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Abstract. Vocalizations in birds are passed on from one generation to the next. Some
birds learn to vocalize a large array of noises, like the Common Myna, Acridotheres tristis.
Because of its large range of vocalizations, they are able to learn different accents, or
dialects, of their species’ calls which can vary based on geographic region. It has been
established that dialects can be formed over large distances. This study was meant to
study how small distances without geographic isolation can affect the variation of alarm
calls and other types of vocalization of the Common Myna. This was done by looking at
spectrographs and analyzing recordings by their pitch, duration, syllables, and notes. If
vocalizations do change with distance, that can indicate a potential for the development
of culture in non-mammalian animals in closely located populations. This study revealed
that aspects of vocalizations vary, some more than others, but not necessarily with
distance. Alarm calls showed little variation in its pitch, but change in pitch changed as
distance between populations increased.
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INTRODUCTION
Passerine birds need to learn from an
early age that the sounds they make have an
impact on how the other birds around them
will behave. While still in the nest, passerine
birds chirp to signal to their parents that they
need food (Barrington 1773). This behavior
continues until the bird is about one month
old and beginning to mature, when they begin
the early stages of singing, much like babbling
in human infants (Barrington 1773). There is a
critical period for learning vocalizations which
varies from species to species, but is usually
around ten months. (Nottebohm 1969). This
critical period determines the vocalizations
that the bird will use for the rest of its life
(Nottebohm 1969). Birds that learn to vocalize
a certain way during their critical period will
continue to vocalize the same way. For
example, in humans the critical age for first
language acquisition is about nine years of age
(Pennfield and Roberts 1959). Learning a first
language after this age causes problems in
production and comprehension of speech and
an accent in second languages. By the time an
individual has reached the critical age, it will

continue to speak the same way it has been
since its critical period. This can be applied to
other species as well, including the passerine
birds that must learn to sing.
The Common Myna, Acridotheres tristis is
an example of such a passerine bird. A. tristis
was introduced to French Polynesia between
1908 and 1915 to control local wasp
populations (Lever 1987). They have adapted
well to areas with large open fields and tall
vertical structures (Pell 1997), making them
abundant in areas with human development.
A. tristis h
 ave a strong ability to repeat sounds
that they hear, much like a parrot can, so there
can be a great variety in the sounds different
populations of Myna can produce (Baker and
Jenkins 1987, Baptista and Trail 1992). These
sounds are taught to the young through
exposure by the parents and other adult A.
tristis in the population. In this way, calls are
similar to genes in that they are passed down,
though not necessarily through parents. Calls
are learned, which is characteristic of culture,
showing a potential for speciation. This
suggests that the calls of A. tristis can act like a
gene, and thus are subject to natural selection
(Crozier 2008). Cultures that survive for

longer become adopted by more and more
individuals. Any language, whether through
speech or chirp, can be traced back to at least
one individual, just like any gene (Pagel 2009).
The birds that are better able to communicate
with other birds should be able to avoid
predation, transfer knowledge, and seek food
more efficiently to pass on their genes and the
vocalizations that they have learned.
I studied A. tristis and their vocalizations
on Mo’orea along a spatial and geographical
gradient around the perimeter of the island.
By looking at A. tristis and any potential
differences in vocalizations and patterns in the
distribution of vocalizations, A. tristis can be
used as a model system for generation of
cultural differences and preferences within
species. We can use this to predict how future
cultures can be formed or how cultural
selection, that is selection of non-genetic
factors that do not directly increase the fitness
of an individual, can lead to speciation.
Because A. tristis know and are able to learn
such a large variety of vocalizations, they can
develop intraspecific behaviors in response to
distinct dialects from individuals in their own
species (Ingraham 2015). Populations that are
separated into different spatial and elevational
locations can react differently to local
vocalizations compared to distant ones.
Ingraham found that the behavioral response
of A. tristis from Mo’orea differed significantly
from A. tristis from Hawaii and India
(Ingraham 2015). Three sites were sampled
from Mo’orea, but no significant difference
was found using a behavioral analysis
approach (Ingraham 2015). Individuals that
were compared in close proximity did not
behave differently when exposed to
vocalizations of A. tristis from local
populations.
However,
the
behavioral
response can differ based on the individual
vocalizing and the individual receiving the
vocalization (Moseley et al. 2013). Data
gathered can vary based on which individual
is hearing or singing the vocalizations. In a
study on prairie dogs, Slobodchikoff et al.
(1998) found that geographically separated
populations exhibited different alarm call
vocalizations. Since populations were isolated,
they sounded differently because there was no
need for them to understand each other, but
prairie dogs cannot fly like a bird can, so their

limited mobility might have been a factor for
the variability.
The first goal of this research was to find
whether subpopulations of A. tristis within the
same geographical region can develop
different vocalizations. The second goal was to
find whether all vocalizations by the Common
Myna become distinct by region or only a
subset of their calls vary. I predicted that A.
tristis inhabiting the same island will have
different vocalizations patterns, but more
closely located subpopulations will vocalize
more similarly than those separated by larger
distances. A. tristis is more likely to learn the
vocalizations of the individuals around them,
so more closely located populations should
have more similar calls. However, I also
predicted that specifically, alarm calls are
similar across all areas of the island, because it
would be advantageous for a larger number of
individuals to react to a potential danger.
METHODS
Organism and study sites
Studies were conducted on the Common
Myna bird, Acridotheres tristis. A. tristis is a
medium sized bird, reaching 23-26cm in
length and 82-143g in weight as adults
(Markula et al. 2009). They have brown bodies
with a black head and yellow patches around
their eyes (Rasmussen and Anderton
2005). Males and females are similarly colored,
but males males tend to be larger, which
facilitates determining the sex of mated pairs.
A. tristis was studied on the island
Mo’orea, in French Polynesia. Samples were
taken from various locations around the
island, mostly near coastal and beach areas
(Fig. 1). A. tristis i s common in these types of
environments with human infrastructure and
development. Sites usually have small open
fields and human presence, ideal for
scavenging for food from waste and insects.

FIG. 1 Sites sampled on Mo’orea. 1: Temae
Beach (17°29’50”S 149°45’32”W), 2: Pao Pao
(17°30’25”S 149°49’23”W), 3: Gump Station
(17,°29’25”S 149°49’35W), 4: The UCB Faculty
Bungalows (17°29’29”S 149°49’43”W), 5:
Ta'ahiamanu Beach (17°29’29”S 149° 51’02”W),
6: CRIOBE (17°31’03”S 149°51’01”W), 7: the
Lycée
Agricole
Opunohu
(17°31’42”S
149°50’20”W), 8: The Belvedere (17°32’25”S
149°49’36”W), 9: Snack Mahana (17°29’29”S
149°52’58”W), and 10: Painapo Beach
(17°32’30”S 149°53’43”W)
Samples were taken between 11 October,
2018 and 17 November, 2018. Times for
sampling were between 9am and 12pm,
standardized to be after their morning
roosting (Mahabal and Vaidya 1989). Sites
were sampled so that at least 15 vocalizations
were recorded for alarm and non-alarm
specific calls. Some sites had to be sampled
multiple days to gather enough data to reach
this number, Sampling involved visiting the
site and identifying the individual by region.
A previous study showed that the natural
home range of a Common Myna is 0.1km^2
(Kang 1990) so sites were kept at distances
greater than that to prevent overlap of
subpopulations. Individuals found outside of
the sampling sites were considered to be
different.
Recording vocalizations
The mp3 recording software MP3
Recorder was used on a Samsung Galaxy S6 to
record audio files of the vocalizations of A.
tristis. About 7.36m was kept between the
recorder and the organism to get as close as
possible without startling the bird (Ingraham

2015). Recordings of A. tristis were conducted
by visiting a determined area with a Myna
population and beginning to record when
individuals were spotted and/or heard. One
recording session lasted for an hour at a time.
Multiple
individuals
were
sampled
(recordings collected) during each sampling
event. These data were used to characterize
the properties of the vocalization.
In addition to the vocalizations as a whole,
alarm calls were recorded in two ways. One
method was by chance collection through
recording all vocalizations. The second
method included purposely walking closer to
the birds from a distance of about 7.36m to
~5.33m or until the bird was startled and
prepared to fly away. In this moment, the
birds will often make an alarm call (Ingraham
2015).
Data analysis
Raven Lite 2.0 was used as a sound
analysis program to examine the physical
properties of bird vocalizations (Marler and
Tamura 1962). The window and settings were
standardized: brightness was set to 50,
contrast to 80, and focus to 512. Only the
spectrogram was used for analysis, so the
waveform window was hidden from view.
The spectrogram provided information about
time, frequency, and amplitude of sounds,
which were the data that was analyzed.
Duration of each vocalization was measured
from the spectrogram as the difference
between the start and end time of
vocalizations.
Vocalizations
were
also
analyzed by their notes, syllables, and pitch. A
note is categorized as any continuous sound of
a vocalization. A syllable is any peak in the
spectrogram of a note. Pitch was measured by
moving the cursor to a part of the spectrogram
and recording the frequency number
generated (Fig. A2a). On the spectrogram,
pitch increases with the y-axis.
Alarm calls were analyzed in a similar
way to other vocalizations, however, they
were binned as a separate category, because
they were visually and numerically distinct.
Data collected from alarm calls included,
duration, as well as start and end times,
minimum, and maximum frequency (Fig.
A2b). It also included change in frequency,
which was calculated by subtracting the

starting frequency from the ending frequency
and dividing by the duration of the
vocalization.
All of the collected data was binned by
location and into groups depending on the
variable.
Statistical analysis
Data was compared using the software,
PAST. Before using any statistical significance
test, the Shapiro-Wilk test was used to
determine if the data was normally
distributed. If normal, ANOVA statistical
analysis was used to compared multiple sites
to test whether geographic distances between
populations correlated with vocalization
differences, such as with duration, pitch, and
change in pitch. I compared duration, number
of notes and syllables, and minimum and
maximum pitch among populations in
unidentified vocalizations. I compared
duration, minimum, maximum, starting, and
ending pitch, and change in pitch for alarm
calls, among sites. When a significant
difference was found among sites in ANOVA,
a Tukey’s HSD post-hoc test was used to
identify which sites differed from the others.
If Shapiro-Wilk determined that the data
was not normal, Kruskal-Wallis was to
determine if there was a significant difference
between all sites. Then a Mann-Whitney
post-hoc test was used to determine which of
those sites differed from each other.
RESULTS
Number of syllables per note in non-alarm
vocalizations
Of the ten sites where data were collected,
eight sites were compared when looking at all
Non-Alarm Vocalizations: Gump Research
Station, Painapo Beach, CRIOBE, Pao Pao, The
Agricultural School, Ta’hiamanu Public Beach,
The Faculty Bungalows, and Temae Beach.
Due to time restrictions, all ten sites could not
be compared at this time. Some sites, namely
Snack Mahana and The Belvedere did not
yield enough vocalizations to analyze a large
enough sample size. They were not included
when looking at non-alarm vocalizations.
The average number of syllables per note
of non-alarm vocalizations was 2.33, 4.01, 4.89,

3.88, 8.17, 5.38, 3.87, and 6.16 for Gump
Research Station, Painapo Beach, CRIOBE, Pao
Pao, Agricultural School, Ta'hiamanu Beach,
UCB Faculty Bungalows, and Temae Beach
respectively (Table B1). Compared to Gump
Research Station, The Agricultural School had
the most different number of syllables per
note, almost double at 8.17. As the distance
between sites increased, the number of
syllables per note increased (Fig. 2).

FIG. 2 Syllables per note in non-alarm
vocalizations and distance between site and
Gump Station. As sites became more and
more distanced from Gump Research Station,
the number of syllables used in vocalizations
became more different. Gump vocalizations
had 2.33 syllables per note, and any other
vocalization showed a positive trend with
distance.
The statistical analysis software, PAST
was used to test for significant differences and
normality. A Shapiro-Wilk test for normality
returned a W o
 f 0.733, 0.834, 0.923, 0.908, 0.826,
0.910, 0.929, and 0.849, for Gump Station,
Painapo
Beach,
CRIOBE,
Pao
Pao,
Agricultural School, Ta’hiamanu Public Beach,
the Faculty Bungalows, and Temae Beach
respectively. Since these values were less than
0.95, none of the data sets are normally
distributed, thus we cannot use an ANOVA.
Instead, a Kruskal-Wallis test was used, which
returned a p of 2.109E-10, indicating that there
is a significant difference between sample
medians. Since the Kruskal-Wallis indicated a
significant difference, a Mann-Whitney
pairwise post-hoc test was run to determine
which sites had differences. Gump Station and
the Agricultural School showed a significant
difference with every other site with p values

of less than 0.05. No other sites had any other
significant differences except with Gump or
the Agricultural School (Table C1).
Maximum pitch in non-alarm vocalizations
Average maximum pitch was found to be
12231, 7122, 9894, 11025, 3519, 5355, 3391, 5711
Hz for Gump Research Station, Painapo
Beach, CRIOBE, Pao Pao, Agricultural School,
Ta'hiamanu Beach, UCB Faculty Bungalows,
and Temae Beach respectively (Table B1).
When compared to the maximum pitch of
vocalizations from Gump Station, there is no
trend with distance (Fig. 3).

FIG. 3 Maximum pitch (Hz) in non-alarm
vocalizations and distance (m) from Gump
Station. There is no correlation between
distance and maximum pitch vocalized of
birds from sample site. Values werescattered
around 7500 Hz.
The Shapiro-Wilk test for normality
returned a W of 0.846, 0.936, 0.862, 0.893, 0.766,
0.930, 0.745, and 0.877 for Gump, Painapo,
CRIOBE, Pao Pao, Agricultural School,
Ta’hiamanu Public Beach, Faculty Bungalows,
and Temae Beach respectively. All of the
values were less than 0.95 so data was not
normally distributed. A Kruskal-Wallis test
returned a p of 1.254E-16 indicating a
significant
difference
between
sample
medians. A Mann-Whitney pairwise post-hoc
test showed that many sites do have
significantly different maximum frequencies
vocalized. (Table C2).

Minimum pitch in non-alarm vocalizations
The average minimum pitch of non-alarm
vocalizations were 1592, 1884, 1873, 1975,
1909, 1786, 1786, 2002 Hz for Gump Research
Station, Painapo Beach, CRIOBE, Pao Pao,
Agricultural School, Ta'hiamanu Beach, UCB
Faculty Bungalows, and Temae Beach
respectively (Table B1). When plotted against
distance, Minimum pitch in non-alarm
vocalization shows an increasing trend (Fig.
4).

FIG. 4 Minimum pitch (Hz) and distance
(m) in non-alarm vocalizations between site
and Gump Station. As sites become more
distanced from Gump Research Station, the
minimum value recorded increases.
A Shapiro-Wilk test for normality
returned W of 0.905, 0.938, 0.944, 0.859, 0.952,
0.976, 0.727, and 0.947 for Gump, Painapo,
CRIOBE, Pao Pao, Agricultural School,
Ta’hiamanu Public Beach, Faculty Bungalows,
and Temae Beach respectively. Ta’hiamanu
Public Beach was normally distributed since
its W w
 as more than 0.95, but since all other W
values were less than 0.95, a non-parametric
test had to be used.
A Kruskal-Wallis test returns a p of
8.55E-05 indicating a significant difference
between samples medians. A Mann-Whitney
test shows a significanct difference in
minimum pitches vocalized, but only between
some sites (Table C3).. Ta’hiamanu Public
Beach did not differ significantly with any
other site as all p values from here were
greater than 0.05.
Alarm call vocalization change in pitch over time

From the ten sites sampled, seven were
sampled when looking at Alarm Call
Vocalizations: Gump Research Station,
CRIOBE, Pao Pao, Agricultural School,
Belvedere Lookout, Ta'hiamanu Public Beach,
and Temae Beach.
The average change in frequency for
alarm calls vocalizations were 1772, 2637,
2058, 2599, 1923, 1515, and 1776 Hz for Gump
Research Station, CRIOBE, Pao Pao,
Agricultural School, Belvedere Lookout,
Ta'hiamanu Public Beach, and Temae Beach
respectively (Table B2). Change in pitch of
alarm call vocalizations did not show
correlation with distance from compared site.
A Shapiro Wilk Test for Normality
returned W of 0.908, 0.970, 0.932, 0.781, 0.959,
0.776, and 0.865 for Agricultural School,
Belvedere, CRIOBE, Gump Station, Pao Pao,
Ta’hiamanu Public Beach, and Temae Beach
respectively. The W value from Belvedere and
Pao Pao were >0.95 indicating that they were
normally distributed but since other data sets
had W values <0.95 the entire data set is
non-parametric. This violates the assumptions
of parametric data, so it is considered
non-parametric.
Kruskal-Wallis test tells us that the p value
is 2.56E-05, showing a significant difference
between sample medians. Mann-Whitney’s
pairwise post-hoc test tells us that there is a
significant difference between several sites
with p v
 alues <0.05 (Table C4).
Minimum pitch of alarm call vocalizations
The minimum pitches vocalized in alarm
call vocalizations were 2325, 2262, 3305, 1886,
2233, 2265, and 2285 Hz for Gump Research
Station, CRIOBE, Pao Pao, Agricultural
School, Belvedere Lookout, Ta'hiamanu Public
Beach, and Temae Beach respectively (Table
B2). Minimum Frequency in Alarm Call
Vocalizations showed no correlations with
distance from compared site (Fig. 5), but
outliers appear at 1904m and 4740m.

FIG. 5 Minimum frequency of alarm calls
(Hz) in alarm call vocalizations and distance
(m) from Gump Station. Values do not vary
much from 2300 Hz, although two outliers
exist at 3305 Hz and 1885 Hz.
A Shapiro-Wilk test for normality returns
W values of 0.954, 0.964, 0.876, 0.918, 0.692,
0.912, 0.948 for Agricultural School, Belvedere,
CRIOBE, Gump, Pao Pao , Ta’hiamanu Public
Beach, and Temae Beach respectively. The
Agricultural School and Belvedere had
normally distributed data, but since the other
sites did not, non-parametric statistical tests
had to be used.
A Kruskal-Wallis test indicated a
significant
difference
between
sample
medians with a p of 5.32E-16. A
Mann-Whitney pairwise post-hoc test showed
significance between Agricultural School,
Belvedere, and Pao Pao and every other site
they were compared to with p v
 alues <0.95
(Table C5). Other sites only had significance
with these three sites.
Maximum pitch of alarm call vocalizations
The average maximum pitches of alarm
call vocalizations were 3058, 2955, 3974, 2808,
2955, 2915, 3157 Hz for Gump Research
Station, CRIOBE, Pao Pao, Agricultural
School, Belvedere Lookout, Ta'hiamanu Public
Beach, and Temae Beach respectively (Table
B2). Minimum Frequency showed no
correlation with distance from compared site
(Fig. 6). However an outlier appears at 1904m
with a maximum frequency of 3974 Hz.

FIG. 6 Maximum frequency of alarm calls
in alarm call vocalizations (Hz) and distance
(m) from Gump Station. Distance from site did
not show any increase or decrease in
maximum frequency vocalized.
A Shapiro Wilk test returns a W of 0.921,
0.982, 0.955, 0.860, 0.634, 0.890, and 0.940 for
Agricultural School, Belvedere, CRIOBE,
Gump, Pao Pao , Ta’hiamanu Public Beach,
and Temae Beach respectively. Belvedere and
CRIOBE are normally distributed with p
values of 0.982 and 0.955, but since the other
data sets are not normally distributed,
parametric statistical analyses could not be
used.
A Kruskal-Wallis Test returned a p of
4.761E-10 indicating a significant difference
between the sample medians. Because
samples
were
considered
significantly
different, a Mann-Whitney pairwise post-hoc
test was run and returned p v
 alues that
indicated significance only between some sites
(Table C6).
DISCUSSION
The overall goal of my study was to
explore
whether
subpopulations
of
Acridotheres tristis v
 ocalize differently, which
would suggest that these birds show potential
to develop cultures on a small isolated island
system
without
being
geographically
separated from each other, similarly to how
humans create cultures with districts in cities.
I explored the variation in properties of
vocalizations of A. tristis by recording their
sounds and compared them to distances
between the sample sites.
I found that in non-alarm call
vocalizations,
only
some
sites
had

significantly different syllables per note.
Gump Research Station and CRIOBE showed
the most significance with several other sites.
Interestingly, they were not the farthest sites
from any other; in fact they were some of the
closest sites to any other. Their significance
could be in due to their intermediate distance
to other sites (Fig. 1). There may be a high
amount of Myna traffic in these areas, causing
more influence of vocalizations from other
areas. There was also a trend with distance
between compared sites and difference in the
number of syllables per note. As the distance
increased, the syllables per note became more
different, showings positive trend, the most
different data set from the Agricultural School.
These results supported my hypothesis that
non-alarm vocalizations would differ based on
the distance between sites. For the maximum
pitch vocalized, all sites showed significance
with more than one other site. However, there
was not a strong relationship between
distance and maximum pitch. This suggests
that maximum pitch was much more variable
between sites. These results rejected my
hypothesis. Distance did not influence the
maximum pitch which would influence the
vocalization, rejecting my hypothesis. With
minimum pitch vocalized, every site showed
significance with another site except
Ta’hiamanu Public Beach. This site is
interesting because it was a very populated
area at the time of recording. There were
dozens of people which may have influenced
the way that the birds were vocalizing at the
time of recording. But when plotted against
distance, minimum pitch showed a positive
trend. As subpopulations became more and
more distanced they vocalized slightly
differently by hitting different notes. This
supports my hypothesis that non-alarm
vocalizations
would
vary
between
subpopulations with distance. However, these
results had to be taken with a grain of salt,
because these recordings were taken
indiscriminately. All recordings, except alarm
calls, were recorded and analyzed with this
type of data. It could be that the Myna were
simply vocalizing completely different things,
instead of the same thing in different ways.
However, if this were the case, then different
subpopulations may have been trying to
convey different things to other individuals,
which could be studied in future research.

Change in pitch of alarm call vocalizations
showed significant differences between most
sites. But it did not change with distance
between compared sites. This rejected my
hypothesis that alarm call vocalizations would
not vary across different subpopulations in the
same region. However, the minimum pitch
vocalized tells a slightly different story.
Minimum pitch showed significant differences
across most sites, but it did not vary with
distance. With the exception of Pao Pao and
the Agricultural school, all pitches hovered
around 2300 Hz. This still rejected my
hypothesis that alarm calls would not vary
between subpopulations since there were
significant differences across the board.
However, it did show that as distance
increased on a local scale, minimum pitch in
alarm calls did not change. Maximum pitch in
alarm calls tells a similar story as minimum
pitch. Maximum pitch varied between
subpopulations, but did not change with
distance between sites, again with outliers at
Pao Pao and Agricultural School. Maximum
pitch vocalized stayed relatively close at 3000
Hz meaning that even even though it was
considered significantly different between
sites, maximum pitch did not vary much.
Sympatric speciation, that is speciation
without a geographical barrier, in birds,
though rare, is possible (Phillimore et al. 2008).
Although the difference in vocalizations has
not necessarily caused a speciation event in
Acridotheres tristis, it could have created a
culture of language that is distinct from other
bird populations. In my study, I found that A.
tristis d
 oes vocalize differently in different
subpopulations of the same geographic
region. There results lead me to speculate that
instead of distance as the main contributing
factor in vocalization differences, behavior
and ability to discern dialects of vocalizations
are more impactful. The results of this study
support previous literature that “patterns of
syllable use change gradually across the range
of the species and do not show distinct breaks
at subspecies boundaries” (Benedict and
Bowie 2009). Benedict and Bowie (2009) show
that the number of syllables used in songs of
Cisticola erythrops change continuously across
6500km (2009), Here, when considering a
much smaller spatial scale (about 10km), I
found that the number of syllables also change
continuously across a distance. These results

suggest that other factors are important in
determining vocalizations as smaller scales.
Another possibility is that a low sample size,
about 15 individuals per site and 9 sites in
total could have limited my ability to detect a
difference. With more data entered and
analyzed, more of a significant difference
between farther populations and less of a
difference between closer populations could
have been found.
Across a smaller geographic and spatial
distance, it seems that vocalizations do not
differ between subpopulations as much as
they do across larger distances, which is itself
consistent with the idea of distance having
primacy. However even at small scales, I did
find evidence of distance influencing alarm
calls, which conflicts with the results of
previous literature. For example, Blumstein
and Daniel (1997) showed that intraspecific
alarm calls within each of 3 different species of
Marmota sp. did not vary significantly.
Although most subpopulations of A. tristis on
Mo’orea did not have significant variation,
some did vary significantly. However, this
could have been due to a low samping size as
the results. As the sample size increases and
more data is entered, it could be that more
sites will vary less, or maybe even more.
Alarm calls correlated with distance with one
of its properties, change in pitch which
conflicts with previous work on alarm calls
(Conner 1982). But my study also showed that
minimum and maximum pitch vocalized did
not vary with distance, supporting Conner’s
work (1982). Conner (1982) showed that
Ochotona princeps, the American Pika, do not
have intraspecific variation in alarm calls. A.
tristis had variation in their vocalizations on
Mo’orea of alarm calls, but randomly, so the
variation could have been just by chance. This
study also contained a small sample size,
which if increased could change the results so
that alarm calls do not vary. This study could
have been improved by recording the same
number of vocalizations per site. Instead of
recording for an allotted amount of time, one
hour, a specific number of vocalizations
would normalize the number of samples from
each site.
The next step in this study would be to
analyze the behavior of A. tristis when
exposed to different vocalizations and
vocalizations
from
other
intraspecific

vocalizations. Because vocalizations vary
numerically does not mean that it varies
behaviorally. Originally, I had tried to analyze
specifically the vocalizations of A. tristis and
avoided a study on behavioral responses as
Ingraham had (2015), in order to expand on
the type of information discovered. However,
it seems that the best way to approach a study
on a geographic variation of bird vocalizations
would be to study both bird behavior and
vocalization to give insight how both can be
affected at the same time, as opposed to one or
the other. It does not mean vocalizations are
behaviorally unrecognizable because a
significant difference was found in them
between subpopulations. If playback of the
variation in vocalizations does change the
behavior of individuals, then it might
demonstrate whether individual birds can
learn to recognize dialects or accents. It would
also be beneficial to analyze recordings using
more advanced equipment, for instance with a
shotgun microphone to limit unnecessary
noise or with a parabolic microphone to
isolate the vocalizations of individual birds
without those of other birds or noise. This
study was carried out on a relatively small,
local scale to study vocalizations of
subpopulations in an isolated area. In the
future, a study could be done of other islands
or islands systems that are either smaller or
bigger. Studying vocalizations keeping island
size in mind might give insight into how more
or less dispersed subpopulations could
vocalize differently.
Acridotheres tristis showed significant
differences with certain aspects of its
non-alarm vocalizations, namely the number
of syllables per note and the maximum and
minimum frequency vocalized. The number of
syllables per note and minimum frequency
showed positive correlation with distance
from compared site, showing that even closely
located populations of nonhuman animals
vocalize differently. Alarm calls showed
variance in its change in pitch and maximum
and minimum frequency. Only the change in
pitch varied as distance increased. Maximum
and minimum pitch vocalized stayed mostly
the same between subpopulations of A. tristis
on Mo’orea. Future research could help
discover a minimum distance or range for
differences in social learning and culture
adoption in non-mammalian species.
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APPENDIX A
These figures were made to help understand the process of data collection from spectrograph
analyses. The following are screenshots taken directly from Raven Lite, the software used for
analysis.

FIG. A2a Key for analyzing spectrogram on Raven Lite. Notes, which is one continuous
sound, are boxed in blue. Syllables which are peaks of any note are boxed in green. A note may
have multiple syllables or just one. Maximum frequency is marked in pink and minimum
frequency is marked in orange. The red dot, 1, indicates the point for which the frequency, time,
and amplitude is shown at the bottom left.

FIG. A2b Key for analyzing alarm calls. The red box indicates the shape of the alarm call,
distinguished by an increasing, continuous, non-fluctuating pitch. The orange line indicates the
minimum frequency; the pink line indicates the maximum frequency. The blue line indicates the
starting frequency; The Yellow line indicates the ending frequency.

APPENDIX B
These table show the average values recorded from compared sites of alarm and non alarm call
vocalizations. Distance values and sample numbers are also shown here.

TABLE B1 Values recorded of non-alarm vocalizations. Data values that were recorded for
comparison of non-alarm vocalizations included Syllables per note, Maximum Pitch, and
Minimum Pitch. These values were compared to their respective values from Gump Station.

TABLE B5 Values recorded of alarm call vocalizations. Data values compared included
Minimum and Maximum Pitch and change in pitch of alarm calls. Change in Pitch was calculated
by dividing the difference in end and start frequencies and dividing by the duration of
vocalization.

APPENDIX C
These tables indicated the p values of different data sets between compared sites. Values were
considered significant if below the alpha of 0.05

TABLE C1 P values for number of syllables per note. Values less than 0.05 indicate a likely
difference between locations and are outlined in gray. No other comparisons were significantly
different.

TABLE C2 P Values for Maximum Pitch Vocalized. Most sites had p values less than 0.05,
outlined in gray.

TABLE C3 P Values for Minimum Pitch Vocalized. Every site had a significant difference with
another site except for Ta’hiamanu Beach. Sites with p v
 alues less than 0.05 were outlined in gray.

TABLE C4 P Values for Change in Pitch in Alarm Call Vocalizations. Sites with significant
differences had p v
 alues <0.05 and were outlined in gray.

TABLE C5 P Values for Minimum Frequencies in Alarm Call Vocalizations. P v
 alues <0.05
were considered significantly different and outlined in gray.

Table C6 P V
 alues of Maximum Frequency in Alarm Call Vocalizations. P values were
considered significant if they were less than 0.05, outlined in gray.

