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Editorial on the Research Topic
Whale-Watching Impacts: Science, Human Dimensions and Management

Whale watching, the activity of sighting cetaceans in their natural habitat, and the basis of tourism
industries worldwide, has been growing in the last decades. Although the growth of the industry has
been beneficial in economic terms for the communities in countries where the activity takes place
(Guidino et al., 2020), there is a great concern about how whale watching may negatively impact the
behavior and physiology of the species being observed (Senigaglia et al., 2016) or even compromise
their survival (Barragdn-Barrera et al.,, 2017). There is a significant history of research on the
impacts of whale watching due to the need to provide a scientific basis for regulations that seek
to ensure the welfare of the species targeted by the industry (Corkeron, 1995; Parsons and Brown,
2018; Gleason and Parsons, 2019). Optimal management allowing sustainable whale watching
remains a challenge for most countries. Lack of regulations, or guidelines not being followed
by tour operators, are commonly reported (Higham et al., 2009). Failure to follow regulations is
related to poor governmental monitoring, competition between operators for ensuring profit and,
in some instances, lack of self-organization among operators. Currently, understanding site-specific
idiosyncrasies of governance is crucial to minimize the negative impacts of whale and dolphin
watching, including in countries with well-established regulations.

This Research Topic addressed ecological, management and economic issues surrounding
whale watching in 14 contributions: 12 original research, one review and one perspective.
Studies involved 13 species of cetaceans including, humpback (Megaptera novaeangliae), gray
(Eschrichtius robustus), blue (Balaenoptera musculus), fin (B. physalus), Bryde’s (B. brydei), sperm
(Physeter macrocephalus) whales, Hector’s (Cephalorhynchus hectori hectori), common (Delphinus
delphis), dusky (Lagenorhynchus obscurus), common bottlenose (Tursiops truncatus), spotted
(Stenella attenuata), spinner (S. longirostris) dolphins, and killer whales (Orcinus orca). Papers
covered marine regions of Colombia, Chile, Italy, Mexico, New Zealand, Panama, Peru, and the
United States reflecting the widespread and global importance of whale-watching research.

Most contributions have addressed the impacts of whale watching on several aspects of the
cetacean’s species behavior and ecology. Holt et al. demonstrated that female southern resident
killer whales are more likely to assume a non-foraging state with vessels in proximity than males,
compromising their energy available for reproduction. Given the precarious state of this population
of killer whales, this is a significant conservation concern. Amrein et al. highlight the changes of
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movement direction in humpback whales in presence of three
or four whale-watching boats. Also, Currie et al. show that the
presence of vessels causes changes in swim speed, respiration
rate, and path directness, as well as decreases in dive times
in humpback whales. Similar results on changes of movement
direction and resting behavior were observed in fin whales by
Santos-Carvallo et al. off the central coast of Chile. Toro et al.
studied group size and surface behavior of bottlenose dolphins
comparing two data sets, one 18 years prior to and another after
the onset of dolphin watching tourism. The results suggests both
a substantial reduction in group size and surface activities in
presence of dolphin-watching boats.

In a physiological study, Villagra et al. used a before-
during-after design with non-vessel-presence controls to show
that the simultaneous presence of several whale watching
boats can affect the energy budget of humpback whales.
Acoustic impacts were addressed by Perez-Ortega et al., using
a paired-comparison study design. They demonstrated that
bottlenose dolphins exposed to substantial dolphin-watching
traffic increased their whistle frequency modulation, an indicator
of stress. Rey-Baquero et al., used acoustic propagation models to
show that humpback whales song communication can be masked
up to 63% by a single whale-watching boat, even in an area with
little other anthropogenic noise.

Soto-Cortés et al. examined the management of whale
watching in a marine protected area in Colombia. They showed
that the sustainability of the activity may be affected by
socioeconomic problems among tour operators, inconsistency
in the enforcement of regulations and a lack of communication
among stakeholders including the authorities. Tepsich et al.
studied the satisfaction levels of tourists participating in the
whale watching industry in the Pelagos Sanctuary, a marine
protected area in the northwest of the Mediterranean Sea. They
reported high levels of satisfaction by tourists, but almost half
of the tour operators were unaware that their activities were
conducted in a marine protected area that could be used to
enhance conservation actions. On the Pacific coast of Panama,
Cérdenas et al. demonstrated that compliance by tour operators
to regulations and the provision of information about the ecology
of humpback whales produced higher levels of satisfaction for
tourists participating in whale watching compared to those
operators who did not comply with regulations.

Fumagalli et al. presented a historical review (ca. 30 years)
of whale and dolphin-watching involving several species at

Barragan-Barrera, D. C., May-Collado, L. J., Tezanos-Pinto, G., Islas-
Villanueva, V., Correa-Cérdenas, C. A., and Caballero, S. (2017).

High genetic structure and low mitochondrial diversity in bottlenose
dolphins of the Archipelago of Bocas del Toro, Panama: a population
at risk? PLoS ONE 12:e0189370. doi: 10.1371/journal.pone.018
9370

Corkeron, P.J. (1995). Humpback whales (Megaptera novaeangliae) in Hervey Bay,
Queensland: behaviour and responses to whale-watching vessels. Can. J. Zool.
73,1290-1299. doi: 10.1139/295-153

different locations in New Zealand. They concluded that despite
an early establishment in precautionary regulations, successful
management depends in the socio-cultural factors as well
as socio-economic dynamics. Not all places have succeeded
in management of cetacean-based tourism and site-specific
adaptation and governance is crucial. Urban and Viloria-Gémora
reviewed the situation of whale watching throughout the
Mexican Pacific coast, highlighting successful cases of whale
watching in marine protected areas, but in locations not under
protection, whale watching does not follow rules currently
imposed by Mexican authorities. Also, the authors pinpointed
the need for a regulatory framework for tourism based on
swimming with dolphins. Finally, Wiener et al. provided the
first estimates of revenue generated by the tourism industry
involved with swimming with spinner dolphins at two sites in
the Hawaiian Islands. These researchers demonstrated that the
industry provides significant funding into the local economy,
with each individual dolphin worth between $1.6 and $3.3
million over its lifetime. The authors also call for further
assessment of the impacts of the activity and the economic role
in the tourism industry.

The contributions in this Research Topic show that research
on whale-watching has developed into a well-organized scientific
enterprise. The work collected here highlights the value of
monitoring of biological impacts, the need for this work to
continue internationally and the importance of the enforcement
of regulations surrounding the whale watching industry.
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Wild dolphin-swim tourism has grown in specific locations where Hawaiian spinner
dolphins (Stenella longirostris) have known resting habitat. The increased growth in
dolphin-swim businesses has created an industry in Hawaii that earns an estimated
$102 million (USD) annually in 2013. Semi-structured interviews with business owners,
market research, and boat-based observations provide a platform for estimating
revenue generated from dolphin tourism in two popular locations, Waianae, Oahu and
Kailua-Kona, Hawaii Island. A revenue analysis of dolphin-swim tourism is presented
using a peak season and utilization rate model. These predictions offer an accountability
exercise based on a series of assumptions regarding wild dolphin-swim demand and an
annual estimate of the number of viewing participants and revenue earned. The results
show that dolphin viewing companies are making a larger profit than dolphin-swim
businesses by approximately $19 million (USD) per year, however, both avenues are
generating large earnings. Sizable differences between businesses in Kona and Waianae
are discussed. The average lifetime revenue generated by a dolphin in 2013 is estimated
at $3,364,316 (USD) for Waianae and $1,608,882 (USD) for Kona, and is presented as
a first step in scenario analysis for policy makers looking to implement management in
the bays where tourism occurs. This study offers the first revenue estimates of spinner
dolphin tourism in Hawaii, which can provide context for further discussion on the impact
and economic role of the dolphin-swim industry in the state.

Keywords: dolphin-swim, tourism, revenue analysis, Hawaiian spinner dolphin, utilization rate model, time area
management

INTRODUCTION

The wide-spread adoration of marine mammals over the past century is evidenced by their
popularity in mass media (Burnett, 2010; Wiener, 2015a). This has trickled into wildlife tourism,
leading to growth and expansion of whale and dolphin excursions (Delfour, 2007; Higham
et al, 2009; Hu et al., 2009; Heenehan et al., 2015). Interaction with marine species in natural
settings has become a critical aspect of the broader tourism industry (Catlin et al., 2013; Orams,
2013). In 2008, marine mammal tourism was offered in over 119 countries with an estimated
value of $2.1 billion (USD) annually (O’Connor et al., 2009). In recent decades, dolphin-swim
tourism has developed a similar path of expansion. Hot-spots for dolphin-swim tourism have
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become established in coastal communities with access to marine
mammal populations (Wiener, 2015b). Developing countries
such as the Philippines and Taiwan are increasingly using
this type of tourism and now outnumber developed countries
(Samonte-Tan et al., 2007; Mustika et al., 2013).

Escalating marine mammal tourism has led to investigation
of how this growth is affecting whale and dolphin populations.
Several studies have observed negative impacts (Lammers, 2004;
Danil et al., 2005; Bejder et al., 2006; Courbis and Timmel,
2009; Heenehan et al.,, 2015; Higham et al., 2016; Tyne et al,,
2018; Sprogis et al., 2020), yet communities advocate these
activities for growth in local economies. With the majority of
research focused on the biological impacts of dolphin-swim
tourism, little attention has been paid to the social and economic
effects. Few studies have identified the fiscal productivity of
these activities and how the profits are distributed within local
economies (Hoagland and Meeks, 2000; Yacob et al., 2007;
Mustika et al., 2013; Guidino et al., 2020). Recent decline in fish
catches and degradation of coastal ecosystems have led some
fisheries to become involved in marine mammal tourism as a
way to overcome economic challenges, while others have been
driven away from traditional catch grounds due to expansion
of tour boats (Orams, 2013). These shifts have contributed to
a marine mammal tourism industry growing at a rate of 3.7%
per year (Chen, 2011). This is why both economic and social
costs must be considered in tandem, as there are benefits and
losses derived from marine mammal tourism that cannot be
measured individually (Bateman et al., 2010; Mustika et al., 2013).
Location-specific studies are critical in marine mammal tourism
as well, because most activities are based around particular
populations that are attached to certain cultural contexts. As
a result, economic analysis undertaken in one location cannot
always be extrapolated to other settings (Catlin et al., 2013).

Currently, no estimates exist for dolphin-swim tourism either
locally or globally, reflecting a gap in data. The goal of this
research is to offer an accountability exercise based on a series
of assumptions regarding wild dolphin-swim demand in Hawaii
and an annual estimate of the number of viewing participants
and revenue earned, as well as an estimated lifetime revenue
that each individual dolphin may generate. With dolphin tourism
continuously on the rise (Wiener, 2015b), it is important to
capture a baseline of what this industry accrues to provide
background for managers.

Natural systems and species are important contributors
to economic activity and growing evidence shows increasing
pressure on them from human tourism activity (Bateman et al.,
2010). However, wildlife valuation is difficult and complex.
An approximation of value is the best that can be achieved
and typically involves many assumptions placed from an
anthropocentric perspective (Knowles and Campbell, 2011;
Orams, 2013). Many factors besides economics come into play
when valuing a species, such as conserving habitat on which
the species depends, or the environmental cost of the potentially
negative effects of tourism activities (Dwyer et al, 2004;
Orams, 2013). The ecological, sociocultural, and intrinsic values
associated with Hawaiian spinner dolphins (Stenella longirostris)
are explored by the authors in other research. However, for the

purposes of this paper, the emphasis will be on the revenue
generated from these activities.

Understanding the revenue of an under-studied industry such
as dolphin-swim tourism is gravely needed before making policy
decision. This requires studies that are focused on establishing
a baseline of that ecosystem service or business (Baulcomb and
Bohnke-Henrichs, 2011). This study presents a revenue analysis
of Hawaiian spinner dolphin tourism as a first step in scenario
analysis for dolphin-swim tourism in Hawaii and an expansion of
the existing marine tourism literature. Revenue from ticket prices
will provide a starting point for an evaluation of dolphin tourism
in Hawaii and its significance for the state.

Estimates provided are based on participant observation, tour
operator interviews, and market research conducted from July
2012 to June 2013. The market research included an online
review of company websites, particularly tracking of ticket
prices and tour frequencies. The resulting data in combination
provide validity to the information shared through the interviews
and strengthen the depth of analysis. One advantage of this
approach is that it can be implemented in other locations
to establish a baseline understanding of a relatively new or
emerging industry where not a lot of information exists.
However, there are also limitations to this work due to missing
information from some of the operators and lack of clarity
on operation costs; these shortcomings are discussed in the
section “Causes and Considerations.” This body of knowledge
represents the first attempt at an assessment of the Hawaiian
spinner dolphin industry as a whole and provides a starting point
for further study.

The Hawaiian spinner dolphin is a small species commonly
found in Hawaiian near-shore waters. Spinner dolphins hunt
cooperatively at night and are most playful during early morning
hours while winding down from evening activities (Lammers,
2004; Tyne et al., 2015, 2017). During mid-morning, the dolphins
enter a resting state, moving closer together and swimming in
unison along the sea floor (Norris et al,, 1994; Tyne et al,
2017). During these critical mid-morning resting periods, spinner
dolphins are most heavily disturbed by tourist vessels seeking
to interact with the species (Heenchan et al., 2015; Tyne et al,,
2018). Since 1972, the Marine Mammal Protection Act has
forbid any indirect aggravation (Level B harassment) of marine
mammals in United States waters. Dolphin-swim tourism can
violate this policy; however, it is difficult to enforce. Concerns
that tourist activities directed at dolphins may have population
effects (such as habitat shifts, compressing resting times resulting
in reduced reproduction, and shifting energy budgets) have been
documented (Ostman, 1994; Wursig, 1996; Danil et al., 2005;
Courbis, 2007; Delfour, 2007; Timmel et al., 2008; Courbis and
Timmel, 2009; Milette et al., 2011; Tyne et al., 2018).

This paper shares results from the first revenue assessment of
commercial wild dolphin tourism in Hawaii. We approximate
participant and company numbers, and direct revenue from
two main dolphin-swim tourism locations, Waianae, Oahu and
Kailua-Kona, Hawaii Island. An appraisal of exposure and
revenue generated from each dolphin is also presented, providing
an estimate of how much each dolphin contributes over their
lifetime. This information will assist marine resource managers
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who need to consider regulations, the economic benefits, and
community impacts of dolphin tourism.

MATERIALS AND METHODS

Sampling and Data Collection

Tour operator information was entered into a database
gathered from marketing materials and internet inquiries. Vessel
capacities, trip schedules, and prices were obtained from these
sources and 77 tour companies were included. Four internet
searches were conducted periodically between 2012 and 2013,
and an additional update in 2018; any operator that advertised
guided dolphin-swims, dolphin watching, or dolphin snorkeling
was included in the database, resulting in four different operator
categories (Figure 1). Annual revenues of each vessel were
estimated by combining publicly available ticket prices, trip
schedules, and capacity data with a utilization rate estimate based
on interview data similar to other studies (Utech, 2000).

Semi-structured interviews were conducted with 26 dolphin-
swim operators to assess the revenues generated from dolphin
tourism and the perceptions toward the growth of the industry.
Participants were selected using voluntary response sampling
solicited through a community meeting and through cold calls
to all dolphin-swim company owners. While the sample was
not representative of the entire industry, this was the largest
collection of operator interviews obtained from a reclusive
group. Operators were asked to recall information about seasonal
activity, revenue generated, the types and number of trips offered,
number of passengers per trip, and vessel capacities. These
data enabled calculation of vessel-specific estimates of direct
revenues, also providing information about utilization rates,
e.g., average number of passengers per trip, etc. Cooperative
inquiry was included in transcription, allowing interviewees
a final opportunity to confirm or re-clarify recorded notes
(Braun and Clarke, 2006).

Additionally, field observations were made from July 2012-
June 2013 on 40 days resulting in >257 h of observation. The
tour boats on each island leave from the Ko Olina and Waianae
Boat Harbor on Oahu and Honokohau on Hawaii Island, visiting
known dolphin-swim sites (see map in Figure 2). The boat-
based study allowed for observation of the number of boats and
swimmers in the water with the spinner dolphins throughout
the year. The observations served as a control for the utilization
rate estimate or peak season timeline (PST) that was established
based on company sales and operator experience. Observations
also provided an assessment of human use.

Calculations

Dolphin-swim tourism revenue was calculated based on similar
methods conducted in a study by Clua et al. (2011). The mean
participation and direct revenue on boat-based dolphin-swim
tourism in Kailua-Kona and Waianae were calculated using a
PST model developed with information obtained from operator
interviews and participant observation. Months were divided by
mean boat trips per week and categorized into three periods
of peak (an average of seven or more boat days per week),
average (an average of four to six boat days per week), or
slow (an average of zero to three boat days per week) seasons.
Months were divided by mean weekly trip numbers to calculate
the monthly average boat trips (see Tables 1A,B). This model
gives a monthly average that provides conservative estimates
to account for daily fluctuations in the number of participants.
Interviewees cautioned, however, that variations occur from year
to year depending on the economic conditions of the country.
Additionally, the model assumes full capacity during the tours
accounted for, which may round up or provide a best guess
estimation. Based on observation and interview, the tour boats
tend to operate at capacity. To ensure consistency of the interview
and observation data used to input the model, the monthly
changes were compared with the Hawaii Tourism Authority
(HTA, 2013, 2018) visitor numbers for each island (see Figure 3).

Utilization rate estimates were calculated using the PST
established below. For each individual company, the number of
boats (b) was multiplied by the number of trips they conducted
each day (f) and by the boat capacity (c). This total was
then multiplied by the PST to produce an annual estimate of
participants for each company and account for shifts in numbers
based on season [x = bt(c)(PST)] (see Table 2).

Revenue was calculated by multiplying the utilization rate
estimate to the ticket price (co) for each dolphin tourism
company (see Table 3). This generated an annual estimate of
revenues that could be added together to provide a revenue
estimate for the dolphin tourism industry in Oahu and Hawaii
Island. Separate analysis was run for Waianae, Oahu and Kailua-
Kona, Hawaii Island because of the local differences in boat size
and style of operators.

The lifetime revenues were estimated for an individual spinner
dolphin. Using a similar method to Knowles and Campbell (2011)
and Catlin et al. (2013) total revenue per dolphin over their
lifetime (DRL) (see Table 4) was calculated using an estimated
26-year life expectancy of the whitebelly spinner dolphin (Larese
and Chivers, 2008). It should be noted that other studies have
shown spinner dolphins to potentially live 30 years or longer;
however, for the purposes of this paper a more conservative

Dolphin-swim or
snorkel companies

Dolphin viewing
companies

Companies that
offer dolphin
swimming but not
primary focus
(e.g.) kayak tours

Dolphin healing/
spiritual retreats

FIGURE 1 | Four dolphin operator categories.
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FIGURE 2 | Map of dolphin-swim locations on (A) Waianae, O’ahu and (B) Kailua-Kona, Hawai'i Island. Base map: NOAA created in ArcGIS (GIS Software).

estimate was selected. The lifetime revenue was calculated by
dividing the estimated dolphin tour annual revenue by the
estimated dolphin population to get the annual revenue per
dolphin (ER). Once this was calculated for each island, the
discount rate [2.65%] (r) plus one was calculated with each year
of the average dolphin lifespan (¢). The ER was then divided
by this discount rate for each year and then all 26 years were
totaled together to get the final DRL. This was done separately
for each island to account for the differences in annual revenue
and dolphin populations. The estimates here reflect dolphin-
swim only and are an underestimation of what dolphin’s lifetime
potential revenue is in present day.

ER
DRL =" T
DRL, spinner dolphin revenue over lifetime; ED, Dolphin-swim
tourism annual average revenue per dolphin; r, discount rate; t,
life expectancy of average spinner dolphin.

Present value is used to estimate the capitalized value of
lifelong revenues per dolphin by discounting future values at a
certain rate (Clark, 2006; Clark, 2010; Knowles and Campbell,
2011). For every year that goes by in a dolphin’s life, the chance
that it is alive continues to decrease. Using a discount rate helps

to account for the decreased risk of life expectancy; however,
discount rates can vary. Previous marine-based discount rates
have ranged from 10% for marine protected areas (Samonte-Tan
et al., 2007), 8% for lemon sharks (Clua et al., 2011), 5% for reef
sharks (Vianna et al., 2012), and 2.65% for humpback whales
and whale sharks (Knowles and Campbell, 2011; Catlin et al,,
2013). Lower discount rates place greater emphasis on future
value (i.e., 2.65%), whereas the larger end of the scale (i.e., 10%),
value present day. There are several rationales for a discount rate,
usually based on private or social opportunity cost. Given that
the literature shows no decline in dolphin tourism, with potential
for growth in the industry, the social discount value of 2.65% was
selected to represent the Hawaiian spinner dolphin.

RESULTS
Peak Season Timeline (PST)

A PST was calculated for each location to predict the
number of annual participants in dolphin tourism; this
was also used to determine an estimate of revenues for
the wild Hawaiian spinner dolphin tourism industry (see
Tables 1A,B). An average of 7,300 boat trips per year
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TABLE 1A | Wild dolphin-swim industry peak season timeline (PST) for Waianae, Oahu.

Month January February March April May June July August September October November December
Period Peak Peak Peak Peak Peak Peak Peak Peak Avg. Avg. Avg. Peak
Avg. trip days/week 7 7 6.82 6.69 6.69 6.85 7 7 5.92 5.92 5.92 7

Avg. weeks/month 4.43 4 4.43 4.29 4.43 4.29 4.43 4.43 4.29 4.43 4.29 4.43
Avg. trip days/month 31.01 28.0 30.21 28.70 29.64 29.39 31.01 31.01 25.40 26.23 25.40 31.01

TABLE 1B | Wild dolphin-swim industry peak season timeline (PST) for Kailua-Kona, Hawaii Island.

Month January February March April May June July August  September October November December
Period Peak Peak Avg. Avg. Avg. Avg. Peak Peak Slow Slow Slow Avg.
Avg. trip days/week 6.63 6.5 5.11 4.56 4.25 4.25 6.65 6.65 2.86 2.86 3 5.16
Avg. weeks/month 4.43 4 4.43 4.29 4.43 4.29 4.43 4.43 4.29 4.43 4.29 4.43
Avg. trip days/month 29.37 26.0 22.64 19.56 18.83 1823 29.46 29.46 12.27 12.67 12.87 22.86
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FIGURE 3 | (A) Comparison of HTA visitor numbers and the wild dolphin-swim industry peak season timeline (PST) for Waianae, Oahu. (B) Comparison of HTA
visitor numbers and the wild dolphin-swim industry peak season timeline (PST) for Kailua-Kona, Hawaii Island.

100k visitors
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was calculated for Waianae, Oahu and 14,235 for Kailua-
Kona, Hawaii Island. Two peak periods were established
during mid-winter (end of December, end of January to
February) and mid-summer (July and August) for Kailua-
Kona, while peak numbers were consistently seen in Waianae
with the exception of a slowdown in the fall (September
and October). The PST model was also run using average
values for blank interview responses that populated the timeline
content. There were no significant differences when the model
was run this way.

The PST model was also contrasted with the Hawaii Tourism
Authority (2013, 2018) visitor numbers for each island to see
if the peak trends were consistent (see Figure 3). The HTA
comparison does not provide absolute confirmation on the

model, but rather an estimate of relative numbers based on the
best information available.

Utilization Rate Estimates

A total of 77 dolphin tour companies were used in this evaluation,
including 54' boats across both islands. At the time, this
represented all of the dolphin tourism companies on Oahu and
Kailua-Kona that were publicly advertising their services and, to
the authors’ knowledge, accounts for all of the legally registered
companies operating out of the targeted harbors. The number
of vessels operating in Waianae, Oahu (16 boats) was less when
compared to the 38 based in Kailua-Kona, Hawaii; however,

'Some companies work from shore.
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the vessels on Oahu were much larger, holding on average 27.7
people per trip. The total number of dolphin-tour companies
was also smaller on Oahu; 12 companies, compared to the 65 in
Kailua-Kona (see Table 2).

Primary Revenue

Overall ticket revenues for Waianae, Oahu have increased since
2006, jumping from an average dolphin-swim tour revenue of
$111(USD) (Boehle, 2007) to $141.34 (USD) in 2013, and the
prices in 2019 remain consistent with those from 2013 (see
Table 3). Waianae, Oahu remains more expensive then Kailua-
Kona. The higher average ticket total combined with the increase
in participants resulted in $12,041,283 (USD) more in direct
dolphin-swim revenue in Waianae, Oahu. The total estimated
direct dolphin tour revenue for both Oahu and Hawaii Island
in 2013 was $102,024,953 (USD); this does not include spiritual
retreats or companies that offer dolphin-swims as secondary
revenue. Table 3 illustrates the average utilization rate estimates
and ticket prices by activity and island, but does not demonstrate
the actual ticket price for each company, which was used
to calculate individual company revenues. Individual company
calculations are not shown, but were used to calculate total annual
revenue, average annual revenue, and range in Table 3.

Lifetime Revenue per Dolphin

There have been several spinner dolphin population studies
conducted in Kailua-Kona (Norris et al., 1994; Ostman, 1994);
however; the most recent estimates of 524-761 dolphins on
the Kailua-Kona coast predicted with 95% confidence by Tyne
et al. (2014) will be used in this paper. Unfortunately, the
Waianae coast on Oahu has not received the same attention as
Kailua-Kona and no official population estimates are available.
Based on preliminary studies, abundance estimates for the island

of Oahu were estimated at 329 spinner dolphins (National
Oceanic Atmospheric Administration [NOAA] - National
Marine Fisheries Service [NOAA - NMFS], 2012). These island
populations are genetically distinctive and are considered unique
stocks (Andrews et al., 2010). Table 4 provides an overview of the
estimated revenue of spinner dolphins over their lifetime.

DISCUSSION

Dolphin swim-tourism is only one segment of Hawaii’s multi-
faceted ocean tour boat industry, and the spinner dolphins not
only play a role in dolphin-swim tourism, but also other areas
of the marine tourism industry as well, including snorkel and
dive tours, whale watching, and charter fishing. According to the
2017 visitor activity and satisfaction report, 30% of all visitors to
Hawaii on average participated in a boat-based marine mammal
activity during their vacation; this equates to approximately 2.8
million tourists annually (Hawaii Tourism Authority, 2018).
Several dolphin-swim company owners expressed frustration
with other marine tour businesses such as recreational fishing
charters and scuba companies which began offering dolphin
swims after the market reached “saturation.” Concerns regarding
dolphin company growth were reflected in the operator
interviews. Most respondents felt there were too many boats
and swimmers in the water with the dolphins and that the
boats in Waianae were too large. There was also concern that
the competitive shift among companies had led to boats piggy-
backing off other businesses that are good at finding the dolphins
and the dissolving of “unspoken regulations” or “gentlemen’s
agreements” among founding companies. Many of the operators
complained of too many new businesses bringing on young or
inexperienced captains who did not know the protocols.

TABLE 2 | Commercial dolphin tour and dolphin-swim utilization rate estimates.

Company type Companies Boats (b) Daily trips (t) Capacity (c) Participants (utilization Swim watch difference p-value
estimate) (99% confidence)

Waianae, Oahu

Total Tours 12 16 20 364 453,542

Dolphin Swims 8 iRl 13 221 174,893 0.005

Dolphin Watch 4 5 7 143 278,649

Kailua-Kona, Hawaii Island

Total Tours 65 38 39 862 261,847

Dolphin Swims 47 31 30 356 38,387 <0.001

Dolphin Watch 6 7 9 506 223,459

Oahu and Hawaii Island

Total Tours 77 54 159 1226 715,389

Dolphin Swims 55 42 43 577 213,280 <0.001

Dolphin Watch 10 12 16 649 502,108

Other Hawaii Island Dolphin Activities*

Watch/swim** (secondary) 12 120 13 203 36,989

Spiritual retreats™* 19 - 35 (annual trips) 192 (annual trips) 384 (annual trips) N/A

All costs estimated to the nearest US dollar. *Only calculated for Kailua-Kona, does not seem to occur in Oahu. **PST 127.11 [PST (254.22) divided by two because
multi-purpose group]. ***PST 63.566 [PST (254.22) divided by four because multi-purpose group]. Retreats held yearly PST not available and average cost was used.
****Boat ownership for spiritual retreats may differ from other dolphin tour companies such as borrowed/rented boats from other companies. Trips are held at capacity for

a set number of people and held between 1 and 4 times per year.
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TABLE 3 | Commercial boat-based dolphin-swim direct revenue estimates by operator categories.

Company type Utilization rate estimate Avg. ticket price Total annual revenue Average annual revenue Range

x = bt(c)(PST)

Mean Median

Waianae, Oahu
Total Tours (n = 12) 453,542 $139 $57,913,886 $5,655,135 $3,951,750 $864,055-$16,442,028
Dolphin Swims (n = 8) 174,893 $158 $25,625,994 $3,203,249 $2,446,768 $864,055-$6,509,908
Dolphin Watch (n = 4) 278,649 $120 $32,287,892 $8,071,973 $7,922,932 $6,051,854-$16,442,028
Kailua-Kona, Hawaii Island
Total Tours (n = 34) 261,847 $122.34 $44,111,067 $1,154,136 $353,366 $152,5632-$9,182,426
Dolphin Swims (n = 28) 38,387 $124.67 $13,584,711 $460,011 $313,708 $152,532-$1,586,333
Dolphin Watch (n = 6) 223,459 $120 $26,360,326 $4,393,388 $4,514,057 $167,785-$9,182,426
Oahu and Hawaii Island
Total Tours (n = 46) 715,389 $130.67 $102,024,953 $1,882,330 $353,366 $152,532-$16,442,028
Dolphin Swims (n = 36) 213,280 $141.34 $39,210,705 $1,069,620 $465,223 $152,532-$6,509,908
Dolphin Watch (n = 10) 502,108 $120 $58,648,218 $5,864,822 $4,514,057 $167,785-$16,442,028
Other Hawaii Island Dolphin Activities*
Watch/swim** (secondary) 36,989 $118 $4,166,030 $347,169 $296,103 $91,519-$1,112,213
Spiritual retreats*** 384 $1547 $704,400 $38,051 $20,340 $534-$112,800

All costs estimated to the nearest US dollar. *Only calculated for Kailua-Kona, does not seem to occur in Oahu. **PST 127.11 [PST (254.22) divided by two because
multi-purpose group]. ***PST 63.56 [PST (254.22) divided by four because multi-purpose group]. Retreats held yearly PST not available and average cost was used.

TABLE 4 | Annual and lifetime revenue estimates for the Hawaiian spinner dolphin.

Dolphin population Total annual revenue (USD)

Est. dolphin population

Over lifetime - Discount rate
(dolphin-swim only)

Waianae, Oahu $57,913,886

329 (National Oceanic Atmospheric Administration [NOAA] -

$3,364,316

National Marine Fisheries Service [NOAA - NMFS], 2012)

Kailua-Kona, Hawaii Island $44,111,067

524-761 (Tyne et al., 2014)

$1,107,837 - $1,608,882

As demand for the activity grows and new companies become
established, more and more pressure is placed on the dolphins,
whose population is estimated to be decreasing (Tyne et al., 2014).
An economic study was completed on dolphin-swim tourism
in Hawaii by Boehle (2007); comparing the results of this study
to the observations above, dolphin-swim businesses have grown
by 33% on Oahu and 23% on Hawaii Island. Contrasting these
results to other marine mammal tourism in Hawaii, dolphin-
swim boats could potentially be generating the greatest revenue.

Peak Season Timeline (PST)
The PST established in this research showed only a slightly
significant relationship between the model and the tourism
numbers for Oahu (p = 0.55, p < 0.1); however, this was to be
expected given that dolphin tourism remains constant for most of
the year. Unlike humpback whales, which are a seasonal marine
mammal species in Hawaii (peak season is November through
March), Hawaiian spinner dolphins can be found reliably year-
round. This demonstrates that the dolphin-swim businesses in
Oahu are not influenced significantly by tourism fluctuations.
During the slower fall season (September to mid-November), the
HTA model also showed fewer visitors to the island. Kailua-Kona,
Hawaii Island presented a very different dolphin-swim tourism
pattern and this was reflected in the significant relation to the
HTA visitor numbers (p = 0.83, p < 0.001).

Comparing the HTA numbers from 2013 when this research
was completed to 2018 demonstrates consistency and validity of

the trends. For Oahu, there was a 16% increase in yearly visitors
with similar month to month trends. The only change observed
was a slightly larger dip in visitor numbers in August 2018, which
was not seen in 2017. Visitor numbers for Kailua-Kona did not
increase at the same rate, showing only a 3% increase in 2018 and
4% increase in 2017. Numbers for both years were considered
in relation to the volcanic activity on Hawaii Island in 2018
affecting visitor numbers. The trend lines were less consistent
for Kailua-Kona, with much less growth. Oahu visitor trends
highlight the need for greater attention to the Waianae dolphin
populations and swim industry which historically have received
less consideration than Kailua-Kona.

As demonstrated above, stark differences between islands
exist for revenues generated and the number of dolphin-
swim participants. Previous dolphin-swim tourism research
in Hawaii have lacked any inter-island comparisons, lumping
populations and businesses across the state or only focusing
on one area. This is problematic as the research does not
properly inform policy makers who are currently exploring
implementation of new regulations (Wiener, 2015a). Not
only are there dramatic differences in revenue generation,
but also in boat numbers, boat sizes, the way dolphin-swim
companies conduct their businesses, and even in observed
behaviors between dolphin populations. Tour operator
expenses such as fuel costs, boat maintenance, slip fees,
and employee salaries were not collected in interviews and,
therefore, are not deducted from total revenue. Future work
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should consider adding these costs to get a better estimate
of actual revenue.

Utilization Rate Estimates

Using the utilization rate estimation, 174,893 participants in
2013 were found to be going out on the dolphin-swim boats
in Waianae annually versus 38,387 in Kailua-Kona. The mean
number of participants per company for Waianae is significantly
more (p < 0.001) than the participants per company in Kailua-
Kona. The greater number of participants on Oahu is somewhat
surprising given the number of boats (b) and companies in
Kailua-Kona. The smaller capacity on the small boats in Kailua-
Kona is the main reason for the discrepancy in dolphin-swim
participants. For both islands, 715,389 people are estimated to
have participated in boat-based commercial dolphin tours (swim
and watch) in 2013. This is 595,389 more than a preliminary
estimate that was conducted statewide in 2008 (O’Connor
et al., 2009), reflecting greater participation and dolphin tourism
growth than previously predicted. There are also significant
differences between the mean number of participants going out
with dolphin-swim companies and the related dolphin watching
tour boats. In both Waianae (p = 0.005) and Kailua-Kona
(p < 0.001) the dolphin-watch boats had more participants, again
most likely due to boat capacity.

The participant estimates for both islands grossly
underestimate the number of people directly engaging with
the dolphins and have major implications for dolphin-swim
activities. Concerns over the increase in dolphin-swim boats have
led federal marine managers to consider banning this activity;
however, actual implementation of any regulations has been
stalled for more than a decade (Tyne et al., 2018). Dolphin-swim
operators and company owners argue that that dolphin-swims
bring a lot of revenue into the local communities and that
prohibiting people from interacting with the dolphins in the
water would diminish their businesses. According to Liick and
Porter (2019), dolphin tour participants are primarily interested
in being able to get close to the dolphins (88.3%).

This research can give context to federal and state managers
who are looking to better understand the growth and varying
forms of the dolphin swim industry. The scenario analysis can
be used as an accountability exercise prior to further study
and regulation aimed at better protection for the dolphins. If
in-water dolphin-swims become outlawed, it will be important
to outline how lost revenue will be made up and the
mechanisms for enforcing new laws in coordination with the
commercial operators.

There are many interest groups in both resident and tourist
communities that swim with dolphins outside of commercial
boat-based tours. Most of the shallow bays where people swim
with the dolphins can be accessed from shore as well as by boat,
making it easy for people to reach the dolphins. The numbers do
not account for private and rented boats that interact with the
dolphins, as well as chance encounters. Unfortunately, there has
not been a directed count of total human users, something that
should be focused on in future study.

Some of the distinctions between Kailua-Kona, Hawaii Island
and Waianae, Oahu may lie in the tour boats and company

structure. There are fewer boats on Oahu; however, they cater
to larger groups of participants and go out at least two times a
day. This contrasts with the smaller six-person boats that operate
once daily in Kailua-Kona. Many of the Kailua-Kona boats also
expand operations to manta ray swims at night. Although these
operations cater to a smaller clientele, there are more than double
the number of companies, leading to significantly more boats
in the water. These boat and company differences will have
implications for how the rules affect the tour operators and
dolphin-swim participants. Regulations capping boat size or the
number of boat permits available could dramatically shift the
impact on the dolphins. For example, if permit and boat size
limits were put in place, this could drop the swimmer numbers
considerably compared to Oahu where fewer large boats operate.
If the large boats on Oahu had to decrease their size, this would
impact fewer companies, but cause significantly lower capacity
for participants.

Primary Revenue

When the 2013 direct annual revenue for both Waianae, Oahu
and Kailua-Kona, Hawaii Island was broken down by commercial
categories (see Table 4), wild dolphin-swim activities made
$32,287,892 (USD) less on Oahu and $30,526,356 (USD) less
on Hawaii Islands than wild dolphin viewing. There are triple
the number of dolphin-swim companies and boats compared to
dolphin watching; however, the dolphin watch boats are much
larger than most dolphin-swim vessels and can accommodate a
greater number of participants. The average dolphin-swim vessel
has a capacity of six in Kailua-Kona and 20 in Waianae, whereas
the dolphin-watch vessels have an average capacity of 50.

On both Oahu and Hawaii Island, the dolphin-watch
companies brought in more direct revenue in 2013 than the
dolphin-swim companies. This was extremely surprising given
the small number of dolphin-watch boats compared to the
dolphin-swim boats; however, the size of the dolphin watch boats
was almost triple that of the other companies. This could provide
an alternative to the numerous dolphin-swim boats that can only
handle a small number. While fewer companies could benefit,
more people could still view the dolphins while decreasing the
impacts of numerous boats approaching the dolphins all at once.

Other companies that participate in either dolphin watching
or swimming, but do not make the activity their primary focus,
also brought in an estimated $4,166,030 (USD) in 2013. This
is a large amount of revenue that is not accounted for when
thinking about dolphin tourism and an underestimation as it
only represents companies located on Hawaii Island and does not
include private boat rentals. The healing and spiritual retreats
that center on the dolphins are not often discussed in Hawaii
dolphin tourism literature, yet embody an important group of
stakeholders. These businesses are currently centered on Hawaii
Island and, as shown above, were estimated to bring in $704,400
(USD) in 2013 in direct annual revenue.

Lifetime Revenue per Dolphin

The dolphin-swims in Hawaii generate a higher revenue than
other dolphin-swim island locations such as Bali that have a
similar spinner dolphin population with predictable behavior. In
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Bali, dolphin-swim tours made US$4.1 million in direct revenue
annually (Mustika et al., 2012). The wild dolphin-swim tours in
Hawaii not only generate more revenue than dolphin-swims in
other locations such as Lovina, Bali (Mustika et al., 2012) and
Monkey Mia, Australia (Stoeckl et al., 2005), but are also making
more than the local whale watching tourism (Utech, 2000). The
data demonstrate a significant growth for the Hawaiian Islands in
a short amount of time.

If the Hawaiian dolphin-swim industry reviewed here is
compared to research conducted elsewhere (see Table 5), the
market in Hawaii is among one of the largest generators
of revenue annually. Individually, Hawaiian spinner dolphins
produce more direct tourism revenue from dolphin-swims over
their lifetime ($1,107,837 - $3,364,316) than other species
examined, including some populations of humpback whales
(Knowles and Campbell, 2011). However, they still are not
amongst the top grossing marine animals over their lifetime
compared with species such as the Sicklefish lemon shark ($2.64
million) or the reef shark ($2.31 million).

One of the problems that is not often considered with species-
specific studies is the likelihood that some dolphins may be
worth more than others. For this study, the entire population
of dolphins per island was used to calculate lifetime revenue to
account for inconsistencies in the number of dolphins in each
bay daily. This does create some error as only certain bays have
dolphin-swim boats and there may be individual dolphins that
frequent bays with swimmers more than others. During operator
interviews, there were individual dolphins that were called out
by name and were familiar to residents. Certain dolphins may
have individual characteristics either innate or learned that cause

them to have greater exposure to swimmers. This is an important
consideration, as some dolphins could be worth more than
others, which also means that the impact to the population may
be less if only a few pods are exposed to swimmers on a daily basis.
While Tyne et al. (2014) have provided population estimates for
the Hawaii Island dolphins, there has been relatively little effort to
characterize the Oahu population, or bays outside of the Kailua-
Kona coast on Hawaii Island. Without a complete population
assessment, it will be hard to give an accurate measure of how
many dolphins are involved in dolphin-swim activities.

Another component missing from species-specific analysis
is the consideration of non-monetary benefits and costs. For
example, this study found the Oahu dolphins to be worth
considerably more than the Hawaii Island dolphins, but both
have equal non-use values and are vital components of the
coastal marine ecosystem. The Hawaiian spinner dolphins are
appreciated not only by the commercial sector, but also by
many residents and visitors who enjoy the mere presence of
these dolphins. Some Native Hawaiians also believe that spinner
dolphins are important family members and a living piece of their
cultural heritage (Cressey, 2009).

A lack of government resources in Hawaii makes it difficult to
adequately manage and enforce regulations pertaining to human
interactions with wildlife. The tendency for marine conservation
to be viewed as a cost to government budgets prevails in
Hawaii, one which produces little return on investment (Catlin
et al,, 2013). As of this writing, the federal government has
still not moved forward on any regulations after more than
10 years of proposed rules, public meetings and promises of
action. In 2018, the NOAA Pacific Scientific Review Group

TABLE 5 | Previous marine tourism valuation studies.

Location Marine tourism Annual revenue (USD)* Source

Oahu and Hawaii Is. Spinner dolphins $1,200,000 Wiener, 2016

Antarctic Wildlife $55,660,800 Catlin et al., 2013

Tonga Whales $5,000,000 Orams, 2013

Australia Turtle $742,144 Catlin et al., 2013

Caribbean Sharks $250,000 Catlin et al., 2013

Maldives Sharks $3,300 Catlin et al., 2013

Lovina, Bali Dolphins $4,100,000 Mustika et al., 2012

Palau Sharks $179,000 Vianna et al., 2012

Maldives Manta rays $8,100,000 Anderson et al., 2011
French Polynesia Lemon sharks $5,400,000 Clua et al., 2011

Australia Humpback whales $2,549,000 Knowles and Campbell, 2011
Western Australia Whale sharks $2,226,432 — $ 4,267,328 Catlin et al., 2010

Global Cetacean $2,000,000,000 Hoyt, 2001; O’Connor et al., 2009
Western Australia Whales $6,029,920 - $10,668,320 Stoeckl et al., 2005

Australia Dolphin $8,163,584 Stoeckl et al., 2005

Belize Whale sharks $34,906 Graham, 2004
Massachusetts Whales $440,000,000 Hoagland and Meeks, 2000
Hawaii Humpback whales $19,000,000 - $27,000,000 Utech, 2000

Hawaii Humpback whales $3,900,000 Forestell and Kaufman, 1990
BC, Canada Whales $3,645,312 Duffus and Dearden, 1990

*Foreign currency was converted to US dollars for comparison purposes using USD conversion rates 08/09/14.
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(PSRG) also recommended that the NOAA National Marine
Fisheries Service reconsider plans to manage human interactions
with spinner dolphins through restrictions based on time and
area management for boaters and swimmers (National Oceanic
Atmospheric Administration [NOAA], 2018). This approach
provides the ability for enforcement and consistent protection.

The revenue generated through dolphin tourism could easily
be used to contribute to better enforcement for the dolphins
and community through a user tax or fee added to each boat
ticket sold. Other instruments such as exit surveys could help
provide better understanding of the participants and better ways
for enforcement to address user interactions.

Global Implications

All marine tourism industries - not just dolphin-swims - create
conflict due to lack of regulation and general oversight of
the ecosystem. The popularity and revenues of these activities
increase stress on the species involved, which leads to amplified
conflict amongst the operators. Historical mistrust of both
state and federal governments has made the implementation
of regulations and reporting of revenues and numbers difficult
despite the obvious commercial expansion. This baseline scenario
analysis illustrates the under-valuation of the industry and can
serve as a call for further research into the valuing, monitoring,
and regulation of wildlife tourism in Hawaii and around the
globe. Many islands and coastal communities with dolphin
populations do not take part in dolphin-swim tourism, but
have the potential to host such businesses. For example, Guam
has a local spinner dolphin population, a dedicated tourism
industry, and several dolphin-watching businesses that have
contemplated moving toward an in-water swim model. Using
the results presented here, other locations may be able to
mitigate conflict and stress on local dolphin populations by
implementing management from the beginning. As the number
of boats offering dolphin-swims grows, a standardized training
course for operators might ensure that the proper information
is passed on to participants. Lavin et al. (2016) have shown
that, by having been provided ecological information, informed
tourists are more prone to select visiting options that reduce
animal stress and support conservation mechanisms in areas with
little enforcement. This will not only help to better integrate
the businesses into the community, but also to provide a safer
environment for both participants and the dolphins.

CAUSES AND CONSIDERATIONS

This paper does not attempt to provide a calculation of non-use
or indirect costs associated with dolphin-swim tourism; while
this is an important issue, the empirical data gathered from
the operators do not lend for this type of examination. All
efforts to ensure rigor were made and the data were assumed
to be accurately reported; however, the results should still be
considered interpretive.

The revenue estimates provided in this study only used market
prices of commercial wild dolphin-swim/watch boats and do not
constitute the entire dolphin tourism industry such as personal

use stand-up paddleboards, kayaks, and shore swimmers. The
number of users and revenue are estimates with the best available
information as of 2013. There are new companies surfacing and
ones operating illegally or on the side, so these numbers reflect
an underestimation. Additionally, other islands (e.g., Maui and
Kauai) which have recently reported new dolphin-swim tour
companies have not been included. Operator costs were also not
accounted for including fuel, equipment, employee wages, etc., an
omission that represents a significant limitation to the research.
Other considerations not included in this analysis are the impact
of increasing boat traffic on the marine environment, use of
local man-made and natural resources, and the rising human
conflicts between user groups. The data provided represent an
approximation of the dolphin-swim industry in Hawaii to give an
idea of the participant numbers and revenue generated. Further
research should explore the indirect costs and how much money
is being funneled back to the communities surrounding dolphin-
swim activities. Socioeconomic conditions vary for Hawaiian
residents; for example, high poverty rates especially in the
Waianae area can exceed 17%, more than 7% higher than the
nationwide rate (Impact Assessment Inc., 2007).

CONCLUSION

As a whole, spinner dolphin tourism and marine tourism in
Hawaii is severely under-studied and under-valued. This scenario
analysis presents a first attempt at an accountability exercise
based on a series of assumptions regarding demand of the
Hawaiian dolphin tourism industry and its potential impact
for the state. A better grasp on the broader economics of
dolphin-swim tourism is necessary to gauge both direct and
indirect effects which are not accounted for in this study. The
estimates generated in this research provide a first and look
at the potential revenue generated from an under-regulated
and growing industry. The revenue potential identified in this
research offers insight into the possible resources that could
be made available for conservation and regulation enforcement,
while still allowing for economic development. However, as the
popularity and revenue growth increase, growing demand will
be placed on the spinner dolphin population. Common-pool
resources such as dolphins can easily become overly exploited
through tourism if not managed appropriately (Heenehan et al.,
2015). If growth continues without any additional protection
or enforcement serious impacts will be placed on the dolphin
population, leading to possible decline of the population or
shift of habitat (Tyne et al, 2018; Kassamali-Fox et al,
2020). This would not only be a worst-case scenario for the
genetically distinct Hawaiian spinner dolphin population, but
would potentially crash the dolphin tourism industry as well,
adding to the long list of species that have succumbed to the
tragedy of the commons.

The benefit of providing a first analysis and estimate of the
direct revenue associated with spinner dolphin-swim tourism
is that it can offer resource managers a starting point for an
assessment of a previously under-estimated component of the
marine tourism industry in Hawaii. Resource managers should
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be working closely with the dolphin tourism stakeholders to
better understand how conservation and regulation can be
worked into local business models. There are large groups of
stakeholders both commercially and in the community that
interact with the spinner dolphins on a daily basis. They too
could be collecting data on dolphin encounters to enhance the
knowledge base and monitoring of the growing number of boats
and people interacting with the dolphins in the water. Further
understanding of the current practices and companies guiding
dolphin tours is critical when reviewing and developing new laws
and management of the dolphin-swim bays.
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In 2001 ltaly, France, and Principality of Monaco instituted a protected area for marine
mammals in northwestern Mediterranean Sea, named the Pelagos Sanctuary. The
agreement foresees the commitment by signing parties to manage human activities in
the area, with a special mention to whale watching. Whale watching is a form of wildlife
tourism which has considerably grown in the last decades. Understanding the profile
of whale watchers and their satisfaction toward the activity, is the first step toward a
sustainable and effective management of this touristic activity. In this work we provide
the first analysis of the whale watching activity in the Pelagos Sanctuary, focusing on
commercial whale watching tours departing from Italian harbors in Liguria. We provide
a census of the activity and the results of close-ended questionnaires filled by whale
watchers during trips in summer 2016 and 2017. The aim of the questionnaires was to
understand the level of awareness of experienced and new whale watchers regarding
the Pelagos Sanctuary and some conservation initiative going on in the area. Finally, we
analyzed the satisfaction level, with the aim of evidencing weakness and strengths of
the service offered. Our results evidence a growth in the activity in the last 15 years, with
a wider differentiation of offers and impacting a larger area than previously found. Whale
watchers in the area come from a variety of countries, demonstrating the importance of
the Pelagos as a hot spot for this activity. A high level of satisfaction has been evidenced,
with no difference among new and experienced whale watchers. At the same time, more
effort is needed to increase awareness of Pelagos and its conservation initiative both at
a national and international level. This study provides useful information for the start of
an effective management of whale watching in this protected area.

Keywords: whale-watching, pelagos sanctuary, satisfaction analysis, cetaceans, tourism

INTRODUCTION

Since the late 1990s, when whale-watching started in California, the whale watching industry has
grown considerably worldwide (Hoyt and Parsons, 2012). From its expansion, whale watching has
been reported to bring considerable economic benefits (Cisneros-Montemayor et al., 2010; Parsons
and Brown, 2017). Whale-watching can also positively influence cetacean conservation (e.g., Jacobs
and Harms, 2014), considering that it has replaced whaling in some countries (Cunningham
et al.,, 2012; Vieira et al., 2018), and is considered to be an essential part of cetacean research
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(Hauser et al., 2006; Higby et al., 2012; Tepsich et al., 2014; Alves
et al., 2018; Garcia et al., 2018). Together with the increase of
whale watching popularity and the consequent proliferation of
vessels and tours, the interest in understanding and measuring
its impacts has grown (Parsons, 2012). The impact of whale
watching is measured either by considering the potential negative
impact on the exploited cetacean population, or by considering
the positive impact on the tourism sector and, when sustainable
managed, by considering the positive impact on the species
in term of conservation (Sitar et al., 2017). Potential negative
impacts of whale watching activities have been reported to be
derived from disturbance reasons, with consequent stress index
increases and behavioral changes (Magalhaes et al., 1999; Erbe,
2002; Lusseau, 2006; Richter et al., 2006; Visser et al., 2011;
Parsons, 2012; New et al., 2015). At the same time, it has been
demonstrated that whale-watching can be an effective tool to
raise awareness about species conservation issues and to educate
tourists on cetaceans’ ecology and threats, especially when the
tourist experience is enriched by good environmental education
(Lien, 2001; Liick, 2003; Stamation et al., 2007; Wearing et al,,
2014; Garcia-Cegarra and Pacheco, 2017; La Manna et al., 2020).

The Pelagos Sanctuary (hereafter Pelagos) was established
in 2001 in the northwestern Mediterranean sea (Notarbartolo-
di-Sciara et al., 2008). Pelagos covers around 87,500 sq. km
and it is subjected to an agreement between Italy, Monaco,
and France for protection purposes of several species of
cetaceans that inhabit the area. The Pelagos Sanctuary is
characterized by the presence of various marine mammal
species, being the habitat suitable to sustain their breeding
and feeding needs. The species mostly found in the area
are common bottlenose dolphins Tursiops truncatus, striped
dolphins Stenella coeruleoalba, Risso’s dolphins Grampus griseus,
short-beaked common dolphins Delphinus delphis, sperm
whales Physeter macrocephalus, fin whales Balaenoptera physalus,
Cuviers beaked whales Ziphius cavirostris, and long-finned
pilot whales Globicephala melas (Notarbartolo-di-Sciara et al.,
2008). Three different types of whale watching activities are
known to occur in the area: true commercial activities (COM),
characterized by daily trips of 4-8 h; Cetacean ecotourism (ECO),
characterized by cruises lasting from weekends to weeks; and
Research whale watching (RES), where eco-tourists are involved
in research activities for funding reasons (Fortuna et al., 2004;
Parsons et al., 2006). ECO and RES activities, organized and
managed mainly by associations and NGOs involved in cetacean
research and conservation, usually target a specialized type of
public, where tourists are willing to spend several days aboard for
training reasons, developing skills useful for cetacean research.
On the other hand, COM whale watching targets more general
tourists, attracted to tours by pure leisure reasons.

Despite the fact that the Pelagos agreement foresees a
commitment by signing parties to manage whale watching
activities in the Sanctuary (Art. 8), no official census
or regimentation of whale-watching activities has been
implemented so far by the signing countries. Two management
actions regarding whale watching activity have been implemented
by the Pelagos Secretariat and further enforced by the
ACCOBAMS secretariat as well: The High Quality Whale

Watching Label (HQWW?®) (Ratel et al., 2016) and the Code
of Good Conduct for whale watching in the Mediterranean
Sea (ACCOBAMS, 2016). The HQWW® label is a quality
certification that whale watching operators can request. The
accreditation is on a voluntary basis and the process foresee
several steps: crew members (biologists, captain, and mariners)
must undertake a training program and at least one member of
the crew who successfully attended the training must be onboard
during the excursion; the operator must commit to conduct
educational/awareness activities during the trips, to contribute to
research by sharing sighting data and especially to comply with
the Code of Good Conduct to approach cetaceans. Furthermore,
some activities are identified as not compliant with the HQWW®
certification, such as swimming with cetaceans; using airborne
detection systems to locate cetaceans (e.g., planes or drones);
combining any form of fishing with cetacean watching and
feeding cetaceans. The Code of Good Conduct defines two
areas when approaching cetaceans: the area of vigilance and the
forbidden area. Particularly, the forbidden area, in which no
boat is allowed to enter, includes the front, the back and a 100 m
area around the animal; the vigilance area, in which the boat can
enter at a reduced speed of five knots, is a 300 m sector around
the animal (still excluding the front and the back). Considering
the disturbance that a boat can cause also in the vigilance areas,
maneuverings, number of boats, and other specific indications
are also foreseen by the Code. In this work we aim to draw an
updated picture of the status and quality of whale watching
activities in the Pelagos Sanctuary area (Figure 1), specifically
targeting Italian COM operators. First, a general census of
whale watching operators along the Italian coasts of the Pelagos
Sanctuary is provided. This census, together with available
information from the French part of the sanctuary (Mayol
et al., 2014), allowed us to build a comprehensive assessment
of the status and development of the whale watching activity
in this protected area. Then, a specific study on participants to
COM whale watching tours in the central part of the Sanctuary
(departing harbors located in Liguria-Italy) was carried out, with
the support of the whale watching operating in the area. This
study focused on:

1. Defining the profile of customers taking part in the whale
watching activity in Pelagos, as no study has ever been
conducted on whale watchers in the area;

2. Evaluating the customers’ awareness about the existence of
the Pelagos Sanctuary and the whale watching management
activities associated with it (HQWW® and Code of Good
Conduct), and test whether this depends on the experience
and age, education level or origin of the whale-watching
customers;

3. Analyzing the motivations and satisfaction of the whale-
watching customers, in order to assess the success of
this industry in the Pelagos Sanctuary and its value as a
conservation/awareness activity;

4. Analyzing the factors mainly contributing to satisfaction,
in order to evidence weaknesses and strengths of the
service that could help in better addressing its further
sustainable development.
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FIGURE 1 | Map of departing harbors of COM whale watching operating in the Pelagos Sanctuary, in 2004 and in 2019. ltalian regions overlooking the Pelagos

Sanctuary are Liguria (LI), Tuscany (TU), and Sardinia (SA).

MATERIALS AND METHODS

We started from the census by Fortuna et al. (2004), where three
different categories of whale watching have been highlighted:
true commercial (COM), Cetacean ECO, and RES (see Fortuna
et al, 2004 for details on definition). A detailed survey
based on the material available on the internet and on social
networks, both in English and in Italian, has been conducted
to identify the current state and amount of Italian Whale
Watching operators in 2019. Data were then refined with
information available through the research group involved
with the application of HQWW® Certification in Italy. For
this study we considered only operators organizing surveys in
the Pelagos Sanctuary area or adjacent waters (within 25 km
distance from borders of Pelagos). Information on all type of
operators has been collected, but for the analysis we focused only
on COM operators.

A closed-ended questionnaire was developed based on a
literature review, and using the study of Bentz et al. (2016)
as a benchmark. The questionnaire was then evaluated by
three different researchers and finally it was validated by the
crews of the whale watching companies (captains, mariners and
biologists on board) to ensure avoiding confusing questions.
The questionnaire was distributed during July-August 2016

and 2017 (covering the main touristic season) on board of
whale watching vessels from two COM operators in Liguria
(Italy). The involved operators were chosen as their activity
is representative of the True Commercial whale watching
definition: trip duration is about 4-6 h, organized weekly
(up to 7 days a week in highest season), on board of
big motorboats specifically aimed at encountering cetaceans
(Parsons et al., 2006).

In order to enhance tourist involvement, the biologist on
board presented to tourists both the researcher and the aim of
the research, while the researcher was also available for questions
and helping with the filling of the questionnaires. Questionnaires
were conceived in order to provide information on socio-
economic characteristics of whale-watchers, their motivation
and expertise, their knowledge about the Pelagos Sanctuary and
conservation actions carried out in the area and their expectation
and satisfaction regarding the trip (Annex). Questionnaires
were provided in Italian and English and distributed by the
researchers onboard to participants who agreed to contribute
to this study, at the end of the trip, during the way
back to the harbor.

In order to evaluate the effect of experience, age, education
level and origin of the participants’ knowledge about the Pelagos
Sanctuary and conservation measures related to whale watching
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(HQWW®, Code of Good Conduct), whale watchers where
divided first into 2 groups: Experienced, encompassing all whale
watchers having already participated in at least one whale
watching trip, and New, encompassing all customers in their
first experience with whale watching. Secondly, each group was
divided into subgroups, based on their age, education level
or origin. Specifically, concerning the origin two subgroups
were identified: Pelagos, coming from one of the regions
overlooking Pelagos Sanctuary (Tuscany, Liguria, Sardinia,
France or Principality of Monaco) and ExtraPelagos, not being
from one of the regions overlooking the Pelagos Sanctuary. Chi-
square tests were performed to explore differences among groups
and subgroups. In case of significant difference between age and
educational level subgroups, post hoc pairwise chi-square tests
were applied in order to define which subgroups are significantly
different from each other.

Tourists’ satisfaction was examined in two different ways.
First, a performance-only perspective was applied: participants
were asked to rate their level of satisfaction regarding the
excursion on a 10-point scale (1 = very unsatisfied; 10 = very
satisfied). The Level of satisfaction was determined according
to two different scale: Pearce (2006) and Hanan and Karp
(1991). The Pearce scale considers the mean value obtained,
indicating high satisfaction for mean scores greater than 7.8,
moderate if between 7.1 and 7.8, and low if the mean score
is smaller than 7.1. The Hanan and Karp scale, on the other
hand, considers the percentage of the scores between 8 and
10 (values included). A high satisfaction level is indicated by
85-90% of scores between 8 and 10, a medium level when
70-80% of responses are 8, 9, or 10, while if less than 60%
of customers rated the satisfaction between 8 and 10, the
satisfaction level is considered low. Kurskall-Wallis test was used
to inspect differences among the two groups (Experienced vs.
New) and subgroups.

Several factors where then considered, grouped into three
categories, distinguishing Trip related features (“See at least
one cetacean,” “See several cetacean species,” “See a fin whale
or sperm whale” “See animals close to the boat “See several
marine species,” “Absence of crowding by other boats during
sightings”), Conservation/Awareness related (“See animals in a
respectful manner,” “Commitment to the environment by the
operator,” “Information on marine species provided on board,
“Environmental education onboard) “Information on Pelagos
Sanctuary provided on board,” “Collaboration with scientific
research”) or Service related (“Professionalism of the crew on
board,” “Good weather conditions,” “Crowding on board,” “Good
photo opportunities,” “Cost of the trip,” “Boat type”). For each
factor, expectations and satisfaction were measured on a five-
point Likert scales (between 1 = not at all important/very
unsatisfied and 5 = very important/very satisfied). Spearman’s
correlation was then used to identify the category that most
contributed to satisfaction, separately for the two groups of
whale watchers, as well as to test the contribution of each
factor separately.

Secondly, an Importance-Performance analysis (IPA) that
compares expectations with satisfaction was performed. This
technique was chosen considering its ability to highlighting

strengths and weakness of the activity, thus potentially suggesting
improvements (Bentz et al., 2016). A gap analysis of satisfaction
median scores (S) and importance median scores (I) was
performed both considering features grouped in the three
categories both for each parameter, separately for the two
considered groups of whale watchers.

The gap G, where

G=1-S

was then used to highlight category and features meeting or
exceeding tourists’ expectations (G < 0) or evidencing the need
for improvement (G > 0).

RESULTS

Whale Watching Operators in the Italian

Part of the Pelagos Sanctuary

Seventeen COM, four RES and eight ECO, for a total of
29 whale watching operators were found operating along the
Italian coasts of the Pelagos Sanctuary and adjacent areas (see
Supplementary Material).

Looking specifically at COM operators, while they were
initially concentrated in the western coast of Liguria (Figure 1),
nowadays, departing harbors are located along the eastern
Ligurian coast, as well as in Tuscany and Sardinia. Generally, it
is possible to identify two different types of offer: pre-planned
surveys based on a fixed calendar (from 1 to 7 days a week), on big
motorboats hosting 200-350 persons on board, or a “on request,”
where trips are organized only if a certain number of participants
made a booking. These are generally organized onboard smaller
motorboats, sailing boats, catamaran, or RHIBs.

The main operation period is summertime (June-September);
an extension in spring and autumn is foreseen but only
for few operators.

Sixty five percent of COM operators have a biologist or
a specialized guide on board; 24% declare to be actively
collaborating with research institutions.

Eleven out of 17 COM operators have received a whale
watching quality certification (eight the HQWW® and three
another international certification). All the certified COM
operators follow a code of good conduct for approaching
cetaceans at sea (as foreseen by the certification), while for
operators not certified, no evidence of any code of conduct is
present on their web sites.

Pelagos Whale-Watchers Profile

In total, 915 questionnaires were distributed to whale watchers
on board two Italian COM operators in Liguria, during 85
different trips during summer 2016 and 2017. A high response
rate was recorded, with 98% of the questionnaires filled at least
partially, while 15 were left blank and consequently discarded
from the study. As not all questionnaires were filled completely,
results for each question will be presented as a proportion
relative to the number of questionnaires in which the question
was filled, indicating the total number of questionnaires in
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which the question was filled in brackets. The number in
brackets then refers to the real sample size to which percentage
should be referred to.

Sixty one percent of questionnaires were filled by females
(n = 837 questionnaires); considering age, whale-watchers were
mainly adults, within the age group 36-45 and 46-55, with 29 and
24%, respectively, followed by youngsters, within age groups < 25
and 26-35 recording 19 and 17%, respectively, and finally elderly
(n = 711). Almost half questionnaires were filled by someone
with a university education level (49%) or high school level
(38%), while only 8 and 3%, respectively, were from secondary
or elementary school level (n = 848).

More than half of the participants in the trips were families
with kids (53%), 28% where couples and 13 % were group of
friends. The remaining 6% was composed by single or organized
groups (n = 882).

Concerning the whale-watchers’ origin, 80% of questionnaires
were filled by not-local tourists (not coming from the Liguria
region), coming from 21 different countries (n = 893). The
majority of tourists were spending long holidays in the Liguria
region, with 34% declaring to stay from 8 to 15 days and 21% up
to a month. Fourteen percent declared to have traveled to Liguria
only for the whale watching excursion and consequently to spend
only 1 day in the region, while the rest was staying for short term
holidays (1 week maximum).

Eighty nine percent of whale watchers declared to be
passionate about naturalistic excursion (n = 880) and 73% to
be passionate about cetaceans (n = 868). Despite this, 71% were
participating in a whale watching trip for the first time and were
then considered as New. Among Experienced whale watchers,
42% already participated in a whale watching trip with the same
operator at the time of the questionnaire.

Twenty three percent of the customers came from regions
overlooking the Pelagos Sanctuary (Tuscany, Liguria, Sardinia,
France, or Principality of Monaco). The percentage changes
among Experienced or New, with 28% of Experienced whale
watchers being from a region overlooking the Pelagos Sanctuary,
and 21% of New being from Pelagos (Figure 2).

Pelagos Sanctuary, HQWW?®, and Code of

Good Conduct Awareness

Among all the participants, half of the customers stated that
they were aware of the existence of the Pelagos Sanctuary
(n = 881). Experienced whale watchers are more likely to
be aware of the Pelagos Sanctuary existence (67% declaring
to know about it), while this percentage is lower (44%) for
New [¥%pearson(1) = 37.77, p < 0.001, n = 839] (Table 1).
Looking at their origin, Experienced_Pelagos are more aware
than Experienced_ExtraPelagos [X%pearson(1) = 10.41, p = 0.001,
n = 244]. Similarly for the New group, origin plays a significant
role in the awareness about the existence of the Pelagos Sacntuary
[¥*pearson(1) = 28.34, p < 0.001, n = 591] (Table 2A). Concerning
age class, no difference was found amongst New (Table 2B), while
an higher percentage of elderly (> 55 years old) and youngers
(< 25 and 26-35 years old) were recorded amongst Experienced
[X2Pearson(4) = 16.16, p = 0.003, n = 209]. Specifically, the elderly

age class differed significatively from other classes (all post hoc
tests elderly age class vs. other age classes: p < 0.05). No statistical
difference was found comparing education level (Table 2C).

Concerning the code of conduct, 30% of whale watchers knew
about the existence of a code of good conduct to approach
cetaceans (n = 872), with a higher percentage in Experienced
than in New [44 and 25%, respectively, ¥ 2pearson(1) = 31.30,
p < 0.001, n = 832] (Table 1). Nor origin, age or education level
had an influence for both Experienced and New whale watchers
(Tables 2A-C).

Regarding the HQWW® label, only 9% of the respondents
were aware of the existence of this label (n = 875). Awareness
of the label is higher in Experienced whale watchers [14 vs.
7% for Experienced and New, respectively, X *pearson(1) = 9.81,
p = 0.002, n = 830]. Origin has no role for Experienced, but
a higher proportion of New_Pelagos is aware of its existence,
compared to New_ExtraPelagos [%%pearson(1) = 4.60, p = 0.032,
n = 585] (Table 2A). No statistical difference was found among
age classes for both groups, while regarding the education level,
among Experienced, an higher percentage of whale watchers with
primary or secondary education level were more aware of the
existence of the label [X%pearson(3) = 9.61, p = 0.022, n = 230].
Post hoc test nevertheless did not confirm a statistical significant
difference among the four subgroups (all post hoc tests: p > 0.05).

Fifty nine percent of whale watchers declared that the presence
of the label would affect the choice of a whale watching operator
(n = 830), but no statistical difference was found among the
two groups (Table 1) nor among the subgroups based on origin
or age class (Tables 2A,B). Education level plays an important
role among both groups, with significantly higher proportion
of whale watchers with higher education level declaring being
influenced by a quality label in the choice of an operator
[X?Pearson(3) = 13.14, p = 0.004, n = 220 and ¥ *pearson(3) = 12.95,
p = 0.005, n = 527 for Experienced and New, respectively]
(Table 2C). This difference was also confirmed by the post hoc
test for Experienced (post hoc test university education level vs.
high school level: p < 0.05) but not for New whale watchers.

Satisfaction Analysis (Performance Only
Approach)

Satisfaction was measured with a mean score of 8.24 and 77.2%
of answers between 8 and 10 (n = 882). No differences were
found among Experienced or New whale watchers (Kruskal-
Wallis %2 = 3.05, p = 0.08). Based on both scales, the overall
satisfaction score for both New and Experienced whale watchers
can be classified as medium-high (Hanan and Karp, 1991; Pearce,
2006; Table 3). Within each group, no statistical difference was
found regarding age classes or education level (For Experienced:
Kruskal-Wallis x? = 4.771, df = 4, p-value = 0.3116 and Kruskal-
Wallis x2= 15197, df = 3, p-value = 0.6777 for age and
education, respectively, for New Kruskal-Wallis ¥% = 2.7814,
df = 4, p-value = 0.595 and Kruskal-Wallis x? = 1.1356, df = 3,
p-value = 0.7685, for age and education).

All tested factors resulted as significantly (p < 0.05) and
positively correlated to satisfaction, apart from “Absence of
crowding by other boats during sightings.” For both Experienced
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FIGURE 2 | Percentages of Experienced and New whale watchers, overall (upper graph) and considering the origin (lower graph).

TABLE 1 | Awareness of the existence of Pelagos Sanctuary, Code of Good conduct for approaching cetaceans, HQWW®, and influence of the presence of a label in
the choice of operator, for Experienced (blue) and New (orange) whale watchers.

% of positive responses Chi-square results
Awareness of Pelagos sanctuary 67 44 37.76 1 < 0.001* 839
Awareness of code of conduct 44 25 31.30 1 < 0.001* 832
Awareness of HQWW 14 7 9.81 1 0.002* 830
Influence of a quality certification 60 58 0.30 1 0.585 788

Chi-square results are also reported as well as the overall number of responses received (n). Statistically significative values (p < 0.05) are evidenced by *.
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TABLE 2 | Awareness of the existence of Pelagos Sanctuary, Code of Good conduct for approaching cetaceans, HQWW® and influence of the presence of a label in the
choice of operator, separately for Experienced (blue) and New (orange) and for the sub-groups considering origin (A), age class (B), and education level (C).

(A)
Experienced whale watchers % of positive responses Chi-square results
Extra Pelagos Pelagos %2 pearson df P
Awareness of Pelagos sanctuary 61 83 10.41 1 0.001* 244
Awareness of code of conduct 42 51 1.94 1 0.163 243
Awareness of HQWW 12 18 1.25 1 0.263 241
Influence of a quality certification 60 58 0.11 1 0.737 230
Awareness of Pelagos Sanctuary 38 65 28.34 1 < 0.001* 591
Awareness of code of conduct 24 27 0.29 1 0.593 585
Awareness of HQWW 6 11 4.60 1 0.032* 585
Influence of a quality certification 59 50 2.94 1 0.086 555
(B)
Experienced whale watchers % of positive responses Chi-square results
26-35 36-45 46-55 %2 Pearson df p
Awareness of Pelagos Sanctuary 62 71 59 59 97 16.16 4 0.003* 209
Awareness of code of conduct 39 32 43 45 58 4.57 4 0.334 207
Awareness of HQWW 16 13 14 12 14 0.28 4 0.991 207
Influence of a quality certification 48 57 62 74 58 6.13 4 0.189 196
Awareness of Pelagos sanctuary 44 41 39 50 58 6.63 4 0.157 458
Awareness of code of conduct 25 22 20 29 30 3.66 4 0.454 453
Awareness of HQWW 9 6 7 6 2 2.66 4 0.616 456
Influence of a quality certification 53 57 59 62 46 3.64 4 0.457 436
(C)
Experienced whale watchers % of positive responses Chi-square results
Elementary school Secondary school High school University %2 pearson df P
Awareness of Pelagos Sanctuary 75 67 67 67 0.22 3 0.975 234
Awareness of code of conduct 62 53 42 43 1.84 3 0.606 232
Awareness of HQWW 38 36 12 12 9.61 3 0.022* 230
Influence of a quality certification 25 50 49 69 13.14 3 0.004* 220

Awareness of Pelagos sanctuary 65 39 45 44 4.55 3 0.208 560
Awareness of code of conduct 36 31 28 21 6.01 3 0.111 554
Awareness of HQWW 9 8 9 4 4.74 3 0.192 554
Influence of a quality certification 32 45 54 63 12.95 3 0.005* 527

For each tested parameter, percentage of positive responses is reported, separately for groups and sub-groups. Chi-square results are also reported as well as the overall
number of responses received (n). Statistically significative values (p < 0.05) are evidenced by *.
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TABLE 3 | Overall satisfaction level of whale watchers and separately
for the two groups.

Whale watchers Pearce HANAN-KRAP
Mean Class % Class
Total 8.24 High 77.2 Medium
Experienced 8.34 High 77.5 Medium
New 8.22 High 78.1 Medium

and New whale-watchers, Trip Features had a major role in
influencing final satisfaction. Least important category was
Conservation/Awareness Features for Experienced and Service
Features for New (Table 4). Looking at single factors within each
category, the top two factors by importance among Trip features
where “See several cetacean species” (p = 0.55 and p = 0.46 for
Experienced and New, respectively) and “See a fin whale or a
sperm whale” (p = 0.53 and p = 0.41, respectively) (Table 4).
Strong difference among the two considered groups are found for
the category Conservation/Awareness, as for Experienced whale
watchers satisfaction toward “Commitment to the environment by
the operator” had the stronger correlation with overall satisfaction
(p = 0.42), followed by “Collaboration with scientific research”
(p = 0.33), whereas “See animals in a respectful manner” was the
least correlated factor (p = 0.27). For New whale watchers on

the contrary this factor was among the two most correlated with
satisfaction (p = 0.32), while “Information on Pelagos Sanctuary
provided on board” was the least correlated (p = 0.24) (Table 4).
Concerning Service features, for Experienced the more correlated
were “Professionalism for the crew on board” (p = 0.40) and
“Good photo opportunities” (p = 0.38), while “Boat type was the
most correlated for New (p = 0.35). Good weather condition was
the less correlated feature for both groups (p = 0.28 and p = 0.16
for Experienced and New, respectively).”

Figure 3 shows the importance of Trip (Figures 3A,B),
Conservation/Awareness  (Figures 3C,D) and  Service
(Figures 3E,F) related features based on the percentage of
Experienced and New whale watchers that scored a feature as
“important” (four in five-point Likert scale) or “very important”
(five in five-point Likert scale). The highest expectations for the
three categories were “See at least one cetacean,” “See animals in
respectful manner,” and “Professionalism of the crew on board,” for
both Experienced and New whale watchers.

Figure 4 illustrates the satisfaction for Trip (Figures 4A,B),
Conservation/Awareness  (Figures 4C,D), and Service
(Figures 4E,F) related features based on the percentage of
Experienced and New whale watchers that scored a feature as
“satisfied” (four in five-point Likert scale) or “very satisfied” (five
in five-point Likert scale). For both New and Experienced whale
watchers the most satisfying features where “See at least one
cetacean” and “See animals in respectful manner,” for the Trip and

TABLE 4 | Factors affecting satisfaction, separately for the two groups.

Experienced whale watchers

New whale watchers

Factors satisfaction with Rhop Factors satisfaction with RHOp

Trip features 0.41170 Trip features 0.32751
See several cetacean species 0.54906 See several cetacean species 0.46575
See a fin whale or sperm whale 0.53496 See a fin whale or sperm whale 0.40951
See animals close to the boat 0.48815 See at least one cetacean 0.38740
See at least one cetacean 0.43866 See several marine species, even not cetaceans 0.38113
See several marine species, even not cetaceans 0.39384 See animals close to the boat 0.32968
Absence of crowding by other boats during sightings 0.13789 Absence of crowding by other boats during sightings 0.07767
Conservation/awareness features 0.30959 Conservation/awareness features 0.30389
Commitment to the environment by the operator 0.42577 Collaboration with scientific research 0.34569
Collaboration with scientific research 0.33168 See animals in respectful manner 0.32339
Environmental education on board 0.32128 Commitment to the environment by the operator 0.32336
Information of marine species provided on board 0.27682 Environmental education on board 0.32295
Information on Pelagos sanctuary provided on board 0.27337 Information of marine species provided on board 0.31858
See animals in respectful manner 0.26907 Information on Pelagos sanctuary provided on board 0.24348
Service features 0.31025 Service features 0.25191
Professionalism of the crew on board 0.40513 Boat type 0.35574
Good photo opportunities 0.38716 Professionalism of the crew on board 0.33465
Cost of the trip 0.36923 Good photo opportunities 0.31870
Crowding on board 0.31229 Cost of the trip 0.31446
Boat type 0.30200 Crowding on board 0.18793
Good weather conditions 0.28143 Good weather conditions 0.15908

Non-significant factors (p > 0.05) are indicated by the gray background. For all significant factors, significance was p < 0.001.
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FIGURE 3 | Importance of trip (A,B), conservation/awareness (C,D) and service (E,F) features for Experienced (blue) and New (orange) whale watchers.
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Conservation/Awareness categories, respectively. For the Service
features, Experienced whale watchers were very satisfied with
“Professionalism of the crew,” while New whale watchers where
more satisfied with “Good weather conditions.” The features that
were less satisfying for Experienced whale watchers were “See
several marine species, even not cetaceans,” “Collaboration with
scientific research” and “Cost of the trip.” These last two satisfied
less New whale watchers as well, while for Trip related features
the less satisfying one was “See a fin whale or a sperm whale.”

IP Analysis

Results of the IP Analysis for Experienced and New whale
watchers are reported in Table 5. Experienced whale watchers
rated important and satisfaction equally for the three categories
(G = 0), while a higher satisfaction than expectation (G < 0)
was reached in the Conservation/Awareness Category for New.
Looking at single factors, four out of 18 factors for Experienced,
and five factors for New were rated G < 0. Most of the
positively evaluated factors were Service related. Specifically,
“boat type” and “cost of the trip” were appreciated by both
groups. Experienced positively evaluated “weather conditions,”
while New appreciated “good photo opportunities.” “Absence of
crowding by other boats” was the only feature among Trip
related that satisfied both groups. Satisfaction did not exceeded
Importance for none of the Conservation/Awareness features for
Experienced, while “information on marine species provided on
board” was rated G < 0 for New. Regarding negative results

(G > 0), “environmental information provided onboard” did
not meet the Experienceds expectations. New whale watchers
were disappointed by the opportunity to “see a fin whale or
a sperm whale” and to “see several cetacean species”: for both
these parameters the expectation value exceeded the satisfaction
(G > 0) (Table 5).

Finally, 91% of whale watchers would go whale-watching again
after this experience (n = 721). Among them, 70% declare to
be choosing the same operator for the next whale watching trip
(n = 659), while 28% declared having no intentions of going
whale-watching again in Liguria.

DISCUSSION

Our assessment accounted for a total of 29 operators organizing
whale watching tours in the Pelagos Sanctuary. The last available
assessment in Italy counted 10 operators in total operating
in Pelagos (four COM, four ECO, and two RES) (Fortuna
et al., 2004). Along the French coasts, a total of 31 operators
were counted, working almost only in the Pelagos Sanctuary
area or adjacent waters (Mayol et al,, 2014). Overall, at least
59 operators are currently organizing whale watching tours in
Pelagos. Whale watching in the Pelagos Sanctuary has then
increased in approximately 180% during the last 15 years. This
growth regards particularly COM operators, whose number
jumped from four to 17 within the considered period. COM
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FIGURE 4 | Satisfaction for trip (A,B), conservation/awareness (C,D) and service (E,F) features for Experienced (blue) and New (orange) whale watchers.

Whale watching has spread over other Italian regions of the
Pelagos Sanctuary, while in 2004 it was concentrated only in
one area (Fortuna et al., 2004). A similar growth and expansion
has been observed in the French area, where an average
yearly increase of 3.5% in the number of operators has been
observed since late 1980-2014 (Mayol et al., 2014). The type and
duration of trips has also changed over time. It is important to
note that a high percentage of COM operators are nowadays
offering on request-trips. While pre-planned trips allow for an
overview of the potential impact of whale watching on cetacean
populations, by allowing a prediction of the number and type of
operators conducting trips in the area, on request trips cannot
be monitored in advance, thus they can lead, during certain
periods, to an over-exploitation of cetacean populations. The
type of vessel used has also changed, as only big motorboats
where used 15 years ago, while nowadays a variety of vessels
can be chosen by whale watchers, including small motorboats,
sailing vessels, catamarans and RHIBs. Results show that 65%
of COM operators have a biologist or a specialized guide on
board and 24% declare to be actively collaborating with research
institutions. These percentages were higher in 2004, when 75%
of COM operators did public awareness through biologists
on board, and 50% where actively collaborating with research
institutions. This could be the signal of the fact that the whale
watching activity is becoming more appealing and while first
the aid of researchers was considered as crucial for the activity,

nowadays watching whales is becoming more and more a “solely
leisure” activity.

Only 46% of COM operators have received a certification,
declaring compliance with codes of conduct for approaching
the animals. Compliance with code of conduct is foreseen
as mandatory within the certification process, with periodical
checks from the institutions in charge of the certification. For
the non-certified operators, no real measurement of the level
of compliance to the code of conduct has ever been made. It
was not possible to check the activity of non-certified operators,
but the absence of any mention to the application of a code of
conduct on the web sites of operators could already indicate a
lack of knowledge. These results should trigger more action from
both international agreements both national authorities toward
an effective control among all existing operators and to further
enhance the certification process.

Despite the low rate of knowledge about the HQWW® label
and of the Code of Good Conduct, “See animals in respectful
manner” has been widely recognized as an important factor for
whale watchers. It has already been demonstrated that customers
play a crucial role in driving tour operators to comply with
existing codes of conduct (Filby et al., 2015). As a consequence,
awareness actions aimed to more widely advertise both the
HQWW?® and the Code of good conduct, could indirectly lead
to a quality-check of the whale watching activity in the area.
Moreover, this tourists-driven quality check could help filling the
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TABLE 5 | IP analysis for Experienced and New whale watchers.

Tour features Experienced whale watchers New whale watchers
Importance of Satisfaction Gap-value G Importance of Satisfaction Gap-value G
expectation expectation

Trip features 5 5 0 5 5 0
See at least one cetacean 5 5 0 5 5 0
See a fin whale or sperm whale 5 5 0 5 4 1
See several cetacean species 5 5 0 5 4 1
See several marine species, even not cetaceans 4 4 0 4 4 0
See animals close to the boat 5 5 0 5 5 0
Absence of crowding by other boats during sightings 4 5 —1 3 5 -2
Conservation/awareness features 5 5 0 4 5 -1
See animals in respectful manner 5 5 0 5 5 0
Information of marine species provided on board 5 5 0 4 5 -1
Information on Pelagos sanctuary provided on board 4 4 0 4 4 0
Environmental education on board 5 4 4 4 0
Collaboration with scientific research 4 4 0 4 4 0
Commitment to the environment by the operator 5 5 0 5 5 0
Service features 4 4 0 4 4 0
Good photo opportunities 4 4 0 3 4 —1
Professionalism of the crew on board 5 5 0 5 5 0
Boat type 3 4 —1 3 4 —1
Good weather conditions 4 5 —1 5 5 0
Crowding on board 4 4 0 4 4 0
Cost of the trip 3 4 —1 3 4 —1

Strengths of service (G < 0) are indicated with gray background, while weakness (G > 0) are indicated by framed values.

gaps previously evidenced, both considering the low percentage
of certified operators both the apparent lack of code of conduct
among non-certified operators.

The role of whale watching operators in transmitting
conservation messages to tourists has already been demonstrated
(Lopez and Pearson, 2016; Garcia-Cegarra and Pacheco, 2017; La
Manna et al., 2020). Our results confirm this, as the Experienced
group demonstrated to be more aware of conservation measures,
such as the existence of the Pelagos Sanctuary, of the code of
good conduct, and of the HQWW® label, compared to New.
Considering that 63% of the Experienced had already gone whale
watching in Liguria, the higher knowledge of the Experienced
could also be related to the awareness message spread onboard
COM whale watching vessels in the Sanctuary. It is interesting
to note how among both Experienced and New whale watchers,
being from a region overlooking Pelagos plays a crucial role in
awareness, regarding both the existence of Pelagos Sanctuary and
the HQWW® label. This result stresses the importance, on one
hand, of regional initiatives and, on the other hand, of the need
of more national and international initiatives in spreading this
information. This is further stressed by the fact that less than 50%
of New whale watchers and one third of the Experienced still did
not know about the existence of the Pelagos Sanctuary, almost
20 years after its institution. Similarly, a very low percentage
of whale watchers were aware of the existence of HQWW and
Code of Good Conduct, regardless of age class or education

level. More educated people would be more influenced in the
choice of an operator by the presence of a quality label. Quality
of whale watching in the Pelagos Sanctuary was medium-high,
slightly lower than what observed by Bentz et al. (2016) in the
Azores. Indeed, differences in geography, climate, and presence
of marine megafauna between our study area and the Azores
must be evidenced. These differences make it impossible to
directly compare the obtained results. At the same time, Azores
represent one of the world best known places for the whale
watching activity and was used as a benchmark for our analysis.
The beforehand mentioned differences where taken into account
in the analysis of the questionnaires. As an example, authors
in Bentz et al. (2016) indicated the high probability of seeing
whales as the factor majorly contribution to high satisfaction
level. Among the species regularly sighted in the area, fin whale,
and sperm whale are the most charismatic, and their presence
is one of the main factors contributing to satisfaction for both
Experienced and New. The presence and distribution of fin whales
and sperm whales in the area is known to vary annually (Azzellino
et al., 2012; Morgado et al., 2017). For the whale watching trips
considered in this study, sighting success for fin whale and sperm
whale has been 20% (17 trips with at least one fin whale sighting
out of 85) and 13% (11 trips with at least one sperm whale
sightings out of 85), respectively. It is important to stress how
despite this low sighting rates of the two main target species,
averaged satisfaction level is medium-high for this area.
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Origin, Age, and Education level had no influence on
overall satisfaction. While tourists’ satisfaction is usually used
a measure of operators performance, it can also be used as a
key driver for the management and development of touristic
activities. Specifically for wildlife tourism, measuring factors
mainly affecting satisfaction can directly provide effective insights
for a sustainable planning of the activities. Informing operators
on which factors influences tourists’ satisfaction could help
diminishing the possible negative impact of the activity itself on
the exploited natural resource.

IP Analysis evidenced that generally, both new and
experienced whale watchers where satisfied with trip settings,
being cost and boat type identified as strengths factors. For
both groups, being in an area not crowded by other boats was
indicated as a strength of the service offered. This is in contrast
with what observed elsewhere, especially in famous whale
watching destination, where crowding has a negative impact
(Bentz et al.,, 2015). Respecting the indications gave by the Code
of Good conduct, where a maximum of two vessel is allowed
in the same area of the animals, and only one at a time in the
vigilance area, can be seen as a strengthen factor from operators,
rather than a limitation. At the same time, respecting this rule
helps in diminish possible negative effect on cetaceans in the area.
Experienced whale watchers do expect a better environmental
message on board COM whale watching operators in the Pelagos
Sanctuary, while New whale watchers were disappointed by the
number of cetacean species observed and by the possibility to see
fin whale or a sperm whale. Being New the highest proportion
of whale watchers, whale watching operators should better
advertise the offered tours, focusing on the overall ensemble
of marine species that can be sighted (including marine birds
and sea turtles as an example). Quality of the educational and
awareness message spread on board can drive and adjust tourists
expectations during wildlife tours (Orams, 2000; La Manna
et al., 2020). Rising the quality of the information provided
onboard is also one of the aims of the HQWW?® label, which
foreseen a specific training program for both guides and vessels
crews. Ensuring the spreading of this label as well as tourists’
awareness, can then directly help in booster a more sustainable
attitude toward both tourists and operator. Similarly, proximity
to the animals, while seen as an important factor, is also known
to be potentially risky for animals. Our results demonstrate
that respectful approach are as or even more important to
tourists than proximity. This indication reinforces the need for
responsible and environmentally sustainable whale-watching
practice (Cornejo-Ortega et al, 2018). Further analysis then
will be needed for effectively check operators compliance with
the Code of Good Conduct. With this research, we aimed
at providing a baseline for a future comparisons of tourist
satisfactions including different operators (RES and ECO) as
well as expanding the analysis to other regions. Specifically
considering the Pelagos Sanctuary area, it would be important
to assess intra-national as well as inter-national differences
among signing regions and countries, in order to assess a
benchmark level that could then be exported also outside the
protected area. As a matter of fact, our results suggest the
whale-watching sector has the potential to further grow over

the next years, not only in the Pelagos Sanctuary region but
also spreading into other regions, has already evidenced by
our census (see Supplementary Material). Monitoring the
whale watching activity and its potential impact on the cetacean
population is then becoming crucial, especially looking at the
lower involvement of research activities measured in 2019,
compared with the past. This need is further enhanced by the
change in the type of offer, as on-request trips could make it
difficult to assess effective presence of boats in the same area.
Moreover, some whale-watching activities are focused primarily
on bottlenose dolphin population (La Manna et al.,, 2020), a
species listed as “Vulnerable” and needing conservation actions
in the Mediterranean (Bearzi et al., 2008, 2012).

The analysis of the whale watching activity in the Pelagos
Sanctuary, being the first available for this protected area,
can be considered as the base for developing and reinforce
better management strategy that would support the economic
benefits, improving the service satisfaction, and at the same time
minimizing negative impacts and enhance the positive impact of
this activity on cetacean populations in the area.
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Ecotourism focused on whales and dolphins has become a popular activity and an
important source of revenue for many countries. Whale watching is vital to supporting
conservation efforts and provides numerous benefits to local communities including
educational opportunities and job creation. However, the sustainability of whale-based
ecotourism depends on the behavior and health of whale populations and it is crucial
that ecotourism industries consider the impact of their activities on whale behavior.
To address this statement, we collected behavioral data (e.g., change in swimming
direction, frequency of breaching, slap behaviors, diving, and spy hops) from humpback
whales (Megaptera novaeangliae) in the marine protected area of Las Perlas Archipelago
off the Pacific coast of Panama. The goal was to determine if tourist vessel presence
had an influence on whale behaviors. We conducted this study during the humpback
whale breeding season from August through September 2019. Based on 47 behavioral
observations, we found that higher boat density corresponded with humpback whales’
frequency of direction changes, which based on previous literature is believed to be a
sign of disturbance. Alternatively, no changes in behavior were observed with varying
boat density. This result is important given Panamanian regulations first implemented
in 2007 by Resolution AMD/ARAP No. 01, 2007 prohibit whale-based tourism from
disturbing whales, which is explicitly measured by changes in whale behavior. Because
there is no systematic monitoring of whale watching activity to enforce the regulations,
there is currently little compliance from tour operators and tourists. The integration of
animal behavior research into management planning should result in more effective
regulation and compliance of such conservation policies.

Keywords: ecotourism, Megaptera novaeangliae, disturbance, stress, behavioral ecology, animal welfare,
wildlife-ecotourism

INTRODUCTION

Wildlife-based ecotourism, which includes whale watching, is identified as, “tourism based
on encounters with non-domesticated animals...[which] can occur in either an animal’s
natural environment or in captivity” (Higginbottom, 2004). It provides economic benefits to
many countries around the world (Hoyt, 2001; O’Connor et al,, 2009; Guidino et al., 2020;
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Wiener et al., 2020) and has increased drastically in popularity
over the past 50 years. Globally, over 13 million tourists take
trips to view cetaceans each year, generating over $2 billion US
dollars in revenue across 119 countries (Hoyt and Hvenegaard,
2002; O’Connor et al., 2009; Stoeckl et al., 2010; Guidino
et al., 2020; Wiener et al., 2020). Whale watching industries are
rapidly growing in developing countries such as Cambodia, Laos,
Nicaragua, and Panama (Hoyt, 2001; O’Connor et al., 2009).
While ecotourism activities have many economical, educational,
and ecological benefits relating to conservation, there have been
many published studies that conversely question the benefits
of this form of ecotourism, proposing that these activities may
be harming the wildlife involved (Parsons, 2012; Leslie et al.,
2015; Larson et al., 2016). Therefore, these activities deserve
a higher level of scrutiny and monitoring to ensure their
ongoing sustainability and economic, community, educational,
etc., contributions (Stamation et al., 2007; The International
Ecotourism Society, 2015).

The main contribution of whale watching is that it provides
a stable financial alternative to the traditionally consumptive
use of whales through hunting or “whaling.” The growing
influx of tourists coming to watch whales provides the revenue
required to support local communities and cultures while
simultaneously supporting whale conservation efforts (Wearing
et al,, 2014). Whale watching focused on humpback whales
(Megaptera novaeangliae) was also found to be effective in
encouraging natural resource protection and patronization of
local businesses, especially when tour guides take care to
disseminate conservation messages to tourists (Peake et al., 2009).
In addition, through specific platforms such as whale watching,
the public has the opportunity to come in contact with often
endangered or threatened wildlife and learn about conservation
efforts (Garcia-Cegarra and Pacheco, 2017). This practice falls
under “responsible” whale watching guidelines, which is defined
as an environmental and economical use of whales that is
sustainable, promotes whale conservation, and education while
simultaneously supporting local communities (O’Connor et al.,
2009). This is especially relevant given that the rapid urbanization
of society is prompting people to desire opportunities to
“reconnect” themselves with nature (Curtin and Kragh, 2014).

The growing popularity of this industry also has drawbacks
especially in developing countries, where regulatory frameworks
are often lacking leading to a higher likelihood that animal
welfare and safety regulations will be ignored (Sitar et al,
2016; Kassamali-Fox et al., 2020). Tour boat operators may
intentionally or inadvertently utilize locations that experience
little enforcement or actively violate the rules of responsible
whale watching in the desire to attract more clients, ultimately
leading to detrimental impacts on whale welfare (Corbelli, 2006;
Parsons, 2012; Kessler and Harcourt, 2013; Sitar et al., 2016).
Accordingly, the International Whaling Commission (IWC)
established measures to protect whales and published guidelines
for responsible whale watching in 1997 (International Whaling
Commission, 1997). Unfortunately, with little enforcement
in some countries, there are still high levels of detrimental
whale interactions with non-consumptive whale-watching vessels
(Parsons, 2012).

During encounters when high numbers of vessels are present,
whales will often exhibit a high frequency of behavioral shifts,
such as direction changes, which are reflective of avoidance tactics
employed when whales encounter predators (Frid and Dill, 2002;
Williams et al., 2002). These behaviors, combined with the high-
speeds and unpredictable approach angles often displayed by
vessels, greatly increase the risk of collision (Guzman et al.,
2013). In addition, whales must expend extra energy to avoid
boats, while decreasing the occurrence of necessary survival
activities (e.g., nursing, foraging, and reproduction; Morete et al.,
2007; Stamation et al., 2010; Schaffar et al., 2013; Fournet et al.,
2018; Fiori et al, 2019). This is especially true in breeding
areas that are primarily frequented by mother and calf groups
because they are more susceptible to whale watching disturbances
(Morete et al.,, 2007; Garcia-Cegarra et al.,, 2019). One study
suggested that long-term disruption of routine behaviors caused
by high levels of negative boat and whale interactions could have
lasting reproductive impacts on humpback whale populations
(Braithwaite et al., 2015), while others highlight potential impacts
due to the inability for whales to effectively communicate due
to “acoustic masking” from loud boat sounds (Rossi-Santos,
2016; Erbe et al, 2018, p. 290). This could result in reduced
success when finding a mate in breeding areas, locating food
in feeding areas, and further expended energy to increase call
volume or duration (Foote et al., 2004; Fournet et al., 2018;
Putland et al., 2018).

Given these issues and mediating factors, the marine and
coastal areas of Panama are ideal locations for observing the
whale-vessel interactions and potential repercussions. Panama is
a popular tourist destination due to the presence of the Panama
Canal, which only serves to increase daily levels of vessel traffic
through its service as an important commercial trade route.
Humpback whales from the southeast Pacific population migrate
from their feeding grounds in Chile and Antarctica to the tropical
areas along the Pacific coasts of Central America for the breeding
season (Rasmussen et al., 2007; Acevedo et al., 2017). The season
extends from June to October, and sometimes December, with
peaks in August and September (Guzman et al, 2015). The
humpback whale population of this archipelago is estimated
to be around 1,000 individuals, with about 25-50 calves born
annually (Guzman et al., 2015). This population of humpback
whales is identified as Breeding Stock G (International Whaling
Commission, 1998), which is one of the seven “stocks” inhabiting
oceans in the southern hemisphere. This specific population
undertakes one of the longest migration distances (Stone et al.,
1990; Acevedo et al., 2017) of more than 16,000 km roundtrip
from the feeding grounds to the breeding grounds (Rasmussen
et al., 2007; Félix and Guzmdn, 2014; De Weerdt et al., 2020),
with the entire stock swimming along 9,000 km of coastline (Félix
et al., 2011). Female and calf pairs tend to remain closer to shore
(Glockner and Venus, 1983; Bruce et al., 2014; Ona et al., 2017)
while adults prefer more direct routes in deeper waters (Félix and
Haase, 2005; Rasmussen et al., 2012; Félix and Guzmadn, 2014;
Guzman and Félix, 2017). Mother-calf pair preference for coastal
waters poses higher risks of vessel collision and entanglement in
gillnets, as fishermen and commercial ships share these waters
(Félix and Guzman, 2014). Although whales are migratory for
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the majority of the year, they congregate in waters less than
200 m deep for their annual breeding season. Hence, the shallow
waters of the Pacific of Panama are ideal for mother humpback
whales giving birth, due to the lack of competitive males pursuing
the females, ocean turbulence, and predators (Florez-Gonzélez
et al,, 1994; Corkeron and Connor, 1999; Darling and Nicklin,
2002; Cartwright and Sullivan, 2009; Craig et al., 2014; Pitman
et al., 2015). The objective of this study is to determine if tour
boat number and mode of approach to whales elicit changes
in their behavior frequencies in the Las Perlas Archipelago in
Panama. We hypothesize that whales will decrease the frequency
of certain behaviors as indicators of disturbance when boat
presence increases and when boat captains are not complying
with regulations.

MATERIALS AND METHODS

Study Site
This study was conducted in the Las Perlas Archipelago (8.41°N,
79.02°W) in the Gulf of Panama, which lies about 60 km
southeast of Panama City (Figure 1). The archipelago comprises
250 basaltic rock islands and islets spread over 1,688 km,
making it the fourth-largest coastal marine protected area of
Panama (ADM/ARAP No. 1 from 13 February 2007; Guzman
et al., 2008). We recorded behavioral responses of humpback
whales in the Las Perlas Archipelago between 18 August and 6
September 2019, with observational sessions consisting of both
land-based and boat-based visual behavioral studies, from a
lookout point on Contadora Island (the largest inhabited island)
and a ~9.75 m whale-watching vessel, respectively. 720 total
minutes were recorded, with 135 min from land-based surveys
and 585 min from boat-based surveys, throughout the 16 days of
research. Our boat, unlike other boats, took extreme precautions
to minimize our potential disturbance to the whales by following
the mandated regulations such as keeping a 250 m distance,
having a certified boat operator with a permit for commercial
operations, and limiting observation times to 30 min per group.
Data were collected using a whale group-follow protocol, as
the presence of competitive groups (i.e., a female surrounded
by one or several males displaying active behaviors, such as
breaching, striking, charging, and trumpeting), made it difficult
to follow specific individuals (Mann, 1999). Therefore, a focal
follow method was used. Variables in the data included four
group types (e.g., competitive, mother—calf pair and escort,
pair, and lone whale), group size, behaviors (see Table 1),
Global Positioning System (GPS) coordinates, whale direction
changes, and the number of boats within approximately 300 m
of the whales. The distance was visually measured for both boat
and land surveys by the researcher using Chapera island as a
referential point. We then estimated how far the whale was
between the boat or Contadora (the lookout point) and Chapera.
Diving behavior was measured by the number of fluke dives that
occurred within 15 min by a focal whale (including adults and
calves). Other recorded variables were measured to characterize
the environmental conditions during the survey which included
the Beaufort wind scale and cloud cover (Spencer et al., 2006).

Description of Group Types

A mother and calf pair consisted of a large whale (assumed to
be the mother) together with a small individual one-third the
length of the adult, the calf (Chittleborough, 1958; Cartwright
and Sullivan, 2009). A lone whale was a single individual traveling
without any other individuals observed within 50 m, while pairs
contained two adult whales traveling in the same direction.
Meanwhile, whales were considered a group (or “pod”) if three or
more individuals were moving in the same direction and less than
50 m from each other. These groups were considered competitive
if three or more adult humpback whales were within 50 m of
each other, exhibiting high energy behavior. The composition
of these groups usually consisted of a single female (with or
without calf), with one or more males that are showing a high
frequency of surface behavior and physical contact with each
other (Herman et al., 2007).

Behavior Frequency

During boat-based surveys, observation began once humpback
whales were spotted within 300 m of the research vessel, which
gave a clear view for researchers to collect data. Land-based study
sessions began once a whale was spotted within approximately
3 miles (4.8 km) of the lookout point given the increased visibility
and the use of Outland X 10x42 binoculars. For both land
and boat surveys, once whales were spotted, one researcher
tracked the GPS coordination and direction change of humpback
whales. The GPS coordinates were subjectively estimated by
the researcher judging the whale’s distance between the two
islands of Contadora (the lookout point) and the island of
Chapera in viewpoint of the land-based studies. Researchers
pinpointed the estimated location of the whale on the device’s
map using a mobile device’s GPS application and recorded the
coordinates. A change in direction was visually measured by
considering the location and forward positioning of whales when
surfacing. If the whale group surfaced in a different location
and in a different facing direction than their original position,
it indicated a direction change. The second researcher tracked
all 15 behaviors from Table 1 as well as group type, group
size, Beaufort wind scale, number of boats, and cloud cover. If
more than one group was spotted during a study session, the
group closest to the observer was tracked. Studies occurred in
good weather conditions (Beaufort wind scale < 5) but were
obstructed in severe weather conditions (Beaufort scale > 5;
Cloud cover = 100%), if whale sightings were lost, or if the whale
group split during the observation session. If a whale or pod were
spotted, then every 15 min, observations of weather conditions,
and a scan of behaviors (e.g., scan sample) were conducted and
then recorded. We did not record the frequency of behaviors that
occurred continuously over 15 min.

While counting the number of vessels, boats were only
included in a session if it was observed to be clearly following
the humpback whale group and if they were within 300 m
of the whale. Observation sessions that included zero boats
present were considered controls. Since the lack of boat presence
served as the control variable, these observations could only
be conducted during land-based studies to avoid inadvertent
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the fieldwork and data collection, but qualitative observations extended to the outer areas.

FIGURE 1 | Map showing the study area in Las Perlas archipelago in Panama. The solid lines indicate the limits of the protected area. The shaded area is the core of
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TABLE 1 | Description of behavior categories for humpback whale behaviors
(based on descriptions by: Glockner-Ferrari and Ferrari (1984) and Gabriele (1992)
(adapted from Bauer, 1986; Helweg, 1989; Corkeron, 1995; Darling and Nicklin,

2002).

Behavior name

Description

Breach

*Tail-Up Dive
Peduncle Arch
Head Raise/Spy
Hop

*Pectoral Fin Slap
*Tail Slap

*Side Fluke

*Head Slap

*Chase/Charge
*Strike

Collide
Trumpet

Singing

Resting
*Avoidance

Whale leaps out of the water, spinning in the air before
re-entering

Whale lifts tail out of the water and attains a vertical angle
for deep dives

Whale arches its back showing the dorsal fin that usually
occurs after they surface to breathe

Raises head vertically out of the water while stationary,
flippers outstretched

Slaps flipper down onto the surface of the water

Raises flukes out of the water and slaps them on the
surface

Swimming on one side with one fluke extending above the
surface

Jumps out of the water and hits the ventral side of head
forcefully on surface

Lunges at another whale, often bubble-streaming

Intentionally hits another whale with fluke extending above
the surface

Whales collide, appears to be intentional

Extended low-trumpet or “foghorn-like” sound from the
blowhole

An extended high-pitched sound made by male humpback
whales

Motionless movement in which whale stays in one place
The rapid change in direction to avoid a potential threat

* indicates behaviors which are characteristic of avoidance or stress.

effects from the research vessel. Many behavioral events, such
as singing, trumpeting, side flukes, and colliding, were omitted
from the study given their low or absent sample sizes. Others
were combined into a single category because of low individual
incidence. For example, head slaps, tail slaps, and pectoral fin
slaps were all combined into “slap behaviors.”

Statistical Analysis

We used a Chi-squared goodness of fit test to measure the
influence of boat density on whale behavior. We used this method
due to its established ability to test the relationship between
behaviors and boat presence (Bagdonavicius and Nikulin,
2011). To normalize the data, we proportionally measured the
behavioral observations using a linear regression hypothesis test.
Individual whales may express different behavioral responses
when faced with a disturbance. Thus, to determine if group
type was a significant predictor of a whale’s behavior, we
applied a Kruskal-Wallis and a post hoc pairwise Wilcoxon
test to assess which sets of groups had a significantly different
number of direction changes from each other (Pohlert, 2014).
Results are reported as mean =+ standard error followed by
the p-value. Finally, we used a regression model featuring a
Pearson’s product-moment test to test the strength or weakness
between the relationship between direction changes and the
number of vessels. Such a test is essential for drawing a best-fit

line through the two variables (direction change and vessel
numbers) and examining how far off the variables are from the
regression line (Benesty et al., 2009). Both boat and land-based
studies were included in every analytical test. We performed all
statistical analyses in R version 3.6.0 (R Core Team, 2017) and
Microsoft Excel (2003).

RESULTS

Between August and September 2019, we recorded 47 behavioral
sessions. Groups with mother and calf pairs and mother-calf
and escort groups were pooled for analysis due to the low
sample size of mother—calf and escort groups (three groups
total). These 47 samples consisted of 24 mother and calf pairs
and escort sightings (51%), 11 competitive group sightings
(23%), seven lone whale sightings (15%), and five paired adult
sightings (11%). The average number of individuals in a pod
was 2.57 with a range of one individual to a maximum of
eight individual whales in the study. Thereafter, we compared
the explanatory variable (number of boats) and two dependent
variables (direction change and behavior). Mother-calf and
escort pods made up 50% of the samples involving boats but were
rarely observed during controlled samples, making up only 14%
of the data, respectively.

Behavior State Transitions

We collected behavioral observations in both the absence
and presence of vessels. Overall, the Chi-squared goodness of
fit test indicated a significant difference among all behaviors
(X2 = 57.1147, p < 0.001). In the presence of vessels, breaching
gradually increased as boat numbers grew, then significantly
declined with more than three boats present (2%; Figure 2). This
decline in breaching often occurred when boats were chasing
whales. Humpback whales were most often seen executing slap
behaviors (e.g., pectoral fin slaps, tail slaps, and head slaps)
during sampling with zero boats present (55%). Alternatively, the
frequency of diving behavior (e.g., tail up-dives) varied widely
among different levels of boat presence (36% of dives occurred in
sessions with two boats, 29% with four or more boats, 28% with
zero boats, 5% with one boat, and 2% with three boats), but there
was no discernable pattern related to the number of vessels. While
spy hops/head rises were rarely seen, they only occurred during
situations when boats were present.

More than 62% of behaviors were observed in eleven
competitive groups ranging from three to eight individuals within
each pod. Mother-calf and escort groups provided 20% of the
behavioral data samples, five pair groups provided 16%, and
seven lone whale samples accounted for only 2% of the behavioral
data. Breaching was the only behavior that was not predominately
expressed by competitive whale groups. Competitive groups
made up 23% of the breaching while other non-competitive
groups made up the other 77%. This occurred primarily with
paired groups (40%), followed by mother-calf and escort pods
(36%) and lone whales (<2%). In addition, a linear regression
model (Figure 3) capturing the proportion of behavioral
transitions presented no clear indication of significance of change
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with varying boat numbers (Breach: R* = 0.42, p > 0.05; Dive:
R?=0.09, p > 0.05; Slap: R* = 0.13, p > 0.05; Spy hop: R? = 0.34,
p > 0.05).

Direction Change and Group Type
We conducted a post hoc pairwise Wilcoxon test (Figure 4) to
assess which group types exhibited a significantly different

number of direction changes from each other. Of the
comparisons across all whale group types, the pair versus
competitive group type and pair versus calf group type
were the only pairwise comparisons rejected (Z = 1.68,
16 £ 0.474, p < 0.05 Z = 1.68, 29 £ 0.486, p < 0.05,
respectively). The rest of the pair-wise comparisons, therefore,
supported the null hypothesis, which assumes little to no
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difference occurred among the number of direction changes for
each group type.

Relationship of Direction Change to
Number of Vessels

As the number of vessels during an observational session
increased, the number of whale direction changes increased.
Using a linear regression model, direction change, and the
number of vessels also produced a positive relationship
(R? =0.38, p < 0.001; Figure 5). Few direction changes occurred
when zero boats were present, with only one competitive
group changing direction (once) during a controlled observation.
However, the number of observations within each treatment
was unequal. Observation sessions with one boat occurred most
frequently (34%) followed by four or more boats (22%), zero
boats (20%), two boats (15%), and three boats (9%). Mother-calf
and escort groups had the most amount of direction changes,
with 26 total direction alterations (see Figure 5). This result
may be attributed to calf-mother-escort groups being the most
observed group type (51% of samples).

DISCUSSION

Behavior Frequency

The number of boats present had varying effects on the four
behavior events measured during our study: breaching, diving,
slap behaviors, and spy hop. It is theorized that breaching

represents a communicative tactic caused by whales slapping
their bodies on the surface when vocalization is obstructed
(Whitehead, 1985; Dunlop et al., 2010; Kavanagh et al., 2017).
While numerous factors can hinder vocalization such as high
wind speeds, rain, and vessel noise, whale communication in this
environment could have been blocked by higher levels of vessel
noise, leading to an increase in the observed breaching behavior
(Whitehead, 1985; Richardson et al., 1995; Moore et al., 2012;
Cholewiak et al., 2018; Gabriele et al., 2018).

This is reflected in the results as the increase in vessel number
appeared to be associated with higher incidences of breaching.

Frequency of Whale Direction Change Related to Number of Boats

© )

Direction change
4

Number of boats

FIGURE 5 | Megaptera novaeangliae. Observed correlation between the
number of boats and the total number of direction changes while conducting
group-follow behavioral samples.
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However, the breaching frequency decreased once vessel numbers
exceeded two boats. It is also possible that crowding from
multiple boats limited surface area, restricting available space for
whales to breach. Whale breaching has also been theorized to be
a form of play, especially when exhibited by calves (Whitehead,
1985), which could explain the relatively high involvement of
calf pairs in breaching. Alternatively, breaching may also be a
tactic for male humpback whales to display their physical abilities
when seeking a mate, which explains the high breach count that
also occurred in pairs and competitive groups (Whitehead, 1985;
Darling and Nicklin, 2002; Pacheco et al., 2013). Unfortunately,
due to boats being more inclined to violate the existing whale-
watching regulations, the high levels of whale-chasing exhibited
by vessels could negatively influence the stress level of the whales,
reducing their breaching. These behaviors could eventually be
replaced with an increase in avoidance behaviors, such as
direction change and longer dive times (Stamation et al., 2010).

The number of slap behaviors increased when the number
of boats declined. This observation supports the theory that
if a whale is close to another group, they will communicate
through slapping behavior (Shapiro, 2008). Whales of both sexes
slap their fins to communicate or gain attention when seeking
a mate. Females specifically use this slapping tactic since they
do not sing (Deakos, 2002; Herman et al., 2007). This behavior
was especially evident in this study as Panama is a hotspot for
breeding humpback whales, with increased competitive behaviors
exhibited between males and females.

Competitive groups had the highest incidences for three of
the four observed behaviors: slap behaviors, spy hopping, and
diving. However, these results may differ from other studies
conducted at different times of the year because whale behavior
changes dramatically during breeding seasons (Corkeron, 1995;
Stamation et al., 2010; Schaffar et al., 2013).

Tail slaps are the most common surface behavior observed,
most likely because they are not associated with high energetic
costs (Noren et al., 2009; Segre et al., 2020). Therefore, humpback
whales may only resort to breaching when noise pollution (such
as that caused by high vessel presence) increases, as the sound
of breaching travels much farther than the noise of a tail or
pectoral fin slap. Schuler et al. (2019) attribute the change in
surface behavior to the disparity between the weight and surface
area of a whale’s tail versus that of their body. Researchers of
previous studies also found an increase in vessel number to cause
humpback whales exhibiting surface behaviors to switch from
surface activity to traveling. This may have long-term effects on
individuals and groups because of the high energy expenditure of
reacting to the boats (Schuler et al., 2019; Table 2).

Spy hops or head raises occurred less frequently than the other
documented behaviors, but more occurred during sessions of
high boat presence. This could suggest that spy hops ensue when
whales wish to view activities above the surface (Galvin, 2006).
In this study, as spy-hopping only occurred when vessels were
present, the whales were most likely curious about the vessels
following them, thereby supporting this hypothesis.

The linear regression model displayed no clear indication of
different behavior event frequencies when correlated with varying
vessel numbers. This result could be an indication of habituation

TABLE 2 | Categories of behaviors used in this study from prior studies on the
impacts of whale watching on orcas and humpback whale behavior.

Behaviors Findings References
studied
Avoidance Cetaceans increased their path sinuosity but Senigaglia
behaviors decreased the linearity of their path with vessels et al., 2016
present.
Avoidance Humpback whales showed avoidance Schaffar
behaviors behaviors 84% of the time, increasing the etal.,, 2013
sinuosity of path and change in direction with
increased vessel approach.
Group type and  Humpback whale calf pods were much more Stamation
behavior reactive to vessels than non-calf pods and etal., 2010
displayed more avoidance behaviors when
vessels came within 100 meters of the whale.
Behavior Humpback whales that engaged in surface Schuler et al.,
activity were likely to switch behavior when 2019
vessel presence increased. Long-term effects
are associated with the loss of energy when
whales react to boats.
Behavior Blue whales showed fewer foraging behaviors ~ Guilpin et al.,
the closer vessels approached them, leading to 2020
a reduction in energy for foraging which could
have long-term effects on Blue whales.
Behavior Humpback whales exhibited more surface Di Clemente
behaviors with increased vessel exposure, etal.,, 2018

which could lead to energetic consequences.

to anthropogenic presence and noise, which poses additional
risks (Richardson et al., 1995; Stone and Yoshinaga, 2000), as
well as the range of different types of vessels which vary in their
acoustic volume. With Panama being one of the central ports in
the global cargo-shipping network, higher levels of vessel traffic
will likely only increase the risk of whale-vessel collision (Kaluza
et al., 2010; Guzman et al., 2013). While the risk of collision with
larger ships has been reduced due to the passage of the Gulf
of Panama Traffic Separation Scheme in 2014 (CITE), the lack
of regulation enforcement among non-commercial ships means
potentially hazardous collisions between cetaceans and vessels
(Panama Maritime Authority, 2014).

This is an observational study and we did not experimentally
manipulate boat numbers. Thus, the number of samples differs
between boat numbers. Further studies are required to confirm
if humpback whales in the Las Perlas Archipelago display the
same behavioral responses that whale groups exhibit in published
studies (Darling and Nicklin, 2002; Williams et al., 2002; Lusseau
and Bejder, 2007; Morete et al., 2007; Stamation et al.,, 2010;
Schaffar et al., 2013; Fiori et al., 2019; Schuler et al., 2019).

Direction Change and Group Type

We suggest that the whale group type was not a significant
predictor of the number of direction changes exhibited. The
significant difference between pairs versus competitive groups
and pairs versus groups found in Las Perlas Archipelago may
be the result of competitive groups being in a setting where
they must be vigilant and always watching their competitors;
however, this attentive attribute may cause them to exhibit stress-
based behaviors to avoid boats. The concern of energy costs

Frontiers in Marine Science | www.frontiersin.org

December 2020 | Volume 7 | Article 601277


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

Amrein et al.

Impacts of Ecotourism on Humpback Whale Behavior

is especially relevant with regard to calf groups since it seems
whale watching vessels prefer following calf groups due to their
playful behavior. As calves may feel more threatened by boats
than other group types, Panamanian regulations have extra laws
to protect calves, given their vulnerable state. We saw a significant
difference even with a small sample size, but a greater number of
samples would clarify the extent of the relationship. Nevertheless,
these results support findings from previous whale behavioral
reports. In one study, group type was included as an explanatory
variable to predict dive time, swim speed, and directness index
and found the relationship between group type and the other
variables had no significance and did not lead to a better fitting
model (Schaffar et al., 2013). Unfortunately, we were unable to
measure changes in swim speed in this study. Another study
found pods with calves exhibit higher levels of activity compared
to non-calf pods (Stamation et al., 2010). This supports the results
of our study, which showed groups with calves executing the
largest number of direction changes. However, due to the small
sample size of this study, no other conclusions can be confidently
derived regarding whether whale behavior can be predicted by the
whale group type.

Relationship of Direction Change to

Number of Vessels

The results of this study displayed a positive correlation between
the direction change and the number of vessels present, with
most of these changes being exhibited by pod groups containing
calves (Figure 5). Calves are especially vulnerable to increased
vessel presence due to the higher likelihood of vessel collision,
less knowledge of vessel movement, and decreased ability to
partake in essential behaviors such as feeding, nursing, and
learning how to care for themselves (Scheidat et al., 2004;
Stamation et al., 2010). This may explain why calf groups
had the highest sum of direction changes compared to all
other whale pod types since vessels had a higher preference
for chasing whale groups with calves. Results from this study
show clear indications of behavioral change being a consequence
of increased vessel presence, violating Panama’s regulation that
prohibits vessels from “chang[ing] the behavior of cetaceans”
(sensu Carlson, 2010).

Previous research suggests that the proximity of boats is a
robust predictor of the number of directional changes a whale
might exhibit (Schaffar et al., 2013). As direction change is a tactic
humpback whales use to avoid predators, this avoidance behavior
may also be utilized when faced with a boat, which could be
viewed as a perceived threat (Schaftar et al., 2013; Table 2). Several
researchers suggest direction changes are also related to stress
and could indicate an increased level of physiological disturbance
(Kruse, 1991; Beale, 2007; Schaffar et al., 2013; Schuler et al.,
2019; see Table 2). Thus, while avoidance behavior may ensure
self and group preservation, it also comes at a physiological
cost to the organism. Not only can increased levels of stress
negatively impact an organism’s health, but it can also inhibit
normal whale behavior and interactions, which can disrupt
social interactions (mother—calf pair in particular), mating, and
foraging (Beale, 2007; Lusseau et al., 2009).

Regulatory Implications and Compliance
Due to concerns about whale interactions with vessels, Panama
initially passed Resolution Decree ADM/ARAP No. 1 on 13
February 2007, to control the level of vessel disturbance on
cetaceans to conserve their populations. Regulations from this
decree require operators to have a permit for commercial
operations, have a maximum of two whale-watching vessels
per group, take extra care when calves are present, maintain a
250 m distance from the whales, and limited observation times
to 30 min per group or no more than 15 min when calves are
involved, and obey the restriction of individuals from entering the
water with whales, to prevent altering the behaviors of cetaceans
(sensu Carlson, 2010).

Lack of enforcement from the Panamanian government has
elicited the reiteration and repeated implementation of these
policies every year. While boat operators may be aware of the
policies currently in place, there is little structural enforcement
to ensure regulatory compliance. Better enforcement protocols
must, therefore, be enacted to better ensure vessels are abiding
by Panama’s regulations. To reduce vessels from violating whale
watching regulations, a satellite-based monitoring system should
be implemented to track the activities of these vessels. This
technology has already been shown to be successful in fisheries
management plans and has alleviated illegal, unreported, and
unregulated (IUU) fishing (Schmidt, 2005). Alternatively, lack of
compliance may also be the result of poor communication from
the government concerning the regulations, leaving local whale
watching companies and boat operators with a lack of knowledge
about the existence of these laws (Sitar et al., 2016, 2017).

In summary, Panama has strict whale watching operation
regulations that are not being followed or enforced in the Las
Perlas Archipelago. At multiple times throughout this study,
we observed all laws pertaining to vessel regulations being
broken at least once by boats. The on-going lack of regulation
enforcement may result in more audacious decisions from boat
operators in the future, leading to harmful or even lethal
collisions with adult whales and calves. At the very least,
these results show increased changes in whale behavior when
vessels are present, which is illegal according to Panamanian
protocols (sensu Carlson, 2010). Thus, it is highly recommended
that both boat operators and tourists be educated about
regulations and the importance of abiding by the law. While
the purpose of this study was not to propose the eradication
of whale watching, it was to highlight the potential harm being
done due to the lack of compliance with responsible whale
watching protocols. Responsible whale watching develops an
interdependent relationship between people and whales: people
gain from the ecosystem services provided by whales and
economic income from this tourism industry, while whales
benefit from less stress from vessels and indirectly from tour
guides expanding environmental awareness and enlightening
tourists about environmental or conservation issues. Continued
whale research, monitoring, and modeling efforts in Panama
must be implemented to better inform management decisions
regarding stricter regulatory and enforcement protocols that are
vital to minimize disturbance on this vulnerable population of
humpback whales.
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Conclusion and Future Research

Recommendations

Although our study is limited to the short-term impacts of
boat vessel presence on humpback whale behavior, long-term
changes in behavior may indirectly lower reproduction rates
(Lusseau and Bejder, 2007). This can occur through drowned
out vocalizations and a reduction in the success of whales
finding mates due to vessels altering whale group dynamics
and travel direction (Weilgart, 2013). Additionally, whale health
can be negatively affected due to chronic levels of stress,
increases in energy expenditures, and discontinuation of essential
behaviors such as feeding, resting, nursing, etc. (Parsons, 2012).
Constant changes in behavior and less concentration on survival
activities could result in eventual population declines over time,
as groups with calves are the most vulnerable, especially as
whale watching vessels prefer following calf groups for their
charismatic physical characteristics and playful behaviors. Due
to this increased vulnerability, Panamanian regulations need to
contain extra provisions to ensure the protection of whale calves
(sensu Carlson, 2010).

However, behavior and stress may not necessarily be coupled
in a way that can be easily observed. This was evident in
this study when some whales did not appear to change their
behaviors despite increased levels of vessel interaction. It has been
proven that animals may not exhibit avoidance behaviors, but
nevertheless experience high levels of stress hormones (Schuler
et al., 2019). For this reason, additional physiological studies
are recommended. Previous studies have shown that biopsy
samples of cortisol found within blubber samples can provide
measurements of stress levels over several weeks to a month,
which would provide insight into how stress levels may fluctuate
throughout an entire whale watching season as the number of
tourist boats changes (Noren and Mocklin, 2012; Teerlink et al.,
2018). Alternative cortisol collection methods including fecal
(Wasser et al., 2000; Rolland et al., 2005; Hunt et al., 2006; Burgess
et al., 2013) and blowhole spray have also been shown to provide
more acute measurements of stress related to vessel presence.

Future behavioral research should also include the use of
more accurate measuring methods and tools. For example,
the use of a theodolite tool would produce accurate distance
measurements between vessels and whales, which is essential for
understanding if distance impacts whale behaviors. Unmanned
aerial systems (UAS) (drones) would allow for the collection of
more accurate behavioral samples via less invasive observational
methods (Torres et al., 2018). Visual observations could also be
maintained more consistently by drones due to optimal viewing
angles, as traditional vessel-based observations can only be made
while the whale is surfacing. Additional social surveys should be
collected from tourists, local communities, and boat operators
to help us understand their impression of the whale watching
industry and whether whale watching is, generally, of value.

In Las Perlas Archipelago, whale watching generates income
for local communities. It also creates employment opportunities
and provides ecosystem services to tourists, residents, and boat
operators. However, if disturbances to these whales continue
unabated, it may lead to the eventual abandonment of the

Archipelago by the population, as has occurred in other popular
whale-watching locations elsewhere in the world (Dean et al,
1985). The satisfaction of tourists is vital to the ongoing
sustainability of the Panamanian ecotourism industry, as a report
by the World Bank in 2005 found that two-thirds of all visitors to
Panama were motivated to visit the country due to environmental
or ecotourism reasons and income from international tourists
totaled 7% of the GDP (World Bank, 2005, p. 9). Decreases in
tourist motivation to partake in ecotourism activities such as
whale watching potentially cause the industry to suffer, thereby
affecting the Panamanian economy. This is already somewhat
evidenced by the drastic decrease in tourism caused by the
COVID-19 pandemic. Understanding the dynamic changes in
human well-being and animal population viability are critical for
establishing effective wildlife conservation strategies. Variations
in socioeconomic factors that benefit the local communities can
motivate more people to protect and care about whales. It is
therefore important to consider the coupled nature of ecological
and socio-economic systems to understand the impacts of wildlife
tourism on both humans and nature.
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Interactions between whale-watching boats and cetaceans can lead to changes in
their behavior. From a management perspective, it is important to understand how this
type of disturbance can be translated into physiological effects, such as changes in
their energetic metabolism. Humpback whales (Megaptera novaeangliae) typically do
not feed while in breeding grounds, thus they depend on finite energy reserves. The
effect of whale-watching boats on the energetic metabolism of humpback whales, in
the breeding ground of northern Peru (4°10'35”S, 81°08'03"”W) was evaluated. Groups
of humpback whales were tracked from land, under the following scenarios: with,
without, and before-during-after the presence of whale-watching boats. Mass-specific
cost of transport (COT) was used as a proxy of energetic efficiency and calculated from
swimming speed and breath frequency estimations. No differences were detected in
breath frequency, swimming speed, and COT when comparing whales with and without
boats. However, in the presence of boats, swim speed increased, and COT decreased
as the number of boats increased. Exponential increment in breathing frequency at
higher swimming speed was not detected. The absence of swimming speeds beyond
the assumed optimal range suggested no shifts into metabolic inefficiency. Our results
suggest optimal swimming speed between 2 and 4.05 m/s, representing COT values
between 0.020 and 0.041 J x (kg x m)~'. In light of our results, we encourage the
implementation of regulations of the activity, particularly limiting the number of boats
interacting with the same group of humpback whales.

Keywords: mass-specific cost of transport, optimal swimming speed, efficiency of transport, anthropogenic
perturbation, energy consumption, baleen whale

INTRODUCTION

Whale watching, the observation of dolphins and whales in nature, is a growing economic activity
in oceanic and coastal waters in many regions of the world. As whale watching grows, several studies
have demonstrated the negative consequences of this activity on the behavior of cetacean species
(reviewed in Senigaglia et al., 2016). Effects have been reported for small and large cetacean species
including alterations in swimming speed, direction, breathing frequency, and overall behavior
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(e.g., Noren et al., 2009; Christiansen et al., 2010; Stamation et al.,
2010; Senigaglia et al., 2016; Garcia-Cegarra et al., 2019). Studies
have linked those behavioral changes into effects on energy
budget and metabolism of the species (e.g., Williams et al., 2006;
Christiansen et al.,, 2013, 2014a). Physiological responses are
essential for a better understanding of organismal and population
consequences of the disturbance caused by whale-watching boats
(Costa, 2012; New et al., 2015; Pirotta et al., 2018).

Mating, breeding, and migration are highly energy-
demanding activities for cetacean species. Southern right
whales (Eubalaena australis) lose on average of 25% of their
body volume during the breeding season (Christiansen et al.,
2018). To minimize the rate of decline in body condition and
optimizing calf growth during migration to their feeding ground,
lactating humpback whale females reduce their metabolic rate
to half that of adults in foraging grounds (Bejder et al., 2019;
Nielsen et al., 2019). During breeding, fin whales (Balaenoptera
physalus) consume between 19 and 26% of their energy reserves
(Lockyer, 1981, 1984). Significant reductions in net energy intake
and/or increases in energy expenditure can lead to changes in
body condition (Frid and Dill, 2002). Fetal growth (Christiansen
et al., 2014b) and calf body condition (Christiansen et al., 2016,
2018) of mysticeti whales is significantly determined by the body
condition of the maternal female. Energetic consequences of
behavioral changes could lead to long-term reductions in body
condition, reproductive success (fitness), leading to negative
population consequences (Pirotta et al., 2018). Whale watching
can disturb critical behaviors such as lactation thus, reducing
the energy transfer from the mother to the calf, affecting growth
rates, which can have consequences in migratory timing and heat
loss. Overall, these effects may lead to negative consequences
for the long-term individual survival, reproduction success, and
recruitment into the population (Bejder, 2005; Lusseau, 20065
Nowacek et al., 2016).

Studying the physiology of large sized, free-ranging cetaceans
is difficult due to the methodological and logistical constraints.
However, based on indirect estimations several studies have
showed how behavioral changes can translate into physiological
variability (Christiansen and Lusseau, 2015; Pirotta et al., 2018).
For example, a 23.2% increase in energy expenditure was detected
for traveling minke whales (Balaenoptera acutorostrata) due to
increasing breath frequencies during interactions with whale-
watching boats (Christiansen et al., 2014a). Energy intake of
minke whales and killer whales (Orcinus orca) was reduced by
42 and 18% because approaching whale-watching boats induced
a reduction of feeding times (Williams et al., 2006; Christiansen
etal.,, 2013). So far, no changes have been reported in the energetic
budget of humpback whales (Megaptera novaeangliae) in feeding
grounds during whale watching (Di Clemente et al., 2018).
Understanding behavior variability and underlying changes in
physiology can provide knowledge to establish links between
short and long-term consequences of disturbance on species of
cetaceans (New et al., 2015; Pirotta et al., 2018).

The humpback whale is one of the most popular species for
whale watching (O’Connor et al., 2009). A suite of negative effects
in response to whale-watching boats, such as the alteration of
surfacing and diving behavior, aerial activity, acoustic behavior,

and swimming speed (e.g., Corkeron, 1995; Scheidat et al,
2004; Sousa-Lima and Clark, 2008; Stamation et al., 2010;
Garcfa-Cegarra et al, 2019) have been documented on the
species. Humpback whales migrate from polar and temperate
feeding grounds to tropical and subtropical breeding grounds
(Dawbin, 1966). In the latter, humpbacks whales typically do
not feed (Chittleborough, 1965), and depend on the energetic
reserves stored in the blubber layer, muscles, visceral organs,
and bones (Nordey et al., 1995; Gunnlaugsson et al., 2020)
acquired during the feeding season. Although feeding events
have been observed in breeding and migratory routes (Stamation
et al, 2007; Frisch-Jorddn et al, 2019; De Weerdt and
Ramos, 2020), energy intake is limited or absent during the
breeding season.

Here, we investigated the effect of whale-watching boats on
the energy consumption and efficiency of humpback whales in
the coast of northern Peru, Southeast Pacific. This population
is also known as stock G (IWC, 1998), and its breeding ground
ranges from northern Peru to Costa Rica (Scheidat et al., 2000;
Acevedo et al, 2017; Valdivia et al, 2017) and possibly up
to Nicaragua (De Weerdt et al., 2020). Respiratory rates have
been used to estimate the mass-specific cost of transport (COT),
for large animals under undisturbed and disturbed conditions
(Williams and Noren, 2009; Langman et al., 2012; Christiansen
et al., 2014a; Maresh et al., 2014). This metric includes the mass
and transport as a relative measure of the metabolic rate. COT
can provide insights about the overall energy expenditure during
movements, and how efficiently the energy is used relative to the
distance traveled (Tucker, 1970). An optimal range of transport
can then be estimated based on the range of swimming speeds
where the COT is reduced to its minimum. Thus, variation in
COT could be a useful proxy to understand the physiological
effects of whale watching on cetaceans. We predicted that
approaching whale-watching boats to whales would lead to an
increase in energy consumption by increasing swimming speeds
and breath frequencies.

MATERIALS AND METHODS
Study Area

Daily land-based surveys were performed from a rocky cliff
named “Cerro La Mesa” at 31 m above the sea level. From
this position, we covered a panoramic view of 7 km of radius
(153km? of area) of the coastal area between El Nuro (4°13/01”S,
81°10'35”W) and Midncora (4°06'26”S, 81°02'50”"W), where
whale-watching activities are conducted (Figure 1). Observation
of whales and boats were performed daily, between 07:00 and
10:00 from July 17th to August 29th and from September 5th
to October 15th in 2016. During the study period, weather
conditions were favorable during 95% of the survey days with
visibility of 6 t010 km. Sea conditions allowed the tracking of
whales throughout the study period with Beaufort states between
0(34%) and 1 (66%). The area has been described as the Southern
limit of the breeding ground of Stock G with the season ranging
from mid-July to the end of October (Pacheco et al., 2009;
Guidino et al., 2014).
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FIGURE 1 | Location of the studied area. Semi-circle represents the 7 km vision range from the observation point at “Cerro la Meza.”
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Sampling Methods

Groups of humpback whales were recorded by continuous focal
group follows (Altmann, 1974) using a digital theodolite (Nikon
NPL-322, Nikon Trimble, Tokyo, Japan) and 15x50 Nikon
binoculars. A group was defined as individuals of whales within
100 m distance of each other, moving in the same direction and
displaying almost synchronized diving and movement patterns
(Whitehead, 1983; Mobley and Herman, 1985). Calves were
identified as whales with sizes ranging from one to two-thirds
of the size to their accompanying adult, assumed to be the
mother (Herman and Antinoja, 1977; Mobley and Herman,
1985). Groups of humpback whales were classified into two main
categories: groups with calves and groups without calves. Mother-
calf and mother-calf with one or more escorts were considered as
groups with calves, while groups including only adults or sub-
adults were considered as groups without calves (Supplementary
Table 1 provides a description of all group categories). Tracking
of focal groups started when both observers (DV and AGC)
spotted humpback whales with binoculars. Once the group was
spotted and followed unequivocally for more than 10 min, the
group was chosen as a focal group for tracking. The type of group
and number of individuals was defined at the initial sighting and
confirmed during the tracking. If the focal group splitted, one
of the groups was chosen to continue tracking. When groups
merged, the tracking continued for the focal group. However, this

type of variability in the dynamics of the groups was not included
in the analysis of this study.

Horizontal and vertical angles were recorded, based on a
georeferenced reference point, for each emergence of the focal
group using the digital theodolite. Using the sinus theorem,
elevation, and coordinates of the reference point, the angles were
converted into geographic coordinates and geographic tracks for
each focal group. The specific details of the methodology are
provided in Garcia-Cegarra et al. (2019) including the geographic
position of the tracks. A preliminary analysis of track accuracy
was carried out by tracking a moving boat and recording its
position every 5 min. A measurement error of 35 m for distances
>4.5 km was estimated (Romero, 2015) and used to correct all
geographic calculations. For groups with more than one adult,
the first adult emerging to the surface was considered as reference
for the overall group movement. The total distance traveled
by each group was calculated as the sum of distances between
each recorded surfacing location. Simultaneously, the number of
breaths of each whale, the number of boats (when present), and
the time surfacing of the whale group were recorded.

The distance between focal groups and whale-watching boats
was measured using the digital theodolite, following the same
method as for the focal groups. We considered an interaction
threshold of 400 m distance between whales and boats following
Baker and Herman (1989). However, behavioral changes can
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occur before boats enter this threshold distance (e.g., Watkins,
1986; Baker and Herman, 1989; Sprogis et al., 2020a). Sprogis
etal. (2020b) demonstrated that vessel noise drives the behavioral
response of humpback whales to boats. Although, we recorded
the number of boats and their timing with the whales, the
limitations imposed by the distance of the land-based survey,
precluded us to unravel the role of noise of the boats on the
behavior of the whales.

To measure the swimming speed and breath frequency of
whales in the presence and absence of whale-watching boats, a
minimum of 10 min of interaction was determined as lower time
threshold. This value was determined to increase the precision of
the measurements and to reduce the amount of interaction events
inadequate for estimations. For example, for whales emerging
every 8-9 min, the presence of a whale-watching boat for
less than 10 min would only allow to register one emergence.
This would only provide one record of breath thus traveled
distance, and swimming speed cannot be estimated. Even though,
whale responses to approaching boats may occur in a shorter
period of time (<10 min), we assumed that these short burst
events are unlikely to have an important impact on the overall
energy efficiency. To avoid underestimation and bias in traveled
distance, swimming speed and breath frequency estimations, only
relative linear tracks were used in the analysis (Christiansen
etal., 2014a). Tracks with whales logging at the surface were also
removed from the analysis. Based on the presence and absence
of whale-watching boats, focal groups were divided into three
independent scenarios: before, during, and after the presence
of whale-watching boats. Data from groups tracked before-
during, during-after or before-during-after the presence of boats
were divided into two and/or three dependent observations,
respectively. For example, a before-during track was divided into
two data observations, one going to the before scenario and
the other to the during scenario. Tracks with the boat always
present or absent provided one measurement each, while tracks
before-during; during-after or before-during-after, provided 2 or
3 measurements, respectively.

The average swimming speed (S) of the focal groups was
calculated by dividing the sum of the distances traveled between
all emergence positions by the total time of the track. Breath
frequencies (f) of humpback whales was calculated by dividing
the total number of breaths per individual by the total time of
the track. For groups with two or more adult whales, the total
number of breaths was recorded for the group and finally divided
by the number of adults to obtain the individual breath frequency.
For groups with calves, breath frequencies and swimming speeds
were calculated based only on the adult’s behavior. This study
was carried out under the approval of the Comité de Etica de
Investigacion Cientifica de la Universidad de Antofagasta, Chile
(CEIC REV N° 039/2017 and 7298/2015).

Data Analysis

Mass-Specific Cost of Transport Estimation

The calculated swimming speed and breath frequency were
used to calculate the mass-specific cost of transport (COT)
following the methodology described in Christiansen et al.

(2014a). Supplementary Table 2 shows a summary of the
parameters, equations, theoretical values, and references used for
the estimation of COT in humpback whales.

The respiratory volume per minute, Vi, (1 X min~!, the
volume of air breathed per minute) was calculated from the
measured breath frequency, f (breaths x min~!) and the
tidal volume, V; (I x breath™!, volume of air inhaled per
respiratory cycle.

Vmin = Vt x f

The tidal volume for humpback whale was assumed to be 60% of
the volume or lung capacity, V. (Wahrenbrock et al., 1974; Blix
and Folkow, 1995).

Vt = 0.6 x Vc

The lung capacity (V.) was estimated from the body mass of the
humpback whale (Dolphin, 1987).

V. = 535 x W%

The body mass, W (kg), was estimated from the average length
(Lockyer, 1976). L refers to the length of the whale in meters. The
average size (12.2 m) for both sexes based on humpback whale
catch data of Peru, between 1961 and 1966, (Ramirez, 1988) was
used for this purpose, resulting in average weight for individuals
of both sexes of 25 317 kg.

W =158 x L*%

The oxygen consumption rate, Vo, (1 O2 x min~!, volume
of oxygen consumed per minute) was estimated from the
respiratory volume per minute (V;), the oxygen concentration
in the air, Ppy (0.21, ratio of O, in the inspired air) and the
oxygen extraction rate, Egy (Blix and Folkow, 1995). The oxygen
extraction rate from the air in the lungs during a respiratory cycle
was established at a value of 45% (Wahrenbrock et al., 1974; Blix
and Folkow, 1995).

Vo2 = Vmin X Eo, X Po,

The metabolic rate, MR (J x min~!), energy consumed per
minute, was estimated by transforming the oxygen consumption
rate Vop, into energy units using the conversion factor 20.1
kJ x 1o~ ! (Blix and Folkow, 1995).

MR = (20.1 x Vo)

Finally, the Mass-Specific Cost of Transport (COT;
J x [kg x m]~!), energy consumed per kilogram of body
weight and per meter displaced, was calculated based on the
metabolic rate, MR (J x min~!), swimming speed, S (m x s7h
and body mass of humpback whales, W (kg) (Sumich, 1983;
Culik et al., 1994; Williams and Noren, 2009).

COT = MR x [S x W]}

Only adult whales were used in the analyses, to avoid
confounding effects of growth on the metabolic rates. COT
for calf groups was estimated from the breath frequency and
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FIGURE 2 | U-shaped curve (Schmidt-Nielsen, 1972) showing the relationship between speed and cost of transport based on energetic efficiency. Red dashed lines
represent the theoretic division of the curve based on metabolic efficiency. Increasing swimming speed, increase the energetic efficiency by reducing the COT. This
reduction continues until the optimal range of transport, where the maximum efficiency and minimum COT are reached. Finally, when speeds continue to increase,

swimming speed of the adult individual in each group (e.g.,
the mother). Even though this data would not reflect new-
born metabolism, we assumed that the changes in behavior
and metabolism of the adult/s in a group with calves
could be an indirect proxy of the stress that the calf faces
during whale watching.

Statistical Analysis

Effect of Whale-Watching Boats

We hypothesized that breath frequency and swimming speed
will increase while COT decreases between before and during
scenarios and return to normal conditions after the boats have
left. Higher number of boats and longer times spent with the
whale groups will increase the mentioned effect in the three
variables during the activity. To test the differences in the
breath frequency, swimming speed and mass-specific cost of
transport, three regression models were developed using an
estimation procedure based on generalizing estimating equations
for the generalized linear models (glm) and for the normal
model. Normality of the variables was obtained after a log
transformation for breath frequency and swimming speed and
a logit transformation for COT. Observations of the same
groups of whales (e.g., Before-During) were not independent,
thus an exchangeable correlation structure was used for these
observations. Each model tested the effects of the scenario
(before, during, after) and calf presence on the breath frequency,
swimming speed and COT. We analyzed the effect of the presence
of calf on each of the models as several studies have already

reported significant differences in behavior between groups with
and without calves (Corkeron, 1995; Stamation et al., 2010; Craig
et al, 2014; Sprogis et al., 2020a). The effect of the number
of boats and time spent with the group of whales in the three
variables was tested for the during and after scenarios. The
estimations were performed using the geepack (Hojsgaard et al.,
2006) package in R (R Core Team, 2020) version 4.0.2.

Energy Efficiency

Non-linear regressions were performed between COT and
swimming speeds values to determine whether these variables
follow a U-shaped curvilinear relationship (Schmidt-Nielsen,
1972) as it has been documented for other marine mammals
species (Figure 2, e.g., Williams et al., 1993; Otani et al., 2001;
Rosen and Trites, 2002; Williams and Noren, 2009). The curve
indicates that optimal speed ranges of transport can be detected
when COT reaches its minimum values due to higher efficiency
in the consumption of energy for displacement. However, when
swimming speed increase beyond this range, the breath frequency
increases disproportionally due to an increasing oxygen demand.
This drastically reduces the energetic metabolism efficiency
during transport and can be observed as an inflection point
followed by an exponential increase of the COT values. Similarly,
when analyzing the link between swimming speed and breath
frequency, the onset of energetic inefficiency can be observed
by an exponential increase of the breath frequency when speed
exceed its optimal range (Williams et al., 1993; Yazdi et al,
1999). Linear regressions between swimming speed and breath
frequency were performed to determine the relationship between
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the two variables. All tests and statistical analyses were performed
using R version 4.0.2.

RESULTS

A total of 167.4 h of survey were completed. 132 h were used
to visually follow focal groups; 39% (51.5 h) without and 61%
(80.5 h) with whale-watching boats. A total of 412 humpback
whales were followed in 173 focal groups: 91 groups without
calves and 82 groups with calves (Table 1). From the 173 focal
groups, 67 and 48 whale groups were tracked with boats always
absent and absent, respectively. Also, 29, 20, and 9 groups were
tracked before and during; during and after; and before, during,
and after the presence of boats, respectively. Dividing groups into
their respective encounter scenarios and adding the tracks where
boats were always present (during) or absent (before), a total of
105, 106, and 29 breath frequency, swimming speed and COT
measurements were, respectively, obtained for the encounter
scenarios before, during, and after (Table 1). A mean of 3.13
(SD = 1.52; range: 1-9) and a maximum of 9 whale-watching
boats were observed with the focal groups. On average boats
followed groups of whales during 48.32 min (SD = 25.15 min,
range: 13-125 min) and keeping an average minimum distance
0f 39.26 m (SD = 47.21 m, range: 6-125 m).

Significant differences between groups with calves and without
calves were found for breath frequency and swimming speed.
Based on significant coefficients, groups without calves registered
breath frequencies and swimming speeds 18.43 and 25.78%
higher, respectively, than groups with calves (Tables 2, 3). Groups
without calves breathed and swam at median values of 0.67
(IQR = 0.45) breaths x min~! and 1.68 (IQR = 0.76) m x s~ !,
while groups with calves breathed and swam at median values
of 0.561 (IQR = 0.34) breaths x min~! and 1.3 (IQR = 0.82)
m x s~ !, respectively. No significant differences were found
for the mass-specific cost of transport [COT ithoutcalr = 0.045
(IQR = 0.04); COTighcai 0.047 (IQR = 0.041) ] x [kg x m]~']
between the these groups (Tables 3, 4).

Effects of Whale-Watching Boats

Breath frequency, swimming speed, and COT, did not change
significantly between before and during the presence of whale-
watching boats. Likewise, no significant differences in breath

TABLE 1 | Summary of the number of tracks registered per scenario and type of
group (with/without calf).

Presence of boat Encounter scenarios Type of group
Before During After With calf Without calf
Absence only 67 - - 22 45
Presence only - 48 - 26 23
Before-During 29 29 - 16 13
During-After - 20 20 13 8
Before-During-After 9 9 9 5 4
Total 105 106 29 82 91

TABLE 2 | Estimated coefficients and standard error (S.E.), for each of the
parameters of the models developed for breath frequency (f), swimming speed (S),
and mass-specific cost of transport (COT).

Parameter Y =log(f) Y =log(S) Y = logit(COT)
Estimate S.E. Estimate S.E. Estimate S.E.
Before —-0.396 0.0511 0.3918 0.0447 -2.9115 0.0680
During 0.0577 0.1138 0.1827 0.1128 -0.1410 0.1680
After —0.1600 0.1745 0.0710 0.1667 —0.2273 0.3050
Calf —0.1823 0.0601 —0.2578 0.0605 0.0794 0.0918
During boat presence
Number of Boats —0.0274 0.0302 0.0717 0.0336 —0.1056 0.0478
Time 0.0003 0.0016 —0.0061 0.0025 0.0069 0.0036
After boat presence
Number of Boats ~ 0.0020 0.0432 0.0418 0.0469 —0.0455 0.0793
Time 0.0037 0.0024 —0.0043 0.0020 0.0087 0.0044

TABLE 3 | Wald-test and p-values for each the hypothesis tested for the models
developed for breath frequency (f), swimming speed (S), and mass-specific cost
of transport (COT).

Hypothesis tested Y = log(f) Y =log(S) Y =logit(COT)

W-test p-value W-test p-value W-test p-value

Before vs. During 0.26 0.6101 2.62 0.1055 0.7 0.4028
Before vs. After 123 02674 035 05541 0.07 0.7913
During vs. After 0.84 0.3594 0.18 0.6714 0.56 0.4543
With Calf vs. Without calf ~ 9.41 0.0022 18.13 <0.0001 0.75 0.3865
During boats presence

Number of Boats 0.83 0.3623 455 0.0829 4.88 0.0272
Time 0.02 0.8875 6.18 0.0129 3.69 0.0547
After boats presence

Number of Boats <0.001 >0.9999 0.8 0.3711  0.33 0.5657
Time 2.47 0.116 4.48 0.0343 3.86 0.0495

frequency, swimming speed and COT were found between before
and after, or between during and after (Table 3). The number of
boats present, and the duration of interactions had a significant
effect on breath frequency, swim speed and COT. Each additional
boat with the whale group (e.g., from 2 to 3 boats) led to a 7%
increase of the median swimming speed and a 10% reduction of
the median COT. Furthermore, boats spending more time with
a whale group led to a reduction of the speed of the groups, as
each additional minute spent with the whale groups represented
a significant 0.5% decrease in the median of swimming speed.
This effect was present even after the boat left, as each additional
minute spent with the whale group lead to a significant 0.4% in
the median of swimming speed (Tables 2, 3).

Energetic Efficiency

Groups with and without calves showed the same pattern;
high COT values at low swim speeds (Figure 3). Increasing
swimming speeds led to a significant decrease in the COT,
following a power function in groups with calves (Figure 3A,
COT = 0.069 x S™%9, pseudoR? = 0.63) and without calves
(Figure 3B, COT = 0.085 x ™19, pseudoR? = 0.53). Changes in
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TABLE 4 | Median (Interquartile range) values for groups with and without calves
of humpback whales. n = number of observations.

Variable Groups with

calves (n =121)

Groups without
calves (n = 119)

Breath frequency 0.561 (0.34) 0.67 (0.45)
Swimming speed 1.30 (0.82) 1.68 (0.76)
CcOoT 0.047 (0.041) 0.045 (0.04)

swimming speed explained between 53 and 63% of the variation
of the COT values. Minimum COT was registered between 2
and 3.2 m x s~! for groups with calves and between 2 and
4.05 m x s~! for groups without calves, determining mass-
specific costs of transport between 0.023-0.036 and 0.020-0.041
J x [kg x m]™!, respectively. However, the true minimum
COT values remain unknown as no inflection point, where COT
is excepted to increase, was detected during the movement of
groups with and without calves.

While the presence of whale-watching boats did not lead
to significant increases in the breath frequency of humpback
whales, breath frequency increased linearly with swimming
speed (Figure 4 f= 0.57+0.07 x S; R?* = 0.018; F-stat = 2.17;
p-value = 0.03), at a rate of 0.07 breaths x min~! for every
m x s~ ! increase in swim speed. However, breath frequency in
humpback whale groups might be influenced by other factors, as
only 1.8% (R2: 0.018) of its variability was explained by changes
in swimming speed.

DISCUSSION

Behavioral responses to whale-watching boats can potentially
lead to an increase in the metabolic rate in cetaceans due to
an increase in breath frequency and swimming speed (e.g.,

1.0+

Breath frequency (breaths/min)

Swimming speed (m/s)

FIGURE 4 | Linear regression of the breath frequency (breaths/min) as a
function of the swimming speed (m/s) for all groups of whales

(f= 0.57+0.07 x S; R2 = 0.018; F-stat = 2.17; p-value = 0.03). Data from
before (), during (s), and after ({J) the presence of the whale-watching boats.

Christiansen et al., 2014a). Our results suggest that the mere
presence of whale-watching boats does not lead to significant
behavioral changes, but as the number of boats increased, so
did the breath frequency and swim speed of the whales. Energy
expenditure during transport remains near optimal values. No
increments in mass-specific cost of transport were recorded and
breath frequencies continued to increase linearly within the range
of measured swimming speed.

When assessing the impact of whale-watching boats on
humpback whales, typically breath frequencies, and swimming
speeds have been estimated (e.g., Scheidat et al., 2004; Morete
et al, 2007; Stamation et al, 2010). Both slower swimming
speed and lower breath frequencies have been often reported for
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FIGURE 3 | Non-linear regressions of the mass-specific cost of transport (COT: J x [kg x m]'') as a function of the swimming speed (m/s) for (A) groups of whales
with calves (COT = 0.069 x S99 R2 =0.63) and (B) groups without calves (COT = 0.085 x S™:9%, R2 = 0.53). Data from before (0), during (s), and after ((J) the
presence of the whale-watching boats.
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FIGURE 5 | Linear regression between the estimated optimal mass-specific
cost of transport and mass of cetacean species. California sea lion Zalophus
californianus (e: Fedak and Seeherman, 1979; Williams et al., 1991; Williams,
1999), Harbor seal Phoca vitulina (B: Davis et al., 1985; Williams et al., 1991),
Harbor porpoise Phocoena phocoena (¢: Otani et al., 2001), gray seal
Halichoerus grypus (A: Fedak and Seeherman, 1979), Bottlenose dolphin
Tursiops truncatus (OJ; Williams et al., 1993), Killer whale Orcinus orca (O:
Kriete, 1995; Williams and Noren, 2009), Minke whale Balaenoptera
acutorostrata (A: Blix and Folkow, 1995; Christiansen et al., 2014a), Gray
whale Eschrichtius robustus (¢: Sumich, 1983) and Humpback whale
Megaptera novaeangliae (v: present study). Minimum COT decreases linearly
with weight of marine mammal species following the function:

COT = 4.14-0.420 x log(W), R? = 0.75, F-stat = 40.35, p = 3.653e°. Fitted
values of the linear model are presented by the black line.

groups with calves (Carvalho-Gongalves et al., 2018; Bejder et al.,
2019). Mother and calf groups face physical and physiological
challenges, because calves are learning social skills, have less
muscle strength, and lung size compared to adults. This
reduces their escape response capacity (e.g., fast swimming)
when facing natural predators such as killer whales, harassment
of competing adult males or whale-watching disturbance. In
breeding grounds, calf groups inhabit shallow and calm waters
to reduce disturbance by competitive adults (Smultea, 1994)
and optimizes the energy transfer from the mother to the new-
born during nursing (Cartwright and Sullivan, 2009; Sullivan
and Cartwright, 2009; Videsen et al., 2017). Our minimal COT
estimations for a 25,317 kg adult humpback whale, ranges
around 0.023 J x [kg x m]~! for groups with calves and
0.02 ] x [kg x m]~! for groups without calves. We developed
a log-linear regression between body mass and COT values,
using published values for other marine mammals including
our results. Our estimates fitted into this regression (Figure 5,
COT = 4.14-0.420 x log(W), R? = 0.75, F-stat = 40.35,
p = 3.653¢>), confirming that they occur within the expected
range for an animal of 25,000 kg.

The Effects of Whale-Watching Boats

In contrast with results elsewhere (e.g., Corkeron, 1995; Scheidat
et al., 2004; Schaffar et al., 2010; Stamation et al., 2010), the
sole presence of whale-watching boats did not trigger changes
in the behavior of humpback whales. However, each additional

boat led to a significant 7% increase of the swimming speed, and
consequently a 10% COT reduction. Similarly, a high number of
whale-watching boats at less than 400 m induced killer whales
to follow a more sinuous swimming path (Williams et al., 2002;
Williams and Ashe, 2007) together with an increase in their
swimming speed (Williams et al., 2002). Arguably a higher
number of boats could result in a higher noise level. Higher
noise levels can induce strong behavioral changes in humpback
whales (Sprogis et al., 2020b). This can explain the differences
in response of humpback in function of the numbers of boats
observed in our study. Also, a high number of boats may lead
to a lower degree of compliance with the voluntary guidelines for
whale watching proposed for this region (Pacheco et al., 2011).
Boats positioning themselves closer to the whales presumably
to ensure the satisfaction of the tourist (Garcia-Cegarra and
Pacheco, 2017). Although this study did not gather information
on specific features of the boats such as the type of engines, we
recognize that different boat-engine configurations can lead to
different noise levels, which may finally translate into different
levels of disturbance. The time that boats spent with whales led to
significant decreases in the swimming speed of groups of whales
during and after the presence of the boat. The latter effect may be
related to whale-watching boats performance. Groups of whales
swimming at high speed will usually be sighted by boats for less
time because they are more difficult to follow from a tour boat.

The data presented here fitted the first half of the typical
U-shaped relationship between COT and swimming speeds.
Increasing swimming speed, implies a reduction of breaths per
kilometer traveled, hence reducing COT values and reaching
a minimum when reaching the optimal range of transport.
The second half of the U-shaped curve was not observed,
as the recorded maximum swimming speeds (4.05 m x s7h
did not exceed the optimal range. Similarly, studies on harbor
porpoises (Phocoena phocoena) (Otani et al., 2001), killer whales
(Williams and Noren, 2009), and minke whales (Christiansen
et al., 2014a) did not register the second half of the U-shaped
curve. Conversely, Williams et al. (1993) and Yazdi et al. (1999)
described the complete curve for bottlenose dolphins (Tursiops
truncatus), showing that COT increases when reaching speeds
beyond the optimal range. Both studies were performed by
dolphins trained to reach specific speeds, in confined (e.g.,
dolphinarium) and open water (e.g., following boats). Our results
suggest that such speeds may not be reached in natural conditions
and individuals will tend to maintain energy efficiency during
travel even when facing disturbance.

The optimal swimming speed estimated for humpback whales
ranged between ca. 2 and the maximum speed recorded in
our study, 4.05 m x s~!, generating minimum COT values
between 0.020 and 0.041 ] x [kg x m]~!. As no inflection
point and subsequent increase of the COT were recorded,
energetic efficiency was maintained during tracking. However,
since the second half of the U-shaped curve was not detected,
the upper limit of the optimal swimming speed range cannot
be determined with accuracy. Records of humpback whales
swimming at more than 4.05 m x s~! would be needed to
determine if the optimal range continues beyond our estimated
range. Additionally, breath frequencies increased linearly with
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FIGURE 6 | Quadratic regressions of the mass-specific cost of transport
(COT: J x [kg x m] ") as a function of the swimming speed (m/s).
COT = 0.22-0.17 x S+0.03 x S2, R? = 0.46, F-stat = 103.8, p = 2.2¢" 16,
Data from before (), during (e), and after (LJ) the presence of the
whale-watching boats. Gray area represents the standard error.

increasing swimming speed, confirming persistence of energetic
efficiency (Williams et al., 1993) over the range of swimming
speeds recorded. Similar results have been described for killer
(Williams and Noren, 2009) and minke whales (Christiansen
et al., 2014a). Performing a quadratic regression, a possible
inflection and increase of COT was explored (Figure 6). An
inflection point can be noted between 2.3 and 2.4 m x s !
and an optimal swimming speed range between 2 and 2.6 m/s.
However, the low number of groups of whales swimming at
speeds exceeding this range (S>2.6 m/s), increases notably the
standard error reducing prediction accuracy. The optimal range
could extend further, or on the contrary higher swimming speed
could directly lead to energetic inefficiency. Experiments carried
in controlled conditions and with small cetaceans (Williams et al.,
1993; Yazdi et al., 1999), allowed to exceed their optimal range.
This performance is unlikely to occur in large cetaceans like the
humpback whale in nature.

Cetaceans may respond to human disturbance as they do
against natural predators (e.g., killer whales) (Christiansen and
Lusseau, 2012). Some species of baleen whales maintain high
and sustained speeds to avoid killer whale attacks (Ford et al.,
2005; Ford and Reeves, 2008). When chased by orcas, minke
whales can keep high velocities for several hours (ca. 8.5 h) over
large distances (ca. 18 km) (Ford et al., 2005). Humpback whales
may physical defense themselves when confronting predators.
Mothers would defend their calf when facing attacks from killer
whales (Pitman et al., 2017). Species of cetacean that fight
predators, tend to be less hydrodynamic but with a better ability
to maneuver and with robust bodies with callosities that could be
used as weapons or amour (Ford and Reeves, 2008). However,
they can also sustain high speed when fleeing from predators.
In humpback whales, the presence of a single boat may not
trigger an escape response, however, several boats may elicit
a fast response.

Humpback whales of Breeding Stock G face other
anthropogenic stressors such as entanglement with fishing
gears, shipping noise, and vessel collision, throughout their
breeding and feeding grounds (O’Connor et al., 2009). The
effect of whale-watching interaction cannot be considered only
as a punctual and occasional event, because such repeated
anthropogenic stressor events may occur for the same individual
or group in addition to natural events (e.g., escape from
predation, intraspecific competition). Vulnerable groups, such as
mother and calf groups (Stamation et al., 2010; Garcia-Cegarra
et al,, 2019) move slowly and are usually found closer to the
coast, being easily approached by several whale-watching boats
(Garcia-Cegarra et al., 2019). Whale watching is a growing
industry in Peru (Guidino et al., 2020) but is not regulated yet
(Pacheco et al., 2011). We urge the establishment of regulations
particularly measurements that controls the time and number of
boats per group of whales especially in mother and calf groups
(Garcia-Cegarra et al., 2019).
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! Conservation Biology Division, Northwest Fisheries Science Center, National Marine Fisheries Service, National Oceanic
and Atmospheric Administration, Seattle, WA, United States, 2 Lynker Technologies, Leesburg, VA, United States,

3 Department of Wildlife, Fish, and Conservation Biology, University of California, Davis, Davis, CA, United States, * Cascadia
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Accurate knowledge of behavior is necessary to effectively manage the effects of
human activities on wildlife, including vessel-based whale-watching. Yet, the wholly
aquatic nature of cetaceans makes understanding their basic behavioral ecology quite
challenging. An endangered population of killer whales faces several identified threats
including prey availability and disturbance from vessels and sound. We used bio-
logging tags that were temporally attached to individuals of the endangered Southern
Resident killer whale population to more fully understand their subsurface behavior
and to investigate vessel effects on behavior, including foraging behavior involving prey
capture. We collected tag data over three field seasons in the waters surrounding
the San Juan lIslands, WA, United States, corresponding to the core summer area
of the critical habitat of the population. Here, we used hidden Markov models to
identify latent behavioral states that include characterization of different foraging states
from sound and movement variables recorded by the multi-sensor tags. We tested a
number of vessel variables (e.g., vessel counts, distance, and speed) on state transition
probabilities, state occurrence and time spent within each behavioral state. Whales
made fewer dives involving prey capture and spent less time in these dives when vessels
had an average distance less than 400 yd (366 m). Additionally, we found both a sex
and vessel distance effect on the state transition probabilities, suggesting that females
and males respond differently to nearby vessels. Specifically, females were more likely to
transition to a non-foraging state when vessels had an average distance less than 400
yd (366 m). A female’s decision to forego foraging states due to the close proximity of
vessels could have cascading effects on the ability to meet energetic requirements to
support reproductive efforts. This is particularly concerning in an endangered population
that is in decline. Our findings, suggesting that female killer whales are at greater risk to
close approaches by vessels, highlight the importance of understanding sex-specific
responses to disturbance. These findings can inform future management decisions
seeking to preserve foraging opportunities and enhance recovery efforts relevant to
many cetacean species, including vulnerable and endangered populations.

Keywords: Killer whale (Orcinus orca), behavior, foraging, vessel effects, whale-watching, hidden Markov model
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INTRODUCTION

Nature-based tourism, including the viewing of free-ranging
and often charismatic wildlife, is a well-established industry in
many parts of the world. Human activity, however, can have
negative consequences on animals, including subsequent effects
on the behavior of individuals, social groups and populations,
which is especially concerning for vulnerable or endangered
species. Knowledge of the basic aspects of animal behavior
can lead to the success or failure of wildlife management
programs (Knight, 2001; Coleman et al., 2013; Berger-Tal and
Saltz, 2016). For example, cetaceans rely on sound for basic
life functions and odontocetes (dolphins, porpoises, and toothed
whales) use echolocation for navigation and foraging. Vessel-
based whale-watching often introduces noise from motor-based
propulsion in addition to obstacles at the surface to these
air-breathing mammals (Senigaglia et al., 2016). Furthermore,
vessel traffic from other activities (e.g., commercial shipping)
is common in well-populated coastal corridors and many
vessels emit sonar signals to aid in navigation or fishing
(e.g., depth sounders and fish finders). Yet, we know little
about how introduced signals might affect the use of sound
and behavior in these aquatically obligate marine mammals,
particular for species that rely on sound at similar frequencies
for biosonar-based foraging. Given their cryptic nature, which
imparts considerable challenges in quantifying anthropogenic
effects, only a limited number of studies have been able to
investigate behavioral effects of anthropogenic disturbance in
odontocetes, particularly whether all individuals are equally
affected, given contextually dependent responses to disturbance
(Ellison et al., 2012). Recent technological advances have
enabled the use of smaller bio-logging instruments that are
temporally attached to cetaceans, allowing researchers to better
understand their subsurface behavior and investigate relevant
anthropogenic effects (Johnson and Tyack, 2003; Quick et al.,
2016; DeRuiter et al., 2017).

Killer whales (Orcinus orca) are the largest delphinid species.
North Pacific ecotypes are differentiated by genetics, foraging
ecology, physical appearance, and acoustic behavior (Ford et al,,
2000, 2011). The fish-eating “resident” ecotype consists of large
matrilineal groups that heavily rely on echolocation for foraging
(Barrett-Lennard et al., 1996; Au et al., 2004). Individuals produce
slow repetition clicks while searching for prey, click faster during
initial pursuit of individual prey, and produce buzzes (very
rapid bout of clicks) immediately prior to prey capture attempts
(Holt et al., 2019; Tennessen et al., 2019a). In the eastern North
Pacific, Southern Resident killer whales are listed as Endangered
in the United States and Canada (National Marine Fisheries
Service [NMFS], 2016; Department of Fisheries Oceans Canada
[DFO], 2017). They prefer salmonids, especially Chinook salmon
(Oncorhynchus tshawytscha), but many stocks they rely on are
also listed as endangered, threatened, or depleted (Ford and
Ellis, 2006; Hanson et al., 2010; Ford et al., 2016). In addition,
vessel traffic and associated noise from commercial shipping,
whale-watching, fishing, and recreational activities, is pervasive
in the core summer habitat that the whales use for feeding
(Holt et al., 2009; Veirs et al., 2016; Cominelli et al., 2018).

Both prey availability and disturbance from vessels and noise
are identified risk factors to the Southern Resident population
that has shown little recovery since ESA listing (National Marine
Fisheries Service [NMFS], 2016; Center for Whale Research’,
accessed 30 March 2020).

Given the recognized risk factors and documented effects,
vessel regulations have restricted viewing distance of killer whales
to varying degrees’. United States vessel regulations, effective
May 2011, make it unlawful for vessels to approach within 200
yd (183 m) from most directions and 400 yd (366 m) of a killer
whale’s path (National Oceanic Atmospheric Administration
[NOAA]J, 2011). A state law (RCW 77.15.740), implemented in
May 2019, prohibits approach within 300 yd (274 m) to the side
and 400 yd in front/behind any Southern Resident killer whale,
and vessel speed must be < seven knots within one-half nautical
mile (926 m®). An interim order, effective June 2019, prohibits
all vessels from approaching any killer whale within a 400 m
distance and vessel speed must be < seven knots within 1 km
in Canadian waters*. Empirical evaluation of the effectiveness of
these unaligned regulations are needed to inform future decision
making within an adaptive management framework.

Earlier studies documented effects of vessels and noise on
resident killer whales, including changes in surface active and
vocal behavior, diving and movement parameters, and behavioral
activity states (Williams et al., 2006, 2009; Holt et al., 2009;
Lusseau et al., 2009; Noren et al., 2009). A concerning finding
of previous land-based observational studies was the reduction
in time spent foraging in the presence of vessels (Williams et al.,
2006; Lusseau et al., 2009). Indeed, a meta-analysis of several
cetacean studies found disruptions of activity budget, in which
individuals were less likely to rest and forage, to be one of the
most consistent responses to whale-watching vessels (Senigaglia
etal., 2016). Reduced foraging effort can have cascading effects on
an individual’s ability to meet energetic requirements to support
growth, survival and reproduction, and is especially concerning
in vulnerable populations (Farmer et al., 2018; Pirotta et al.,
2018). Yet, many earlier findings rely on observations of behavior
at the surface that can introduce bias (Tuyttens et al., 2014).
Additionally, accurately identifying different phases of biosonar-
based foraging are challenging without assessment of both the
acoustic and movement behavior of the whales (Holt et al., 2019;
Tennessen et al., 2019a,b). In this study, we utilized multi-sensor
tags to test different vessel effects on the subsurface behavior of
killer whales, including acoustic behavior and foraging outcomes,
to inform future management actions. Effects on behavior that we
tested include vessel count, distance and speed related to current
regulations, and echosounder signal presence, tested alone or
in combination with one another and other effects. Specifically,
we implemented hidden Markov models (HMM) to identify
unobservable behavioral states from the variables obtained by the
tags that were temporally attached to Southern Resident killer
whales. We then examined a number of vessel effects on the state

Uhttps://www.whaleresearch.com/orca-population

2www.bewhalewise.org

*https://app.leg.wa.gov
“www.pac.dfo-mpo.gc.ca/whales-baleines/srkw-measures-mesures-ers-eng.html
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transition probabilities and on the occurrence and time spent in
each behavioral state.

MATERIALS AND METHODS

Study Location and Data Collection

Data collection took place in the transboundary waters
surrounding the San Juan Islands, WA, United States
(approximate range: 48.2° to 49.0° N, 122.7° to 123.6° W,
Supplementary Figure 1) during daylight hours in September
2010, 2012, and 2014. The study location is part of the
population’s critical habitat in both the United States and
Canada, including their core summer habitat (National Oceanic
Atmospheric Administration [NOAA], 2006). The area and
season of data collection was chosen to reflect whale-watching
activity by both commercial and private vessels. Twenty-three
digital acoustic recording tags (Dtags) were temporarily attached
to individually identified whales from photo-ID records (Center
for Whale Research) using a pole from an inflatable research
vessel. The Dtag is a suction cup-attached multi-sensor, bio-
logging instrument containing two hydrophones, temperature,
pressure and triaxial accelerometer and magnetometer sensors
(Johnson and Tyack, 2003). Of the twenty-three tags deployed,
we excluded data from 10 deployments in the analysis because of
limited audio data quality, mainly due to high flow noise and/or
suboptimal tag placement. All individuals were tagged only
once, except for two individuals (K33 and L91) that were tagged
twice but in separate years; thus, all deployment time series were
considered independent of each other (Table 1).

We used the larger version 2 tag in 2010 and 2014 which
sampled audio data at 192 kHz and non-audio data at 50 Hz,
and the smaller version 3 tag in 2012 which sampled audio
data at 240 kHz and non-audio data at 200 Hz. During Dtag
deployments, we conducted focal follows on the (1) tagged
whale, collecting geo-referenced data during surfacing and (2)
all vessels, including the research vessel, within 1.5 km of the
focal whale until the tag released from programming or fell oft
on its own (Holt et al., 2017). As conditions allowed, we recorded
focal follow data using two integrated equipment packages, each
consisting of a GPS/data collector, a laser range finder, and
compass (Giles, 2014). One unit recorded whale data, the other
recorded vessel data. Attribute data recorded for each vessel
included a date and time stamp, its latitude and longitude
position, vessel name and class (commercial whale-watching,
private, research, enforcement, etc.) and estimated speed (sensu
Holt et al., 2017). We recorded vessel data in concentric rings
starting with those closest to the focal whale at least every 5 min.
During focal follows, the research vessel operated at distances and
speeds consistent with vessels engaged in whale-watching.

Data Processing and Calculation of
Variables

We used the Dtag Toolbox’, along with custom-written routines
in Matlab 2017a (Mathworks, Natick, MA, United States), to

>www.soundtags.org

download, calibrate, and process tag data following established
protocols (e.g., Holt et al., 2017; Tennessen et al., 2019a).

The unit of analysis was a dive derived from depth data down-
sampled to 5 Hz. We calculated the start and end times of each
dive using an automated detector that identified excursions from
the surface (<0.5 m) to depths > 1 m that were checked for error
and corrected accordingly. Individual reactions to tagging ranged
from none to moderate, the latter which included flinching
upon tag contact or diving and remaining submerged for a few
minutes, but for all deployments individuals returned to pre-
tagging surfacing behavior within 5 min of tagging. We therefore
excluded dives during the first 5 min of each deployment time
series to address any potential short-term behavioral responses
to tagging (sensu Tennessen et al., 2019a,b). We used other non-
audio tag data sampled at 50 Hz for analyses. For each dive, we
populated six response variables described in Tennessen et al.
(2019b), which were informed by previous studies (Holt et al.,
2019; Tennessen et al., 2019a). These variables were (1) maximum
depth, (2) jerk peak (3) median absolute roll (4) circular variance
in heading (5) presence of echolocation clicks (slow/regular) (6)
presence of buzzes. These variables were chosen to capture the
different phases of foraging (including search and capture of
prey) along with other behaviors. Only clicks and buzzes assigned
to the tagged whale were included in the analysis (Holt et al,,
2019). We calculated vessel variables from focal follow data as
in Holt et al. (2017) using the midpoint in time of each dive
to temporally align vessel (£ 5 min) and dive data. If multiple
observations of the same vessel occurred within the interval, we
only used the observation closest in time to the dive midpoint.
The horizontal distance from whale to each unique vessel was
estimated from the latitude/longitude positions of the vessel
relative to the whale’s latitude/longitude that was closest in time
to the dive midpoint. We also scored the presence of echosounder
signals, i.e., sonar signals emitted by vessels to aid in navigation
and fishing, received by the tag (both transmitted and reflected
signals) for each dive (Holt et al., 2017).

Statistical Analysis

We used HMMs as a multivariate framework to categorize the
subsurface behavior of killer whales. This statistical approach
has been widely applied in studies that investigate movement
and behavior using animal-borne tags that yield time series data,
including those on cetaceans (Quick et al., 2016; DeRuiter et al.,
2017). HMMs identify the most likely unobservable (hidden)
state from observable behavior in sequences that follow a first
order Markov process. The number of latent or hidden states,
N, is specified a priori and the HMM approach estimates a time
series of estimated states (allowing animals to transition between
states at each time step) conditioned on the observed data.
HMMs are flexible and allow for the inclusion of covariates, on
both the intercept parameters (“state dependent distributions”)
and on the transition probability matrices. Our objective was
to test vessel effects on killer whale behavior, using the six
response variables described above. This approach consisted of
(1) fitting several HMMs with different single covariates on the
state transition probability matrix to determine the appropriate
number of hidden states, (2) fitting additional models with up to
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TABLE 1 | Summary of analyzed Dtag deployments.

Year Deploy. ID Whale ID Sex Tag duration (h) No. dives analyzed No. dives per state
1 2 3 4

2010 0010_261m L72 F 0.53 32 12 0 7 13
2010 0010_264m 183 F 2.53 216 89 0 100 27
2010 0010_265m K33 M 6.18 517 286 21 102 108
2012 0012_251m K33 M 1.56 149 52 6 48 43
2012 0012_254m L95 M 6.13 522 160 8 256 98
2012 0012_261m L84 M 2.1 176 74 2 41 59
2012 0012_266m L91 F 2.46 205 46 9 96 54
2012 0012_266n L47 F 0.51 56 26 1 7 22
2012 0012_267m J28 F 1.63 159 99 0 22 38
2014 0014_249m L113 F 5.51 572 155 10 304 103
2014 0014_263m L85 M 6.24 484 197 6 162 119
2014 0014_264m L91 F 0.68 59 18 4 11 26
2014 0014_266m K35 M 4.43 462 138 10 215 99

two covariates on the state transition probabilities and comparing
these with the original models to investigate vessel effects on killer
whale likelihood of transitioning between behavioral states, and
(3) investigating effects of vessel distance on state occurrence and
time spent in each state.

We used the depmixS4 package (Visser and Speekenbrink,
2010) in R v.3.3.3 (R Core Team) to fit several candidate models.
Here, the specified number of states and response variables were
informed by and described in detail in Tennessen et al. (2019b).
Briefly, we explored 3-5 state models using the six response
variables with individual sex as a covariate on the state dependent
distributions, and different single covariates on the transition
probabilities among states (unconstrained). Depth, jerk, roll and
heading variance were natural log transformed and modeled
using a Gaussian distribution while clicking and buzz presence
were modeled using a binomial distribution. For simplicity, we
did not consider random effects potentially associated with the
individual or environmental context (but see DeRuiter et al.,
2017). Covariates populated for each dive included vessel counts,
mean distance of all vessels within 1.5 km, distance of closest
vessel, and median speed of all vessels within 1.5 km of the tagged
whale (as in Holt et al., 2017), presence/absence of echosounder
signals, year and individual sex. Sex was included based on
previous results (Tennessen et al., 2019b) and year was included
to address potential inter-annual variability (Holt et al., 2017).
Vessel count, speed and distance were binary categorical variables
(high/low or close/far) using different breakpoints to define levels
among competing models according to sample size, distribution
of covariates and implications for management (Table 2). For
example, vessel distance was split into close/far categories by
200 (183 m) and 400 yd (366 m) to inform management
actions related to vessel regulations. We attempted to populate
received noise levels for each dive to investigate noise effects
(Holt et al., 2017). However, tag-related flow noise contamination
resulted in considerable missing noise data and thus, hindered
the preservation of dive-by-dive time series required for the
assumptions of HMMs.

Because estimation of HMMs may be sensitive to starting
values, we re-fit each candidate model 200 times using random
initial parameters, and we retained the one with lowest AIC
score as the best across the 200 iterations (see Tennessen et al.,
2019b). We first ran candidate models with 3 to 5 states, each
with only one covariate on the state transition probabilities and
used the lowest AIC score along with the ability to biologically
interpret results as criteria for selecting the top-ranked models
following Tennessen et al. (2019b). A challenge in working
with HMMs is that increasing the number of states generally
improves model performance metrics, such as AIC with an
incurred trade-off of reduced biological interpretability of the
resulting state-dependent distributions (Quick et al., 2016, 2017;
DeRuiter et al., 2017; Tennessen et al., 2019b). We found the
same to be true here: all 5-state models had lower AIC scores
than 4-state models, which had lower AIC scores than 3-state
models. However, in contrast to Tennessen et al. (2019b), 5-
state models were unusually complex with the available data and
the state-dependent distributions were not easily interpretable
in contrast to 4-state models. Thus, we took the top-ranked 4-
state models (delta AIC < 30, Table 3) and then combined up to
two covariates on the transition probabilities and re-ran 4-state
model fitting to see if model ranking improved with combined
covariates (Table 4).

Using output from the HMMs, we used multinomial logistic
regression models to ask whether vessel distance or sex affected
state occurrence. We treated the estimated state assignment,
based on the most likely (Viterbi) state sequence of the best
model, as the response variable, and used vessel distance (2-
level fixed effect) and deployment number (random effect) as
predictors. All multinomial logistic regression models were fit
using the brms package (Biirkner, 2017) in R. We ran these
models using four MCMC (Markov chain Monte Carlo) chains,
a burn-in period of 2000 samples, and retained another 1000
samples (Rhat values of all parameters were 1.0, supporting
model convergence). We also explored the effect of sex on state
occurrence (Tennessen et al., 2019b) by running models with
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TABLE 2 | Definitions of single covariates on the state transition probability matrix
of candidate models.

TPM Form (level) Details Comment
Covariate
count1 Factor (2) <11 vessels Approximate equal split
>11 vessels based on range (1-21
vessels)
count2 Factor (2) <6 vessels Equivalent decibel level
>6 vessels split if all vessels radiate
equal noise levels
count3 Factor (2) <8 vessels Split in between count1
>8 vessels and 2
speed1 Factor (2) median speed < 5 kn See Holt et al., 2017 for
median speed > 5 kn details
speed?2 Factor (2) median speed < 3 kn See Holt et al., 2017 for
median speed > 3 kn details
dis1 Factor (2) mean distance < 200 yd  Considers average
mean distance > 200yd  compliance with
United States. federal
vessel regulations in
most directions
dis2 Factor (2) mean distance < 400 yd  Considers average
mean distance > 400 yd  compliance with
United States. federal
vessel regulations in the
path of whales
closDis1 Factor (2) closest distance < 200 yd Considers full
closest distance > 200 yd compliance with
United States federal
vessel regulations in
most directions
closDis2 Factor (2) closest distance < 400 yd Considers full
closest distance > 400 yd compliance with
United States federal
vessel regulations in the
path of whales
echosounder  Factor (2) presence
absence
sex Factor (2) female (F)
male (M)
year Factor (3) 2010
2012
2014

and without a sex predictor and comparing posterior estimates
of the coefficient using 10-fold cross-validation (k = 10) and
information criterion scores (R loo package, Vehtari et al., 2019).
Estimates of 10-fold expected log posterior density with and
without sex were qualitatively similar (differing by < 7 units) with
overlapping standard errors (33 and 31.1), suggesting no strong
effect of including sex.

To investigate differences in time spent in each state, we
treated dives as the sampling unit. We generated 1000 posterior
samples, in which each vector of state assignments corresponded
to the number of dives (n = 3609). For each posterior sample,
we summarized the time spent in each state using the known
duration (in minutes) of each dive and stratified this calculation
by sex and vessel distance. To evaluate the effects of vessel
distance, we calculated the difference between the amount of

TABLE 3 | AIC, log-likelihood and delta AIC values for 4-state models that include
a single covariate on the state transition probability matrix.

TPM Covariate AlC loglik Delta AIC
dis1 30895.54 —15356.8 0
sex 30915.83 —15366.9 20.2888
count2 30922.02 —15370 26.48312
counti 30923.24 —15370.6 27.7007
dis2 30923.76 —15370.9 28.22143
closDis2 30935.13 —15376.6 39.58817
speed1 30935.19 —15376.6 39.65505
speed?2 30935.73 —15376.9 40.19547
echosounder 30938.55 —156378.3 43.00837
year 30969.16 —15381.6 73.62215
1 (null) 30985.42 —15413.7 89.88741
count3 31006.46 —15412.2 110.9274
closDis1 31007.15 —15412.6 111.609

TABLE 4 | Definitions of combined covariates on the state transition probability
matrix for candidate models.

TPM Covariate Form (level) Details

dis1sex Factor (4) mean distance < 200 yd & F
mean distance > 200 yd & F
mean distance < 200 yd & M
mean distance > 200 yd &M
dis2sex Factor (4) mean distance < 400 yd & F
mean distance > 400 yd & F
mean distance < 400 yd & M
mean distance > 400 yd &M
dis1count1 Factor (4) mean distance < 200 yd & < 11 vessels
mean distance > 200 yd & > 11 vessels
mean distance < 200 yd & > 11 vessels
mean distance > 200 yd & < 11 vessels
dis1count2 Factor (4) mean distance < 200 yd & < 6 vessels
mean distance > 200 yd & > 6 vessels
mean distance < 200 yd & > 6 vessels
mean distance > 200 yd & < 6 vessels
dis2count1 Factor (4) mean distance < 400 yd & < 11 vessels
mean distance > 400 yd & > 11 vessels
mean distance < 400 yd & > 11 vessels
mean distance > 400 yd & < 11 vessels
dis2count2 Factor (4) mean distance < 400 yd & < 6 vessels
mean distance > 400 yd & > 6 vessels
mean distance < 400 yd & > 6 vessels
mean distance > 400 yd & < 6 vessels
count1Sex Factor (4) < 11 vessels & F
> 11 vessels & F
< 11 vessels &M
> 11 vessels & M
count2Sex Factor (4) < 6 vessels & F
> B vessels & F
< 6 vessels & M

> 6 vessels & M

time spent in each state when vessels were close versus far for
males and females separately and summarized the 95% credible
intervals on the distribution of the difference.
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RESULTS

Summary of Deployments and HMM

Runs

We analyzed 13 tag deployments (7 female, 6 male) that
totaled 40.5 h of on-animal time (Table 1). The mean duration
per deployment was 3.1 h (range = 0.5-6.2 h). From these
deployments, we analyzed a total of 3609 dives (1299 dives of
females, 2310 dives of males). The mean number of analyzed
dives per deployment was 278 (range = 32-572). The mean
number of vessels populated per dive was 4 (range 1-21) and
most were commercial whale-watching or private vessels. Private
vessels included those that appeared to be viewing whales,
engaged in recreational fishing, or transiting the area.

Compared to the null model, model fit was significantly
improved by including sex, year, vessel covariates or a
combination of covariates on the transition probabilities
(Tables 3, 5). The 4-state model with the lowest AIC values
included the combined transition probability covariate of sex and
mean vessel distance split into close and far categories by a 400
yd (366 m) threshold. The next best model included a single
transition probability covariate of mean vessel distance split by a
200 yd (183 m) threshold with a delta AIC score of 6, followed by
the third ranked model which included the combined transition
probability covariate of sex and mean vessel distance split by a
200 yd (183 m) threshold (delta AIC = 8.5). The other models had
delta AIC scores > 25 relative to the top-ranked model (Table 5).

State Classification
The state-dependent distributions of the top-ranked model
(Figure 1) were as follows: (1) State 1 dives were the shallowest

TABLE 5 | AIC, log-likelihood and delta AIC values for all 4-state models.

TPM Covariate AlC loglik Delta AIC
dis2Sex 30889.30 —15329.7 0
dis1 30895.54 —15356.8 6.23
dis1Sex 30897.78 —15333.9 8.48
sex 30915.83 —15366.9 26.52
count2 30922.02 —15370.0 32.72
counti 30923.24 —15370.6 33.93
dis2 30923.76 —15370.9 34.45
closDis2 30935.13 —15376.6 45.82
speed1 30935.19 —15376.6 45.89
speed?2 30935.73 —15376.9 46.43
echosounder 30938.55 —15378.3 49.24
dis1Count2 30955.54 —15374.8 66.24
count2Sex 30958.16 —15364.1 68.86
year 30969.16 —15381.6 79.86
count1Sex 30970.94 —15370.5 81.64
1 (null) 30985.42 —15413.7 96.12
dis1Count1 30995.87 —15394.9 106.56
dis2Count1 31002.10 —15398.1 112.80
count3 31006.46 —15412.2 117.16
dis2Count2 31006.79 —15388.4 117.49
closDis1 31007.14 —15412.6 117.84

with smallest values of heading variance, roll, and jerk, with little
clicking and no buzzing, (2) State 2 dives were deepest with the
largest values of heading variance, roll, and jerk, and with clicking
in almost all dives and common buzzing, (3) State 3 dives were
shallow with slightly less variance in depth than State 1 and small
values of heading variance, roll, and jerk, and abundant clicking
in males and some clicking in females but no buzzing for either
sex, and (4) State 4 dives were shallow to intermediate with small-
to-moderate values of heading variance, roll, and jerk, with some
clicking and virtually no buzzing.

Transition Probabilities Among States
Whether the mean distance of vessels was < 400 yd (herein
“close”) or > 400 yd (herein “far”), persistence was especially
high in state 1 and 3 and to a lesser extent in State 4 for both
sexes, illustrating the behavior assigned to three of the four states
was clustered in time. In contrast, it was unlikely that whales
persisted in state 2 (made back-to-back state 2 dives), especially
for females (Figure 2 and Supplementary Table 1). The effect of
vessel distance on state transition probabilities differed between
the sexes. Males were more likely to switch from state 2 to state
1 and to a lesser extent state 3 with far vessels whereas they were
more likely to switch from state 2 to state 4 with close vessels.
Moreover, it was extremely unlikely that males would switch from
state 2 to state 3 with close vessels (Figure 2 and Supplementary
Table 1). Females were more likely to switch from state 2 to
state 3 or 4 as well as persist in state 4 with far vessels whereas
they were more likely to switch from state 2 to state 1, and
switch from state 4 to state 1 with close vessels (Figure 2 and
Supplementary Table 1).

State Allocation by Dives
Figure 3 illustrates state allocation on a dive-by-dive basis for
each tag deployment (summary across deployments provided
in Supplementary Table 2). Results of the multinomial
logistic regression supported differences in state occurrence
(Supplementary Table 3). The negative log odds ratio (with
state 1 as the reference baseline) indicated that whales were less
likely to be in states 2, 3 or 4 than in state 1. Additionally, the
positive log odds ratio for far vessels supported an effect of vessel
distance on state allocation and was most different for state 2
(estimate = 0.74, s.e. = 0.35), followed by state 4. That is, state
2 occurrence was higher when vessels were farther away.

Both females and males spent substantially more time in state
2 when vessels were far compared to when vessels were close
(Figure 4, note in the case of females with close vessels, error
bars are not visible because dives assigned to state 2 had very little
uncertainty in assignment resulting in very small error bars). In
contrast, whales spent less time in state 3 and 4 when vessels were
far (Figure 4). For both sexes, the 95% credible interval of the
difference in time spent for each state was different from zero in
all cases except state 1 (Figure 4).

DISCUSSION

In the current study, we used hidden Markov modeling of
six observed sound and movement variables recorded from
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FIGURE 1 | State-dependent distributions of the best model by sex: 1. Log maximum depth in meters (top left), 2. Log standardized jerk peak (top right), 3. Log
absolute roll in radians (middle left), 4. Log heading variance (middle right), 5. Proportion of dives with buzzes (bottom left), 6. Proportion of dives with slow clicks
(bottom right).

suction-cup tags attached to fish-eating killer whales, along
with vessel data, to (1) characterize unobservable killer whale
behavioral states and (2) identify vessel effects on foraging
behavior. We found that females and males differed in their
state transition probabilities depending on whether vessels were
close (average vessel distance < 400 yd) or far (average vessel
distance > 400 yd). State frequency and cumulative time spent
in these states also differed depending on vessel distance.

State 1 dives were characterized by the shallowest depth,
with smallest values of heading variance, roll, and jerk, with

very little clicking and no buzzing (Figure 1). State 1 involves
traveling/respiratory dives given that persistence in state 1 was
high for both males and females regardless of whether vessels
were close or far. In contrast, state 2 was characterized by the
deepest dives with the largest values of heading variance, roll,
and jerk, with ubiquitous clicking and the greatest levels of
buzzing. State 2 dives involve close pursuit, attempt to capture
and successful capture of salmonid prey given the repeated
direction changes in heading and rapid changes in acceleration
(jerk) (Tennessen et al, 2019b). Indeed, the vast majority of
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Close Vessels in Males

Close Vessels in Females

Supplementary Table 1 for details.

State transition probabilities

FIGURE 2 | Transition probabilities among states for males (top plots) and females (bottom plots) by close (left plots, mean vessel distance < 400 yd) and far (right
plots, mean vessel distance > 400 yd) vessels. Arrows indicate direction of transitions from state of origin, arrow thickness scales with probability. See

Far Vessels in Males

Far Vessels in Females

state 2 dives mapped directly to predicted prey capture dives
based on kinematic signatures, which were validated with direct
observations of predation (Tennessen et al., 2019a).

Similar to state 1, state 3 was characterized by shallow
depth, with small values of jerk and no buzzing. Average values
of heading variance and roll were slightly greater in state 3
compared to state 1, especially in males (Figure 1), but there

was considerable overlap in the two distributions. In contrast
to state 1, state 3 dives had abundant clicking in males and
higher values of clicking in females. High persistence in state
3 indicated that these dives reflect searching for prey whereby
individuals produce echolocation click trains on repeated shallow
dives to acoustically scan an area for prey targets (Holt et al., 2019;
Tennessen et al., 2019b).
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FIGURE 3 | Dive profile by behavioral state for each deployments over time. Note the difference in both x- and y-axis scale among plots. Female = lavender box,
male = light blue box, state 1 = dark blue, state 2 = purple, state 3 = red, state 4 = orange. Gray dives indicate omitted 5-min interval at start of deployment and

periods which vessel data were not available.

Lastly, state 4 was characterized by dives with intermediate
values of depth, heading variance, roll, jerk, and clicking and
almost no buzzing. Persistence in state 4 was moderate relative
to state 1 and 3. These response variable distributions suggest
that state 4 is associated with several behaviors including
searching for prey at deeper depths than in state 3 and initiating
pursuit of prey that, given the absence of buzzes, does not
involve close pursuit/capture attempts or prey capture (Holt
et al., 2019). State 4 dives might also involve socializing and/or
prey-sharing among group members (Ford and Ellis, 2006;
Wright et al., 2016).

States 1 (traveling/respiratory) and 3 (acoustic search) and, to
a lesser extent, state 4 (intermediate dives) were characterized by
state persistence, demonstrating that most behaviors occurred in
bouts as in other cetacean studies (Figures 2, 3; DeRuiter et al.,
2017; Quick et al., 2017; Tennessen et al., 2019b). In contrast,
persistence in state 2 (deep forage) was rare in males and virtually
absent in females, likely because lengthy prey chases at depth can
incur significant energetic costs that require recovery periods.
Furthermore, state 2 dives resulting in prey capture are often
followed by prey-handling and sharing events (Holt et al., 2019;
Tennessen et al., 2019b).

In the current study, 5-state models were unusually complex
with the available data and the state-dependent distributions
were not biologically interpretable. In contrast, 4-state models
adequately characterized the behavior of fish-eating killer whales,
including different phases of foraging that we expected (Holt

et al., 2019). Three of the four states (Figure 1) were similar
to three of the five states reported by Tennessen et al. (2019b).
The three similar states from the present study were the deep
forage, acoustic search, and intermediate states; the difference was
that state 1 of the current study is likely a combination of travel
and respiratory dives that are differentiated into two separate
states in the previous study (Tennessen et al., 2019b). Given the
different focus of the current study, namely to test effects of vessel
covariates on foraging behavior, these 4-state models captured
the most important structure in the data that was biologically
informative to address our scientific objectives.

Vessel distance and sex significantly affected state transition
probabilities (Figure 2 and Supplementary Table 1), with close
vessels reducing the likelihood of foraging-related behaviors.
In particular, females were more likely to switch from state 2
(deep forage) to state 3 (acoustic search) or state 4 (intermediate
dives) as well as persist in state 4 with far vessels whereas they
were more likely to switch from state 2 (deep forage) to state 1
(travel/respiratory), and switch from state 4 (intermediate dives)
to state 1 (travel/respiratory) with close vessels. Furthermore,
males were more likely to switch from state 2 (deep forage)
to state 1 (travel/respiratory) and to a lesser extent, to state 3
(acoustic search) with far vessels whereas they were more likely
to switch from state 2 (deep forage) to state 4 (intermediate dives,
but recall that this state includes searching and prey pursuit,
but not prey capture) with close vessels. Male response to close
vessels could reflect vertical avoidance of vessels (and/or noise)
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FIGURE 4 | Proportion of time spent in each state. Top panel: proportion of time spent in each state by sex and vessel distance, light purple = females with close
vessels, dark purple = females with far vessels, light teal = males with close vessels, and dark teal = males with far vessels. Bottom panel: difference in the
proportion of time spent in each state with vessel distance (proportion of time with far vessels minus proportion of time with close vessels) for both sexes. Error bars

while acoustically searching for prey and failure to track prey after
initial pursuit.

Lusseau et al. (2009) used land-based surface observations of
behavior to demonstrate that Southern Resident killer whales
were more likely to switch from foraging to traveling in the
presence of vessels. The aim of the current investigation was to
use HMM to sufficiently characterize the subsurface behavior of

fish-eating killer whales, including different phases of biosonar-
based foraging, that are otherwise difficult to discriminate from
surface observations, in order to test a variety of potential vessel
effects on behavior. Our analysis, based on animal-borne tag
data, characterized more foraging activity than had been reported
in some previous studies based on surface-based observations
(e.g., Noren and Hauser, 2016). Consistent with earlier studies,
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but unveiling a sex effect, we found that females switched to
a state (state 1, traveling/respiratory) distinctly different from
foraging when vessels were close, compared to when vessels
were far. Our findings of a sex difference imply that females
may experience risk to vessels differently than males, which
might be related to group structure. Females are more likely
to be associated with younger animals, including juveniles and
dependent offspring. Furthermore, the energetic demand of deep
diving to pursue prey is likely higher for females given their
smaller body size compared to males (Schreer and Kovacs, 1997;
Noren and Williams, 2000; Baird et al., 2005). Females of the
Northern Resident killer whale population prefer to forage closer
to shore compared to males that show no preference, perhaps
because of their own physiological limitations or associations
with younger individuals with limited dive capacity (Beerman
etal., 2016). These findings suggest that females may simply have
less three dimensional space to maneuver during prey chases.
Thus, females may forego foraging altogether in the presence of
close vessels as vessels might pose a higher risk to the group,
which may hinder aspects of deep foraging, and/or cooperation,
including prey sharing. Williams et al. (2002) found subtle sex-
based differences in vessel avoidance in Northern Resident killer
whales. Additionally, male and female bottlenose dolphins also
respond differently in the presence of vessels (Lusseau, 2003;
Symons et al., 2014).

We found that vessel distance affected state occurrence and
time spent in each state (Figure 4). Overall, whales were less
likely to be in states 2-4 (foraging states) than in state 1
(traveling/respiratory, a non-foraging state), and importantly,
state 2-4 had a higher occurrence when vessels were far,
with the biggest effect for state 2 (deep forage). Furthermore,
when we considered time spent in each state, we found that
both females and males spent less time in state 3 (acoustic
search) and 4 (intermediate dives), and substantially more time
in state 2 (deep forage, including prey capture) when vessels
were far compared to when vessels were close (Figure 4).
These findings suggest that deep foraging opportunities can
be enhanced when vessels give whales, especially females,
more space.

It is important to note that this is an observational study
in which vessels that were engaged in whale-watching were
subject to various vessel regulations over the course of the
study and compliance varied (Eisenhardt and Koski, 2014;
Shedd et al, 2018). Additionally, tag attachment sometimes
failed before programmed release time. Thus, sample sizes
were difficult to balance among covariates, including longer
deployments in females. However, in a related study we found
no statistical support for including deployment duration as
a predictor or offset variable for modeling behavioral states
(Tennessen et al., 2019b). Another limitation is that, relative
to other dives, dives involving deep foraging and prey capture
(state 2 dives reported here) are rare, and even rarer in females
(Tennessen et al., 2019a,b), resulting in small sample sizes
available for analysis and interpretation. It is also possible that
vessel noise mediated the observed effect of vessel distance
(via an avoidance response of the noise source). However,
because water flow over the tag attached to a moving whale

prevented us from calculating uncontaminated noise levels
for all dives in a deployment time series, we could not
specifically test for this. Lastly, data collection was limited to
daylight hours to collect concurrent whale and vessel data,
given the study’s focus. Thus, time spent in different activities
is not fully characterized over a 24-h cycle. Future work to
investigate full activity budgets of killer whales with both day and
nighttime tag data collection would be valuable to understand
if whales made up lost foraging time during different periods
of the diel cycle.

The focus of the current investigation was to use data from
animal-borne tags to test several vessel effects on foraging-
related behavior in an endangered population. We found effects
of vessel distance on the state transition probabilities, state
occurrence, and time spent among states. Specifically, whales
made fewer prey capture dives and spent less time in these
dives when vessels had an average distance less than 400 yd.
Reduction in foraging activity with vessels is consistent with
findings of other cetacean studies (Senigaglia et al., 2016),
including Southern Resident killer whales (Lusseau et al., 2009),
and has substantial management implications, especially for
a population with prey availability and vessel disturbance as
risk factors. Furthermore, we found both a sex and vessel
distance effect on the state transition probabilities, suggesting
that females and males respond differently to nearby vessels.
Specifically, females were more likely to transition to a non-
foraging (travel/respiratory) state when vessels had an average
distance less than 400 yd. A female’s decision to forego foraging
in the presence of close vessels could hinder her ability to meet
energetic requirements to support reproductive efforts, including
fetal growth in pregnancy and lactation costs after calving.
This is particularly concerning in an endangered mammalian
population because recovery cannot occur without successful
reproductive outcomes among breeding individuals, particularly
in long-lived females with birthing intervals of 3-7 vyears
(Olesiuk et al., 2005). Our findings, suggesting that female
killer whales are at greater risk from close vessel approaches
than males, can inform future management decisions seeking to
preserve foraging opportunities and enhance recovery efforts in
endangered populations.
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