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ARTICLE INFO ABSTRACT

Article history: Anticipating the impacts of a new policy before implementation on a complex social-ecological system

Rece?VEd }2 Mé}FCh 2012 is a challenging task for managers and policymakers. This paper reports on the development and use of

SSCIaVEdZIE]nl ;e‘”sed form an agent-based model (ABM) dedicated to support marine park managers in their effort to devise
ay

policies to sustainably manage whale-watching activities. The ABM, called the Marine Mammal and
Maritime Traffic Simulator (3MTSim), represents the spatiotemporal dynamics of marine mammals and
navigation activities in and around the Saguenay-St. Lawrence Marine Park in Canada. In the context of
Keywords: updating the current regulations on whale-watching in the Marine Park, 3MTSim was run to evaluate
Agent-based modelling the merits of a proposed set of rules compared to the current regulations. To do so, a set of variables
fﬁﬁ;‘gﬁ;‘gﬁgﬁ;'m”]a“on related to policies’ impacts on the three spheres of sustainable development, namely the impact on
Policy analysis whales (Environment), on whale-watching companies (Economy), and tourist experience (Society) was
Sustainable management analysed. 3MTSim’s simulations highlighted that the proposed rules are expected to improve the
Marine park situation regarding whale conservation and tourist experience with only marginal impact on the whale-
watching industry. In the proposed regulations, one rule is expected to be very influential on whale-
watching activities. This rule limits to 10 the number of whale-watching boats allowed to stand within
926 m of any boat in observation mode. Assuming efficient law enforcement, 3MTSim predicts a
significant decrease in overall boat concentration around whales in the Marine Park, which is one of the
management objectives benefiting both whales and tourists. Interestingly, 3MTSim reveals that this
rule could indirectly force some boats to observe second-choice whales present in higher abundance
rather than some more attractive species scarcer in the region. This highlights the following manage-
ment tradeoffs: Reducing boat exposure for the humpback whale and endangered blue whale is likely to
increase it for the more abundant fin whale listed as of special concern (Canada’s Species at Risk Act) and
minke whale. This work demonstrates the utility of ABMs to support policy analysis in the context of
sustainable management in a Marine Park. ABMs developed in close relationship with end-users are
unarguably a tool of choice to manage complex social-ecological systems since they provide insight
into phenomena hard or impossible to measure in the real system. Despite the labour intensive nature
of their implementation, this investment is worth the effort.
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1. Introduction

Whale-watching, designating observation activity directed
toward any marine mammal species, is a flourishing industry which
is worth more than US$ 2 billion/year worldwide [1,2]. The Inter-
national Whaling Commission’s moratorium on commercial whaling
that took effect in 1986 and growing public interest in whales
favoured its development in many communities [3-6]. However,
decades of commercial whaling left several whale populations
severely depleted in many waters across the world [5-9]. Despite
the obvious conservation benefits of shifting from whale hunting to
whale-watching, many animals targeted by excursion boats belong
to post-hunting unhealthy populations and require special manage-
ment efforts for them to recover. This need for management of
activities is supported by a growing number of studies highlighting
the negative impact of inappropriate whale-watching practices on
the ecology of target animals [10-12]. In the case of depleted marine
mammal populations, when biological functions of individuals are
affected (e.g. reproductive rate [10]) this may jeopardise the
recovery of the entire population. Along with wildlife viewing ethics
considerations, this underscores the need to adequately manage
whale-watching activities by setting rules dedicated to protect
target animals and enhance tourist experience [13,14].

In the context of whale-watching activities management, rules
frequently encountered include boat speed limits, distance limits,
restriction of boat number in the vicinity of animals, and limits of
observation duration. Additional measures are sometimes taken
in particular contexts, including the establishment of a permit
system for whale-watching companies, spatiotemporal zoning, as
well as species-specific rules (see [15] for a worldwide review of
regulations and voluntary measures).

Despite the efforts to devise efficient management rules, unanti-
cipated side-effects may occur when regulations are enforced on
complex social-ecological systems [16, 17, p. 47]. Agent-based
models (ABMs) are computational simulation tools that can be used
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to test the efficiency of management scenarios and policies in various
social-ecological contexts [18,19], offering the opportunity to unveil
potential side-effects hard to foresee otherwise. ABMs are suitable to
simulate the spatiotemporal dynamics of complex systems made of
interacting autonomous entities [20]. The underlying principle is that
the dynamics of the whole system being modelled emerges from the
interactions and decisions made by entities that make it up, without
the intervention of any centralised control. ABMs coupled with
Geographical Information Systems (GIS) have been developed in a
variety of contexts including ecosystem management [21], park
management [22], wildlife ecology and management [23], and in
the study of land use/land cover changes [24]. Although numerous
ABMs have been developed to study the dynamics of marine
ecosystems [25], they have been underused so far to support the
management of intensively used marine areas [26].

The Saguenay-Saint-Lawrence Marine Park (hereafter referred
to as Marine Park) is located in the Province of Quebec, Canada
(cf. Fig. 1). Marine Park managers have the complex mandate to
increase the protection level of the ecosystems of a representative
portion of the Saguenay River and the St. Lawrence Estuary for
conservation purposes, while encouraging its use for educational,
recreational, and scientific purposes, in line with the principles of
sustainable development. To support manager decisions in this
context, an ABM called the Marine Mammal and Maritime Traffic
Simulator (3MTSim) was developed, dedicated to anticipate the
impacts of different management scenarios on human activities at
sea [27]. The objective of this study is to evaluate the merits of a
proposed set of rules on whale-watching activities in the Marine
Park compared to the currently enforced regulations. To this end,
3MTSim was used to simulate boat and whale movements in
space and time in the Marine Park region [27].

After a presentation of the context in the Marine Park area,
3MTSim is described along with the experimental plan for
simulations. The results obtained from simulations are presented
and discussed.
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Fig. 1. Map of the Saguenay-St. Lawrence Marine Park.
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2. Context and study area

The 1245 km? Saguenay-Saint-Lawrence Marine Park (Fig. 1)
is part of the Canada’s National Marine Conservation Areas net-
work as well as part of Québec’s network of provincial parks. The
park, jointly managed by federal (Parks Canada) and provincial
(SEPAQ! , MDDEP? ) governments, was designated in 1998 following
several years of favourable public pressure, consultation, and
negotiation [28-30]. This federal-provincial arrangement reflects
the fact that the coasts and seafloor of this estuarine region are
under the province’s jurisdiction and that each government acts
within the scope of its responsibilities regarding water bodies.

The Marine Park is an upwelling region which hosts several
rich marine and fluvial ecosystems characterised by the regular
presence of marine mammals [31,32]. The Marine Park creation
was largely motivated by the necessity to protect the highly
depleted resident population of St. Lawrence belugas (Delphinap-
terus leucas) whose summer spatial distribution is centred at the
confluence of the Saguenay and St. Lawrence Rivers, located at the
core of the Marine Park [30]. This beluga population bears the
threatened status according to the Committee on the Status of
Endangered Wildlife in Canada (COSEWIC) [33] and is listed
under Canada’s Species at Risk Act [34]. Due to persistent
oceanographic processes that favour the aggregation of whale
prey at the head of the Laurentian Channel [35], several migratory
whale species are attracted to the Marine Park region to feed
during summertime.

The regular and predictable presence of whales close to the
shores in the Marine Park region along with the relative proximity
of urban centres favoured the emergence of a whale-watching
industry which grew rapidly in the early 1990s and was worth
US$ 98 million in 2009 (Daniel Gosselin, personal communica-
tion). Every summer, more than 10 000 boat-based excursions
[36] bring nearly 275 000 tourists offshore to observe marine
mammals [37], making the region one of the world busiest whale-
watching areas [38].

The five whale species most regularly observed in the area are
(in decreasing order [39]), the threatened St. Lawrence Beluga
whale [33], fin whale (Balaenoptera physalus) listed as of special
concern [40], minke whale (Balaenoptera acutorostrata), humpback
whale (Megaptera novaeangliae), and the endangered blue whale
(Balaenoptera musculus) [33]. Beluga and blue whales belong to
post-whaling highly depleted populations, whose recovery has
been assessed to be limited by multiple human-induced threats,
including disturbance from whale-watching [41,42].

To mitigate the potential detrimental impact of whale-watch-
ing activities on target whale species, Marine Park managers
created the Saguenay-St. Lawrence Marine Park Regulations on
marine activities®> (REG-2002) in 2002 and fixed a cap on
commercial permits, attributed to boats, for whale-watching
companies operating on a regular basis [43]. Rules present in
the REG-2002 were designed over a three-year process involving
whale-watching companies, NGOs, and community representa-
tives reflecting the three spheres of sustainable development.
REG-2002’s rules were designed according to local scientific
studies [44], worldwide standards of wildlife viewing ethics
[15], and the precautionary principle. These rules are summarised
in Table 1.

Using an adaptive management approach, Marine Park managers
are currently revising the REG-2002, planning to release a new
version of the Saguenay-St. Lawrence Marine Park Regulations on

1 Société des Etablissements de Plein Air du Québec.
2 Ministére du Développement Durable, de I'Environnement et des Parcs.
3 SOR/2002-76.

marine activities in 2012 (REG-2012) [45]. In early 2011, a set of
candidate rules was considered for inclusion in the revised REG-
2012; these rules are presented in Table 1.

The original REG-2002 consists of a series of rules dedicated to
mitigate the impact of whale-watching activities on target
whales. The emphasis was made on the protection of endangered
or threatened species according to the list of Canadian wildlife
species at risk [34], namely belugas and blue whales. Another
priority was to limit the concentration of boats. Boat speed is
limited to 25 knots at any place and time in the Marine Park (rule
#1). Additionally, within 1-nautical mile (nm) of one or more
boats in observation (i.e. observation site), speed is limited to 10
knots (rule #2). Finally, when a whale is within a species specific
distance from the boat (400 m for endangered and threatened
whales, 100 m for others under certain conditions, 200 m other-
wise), the captain must adopt the lowest speed to ensure boat
manoeuvrability (i.e. 5 kt maximum), as per rules #3 and #4.

Regarding REG-2002’s distance and boat densities restrictions,
no boat may get closer than 100 m from a marine mammal
(400 m for endangered and threatened species) at any time (rules
#7 and #9). If by any circumstance a boat is closer than the
appropriate limit distance (e.g., whale surfacing closer), it must
stay still (rule #8). Finally, if four boats are already observing a
group of marine mammals and an additional (fifth) boat comes to
observe the same pod, the minimum pod-boat distance increases
to 200 m (rule #10).

The last REG-2002’s category of rules stipulates duration
restrictions for observations. During the same excursion a captain
cannot stay in the same observation zone for more than 1 h if in
observation mode (rule #15). A captain cannot enter the
200-metre radius zone around the same group of marine mam-
mals more than once during the same excursion (rule #14).
Finally, after a first hour has passed and a captain has exited a
given observation zone, he must wait at least one hour before
returning to the same observation zone (rule #16).

In the proposed REG-2012, most of REG-2002’s rules are
maintained or modified and some new rules are added
(cf. Table 1). New rules are mostly proposed to enhance the
protection of belugas (rules #5 and #12) and a small portion of
their critical habitats at the mouth of the Saguenay River near
Tadoussac and Baie-Sainte-Catherine (rule #6) where traffic is the
most intense in the population range [36]. The proposed mod-
ification of rule #2 reduces the 10 knots speed restriction to
1/2 nautical mile from other observing boats, the 10-year experi-
ence with the original regulations REG-2002 demonstrating this
distance as being sufficient and appropriate for facilitating com-
pliance. This also allows its implementation in the narrow
Saguenay River, an important habitat for belugas where episodes
of boat concentration have emerged over the past 10 years [46].
Another proposed rule is to forbid approaches within 200 m from
cetaceans at rest or ones accompanied by a calf. Finally, in order
to avoid large aggregations of boats around popular whales, the
proposed REG-2012 fixes a maximum of 10 boats within 1/2
nautical mile from any boat in observation (rule #11).

3. Materials and methods

This paper presents 3MTSim simulations run to assess the
merits of the proposed REG-2012 compared to the active
REG-2002. All rules were tested except rule #13 since 3MTSim’s
whale agents do not have activity and age attributes in the
current version [47]. This comparison was done on the basis of
proxy variables standing for the three spheres of sustainable
development, namely the Environment (i.e. relative to whale
protection), Economy (i.e. relative to whale-watching activities),
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Table 1

Current (REG-2002) and proposed rules (REG-2012) applying to whale-watching boats in the Marine Park (nm, nautical mile; kt, knot; m, metre).

Rule category Rule
number

2002 Active regulations (REG-2002)

2012 Proposed set of rules (REG-2012)

Speed limits 1 25 kt throughout the park.
2

10 kt within 1 nm of another boat in observation, everywhere but in the

Maintained
10 kt within 1/2 nm of another boat in observation,

Saguenay. everywhere including the Saguenay
3 Manoeuvrability speed (~3-5 kt) between 100 m and 400 m from a cetacean. Maintained
42 Manoeuvrability speed (~3-5 kt) within 400 m of an endangered or threatened Maintained

marine mammal.

5¢ - 5-10 kt within 1/2 nm from a beluga whale
6 - 15 kt in the mouth of the Saguenay River
Distances and 7 No approach closer than 100 m from a cetacean other than endangered or Maintained
boat densities threatened (cf. rule #10).
restrictions
8 The boat must stay in a stationary position if a cetacean approaches within a  Maintained
distance less than 100 m.
92 The operator of a vessel must maintain a minimum distance of 400 m between Maintained
the vessel and any endangered or threatened marine mammal.
10 The operator of a vessel must not permit the vessel to approach closer than Maintained
200 m from a cetacean at any time when there are more than four vessels within
a radius 400 m from that vessel.
11 - Maximum of 10 whale-watching boats allowed within
1/2 nm of any boat in observation mode (observation
zone)
12° - If not already in observation mode, do not switch to
this mode if a group of belugas approaches closer than
400 m
13° - Not allowed to approach a cetacean at rest or a

Observation time 14

restrictions in the same observation zone.

cetacean with a calf closer than 200 m

Not allowed to approach between 100 m and 200 m a cetacean more than once Maintained

15 Not allowed to stay in observation more than 1 h, or to stay more than 1 h in the Maintained

same observation zone.

16 At least one hour before penetrating the same observation zone.

Maintained

# These rules are intended to protect threatened and endangered species, as listed in the Species At Risk Act [34].
b This rule has not been tested in the model since activity and age are not among whale model attributes.

and Society (i.e. relative to visitor experience onboard whale-
watching boats).

3.1. Marine mammal and maritime traffic simulator (3MTSim)

An overview of 3MTSim is available in [48]. For an in-depth
description of 3MTSim’s whale-watching excursions submodel,
the reader can refer to its complete description in [27].

3MTSim is a spatially explicit ABM implemented in Java with
Repast Simphony libraries [49]. It represents the main compo-
nents of maritime traffic and whale movements in the
St. Lawrence Estuary and the Saguenay River during the peak
season of boat-whale interactions, from May to October
(cf. Fig. 2). Boat and whale agents can move freely on a continuous
space with their positions being updated every minute. The
environment submodel is characterised by attributes (e.g., tides,
visibility extent) and layers of information such as bathymetry,
with a 100 m spatial resolution (cf. Fig. 2). A large amount of
quality data were used to implement, calibrate, and validate the
ABM [47,48]. For whale-watching excursions, data include inter-
views with captains, and over 2100 sampled excursions for which
GPS tracks, boat activities, and neighbourhood composition (i.e.
boats and whales) were available. Regarding the model of whale
movements, the data used include VHF and shore-based tracking
data, as well as transect-derived abundance. A comprehensive list
of data used to implement 3MTSim can be found in [27].

The five most important whale species for the whale-watching
industry (enumerated in the introduction) were implemented in
3MTSim (cf. Fig. 2). They account for nearly 99% of the whale-
watching activities [50]. The submodel of whale movements has
been developed following the pattern-oriented modelling approach

Whale submodel

* Fin whale

- Minke whale

* Humpback whale
- Blue whale

- Beluga whale

* Whale-watching boats
Landscape viewing boats
Cargo ships

Environment submodel

« Bathymetry
+ Navigational charts
« Tourist attractions

Fig. 2. 3MTSim structure.

[47,51] making use of available data summarised in [27]. Patterns
reproduced by the simulated whales are movement parameters
(turning angle, step length, and net displacement), aggregation
pattern as a function of tides, species spatial distribution, and
diving/surfacing patterns. The whale submodel has been validated
independently since whales do not respond to boats in the model.
Additional details on the whale submodel can be found in [47].
The whale-watching excursions submodel was developed focus-
ing on captain agents’ decision making processes and outcomes. The
bounded rationality paradigm was used to ground both the inves-
tigation [50] and the modelling of whale-watching captains’ deci-
sions [48]. The main objective of captain agents is to locate and
observe whales to satisfy onboard tourists. To do so, captains may
explore the space or use available information to achieve their goal.
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In the real system, collaboration via communication between
captains appeared to be a major driver of excursion dynamics [48]
and this was implemented in the model. Following interviews with
captains and analyses carried out on available data [50], captain
strategies and preferences were elicited and subsequently imple-
mented in 3MTSim [48]. Additionally, vessel characteristics (size,
cruise speed, and maximum speed) and attributes of planned
excursions (duration, port of departure, special activities offered)
were also included. Seasonal variability in companies’ number of
departures was derived from a specific study [36], also implemented

within the model. 3MTSim has an end-user interface along with a
visualisation interface shown in Fig. 3.

3.2. Model input parameters

Several parameters needed to be set before running 3MTSim
and comparing the proposed REG-2012 to the current REG-2002.
A summary of these parameters is given in Table 2 followed by an
explanation for their selection.

000 ModelTTB - Repast Simphony
|InEe ®0[o0/a [ y Tick Count: 300.0
- ModelTTE:Display 3D -0 %
(simulation——————————| | [w[%] L[4
Date:  7-30
Hour:  4:59
Tide  Flow

~Legend

Il CONE: Whale-watching boat
Il cusE Cargo ship

Wl Pleasure craft

[] Minke whale

[ Fin whate

[l Humpback whale

Il Blue whale

[] Beluga
About this model

(4 Scenario Tree User Panel |

ModelTTE:Display 30 ModelTTB:Virtual Globe

Paused

Fig. 3. 3MTSim 3D visualisation mode.

Table 2
Summary of 3MTSim parameters for simulations.

Parameter Value

Comments

Whale species Minke whales: 47

abundances

Fin whales: 23

Blue whales: {0; 3}

Humpback whales: 2

Beluga whales: 800
Species-dependent distribution maps
Presence: With blue whales

Whale distribution
Blue whale presence

Absence: No blue whale
Year 2007
Peak season (July 15th-August 15th)

Companies’ schedule
Tourist season

Averages over (2005-2009)

Averages over (1994-2008)
Likely to disperse boats from Les Escoumins and Bergeronnes when
blue whales are in the region

Little inter-annual variation
Highest traffic level

Captain behaviour

Whale-watching
excursion homeports

Fleet size

Simulation duration

Number of replications

Untested rules

Respectful of the regulations

Saint-Siméon, Tadoussac, Baie-Saint-Catherine, Bergeronnes, Les
Escoumins, and Riviére-du-Loup (cf. Fig. 1)

Forty-one whale-watching boats

Eight simulated days

10

Rule #13

Ideal case assuming a 100% efficient law enforcement
All homeports offering excursions in the Marine Park

Capacity: (7-800) passengers
For each model replication, the first day is withdrawn from analysis
to remove any model transient states
For each of the four configurations:
e REG-2002, no blue whale
o REG-2002, with blue whales
e REG-2012, no blue whale
o REG-2012, with blue whales

The whale model does not integrate whales’ age and activity
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Regarding marine mammals, the five most important species
for whale-watching were instantiated in the model space accord-
ing to a probability drawn from their spatial distribution. For each
species, abundance and spatial distribution was averaged over
years using available data (cf. Table 2). These parameters were
fixed for a given simulation. However, two separate cases were
distinguished regarding whether or not blue whales are in the
region. The blue whale is an attractive species for whale-watching
since it is the largest animal ever to exist on Earth and also
because individuals of this endangered population are scarce.
When present in the area, blue whales mostly congregate in the
downstream part of the Marine Park, or outside it where the
Fisheries Act [52] applies but does not prescribe distances to
respect such as the rule #19 in the Marine Park (cf. Table 1). Their
presence in this area is known to have an influence on the
dispersion of whale-watching excursions since boats leaving from
Les Escoumins and Bergeronnes ports (cf. Fig. 1) may decide to
stay in this area instead of congregating with the large fleet from
Tadoussac between Bergeronnes and Tadoussac where attractive
humpback and fin whales are often observed [39]. Consequently,
REG-2012 is assessed under two “whale contexts”, namely the
With blue whales and No blue whale contexts.

The year 2007 was chosen as a reference year for companies’
daily departure schedules since the highest level of information on
the whole system is available for that season. In fact, companies’
schedules show only minor variations over the last few years.

The tourist season period must be fixed since it has an influence
on the schedules of some companies as well as on tourist affluence.
The number of small boats ( <24 passengers) chartered by several
companies is adjusted by owners to fit the tourist demand. During
the peak of the tourist season from mid-July to mid-August, the
number of boats at sea reaches its climax [36], making this period one
of the most critical regarding companies’ operations, level of marine
mammals’ exposure to boats, and the number of tourists involved.
Consequently, the peak period of the tourist season was chosen for
simulations.

Simulated captains in 3MTSim are programmed to comply
with regulations. Indeed, what is assessed with 3MTSim is the
impact of the proposed REG-2012 compared to REG-2002 and not
the park wardens’ ability to enforce it. Captain decision making
processes are explicitly modelled in 3MTSim, with all details
about the validation of their implemented behaviours given in
[48].

In order to account for the variability induced by stochastic
processes at play in 3MTSim (e.g., random number generation), 10
replications of each model configuration were run to assess the
merits of the proposed REG-2012. As mentioned earlier, two cases
were considered (i.e. whether or not blue whales are present in
the area) combined with REG-2002 and REG-2012 for a total of
four different configurations. Each of the 40 simulations lasted

Table 3

eight simulated days, with the first day systematically removed
from analyses to eliminate the model’s transient state.

Finally, belugas account for approximately 3% of all observa-
tions during the peak whale-watching period [50]. They are
relatively small whales compared to rorquals and assuming that
captains comply with the 400-meter distance imposed by the
regulations (cf. model hypothesis in Table 2), observations would
mostly be opportunistic. In a context where rorqual species are
present in the area (cf. Table 2), the contribution of belugas to
excursion observations would certainly fall below the current 3%.
Therefore, belugas’ contribution to observations is considered
marginal for this study and were excluded. Running simulations
for the early (May) or late (October) season, when other whale
species are rarely present in the estuary, would not allow such a
simplification.

3.3. Model output variables

Raw outputs returned by 3MTSim are mostly boat and whale
agents’ positions, attributes (e.g. boat speed, excursion activity,
whale depth), and neighbourhood composition (e.g., number of
whales by species, number of boats by category) at each time
step. In order to compare REG-2012’s merits to the current
REG-2002, several composite variables were constructed from
3MTSim’s raw outputs. These composite variables are proxies for
one or several of the three spheres of sustainable development,
namely Environment, Economy, and Society.
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Fig. 4. Boxplots representing the number of excursion boats on observation sites.

Expected trends from 3MTSim simulations relative to the enforcement of REG-2012 compared to REG-2002. “=" indicates no significant change; “®” indicates a cost (i.e.,
deterioration of the situation); “©" indicates a benefit (i.e., improvement of the situation); “na” means that the proxy variable is not applicable. “x” indicates that the

amplitude of the change is greater than 10%.

Proxy variables

Three Spheres of Sustainability

Environment Whale protection

Economy Whale-watching activities Society Visitor experience

Excursion success na
Distance covered by excursions na
Boat aggregations around whales (400 m and 1000 m) ©%*
“Alone with whales” ©%
Total time of whale exposure to boats at 1000 m ®%
Species contribution to observation activities ©

Proportion of excursion duration observing whales ©

® ®
= na
©* ©*
©=* ©*
na na
na na
® ©
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All tests of statistical significance for similarity/difference between
proxy variable distributions are conducted using the Kolmogorov-
Smirnov test (¢=0.05), referred to as KS-test in the rest of the paper.

3.3.1. Environment proxy variables

In the context of Marine Park management, environmental
proxies were relative to whale exposure to whale-watching boats.
The proxy output variables considered are (1) the number of boats
on observation sites (i.e. in a 400-metre radius circle around the
target animal), (2) the number of boats in observation zones (i.e. in a
2000-metre radius circle around the target animal), (3) the total
duration of whale exposure to boats at 1000 m, and (4) the species
contribution to observations made during excursions.
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No blue whale in the Marine Park

o
o

20 =)

15 |

10 :
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REG-2002 REG-2012
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Large boat aggregations mostly occur around whales in obser-
vation zones and on observation sites [44] and have a negative
impact on whale behaviours [53]. According to REG-2002 defini-
tions [43], an observation zone is delimited by a 1-nautical mile
radius circle (rounded to 2000 m in the analyses) around any boat
in observation mode (i.e., observing a pod of marine mammals at
a distance closer than 400 m). Additionally, in the model an
observation site is defined as an area delimited by a 400-metre
radius circle around a marine mammal currently observed by at
least one boat, thus representing more accurately boat dynamics
in the close vicinity of observed whales.

Even whales not targeted by observation activities may be
exposed to whale-watching boats, thus subject to disturbance by

Blue whales present in the Marine Park

o
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Fig. 5. Boxplots of the number of whale-watching boats in observation zones (~2000 m) in the (a) absence and (b) presence of blue whales.
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engine noise and risks of collision. To gain insight into how whales
present in the area are exposed, the cumulative duration all whales
(all species combined) exposed to boats within 1000 m is computed.
Finally, to get an insight into species-specific disturbance by observa-
tion activities, the contribution of each species to the cumulative
budget of excursions’ observation activities is assessed.

3.3.2. Economy proxy variables

Economy proxy variables are intended to measure any change
in whale-watching activities that could be linked to the quality
and interest of excursions themselves. The underlying assumption
is that a decrease in excursion quality could result in a decrease in
tourist affluence, potentially causing economic losses. Conse-
quently, economic proxy variables mostly relate to the content
of whale-watching excursions. The proxy variables considered
were (1) distance covered by the excursion, (2) boat spatial
distribution (core areas), and (3) excursion success.

For a given excursion, the distance covered to search for and
observe whales is informative on the fuel consumption, a significant
economic cost for whale-watching companies. The core area of boat
spatial distributions gives insight into whether or not some proposed
rules could force captains to modify their spatial coverage in a major
way to make observations. Finally, an excursion is considered
successful when at least one observation of a whale occurred. Since

o))
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several companies have a reimbursement policy in case of empty-
handed excursions, this variable is linked directly to excursion quality
as well as potential economic costs for companies.

3.3.3. Society proxy variables

Social proxies that can be assessed using 3MTSim are relative
to visitor experience onboard whale-watching boats. The proxy
output variables considered were (1) the percentage of total
excursion duration spent observing whales; (2) the percentage
of observation time where the boat is alone with the target pod
(i.e., wilderness experience); and (3) the success of whale-watch-
ing excursions (also defined in Economy proxy variables).

Time spent in observation can be linked to tourist satisfaction
since observing whales is their fundamental expectation before
getting onboard. Many tourists go whale-watching to experience
wilderness. One way to achieve this experience is to make
observations with no other boats in the vicinity of the target
pod. Finally, the success of the excursion is also directly asso-
ciated to tourist satisfaction.

Additionally, satisfied tourists on the way back from a quality
excursion indirectly represent benefits for the whale-watching
economy since they may convince undecided tourists to embark
in upcoming excursions.
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Fig. 7. Species contribution to observation activities in the (a) absence and (b) presence of blue whales.
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4. Results and discussion

A synthetic qualitative analysis of the simulation results is
presented in Table 3. If at least one proxy variable shows a
statistically significant improvement or deterioration of the situa-
tion under REG-2012 compared to REG-2002, a benefit “©” or
cost “®” symbol is respectively placed in Table 3 to reflect the
change on the target sphere. If in addition to being significant, the
difference along a proxy variable under REG-2012 is expected to
be greater than 10%, a star “s«” is added beside the arrow. These
results are explored and discussed in more detail thereafter.
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4.1. Impact on the three spheres of sustainable development
4.1.1. Environment: whale exposure

Boat aggregations: significant decrease: Both variables displayed
a statistically significant decrease under the proposed REG-2012
compared to REG-2002 (cf. Figs. 4 and 5). This decrease is due to
the proposed rule #11: By setting a maximum of 10 boats within
observation zones, this prevents large boat aggregations.

Whale exposure: significant increase in total exposure duration:
The number of whales exposed at least once a day to a boat at a
distance of less than 1000 m is unchanged under REG-2012.
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Fig. 8. Boat repartition (home range 50%) in the (a) absence and (b) presence of blue whales in the Marine Park area under REG-2002 and REG-2012 (each map).



160 C. Chion et al. / Marine Policy 38 (2013) 151-162

However, histograms shown in Fig. 6 illustrate that exposures
tend to last longer under REG-2012. This results in an increase in
total duration of whale exposure (sum of all durations of whale
exposures to boats) by 12% under REG-2012: This could be a
result of REG-2012’s rule #11 that limits the number of boats to
10 on an observation zone, forcing newcomers to observe other
whales in the vicinity, whales that might have been left alone
otherwise. This persistent pattern in model simulations sheds
light on a management tradeoff: Reducing the number of boats
around low-abundant rorqual species results in an increase in the
total amount of time whales (all species combined) are exposed
to boats in the Marine Park. By indirectly orienting whale-watch-
ing boats towards the most abundant species (i.e. fin and minke
whales), the absolute amount of time whales are exposed to boats
is expected to increase significantly under REG-2012.

Species contribution to observations: slight change (cf. Fig. 7):
What is observed in general is that REG-2012 tends to reduce the
contribution of scarce attractive whales in observations (i.e.
humpback and blue whales), while the contribution of abundant
species tends to increase (i.e. fin and minke whales). The rule #11,
imposing a maximum number of 10 boats around observed
whales, gets some captains to observe second choice whales.
The probability of observing abundant species is high, explaining
why the contributions of the most abundant fin and minke
whales increase while those of low-abundant humpback and blue
whales decrease (cf. Fig. 7). As a matter of fact, this increase in the
pressure on individual whales from highly abundant species in
the area is likely to reduce the pressure on low-abundant ones (as
shown in Fig. 7). Regarding species at risk, REG-2012 might then
help to enhance the protection of endangered blue whales but
would not be of benefit to fin whales listed of special concern in
the Species at Risk Act [34].

4.1.2. Economy: whale-watching activities

Distance covered by excursions: no overall difference: The distance
covered by whale-watching excursions does not show any
significant change whatever the management regime. These
results indicate that there is no expected increase in fuel con-
sumption owing to REG-2012. These results also suggest that
speed limits proposed are not expected to be restrictive for
companies. Whereas the mouth of the Saguenay River (an area
of most intensive traffic within belugas’ high residency area) is an
obligatory passage for excursion boats from Tadoussac and
Baie-Sainte-Catherine (cf. Fig. 1), a 15 knots speed limit in this
relatively small region (rule #6) has virtually no impact on
excursion dynamics as a whole. This area is known to be mostly
a transit area for tourist boats between Tadoussac and Baie-
Sainte-Catherine, and between the Saguenay River and the
St. Lawrence Estuary. In the worst case, slowing down from the
current limit of 25 knots to the proposed 15 knots, a boat
transiting the area four times would add around 6 min consider-
ing an average 1-nautical mile distance per crossing. Considering
that excursions last more than 2.5 h on average, the application of
this rule for whale-watching companies would have a marginal
impact on these excursion dynamics. Moreover, the current speed
averaged by boats in the mouth of the Saguenay River is slightly
over 15 knots, making rule #6 mainly a way to prevent occasional
dangerously fast traffic, thus reducing risks of boat-whale colli-
sions and enhancing safety amongst a variety of users (e.g., kayaks
frequently using this area).

Spatial distribution: no overall difference: The spatial distribu-
tion of excursion boats is mostly driven by the location of past
observation sites and by whales currently targeted. Consequently,
after a few excursions the core areas visited by excursion boats
tend to overlap the core home ranges of whale species. Whether
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Fig. 9. Success of whale-watching excursions.

or not blue whales are present in the Marine Park only slightly
affects the average boat spatial distribution under both manage-
ment regimes, as illustrated in Fig. 8.

Excursion success: minor decrease: The proposed REG-2012 is
expected to have only a minor impact on the capability of excur-
sions to make observations (cf. Fig. 9). The only statistically
significant difference at 95% is between REG-2002 With blue whales
and REG-2012 No blue whale (KS-test, p-value=0.04677). Whale
abundance may influence this result: In a context of whale scarcity,
the rule #11 in REG-2012 could prevent some excursions from
observing whales. In such critical contexts for the whale-watching
industry, the 1-hour maximum observation duration (rule #15)
could be lowered to 30 min to allow more excursions to have the
chance of observing rare whales.

4.1.3. Society: tourist experience

Proportion of time spent in observation during excursions: slight
decrease (cf. Fig. 10): A slight decrease in the total time spent in
observation is obtained for simulations under the REG-2012
regime (cf. Fig. 10), but the only statistically significant difference
at 95% is between REG-2002 No blue and REG-2012 No blue
configurations (KS-test, p-value=0.03026), with an average 3%
decrease. It should be noted that 3% of a 2.5-hour excursion
represents 4.5 min, which is expected to be a marginal change for
onboard tourists.

“Wilderness experience”: significant improvement: Observation
sites with only one whale-watching boat represent 26.6% of total
observation time under REG-2002 versus 34.5% under REG-2012,
suggesting an improvement for visitor experience (KS-test, p-
value < 0.0001). Here again, rule #11 is expected to force some
captains to avoid overcrowded observation sites, thus creating
opportunities for discovering new whales.

Excursion success: minor decrease: As described in the previous
section, a marginal decrease can be expected regarding excursion
success (cf. Fig. 9). Since most companies reimburse customers or
offer them a free ticket in case of empty-handed excursions, given
the low amplitude of the expected decrease in excursion success,
tourist satisfaction should not be affected.

5. Conclusion

In this study, the dynamics of boat-based whale-watching
excursions under two distinct management regimes using a
spatially explicit ABM were simulated and compared. Under the
assumptions listed in Table 2, 3MTSim simulations support that
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Fig. 10. Proportion observation activities in excursions, in the (a) absence and (b) presence of blue whales.

the proposed REG-2012 compared to the active REG-2002 is
expected to bring benefits to some important aspects of whale
conservation and visitor experience with no major costs on
whale-watching operations. Of the rules assessed by 3MTSim,
the most influential one proposed in REG-2012 is likely to be rule
#11 which sets a maximum number of 10 boats in the vicinity of
observed whales (cf. Table 1). Since reducing boat density around
whales is an objective of park managers, the enforcement of this
rule is likely to help in reaching management goals. Additionally,
3MTSim’s simulations revealed that REG-2012’s merits do not
seem to be sensitive to the presence/absence of blue whales in the
Marine Park. To go further into 3MTSim’s use as an informative
tool, it could be interesting to run simulations in different
contexts (e.g., whale scarcity, off-peak tourist season, other
policies) and explore additional proxy variables. For instance,
the minimum distance and the maximum speed for close encoun-
ters could be an indicator of risks of boat-whale collisions.
Scientific studies have demonstrated that short encounter
distances and high boat speeds increase risks of collisions [54],
whale death in case of collision [55], and animal changes of
behaviours (e.g., [56,57]). From the standpoint of whale conserva-
tion, monitoring the evolution of these variables under various
management regimes could add another piece of information
relevant in Marine Park manager decisions.

Complex social-ecological systems such as the Marine Park
whale-watching system are challenging to study and manage.
ABM is a tool of choice to support these efforts insofar as quality
data are available to characterise entities and processes driving the
system’s dynamics. In this paper, it was demonstrated that ABMs
can provide quantitative support to managers dealing with such
complex situations where their actions are expected to balance the
three spheres of sustainable management. Unarguably, a hybrid
approach involving ABM, spatial analysis, cartographic representa-
tions, and statistics can offer flexibility to analyse policies and derive
results of interest for park managers. 3MTSim allowed to (1) regroup
a large amount of knowledge and data in the same modelling
environment, (2) shed light on important management tradeoffs by
testing proposed rules, and (3) quantify some important phenomena
hard to collect in the real system (e.g. whale exposure to boats).
Although the building of a valid empirically based ABM is labour
intensive, its benefits for management purposes are real and this
project demonstrates that it deserves the investment. However, the
true involvement of managers during the model’s implementation
and testing processes is a sine qua non condition for them to get the
maximum benefit of it.

Acknowledgements

Funding for this project was provided by the Natural Sciences
and Engineering Council of Canada (NSERC) Strategic Grants

programme, Fisheries and Oceans Canada, Parks Canada, and the
Schulich Chair in GIS and Environmental Modelling awarded to D.
Marceau. We acknowledge all the whale-watching companies of
the region for their participation in the AOM programme, and
particularly Croisieres AML Inc., Croisiere 2001 Inc., Groupe
Dufour Inc., Croisieres Charlevoix Inc., Les Croisieres Essipit Inc.,
Croisiéres du Grand Héron, and Les Ecumeurs du Saint-Laurent for
their participation in interviews. We also want to thank the staff
from the Group for Research and Education on Marine mammals
(GREMM) and from Parks Canada (Saguenay-St. Lawrence Marine
Park). Finally, we are grateful to all people who contributed to
data collection campaigns and model development.

References

[1] Cisneros-Montemayor AM, Sumaila UR, Kaschner K, Pauly D. The global
potential for whale watching. Marine Policy 2010;34(6):1273-1278.

[2] O’Connor S, Campbell R, Cortez H, Knowles T. Whale Watching Worldwide:
tourism numbers, expenditures and expanding economis benefits, a special
report from the International Fund for Animal Welfare. Yarmouth, MA, USA;
2009.

[3] Curtin S. Whale-watching in Kaikoura: sustainable destination development?
] Ecotourism 2003;2(3):173-195.

[4] Orams MB. From whale hunting to whale watching in Tonga: a sustainable
future? J Sust Tourism 2001;9(2):128-146.

[5] Kessler M, Harcourt R. Management implications for the changing interac-
tions between people and whales in Ha'apai, Tonga. Mar Policy 2012;36(2):
440-445.

[6] Hoyt E. Whale watching 2001: worldwide tourism numbers, expenditures,
and expanding socioeconomic benefits. Yarmouth Port, MA; 2001.

[7] Chen CL. From catching to watching: moving towards quality assurance of
whale/dolphin watching tourism in Taiwan. Mar Policy 2011;35(1):10-17.

[8] Kingsley M. Population index estimates for the St. Lawrence belugas,
1973-1995. Mar Mamm Sci 1998;14(3):508-529.

[9] Perry SL, DeMaster DP, Silber GK. The great whales: history and status of six
species listed as endangered under the US Endangered Species Act of 1973.
Mar Fish Rev 1999;61(1):1-74.

[10] Bejder L, Samuels A, Whitehead H, Gales N, Mann J, Connor R, et al. Decline in
relative abundance of bottlenose dolphins exposed to long-term disturbance.
Conserv Biol 2006;20(6):1791-1798.

[11] Lusseau D, Bejder L. The long-term consequences of short-term responses to
disturbance experiences from whalewatching impact assessment. Int ] Comp
Psychol 2007;20:228-236.

[12] Williams R, Lusseau D, Hammond PS. Estimating relative energetic costs of
human disturbance to killer whales (Orcinus orca). Biol Conserv 2006;133:
301-311.

[13] Higham JES, Bejder L, Lusseau D. An integrated and adaptive management
model to address the long-term sustainability of tourist interactions with
cetaceans. Environ Conserv 2009;35(4):294-302.

[14] Hoyt EA. Blueprint for dolphin and whale watching development. Report of
the Human Society International 2007.

[15] Carlson CA. Review of whale watch guidelines and regulations around the
world version 2009. In: ACCOBAMS: guidelines for commercial Cetacean-
watching activities in the ACCOBAMS Area. Bar Harbour, Maine, USA: College
of the Atlantic; 2010.

[16] Sterman ]D. Learning in and about complex systems. Syst Dyn Rev 1994;10(23):
291-330.

[17] Palmer C, Sinclair PR. When the fish are gone: ecological disaster and fishers
in Northwest Newfoundland. Fernwood Publishing; 1997.



162 C. Chion et al. / Marine Policy 38 (2013) 151-162

[18] Little LR, Punt AE, Mapstone BD, Begg GA, Goldman B, Williams AJ. An agent-
based model for simulating trading of multi-species fisheries quota. Ecol
Modell 2009;220:3404-3412.

[19] Berger T. Agent-based spatial models applied to agriculture: a simulation tool
for technology diffusion, resource use changes and policy analysis. Agric Econ
2001;25:245-260.

[20] Bonabeau E. Agent-based modeling: methods and techniques for simulating
human systems. Proc Natl Acad Sci USA 2002;99(Suppl 3):7280-7287.

[21] Bousquet F, Le Page C. Multi-agent simulations and ecosystem management:
a review. Ecol Modell 2004;176:313-332.

[22] Gimblett HR, Richards MT, Itami B. Simulating wildland recreation use and
conflicting spatial interactions using rule-driven intelligent agents. In:
Integrating geographic information systems and agent-based modeling
techniques for simulating social ecological processes. Santa Fe, NM: Oxford
University Press; 2002.

[23] McLane AJ, Semeniuk C, McDermid GJ, Marceau DJ. The role of agent-based
models in wildlife ecology and management. Ecol Modell 2011;222(8):
1544-1556.

[24] Parker DC, Manson SM, Janssen MA, Hoffmann M], Deadman P. Multi-agent
systems for the simulation of land-use and land-cover change: a review. Ann
Assoc Am Geogr 2003;93(2):314-337.

[25] Werner FE, Quinlan JA, Lough RG, Lynch DR. Spatially-explicit individual
based modeling of marine populations: a review of the advances in the
1990s. Sarsia 2001;86:411-421.

[26] Van Kouwen F, Dieperink C, Schot P, Wassen M. Applicability of decision
support systems for integrated coastal zone management. Coastal Manage
2007;36(1):19-34.

[27] Parrott L, Chion C, Martins CCA, Lamontagne P, Turgeon S, Landry J-A, et al. A
decision support system to assist the sustainable management of navigation
activities in the St. Lawrence River Estuary, Canada. Environ Modell Software
2011;26(12):1403-1418.

[28] Guénette S, Alder ]. Lessons from Marine Protected Areas and Integrated
Ocean Management Initiatives in Canada. Coastal Manage 2007;35:51-78.

[29] Lequin M. Gouvernance en écotourisme: développement durable, développe-
ment régional et démocratie participative. PhD thesis. Montréal: Université
du Québec a Montréal; 2000.

[30] Ménard N, Pagé M, Busque V, Croteau I, Picard R, Gobeil D. Rapport sur I'état
du parc marin du Saguenay-Saint-Laurent. Tadoussac 2007.

[31] Simard Y, Lavoie D. The rich krill aggregation of the Saguenay-St. Lawrence
Marine Park: hydroacoustic and geostatistical biomass estimates, structure,
variability, and significance for whales. Can ] Fish Aquat Sci 1999;56:
1182-1197.

[32] Simard Y, Lavoie D, Saucier FJ. Channel head dynamics: Capelin (Mallotus
villosus) aggregation in the tidally driven upwelling system of the Saguenay-
St. Lawrence Marine Park’s whale feeding ground. Can ] Fish Aquat Sci
2002;59:197-210.

[33] COSEWIC. Canadian wildlife species at risk. Committee on the Status of
Endangered Wildlife in Canada; 2010.

[34] Species at Risk Act. Canada; 2002.

[35] Simard Y. Le parc marin Saguenay-Saint-Laurent: processus océanographi-
ques a la base de ce site d’alimentation unique des baleines du Nord-Ouest
Atlantique/The Saguenay-St. Lawrence Marine Park: oceanographic pro-
cesses at the basis of this unique forage site of Northwest Atlantic whales.
Revue des sciences de I'eau/] Water Sci 2009;22(2):177-197.

[36] Chion C, Turgeon S, Michaud R, Landry J-A, Parrott L. Portrait de la Navigation
dans le Parc Marin du Saguenay-Saint-Laurent. Caractérisation des activités
sans prélevement de ressources entre le ler mai et le 31 octobre 2007.
Montréal: Ecole de technologie supérieure and Université de Montréal; 2009.

[37] Gosselin D. Estimation de la fréquentation du parc marin du Saguenay-Saint-
Laurent. Méthodologie d’estimation pour I'année 2005 et les années
suivantes. Québec: Parcs Canada: SOM; 2006.

[38] Scarpaci C, Parsons ECM, Liick M. Recent advances in whale-watching
research: 2006-2007. Tourism Mar Environ 2008;5(1):55-66.

[39] Michaud R, Moisan M, de la Cheneliére V, Duquette S, D’Arcy M-H. Les
activités d’observation en mer des mammiféres marins (AO3M) dans I'es-
tuaire du Saint-Laurent: zone de protection marine Estuaire du Saint-Laurent
et parc marin du Saguenay-Saint-Laurent—Portrait 2005-2010. Rapport
final. Tadoussac. Québec: GREMM jointly with Parks Canada and Fisheries
and Oceans Canada; 2010.

[40] COSEWIC. COSEWIC assessment and update status report on the fin whale
Balaenoptera physalus in Canada. Ottawa: Committee on the Status of
Endangered Wildlife in Canada; 2005.

[41] Beauchamp J, Bouchard H, de Margerie P, Otis N, Savaria ]J-Y. Recovery
strategy for the blue whale (Balaenoptera musculus), Northwest Atlantic
population, in Canada [FINAL]. In: Species at risk act recovery strategy.
Ottawa: Fisheries and Oceans Canada; 2009.

[42] Demers A, Bouchard H, Beauchamp ]J. Recovery strategy for the beluga
(Delphinapterus leucas), St. Lawrence Estuary population, in Canada [PRO-
POSED]. In: Species at risk act recovery strategy. Ottawa: Fisheries and
Oceans Canada; 2011.

[43] Parks Canada. Marine activities in the Saguenay-St. Lawrence marine park
regulations: Saguenay-St. Canada: Lawrence Marine Park Act; 2002.

[44] Michaud R, Bédard C, Mingelbier M, Gilbert M-C. Whale watching activities
at sea in the St. Lawrence marine estuary, 1985-1996: a study of spatial
distribution of activities and factors favouring boat aggregation at whale
watching sites. Final report from the GREMM. Tadoussac, QC: GREMM; 1997.

[45] Saguenay-St. Lawrence Marine Park. Report of the public consultations on
the review of the management plan. Tadousac; 2008.

[46] Turgeon S, Parrott L, Martins CCA. Analyse spatio-temporelle de la cooccur-
rence entre les belugas et le trafic maritime a I'embouchure de la riviére
Saguenay de 2003 a 2007, rapport présenté a Parcs Canada. Montréal:
Département de géographie, Université de Montréal; 2008.

[47] Lamontagne P. Modélisation spatio-temporelle orientée par patrons avec une
approche basée sur individus. In: Automated production engineering, Master
in Engineering. Montréal: Ecole de technologie supérieure; 2009.

[48] Chion C, Lamontagne P, Turgeon S, Parrott L, Landry J-A, Marceau D], et al.
Eliciting cognitive processes underlying patterns of human-wildlife interac-
tions for agent-based modelling. Ecol Modell 2011;222(14):2213-2226.

[49] Argonne National Laboratory. Repast Agent Simulation Toolkit. Argone; 2008.

[50] Chion C, Dubeau B, Turgeon S, Landry J-A, Parrott L, Marceau D, et al.
Understanding social-ecological systems dynamics through the bounded
rationality lens: insight for the management of whale-watching in the
St. Lawrence estuary region, Quebec, Canada, submitted for publication.

[51] Grimm V, Revilla E, Berger U, Jeltsch F, Mooij WM, Railsback SF, et al.
Pattern-oriented modeling of agent-based complex systems: lessons from
ecology. Science 2005;310:987-991.

[52] Fisheries Act. Canada; 1985.

[53] Michaud R, Giard J. Les rorquals communs et les activités d’observation en
mer dans l'estuaire maritime du Saint-Laurent entre 1994 et 1996:
2. Evaluation de I'impact des activités d’observation en mer sur le comporte-
ment des rorquals communs. Tadoussac (Qc). Canada: Group for Research
and Education on Marine Mammals (GREMM); 1998.

[54] Gende S, Hendrix N, Harris K, Eichenlaub B, Nielsen ], Pyare S. A Bayesian
approach for understanding the role of ship speed in whale-ship encounters.
Ecol Appl 2011;21:2232-2240.

[55] Vanderlaan ASM, Taggart CT. Vessel collisions with whales: the probability of
lethal injury based on vessel speed. Mar Mamm Sci 2007;23(1):144-156.

[56] Corkeron PJ. Humpback whales (Megaptera novaeangliae) in Hervey Bay:
behaviour and interactions with whale watching vessels. Can ] Zool
1995;73:1290-1299.

[57] Constantine R, Brunton DH, Dennis T. Dolphin-watching tour boats change
bottlenose dolphin (Tursiops truncatus) behaviour. Biol Conserv 2004;117:
299-307.



	Spatiotemporal modelling for policy analysis: Application to sustainable management of whale-watching activities
	Introduction
	Context and study area
	Materials and methods
	Marine mammal and maritime traffic simulator (3MTSim)
	Model input parameters
	Model output variables
	Environment proxy variables
	Economy proxy variables
	Society proxy variables


	Results and discussion
	Impact on the three spheres of sustainable development
	Environment: whale exposure
	Economy: whale-watching activities
	Society: tourist experience


	Conclusion
	Acknowledgements
	References




