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ABSTRACT: Whistles of Indo-Pacific bottlenose dolphins from three populations in Japan were col-
lected and analyzed quantitatively. Geographic variations in the whistles among populations were
found. Significant differences in the whistles among years within each population were also found, but
those differences could not explain whole differences among populations because some parameters
of the whistles had more differences among populations than among years within each population. As
changes with time in the whistles within each population might cause the geographic variations among
populations, researchers should take the yearly change within populations into consideration when
they study the geographic variation in the whistle of dolphins.
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INTRODUCTION

Indo-Pacific bottlenose dolphins Tursiops aduncus
are small toothed whales which reside year-round
in coastal waters. Since their habitats usually over-
lap areas of human activity such as fisheries, prob-
lems often occur between the dolphins and
human, including the conflict with fishermen over
prey fish. In contrast, the popularity of contact with
dolphins has recently increased and other prob-
lems occur between the dolphins and humans
such as the impact of dolphin-watching boats. We
need a site-specific or population-based manage-
ment program for each site or population, to
reduce these problems effectively. It is, therefore,
primarily important to identify populations
(stocks) or to know the relationships between and
among populations. Here, we conducted acoustic
monitoring of the populations because the tech-
nique is much easier than genetic monitoring.

Bottlenose dolphins had been regarded as one
species with two types, aduncus and truncatus, in

the Indo-Pacific regions before some recent
morphological and molecular studies revealed
that these types are separate species, T. aduncus
(Indo-Pacific bottlenose dolphin) and T. truncatus
(bottlenose dolphin).1–3

Indo-Pacific bottlenose dolphins communicate
with each other in various ways, especially using
sounds. They produce two categories of sound;
pulsed calls and whistles.4 A whistle is a narrow-
band and frequency-modulated sound and
thought to function as a group cohesion call.5

Wang et al. reported whistle differences among
populations of bottlenose dolphins.6 There was a
possibility, however, that the whistle differences
could have been caused by species differences
not by populational differences within a species
because the subject species of their paper might
have included both species, T. aduncus and
T. truncatus. Recently, a few studies revealed the
geographic variations in the whistles of single
odontocete species such as bottlenose dolphins
T. truncatus,7,8 spinner dolphins Stenella longiros-
tris,7–9 and other species10 but not Indo-Pacific
bottlenose dolphins. One of our objectives is to
verify the geographic variations in the whistles of
Indo-Pacific bottlenose dolphins.

Geographic variations in animal sounds, which
are usually divided between microgeographic and
macrogeographic variations,11 can result from
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various factors such as ecologic, genetic, social and
historical factors.12 It can be expected to find a
change with time in the dolphin whistles within
each population whether any factors cause geo-
graphic variations or not. There is also a possibility
that the whistle differences can be caused by
changes within each population, not by the geo-
graphic differences among the populations.
Another objective of the present paper is to com-
pare the whistle differences among years within
each population and those among populations
and to verify the geographic variations in the
whistles of Indo-Pacific bottlenose dolphins.

MATERIALS AND METHODS

Subject animals and study areas

We collected sound data from three populations of
Indo-Pacific bottlenose dolphins residing around
the coastal area off Ogasawara Islands (OGA),
Tokyo (142∞11¢E, 26∞05¢N), Mikura Island (MIK),
Tokyo (139∞36¢E, 33∞52¢N) and Amakusa-
Shimoshima Islands (AMA), Western Kyushu
(130∞07¢E, 32∞33¢N) in Japan (Fig. 1). These dol-
phins were recognized as Indo-Pacific bottlenose
dolphins by genetic analyses and appearances.13–15

Several video and photo identification studies have
revealed that a resident group of Indo-Pacific bot-
tlenose dolphins lives throughout the year around
each area. Approximately 200–300 dolphins may
reside around the Chichi-jima and Haha-jima
Islands of OGA,16 138 dolphins around MIK,17 and
218 dolphins around AMA.18

Sound recordings and analysis

Whistle recordings were conducted at the various
locations by various recording equipment. Sounds
were recorded in June 1998 and August 1999 in
OGA; from June through to July 1996, in June 1997,
and from September through October 2000 in MIK;
and September 1998, March 2001 and September
2002 in AMA. All recording systems were responsi-
ble up to about 20 kHz.

For the spectrum analysis, Avisoft-SASLab Pro
Version 4.0 software (Raimund Specht, Berlin,
Germany) was used. We set frequency resolution at
93 Hz and time resolution at 5.3 ms with Hamming
Window. The 1 kHz high-pass filter was applied in
advance.

We selected whistles with a good signal to noise
ratio. Moreover, we discarded whistles which were
successively recorded and had the same contour in
order to minimize the possibility of collecting
many whistles from the same individuals.

We extracted 10 parameters from each whistle
following Wang et al.:6 (i) Beginning Frequency; (ii)
End Frequency; (iii) Minimum Frequency; (iv)
Maximum Frequency; (v) Duration; (vi) Number of
Inflection Points (defined as a change from posi-
tive to negative or negative to positive slope); (vii)
Beginning Sweep (upsweep = 1, downsweep = 0);
(viii) End Sweep (upsweep = 1, downsweep = 0);
(ix) Harmonics (yes = 1, no = 0); and (x) Break of
Contour (yes = 1, no = 0; Fig. 2).

Statistical analysis

We found inequality of variances of all whistle
parameters except Beginning Frequency (F = 2.05,
d.f. = 2, P = 0.13) among three populations by
Bartlett’s test for homogeneity of variances. We
then transformed all whistle parameters to near-
normality by a Box-Cox transformation with most
fitted l value. One-way ANOVA was used for
comparisons of all whistle parameters after trans-
formation among three populations. We then com-
pared these parameters between all pairs of three
populations using Tukey–Kramer honestly signifi-
cant difference test by JMP software ver. 5.01 (SAS
Institute Inc., Cary, NC, USA).

Fig. 1 Map of the Ogasawara Islands (OGA), Mikura
Island (MIK) and Amakusa-Shimoshima Islands (AMA)
in Japan.
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Multivariate discriminant function analysis was
used for raw data of all whistle parameters to clas-
sify whistles among and between populations and
years by JMP software (SAS Institute). To evaluate
correct classification scores, we compared the
number of whistles which classified to the correct
population with random chance level which was
expected (50% for two groups, 33% for three, and
12.5% for eight) using normal approximation to the
binomial test manually. Bonferroni adjustments to
the significance level were made in the multiple
comparisons to maintain the experimental-wise
error rate.

Nested ANOVA was used to estimate the magni-
tude of variance components attributable to varia-
tion between populations, between years within
populations, and between whistles within years for
each parameter using transformed data.19

RESULTS

A total of 1613 whistles from three populations
were analyzed. Summarized data (means, standard
deviations, coefficients of variation [CV], and
sample sizes) are shown in Table 1 and in Fig. 3.
The frequency parameters (Beginning Frequency,
End Frequency, Minimum Frequency and Maxi-
mum Frequency) generally showed the least coef-

Fig. 2 The example of the whistle contour from Mikura
Island populations and 10 parameters of each whistle. In
this case, both Beginning Sweep and End Sweep are
given the value 1 because the slopes of both sweeps are
positive. (1) and (2) in the figure indicate the inflection
points, and Number of Inflection points is, therefore,
given the value 2. Harmonics is given the value 1 in this
case because harmonics is present in the spectrogram.

Fig. 3 Means for measured whistle parameters of all years and populations. Bar indicates standard deviation.
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ficients of variation, while the Duration and
Number of Inflection Points showed the greater.
Beginning Sweep, End Sweep, Harmonics and
Break of Contour cannot be comparable with the
other parameters because these four parameters
are arbitral binary numbers and the other param-
eters are measured values.

Comparisons among populations

Results of tests for all whistle parameters between
populations are given in Table 2. Duration and
Break of Contour did not differ significantly
between all population pairs (Duration: F = 0.47,
d.f. = 2, P = 0.62; Break of Contour: F = 0.86, d.f. = 2,
P = 0.42). There were much less differences in
whistle parameters between MIK and OGA than
those between MIK and AMA and between OGA
and AMA. Whistles of AMA have relatively low End
Frequency and Maximum Frequency.

The results of the discriminant function analysis
of pairwise and three-way comparisons among
the three populations are shown in Table 3. The
whistles were statistically different between and
among populations (F-values for all comparisons,
P < 0.0001). The percentage of whistles classified to
the correct populations among the three popula-
tions was 56.9% overall, and significantly greater
than those expected by chance (z = 20.1; P < 0.003).
Correct classification scores between populations
were also greater than those expected by chance
(all z-value; P < 0.01).

Figure 4 shows the plot of group centroids for the
first two canonical discriminant functions of the
three populations, and indicates that AMA is rela-
tively separate from the other two populations.

Comparisons among years

The results of the discriminant analysis among
years within each population and of eight-way
comparisons among years are shown in Table 3.
The whistles were statistically different among
years within each population and among all year-
populations because all F-values for all compari-
sons are significant at the P < 0.001 level. The
percentage of whistles classified to the correct
populations among the eight year-populations was
26.2% overall, and significantly greater than
expected by chance (z = 16.6; P < 0.001). Correct
classification scores among years within each pop-
ulation were also greater than expected by chance
(all z-value; P < 0.003).Ta
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Table 4 shows the correct classification and mis-
classification scores for all year-populations. Whis-
tles of five year-populations classified to those of
own year-populations compared to the expected
chance level (MIK at 1997: z = 13.0; MIK at 2000:
z = 5.78; OGA at 1998: z = 3.25; OGA at 1999:
z = 8.43; AMA at 1998: z = 18.4; all P < 0.001). The
other three of the eight year-populations had cor-
rect classification scores that were not significantly
greater than those expected by chance (MIK at
1996: z = -2.70, P = 0.007; AMA at 2001: z = -0.65,
P = 0.52; AMA at 2002: z = 2.96, P = 0.003). Although
OGA at 1998, AMA at 2001 and AMA 2002 did not
show any high classification scores which were sig-
nificantly greater than those expected by chance,
the correct classification score was the largest.
Whistles of the four year-populations were signifi-
cantly misclassified more than those expected by
chance (MIK at 1996 as MIK at 2000: z = 4.61; MIK
at 2000 as MIK at 1997: z = 5.02; AMA at 2001 as
AMA at 1998: z = 9.75; AMA at 2002 as AMA at 1998:

z = 5.59; all P < 0.001). Misclassified whistles, how-
ever, were classified to those at the other year
within own population.

Figure 4 shows the plot of group centroids for
the first two canonical discriminant functions of
the eight year-populations when the discriminant
analysis for three populations (not for the eight
year-populations) were conducted. It showed that
the differences among populations, especially
AMA and the others, were obviously found in spite
of the differences among year-populations within
each population.

ANOVA

Table 3 indicated that the correct classification
scores between populations were higher than
those among year-populations within populations.
Magnitudes of variance components and the

Table 3 Results of discriminant analyses of multiple comparisons among the three populations, among year within
each population, and among eight year-populations

Number of Whistles Wilks c F value
% correct

classification
chance

level (%) z-value

MIK versus OGA 851/247 0.94 6.92 62.84 50 8.48
MIK versus AMA 851/515 0.70 56.97 75.33 50 18.70
OGA versus AMA 247/515 0.80 18.57 71.78 50 11.99
Three-way comparison 851/247/515 0.72 28.26 56.91 33.3 20.07
Within MIK 394/207/250 0.86 6.70 46.77 33.3 8.28
Within OGA 107/140 0.88 3.32 66.40 50 5.09
Within AMA 229/179/107 0.88 3.29 46.80 33.3 6.44
Eight-way comparison Total 1614 0.63 10.96 26.16 12.5 16.55

AMA, Amakusa-Shimoshima Islands; MIK, Mikura Island; OGA, Ogasawara Islands.

Fig. 4 Plot of group centroids
(three populations and eight
year-populations) for the first
two canonical discriminant
functions compared among the
three populations. OGA all, OGA
at all years; 98OGA, OGA at 1998;
99OGA, OGA at 1999; MIK all,
MIK at all years; 96MIK, MIK at
1996; 97MIK, MIK at 1997;
00MIK, MIK at 2000; AMA all,
AMA at all years; 98AMA, AMA at
1998; 01AMA, AMA at 2001;
02AMA, AMA at 2002. AMA,
Amakusa-Shimoshima Islands;
MIK, Mikura Island; OGA,
Ogasawara Islands.
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Table 4 Results of the discriminant analysis among year-populations

Actual

Classified as

MIK OGA AMA

Location Year 1996 1997 2000 1998 1999 1998 2001 2002

MIK 1996 7.87 17.26 20.05 13.71 17.01 9.14 9.39 5.58
1997 6.76 42.51 17.87 5.80 15.46 2.90 5.31 3.38
2000 6.00 23.20 24.80 10.40 18.00 8.80 4.00 4.80

OGA 1998 5.61 12.15 7.48 23.36 16.82 14.02 10.28 10.28
1999 5.71 16.43 10.00 4.29 36.43 8.57 6.43 12.14

AMA 1998 0.87 2.18 7.86 6.99 5.24 52.84 9.61 14.41
2001 1.68 6.15 8.38 7.82 12.85 36.87 11.17 15.08
2002 1.87 15.89 5.61 3.74 14.95 30.84 4.67 22.43

Bold-face numbers are percent correct classification scores; others are percentages of misclassified whistles. The same population
is outlined. Shaded areas indicate the classification score is greater than expected by chance (a = 0.05 level).

AMA, Amakusa-Shimoshima Islands; MIK, Mikura Island; OGA, Ogasawara Islands.

results of significance tests from the nested ANOVA

for five parameters are shown in Table 5. There
were no variance components among populations
in Duration (F = 0.09, d.f. = 2, P = 0.91) and among
years in Minimum Frequency (F = 2.17, d.f. = 2,
P = 0.06), whereas there were higher significant
variance components among populations in End
Frequency and Maximum Frequency (End Fre-
quency: F = 31.5, d.f. = 2, P < 0.0001; Maximum Fre-
quency: F = 105.7, d.f. = 2, P < 0.0001) than those
among years (End Frequency: F = 4.23, d.f. = 5,
P = 0.0008; Maximum Frequency: F = 9.78, d.f. = 5,
P < 0.0001). Variance components within year were
constantly higher in all five parameters.

DISCUSSIONS

The results indicate that the whistles of Indo-
Pacific bottlenose dolphins from three populations
significantly differ, especially between AMA and
the other populations. Although whistles of OGA
and MIK showed no significant difference in mea-
sures of single parameters except Beginning
Sweep, End Sweep and Harmonics, the discrimi-
nant analysis explained a significant amount of
variation between OGA and MIK.

The results also indicate that the whistles among
year within populations differ significantly. The
variances within year (or among individuals) had
greater value than those among year, but the more
differences among populations also found in End
Frequency and Maximum Frequency than those
among years within populations (Table 5). Also,
the more differences among populations found
than those among years within each population
because the correct classification scores compared
to random chance level between and among
populations seem higher than those among years
within each population (Table 3). Furthermore, the
whistles of year-populations were misclassified to
those of the own population not to those of the
others (Table 4). These results indicated that the
difference among populations were not yearly
difference within populations but geographic
variations in the whistles among populations.

Intra-population variability

The coefficients of variation of all populations, or
the intrapopulation variability, showed a consis-
tent pattern which was the same as Wang et al.6 and
Oswald et al.8 The frequency parameters (Begin-
ning Frequency, End Frequency, Minimum Fre-

Table 5 Percentage variance components and results of nested ANOVA

Beginning frequency End frequency Minimum frequency Maximum frequency Duration

Population 0.90** 5.31** 0.76** 16.10** 0
Year 1.17** 1.51** 0.58 3.54** 4.15**
Within-year 97.93 93.18 96.80 80.36 99.76

**P < 0.01
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quency and Maximum Frequency) have relatively
low intrapopulation variability, whereas the
Duration and Number of Inflection Points have
relatively high intrapopulation variability. As
Wang et al. noted, the dolphins may modulate the
Duration and the Number of Inflection Points for
carrying additional ‘analogic’ information such as
individual identities, emotional levels, and so on.6

In contrast, the four frequency parameters were
relatively stable, which indicated that these param-
eters were restricted or selected by some factors
such as the size of sound production organs and
muscles and/or the environmental background
noise levels. Since those tendencies were not only
within the genus Tursiops but also within the other
species like genus Stenella, Delphinus, Steno, Glo-
bicephala and Pseudorca,8 these parameters may
have the same meaning in all delphinids species.

Differences among populations

Whistles of AMA had the most distinctive charac-
teristics of all whistles in the three populations,
whereas whistles of MIK and OGA could not be
clearly separated from each other. Whistles of AMA
have lower End Frequency, lower Maximum Fre-
quency, fewer Number of Inflection Points and
fewer Harmonics than those of the other popula-
tions. Maximum Frequency and End Frequency are
the most useful of the 10 parameters to discrimi-
nate among these populations. In contrast,
Duration and Break of Contour did not differ
significantly among the populations. It can be
because the animals modulate Duration and Break
of Contour for carrying additional ‘analogic’ infor-
mation as mentioned before.

Figure 2 and Table 3 indicate that the statistical
distances of whistle characteristics between popu-
lations do not simply correlate with simple geo-
graphic distances between locations such as those
in beelines. The differences between AMA and MIK
are the greatest of all three population pairs,
whereas the differences between MIK and OGA are
small. The distance between AMA and MIK is
about 900 km, between MIK and OGA is about
800 km, and between AMA and OGA is about
1300 km in a beeline (Fig. 1).

Geographic variations result from various fac-
tors. Wang et al. proposed some factors, such as
individual movement to the other populations and
ambient noise backgrounds, that might influence
the whistles and make geographic variations.6

Bazúa-Durán, however, suggested that the individ-
ual mixing between populations is not the only fac-
tor to be considered when we look at geographic
variations in the whistles of dolphins.7 Each popu-

lation would be affected by different evolutionary
and environmental influences.20 We currently
have no data on individual movements, gene flow,
genetic relationships, historical processes or eco-
logic differences including ambient noise differ-
ences among MIK, OGA and AMA, and, therefore,
further research is needed about the relationships
among these populations.

From the results, there is a possibility that these
populations are separate or independent popula-
tions. Further research, especially genetic analysis
among the three populations, is still needed to
confirm this possibility. We should adjust the treat-
ment to each population for the problems between
dolphins and humans if the populations are
separate from each other.

Differences among years

Geographic variations in bird songs often arise
simply as a consequence of vocal learning.12 Vocal
learning processes might make sounds within each
group change but in the same direction because of
copying errors,12 adaptations for environments
and/or other factors. Vocal learning might make
neighboring social groups share sounds that differ
from more distant groups.21 Geographic variation,
therefore, can result from the accumulation of
change with time within each group.

Bottlenose dolphins show the ability of vocal
learning and vocal imitation.21–23 As sex difference
in vocal learning was also reported,24 the vocal
learning process may make whistles change with
time, or yearly, within each population. These
yearly change must result in the geographic varia-
tion in the whistles.

The results indicated that whistles among year
within each population also differ (Fig. 2). We,
therefore, expect that some processes of vocal
learning should be working at each population and
the geographic variation might result from the
accumulation of the changes with time in the
whistles.

Unfortunately, our data cannot thoroughly
exclude the bias toward some individuals or some
other possible factors which make whistles change
yearly, but we have minimized the bias by discard-
ing whistles which were successively recorded and
had the same contour. We need further research
on the whistle differences among and within
individuals.

From the result in this study, researchers should
take the yearly change, or change with time, within
each population into consideration when we study
the geographic variations in the whistle of
dolphins.
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