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ABSTRACT

Bottlenose dolphins (Tursiops truncatus) rely on frequency modulated, narrowband
whistles to establish and maintain complex interactions. As dolphins move through their
environment, they encounter areas with varying acoustic properties and use them for
different purposes. To explore if social and anthropogenic factors vary in the way the
influence whistle emission rates and acoustic structure, I studied a small, genetically
distinct population of bottlenose dolphins in Bocas del Toro, Panama. This population is
isolated from other Caribbean populations and inhabits a region (Dolphin Bay) that has
become a hotspot for dolphin-watching tourism. The objectives of this thesis are to
determine whether (1) dolphin whistle emission rates and (2) the frequency and temporal
characteristics of whistles vary in relation to behavioral activity, group composition, and
the presence of boats. These factors have been investigated separately in the past;
however, this study takes each into account. Acoustic and behavioral data were collected
during boat surveys conducted over 31 days in 2023 and 15 days in 2024, using four-
channel broadband recording systems. The results of this study show that whistle
emission rates vary primarily with behavior, with dolphins increasing their whistle rate
during social activities. Social activities also influenced the acoustic structure of whistles.
During social interactions dolphins produced whistles with higher low frequencies, as
well as higher peak frequencies. Interestingly, in contrast to previous studies in the area,
the impact of dolphin-watching boats on whistle emission rates and acoustic structure
was minimal. This may be due to the timing of data collection which occurred outside of
peak tourism season, and this study’s inclusion of behavior as a factor. Overall, the
findings suggest that when dolphin-watching boat presence is low, social behavior is the
primary factory driving variation in whistle emission rates and acoustic characteristics.
This study highlights the plasticity of dolphin communication across varying contexts by
simultaneously examining behavior, boat presence, and group composition. It also
underscores the importance of considering this flexibility when studying bottlenose
dolphin populations, offering deeper insight into how they adapt their communication to
a dynamic environment.
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DO SOCIAL AND DOLPHIN WHATCHING ACTIVITIES VARY IN HOW
THEY INFLUENCE BOTTLENOSE DOLPHINS WHISTLE EMISSION AND
ACOUSTIC STRUCTURE?

1. Introduction

Dolphins produce communicative signals that generally fall into two categories.
The first includes burst-pulsed sounds, which are broadband signals characterized by
high repetition rates and short inter-click intervals (Herzing, 2000; Au & Hastings, 2008).
These sounds are often context-specific (Janik, 2009) and are typically associated with
agonistic or high-arousal interactions (e.g., Herzing, 2000; Blomqvist & Amundin, 2004;
Diaz-Lopez, 2006). The second category consists of tonal sounds, commonly referred to
as whistles—narrowband, frequency-modulated signals that appear to serve two major
functions (Janik, 2009). Variant whistles are produced by all individuals in various social
contexts, while signature whistles are individually distinctive contact calls used primarily
when individuals are separated from each other (Caldwell & Caldwell, 1968; Sayigh et
al., 1990, Quick & Janik, 2012, Smuts et al., 1993). Of the two categories of sounds,
whistles are the best and most commonly studied.

Bottlenose dolphin whistle emission rate and acoustic structure have been shown
to vary with several factors, including group size (Quick & Janik, 2012, Mosca et al.,
2025, (Hernandez et al., 2010), behavioral activity (Quick & Janik, 2012; Mosca et al.,
2025, Hernandez et al., 2010), group composition (Hawkins and Gartside 2010;
Quifiones-Lebron and May-Collado 2011), and boat presence (Morisaka et al., 2005;
May-Collado & Wartzok, 2008; Perez-Ortega et al., 2021, Antichi et al., 2022). For

example, some studies have reported that dolphins in smaller groups tend to emit whistles



at higher rates, possibly to maintain contact and coordination among more dispersed
individuals (Quick & Janik, 2012). Conversely, other research has found that whistle
rates increase with group size (Mosca et al., 2025). When accounting for behavior,
studies have observed higher whistle emission rates during social interactions, when
maintaining group cohesion is critical. In contrast, lower rates are typically recorded
during coordinated travel, where visual cues may be sufficient for group coordination
(Quick & Janik, 2012; Mosca et al., 2025). In addition to behavior and group size, group
composition may also influence whistle production. For instance, Hawkins and Gartside
(2010) reported higher whistle rates in groups composed only of adults, whereas
Quifiones-Lebron and May-Collado (2011) found that groups with calves exhibited
increased whistle rates, particularly during social behavior, likely to facilitate mother—
calf communication. Finally, dolphins have been known to adjust their whistle emission
rate in the presence of boats (May-Collado and Quifiones-Lebron, 2013; Perez-Ortega et
al., 2021). Generally, the presence of boats, especially dolphin-watching vessels, can lead
to reduced or increased whistle rates, possibly due to masking from engine noise or
behavioral changes in response to disturbance (Quifiones-Lebron and May-Collado 2011)
or as increased need to communicate when group members are separated by the boats
(Perez-Ortega et al., 2021).

Similarly, dolphin whistle acoustic frequency and duration can be significantly
influenced by group composition ((Heiler et al., 2016; Sayigh et al., 2023), behavior
(Heiler et al., 2016, May-Collado & Quifiones-Lebron 2013) and underwater noise (May-
Collado & Quiniones-Lebron 2013, van Ginkel et al., 2017, Perez-Ortega et al., 2021,

Gagne et al., 2022,Silva et al., 2024). For example, bottlenose dolphin mothers tend to



increase their whistle frequency and frequency range when in the presence of their calves
(Sayigh et al., 2023). Also, when dolphins are engaging in social interactions, they tend
to produce whistles with higher start and minimum frequencies and shorter whistle
durations. These changes likely facilitate more dynamic and immediate communication
needs during active behaviors (Heiler et al., 2016). However, most studies report shifts in
whistle frequency, duration, and modulation in association with elevated underwater
ambient noise levels. van Ginkel et. al (2018) reported that for every 1dB increase in
ambient noise, dolphin whistle minimum frequency increased by 121 Hz, maximum
frequency by 108 Hz, and peak frequency between 122 and 144 Hz. In most cases,
elevated ambient noise levels are the result of boat traffic. However, the direction of
shifts in frequency and temporal whistle features depends on how animals interact with
different boat activities. Perez-Ortega et al. (2021) compared areas used by taxi boats
with areas used for dolphin watching and found that in areas used by dolphin watching
boats, dolphins produce whistles with a wider frequency range and higher modulation.
Because dolphin whistle modulation is thought to be a potential indicator of emotional
states including danger, alertness, and stress (Esch et al., 2009), dolphin-watching boats
may be consider a source of stress to dolphins.

How social and anthropogenic activities influence dolphin whistle emission rates
and acoustic features depends on the acoustic characteristics of the environment and how
dolphins adapt their communication strategies in response. To investigate whether social
(group composition and behavior) and anthropogenic factors (boat traffic) differentially
affect whistle emission rates and acoustic structure, I studied a small, genetically distinct

population of bottlenose dolphins inhabiting the archipelago of Bocas del Toro, Panama



(Barragan-Barrera et al., 2017). Most individuals in this population regularly utilize
Dolphin Bay, a site that has become a hotspot for dolphin-watching activities. Previous
studies have documented negative impacts of dolphin watching boats in this area on
dolphin behavioral budgets (Kassamali-Fox et al., 2020), habitat use (May-Collado et al.,
2017), and acoustic behavior (Quifiones-Lebron & May-Collado, 2011; May-Collado &
Quinones-Lebron, 2013; Gagne et al., 2022; May-Collado & Wartzok, 2008; Perez-
Ortega et al., 2021). However, none of these studies have considered the potential
interactions between boat presence, behavior, and group composition. My hypothesis is
that group composition, behavior, and the presence of dolphin-watching boats, and their
interaction will have distinct effects on dolphin whistle emission rates and whistle
acoustic features. Based on previous research in this area, I expect that groups with
juveniles and calves will exhibit higher whistle emission rates (Quifones-Lebron & May-
Collado, 2011) and greater whistle frequency range and modulation, particularly during
social behaviors (Gagne et al., 2022). In contrast, I additionally expect whistle emission
rates and whistle frequency range and modulation to increase in the presence of dolphin-
watching boats, (Quifiones-Lebron & May-Collado, 2011, May-Collado & Quifiones-
Lebron, 2013) reflecting a potential acoustic adjustment to anthropogenic disturbance as
shown by Perez-Ortega et al., (2021) and Gagne et al., (2022).

This study contributes to a better understanding of how social and anthropogenic
factors influence dolphin acoustic communication. Gaining insight into the multiple
drivers of whistle occurrence and structure can help us better anticipate how the complex
process of dolphin communication may be affected by changing soundscapes and

increased boat traffic.



2 Materials and Methods

2.1 Study Site

The study was conducted in Dolphin Bay, located in the Bocas del Toro Archipelago in
Panama (Fig. 1). The archipelago is characterized by shallow coastal waters, with depths
ranging from 20 to 50 meters, and supports a variety of ecosystems, including
mangroves, seagrasses, and coral reefs (Guzman et al., 2005). The average water
temperature remains close to 28°C year-round, with daily fluctuations of up to 4°C

(Kaufmann & Thompson, 2005).
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Figure 1. Map of the study site in the archipelago of Bocas del Toro, Panama. The study
took place in May-June of 2023-2024 in Dolphin Bay (figure from Kassamali-Fox et al.,

2020).

2.2 Bottlenose Dolphin Population
Bocas del Toro is home to a resident population of coastal bottlenose dolphins. This

population is genetically isolated from other bottlenose dolphin populations and has an



effective population size of 78 animals (Barragan-Barrera et al., 2017). Within the
archipelago, dolphins tend to be found primarily within Dolphin Bay. Here, dolphins are
regularly foraging and socializing (May-Collado et al., 2017). Furthermore, high sighting
rates of mother-calf pairs suggest the bay may also serve as critical habitat for females
with dependent offspring (Kassamali-Fox et al., 2020). Because dolphins regularly use
the bay, they have become an important component of the local economy through
dolphin-watching activities (May-Collado et al., 2017). Despite the existence of whale-
watching regulations and training programs, most tour boat captains do not adhere to
these guidelines. As a result, dolphins frequently experience close interactions with boats,
which have been shown to affect their behavioral budgets (Kassamali-Fox et al., 2020)
and communication patterns (May-Collado & Wartzok, 2008; May-Collado & Quifiones-

Lebron, 2013; Gagne et al., 2022; Perez-Ortega et al., 2021).

2.3 Data Collection

Boat surveys were carried out in 2023 (May 16-June 16) and 2024 (June 5-20) using a
small research boat (10m in length) outfitted with one or two stroke outboard engine. The
boat was launched from the dock of the Smithsonian Tropical Research Institute in
Saigon Bay at 07:00, 4 to 5 days per week, and stayed out until 3:00, We conducted non-
systematic surveys within Dolphin Bay until a group of dolphins was found. A group was
defined as multiple dolphins moving in the direction and engaged in the same behaviors
(Mann, 1999). Once a group of dolphins was sighted, the following information was
collected: GPS location, group size, group composition (adults and
adults+juveniles/calves) following animal size definitions utilized in Mallette et al., 2016

and Grellier et al., 2003, predominant behavioral category (socializing, traveling, and



foraging) following definitions in Kassmali-Fox et al., (2020), and the presence and type
of boat activity (research, transport, dolphin watching) during recording sessions.

After this initial data collection, we photographed the dorsal fins of each group
member. Dolphins have natural markings on their dorsal fins that allow researchers to
identify individuals over long periods of time (Hammond et al., 1990). Following photo
identification, the boat engine was turned off, and we waited approximately 5 minutes to
allow the dolphins to acclimate to the research vessel. Acclimation was determined by
observing continuous behavior patterns and stable vocalizations. In both field seasons, we
deployed four CR3 hydrophones — two on each side of the boat — to record dolphin
vocalizations. Each hydrophone was connected to a channel in a four-channel Avisoft
UltrasoundGate416H which was linked to a laptop. This system allowed us to record
dolphin sounds at a sampling rate of 440 kHz and to localize vocalizing individuals. In
both years, we operated a DJI Mini 4 drone over the dolphin groups during acoustic
recordings at 100 m of altitude to gather additional data on spatial formation and
behavior. When possible, dolphin groups were recorded for approximately one hour.
During this period, the dolphins' positions relative to the boat, along with time, were
continuously annotated. If the dolphins moved more than 500 meters away from the boat,

the research boat was repositioned to maintain recording quality.

2.4 Dolphin Whistle Analysis
Each acoustic recording was visually inspected for the presence of dolphin whistles using
spectrograms in Raven 1.5 (2016; Cornell Lab of Ornithology) with a fast Fourier

transform size of 1,024 points, an overlap of 50%, and a 1024-sample Hann window



(May-Collado & Wartzok 2008). When dolphin whistles were found, they were manually
counted and classified based on their contour type. Manual classification of dolphin
contour types is a commonly used approach in dolphin bioacoustics, as many studies
demonstrated that human observers can adeptly classify and detect whistle contour
features, with performance that is comparable to that of computational systems (Janik,
2009). The data was used to estimate whistle emission rate and determine if whistle rate
emission changes with boat presence, group composition, and behavior. Dolphin
emission rate was calculated as the number of whistles per group divided by the sighting
duration and group size, to account for group size effects on whistle production (Luis et
al., 2016; Quick & Janik, 2008).

To determine whether whistle acoustic structure varies with boat presence, group
composition, and behavior, whistles were selected based on the following criteria: (1)
whistles had to exhibit a clear and continuous contour from start to end, with a signal-to-
noise ratio (SNR) greater than 4 dB, estimated using the RAVEN SNR protocol ; and (2)
overlapping high-quality whistles were included only if they were visually
distinguishable from each other.

For each selected whistle, the following acoustic features were extracted:
minimum frequency (Hz) (lowest frequency of the selection), maximum frequency (Hz)
(highest frequency of the selection), delta frequency (Hz) (difference between maximum
and minimum frequency), peak frequency (Hz) (frequency with the highest energy),
duration (s), and the number of inflection points along the peak frequency contour (PFC
Num Inf Pts) (Gagne et al., 2022) (Figure S1). Additionally, each whistle was annotated

with its corresponding contour type. Dolphin whistle contours were categorized using



established classification schemes: constant (no frequency modulation), upsweep
(increasing frequency), downsweep (decreasing frequency), concave (decreasing then
increasing), convex (increasing then decreasing), and sine wave-like patterns (e.g.,
Driscoll, 1995; Baztia-Duran & Au, 2002) (Figure S1). The selection process yielded a
total of 394 whistles from 84.7 hours of recordings, corresponding to 66 dolphin groups
recorded during the 2023 and 2024 field seasons (Table S1). It is important to note that
whistles were not further classified by function (e.g., signature vs. variant), as this was

beyond the scope of the present study.

2.5 Statistical Analysis
All statistical analyses were conducted in R (version 4.4.2). To investigate the effects of
boats, behavior, and group composition on dolphin whistle emission rate I used group
sighting as my primary unit to construct a linear model (LM) using the base R. To meet
the model assumptions of normality and homoscedasticity, dolphin whistle emission rate
was transformed using a Box-Cox transformation. Additionally, a constant (+0.01) was
added to all values to ensure all whistle rate values were positive. The optimal lambda
value (A= 0.22) was determined, and the transformed variable was used in the linear
model. Type I ANOVA tests were conducted using the “car” package, and estimated
margin means (EMMs) and Tukey-adjusted pairwise comparisons were conducted using
“emmeans” (Lenth, 2025) to identify significant behavioral differences in whistle rate
To investigate the effects of boats, behavior, and group composition on dolphin
whistle acoustic structure, a permutation multivariate analysis of variance

(PERMANOVA) was used (Anderson, 2001, 2006) following Perez-Ortega et al., (2021).



The PERMANOVA'’s assumption of homogeneity of multivariate dispersion was tested
with a homogeneity dispersion test, using the R package “betadisper” (Oksanen et. al,
2025). Acoustic variables were transformed to log scale (y=In(y+1)) according to
recommendation by La Manna et al., (2013). Data was then transformed using Euclidean
distance and the analysis was conducted with 999 permutations of the residuals under a
reduced model. A dissimilarity percentage test (“simper”) based on Bray-Curtis
dissimilarity index was performed to find which whistle acoustic variables contributed
the most to the observed differences. PERMANOVA and dissimilarity percentage tests

were performed using the “vegan” package (Oksanen et. al, 2025).

3 RESULTS

3.1 Whistle Emission

The model that best explained the variation in whistle emission rate included the
following terms: dolphin-watching boat presence, social behavior, and groups with
calves. Together, these factors significantly explained 38% of the variance in whistle
emission rate (F(13,52) =4.12, p <0.001, Table S1). However, individually, only
behavior appears to influence whistle emission rate. Post hoc pairwise comparisons of
estimated marginal means found that whistle emission rate is significantly higher when
dolphins are engaging in social activities than when foraging (t-ratio=-2.59, df= 52,
p=0.03) or traveling (t-ratio=4.3, df=52, p=0.0002) (Figure 2). There was no significant

difference between traveling and foraging behaviors (p = 0.93).
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Figure 2. Boxplots of bottlenose dolphin whistle emission rate by behavior, boat
presence, and group composition, at Dolphin Bay, Bocas del Toro, Panama 2023-2024.
3.2 Whistle Acoustic Structure

The multivariate PERMANOVA indicates that the overall dolphin whistle acoustic
structure varies with boat presence (F=3.94, df=2, p=0.003), group composition
(F=13.44, df=1, p=0.001), behavioral activity (F=6.93, df=2, p=0.001), and the
interaction between boat presence*group composition (F=7.40, df=2, p=0.002), boat
presence*behavioral activities (F=14.92, df=3, p=0.004), and marginally with group
composition * behavioral activities (F=2.12, df=2, p=0.045). However, together these
factors and interactions only explain 20.6% of variation of whistle acoustic structure

(Table 1).
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Table 1: Significant results from the multivariate PERMANOV A comparing boat
presence, behavior, and group composition using a Euclidean matrix, log transformed
data, and 999 permutations.

Df  SumOfSqs R2 F Pr(>F)
Boat Presence 2 23.171 0.016 3.942 0.003
Group Composition 1 39.511 0.028 13.444 0.001
Behavior 2 40.706 0.029 6.925 0.001
Boat Presence x Group
Composition 2 43.489 0.031 7.399 0.002
Boat Presence x
Behavior 3 131.587 0.093 14.925 0.004
Group Composition x
Behavior 2 12.488 0.009 2.124 0.045
Residual 380 1116.767  0.793
Total 393 1409.076 1

Table 2 displays the PERMANOVA results for each dolphin whistle acoustic
feature, accounting separately for each factor and their interaction. There are significant
differences in dolphin whistle frequency, duration, and modulation between boat
presence, group composition, and behavioral activities. However, the SIMPER test
indicates that about 32% of the variation in whistle acoustic structural differences
between group compositions was explained by whistle modulation (avgAdults =3.55,
avglJuveniles/Calves = 2.87, p=0.001). Low frequency explained 20.4-25% of variation
and peak frequency explained 19.3% between behavioral activities (p = 0.11, 0.048 and p
=0.01, respectively). Whistle low frequency (avgSocial = 8.66, avgTravel = 8.21,
p=0.01) and peak frequency (avgSocial =9.12, avgTravel = 8.64, p=0.01) significantly
varies between social and travel (Fig.3), and low frequency varies only marginally

between foraging and travel activities (avgForage = 8.77, avgTravel = 8.21, p=0.048, Fig.

12



3). Overall, whistle modulation and frequency increased when dolphins were engaged in

social groups and when juveniles and calves were present.

Table 2. Significant results from the univariate PERMANOV A comparing bottlenose
dolphin acoustic parameters using a Euclidean matrix, log transformed data, and 999

permutations.
p_adj
Acoustic Variable Predictor Df SumOfSqs R2 F Pr(>F) usted
Group
Low Frequency Composition 1 7.350 0.028 16.009 0.001 0.031
Boat Presence x
Group
High Frequency Composition 2 3.028 0.044  9.167 0.001  0.031
Boat Presence x
Group
Delta Frequency Composition 2 8.047 0.038 7.684 0.001  0.031
Delta Time Behavior 2 1.794 0.031 6.613 0.002  0.048
Boat Presence x
Group
Composition 2 2.428 0.042 8.951 0.001  0.031
Group
Peak Frequency Composition 1 5.144 0.021 12.327  0.002  0.048
Boat Presence x
Group
Composition 2 10.523 0.042 12.609  0.002 0.048
Inflection Points Boat Presence 2 22.907 0.041 9.137 0.001  0.031
Group
Composition 1 25.315 0.045 20.195  0.001  0.031
Behavior 2 21.344 0.038 8.514 0.001  0.031
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Figure 3. Boxplots of bottlenose dolphin whistle modulation with group composition, and
low and peak frequency with behavior activities at Dolphin Bay, Bocas del Toro, Panama
2023-2024.

4 Discussion

The goal of this study was to assess the contribution of dolphin behavioral activities,
group composition, and boat presence to dolphin whistle emission rate and acoustic
structure in Dolphin Bay, where previous studies have primarily focused on the effects of
dolphin-watching boats (e.g., May-Collado & Wartzok, 2008; Perez-Ortega et al., 2021;
Gagne et al., 2022). I found that while the interaction of dolphin-watching boats, social
behavior, and the presence of calves all contributed to the observed variation in whistle
emission rate, social behavior alone emerged as the strongest individual driver of whistle
production. Previous studies have shown that group composition (La Manna et al., 2020)
and underwater noise (Papale et al., 2014) can also influence whistle production and
acoustic variation. However, several studies report that social activities exert a
particularly strong effect on both whistle production and acoustic structure. During social
interactions, dolphins tend to disperse from one another, and an increased whistle

emission rate during these behaviors may help coordinate group movements (Quick &

Janik, 2008). Furthermore, social and behavioral context has been identified as a key

14



factor influencing whistle contour modulation, with changes in contour potentially
conveying individual identity and emotional information (La Manna et al., 2020).

On the sighting level boat presence, behavioral state, and group composition all
influenced whistle rate. Significant interactions between these variables also indicate that
communication responses to boat presence are context dependent. However, whistle rate
was driven significantly by behavior and increases during social interactions, supporting
previous findings that vocal activity increases during coordination affiliative interactions
(Mosca et al., 2024).

Similarly, multivariate PERMANOVA revealed that boat presence, group
composition, and behavior had significant influence on whistles at the structural level,
specifically whistle frequency, duration, and modulation. Significant interactions between
these variables echo the results surrounding emission rate. However, as with emission
rate (38%), these variables only explained a small percentage (20.6%) of the structural
variation, aligning with previous studies on wild populations (Pace et al., 2024). The
findings of this study contrast with Perez-Ortega et. al (2021), in which boat presence
was the strongest driver of whistle structure in the Bocas population, specifically within
modulation parameters (number of inflection points and delta frequency). In our study
modulation, as well as low and peak frequency, were strongly related to behavioral state
and group composition. Behavior was not a compared variable in Perez-Ortega (2021),
and our variations in results may demonstrate how prioritizing separate factors, even in
the same population, offers varying prioritizations within communication. These
differences may also reflect seasonal differences in data collection: our data was collected

outside of peak tourism season while Perez-Ortega (2021) took place within the high
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season, during which dolphin-watching boat activity greatly increases. This divergence
suggests that the influence of anthropogenic versus behavioral or group factors on whistle
production and structure may shift with seasonality. In our case, when boat presence is
low, social behavior is the most important factor in shaping whistle production and
structure.

This study demonstrates the importance of behavioral context in framing whistle
emission rate and acoustic structure in this population. While boat presence and group
composition contribute to variation, social behavior is consistently the strongest predictor
of variability. Contrasting with previous research conducted during peak tourism season,
these seasonal differences underscore the relevance of study timing when interpreting
environmental impact on behavior. During periods of reduced dolphin-focused boat
traffic, social interactions are the primary influence on whistle differences. Our findings
emphasize the importance of examining dolphin communication across multiple
soundscape contexts simultaneously to better understand how both social and
anthropogenic pressures shape acoustic behaviors in wild dolphin populations.
Additionally, they demonstrate the plasticity of dolphin communication in relation to
their surroundings, and how dolphins may adjust the structure and emission of whistles in

response to overlapping social and anthropogenic dynamics.
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7. Supplemental Material

\/ Upsueep
\ Downswesp
DELTA

FREQUENCY ——— (onstant
(W)

Concove

\J
/\ Convex
M Sin

DURATION (%)

FREQUENCY (HZ)

TIME (5)

Figure S1. Example of a spectrogram showing the frequency and amplitude of a whistle
over time. Acoustic parameters extracted for analysis are highlighted, and the six
categories of dolphin whistle contour types are shown.

Table S1. Sampling effort of recordings including location and dates of field work, and
raw total whistle and sighting sample sizes.

Dataset | Field | Sampling | Sampling | Dolphin | Dolphin Bay
Period Rate Effort Bay Whistle
(hours) | Sighting Subset
Subset
2023 5/16 — 440kHz 19.41 54 396
6/16
2024 6/5 — 440kHz 66.7 13 6
6/20

Table S2. Summary of linear model (Box-Cox transformed) comparing effects of boat
presence, behavior, and group composition on whistle emission rate

(whistles/min/individual).

Std.

Variable Estimate  Error t-value Pr(>|t)
Intercept -2.429 0.421 -5.767 <0.0001
Passing Boat 0.537 0.555 0.968 0.338
Tour Boat 2.143 0.866 2.474 0.017
Social Behavior 2.777 0.721 3.850 <0.0001
Travel Behavior 0.487 0.731 0.666 0.509
Juvenile-Calf Presence 1.810 0.739 2.448 0.018
Passing Boat x Social -0.844 0.815 -1.036 0.305
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Tour Boat x Social -1.303
Passing Boat x Travel -0.008
Tour Boat x Travel -0.467
Passing Boat x Juvenile-

Calf Presence -0.503
Tour Boat x Juvenile-Calf

Presence -1.718
Social Behavior x Juvenile-

Calf Presence -1.614
Travel Behavior x

Juvenile-Calf Presence -1.007

1.187
0.835
1.163

0.689

0.859

0.867

0.882

-1.098 0.277
-0.010 0.992
-0.402 0.689
-0.729 0.469
-2.001 0.051
-1.862 0.068
-1.142 0.259

Table S3. ANOVA of linear model (Box-Cox transformed) comparing effects of boat
presence, behavior, and group composition on whistle emission rate

(whistles/min/individual)

Sum of
Variable Squares DF F value Pr(>F)
Boat Presence 3.70 2 1.61 0.21
Behavior 32.84 2 1433  <0.001
Group Composition 0.23 1 0.20 0.66
Boat Presence X Behavior 2.51 4 0.55 0.70
Boat Presence X Group
Composition 4.73 2 2.07 0.14
Behavior X Group
Composition 4.08 2 1.78 0.18
Residuals 59.57 52

Table S4. Significant SIMPER Analysis results comparing bottlenose dolphin acoustic
arameters and boat presence, behavior, and group composition.

Acoustic Av % Contr. AV AV

Parameter Variable Contrast g to dissim A B Ord CuSum pval
Inflection Juvenile/Calf 0.0

Points Presence 18 32.25 2.87 3.55 5 1.00 0.001
Low

Frequency Social v. 0.0

(Hz) Behavior  Travel 13 20.43 8.66 8.21 6 0.26 0.011
Low

Frequency Foraging 0.0

(Hz) Behavior v. Travel 15 25.01 8.77 8.21 1 0.25 0.048
Peak

Frequency Socialv. 0.0

(Hz) Behavior  Travel 12 19.34 9.12  8.64 3 0.66 0.01
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