.

Squeals. Lawrence and Schevill (1954) and then Schevill and Lawrence (1956) first men-
tioned that dolphins produce ‘whistle-like squeals’. Caldwell and Caldwell (1967) claimed
that squeals were simply repeated whistles emitted with greater intensity. Reiss (1988)
agreed that squeals were more ‘pronounced’ whistles, but added that this increased intensity
created harmonics that allowed them to differentiate a squeal from a whistle. Unfortunately,
whistles can also have harmonics (see whistles), thus this differentiation was insufficient.
Cranford (1992) reported that squeals sounded like the squeals of a frightened pig, but
recognized that these sounds had not yet been well studied or defined. Boisseau (2005)
segregated tonal signals into two categories: whistles and squeals, differentiating these two
categories based on duration, as opposed to intensity. He defined squeals as upswept,
narrowband signals, usually less than 0.3 s with a low frequency (< 5.0 kHz). Although
squeals have typically been characterized as a tonal vocalization, Smolker (1993) categorized
them as a high-frequency burst pulse. Based on the lack of agreement between research
groups, we suggest eliminating the term squeal from either category until further research
can clarify what distinguishes them from other vocalization types.

Bi-phonations
A bi-phonation occurs when an animal produces two sound types simultaneously. This
can occur throughout the duration of the call, or only overlap for part of the call.

Bi-phonation subtype
Whistle-squawks. Lilly and Miller (1961) observed that whistles and clicks could be
produced simultaneously (see also Powell 1966). This bi-phonation was reported by
Caldwell and Caldwell (1967), who noted that their dolphins emitted whistles (see whistles)
and squawks (see burst pulse subtypes) at the same time (Figure 16) (see supplementary
material 11 for example). They asserted that these sounds were often emitted independent
of one another, but were confident that they were produced together as well.

Figure 15. Reproduced spectrogram of a moan recorded by van der Woude (2009). The mean power
spectrum is derived from section (a) in the spectrogram and the waveform corresponds to section (c)
(van der Woude 2009; Figure 2, p. 1555). Spectrogram parameters reported: 256- point FFT,
Hamming window with frequency in (kHz) on the y-axis and time in seconds on the x-axis.
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Future research should aim to further differentiate simultaneously produced whistles
and clicks that are potentially intentional from the ‘whistle-squawks’ that are referred to
in reports of calf vocalizations and seem to be a result of an underdeveloped sound
production system (e.g. Reiss 1988; Killebrew et al. 2001). Similarly, caution should be
taken when generalizing all combinations of burst pulses and whistles into this one
category, as seen in the review above, there are a number of different types of both
whistles and burst pulses which seem to be salient to the dolphins and therefore it
seems likely that they can choose to emit any number of combinations.

To date, there have been two reports of bi-phonations comprised of two whistle-like
sounds. Kriesell et al. (2014) and Papale et al. (2015) each recorded one bi-phonation type
throughout their recordings that the authors suggest is made up of two simultaneous

Figure 16. Simultaneous whistle and burst pulse vocalization (i.e., whistle squawk) (frequency in kHz on
the y-axis, time (s) on the x-axis). Spectrogram view parameters: Hann window type, window size: 1024;
80% overlap with 205 sample Hop size; DFT: 2048; 4.0 s time window 0–144 kHz frequency axis.
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fundamental frequency contours (i.e. a high frequency component and a low frequency
component) emitted by the same dolphin (Figure 17).

Discussion

The greatest hurdle when it comes to describing dolphin vocalizations is the human
propensity to ‘name’ the sound based upon human perceptions (e.g. buzz, squeak).
These reports are vulnerable to subjective interpretation and are commonly not com-
parable across research groups. It is easy to listen to a sound produced by an animal
that you are recording, give it a name that your team can easily remember (e.g. squeal,
scream, pop, buzz) and move forward with publication using that name. Our sincere
hope is that this document can serve to allow researchers to take their recordings and
look at where they fit within the literature to identify if they would be better classified as
a previously named vocal type. This is not to take away from the finding, but instead to
develop continuity, and improve upon our knowledge of what sounds these animals

Figure 17. Bi-phonic whistle, which the authors suggest, have a high frequency fundamental
component and a low frequency fundamental component, which appear as the horizontal, narrow
bands (Papale et al. 2015; Figure 1, p. 225). The vertical bands are not part of the bi-phonation.
Spectrogram view parameters: Hann window type, window size: 1024; 80% overlap with 205 sample
Hop size; DFT: 2048; 4.0 s time window 0–144 kHz frequency axis.

BIOACOUSTICS 29



make. The next steps in differentiating the vocal types of this graded system are tests
identifying at what parameters these vocalizations are still perceived as ‘the same’ by the
receiving animal. We also advocate for studies identifying what behavioural contexts
the previously described sound types are emitted. Context is a vital factor in interpret-
ing dolphin’s use of sound for communication, but one must be careful to not re-name
a previously defined vocalization just because it was omitted in a new context.

While the present work reviews the literature as it pertains to bottlenose dolphins, this is
only one species of many that face the same hurdles as we outline here. It is our goal that
this review encourages researchers of other species to take care in their reporting by looking
to the literature to see where their recordings fit in, to not name new vocalizations based on
the behavioural context or subjective perception of the sound, and to further assess whether
there is a sound type emitted by closely related species that may be a good fit. This review
offers a template for future reviews of other species vocalizations and advocates for
consistency within a species, as well as beginning to provide consistency in call type
descriptions across species to make comparative works more reliable.

The field of cetacean bioacoustics has improved through both innovative research
approaches and a rapid technology boom. Still, with each new finding, the boundaries
between vocalizations often blur. Throughout the course of this review, we have
demonstrated these inconsistencies in addition to how dolphin vocalizations have
evolved over time and advocate for improved communication, integration of new
findings with the vast literature, and clearer descriptions and visual representations of
sounds produced by bottlenose dolphins.

Conclusions

The bottlenose dolphin production system is graded as all of the vocalizations are
produced by click emission at differing rates and acoustic features. This makes it extremely
important that quantitative descriptions are given when defining vocalizations to identify
the characteristics that overlap with other sound types, and the distinguishing character-
istics of the novel sound.

It is imperative that researchers move away from reporting and/or naming of
vocalizations based on how they are perceived by the human ear. While this is the
easiest option when discussing sound types within one’s own lab, it is clear in this
review that the human perception of dolphin vocalizations is extremely limited and
leads to multiple reports of vocalizations that are vastly different yet published with the
same sound type name.

Future reports should not use a new vocalization name unless it has been clearly
established as not fitting into any of the previously defined categories. When presenting
a new finding, one should clearly define what characteristics or context sets this sound
type apart from those previously recorded.

As presently bioacousticians rely heavily on visual representations of dolphin sounds
in order to better measure, and identify sound types, we advocate for standardized
spectrograms and waveforms of dolphin sounds in all reports. If a recording is similar
to a previously recorded sound type, but arguably different in some way, included
standardized spectrograms are recommended for easy comparison.
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Finally, contextual information on the species, population, recording conditions, and
behavioural context are going to be vital moving forward as we continue to build the
vocal repertoire of bottlenose dolphins, and continue to identify when and where these
vocalizations are used. It is only then that we may begin to draw inferences on meaning
and communicative value for sounds produced by bottlenose dolphins.
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Appendices

Appendix 1. Acoustic terms and general definitions for new researchers to
the field to be able to more easily read and understand the acoustic
literature

Acoustic Term Definition

Ambient Several sources of background noise combined from natural phenomenon, biological
sources, and/or man-made activity that are distinct from the targeted signal.

Audiogram Visual display of the amplitude hearing threshold over the hearing frequency range of
a particular species.

Amplitude Modulation The relative change in amplitude of a signal over time.
Broadband Sound that possess energies situated in a number of frequency bands at the same time.
Contour The frequency modulation pattern of a tonal sound when graphed as a function of time.
Duration The time measured (e.g. in seconds) from the first to last element of a vocalization.
Frequency A sound’s rate of oscillation measured in Hertz (Hz) or kiloHertz (kHz). This was previously

reported as cycles per second (cps).
Frequency
Modulation

Variation in frequency as a function of time.

Frequency Range The frequencies covered by a vocalization over the course of its duration.
Fundamental
Frequency

The first signal present and usually the contour with the greatest intensity on the
spectrogram.

Harmonics Overtones that mimic the frequencies of a fundamental source frequency occurring at
integer multiples above the fundamental frequency.

Inter-click Interval
(ICI)

The duration between two successive clicks.

Loops Repetitive whistle emissions that typically occur together. They have a relatively consistent
interval separating them that is silent and less than .25 s long. Whistle contours are
relatively consistent across loops, but there may be some variation, particularly in the first
and final loops.

Narrowband The inverse of broadband, a narrowband signal spans a limited set of frequencies across its
duration.

Peak Energy The point on the frequency spectrum with the maximum energy concentration.
Peak-to-Peak
Pressure Level

The sum distance from the trough to the crest of a sinusoidal wave on a graph where
pressure amplitude is a function of time.

Points of Inflection Any point in the frequency modulation pattern of a whistle where the slope of the contour
changes from mainly ascending to mainly descending or mainly descending to mainly
ascending.

Repetition Rate The number of times a single emission (e.g. an individual click) is repeated in a specified time
interval (e.g. 1 second).

Source Levels (SL) The sound intensity (dB) in relation to 1 μPa of pressure measured 1 meter away in a direct
path from the point of production.

Spectrogram A graphic representation of sound, illustrating spectral energy (i.e. frequency) as a function
of time.

Stereotyped A repeated vocalization that is the same, or relatively the same at all points.
Variant Whistles that vary from an individual’s ‘signature’ or most frequently emitted contour. Also

referred to as ‘aberrant’ whistles.
Vocal Repertoire An inventory of vocalizations that can be produced by an individual or group.
Waveform A visual representation of sound where amplitude (y-axis) is plotted as a function of time

(x-axis).
Wavelength The distance between two consecutive peaks of a propagating waveform.
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Appendix 2. Summary table of the quantitative parameters previously
reported for bottlenose dolphin vocalization types.

This is meant to be an aid and a summary, but please refer to the section text for the full review
of previous reports. If a vocalization type did not have adequate quantitative parameter reports it
was omitted from the summary table

Vocal Type Characteristic Parameters Citations Context

Clicks

Echolocation Clicks

Duration 0.0001 – ‘several‘ s Kellogg et al. 1953
0.1–3.0 s Lilly and Miller 1961

1.0–5.0 s Moore and Ridgway
1996

Duration of Individual
Pulses

0.00004 s Au et al. 1974

0.00004–0.00007 s Au 1982
0.00005–0.0001 s Cranford 1992

Frequency 20.0–120.0 kHz Kellogg et al. 1953
0.20–150.0 kHz Evans 1973

> 200.0 kHz Finneran et al. 2014

Peak Energy 20.0–35.0 kHz Evans and Prescott
1962

Up to 60.0 kHz Evans 1973

111.0–130.0 kHz Au 1982
120.0–130.0 kHz Au et al. 1974

40.0–100.0 kHz Nowacek 1999
40.0–120.0 kHz Finneran et al. 2014

Source levels 40–80 dB re 1 μPa/1 m Evans 1973

Ave. 208–212 dB re μPa/1 m Marten et al. 1988
Max. 217–219 dB re μPa/1 m Marten et al. 1988

205–222 dB re μPa/1 m Au 1993
227.6 dB re μPa/1 m Au 1993

Repetition Rate 5–100 clicks/s Kellogg et al. 1953

10–400 clicks/s Schevill and
Lawrence 1956

5 – “several hundred” clicks/
s

Kellogg 1961

1–800 clicks/s Lilly and Miller 1961

16–190 clicks/s Approaching a target

Inter-click-interval (ICI) 0.03–0.05 s Au et al. 1974

0.007–0.0094 s Au et al. 1982
Up to 1.0 s Acevedo-Gutiérrez

and Stienessen
2004

Burst Pulses
General Information Many pulses processed

together as one unit
Tyack and Clark

2000

Duration Ave. 0.06 s Luís et al. 2016

(Continued)
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(Continued).

Vocal Type Characteristic Parameters Citations Context

Ave. 287 clicks Luís et al. 2016

Frequency 60.0–150.0 kHz Au and Banks 1998 Aggression
Min. 4.12 kHz Luís et al. 2016

Peak 25.97 kHz Luís et al. 2016

ICI Ave. 0.004 s Luís et al. 2016

Bray General Information Pattern of alternating sound
types

Dos Santos et al.
1995

Burst pulsed sound
alternated with a short
downsweep

Janik 2000a Foraging

Sequences of at least two
sound types (gulps,
grunts, squeaks)

Luís et al. 2018

Duration 0.5–30.0 s Dos Santos et al.
1995

Frequency < 2.0 kHz Janik 2000a Foraging

Inter-sound-interval Ave. 0.39 s Dos Santos et al.
1995

Inter-bray series-
interval

< 60.0 s Janik 2000a Foraging

Elements 2–17 sounds/bray Luís et al. 2018

Gulp Duration 0.10–0.18 s Luís et al. 2018 During Bray

Ave. 0.05 s Luís et al. 2018 During Bray

Frequency Min. 0.25 kHz Luís et al. 2018 During Bray
Max. 0.68 kHz Luís et al. 2018 During Bray

Peak Energy Ave. 0.3 kHz Dos Santos et al.
1995

During Bray

Grunt Duration Ave. 0.32 s Luís et al. 2018 During Bray

Frequency Min. 2.36 kHz Luís et al. 2018 During Bray

Max. 93.06 kHz Luís et al. 2018 During Bray
Peak 10.76 kHz Luís et al. 2018 During Bray

Repetition rate Ave. 300 pulses/s Luís et al. 2018 During Bray

ICI Ave. 0.004 s Luís et al. 2018 During Bray

Squeak Duration Ave. 0.14 s Luís et al. 2018 During Bray

Frequency Min. 2.32 kHz Luís et al. 2018 During Bray
Max. 14.56 Luís et al. 2018 During Bray
Peak 4.41 Luís et al. 2018 During Bray

Repetition Rate Ave. 3264 pulses/s Luís et al. 2018 During Bray

ICI Ave. 0.004 s Luís et al. 2018 During Bray

Quacks/Low
Frequency
Narrowband
(LFN)

General Information Downswept and produced
in a series

van der Woude 2009

Downswept Perrtree et al. 2016

Duration Ave. 0.05 s Jacobs et al. 1993
0.01–0.41 s Schultz et al. 1995

(Continued)
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(Continued).

Vocal Type Characteristic Parameters Citations Context

Ave. 0.135 s Boisseau 2005

Frequency 2.0–9.0 kHz Jacobs et al. 1993
0.26–1.28 kHz Schultz et al. 1995
Ave. 1.25 kHz Boisseau 2005

Screech Repetition Rate 10–20 clicks/s Dos Santos et al.
1995

During Bray

Duration 1.0–2.0 s Dos Santos et al.
1995

During Bray

Peak Energy 4.0–6.0 kHz Dos Santos et al.
1995

During Bray

Squawks Duration Up to 0.5 s Lilly 1962

0.5–1.4 s Caldwell and
Caldwell 1967

Aggression or Play

> 0.2 s Luís et al. 2016
Ave. 0.44 s Luís et al. 2016

Frequency < 6.0 kHz Caldwell and
Caldwell 1967

Aggression or Play

Min. 3.94 kHz Luís et al. 2016
Peak 21.26 kHz Luís et al. 2016

Repetition Rate Up to 800 clicks/s Lilly 1962

Total clicks Ave. 472 Luís et al. 2016

Inter-click-interval Ave. 0.002 s Luís et al. 2016

Thunks Duration 0.02–0.17 s McCowan and Reiss
1995

0.90–0.11 s Ames et al. 2017

Frequency 0.13–5.56 kHz McCowan and Reiss
1995

Peak 0.27–0.35 kHz McCowan and Reiss
1995

Peak 1.55–1.64 Ames et al. 2017
Max. 11.46 kHz Ames et al. 2017

Rate 2.3 thunks/s McCowan and Reiss
1995

Range 1–6 thunks McCowan and Reiss
1995

Victory Squeal General Information Burst pulse following
a successfully completed
task

Ridgway et al. 2014;
Ridgway et al.
2015; Ridgway
et al. 2018

Duration 0.2–20.0 s Ridgway et al. 2015 Following Successful
Task

Ave. 2.0 s Dibble et al. 2016 Following Successful
Task

Latency Ave. 0.449 Ridgway et al. 2014;
Ridgway et al.
2015; Ridgway
et al. 2018

Following Successful
Task

(Continued)
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(Continued).

Vocal Type Characteristic Parameters Citations Context

Single Pulses

Bang Duration Ave. 0.02 s Dos Santos et al.
1990

Ave. 0.046 Marten et al. 1988 Foraging

Frequency 0.05–1.0 kHz Marten et al. 1988

Ave peak. 0.58 kHz Marten et al. 1988 Foraging

Pops Duration 0.005–0.007 s Cranford 1992
Ave. 0.005 s Jacobs et al. 1993

Frequency < 1 kHz Connor et al. 1992 Herding
2.0–6.0 kHz Jacobs et al. 1993

0.3–3.0 kHz Connor and Smolker
1996

Herding

Up to 6.0 kHz Nowacek 2005

Repetition rate 6–12 pops/s Connor and Smolker
1996

Herding

Sequence 3–30 pops Connor and Smolker
1996

Herding

Whistles

General Information Produced by pulses at
a high repetition rate that
they can not be audible
differentiated and thus
sound like a tone

Madsen et al. 2011

Energy focused in a narrow
bandwidth

Ridgway 1983

Frequency and ampltude
modulated

Dreher 1961; Lilly
and Miller 1961

Duration Ave. 0.5 s Kellogg et al. 1953
0.06–5.4 s e.g. Dreher 1961;

Lilly 1962; Evans
and Prescott 196s;
Lilly 1967;
Caldwell et al.
1990; Cranford
1992; Kaplan and
Reiss 2017

Frequency 7.0–15.0 kHz Kellogg et al. 1953
0.80–24.0 kHz e.g. Dreher 1961;

Lilly 1962; Evans
and Prescott 196s;
Lilly 1967;
Caldwell et al.
1990; Cranford
1992; Kaplan and
Reiss 2017

Max. 41.55 kHz Kaplan and Reiss
2017

Max. 41.80 kHz Hiley et al. 2017

Points of Inflection Ave. 2.86 Steiner 1981

Range 0–25 Kaplan and Reiss
2017

(Continued)
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(Continued).

Vocal Type Characteristic Parameters Citations Context

Amplitude Modulation Up to 100 dB re 1 μPa/1 m Lilly and Miller 1961

Source Levels 125–140 dB re 1 μPa/1 m Tyack 1985
Ave. 158 dB re 1 μPa/1m Janik 2000b
Max. 169 dB re 1 μPa/1m Janik 2000b

Harmonics Up to 20.0 kHz Kellogg et al. 1953
1–2 Evans and Prescott

1962
4–7 Lilly 1962

> 100.0 kHz Au et al. 1998

Loops 1–13.5 Caldwell et al. 1990

Chirps General Information Upswept Caldwell and
Caldwell 1967

Duration < 0.25 s Richards et al. 1984
0.01 s Schultz and

Corkeron 1994
0.05–1.0 s Dos Santos et al.

1995

Frequency 4.0–8.0 kHz Dos Santos et al.
1995

Moans General Information Some consider it a burst
pulse, more recently
considered narrowband
whistle type

Repetition rate Several hundred‘ clicks/s Kellogg 1961

Min. 380 clicks/s Dos Santos et al.
1990

Frequency Bandwidth Ave. 0.085 kHz van der Woude 2009

Squeals General Information Upswept, narrowband Boisseau 2005

Duration < 0.3 s Boisseau 2005

Frequency < 5.0 kHz Boisseau 2005

Bi-phonations

General Information Two vocalization types
emitted simultaneously
(or with some overlap)
from the same individual

Caldwell and
Caldwell 1967
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