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Whale-watching (WW) is an activity which has been increasing worldwide due to the
great interest of tourists and the economic benefits it provides to local communities.
However, it has been reported that this activity affects the behavioral patterns of some
cetaceans, although for some species such as the fin whale (Balaenoptera physalus)
this has not been extensively studied. To identify the effects of WW on the behavioral
patterns of this species, we studied its traveling and resting behaviors in a locality of
north-central Chile from 2015 to 2018. Using a theodolite, we calculated the response
variables of swim speed, directness index, and reorientation for each behavior. We used
the number of WW boats and the WW scenarios of “before”, “during”, and “after” the
presence of boats as possible factors to explain the differences in the response variables
of the whales, along with the factors of year, month, group size, and distance from
the observation point. Reorientation increased significantly and the directness index
decreased significantly for both traveling and resting behaviors from “before” to “during”
WW scenarios, indicating more erratic and sinuous movements in the presence of boats.
These changes in movement patterns are a commonly reported evasion response of
cetaceans to the presence of WW boats. For traveling behavior, the swimming speed
significantly increased, and trends showed increased reorientation and a decrease in
the directness index in the “after” WW scenario, which suggests perturbation of the
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whales potentially associated with the speed and the direction in which the boats left.
During resting behavior, the trajectories of the fin whales became straighter (decrease in
reorientation) as the number of boats increased, thus evasion (more erratic and sinuous
movements) is a behavior used less by fin whales as the number of boats increases.
Notwithstanding the fact that tourism development in the study area is small in scale,
we found that WW generates adverse effects that are reflected in changes in the whales’
movement patterns. This kind of information is valuable to the adjustment and/or design
of management strategies for the species, which is fundamental for WW to continue to

be a sustainable activity.

Keywords: traveling, resting, movement pattern analysis, land-based tracking, tourism effects, Chile

INTRODUCTION

Whale-watching (WW) is one of the fastest-growing tourism
industries in a number of countries in recent decades, providing
both economic and socioenvironmental benefits. WW has
allowed the tourists who take part in it to gain increased
knowledge of the biology and diversity of the species of whale
seen and the environments in which they live (Filby et al,
2015; Pacheco et al., 2019). Local communities of artisanal
fishers who participate in this economic activity benefit by
diversifying from their traditional fishing activities, which allows
them to increase their sources of income as fishing resources
decrease (Parsons et al., 2003; Garrod and Wilson, 2004; Hoyt
and Ifiguez, 2008; Guidino et al.,, 2020). One consequence of
this is greater environmental consciousness, which stimulates
interest in the conservation and protection of the marine fauna
and their habitat (Higginbottom and Tribe, 2004; Zeppel and
Muloin, 2008; Schuler and Pearson, 2019), both on the part
of consumers (general public) and those who provide the
services (e.g., fishers, researchers, businessmen) (Filby et al., 2015;
Schuler and Pearson, 2019).

However, there is currently a strong concern over whether
WW is an activity that really promotes the conservation of the
subject species (Forestell, 2007). It has been widely reported
in the literature that inadequate management of WW is an
important source of perturbation for the animals, both in the
short- and long-term (e.g., Corkeron, 2004; Bejder et al., 2006a;
Argiielles et al., 2016; Sprogis et al., 2020b). Important sources
of perturbation include a high number of boats in a confined
area, very close proximity to the animals, the time and manner
of approaching (and leaving) the animals, and lack of regulations
or non-compliance with existing norms and regulations (Hoyt
and Parsons, 2014). In the short-term, these sources may induce
behavioral changes in the cetaceans, some of which may alter
biologically important behavior such as feeding (Arcangeli and
Crosti, 2009; Christiansen et al, 2013; Lesage et al, 2017)
and resting (Avila et al., 2015; Sprogis et al., 2020a,b). Such
behavioral variations may produce additional energy costs for
the individuals (Williams et al., 2006; Christiansen et al., 2014),
affecting their body condition in the medium and long-term,
as well as the state of health and the reproductive success
of the animals (Lusseau, 2005; Bejder et al., 2006b), which
may eventually represent a threat to the conservation of the

species exposed to WW (Corkeron, 2004; Lusseau and Bejder,
2007; Parsons, 2012). The other most frequent short-term effect
reported is horizontal evasion, indicated by changes of direction
in the movement patterns of the animals (Scheidat et al., 2004;
Williams and Ashe, 2007; Williams et al., 2009; Schaffar et al,,
2013; Schuler et al., 2019). Thus, in the presence of boats,
movement patterns become less predictable as linearity decreases
(the straight-line trajectory is lost) and reorientation increases
(erratic trajectory) in order to evade the boats (Scheidat et al.,
2004; Williams and Ashe, 2007; Schaffar et al., 2013). These
evasion tactics vary depending on the number of boats and
the approach distance (Williams et al.,, 2009; Schaffar et al,
2013). It has been shown that humpback whales (Megaptera
novaeangliae) change their trajectory continuously when boats
are close (Schaffar et al., 2013). It has been shown that the
displacement trajectory of orcas (Orcinus orca) becomes more
linear as the number of boats increases, indicating that the
evasion tactic (increase in reorientation) may not be effective in
the presence of a larger number of boats (Williams and Ashe,
2007; Williams et al., 2009). If evasive tactics are not effective,
cetaceans must use strategies that are more energetically costly
(Morete et al., 2007; Christiansen et al.,, 2014; Sprogis et al.,
2020a,b), such as an increase in the velocity of displacement in
the presence of boats (Christiansen et al., 2014; Schuler et al.,
2019; Sprogis et al., 2020b). Another energetically expensive tactic
used by cetaceans is vertical evasion, in which cetaceans increase
their diving time (Stamation et al., 2010; Schaffar et al., 2013)
and/or increase the rate of respiration (Christiansen et al., 2014;
Schuler et al., 2019).

In Chile, tourism activities involving watching marine fauna
and specifically WW are still incipient activities, growing
by about 20% per year, with the potential for even greater
development (Hoyt and Iiiguez, 2008). There are currently five
localities in Chile where this activity is developed formally;
Bahia de Mejillones in northern Chile, caleta Chanaral de
Aceituno and Punta de Choros in north-central Chile, and
caleta Punihuil and the Francisco Coloane Marine Park in
southern Chile (Hoyt and Iniguez, 2008). Given the growth
of the WW industry, the Undersecretary of Fisheries and
Aquaculture (Subpesca) of the Chilean government published
in 2011 the “General regulations for the observation of aquatic
mammals, reptiles and birds and the recording of cetacean
sighting” (D.S. No.38/2011; Subpesca, 2011). These regulations
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established the procedures and general requisites for the
observation of these aquatic species, regulating among other
aspects, observation distance, the method of approach of boats
to the cetaceans and the behavior of tourists during the sightings
(D.S. N0.38/2011; Subpesca, 2011).

Caleta Chanaral de Aceituno is one of the favorite WW
locations of tourists due to the high probability of sighting
large cetaceans. This location is visited by a number of large
cetacean species in the summer (e.g., blue, fin, humpback, and
minke whales; Capella et al., 1999; Pérez et al., 2006; Toro
et al.,, 2016; Sepulveda et al., 2018). Fin whales are the most
commonly observed species in the area (Pérez et al., 2006; Toro
et al., 2016; Sepulveda et al, 2018). The number of tourists
visiting this location to participate in WW activities has increased
exponentially in the last decade, from approximately 1,200 in
the summer of 2010 to approximately 8,000 tourists in the
summer of 2020 (Corporacién Nacional Forestal, unpublished
data). This location contains the Marine Protected Area “Isla
Chanaral Marine Reserve” (D.S. No. 150-05; Subpesca, 2005),
which has its own regulations for watching marine fauna.

Whale-watching is conducted by artisanal fishers of caleta
Chanaral de Aceituno, which has provided an opportunity to
expand and diversify their traditional activities (Septlveda et al.,
2018). Due to the increase in the number of tourists and the
importance of the species that visit the area, local authorities
have introduced additional regulations in the marine reserve to
those of the 2011 regulations, limiting the number of boats and
the time they can stay with the animals (Res. Ex. No.655/2020;
Sernapesca, 2020). However, in spite of these regulations, and
considering the rapid increase of WW activity, to our knowledge,
no study has addressed whether the cetaceans at this location are
affected by WW and if so, to what degree. This study analyzed
the behavioral responses of the fin whale to WW in this locality.
The behavioral responses were evaluated using scenarios of WW
“before”, “during”, and “after” the presence of WW boats. The
number of boats and other factors such as year, month, group
size, and distance from the observation point were also recorded.
This study will provide an initial insight into the effects of WW on
the fin whale in Chile, a species with known conservation issues.

MATERIALS AND METHODS
Study Area

The study area is located within the Humboldt Current System,
in north-central Chile. This is a dynamic and productive coastal
environment due to the presence of an important wind-driven
coastal upwelling center (Montecino et al., 2006; Thiel et al.,
2007). A high diversity of marine fauna has been reported in
the area, including birds and marine mammals (Capella et al.,
1999; Luna-Jorquera et al., 2003; Pérez et al., 2006; Sepulveda
et al., 2009, 2016), and it has been described as an important
feeding area for the fin whale (Balaenoptera physalus) during
the austral spring and summer (Pérez et al., 2006; Toro et al.,
2016; Sepulveda et al., 2018). These characteristics are what
makes caleta Chafiaral de Aceituno one of the favorite tourist
places in Chile.

The land-based observation station was located on Chanaral
Island (29°01’S, 71°36"W), at 52 m above sea level on the eastern
edge of the island (Figure 1). The observation area includes a
zone called “the channel,” which is between the island and the
continent (Figure 1). The largest concentration of tourist boats
occurs in this zone as they see the cetaceans on their way to visit
the fauna of the island. A portion of the Isla Chanaral Marine
Reserve is also within the observation area (Figure 1); it has its
own rules for WW (Res. Ex. No0.655/2020; Sernapesca, 2020) in
addition to those rules which apply to the whole country (D.S.
No0.38/2011; Subpesca, 2011).

Whale-watching is performed by artisanal fishers of caleta
Chaiaral de Aceituno, a small locality with about 100 inhabitants,
located 9 km from the Chanaral island (Figure 1). Thirty-
nine boats have formal permission to perform WW in the
Marine Reserve, but in practice less than 20 boats perform these
activities. The boats used are up to 10 m in length, with motors
of up to 150 hp.

Data Collection
The study was carried out during the months of January
and February annually, from 2015 to 2018. Observations
were performed from 09:00 to 18:00 when weather conditions
provided good visibility to ensure reliable data collection
(Beaufort Sea state of 3 or less, with no coastal fog or rain). The
viewing area covered approximately 180° and was scanned with
either the naked eye or binoculars (10 x 42) (Figure 1).

Spatial movement patterns of fin whales were monitored using
a Spectra Precision Model DET-2 digital theodolite with 30-
power monocular magnification and 2 s precision. This method
has been widely used to follow whales from land stations and has
proven to be successful to estimate the position of a whale at a
given time (e.g., Wiirsig et al., 1991; Scheidat et al., 2004; Schaffar
et al., 2013; Pirotta et al., 2016). This also allowed the recording
of changes in behavior of the animals in the presence and absence
of tourist boats without the researchers interfering in the natural
behavior of the whales (Wiirsig et al., 1991; Morete et al., 2018).

When an individual or a group of fin whales was sighted,
scanning was suspended and a theodolite tracking session and
a focal follow was initiated (i.e., tracking a single individual or
group of fin whales at a time) (Altmann, 1974; Mann, 1999),
both in the presence or absence of WW boats. A group was
defined as two or more individuals that surfaced synchronously
within 100 m of one another (Whitehead, 1983; Corkeron,
1995). Individuals or groups of whales were followed and
sampled continuously using the description of the focal protocol
given here. Focal follows were carried out by a team of three
experienced observers: a theodolite operator, a spotter, and
a data scorer. During the focal follow activities, the spotter
announced the surfacing event of the focal group, the theodolite
operator located its position, and the scoring observer recorded
the time, the surface event, the behavior (traveling or resting,
see below), the vertical and horizontal angles provided by the
theodolite, the group size, the presence or absence of WW boats,
and the number of WW boats. The whale’s position (vertical and
horizontal angles) was recorded every minute (or after the whale
came to the surface) (Schaffar et al., 2010). To follow groups, the
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FIGURE 1 | Location of the study area. The black triangle indicates the land-based observation point (OP) and the black circle is the location of the caleta Chanaral
de Aceituno. The black line indicates the limit of the Isla Chafaral Marine Reserve and the dashed line indicates the area of observation.
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position of the first whale that came to the surface was recorded.
Each whale or group of whales was tracked continuously until
the animal was no longer visible, or environmental conditions
prevented further tracking. WW boats were considered present
and included in the analysis when they approached a whale in a
straight line or parallel, according to the direction of the whale, at
an estimated distance of 500 m from the animal. These methods
are appropriate for fin whales since this species dives for short
periods of time (<10 min) (Croll et al, 2001) being easy to
follow. Also, in the study area fin whales occurred frequently,
both singularly or in small groups (approximately three or four
whales) (Toro et al., 2016), which reduce the risk of confusing
individuals or groups.

The behavior of fin whales was classified into the categories
of traveling or resting, based on specific behavioral events
observed (Brown et al.,, 1994). The category of traveling was
considered when an individual or group of whales were moving
and oriented in the same direction, displaying a quasi-linear
trajectory with sub-surface constant swimming without stopping
(Brown et al., 1994), while resting was considered when an
individual or group of whales was stationary and all members
were oriented in the same direction (Brown et al., 1994).
Although feeding behavior does occur in the study area (Pérez
etal., 2006; Toro et al., 2016; Sepulveda et al., 2018), this behavior
was rarely recorded in the observation area, and therefore
was not analyzed.

The information was digitized and entered into the VADAR
software (Visual and Acoustic Detection and Ranging, developed
by Eric Kniest). This software uses angles from the theodolite,
together with the height of the station and the equipment
to calculate the position of the focal individual or group. All
observational information, including the exact time of each
surfacing event and behavior, was imported to VADAR. From
this process we obtained the behavioral response variables of: (1)
swim speed, (2) reorientation, and (3) directness index (Harcourt
et al,, 2014). The swim speed (km h~!) of a whale or group
of whales was measured as the time (in hours) taken to cross
the distance (in kilometers) between two consecutive sightings
(Pirotta et al., 2016). Reorientation measures path predictability
from one surfacing to the next, and it is defined as the change in
the direction of movement of the individual or group (Williams
et al., 2002). This measure is the angle between the path taken
during a dive and the predicted straight-line path as indicated by
the direction of the dive before it, ranging potentially from 0° to
180° (Williams et al., 2009). Low reorientation values indicate a
smooth path, while high values indicate an erratic path (Williams
et al., 2002). Finally, the directness index is defined as the path
predictability of the whales over the length of the tracking session.
This index is measured as the straight-line distance between
the first and the last fix of a tracking session divided by the
cumulative surface distance covered by the group (Williams et al.,
2002), and it ranges from 0 (circular path) to 1 (straight line).
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The three behavioral response variables were given by VADAR
for each whale position fixed with the theodolite throughout a
tracking session.

For statistical analyses, only theodolite tracking <6 km from
the station was considered to ensure reliable data for analysis (see
Wiirsig et al., 1991 for height-related errors). A follow event was
only considered viable when an individual or group of whales was
tracked for at least 15 min and/or at least five surfacing bouts
(modified by Scheidat et al., 2004; Schaffar et al., 2010). These
tracks allowed a representative sample of the whales’ behavior
(Schaffar et al., 2013).

Statistical Analyses

For the behaviors of traveling and resting, we modeled swim
speed, reorientation, and directness index in response to the
additive effects (i.e., no interactions) of: year (factor; 2015-2018),
month (factor; January and February), distance from observation
point (km), group size, and number of WW boats. In addition we
included three levels of WW scenarios as a predictive variable;
(1) “before” the arrival of the boats; (2) “during”, when one
or more boats were present with the whale(s); and (3) “after”
the boats had left the area in which the whale(s) were located
(Scheidat et al., 2004; Avila et al., 2015). For the response variable
swim speed we used a normal distribution and for the variables
of reorientation (i.e., proportion of 90° of reorientation) and
directness index we used a beta distribution with a logit link. For
all response variables we modeled only the location parameter
of the chosen distribution (mu, i.e., mean). For model selection
we used information-theoretic model comparison. Specifically,
we carried out the selection of the best model in the set using
stepwise model selection based on the generalized Akaike’s
information criterion (GAIC) with a penalty of k = 3 (>AIC
and <BIC). The GAIC is a generalization of AIC to evaluate
parsimony, which penalizes the deviance by a factor k (positive
real number) the number of degrees of freedom in the model (i.e.,
GAIC = k x Df + D), unlike AIC where k is fixed and equals
two (Stasinopoulos et al., 2017). In addition, for all best models a
Generalized (Pseudo) R-squared test was calculated (Nagelkerke,
1991). Models fitting, selection and diagnoses (based on residuals
plots; Dunn and Smyth, 1996) were done using the gamlss
package (Rigby and Stasinopoulos, 2005) of R (R Core Team,
2018). For multiple comparisons across factor levels, we used
Tukey’s a posteriori HSD test available in the emmeans package
of R (Lenth et al., 2018). To avoid co-linearity problems during
the modeling process we dropped variables with a variance
inflation factor >2 (Zuur et al., 2010). Specifically, for the models
of reorientation during traveling behavior and directness index
during resting behavior we excluded the variable number of
WW boats and for the model of reorientation during resting
behavior we excluded the variable group size, due to the high
level of collinearity that this variable presented with the variable
of greatest interest, i.e., WW scenarios. Marginal effects from final
models (i.e., predicted values for certain model terms by holding
the non-focal variables constant) were also estimated using the
emmeans package. We produced figures using the R package
ggplot2 (Wickham, 2016).

RESULTS

Observation Effort

We spent a total of 94 days in the field, with a total of 684 h of
observations. During that time, 34 effective focal follow events
were usable, 24 for traveling and 10 for resting behaviors. We
recorded 12 focal follows for traveling behavior that included the
“before” WW scenario, 16 that included “during” WW scenario
and eight that included the “after” WW scenario. For resting
behavior, we recorded four focal follows “before” WW scenario
and seven “during” WW scenario. Since the observed whales were
no longer resting after WW, it was not possible to record data for
this behavior in this instance.

More than half of the records for traveling and resting
(57 and 55%, respectively) had boats present. Most of the
observations were with the presence of a single boat (48%
traveling, 68% resting), with smaller proportions in the presence
of two (42% traveling, 17% resting) or three (10% traveling,
15% resting) boats.

Traveling Behavior

For swim speed during traveling behavior, the most parsimonious
model contained the predictive variable of WW scenarios and
accounted for 3% of the total variation (Table 1). There was a
significant increase in swim speed in the “after” WW scenario
(Tukey post hoc; P < 0.05, Figure 2A). The best model for
reorientation included WW scenarios, year, and distance from
observation point, and accounted for 32% of the total variation
(Table 1). There was an increase in reorientation “during” and
“after” WW scenarios compared to “before” (Tukey post hoc;
P < 0.001, Figure 2B). The greatest values of reorientation were
from 2016 (Tukey post hoc; P < 0.05, Figure 2C). Reorientation
decreased as the distance from the observation point increased
(slope and 95% CI in logit scale = -0.08 [-0.14, -0.01], P < 0.05,
Figure 2D). The best model for the directness index included the
predictive variable WW scenarios and accounted for 14% of the
total variation (Table 1). The directness index decreased “during”
and “after” WW compared to “before” WW (Tukey post hoc;
P < 0.001, Figure 2E).

Resting Behavior

For swim speed during resting behavior, the most parsimonious
model included distance from observation point and accounted
for 8% of the total variance (Table 1). Swim speed increased
together with the distance from the observation point (slope and
95% CI = 0.42 [0.12, 0.73], P < 0.05, Figure 3A). The best model
for reorientation contained the predictive variables year, WW
scenarios and number of WW boats, and accounted for 47% of
the total variance (Table 1). The greatest values for reorientation
occurred in 2017 (Tukey post hoc; P < 0.05, Figure 3B). There
was significant higher reorientation “during” WW scenario than
“before” (P < 0.001, Figure 3C). Also, reorientation decreased as
the number of WW boats increased (slope and 95% CI in logit
scale = -0.32 [-0.49, -0.16], P < 0.001, Figure 3D). The best
model for the directness index included WW scenarios and group
size, and accounted for 8% of the total variation (Table 1). There

Frontiers in Marine Science | www.frontiersin.org

March 2021 | Volume 8 | Article 623954


https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org/
https://www.frontiersin.org/journals/marine-science#articles

Santos-Carvallo et al.

Fin Whale Responses to Whale-Watching

TABLE 1 | Results from the backward stepwise model selection of swim speed, reorientation, and directness index for traveling and resting behaviors of fin whales.

Behavior Response Step Df Dev. Resid.Df Resid.Dev GAIC
Traveling Swim speed Full model 193.00 830.72 863.72
Distance 1 0.00 194.00 830.72 860.72
Year 3 6.51 197.00 837.23 858.23
Month 1 0.05 198.00 837.28 855.28
Group size 1 0.04 199.00 837.32 852.32
No. boats 1 0.63 200.00 837.95 849.95
Reorientation Full model 194.00 —720.86 —690.86
Group size 1 0.02 195.00 —720.84 —693.84
Month 1 0.05 196.00 —720.78 —696.78
Directness index Full model 193.00 —666.29 —633.29
Year 3 2.58 196.00 —663.71 —639.71
Group size 1 0.11 197.00 —663.60 —642.60
No. boats 1 0.45 198.00 —663.15 —645.15
Distance 1 0.99 199.00 —662.16 —647.16
Month 1 2.48 200.00 —659.68 —647.68
Resting Swim speed Full model 75.00 295.95 325.95
Year 3 2.04 78.00 297.98 318.98
Group size 1 0.00 79.00 297.98 315.98
WW scenarios 1 0.69 80.00 298.68 313.68
No. boats 1 1.50 81.00 300.18 312.18
Month 1 2.15 82.00 302.33 311.33
Reorientation Full model 76.00 —317.92 —290.92
Month 1 0.32 77.00 —317.60 —293.60
Distance 1 2.07 78.00 —315.58 —294.53
Directness index Full model 76.00 —191.28 —164.23
Year 3 2.62 79.00 —188.61 —170.61
Month 1 0.03 80.00 —188.58 —173.58
Distance 1 0.08 81.00 —188.50 —176.50

Itis shown an “anova” table corresponding to the steps taken in the search of the most parsimonious model (i.e., starting from the full model, each step shows the dropped
variable). Df, degrees of freedom; Dev, deviance; Resid.Df, residual degrees of freedom; Resid. Dev, residual deviance;, GAIC, Generalised Akaike’s Information Criterion.

was a significant decrease in the directness index “during” WW
compared to “before” (P < 0.001, Figure 3E). Directness index
increased as the group size increased (slope and 95% CI in logit
scale = 0.21 [0.01, 0.42], P < 0.05, Figure 3F).

DISCUSSION

The development and increase in WW has generated extensive
discussion on the benefits and disturbance it produces. The
economic and socio-environmental benefits have been widely
recognized (e.g., Filby et al., 2015; Schuler and Pearson, 2019).
However, there is growing evidence of the negative effects of
tourism on the conservation of the species (Parsons, 2012;
Higham et al., 2016). Considering the sustained increase in WW
in the past few decades in a number of countries (Hoyt and
Parsons, 2014; Schuler et al., 2019), monitoring of the effects
of WW activity on subject species is fundamental to identify
potential short-term perturbations with potential medium-
and long-term consequences. Our study provides relevant
information about the impact of WW on the behavior of the fin
whale, a species poorly known in this topic, using a technique that
does not interfere in the dynamics of tourism or in the behavioral

response of the animals (Wiirsig et al., 1991; Morete et al., 2018;
Piwetz et al., 2018).

Model results indicated that reorientation increased for both
traveling and resting behaviors, while the directness index
increased between the “before” and “during” WW scenarios.
This means that in the presence of boats whales were
making constant changes of direction and erratic movements,
losing the movement linearity that they displayed before
the boats arrived. These changes in the reorientation and
directness index have been reported previously as responses
of cetaceans to the presence of boats (e.g., Scheidat et al,
2004; Schaffar et al., 2013; Avila et al., 2015; Senigaglia et al.,
2016; Sprogis et al.,, 2020a,b). Frid and Dill (2002) suggested
that the alteration in the natural behavior of the animals
in the presence of anthropogenic perturbation is produced
because the animals perceive these perturbations similarly to
a predation risk. For example, the minke whale (Balaenoptera
acutorostrata) uses similar evasion tactics in response to the
presence of tourist boats as in the presence of its natural
predators orcas (Christiansen et al., 2013). This suggests that
cetaceans could identify the presence of boats as a threat
(Christiansen and Lusseau, 2014), resulting in the onset of
avoidance behaviors.
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Although the model with the most support for swimming
speed had low explicative power, it identified a significant
increase in the “after” WW scenario during traveling behavior;
i.e., the swim speed of the whales increased after the boats had
left the area. An increase in the reorientation and a decrease in the
directness index in the “after” WW scenario were also observed.
In contrast to these results, different studies have indicated that
once the boat visits had finished, the whales returned to their
initial behavior after a short time (e.g., Scheidat et al., 2004;
Avila et al., 2015). The persistence, and even accentuation of
the perturbation of behavior when the boats had left may be
related to the behavior of the boat operators after the sighting
had finished. Our field observations indicate that the boats would
leave the area at high speeds, and sometimes passing in front of
the animal. These two factors may be affecting the whales even
more than the presence of the boats, since the animals accentuate
the evasion strategy, increasing their speed and following less
predictable trajectories, after the boats leave. The negative effect
of high-speed boats has previously been described, showing
that this factor limits the ability of the whales to avoid them
(Parsons, 2012). Additionally, considering that the noise of the
boats generated by the propeller cavitation produces adverse

reactions in whale behavior (Erbe et al., 2019), and that more
noise is produced at higher speed (Walker et al., 2019), the
behavioral change of the animals may be due to the increase in
the boats speed. Although we did not use the speed and path
direction of the boats moving away as predictive variables, there
is evidence that these variables negatively impact the behavior
of large cetaceans (Heckel et al., 2001; Argiielles et al., 2016;
Fiori et al., 2019), since this avoidance strategy increases the
energetic cost for the animals (Williams et al., 2009; Christiansen
et al., 2014; Sprogis et al., 2020b). We recommend that future
studies incorporate other variables to describe the boat behavior,
such as speed and direction of arriving and departing boats,
to identify other potentially relevant factors in the responses of
fin whales to WW.

The only model that included the number of boats as a
significant variable was reorientation during resting behavior,
indicating that the trajectories of the fin whales in this behavior
became more direct (decreasing reorientation) as the number of
boats increased. The behavior of maximizing linear movement as
the number of boats increased was described previously in orcas,
indicating that evasion responses (erratic and more sinuous
movements) are employed when there are few boats, and by
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contrast, when the number of boats increases the animals choose
a more linear trajectory to move away (Williams et al., 2002,
2009). Although the maximum simultaneous number of boats
near a whale or group of whales was considerably smaller in this
study compared to the report of Williams et al. (2009) (3 versus 14
boats), our results suggest the effect was similar to that reported
for a high number of boats. This suggests that maintaining a
low number of boats near an individual or group of whales is
crucial to avoid drastic changes in the behavioral responses of the
fin whale. This is especially relevant and reinforces the current
measures in the Isla Chafiaral Marine Reserve, which permit a
maximum of two boats per whale or group of whales.

Our study shows that the behavioral responses of the fin
whales are directly influenced by the WW activities. However,
it must be noted that environmental and/or social factors could
also contribute to these responses (Yazvenko et al., 2007; Gailey
et al, 2016; Kavanagh et al., 2017), and may be related to
the low explicative power (less than 10%) of some of the
models. These include environmental factors such as wind speed,
depth, time of day, distance to the coast (Yazvenko et al,
2007; Williams et al., 2009; Kavanagh et al., 2017); intraspecific
factors such as age, sex and group size (Williams et al., 2009;

Kavanagh et al., 2017); and others associated with tourist activity,
such as distance and speed of approach and departure and path
of approaching (Williams et al,, 2009; Schaffar et al., 2013),
among others. For instance, our study found that reorientation
during traveling behavior decreased as the distance between
the observation point and the animals observed increases. This
result may not be related to WW, but rather explained by
the increase in depth in the study area farther from the coast
(Gaymer et al., 2008). More direct movement by the whales may
facilitate less energetically costly travel in deeper areas (Gailey
et al,, 2016). This demonstrates that the behavioral responses
of cetaceans are difficult to analyze, since they are influenced
by many variables, which are often not linear (Williams et al.,
2009). Due to this complexity, it is important to evaluate
how environmental and/or social factors affect the behavioral
responses of the whales (without anthropogenic factors), in order
to identify if these responses could be attributed to natural
factors or to anthropogenic disturbances (Kavanagh et al., 2017).
Some of the environmental parameters for this specific study
would be the depth, swell height, and wind speed that have
been reported as relevant variables in other studies of whales
(Gailey et al., 2016; Kavanagh et al., 2017).
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Tourist development in caleta Chafaral de Aceituno is still
at a low scale compared to other WW areas, both national and
international, due to the small number of visitors (although
this is increasing), and the use of small boats (Sepulveda et al.,
2016). In spite of this, we showed that even in this stage
of development WW generates adverse effects on fin whales.
Although this study only considered short-term behavioral
changes, it is important to consider that behavioral changes in
the whales may also result in long-term negative effects (Parsons,
2012; Schuler et al., 2019). Alterations in essential behaviors
such as resting, feeding, continuous changes in direction and
increased swimming speed to avoid boats produce an increase
in energetic costs (Bain et al.,, 2014; Christiansen et al., 2014),
which may cause deterioration in the physical condition of
the animals if prolonged over time (Beale, 2007). This study
area is important for the fin whale, since it is a recognized
feeding zone on the Chilean coast (Pérez et al,, 2006; Toro
et al., 2016; Sepulveda et al., 2018). Photo-identification has
shown that some individuals stay in the area for weeks and
even months, and some individuals return in different years
(Toro et al., 2016), thus the perturbation by WW may not only
be momentary, but rather some animals may be exposed to
these perturbations frequently and over an extended period of
time. Although we do not know the extent of the exposure of
individuals to the WW activities (e.g., maximal daily exposure of
the whales to the boats, proportion of the fin whale population
that is being affected by WW), and the potential long-term effect
of the observed changes in the behavior of fin whales, we do
encourage the use of precautionary principle for minimizing
impacts by adopting the codes of best practices from the
beginning. Future studies should evaluate the level of exposure
by relating information regarding permanence pattern and
habitat use by fin whales, together with data from tourism
activity (e.g., area covered by a boat during a tourist trip,
number of boats).

The study area of caleta Chafaral de Aceituno has unique
characteristics that make it an optimal location for WW. It is a
recognized feeding area for the fin whale and other small and
large species of cetaceans, several of which face conservation
issues (Capella et al., 1999; Pérez et al., 2006; Toro et al,
2016; Sepulveda et al., 2018). It is a marine protected area
which can implement its own regulations, and tourism is at a
small scale performed by artisanal fishers who have important
knowledge of the local fishing resources and tourism, as well
as identity and sense of belonging to the area (Sepulveda et al.,
2016). The results obtained in this study should be considered
in the adjustment of the existing management tools and in
the design of new complementary conservation strategies, to
increase the balance toward the positive aspects of WW, as
has been demonstrated in other places (e.g., Peninsula Valdez;
Chalcobsky et al., 2017). Artisan fishers are key actors to include
in the design of cetacean’s conservation strategies. Given the
importance of the conservation of the fin whale for their well-
being, increasing the level of understanding is relevant to offer
sustainable tourism services in the long term (Mace, 2014).
Knowledge of whale behavior and responses to WW are critical
to ensure the sustainability of tourism activity in this locality.
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