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L. Increased number of whistle of Bottlenose dolphins, Tursiops Truncatus,
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Abstract. The acoustic mode is the most reasonable means for social animals such as dolphins to maintain
contact in the underwater habitat, and has been developed since they moved to the sea. This study investigates
variations in dolphin vocalizations under the following conditions in a captive environment: 1) before feeding
(Pre-feeding), 2) during feeding (Feeding), 3) during free time without the presence of people (Free), 4) during
interaction with people located upon a float (Float), 5) during interaction with people in the water (Water).
During the experiments, a total of 2642 whistles were extracted from sonogram data using a spectrogram.
About 44 % of the total whistles were observed during Pre-feeding (1171/2642), and the number recorded
during Free, when people were absent, was the smallest. The acoustic contours of dolphin whistles differed in
different situations: convex, wave, and trill whistles were made repeatedly during Pre-feeding, thereby being
more common at this time than at other times. The situation of Feeding saw an increased number of Upsweeps,
which might be related to the use of echolocation. The lower frequencies were recorded during Pre-feeding,
reflecting the emotion related to the dolphin’s hunger. The results of this study indicate that dolphins increase
their vocalization during interaction with people, suggesting that interactions with dolphins provide an
effective treatment for human health problems, which is discussed with a reference article in this study. Vocal
data obtained during contact with humans might serve as an important index for the dolphin-assisted therapy.
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ocean. The brain of the bottlenose dolphin is heavier than

1. B B
that of the human brain, and the bottlenose dolphin’s brain
Bottlenose dolphins, Tursiops truncatus, are kept in index {brain weight / (body size)2/3}, which is the ratio of
many aquaria and marine facilities throughout the world. brain size to body size, is the second-largest (0.64) of all

They have a wide distribution and inhabit almost every mammals after humans (0.89); this value is more than
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twice that of chimpanzees (0.30) [16]. Dolphins have
developed a complex social structure [8] and make use of
tools [13]. Several experiments that target cognitive
mechanisms have demonstrated dolphins’ capabilities in
terms of learning, memory, and communicative language
[11].

Most marine-derived dolphins form communities,
called pods, and are considered to mutually communicate.
They often use characteristic vocalizations for
communication rather than touch and breaching [24]. The
dolphin has developed a means of sound communication
that can carry a wide range and send myriad messages
rapidly through water. Dolphins gather information
through hearing. Their sophisticated communication
system improves their efficiency in searching for food,
reproduction, and protection; thereby enhancing their
adaptation to the environment [6].

Dolphins produce sounds in the range 10 Hz to 160 kHz
[10], which are categorized as either pulse or non-pulse
sound. Clicks (pulses) commonly extend into the
ultrasound region for the purpose of echolocation, and last
for only a few tens or hundreds of microseconds. The
other pulses, burst pulse sounds, seem to be related to the
dolphin’s emotional state [3, 7]. Whistles are non-pulse,
have a narrow frequency band below 20 kHz, and are of
long duration. Whistles appear to serve an important role
in communication among dolphins [19]. Individual
dolphins identify themselves using a signature whistle:
dolphins use the whistle to identify and call their calves
and other group members [20].

Wild dolphins adapt to their natural environment,
changing behavior and sense appropriately. Captive
dolphins also adapt to their respective environments and
show simpler behavior and fewer calls than wild dolphins.
In contrast, long-term captive seals show poor variation in
vocalization [21].

Dolphins change behavioral patterns according to their
captive environment. The main difference between natural
and captive environments might well be the presence of
humans; consequently, any association with humans
would be expected to result in a change in the dolphin’s

behavior. Following this theme, the present study

investigates variations in dolphins’ whistles under

different conditions within a captive environment.
2. /7 &

Animals: The three captive bottlenose dolphins,
Tursiops truncatus, were used in this study included one
male and two females of 5-8 years of age. They were
housed together in a sea pen (20 x 60 m, 6-10 m depth) at
a facility in Muroto, Kochi, Japan. Two of the dolphins
had been kept since 6 August 2003 and the other female
since 28 February 2004. The dolphins are fed and trained
four times daily, including two sessions where they are
fed by guests. Their health condition is regularly
monitored by two veterinarians with a good knowledge of
dolphins. A program through which disabled persons
could come in contact with the dolphins was conducted
during the summer (June—November) of 2004.

Data collection and analysis: Whistles of the studied
dolphins were recorded together using a Whale Phone
(Oki Electric Industry Inc., Shizuoka, Japan) with a
hydrophone, a digital audio tape recorder (TCD-D10,
Sony Corp., Tokyo, Japan), and a portable mini-disk
recorder (MZ-N10, Sony Corp.). Microphones were set 3
m under the platform in the sea pen, and the system had a
frequency response of 20 Hz to 20 kHz.

The whistles of three dolphins, but not individually,
were collected for 10-15 minutes during various daily
situations: 1) immediately before feeding (Pre-feeding), 2)
during feeding (Feeding), 3) during free time without the
presence of people (Free), 4) during interaction with
people upon a float (Float), and 5) during interaction with
people in the water (Water).

Data recorded on six different days during the 5 months
of observations were converted into sonograms using a
free software package (Spectrogram; Richard Horne), and
shown as the numbers per 10 minutes.

Whistle contours were classified as one of seven types
(Fig. 1): Constant, Upsweep, Downsweep, Concave,
Convex, Wave, and Trill, using a modified version of
Bazua-Duran and Au’s [5], six-part classification. The
different types of whistle contours are defined as follows:

L Constant: A contour in which the frequency
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Fig. 1. The seven types of whistle contours (I-VII) converted
into sonograms.

changes by less than 1000 Hz.

II.  Upsweep: A contour in which the frequency is
mainly ascending.

III. Downsweep: A contour in which the frequency is
mainly descending.

IV. Convex: A contour with at least one inflection point
at which the frequency is first mainly ascending and then
mainly descending.

V.  Concave: A contour with at least one inflection
point at which the frequency is first mainly descending
and then mainly ascending.

VI. Wave: A contour with two inflection points at
which the frequency is first mainly ascending, then mainly
descending, or vice versa (termed ‘Sine’ in Bazua-Duran
and Au [5]).

VII. Trill (the original whistle contour in this study): A
contour with more than three inflection points in which
the frequency is repeated for the entire duration of the
whistle.

The frequency resolution was set to 86.1 Hz and the
time resolution to 5 msec. Six parameters were extracted
from the sonograms of each whistle following the method
of Wang et al. [22] and Bazua-Duran and Au [5]: 1)

beginning frequency, 2) end frequency, 3) maximum

Begin End
20 * p 'l. Maximum
N 16 +
T
X J Span
gw + +
g 8 + + Y Minimum
Duration
w 4 2
0 05 1.0 15
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Fig. 2. The six parameters of beginning frequency, end
frequency, maximum frequency, minimum
frequency, frequency span, and duration
measured from each whistle contour.

frequency, 4) minimum frequency, 5) frequency span, and
6) duration (Fig. 2). The frequency span is the difference
between the maximum and minimum frequency, while the
duration is the difference between the beginning and end
times of the whistle.

The differences in the numbers of whistles between
Free and the other situations, and the comparison of the
five main situations of daily life (Free, Pre-feeding,
Feeding, Float and Water) with the six parameters of
whistle components (Begin, End, Minimum, Span, and
Duration) were tested using one-way ANOVA as well as

the multiple-comparison post hoc tests.

3. WREEE

RESULTS

A total of 2642 whistles were extracted from the
records. The frequency span was 6.54 & 2.56 kHz
(mean * SD, N = 2642): 73 % of the whistles were in the
range 5-10 kHz and 4.2 % were < 1 kHz. The whistle
durations were 1.25 = 0.91 sec: 41 % were less than 1 sec
and 10 % were longer than 5 sec.

About 44 % of the total whistles were observed during
Pre-feeding, whose number (mean =+ SD, 195.2 = 57.5)
was significantly different from that during Free (42.7 =
4.9, P < 0.01; Dunnett’s multiple-comparison test) (Fig. 3,
Table 1). The numbers of whistles also increased during
Feeding, Float and Water, although they were not
statistically significant, compared to the number recorded
during Free, which was without people. The lowest

number of Float on the first observation might be due to
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Fig. 3. The numbers of whistles per 10 min on six different days during the
5 months of observations. The columns of the five situations are
placed according to the order of experiments.

Table 1.
c:tvehg;ztrli?as Free fel:;eir-ug Feeding Float Water Total
Constant 32 58 38 46 57 231
Upsweep 32 44 100 63 43 281
Downsweep 11 23 17 15 15 81
Convex 63 465 131 75 78 812
Concave 3 9 12 6 2 32
Wave 38 205 40 48 33 363
Trili 77 368 126 134 136 842
Total 256 1171 464 387 364 2642

Comparison of the total numbers of whistle contours in five situations.

the dolphin’s landing on the float, in which the sound was
not recorded (Fig. 3).

The recorded numbers of each whistle type varied
among the five situations (Table 1). The numbers of
whistles during Free were lowest for all types of whistle
contours. Convex, wave, and trill whistles were
commonly repeated during Pre-feeding, and thus appeared
much more in this situation than in others. The numbers of
upsweep, convex, and trill whistles increased during
Feeding, as did the number of trill whistles during Float
and Water. Little difference was apparent in the numbers
of constant, downsweep, and concave whistle contours
among different situations.

Table 2 shows descriptive statistics (mean, standard
deviation, and highest and lowest values) of the six
parameters of whistle components for the five main
situations of the daily life of the dolphins. The beginning
frequency was higher than the end frequency during Pre-

feeding, but all the others show larger values in the end

frequency. The frequency span was the widest during Pre-
feeding, and the whistle duration was longest during

Water (1.83 & 1.49 sec).

DISCUSSION

The captive bottlenose dolphins analyzed in this study
showed changes in the number of whistle contours in
several of the situations of daily life. Delphinids produce
different sounds related to their behavioral context
according to changes in feeding, sexual play, aging, etc
{12, 14, 23]. The whistles of the studied dolphins during
Free, without interaction with people, occurred at the
lowest levels for all contour types, whereas whistles
during others situations occurred in greater numbers. The
large numbers of whistles in Pre-feeding were due to
repeated Convex, Wave, and Trill whistles.

The pod sizes of several dolphin species increase during
feeding events [15]. Dusky porpoises produce greater

numbers of characteristic calls or a greater number of total
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Table 2.
Discriptive Frequency (kHz) Time(sec)
Statistics Begin End Minimum  Maximum Span Duration N
Free Mean 1213 2 12.51 egh 10.85 | 16.41 mn 5.56 ¢ 140 Y 256
S.D. 2.77 3.66 2.38 3.62 2.82 1.21
Highest 20.03 20.11 18.39 21.06 11.71 6.90
Lowest 1.15 418 4.18 4.44 0 0.05
Pre-feeding Mean 11.57 967 f 9.10 16.26 ™" 7.18 T 113 Y 1171
S.D. 1.96 222 1.37 2.66 2.57 0.48
Highest 17.69 19.60 16.24 20.28 18.13 3.82
Lowest 1.22 0.71 1.68 3.23 0 0.02
Feeding Mean 11.35 b 11.96 eh 0.86 k 1584 ™ 598 9 1.07 vV 464
S.D. 2.69 4.00 2.49 3.42 2.84 0.88
Highest 19.60 20.97 18.30 21.32 14.47 9.26
Lowest 1.15 1.02 1.15 4.18 0 0.02
Float Mean 12.17 2 12.89 9 1093 i 16.69 " 575 4 148 v 387
S.D. 2.49 3.73 2.32 3.26 2.84 1.27
Highest 21.06 21.15 18.99 21.49 13.61 8.57
Lowest 1.24 3.57 3.57 573 0 0.06
Water Mean 1137 b 11.83 h 9.90 k 1586 ™M 597 4 183 ¥ 364
S.D. 2.57 3.06 2.06 3.44 2.73 1.49
High 19.25 20.03 16.24 20.72 17.36 8.15
Low 5.38 5.64 1.63 5.64 0 0.07

Comparison of the descriptive statistics (mean, standard deviation, highest and lowest values) of six parameters of

the whistles component in five situations of daily life. Value followed by different alphabet within each column

are significant at P = 0.01 (Tukey’s multiple-comparison test).

calls in order to recruit individuals to feeding events [25].
The whistles of bottlenose dolphins are also more
numerous among feeding groups than non-feeding groups
[1]. The large increase in the number of whistles during
Pre-feeding recorded in our study might reflect the timing
of feeding events, suggesting a demand for food. In dogs,
acoustic communication via barking has multiple
meanings in defense, play, display, attention, and ‘caution.
Excitement caused by the frequency of barking has been
found to correlate with the degree of tension [9]. The
sound is said to be sent correctly to the target of the call
by repeating a limited repertory of signals to make it
easily understood. In our case, reiteration of the whistle
during Pre-feeding appears to arise during a state of
tension when seeking food.

The situations of Feeding, Float, and Water also led to
increases in the numbers of whistles, except the first of

serration during Float (Fig. 3). The only difference

between Free and other situations including Pre-feeding
was interaction with people, including dolphin trainers.
Antonioli and Reveley [2] documented that animal-
facilitated therapy with dolphins is an effective treatment
for mild to moderate depression, and suggested that
healing properties are derived from the emotions raised by
interaction with dolphins and the sounds of the dolphins,
including the echolocation system. In the present study,
the situations that involved human—dolphin interaction
were characterized by increased sounds, especially Trill
whistle contour.

The minimum frequency during Pre-feeding showed the
lowest level of all situations, as with the end frequency. In
humans, a definite relation exists between the acoustic
characteristics of vocalization and emotion [17].
Characteristically, the mean of the fundamental frequency
is high for the emotions of happiness and amazement and

is low for sadness [18]. The low levels of whistle
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frequency recorded during Pre-feeding might reflect the
emotion of sadness related to the dolphins’ hunger.

The whistle duration of bottlenose dolphins in nature is

less than 1 sec [22], whereas the mean duration in the
present study is longer than 1 sec in all situations, even up
to 8 sec for Water. Bazia-Durdn [4] reported for spinner
dolphins that their whistle duration depended on the group
size and different general behavioral states: social, travel,
or rest. The Water situation is different from other states
in that people are close to the dolphins. The behavior of
the dolphins during Water implies that the dolphins
attempt to communicate with people who are in the water
with them.
‘ Repeatedly vocalizations by dolphins during Pre-
feeding resemble types of Convex whistles such as Wave
and Trill contours that change shape at the end of the
inflection, suggesting the emotions of hunger or demand.
The characteristic contour during Feeding is the upsweep.
The increased frequency of the Upsweep contour might be
related to echolocation, as cetaceans produce sounds
during foraging because they use echolocation clicks to
detect and pursue prey [3].

During the situation of Free time, when the aquarium
was free of people, the dolphins fell silent. Incidentally,
the whistles became more numerous and longer when a
dolphin interacted with a new person than those when
interacting with a familiar person. A greater variety of
whistles were produced when a greater number of people
were in the water. Further research is required to explore
the possibility that dolphins seek to actively communicate
with humans as well as the differences in individual sound
and in gender.

Dolphins increase their vocalization in situations where
they interact with people, suggesting an effective
treatment for human health via interactions with dolphins.
Vocal data obtained during contact with humans might
serve as an important index that can be used to improve
dolphin—human interactions, especially for the dolphin-

assisted therapy.
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