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Standardized measures of behavior can be powerful tools for assessing the impact of
whale watching activities on natural populations of cetaceans. To determine the possible
impact of tourism on dolphins between a period without whale watching (1989–1992)
(T1) and a period with whale watching (2010–2020) (T2), we examined the changes in
the rate of surface behaviors, the group size of long-time resident bottlenose dolphins
living in the waters of the Humboldt Current off Chile, and for T2 alone, we compared
these differences between two localities, the Punta de Choros and Chañaral de Aceituno
coves. We observed a significant decrease in the group size of the resident population
and in the frequency of surface events associated with the absence and presence of
tourism. For T2, we observed significant differences for the frequency of surface events
between the Chañaral de Aceituno and Punta de Choros coves and differences in the
frequency of surface events at different hours of the day. This was associated with the
number of vessels at the time of the encounter. In addition, we observed for T2 that
the most observed instantaneous response of the dolphins to the presence of tourist
vessels was to avoid the boats, while approaching the boats was the least observed
response. The number of vessels present in each dolphin encounter was the most
important variable for our model as it explains these differences. These results show that
tourism vessels have a significant impact on dolphin behavior and sociability, while the
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same population of dolphins have different spatial and temporal responses to different
impacts of tourism. Further studies are needed to establish whether changes in the rate
of surface behaviors are associated with higher levels of stress in dolphins and with
effects on their health and reproductive success in the long term.

Keywords: behavior, bottlenose dolphins (Tursiops truncatus), whale-watching, space effect, Chile, time scale

INTRODUCTION

Over the last two decades, commercial boat-based whale
watching has exponentially increased in the coastal areas of the
world (Hoyt, 2001; Weir and Pierce, 2012; Hoyt and Parsons,
2014; Silva, 2015). Consequently, it has raised concerns about the
potential negative impact these activities might have on cetaceans
(Richardson et al., 1995; Nowacek et al., 2007). Some studies have
shown changes in the behavior of resident dolphin populations
depending on the species and the type and number of vessels
present (Ford et al., 1996; Bejder et al., 2006; La Manna et al.,
2013; Pirotta et al., 2015; New et al., 2020). These changes can
be reflected as shifts in distribution (Mattson et al., 2005; Lemon
et al., 2006) and feeding sites (Stockin et al., 2008), differences in
vocal behavior, and in the frequency of surface behaviors, such as
body posture and leaping (Lusseau, 2003a).

In Chile, boat-based whale watching was first developed in
the mid-1990s in Chañaral de Aceituno cove, and focused on a
school of 40–45 bottlenose dolphins discovered in 1987 next to
the west coast of Chañaral Island (29◦ 01′S, 71◦ 37′W) (González
et al., 1989). These dolphins have been studied with photo-
identification comparisons for about 30 years (González et al.,
1989; Gibbons, 1992; Capella et al., 1999; Thomas, 2005; Molina,
2006; Cruz, 2011; Toro, 2011). By means of photo-ID, Gibbons
(1992) established the residence of these dolphins in this area,
where they remained at least until 1995 (Capella et al., 1999).
Subsequently, the dolphins moved 28 km to the south coast of
Choros Island (29◦ 15′S, 71◦ 33′W) (Capella et al., 1999; Sanino
and Yáñez, 2001) and between 2000 and 2020 (Perez-Alvarez
et al., 2018; Santos-Carvallo et al., 2018), the school has been seen
at both sites, keeping the individual composition unchanged for
a significant number of members (Thomas, 2005; Molina, 2006;
Cruz, 2011).

Even though whale watching was developed in Chañaral de
Aceituno cove in the mid-1990s, it extended to Punta de Choros
cove at the end of 90s, in response to the shift in distribution of
the bottlenose dolphins (Hanshing, 2001). The regular presence
of these resident bottlenose dolphins (Gibbons, 1992; Sanino and
Yáñez, 2001; Thomas, 2005; Molina, 2006; Cruz, 2011; Toro,
2011) and co-occurrence of a high diversity of marine mammals
(Capella et al., 1999, Capella et al., Unpublished data), and also
the growth of tourism in the city of La Serena, which is a city
117 km south of Punta de Choros, led to an explosive growth
in local whale watching over the last decade. The number of
visitors and vessels registered in the area of Punta de Choros–
Chañaral de Aceituno coves, shows an increase from just one
vessel and a hundred visitors in 1995, 72 vessels and over 51,000
visitors in 2016 (Hanshing, 2001; Toro, 2011, P. Arrospide, pers.
comm., March 2017), and up to receiving over 29,000 visitors in

the 2020 whale watching season (Hanshing, 2001; Toro, 2011, P.
Arrospide, com. Pers.).

In this article, we assess the impact of whale-watching vessels
off the Punta de Choros–Chañaral de Aceituno coves on the
surface behavior and group size of resident bottlenose dolphins
in Chañaral Island and Choros and Damas Island, respectively,
between 2010 and 2020 (T2). We compare the rates of surface
behavior observed in a first period from 1989 to 1992 (T1)
without whale-watching vessels to a second period from 2010
to 2020 (T2) when whale-watching vessels were present and the
differences in the rates of surface behavior between the morning
and afternoon for both periods. We also compared dolphin
behavior and responses to boats during T2 with varying numbers
of vessels present during sightings, with a low number of vessels
in the morning and a higher number in the afternoon.

MATERIALS AND METHODS

Study Area
The study area located in the northern limit of the upwelling
zone of Coquimbo Bay in the cold waters of the Humboldt
Current off a 10 km stretch of mainland coast includes the waters
around three coastal islands belonging to the Humboldt Penguin
National Reserve (Figure 1). Chañaral Island located further
north only offers whale watching from Chañaral de Aceituno
cove, and Choros and Damas islands, the other two southern
islands offer whale watching from the Punta de Choros cove (29◦
15′S).

The focus group studied corresponds to a small resident
population of 45–50 bottlenose dolphins. At least 50% of the
individuals have been living in the area from 1987 to 2020
(Capella et al., unpublished data; Vilina et al., 1995) and moving
among the coastal waters of the three islands.

During the spring–summer seasons of 1989–1990 years (T1),
surface behaviors of a single group of bottlenose dolphins were
monitored by at least two observers using binoculars (8 × 30)
from a cliff 30 masl on the south-west coast of Chañaral Island.
A total of 10 surface behaviors (Table 1; Gibbons, 1992; Bearzi
et al., 1999; Würsig and Whitehead, 2009) were continuously
observed by recording all events (Bearzi et al., 1999; Mann,
1999; Bearzi et al., 2005; Williams et al., 2006) from 8:00 to
17:00 h (n = 78 days, 508.2 h) between December and February
(Gibbons, 1992). Group size was determined by maximum
counts every 5 min.

During 10 successive years between 2011 and 2020 (T2), the
dolphins moved in a more scattered and unpredictable way
throughout the study area, making it impossible to monitor
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FIGURE 1 | Map of the study area in coastal waters of the Humboldt Current, northern Chile. The gray shaded area at Southwest of Chañaral Island shows the
study area for the T1 period without whale watching (1989–1992) and around Chañaral and Damas, Gaviotas, and Choros Islands for T2 with whale watching
(2010–2020). In both areas, at least 50% of dolphins were the same individuals.

TABLE 1 | Details of definitions of surface behavior and the response to boat disturbance for bottlenose dolphins (Tursiops truncatus) (Bearzi et al., 1999 and Bearzi
et al., 2005 modified).

States Definition

Surface behavior

1 Leap Airborne forward progress of at least one body length while in the dorsal position.

2 Lateral bow Bow performed in lateral position.

3 Back bow Airborne forward progress of at least one body length while in the ventral position

4 High bow Bow higher than one body length.

5 Head slap Side of head makes sharp, noisy contact with surface.

6 Spy hop Brief vertical or near-vertical elevation of body and head – up exposure of the fore section followed by sinking return to
the water.

7 Tail slap Flat and noisy contact of caudal section on water surface.

8 Back breach Fore section elevated above surface with the ventrum uppermost and dropped backward, landing noisily on the
dorsum.

9 Breach Animal elevates portion of fore section above surface and drops flatly and noisily on the lateral side.

10 Flukes up Dolphin arches back and exposes flukes as dives.

Response to the boat

1 Avoidance When an individual or focal group of dolphins moves away, changes direction, increases speed, or dives with the arrival
of a tourism boat.

2 No response The individual or focal group of dolphins do not show any behavioral response relative to the arrival and presence of the
tourist vessel.

3 Approach The individual or focal group of dolphins move toward the sightseeing boat for at least part of the observation period.

4 Bowride/accompany Special response where the animals follow the waves left by the tourist boat/when the individual dolphins swim in the
same direction of the tour boat during the encounter.

their behavior and group size systematically from land. Data
about the occurrence of surface behaviors and group size
were collected during 357 brief encounters (16-min average
for each effective encounter) from whale-watching vessels
(11 m in length, four-stroke 100 HP engine) in the coastal
waters off Chañaral island and the Choros–Damas islands
(Figure 1) between 8:00 and 17:00 h (n = 421 days; 3,723 h),

on trips lasting 2–3 h between January and February, with
two observers.

In addition, during T2, instantaneous responses from each
individual dolphin alerted to the presence of tourist vessels
from Chañaral de Aceituno cove and Punta de Choros cove
were recorded for Chañaral island and the Choros–Damas
islands, respectively. The four instantaneous responses are
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described in Table 1. For all measurements, between 8:00 and
12:00 was classified as AM and between 12:00 and 17:00 was
classified as PM.

Analysis
For statistical comparisons of behavioral events, we used a ratio
for behavioral events to group sizes for each encounter (number
of events/group size). Statistical analyses were performed in R
v 4.0.2 and R studio v 1.3.1073 and plotted with the R base
options and the ggplot2 package. To determine the normality
of the sighting and effort variables, we performed a Shapiro–
Wilk normality test. To determine the differences between group
size with the presence and absence of tourist vessels, we used a
Kruskal–Wallis rank sum test and pairwise comparisons using a
Wilcoxon rank sum test with continuity correction.

A generalized linear model (GLM) with normal distribution
was built to verify the association between the frequency of
surface behaviors and the presence of whale-watching vessels
(T1 and T2); time of the day; month, year, and number of
vessels. Generalized linear models (GLM) were built using
the “glm” function for the package stats, with the argument
family = “binomial” and a p-value threshold of <0.05 for
significant predictors. All the models were plotted using the
package effects and residuals were analyzed for normality and
homoscedasticity. One-way ANOVA was used to compare the
AM and PM frequency of behaviors to T1 and T2 and for the
number of vessels for T2, followed by the post hoc Tukey multiple
comparison test to compare the number of surface behaviors
in different numbers of vessels, using the package “multcomp”
V1.4-10 in the R statistical language (Westfall et al., 1999).

To establish a relationship between the number of vessels
and the response of bottlenose dolphins, we made decision trees
using the caret and randomForest packages with a split of the
observations into 70% training and 30% testing datasets.

RESULTS

In T1, we had a total of 58 days of observation of dolphins
from land. Observations were made in morning and afternoon.
The observation time varied between 130 and 235 min in the
morning and 200 and 355 min in the afternoon. For T2, 357
encounters with groups of resident dolphins were recorded.
Of these encounters, 279 were in Punta de Choros and 78 in
Chañaral de Aceituno. Of the total number of encounters, 175
correspond to AM hours (146 Punta de Choros and 29 Chañaral
de Aceituno) and 182 correspond (133 Punta de Choros and 49
Chañaral de Aceituno) to PM hours. For T2, effective encounters
had an average duration of 16 min (max: 31 min; min: 4 min).

The average group size in T1 was 42 individuals (median = 43,
range: 40–45) for only one distinguished cohesive group
(Gibbons, 1992). During T2, between one to five groups
(median = 8, range: 1–15) were seen in both areas during a
working day (Figure 2). No significant differences were observed
in the group size, neither between the coves and hours of the

day nor among encounters with different numbers of whale-
watching vessels.

In T1, a total of 5,708 surface behaviors (rate: 4 surface
behaviors per individual) were recorded during 6,963 min
of dedicated observations at the coast of Chañaral Island.
Of these observations, 2,880 min were dedicated to
AM hours, registering 2,983 (rate: 2.8 surface behaviors
per individual) surface behaviors. In the PM hours,
there were 4,083 min of observations and 2,725 (rate:
4.9 surface behaviors per individual) surface behaviors
recorded (Figure 3A).

In T2, a total of 2,465 (rate 0.8) surface behaviors were counted
in 5,282 min of observations. Surface behaviors were observed in
61.2% of all encounters with dolphins; 57.7% of the meetings in
Punta de Choros and 74.6% in Chañaral de Aceituno (Figure 3B).
For both T1 and T2 periods, the most observed surface behavior
was leaping, however, the proportion of this event increased
significantly for T2 (p-value = 0.00134).

For T1, significant differences (p-value = 0.001) were observed
in the surface behaviors between AM and PM, with PM being the
period with more surface events (Figure 3A). At T2, significant
differences between AM and PM were observed, with most
surface behaviors for both the Punta de Choros and Chañaral
de Aceituno coves occurring in the AM hours (Figure 3B). We
found a significant difference in the frequency of surface events
in T2 with the presence of tourism and T1 with the absence of
tourism (p-value < 3.312e-17) for the Kruskal–Wallis test.

As for the results of the GLM analysis, we found a significant
effect for the variables presence of tourism, cove, and years
(p-value = 0.05), AM–PM (in T1 and T2), and presence and
number of vessels (p-value < 0.0001). For the month variable
(January–February), no significant effect was observed on surface
events (Figure 3). For T2, we observed significant differences
between the frequency of surface behaviors and the presence of
whale-watching vessels (ANOVA, p > 0.001) for the Chañaral de
Aceituno (Figure 4A) and Punta de Choros coves (Figure 4B).
For the post hoc Tukey analysis, we found a significant difference
when the number of whale-watching vessels was more than two.

In T2, out of a total 2,883 instantaneous responses to vessels’
disturbance, 51.1% corresponded to avoidance, 30.3% resulted in
no response, 13.7% attempted to bowride, and 4.9% approached
the boat. From that total, it was found that in Punta de
Choros, 63.2% of the responses corresponded to avoidance and it
increased for the PM hours, and the least observed response was
approaching with 0.3%. Whereas in the Chañaral de Aceituno
waters, with fewer whale-watching vessels than Punta de Choros,
no response (45.1%) was the most frequent, followed by bowride
at 25.8% (Figure 5).

We made a decision tree between the instantaneous responses
to the tourist vessels, considering only the data in which the whole
group of dolphins responded to the encounter with the vessels.
For Punta de Choros, the group of dolphins had a 65% probability
of avoidance of the site in the presence of three or more whale-
watching vessels, but when the number of vessels was less than
three, the group of dolphins had a 35% probability of no response
(Figure 6A). For Chañaral de Aceituno, the group of dolphins
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FIGURE 2 | Bottlenose dolphin group sizes in T1 (without whale watching) and T2 (with whale watching) in the study area. The horizontal line in the box represents
the mean and the limits in the percentiles 25 and 75. The error bar indicates the maximum and minimum values.

FIGURE 3 | Frequency of occurrence of the ten surface behaviors by bottlenose dolphins in the study area. Without whale watching and with whale watching for the
morning (AM) and afternoon (PM) and for January and February (A). Frequency of occurrence of the ten surface behaviors by bottlenose dolphins in the study area in
T2 for the Chañaral de Aceituno (CDA) and Punta de Choros (PDC) coves, for the morning (AM) and afternoon (PM) and for January and February (B).

had a 17% probability of avoidance of the site in the presence of
two tourism vessels (Figure 6B).

We found significant differences in the number of vessels at
the time between AM and PM for T2 in Punta de Choros (p-
value = 0.000234) in the Kruskal–Wallis test. In Punta de Choros,
we found an average of five vessels present at each encounter
(AM: four vessels; PM: six vessels) and for Chañaral de Aceituno,
we found an average of two vessels present per encounter (AM:
one vessel; PM: two vessels). Also, it was observed that the high
number of vessels present in each encounter was accentuated

during the months of February, especially in Punta de Choros
cove (Figure 7).

DISCUSSION

Although there are numerous studies of bottlenose dolphins
worldwide, there are a limited number of studies on the
introduction of whale-watching vessels on the same individuals
across time and space, as we describe here for the Chañaral de
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FIGURE 4 | Effect plot of the prediction model based on the data for the frequency of surface behavior and number of vessels present in each encounter with
bottlenose dolphins, for the (A) Chañaral de Aceituno (CDA) and (B) Punta de Choros (PDC) coves.

FIGURE 5 | Individual response to the vessels for the morning (AM) and afternoon (PM) (A). Frequency of an individual response to vessel disturbance for the
dolphins. Individual responses for the Chañaral de Aceituno (CDA) and Punta de Choros (PDC) cove in T2 (B).

FIGURE 6 | The decision trees show the predicted probability of avoidance or no response for the Punta de Choros dolphin encounters groups (A) and Chañaral de
Aceituno dolphin encounters groups (B). Note that the two probabilities add to 100%. The proportion is 100% for the root node.

Aceituno and Punta de Choros coves. The superficial behaviors
of dolphins have been associated with different contexts such
as levels of alertness, social behaviors, or collaborative foraging
behavior (Constantine et al., 2004; Lusseau, 2006). It is in this
context that we wanted to verify if whale watching causes some
effect on these behaviors.

We demonstrate the impact of whale-watching vessels on
resident bottlenose dolphins in northern Chile by lines of
complementary evidence. We found a significant decrease in the
rate of dolphin surface behaviors associated with the number
of whale-watching vessels visits, for the different sites studied.
The differences in the rate of dolphin surface behaviors between
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FIGURE 7 | Number of vessels present at each encounter with the dolphins in T2 for both the Chañaral de Aceituno (CDA) and Punta de Choros (PDC) coves, time
of day (AM and PM), and January and February. The error bar indicates the standard deviation.

islands were associated or coincided with the differences in the
numbers of whale-watching vessels that visited them.

The same was true for the differences in the rate of behaviors
between the morning and afternoon. We ruled out that this daily
pattern of surface activities was a consequence of the natural
circadian cycle, because during T1 (without whale-watching
vessels), we observed more surface events in the afternoon, which
differed from T2, when we found a significant decrease in the
rate of the dolphins’ surface activity during afternoons with
significantly more vessels present compared to mornings. We also
considered a possible cumulative daily effect of whale watching
on the dolphins’ behavior from morning to afternoon. More
frequencies of surface events were recorded in the afternoon in a
population of bottlenose dolphins in North America (Henderson,
2004) as well as that observed in the spinner dolphin (Stenella
longirostris) in Hawaii (Norris and Dohl, 1980), these studies were
in the absence of tourist vessels.

It complements the abovementioned response to boat
disturbance, we found that the avoidance response (51.1%) was
the most observed, especially in Punta de Choros increasing
toward the afternoon (63.2%), whereas in Chañaral de Aceituno,
no response was the most observed (45.1%). Our results match
with those observed in Guiana dolphins and river dolphins in
the Amazon, where in the presence of more than one vessel,
the dolphins tend to avoid the vessel or show no response to its
presence (Acosta, 2002). This response to the presence of vessels
has also been described in bottlenose dolphins (Constantine,
2001; Steckenreuter et al., 2012; Pérez-Jorge et al., 2017), even

observing differences in the ways of escape between males and
females in New Zealand bottlenose dolphins (Lusseau, 2003b,
2007). Differences in the relative frequency of “leap forward”
behavior with and without the presence of tour vessels has already
been described in a resident population of bottlenose dolphins in
New Zealand (Lusseau, 2003a). It has been speculated that these
behaviors would be cost effective methods for visual and acoustic
communication (Whitehead and Waters, 1990; Lusseau, 2003b,
2006, 2007; Williams et al., 2006; Lusseau et al., 2009), especially
in noisy environments (Erbe, 2002). The frequent withdrawal of
dolphins from whale-watching vessels and the increase in the
rate of “leap forward” with more vessels could be associated with
avoiding the source of disturbance, aggressiveness, or it could be
a starting behavior for a set of other responses (Williams et al.,
2002; Lusseau, 2006).

The decrease in the surface behavior of bottlenose dolphins
associated with the presence of vessels observed in our study is
similar to that described for other populations of this species
that reside in whale-watching vessel activity areas, such as in
Cispatá Bay, Colombia (Ávila, 1995), Sarasota, FL, United States
(Nowacek et al., 2001), and Doubtful Sound, New Zealand
(Lusseau, 2003a); and also for other dolphin species, such as
Hector’s dolphins, Cephalorhynchus hectori, in Porpoise Bay,
New Zealand (Bejder et al., 1999).

Our results suggest that whale-watching vessels produce short-
term changes in surface behavior. Nevertheless, it is necessary to
study whether changes in the rate of surface events are associated
with greater stress and whether whale-watching vessel activities
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could have long-term implications such as health, energy budget,
reproduction, and dynamics of this resident population of
bottlenose dolphins, and could be addressed by application of the
PCoD approach (Williams et al., 1992; New et al., 2015, 2020).

For this resident population of bottlenose dolphins, we have
observed that, in the last 3 years, at least one stable group of
individuals has decreased (unpublished data). In addition, they
have been found in a higher proportion in the same area that we
describe for T1. This could be associated with a recolonization
of the area in response to the high number of tourism vessels in
Punta de Choros cove. This type of response has been described
in Panama, Croatia, and Australia, where the high number of
tourist vessels causes dolphin populations to avoid these areas
in the long term, moving toward areas with less pressure from
vessels (Lusseau, 2005; Steckenreuter et al., 2012; Rako et al.,
2013).

Comprehensive assessment of the impact of whale-watching
vessels on this local bottlenose dolphin population is a basic
requirement in the establishment of policies of conservation,
environmental education, and regulatory standards. The
establishment of these policies is a condition sine qua non for
the conservation of the local bottlenose population and also for
the economic sustainability of the local community. We hope this
work will contribute to these objectives.
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